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Preface

It was perhaps only a decade ago that a formal definition of evidence-based medicine
(EBM) was clearly articulated.! Sport and exercise medicine is now taking its place as an
equal with other specialties in the era of EBM. As the quality of research improves and the
knowledge base widens, it is now increasingly possible to base one’s clinical decisions on
higher-level evidence. Evidence-based sports medicine, once a new term, is no longer such
a surprising expression, and we have become much more selective in our acceptance of
original research and review articles. Anecdote has given way to evidence, opinion has
given ground to research, and patients expect us to help guide their decisions on the basis
of the latest findings in the literature. Best practice does not mean how you have learned to
practice—it means learning from the best available evidence.

Sports-medicine practitioners have begun to look more closely at their own practice
and question what they do. It may not have been doctors who were first to recognize the
importance of evidence-based decision-making; our physiotherapy colleagues were per-
haps the pioneers. But as we began to audit our practice, we began to realize the value of
data and to see the potential for measuring our performance. The growth of university
departments of sport and exercise medicine and the academic development of the dis-
cipline has led to a much better understanding of the importance of research. Journals now
have a much sharper focus on the quality of the papers they publish. The methodological
quality of published research has paralleled the interest in evidence-based medicine in our
discipline. Prospective data collection, randomization, blinding, and appropriate control
groups are continuing to find their way into a greater number of studies. And along with
the increasing numbers of randomized controlled trials, there is now an opportunity to
synthesize these findings and bring them together in systematic reviews of the literature.
The process of systematic review assists the sports-medicine practitioner in interpreting
study results and in understanding the relative validity of these results in the hierarchy of
evidence. Whereas in the past we might have been satisfied with a narrative review, we now
look for meta-analyses and systematic reviews.

The science of the systematic review has also evolved, and through efforts of the
Cochrane Collaboration we now have well-established guidelines on how to undertake
systematic reviews. Similarly, our colleagues in Australia have developed the PEDro
database, a truly innovative concept in sport and exercise medicine. There are now well-
accepted guidelines in systematic reviews. The British Medical Journal recommends
reporting using the guidelines of the QUORUM group. There are recognized methods of
selecting appropriate evidence, and we now grade the evidence.

It is our hope that the second edition of this book has captured the evolution and
maturity of evidence-based sports medicine. In clinical practice, caring for patients gen-
erates many questions about diagnosis, prognosis, and treatment that should challenge all
of us to keep abreast of the current literature. Conscientiously practicing EBM is one
way to ensure that clinicians keep up to date with the exponential growth in the medical

Xiv



Preface

literature. This should be an ongoing exercise designed to improve our skills in asking
questions, finding the best evidence, critically appraising it, integrating it with our clinical
expertise and our patients’ unique features, and applying the results to clinical practice.
The best available clinical evidence is typically derived from clinical research that is patient-
centered, that evaluates the accuracy and precision of diagnostic tests and prognostic
markers, and takes into account the efficacy and safety of therapeutic, rehabilitative, and
preventive regimens.

All of our authors were asked to provide the latest up-to-date and highest-quality
research that answered a specific question. As can be seen, we still have level 4 or level 5
evidence for many of these questions. In other cases, a number of level 1 studies are now
available that provide the basis for a structured systematic review. A new feature of this
second edition is a greater emphasis on the reliability and validity of the clinical examina-
tion, perhaps somewhat of a lost art in today’s practice of “high-technology” medicine.
Many of the pearls we were taught in our younger days have never been properly evaluated
and instead were accepted as dogma because an authoritative professor, through his or her
name or stature alone, convinced us this was the right way to do things. For example, we
now recognize that a clinician’s use of tests relies heavily on pretest clinical assessment.
We have also tried to maintain consistency with the first edition by asking each author to
provide key summary points and questions that address critical take-home messages.

In no way does this collection of 30 chapters do complete justice to the progress made in
EBM and sports medicine. Topics were selected that we felt best illustrated the growth of
our field and the potential for future research—we still have a long way to go! Our hope is
that both undergraduate students and busy practitioners will read this book and become
more engaged in the application of EBM to sports medicine. We appreciate the time and
effort made by our authors, and we wish you success in the classroom and in your practice.

Domhnall MacAuley
Thomas M. Best
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CHAPTER 1

s it possible to prevent sports and
recreation injuries”? A systematic review
of randomized controlled trials, with
recommendations for future work

Jennifer M. Hootman

Introduction

To determine whether the prevention of sports injuries merits the attention of the public
health authorities and clinical institutions, we need to know whether sports and recreation
injuries are a substantial problem, and if so, whether there are factors that can be changed
in order to remedy the problem. Figure 1.1 illustrates a sports injury prevention model,
the “sequence of prevention,” first proposed by van Mechelen and colleagues' and used by
others to illustrate the process and to promote the critical need for advances in sports
injury prevention.>” Some advances have already been seen, including the First World
Congress on Sports Injury Prevention (convened in Oslo, Norway in June 2005), special
journal supplements focusing on sports injury prevention, and multiple reviews on the
topic.>>% In this chapter, I will review and update the scientific evidence on the topic of
sports injury prevention, attempting to answer the question: “Is it possible to prevent
sports injuries?”

1. Establish the extent of the sports injury

problem and its impact. 2. Establishing the etiology and
(a) Injury burden surveillance R mechanisms of injury.
(incidence, severity) g (a) Risk factor studies
(b) Impact of injury (disability, (b) Identifying high risk populations

quality of life and costs)
A

v

4. Assessing the 3. Developing, testing, and
efficacy/effectiveness of < introduction of interventions
interventions by repeating step 1 in target populations

Figure 1.1 A modified version of the “sequence of prevention,” an injury prevention model
proposed by van Mechelen and colleagues (adapted with permission from ref. 1).



Chapter 1

Methods

Inclusion/exclusion criteria
The following inclusion and exclusion criteria were developed and used for computerized
bibliographic database searches and to define the final studies to be included in the review.

Inclusion criteria

« Agerange: all.

« Publications: English-language, 1980—July 2005.

« Interventions: clinical or community-based, randomized controlled trials.

« Outcomes: injury frequency or rates, incidence of injury, hazard ratios; with or without
exposure time data.

+ Sport: sports and recreation activities, including school (interscholastic, intercollegiate,
and intramural), community-based activities (Little League, soccer leagues, etc.), recrea-
tional individual sports (tennis, skiing, etc.), or team sports (volleyball, soccer, rugby, etc.).

Exclusion criteria

+ Fall-related hip fractures.

+ Military populations—specifically, recruits in basic or advanced training. Studies includ-
ing students at U.S. military academies who participate in intramural or intercollegiate
athletes were eligible.

+ Bicycling (recreational and competitive) and other wheeled activities (skateboarding,
scooters, rollerblading, etc.).

Retrieval of published studies

A comprehensive computer bibliographic database search was conducted using MEDLINE,
EMBASE and the Cumulative Index to Nursing and Allied Health Literature (cINAHL) for
the dates 1980 through July 2005. The search terms used included: 1, “injury” or “trauma”
AND 2, “sports” OR “exercise” or “athletic” or “athlete,” AND 3, “prevention,” and were
combined with the Cochrane highly sensitive search strategy for randomized controlled
trials (RCTs).® The final search results were limited to English-language publications.
Figure 1.2 illustrates the subsequent flow of the study selection process. All abstracts
identified in the bibliographic search (n = 172) were read and evaluated according to the a
priori inclusion/exclusion criteria. Any study not explicitly meeting the stated exclusion
criteria at this stage was kept for further review. Complete copies of the 27 studies selected
at this stage were requested through interlibrary loan. Hand searching of the reference lists
of the 27 papers received, as well as the reference lists of select review papers®>®~'? yielded
another 22 potentially relevant papers. Of the 49 total papers identified, one was immedi-
ately excluded because it was a duplicate publication from the same study. The remaining
48 papers were evaluated a final time using a checklist of the inclusion/exclusion criteria
stated above. This stage excluded 21 papers, leaving 27 RCTs for inclusion in this review.

Quality assessment

Each study meeting the inclusion criteria was evaluated using the methodological qual-
ity scoring scale developed by Jadad et al,'* with slight modifications. The three-item
Jadad scale is an easy-to-use scale, with established psychometric properties, that assesses
each study with regard to randomization, double-blinding, and reporting of withdrawals
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Potentially relevant RCTs identified and abstracts
screened for retrieval via bibliographic database
search (n=172)

A 4

Articles selected based on search criteria
and abstract information and full articles
requested (n=27)

A 4

Hand search of reference lists of 27
requested papers, identified additional —
potentially relevant studies (n=10)

Hand search of reference lists of selected
Cochrane review papers for additional —
studies (n=12)

A 4

Full length papers evaluated Excluded (n=1)
against inclusion/exclusion Duplicate study = 1
criteria (n=49)

_____________ o

Meet full inclusion and
exclusion criteria and
included in review (n=27)

A4

Excluded (n=21)
Not RCT = 11
Improper outcome measure = 6
Military population = 4

Figure 1.2 Flow chart of study selection for randomized controlled trials (RCTs) included in
the review.

or participants lost to follow-up. The total score ranges from a minimum of 0 to a
maximum of 5.

Since it is impossible to blind participants to select types of interventions used in sports
medicine (e.g., exercise, braces, etc.), the second criterion regarding double-blinding was
modified for this study. Studies received one point if the methods stated that the person or
persons doing the assessments were blinded to the intervention assignment. An additional
point was awarded if the process of blinding the assessors was described and appropriate.
Since all studies had to be randomized controlled trials according to the inclusion criteria
(assigned one point for the first criterion), the range of possible scores on the Jadad scale
for this review was 1 to 5.

Data abstraction/statistical analysis
Information on the intervention type, publication year, subjects, country of origin, sport,
primary and secondary outcome measures and quality scores were abstracted from each
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study and entered into a spreadsheet. Average quality scores were computed for each of the
four intervention types.

RCTs were grouped according to the type of intervention: 1, neuromuscular, functional,
or proprioceptive exercise programs (n = 12); 2, protective or prophylactic equipment
(n=10); 3, educational programs (n=2); and 4, other programs (one warm-up/cool-
down/stretching program and one multiple-component program). Several individual
studies could be included in more than one category or had more than one comparison,
since these reports included multiple interventions in the same study. For example,
Stasinopoulos'* compared three intervention groups: a technical sport-specific skill train-
ing group, an ankle disk proprioception exercise group, and an ankle orthosis group.
Three separate outcome comparisons were presented for this study: technical skill versus
orthosis, ankle disk exercise versus orthosis, and orthosis versus technical skill. For each of
the four intervention types, a level of evidence rating was assigned using the Oxford Centre
for Evidence-based Medicine criteria.'

For pooling of the 27 included studies, the data that were abstracted and entered into an
analysis database included the author, year, quality score, effect (primary injury outcome),
number injured (intervention and control), and number not injured (intervention and
control) for each study. Mantel-Haenszel odds ratios (OR), 95% confidence intervals (CI)
and Forrest plots were created, and summary effectiveness estimates were calculated using
Comprehensive Meta-Analysis software (BioStat, Inc., Englewood, New Jersey, USA).
Both fixed and random-effects models are presented, but since interventions were com-
bined across sports, populations, and countries of origin (with possible heterogeneity), an
a priori decision was taken to use the random-effects estimate and 95% confidence interval
as the primary measure of effectiveness. The Q-statistic to test for homogeneity was also
used to confirm heterogeneity.'®

Results

Description of interventions

Neuromuscular, functional or proprioceptive exercise programs. The 12 studies classified in
this category basically consisted of: 1, sport-specific or skill-specific functional exercise
training (i.e., acceleration/deceleration activities, technical skills for landings and take-offs,
plyometric and agility tasks, and power, strengthening and stabilization exercises, n = 5;'72!
2, balance or proprioception training programs, mostly using ankle disks/balance boards
(n=4);22° and 3, a combination of both (n = 3).!4267 The length of the interventions
ranged from 7 weeks to the entire sport season. In general, details regarding the frequency
per week, session duration, and length of the intervention were poorly reported.

Protective or prophylactic equipment. Of the 11 studies in this category, five investigated
the effectiveness of ankle or knee braces/orthoses,!#*»2-3% two studied custom mouth
guards,’3? two studied wrist protectors,*3* and one each studied break-away bases in
softball and baseball* and different shoe styles (high versus low top)®® in basketball.

Educational programs. The two studies investigating educational approaches to injury pre-
vention both used video formats to present information to subjects. One study’” showed
a 45-minute video on skiing injury prevention and proper equipment use during a bus
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ride to a ski resort. The other study?® used a 2-hour workshop format to present a video
analysis of injury mechanisms in soccer, followed by a group discussion.

Other interventions. One study® described a seven-component global soccer injury
prevention program that included correction of training errors, provision of safety equip-
ment, prophylactic ankle taping, controlled rehabilitation of injuries, exclusion of players
with knee instability, education, and on-field medical supervision. The other study’ con-
sisted of a warm-up/cool-down and stretching program for runners.

Qualitative summary

Table 1.1 summarizes the studies by the four categories of intervention type and by
individual studies. For neuromuscular, functional, or proprioception exercise programs,
the majority (92%) of the studies reported significant reductions in injury outcomes and
on average scored 2.4 in terms of methodological quality. Sixty-four percent of protective
equipment interventions reported significant reductions in injury outcomes and had an
average quality score of 2.7. Only half (50%) of the educational and other intervention
types reported reduced injury outcomes and scored relatively low in terms of quality
(educational = 1.5 and other = 1.0). Of the 27 studies, most (n = 16) originated from
Scandinavian or European countries, six from the United States, and five from other
countries.

Rating the evidence

On the basis of the Oxford Centre for Evidence-based Medicine levels of evidence, the
studies included in both the neuromuscular, functional, or proprioception exercise and
the protective or prophylactic equipment categories meet the 1A level of evidence, in
which evidence is based on reports from large RCTs or systematic reviews. The educa-
tional program studies were graded A4 (evidence from at least one RCT) and the “Other”
intervention group was graded A3 (evidence from at least one moderate-sized RCT or
systematic review) (Table 1.1).

Quantitative summary

Pooled summary estimates are presented in Fig. 1.3 for the two intervention types
that included more than two studies. Pooled estimates for the two educational program
interventions were not significant (random-effects model OR 0.87; 95% CI, 0.34-2.21;
P =0.77) and are therefore not included in Fig. 1.3. Pooled estimates could not be calcu-
lated for the “Other” intervention types due to a lack of sufficient information in the
printed manuscripts and the obvious heterogeneity between the two studies included in
this category. All 12 of the neuromuscular, functional, or proprioception exercise studies
reported data that could be pooled. However, one study in the protective equipment
group®! did not report sufficient raw data for summary estimates to be calculated, and
therefore only nine studies were included in this analysis.

Neuromuscular, functional and proprioception exercise interventions. The Q-statistic to test
for homogeneity indicated significant heterogeneity (Q-value 32.3, P <0.001). Pooled
effect estimates for the random-effects model suggest that neuromuscular, functional, or
proprioception exercise interventions can reduce sports injuries by 65% (OR 0.35; 95%
CI, 0.23-0.52; P < 0.0001).
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Chapter 1

Protective or prophylactic equipment interventions. The Q-statistic to test for homogeneity
indicated significant heterogeneity (Q-value 37.7, P < 0.0001). Pooled effect estimates for
the random-effects model suggest that protective or prophylactic equipment interven-
tions can reduce sports injuries by 54% (OR 0.46; 95% CI, 0.27—0.77; P = 0.003).

Discussion

The answer to the question: “Is it possible to prevent sports injuries?” is essentially “yes.”
The results of this systematic review suggest that sports injuries can be reduced by 54—65%,
depending on the type of intervention. For some interventions, effectiveness is even
greater among persons with previous injuries. This review could only pool studies on the
basis of two very general groupings of intervention types and suggests that there is still
a critical need for well-designed sport-specific or activity-specific studies to identify risk
factors for injuries, to develop and test interventions, and to document post-intervention
changes in the injury burden using the “sequence of prevention” model proposed by van
Mechelen et al.!

One area that warrants further inspection and discussion is the relatively enhanced
effectiveness for various exercise programs and ankle-stabilizing braces (semi-rigid braces
or stirrup orthoses) among those with a previous history of ankle injuries. Several studies
reported subgroup analyses for individuals who had prior injuries in comparison with
individuals without. In all cases, individuals with previous ankle injuries had a significant
reduction in the incidence of injury even if the intervention was not effective among indi-
viduals without prior injuries. Five studies'*!7-?2~24 reported that interventions were more
effective for ankle disk training/balance exercises among individuals with a previous ankle
injury. Four studies?>?331:% found similarly enhanced intervention effectiveness for vari-
ous types of ankle stabilizers (rigid stirrup orthosis, semi-rigid ankle braces, high-top
basketball shoes) among those with a previous ankle injury. These subgroup findings sug-
gest that the potential “best practice” would be to recommend prophylactic ankle bracing
and ankle disk/balance exercise programs for athletes participating in jumping and
twisting sports who have a history of ankle injuries.

What is interesting in the results of this review is the fact that most of the sports injury
prevention work is being done in Scandinavian and European countries. There is a dearth
of well-designed studies from the United States, Canada, Australia, and Africa, and none
from other continents, despite the fact that sports and recreational activities are popular
pastimes across the globe. In addition, there are no studies for many types of sports and
activities that are very popular worldwide. Soccer has considerable worldwide parti-
cipation and was the sport most often studied (six studies) in this review. However, the
numbers of children and adults participating in many different sports or activities, such
as football, baseball, and softball, walking and running, aerobics, swimming, and others,
are high?®*! and this suggests that attention should be paid to injury prevention in a
wider variety of activities and across different age groups.

In general, the quality of the studies included was relatively poor (average score 2.4
out of 5), and only four individual studies scored above a 4. The reason for this is unclear,
but it is likely to be multifactorial. One reason may be that there is a lack of training oppor-
tunities for sports-medicine researchers in the methods of RCT study design, conduct, and
analysis, and only a handful of agencies funding research in this area. There is also a lack of
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the sport-specific and activity-specific injury risk factor information that is needed to
design appropriate interventions. These data often have to come from expensive and long-
term longitudinal cohort studies, which may explain the difficulty in conducting such
studies. Also, in comparison with clinical settings, conducting research on the athletic field
or in recreational sports settings may be fraught with “uncontrollable” factors (weather,
field conditions, spectator behavior, etc.), the inability to blind subjects to some types of
intervention (exercise, bracing/taping, etc.), and there may be an inherent “distrust” of
researchers on the athletic fields on the part of coaches, parents, and athletes. The issue
of poor study quality is not a new problem in this field; others have also discussed this
limitation and called for more high-quality research.>2-#

Another factor related to study quality is the type of instrument used to rate study meth-
odology. A wide variety of quality rating instruments have been published in the literature,
none however, specific to sports injury prevention RCT study designs. The Jadad scale'?
was chosen for its ease of use and because it has been shown to be reliable*” and had been
used previously*? in sports injury prevention research. Three Cochrane reviews used
a generic, 11-item scoring tool developed by the Cochrane Musculoskeletal Injuries
Group.'%12 A series of systematic reviews published by the U.S. Centers for Disease Control
and Prevention developed a 100-point, checklist-type tool to rate study quality.*>#446-48
To date, there has not been any consistent use of a single quality assessment tool in the
field of sports injury prevention. The field is unique in terms of factors that may bias
study design and execution, and as such, a rating scale specific to the field may need to be
developed and psychometrically tested. This tool would need to be very flexible to accom-
modate different sports, different populations, and different types of intervention.

The studies included in this review were deliberately limited to RCTs, which may be
considered both a strength and a limitation. This study design is considered the “gold
standard” for assessing intervention effectiveness and is often used to inform clinical
decisions. An RCT, if properly conducted, can help control for various biases that cannot
be assessed or controlled with other experimental or observational study designs.***° Due
to the difficulties in conducting RCTs in the sports setting discussed above, some may feel
that limiting evidence for effectiveness to this stringent type of study design may be overly
conservative.’! Studies using quasi-experimental or observational study designs may still
be informative in terms of prevention effectiveness, but were not included in this review,
and this may be viewed as a limitation.”? Even when effective interventions exist, there is
still considerable difficulty in disseminating these interventions to the populations who
will benefit the most from them.

A decade has passed since the publication of the landmark report Physical Activity and
Health: a Report from the Surgeon General.>® In the ensuing years, public health, clinical,
and community-based organizations have been promoting moderate daily physical activ-
ity for all persons in order to benefit their health. Despite this, physical inactivity is still
a critical problem both in the United States®* and worldwide. The benefits of an active
lifestyle are well known, but the risks associated with physical activity and exercise are less
well understood. One of the most common possible adverse events associated with exer-
cise and/or sports participation is musculoskeletal injury. To better promote safe, yet
healthful, physical activity and exercise, we need evidenced-based information regarding
injury mechanisms and risk factors that can be used to develop and evaluate injury pre-
vention programs.
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Recommendations

Clinical practice

+ Comprehensive neuromuscular, functional exercise and/or proprioception training
programs should be incorporated into all conditioning activities for soccer, volleyball,
handball and other sports with a high incidence of lower-extremity injuries, especially
ankle sprains.

« Participants in sports that involve jumping, twisting, and pivoting should be counseled
to wear ankle-stabilizing devices such as a rigid stirrup orthosis or a semi-rigid brace. Such
prophylactic ankle stabilizers should be strongly recommended to athletes with prior
ankle injuries.

Future research

+ Develop and implement standardized data systems for sports injury research.

+ Increase training and funding opportunities for sports-medicine researchers to gain
skills and experience in conducting clinical or community-based intervention studies and
outcomes research.

+ Recruit multidisciplinary partners, including health-care providers (physicians, nurses,
etc.), allied health practitioners (Certified Athletic Trainers, physical therapists, exercise
physiologists, etc.), coaches, athletic administration personnel, and parents to improve
the evaluation and dissemination of effective methods of injury prevention.

+ Convene an international sports injury prevention forum/network to develop a sports
injury research agenda.

+ Expand the reach of known effective interventions and evaluate promising interventions
across activities and populations.

Summary

+ Some sports and recreation-related injuries can be prevented.

+ Level 1A evidence suggests that neuromuscular, functional, or proprioception exercise
programs and prophylactic equipment are effective in reducing sports injuries.

+ There is a critical need for high-quality randomized controlled trials of injury preven-
tion interventions among physically active children and adults.

Key messages

+ Sports injuries can be prevented.

+ Neuromuscular, functional or proprioception exercise programs should be a integral
part of sport training.

+ A suggested “best practice” would be to recommend prophylactic ankle bracing and
ankle disk/balance exercise programs for athletes participating in jumping and twisting
sports who have a history of ankle injuries.

Sample examination questions

Multiple-choice questions (answers on page 602)

1 For the purposes of this review, “neuromuscular, functional, or proprioception exercise
programs” consisted of all of the following except:
A Ankle disk/balance board training
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B Acceleration/deceleration activities
C Calisthenics
D Plyometrics/agility training
2 What type of interventions had the highest proportion of studies reporting significant
reductions in injury outcomes?
A Neuromuscular, functional, or proprioception exercise programs
B Protective or prophylactic equipment
C Educational
D Other
3 In terms of pooled effect estimates, which interventions were effective in reducing
sports injuries by more than 50%? (Choose two.)
A Neuromuscular, functional, or proprioception exercise programs
B Protective or prophylactic equipment
C Educational
D Other

Essay questions

1 Define a common sports-related injury and, using the “sequence of prevention” model,
describe the burden, risk factors, and development and evaluation of a sports injury
prevention program for this injury problem.

2 Interms of summarizing intervention effectiveness, why is it crucial to report the details
of individual interventions in publications?

3 As judged by the quality-scoring scale used in this study, the overall quality of studies
included in this review was low. Discuss factors that may contribute to poor study quality
in studies of sports injury prevention and how they may be improved in future research.

4 Discuss three ways in which the reach of effective sports injury interventions can be
increased.
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CHAPTER 2

Evidence-based preparticipation
physical examination

Peter J. Carek

Introduction

The preparticipation physical examination (PPE) has become a requirement and repres-
ents the standard of care for athletes in many countries as they prepare for organized
athletic participation. This requirement appears to have been established due to both
medical and legal concerns regarding athletes who may be at increased risk for severe
injury or death due to participation in athletics. While a PPE is a requirement based on
the policies of sponsoring or regulatory institutions, a detailed description regarding the
specific content of these examinations is usually not provided. The specific content of
the PPE has been recommended and extensively reviewed by numerous authorities in
sports medicine.!°

Although the PPE has been adopted by many organizations, agreement on the content
and usefulness of the PPE has been a topic of considerable debate.’!->* Nevertheless, many
sponsoring institutions and governing bodies continue to require the medical evaluation
prior to competition in organized athletics.

Internationally, the PPE is not a universal requirement. In the United States, most states
require a PPE for high school student athletes. The Italian government has required
screening and medical clearance of all young athletes since 1971. In contrast, the British
perspective is that while identifying people at risk is vital for effective intervention,
widespread population screening is not appropriate, particularly in relation to cardio-
myopathy.’! Rather than providing a PPE, a process of profiling or ongoing monitoring
of player health and performance has been introduced to elite-level athletes in Great
Britain.*® While validity has yet to be studied, profiling is intended to minimize the
incidence of illness, fatigue, and overuse injuries.

Several medical organizations in the United States recommend the completion of a
medical evaluation prior to participation in athletics. The American College of Sports
Medicine states that it is essential for prospective athletes to complete a preparticipation
evaluation.*® In 1976, the American Medical Association’s Committee on Medical Aspects
of Sports developed a statement of Rights of the Athlete and included a statement that each
athlete is entitled to adequate health supervisions, including a thorough preparticipation
physical examination.’”

Several years ago, the American Academy of Family Physicians, the American Academy
of Pediatrics, the American Medical Society for Sports Medicine, the American
Orthopedic Society for Sports Medicine, and the American Osteopathic Academy of
Sports Medicine established the Preparticipation Physical Examination Task Force. The
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recommendations of this task force, which were recently updated, serve as a guide for
the physician conducting these examinations for their local high school and collegiate
athletes.>® 40 The American Heart Association (AHA) and 26th Bethesda Conference have
contributed various guidelines for athletic preparticipation cardiovascular screening,.*/*?
Despite being required, the preparticipation screening process used by many U.S. colleges
and universities appears to have limited potential to detect cardiovascular abnormalities
capable of causing sudden death in competitive student-athletes.’

In addition to being a requirement for athletic participation, several studies have found
that many athletes utilize this examination as their only contact with a health-care
provider.*>* Furthermore, mass preparticipation screening events may serve to provide
public awareness of a physician’s or medical group’s interest in providing sports-
medicine services.

Athletic mortality and morbidity

The mortality associated with athletic participation is most often the result of acute
sudden cardiac death, a condition that occurs in about 0.5 per 100,000 high school athletes
per academic year.*"*> Screening for predisposing conditions is severely limited by several
factors: the low prevalence of relevant cardiovascular lesions in the general youth popula-
tion, the low risk of sudden death even among persons with an unsuspected abnormality,
and the relatively large size of the competitive athletic population.*’*® An estimated
200,000 children and adolescents would have to be screened with the current techniques
available in order to detect the 500 athletes who are at risk for sudden cardiac death and the
one individual who would actually experience it.*”

At present, the common cardiac conditions that limit athletic participation are nearly
never detected during the PPE. The most prevalent congenital heart diseases (ventricular
septal defect, atrial septal defect, patent ductus arteriosis, pulmonic stenosis, and aortic
stenosis) are generally recognized early in life and are therefore unlikely to be first detected
during the preparticipation process.*® Even when cardiac abnormalities are detected, the
findings leading to disqualification are most often rhythm and conduction abnormalities,
valvular abnormalities, and systemic hypertension that are not the cardiac abnormalities
noted to be associated with sudden cardiac death in athletes.*>*° In an analysis of 125,408
athletes, 3190 (2.5%) were disqualified.’! Cardiovascular abnormalities (e.g., arrhythmias,
valvular abnormalities, including mitral valve prolapse, and hypertension) lead to the dis-
qualification in one-half of the affected individuals. Less frequent abnormalities resulting
in disqualification included congenital, rheumatic, or ischemic disease, pericarditis, and
cardiomyopathies.

Certain populations of athletes appear to be at higher risk for sudden cardiac death.
For instance, four sports (American football, basketball, track, and soccer) are associated
with a majority of the sudden deaths. Additionally, approximately 90% of athletic-
field deaths have occurred in males and most of the individuals affected were high
school athletes. #1553

The prevalence of underlying cardiovascular disease varies according to ethnic back-
ground and nationality. The Brugada syndrome—in which right bundle-branch block
with persistent ST segment elevation in the right precordial leads is associated with suscep-
tibility to ventricular tachyarrhythmias and sudden cardiac death—is more prevalent in
those of Asian descent.’* While hypertrophic cardiomyopathy is the most common cause
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Table 2.1 Rates of clearance, clearance with a medical condition, or full restriction

Reference Athletes (n) Pass (%) Pass with condition (%) Fail (%)
Goldberg, 1980% 701 85.2 13.5 1.3
Linder, 198157 1268 94.8 5.0 0.2
Tennant, 1981%8 2719 89.6 9.2 1.2
Thompson, 198259 2670 89.2 9.6 1.2
DuRant, 198560 922 94.4 5.6 0.3
Risser, 19856 2114 96.6 3.1 0.3
Magnes, 199252 10540 89.4 10.2 0.4
Rifat, 199553 2574 84.8 12.6 2.6
Lively, 199964 596 85.9 13.9 0.2

of sudden death in athletes in the United States, arrhythmogenic right ventricular
dysplasia (ARVD) is the most common cause of sudden death among Italian athletes.>

More frequently than mortality, athletic participation places the individual at risk for
acute injury or worsening of an underlying medical condition. While a majority of athletes
are cleared during the PPE without significant medical or orthopedic abnormalities being
noted, the PPE often detects conditions that may predispose the athlete to injury or limit
full participation in certain activities. In previous reported results of mass preparticipation
screening events, approximately 5-15% of athletes require further evaluation; less than
3% fail the examination and are denied participation (Table 2.1).%6-%4 These conditions
are usually limited to several organ systems (i.e., musculoskeletal and cardiovascular)
(Table 2.2).39:46:63:64

Currently, the recommended PPE includes the acquisition of specific historical
information and the completion of a limited physical examination in an attempt to detect
medical conditions in the athlete that may predispose them to injury or death. Additional
evaluation and determination of level of participation is based on the findings in the
history and physical.

Preparticipation evaluation
Medical history

A medical history should be obtained from each participant (grade of recommenda-
tion: B). A complete medical history has been shown to identify approximately 75% of
problems that affect initial athletic participation and serves as the cornerstone of the
PPE.>®! Unfortunately, these studies noted that the sensitivity of the recommended
questionnaires is approximately 50%, far below the usual standard expected from a
medical screening test.*

Most conditions requiring further evaluation or restriction have been reported to be
identified during this aspect of the examination process. Rifat et al. noted that the history
accounted for 88% of the abnormal findings and 57% of the reasons cited for activity
restriction.%? The Preparticipation Physical Evaluation Task Force has developed a history
form that emphasizes the areas of greatest concern for sports participation.®® In particular,
specific questions regarding risk factors and symptoms of cardiovascular disease are asked
(Table 2.3). A positive response to any of these questions should be confirmed and further
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Table 2.2 Medical and orthopedic conditions found in junior/senior high school® and college-
aged® athletes resulting in additional recommendations

Rifat, 1995* Lively, 1999f
n=2574 n =596
Pass with follow-up Fail with follow-up Follow-up
and/or restriction (2.6%) or restriction
(12.6%) (14.1%)
Medical (% of overall total) 76.6 741 55.4
Cardiovascular 18.3 35.0 63.0
Dermatologic 6.8
Endocrinologic 0.4
Ear, nose, and throat 9.6 2.5
Gastrointestinal 0.9 2.2
Genitourinary 9.6 12.5 8.7
Gynecologic 4.4
Infectious 0.4 6.5
Neurologic 6.5
Ophthalmologic 26.0 25.0 6.5
Psychological 2.2
Pulmonary 14.2 2.5
Other¥ 13.7 22.5
Total medical (%) 100.0 100.0 100.0
Orthopedic (% of overall total) 23.4 25.9 44.6
Ankle /foot 14.9 7.7 2.7
Back/neck 22.4 14.3 5.4
Elbow 5.4
Hand /wrist 1.5 10.9
Knee 41.8 71 43.2
Leg 5.4
Shoulder 27.0
Nonspecific pain/injury 19.4 71.4
Total orthopedic (%) 100.0 100.0 100.0

* Two individuals failed (nonspecific pain/injury).

T One individual failed (complicated pregnancy).

T “Other” includes abdominal pain, allergy, bruising, chest pain, chronic/recurrent iliness,
dizziness/syncope with exercise, surgery (recent).

evaluation conducted if necessary and warranted based on further questioning. Unfortu-
nately, most athletes with hypertrophic cardiomyopathy do not report a history of syncope
with exercise or a family history of premature sudden cardiac death due to the disease.
Furthermore, a specific, effective evaluation that should be conducted either to identify
a specific cause for the issue presented by a positive response or to exclude potential life-
threatening conditions has not been delineated nor studied.

As musculoskeletal injury is a common cause for disqualification of an athlete, the
medical history should attempt to detect any underlying condition that predisposes an
athlete to injury.”*¢63 In terms of anatomical sites, the most common injury to restrict
participation is a knee injury, followed by an ankle injury.5> The strongest independent
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Table 2.3 Medical history questions regarding the presence of cardiovascular risk factors

e Have you ever passed out during or after exercise?

e Have you ever been dizzy during or after exercise?

e Have you ever had chest pain during or after exercise?

e Do you get tired more quickly than your friends do during exercise?

e Have you ever had racing of your heart or skipped heartbeats?

e Have you had high blood pressure or high cholesterol?

e Have you been told you have a heart murmur?

e Has any family member or relative died of heart problems or of sudden death before age 50?
e Have you had a severe viral infection (for example, myocarditis or mononucleosis) within
the last month?

¢ Has a physician ever denied or restricted your participation in sports for any heart problem?

predictor of sports injuries is a previous injury (odds ratio 9.4) and exposure time (OR
6.9).°° DuRant et al. found that having previously experienced a knee injury or having
undergone knee surgery was significantly associated with knee injuries during the sub-
sequent sports season when compared to individuals who did not report previous knee
injury or surgery (30.6% vs. 7.2%; P = 0.0001).%

Additional historical information has been recommended for inclusion. For example,
the athlete should be questioned about the presence of wheezing during exercise. Due to
the high rate of recurrence and potential for long-term adverse effects, a history of pre-
vious concussions should be obtained. Other issues to be addressed should include presence
of a single bilateral organ and use of performance-enhancing medication. Finally, female
athletes should be questioned regarding their menstrual history and other symptoms or
signs of the female athletic triad (eating disorder, amenorrhea, and osteoporosis).*”

The recent recommendations by the PPE task force and others have included questions
regarding lifestyle choices and preventive services not previously recommended for this
particular examination.® While most athletes believe that the PPE prevents/helps to pre-
vent injuries when there is no clear evidence to support this assumption, athletes are not
consistently receptive to some preventive health screening.** For example, some athletes
do not feel comfortable with certain issues being raised (i.e., gynecologic health, eating dis-
orders, alcohol and nicotine use).

The information provided by athletes and their parents should always be reviewed care-
fully. In two separate studies, minimal agreement was found between histories obtained
from athletes and parents independently.®"% Of particular note, unreliable information
may be obtained regarding cardiovascular and musculoskeletal issues.’® As the source that
provides the most accurate history is unclear, both the parents and student athletes should
be questioned and specific answers confirmed.

Physical examination

For the PPE, a limited physical examination is recommended (grade of reccommendation:
C).%® The screening physical examination should include vital signs (i.e., height, weight,
and blood pressure) and visual acuity testing as well as a cardiovascular, pulmonary,
abdominal, skin, genitalia (for males), and musculoskeletal examination. Further examina-
tion should be based on issues elicited during the history.
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Due to the recognition that a cardiac etiology is the most common cause of sudden
death in the young, athletic population, the cardiovascular examination requires an addi-
tional level of detail (grade of recommendation: C). Auscultation of the heart should be
performed initially with the patient in both standing and supine position. Auscultation
should also occur during various maneuvers (i.e., squat-to-stand, deep inspiration, or
Valsalva’s maneuver) as these maneuvers can clarify the type of murmur. Any systolic
murmur of grade III/VI or louder, any murmur that disrupts normal heart sounds, any
diastolic murmur, or any murmur that intensifies with the previously described maneu-
vers should be evaluated further through diagnostic studies (e.g., electrocardiography or
echocardiography) or consultation prior to participation. Sinus bradycardia and systolic
murmurs are commonly found, occurring in over 50% and between 30% and 50% of
athletes, respectively, and do not warrant further evaluation in the asymptomatic athlete.®
Third and fourth heart sounds are also commonly found in asymptomatic athletes with-
out underlying heart disease.®>7°

Noninvasive cardiac testing (e.g., electrocardiography, echocardiography, or exercise
stress testing) are not considered a routine aspect of the screening PPE (grade of recom-
mendation: B).?® These tests are not cost-effective in a population at relatively low risk for
cardiac abnormalities and cannot consistently identify athletes at actual risk.”'~’> A high
proportion of normal athletes have abnormal electrocardiograms with increased voltage
(left ventricular hypertrophy, left and right atrial enlargement), repolarization changes,
and Q waves as well as resting bradycardia and abnormal atrioventricular conduction.”®
The sensitivity of the electrocardiogram in identifying significant cardiovascular disease
has been noted to be 50% and the positive predictive value was 7%.”>

A benefit of an initial cardiovascular screening protocol that included family and personal
history, physical examination, basal 12-lead electrocardiography, and limited exercise test-
ing has been reported.’® In this study, the authors reported that hypertrophic cardiomy-
opathy was an uncommon cause of death in young competitive athletes and suggested that
the identification and disqualification of affected athletes at screening before participation
in competitive sports may have prevented sudden death due to hypertrophic cardiomy-
opathy. The rate of sudden death among athletes compared to controls was noted to be
significantly greater among the athletes in this study. Of note, over 25% of nonathletes
experiencing sudden death in this study were found to have an “other” or unidentified
cause (compared to 10% of athletes) making comparison between the two groups difficult.

Maron et al. noted in a large group of intercollegiate competitive athletes that the inclu-
sion of electrocardiography as a primary screening test did not appear to appreciably
enhance the sensitivity of an informed history and physical examination in detecting
important cardiovascular disease.”” Furthermore, electrocardiography was responsible for
alarge number of false positive observations. In a review of two large registries comprised
of young competitive athletes who died suddenly, Basso et al. noted that standard testing
with electrocardiography (ECG) under resting or exercise conditions would unlikely pro-
vide clinical evidence of myocardial ischemia and would not be reliable as screening tests
in large athletic populations.”®

The sensitivity of electrocardiography in detecting cardiovascular abnormalities requir-
ing further testing before approval for participation in sports could be given was greater
compared to cardiac history, auscultation/inspection, or blood pressure measurement.”?
While athletes were not approved for cardiovascular conditions such as arrhythmias/con-
duction abnormalities, hypertension, and severe aortic root regurgitation, hypertrophic
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cardiomyopathy was not identified in an athlete in this study. The 12-lead electrocardio-
graphy was found to be the most cost-effective preparticipation cardiovascular screening
modality compared to a specific cardiovascular history and physical examination and
two-dimensional echocardiography ($44,000 per year of life gained compared to $84,000
and $200,000, respectively).”*”?

Echocardiography and stress testing are the most commonly recommended diagnostic
tests for patients with an abnormal cardiovascular history or examination. With the
assistance of clinical information, echocardiography has been previously reported to be
able to distinguish the nonobstructive hypertrophic cardiomyopathy from the athletic
heart syndrome.5%8!

Unfortunately, echocardiography lacks specificity in terms of diagnosing hypertrophic
cardiomyopathy and determining the patients with hypertrophic cardiomyopathy at risk
for sudden cardiac death. In a study by Pelliccia et al., a substantial minority of subjects
(11%) were found to have a clinically significant increased ventricular wall thickness
which made clinical interpretation of the echocardiographic findings difficult in indi-
vidual athletes.”> Furthermore, some patients with hypertrophic cardiomyopathy are able
to tolerate particularly intense athletic training and competition for many years, and even
maintain high levels of achievement without incurring symptoms, disease progression, or
sudden death.”? Echocardiography is unable to identify these athletes.

Therefore, the identification of athletes with underlying cardiovascular disease placing
them at risk for sudden cardiac death is extremely difficult. In addition to the inadequacies
of current screening methods, the specific characteristics of the underlying condition
make successful screening challenging. In a systemic review of hypertrophic cardiomy-
opathy, Maron clarified and summarized the relevant clinical issues regarding this genetic
cardiac disease.® The highest risk for sudden death in hypertrophic cardiomyopathy has
been associated with any of the following: prior cardiac arrest or spontaneous sustained
ventricular tachycardia; family history of premature hypertrophic cardiomyopathy-
related death; syncope and some cases of near-syncope; multiple and repetitive or
prolonged bursts of nonsustained ventricular tachycardia on serial ambulatory ECG
recordings; hypotensive blood pressure response to exercise; and extreme left ventricu-
lar hypertrophy (LVH) with a maximum wall thickness > 30 mm.%? The hypertrophic
cardiomyopathy phenotype is not a static disease manifestation; LVH can appear at virtu-
ally any age and can increase and decrease dynamically throughout life. Sudden death
associated with hypertrophic cardiomyopathy most commonly occurs during mild or
sedentary activities, but is not infrequently related to vigorous physical exertion.

A screening musculoskeletal history and examination in combination can be used for
asymptomatic athletes with no previous injuries (Table 2.4) (grade of recommendation:
A4).8 An accurate history is able to detect over 90% of significant musculoskeletal
injuries. The screening physical examination is 51% sensitive and 97% specific.8® If the
athlete has either a previous injury or other signs or symptoms (i.e., pain, tenderness,
asymmetries in muscle bulk, strength, or range of motion, and any obvious deformity)
detected by the general screening examination or history, the general screen should be
supplemented with relevant elements of an anatomical site-specific examination.

Additional forms of musculoskeletal evaluation are often performed for athletes to
determine their general state of flexibility and muscular strength. While various degrees of
hyperlaxity, muscular tightness, weakness, asymmetry of strength or flexibility, poor
endurance, and abnormal foot configuration may predispose an athlete to increased risk
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Table 2.4 The “90-second” musculoskeletal screening examination

Instruction

Observations

Stand facing examiner

Look at ceiling, floor, over both shoulders,
touch ears to shoulder

Shrug shoulders (resistance)

Abduct shoulders to 90° (resistance at 90°)

Full external rotation of arms

Flex and extend elbows

Arms at sides, elbows at 90° flexed; pronate

Acromioclavicular joints: general habitus
Cervical spine motion

Trapezius strength
Deltoid strength
Shoulder motion
Elbow motion

Elbow and wrist motion

and supinate wrists
Spread fingers; make fist
Tighten (contract) quadriceps; relax quadriceps
“Duck walk” away and towards examiner
Back to examiner
Knees straight, touch toes
Raise up on toes, heels

Hand and finger motion, strength, and deformities
Symmetry and knee effusions, ankle effusion

Hip, knee, and ankle motions

Shoulder symmetry; scoliosis

Scoliosis, hip motion, hamstring tightness

Calf symmetry, leg strength

of injury during sports competition, the studies have failed to demonstrate conclusively
that injuries are prevented by interventions aimed at correcting such abnormalities.®*%7
Meeuwisse and Fowler reported that new injuries were found to have no relationship to
previous injury, flexibility, range of motion, strength or other factors identifiable on pre-
season musculoskeletal examination.?® As noted by Garrick, little if any evidence exists
regarding the premise that any level of loss of motion or strength is predictive of an
increased likelihood of subsequent injury.® Additionally, evidence that stretching to
increase range of motion prevents injury is lacking. In a systematic review to assess the
evidence for the effectiveness of stretching as a tool to prevent injuries in sports, stretching
was not significantly associated with a reduction in total injuries (OR 0.93, 95% CI, 0.78
to 1.11).%° Smith and Laskowski noted that the absence of concrete recommendations
concerning the findings from a preparticipation screening examination are attributable to
the lack of consensus regarding the threshold for abnormality, the unavailability of data
indicating the predictive value of specific physical abnormalities for injury, and the lack
definitive proof that corrective interventions alter outcome.’!

The remainder of the physical examination is limited to the following anatomical
areas: General appearance, eyes/ears/nose/throat, lymph nodes, lungs, and abdomen. The
genitalia in males are examined, mainly in order to identify the presence of an inguinal
hernia. The effectiveness of this partial examination in identifying asymptomatic con-
ditions that require further evaluation and potential treatment or that restrict an
individual from athletic participation is unclear and not well studied.

Historically, studies have not supported the use of routine laboratory or other screening
tests such tests as urinalysis, complete blood count, chemistry profile, lipid profile, ferritin
level, or spirometry during the PPE (grade of recommendation: B).”>~%* In light of these
recommendations, several authors have recommended screening for specific conditions,
especially in specific athletic populations.

For instance, Fallon recommended screening for hematological and iron-related
abnormalities in athletes entering an elite training program.”® In support of this
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recommendation, previous reports have suggested that athletes in general may be prone
to iron deficiency.”’~!92 Clement et al. observed iron deficiency more frequently in
exercising females compared to exercising males,”” and Dickerson et al. specifically asso-
ciated iron deficiency with running.”® Adolescent athletes of both genders, gymnasts in
particular, were prone to nonanemic iron deficiency.!® Eliakim et al. found low ferritin
levels in 13% of the Israeli National Olympic gymnastic team.!%

Several studies have also found evidence to support the presence of non-anemia iron
deficiency in the physically active population. Throughout a long-term period (6 months)
of moderate exercise, previously sedentary women developed depleted iron stores (serum

ferritin < 15 ng/mL).!%

In a study of 851 male athletes, physical activity of increasing
duration and workload lead to decreased ferritin levels irrespective of the athlete’s dis-
cipline.!% Runners had a more pronounced effect.

In contrast to the above studies, other studies have failed to provide consistent evidence
regarding the association between an increase in physical activity and a decrease in serum
ferritin. Milman and Kirchhoff did not find an association between serum ferritin and
physical activity.!” Following a resistance-training program twice weekly for 12 weeks,
serum ferritin concentrations decreased significantly in women but were unchanged in
men.'% Bourque et al. examined the effects of 12 weeks of endurance exercise training
in iron status measures in previously inactive women and compared the effects of weight-
bearing endurance exercise training and non-weight bearing endurance exercise on
iron status measures.'%’ The results indicated that participation in 12 weeks of moderate-
intensity endurance exercise training (walking/running or cycling) resulted in no negative
effects on selected measures of iron status in healthy, previously untrained women with
normal iron stores (serum ferritin > 20 pg/L).

As the prevalence of exercise induced bronchoconstriction (EIB) in athletes has been
reported to range from 6—12% to nearly 21% in a group of elite athletes, screening for this
condition is often recommended.!1%!"* Despite this relatively high prevalence, screening
for this condition is difficult. Many athletes who report symptoms of EIB do not demon-
strate laboratory study results consistent with this diagnosis. Less than half (46%) of
intercollegiate athletes referred for pulmonary function tests based on a medical history
consistent with EIB had a positive laboratory exercise challenge test.!'* Only 76% of male
college football players with symptoms suggestive of EIB had a positive methacholine
challenge test.!!® In a study of elite athletes, 45% of those subjects reporting symptoms had
a negative exercise challenge test.!'® Holzer et al. found that 28% of elite summer sort
athletes reported one or more respiratory symptom but did not have a positive bronchial
provocation challenge.!!”

In contrast, Rundell et al. found that only 61% of athletes positive to a field exercise
challenge reported symptoms.''® Holzer et al. observed that only 60% of elite athletes with
a positive eucapnic voluntary hyperpnea challenge test reported symptoms.'!”

Therefore, the sensitivity and specificity of testing for EIB is inadequate for an effective
medical screening tool. Recently, Hammerman et al. noted that a free running test may be
a good test for identifying and assessing the athlete with EIB.!!8

In addition to medical screening tests, baseline functional status determination of the
athlete in specific areas has been promoted. As majority of athletes participating in contact
sports give a history of prior concussion, several authorities have recommended that a
baseline neuropsychological examination, preferably using a computerized test battery,
should be performed in order to guide return to play following subsequent concussive
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injury.!'>!20 Although no published controlled studies at the present time provide an
evidence-based decision in regards to baseline neuropsychological assessment, the expert
consensus group from the First World Conference on Sport-Related Concussion held in
Vienna in 2001 determined that all return-to-play decisions should be based on individual
recovery assessment and that neuropsychological testing is the cornerstone of manage-
ment strategy.'?!

The PPE is only one aspect of an overall program of risk assessment for athletic par-
ticipation. In addition to the PPE, physicians should consider exploring other aspects
of sports participation to assist athletes in reducing the risk of injury. Practice patterns,
rules, equipment, or other factors may have a greater effect on decreasing the mortality
and morbidity associated with athletic participation. A marked decrease in cervical spine
injuries occurred following the rule change in football banning both deliberate “spearing”
and the use of the top of the helmet as the initial point of contact in making a tackle.'*?

Determination of clearance

Occasionally, an abnormality or condition is found that may limit an athlete’s parti-
cipation or predispose him or her to further injury. In these cases, the examining
physician should review the following questions as the overall question of participation
is being debated:*®

+ Does the problem place the athlete at increased risk for injury?

« Isanother participant at risk for injury because of the problem?

« Can the athlete safely participate with treatment (i.e., medication, rehabilitation,
bracing, or padding)?

+ Can limited participation be allowed while treatment is being completed?

« If clearance is denied only for certain sports or sport categories, in what activities can the
athlete safely participate?

A specific risk-analysis providing the physician with further guidance in answering the
above questions has not been developed. Furthermore, the specific threshold used in
the decision is dependent on numerous factors, including the specific sport, desires of
the athlete and parent, and available equipment.

The determination of clearance to participate in a particular sport should be based on
previously published guidelines such as the recommendations by the American Academy
of Pediatrics, the 26th Bethesda Conference and the American Heart Association (grade of
recommendation: C).*1123124 Participation recommendations are based on the specific
diagnosis, though multiple factors such as the classification of the sport and the specific
health status of the athlete affect the decision.!?*~12® Whether these specific guidelines for
clearance effectively limit participation of athletes at risk for further injury without limit-
ing participation for athletes with minimal or no risk is unclear and has yet to be studied.
Furthermore, the effect of inappropriately excluding the individual with minimal or no
risk of athletic associated injury or death is unclear.

Additional considerations

While current research demonstrates that the PPE has no effect on the overall morbidity
and mortality rates in athletes, other objectives may be fulfilled by these examinations.
The determination of general health, the counseling on health-related issues, and the
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assessment of fitness level for specific sports are several other objectives often identified as
being fulfilled during the PPE. Furthermore, no harmful effects of these examinations
have been reported. The PPE has also become institutionalized in the athletic and sports-
medicine community. As such, physicians should base their PPE on the best available
evidence using standard PPE form such as the one recommended by Matheson et al.3®

In general, the current recommended PPE fails to meet many of its intended objectives,
including the detection of conditions that may predispose to injury or conditions that may
be life-threatening or disabling. This ineffectiveness has been studied by several authors.
Glover and Maron found that the preparticipation athletic screening for cardiovascular
disease in U.S. high schools may be inadequate, is implemented by a variety of health-care
workers with varying levels of expertise, and may be severely limited in its power to detect
potentially lethal cardiovascular abnormalities.”> Gomez et al. found that 17.2% of high
schools used PPE forms with all the elements of the cardiac history recommended by
the consensus panel and the PPE varies among states.'”” While an effective screening tool
has yet to be developed, many authorities believe the preparticipation screening process
used by many U.S. colleges and universities appears to have limited potential to detect
cardiovascular abnormalities capable of causing sudden death in competitive student-
athletes based on the finding that untested guidelines were not being met.*

These observations may represent an impetus for change and improvement in the
preparticipation screening process for high school athletes. Unfortunately, the standard-
ized evaluation that has been recommended has not been shown to be better the reported
inadequate forms used by some states or to no preparticipation screening. Even when
completed by physicians with sports-medicine training and experience, over one-third of
athletes reported having had a bad-quality preparticipation sports examination.'
According to these athletes, medical history taking was poor and physical examination
restricted to blood pressure measurement and/or chest listening and not targeted enough
to past athletic injuries.

As previously noted, the PPE has become a requirement and the standard of care for
athletes in many countries as they prepare for organized athletic participation. As such,
several key issues regarding this examination exist.

Key messages

+ The mortality associated with athletic participation is most often the result of acute
sudden cardiac death and certain populations of athletes appear to be at higher risk.
Furthermore, the prevalence of underlying cardiovascular disease varies according to
ethnic background and nationality.

+ A complete medical history has been shown to identify approximately 75% of problems
that affect initial athletic participation. For the PPE, a limited physical examination is
recommended. A screening musculoskeletal history and examination in combination can
be used for asymptomatic athletes with no previous injuries.

+ Noninvasive cardiac testing (e.g., electrocardiography, echocardiography, or exercise
stress testing) and the use of routine laboratory or other screening tests such tests as urin-
alysis, complete blood count, chemistry profile, lipid profile, ferritin level, or spirometry
during the PPE is not supported by studies currently available.

+ The determination of clearance to participate in a particular sport should be based on
previously published guidelines such as the recommendations by the American Academy
of Pediatrics, the 26th Bethesda Conference and the American Heart Association.
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Sample examination questions

Multiple-choice questions (answers on page 602)
1 A preparticipation physical examination (PPE) for athletics is a universally accepted
medical screening instrument utilized in all countries.
A True
B False
2 While hypertrophic cardiomyopathy is the most common cause of sudden death in
athletes in the United States, the following is the most common cause of sudden death
among Italian athletes:
A Brugada syndrome
B Arrhythmogenic right ventricular dysplasia (ARVD)
C Essential hypertension
D Mitral valve prolapse
3 The strongest independent predictor of sports injuries is:
A Decreased flexibility
B Imbalance of agonist—antagonist muscle strength
C Abnormal foot configuration
D A previous injury
4 Studies have supported the general use of spirometry during the preparticipation
physical examination (PPE) in order to screen for underlying exercise-induced
bronchospasms (EIBs).
A True
B False

Essay questions

1 The current recommended preparticipation physical examination (PPE) fails to meet
many of its intended objectives, including the detection of conditions that may predis-
pose to injury or conditions that may be life-threatening or disabling. Furthermore,
clearance criteria may inappropriately restrict individuals at low or no risk for athletic
related injury. Describe the current issues that limit the effectiveness of the PPE in iden-
tifying at risk athletes as well as the potential implications of unnecessary restrictions.

2 Currently, the mortality associated with athletic participation is most often the result of
acute sudden cardiac death. Describe the cardiac abnormalities and methods of diagno-
sis of these conditions most frequently found in athletes experiencing sudden cardiac
death and the athletic population that appears to be at higher risk.

3 Occasionally, an abnormality or condition is found that may limit an athlete’s par-
ticipation or predispose him or her to further injury. Describe potential criteria that
may be used by the physician to determine the clearance status for an athlete with such
an abnormality or condition.

Case study 2.1

James, an 18-year-old high-school football player, presents for his routine preparti-
cipation physical examination. On review, you note that he has experienced acute loss
of consciousness during exercise and he has a family history of sudden cardiac death
in an uncle aged 28. As team physician, you need to determine an appropriate
cardiovascular evaluation.
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Case study 2.2

You are the team physician for the local high school. Before the football season, a group of
parents approach you regarding preparticipation physical examinations. Due to recent
news reports regarding mortality associated with participation in high school sports, they
would like to have an extensive medical evaluation of the high school athletes, including an
electrocardiogram, spirometry, and laboratory studies. They are seeking your advice
regarding appropriate screening tests for their high school athletes.

Summarizing the evidence: grades of reccommendations for the preparticipation physical
examination for athletics

Recommendation Results Level of

evidence*

Medical history (¢}

Limited physical examination C
Additional detail of cardiovascular examination (¢}
Exclusion of noninvasive cardiac testing Numerous large studies B

with descriptive datat
Screening musculoskeletal examination One randomized trial A4

Exclusion of routine laboratory or other screening tests Numerous large studies with B
such as urinalysis, complete blood count, chemistry contrasting descriptive data
profile, lipid profile, ferritin level, or spirometry

Determination of clearance based on published (¢}
guidelines

* A1: evidence from large randomized controlled trials (RCTs) or systematic review (including
meta-analysis)."

A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review.’

A4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per
intervention group; moderate study size > 50 patients per intervention group.
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CHAPTER 3
Does stretching help prevent injuries?

lan Shrier

Since the first edition of this book, several other authors have performed systematic
reviews on this topic and reached the same conclusions: stretching prior to exercise does
not prevent injury.'= This concept is now also being promoted to a wider audience than
simply sports-medicine clinicians.*> However, practicing evidence-based medicine means
that everything constitutes work in progress, and it is important to update the knowledge
base on any question continuously. With respect to original clinical research, two recent
studies are added to this review.>” Two tangential studies have not been included:
Malliaropoulos et al.® studied the effects of stretching once per day versus four times per
day, but did not include a no-stretch control group. Sherry and Best® compared stretching
and isolated hamstring strengthening versus progressive agility and trunk stabilization.
Although these studies are valid, they did not address the question with which this chapter
is concerned and are not included in the analysis.

Introduction

Over the past 30 years, sports-medicine professionals have promoted stretching as a way to
decrease the risk of injury.!%~!®> Two potential mechanisms are often proposed by which
stretching could decrease injury: a direct decrease in muscle stiffness via changes in passive
viscoelastic properties, or an indirect decrease in muscle stiffness via reflex muscle inhibi-
tion and consequent changes in viscoelastic properties due to decreased actin—myosin
cross-bridges. These changes in muscle stiffness would allow for an increased ROM
(ROM) around a joint (within this paper, I will use the term flexibility as a synonym for
range of motion (ROM) because that is the common use of the term by clinicians even
though it may have other meanings in other domains), which is believed to decrease the
risk of injury. However, there are several important points the reader must consider.

First, both the muscle-tendon unit and the joint capsule may limit ROM. Flexibility
is usually considered the ROM limited by muscle-tendon, and mobility is usually con-
sidered the ROM limited by capsule/ligament. These differences should be taken into
account when reading the literature.

Second, stretching must be differentiated from ROM. There are many individuals who
have excellent ROM but never stretch, and many individuals who stretch but continue to
have limited ROM. Therefore, different injury rates in people with different ROMs may
not be related to the effect of stretching, but rather to the underlying interindividual vari-
ations in tissue properties (e.g., strength), anatomy, etc. To understand the specific effect
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of stretching, one should limit the review to studies that directly look at the intervention
of stretching.

Third, stretching immediately before exercise may have different effects than stretching
at other times and should be considered as a separate intervention. Whereas there is a con-
siderable amount of clinical data on stretching immediately before exercise, there is much
less data on stretching at other times.

Fourth, some people claim that negative results in some studies are due to improper
stretching technique. Because the effects of stretching are believed to occur through
changes in stiffness and ROM, an “improper” technique implies that the ROM is not
increased. If ROM is increased without causing an immediate injury, then by definition
the stretches were done properly.

Fifth, warm-up is not synonymous with stretching. In the colloquial sense, warm-up
means any activity performed before participating in sport. Used in this sense, stretching is
only one component of warm-up, and if stretching is included in the pre-exercise activity,
I explicitly state that stretching was used. The other component of warm-up is participat-
ing in an activity that requires active muscle contractions. This type of warm-up can be
divided into general or sport-specific warm-up. In a general warm-up, the objective is to
increase body temperature. As such, the muscles used are either not the muscles required
in the activity (e.g., a pitcher jogs before a game), or do not reflect the type of activity in
sport (e.g., jumping jacks prior to sprinting). In sport-specific warm-up, the activity is the
same but performed at a lower intensity (e.g., jogging slowly before starting a running
race). Whether warm-up itself prevents injury or improves performance is beyond the
scope of this chapter. However, if it does, the reader should be aware that the mechanism
of action (e.g., temperature, muscle fiber energetics, central programming of muscle
contractions, proprioception) will dictate whether one type of warm-up is superior to
another. In this chapter, I will use warm-up to mean performing an activity prior to sport
and specify if it was general or sport-specific where possible.

Sixth, the term “dynamic stretching” is currently used differently by different people,
but in essence it refers to the stretching of a muscle by contracting and relaxing the antago-
nist muscle. For example, if a subject uses the hip abductor muscles to swing the lower
limb laterally until the adductor muscles are stretched and then relaxes the abductors and
contracts the adductors to swing the lower limb medially, and repeats this several times,
some would consider this a dynamic stretch of the adductor and abductor muscles. There
is some preliminary evidence that dynamic stretching is less effective than static stretching
atimproving range of motion (ROM: 4.3° vs. 11.4°).1¢ There is no research on injury rates
with this type of stretching, and therefore all claims are conjectural. One should note that
dynamic stretching includes both classical stretching and warm-up at the same time.
Because dynamic stretching requires the muscles to contract, other possible mechanisms
include central programming of muscle contraction/coordination and decreased fatigue
through increased warm-up activity. Those who promote dynamic stretching as a method
to prevent injury should provide some evidence that supports their claim. Further, if they
want to demonstrate that it is the stretch that is important as opposed to the general warm-
up that also occurs, then the control group intervention should include warm-up activity.

In this chapter, I will first review new findings that have changed our understanding of
what stretching actually does to muscle. This will include changes at the level of the whole
muscle (e.g., compliance) and at the level of the myofiber. Next, I will review the clinical
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evidence surrounding the protective effect of stretching both immediately before exercise,
and at other times. Finally, I will review the basic science evidence to see whether it
supports or contradicts the clinical evidence. The use of stretching as performance
enhancement has been discussed elsewhere.!”

Physiology of stretching

Immediate effects

Stretching is believed to increase the ROM around a joint through decreases in viscoelas-
ticity and increases in the compliance of muscle. What are compliance and viscoelasticity?
Compliance is the reciprocal of stiffness, and mathematically it is equal to the length change
that occurs in a tissue divided by the force applied to achieve the change in length. A tissue
that is easy to stretch is compliant because it lengthens with very little force. Viscoelasticity
refers to the presence of both elastic behavior and viscous behavior. An elastic substance
will exhibit a change in length for a given force, and will return to its original length imme-
diately on release (e.g., a regular store-bought elastic). The effect is not dependent on time.
However, a viscous substance exhibits flow and movement (e.g., molasses), which is
dependent on time.'® Experimentally, viscous behavior produces “creep” if the force is
held constant (i.e., the length continues to increase slowly even though the applied force is
constant) or “stretch relaxation” if the length is held constant (i.e., the force on the tissue
decreases if the tissue is stretched and then held at a fixed length). When the force is
removed, the substance slowly returns to its original length. This is different from plastic
deformation, in which the material remains permanently elongated even after the force is
removed (e.g., a plastic bag'®). The reader should note that stretching affects tendons and
other connective tissue in addition to muscle. However, within the context of normal
stretching, the stiffness of a muscle—tendon unit is mostly related to the least stiff section
(i.e., resting muscle) and is minimally affected by the stiffness of tendons.

Stretching appears to affect the viscoelastic behavior of muscle and tendon, but the
duration of the effect appears short. In one study, canine gastrocnemius muscle was
repeatedly stretched to a fixed length and the force was measured. The force required to
produce the length change declined over 10 repetitions and was fairly stable after four
stretches.! The authors did not measure how long the effect lasted. In humans,
Magnusson originally found that increased ROM was lost by 60 min if the subjects
remained at rest after stretching. Because they did not take measurements at intervals, the
effect could have lasted anywhere from 1 to 60 min.?® In a later study designed to further
narrow the interval for the effect, the same group found that the increased ROM lasted less
than 30 min even if the person warmed up prior to the stretch and continued to exercise.”!
More studies are needed to see exactly how long the effect does last—e.g., 1 min, 5 min,
15 min, etc.

As one observes people, it becomes clear that some are naturally flexible even though
they never stretch, whereas others remain inflexible no matter what they do. The effect of
stretching also appears to be specific to individuals and also muscle-specific. For instance,
within every study, some individuals have large increases in ROM with stretching whereas
others do not, both in animal studies'” and human studies.?>?* In addition, stretching
appears less effective in increasing hip external rotation and abduction in comparison with
hip flexion.?* Finally, the effects of stretching for 60 s versus 30 s were found to be greater
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in the elderly?® but not in younger populations.?® If true, the optimal duration and
frequency for stretching may be different for different muscle groups or individuals. This
appears logical, given that different muscles have different temperatures (superficial
muscles are colder than deep muscles) and different amounts of pennation (i.e., the angle
of sarcomeres to the direction of force when the muscle contracts—e.g., gastrocnemius
muscle), and different subjects have different baseline muscle compliances. More research
is needed on which variables are responsible (and to what degree) for the variation
observed in response to stretching protocols.

Stretching also appears to increase the pain threshold during a muscle stretch—i.e., it
acts like an analgesic.?’7? In these series of studies, subjects’ muscles were stretched until
they felt pain, and the stretch stopped. After the subjects stretched, the expected increased
ROM before pain was felt was associated with both an increased length and force across
the muscle. Had the increased ROM been limited to viscoelastic changes, the muscle
length would have increased, but the force applied would have been less or unchanged.
The only explanation for an increase in force before pain is felt is that stretching acts like an
analgesic. Finally, the analgesia is at least partially due to the effects at the spinal cord or
cerebral level, because during unilateral proprioceptive neuromuscular facilitatory (PNF)
stretching, the ROM in the unstretched leg also increases.

PNF stretching is also an interesting example of the way in which myths can be pro-
pagated within the medical literature. When they were first proposed in the early 1970s,
PNF techniques were based on the basic science finding that stretching/activity of the
antagonist muscle creates reciprocal inhibition of the agonist muscle.>! When tested, PNF
techniques were indeed shown to increase ROM more than static stretching. However,
these initial studies did not measure muscle activity, so the reason for the increased ROM
was not known. In fact, when electromyographic findings were recorded in 1979, the
reciprocal inhibition theory was disproved.’®3? Although these results have been con-
firmed more recently,?®**3 the myth of reciprocal inhibition continues to be promoted in
textbooks and the medical literature. In fact, muscles are electrically silent during normal
stretches until the end ROM is approached. Surprisingly, PNF techniques actually increase
the electrical activity of the muscle during the stretch,?**>%* even though the ROM is
increased.?®327%3> This suggests firstly, that PNF stretching is associated with a more pro-
nounced analgesic effect, and secondly that the muscle is actually undergoing an eccentric
contraction during a “PNF stretch.”

Although stretching may affect the viscoelastic properties of resting muscle, it does
not affect the compliance of active muscle. Compliance of resting muscle is almost exclu-
sively due to the muscle cytoskeleton,’®»3” whereas compliance of active muscle is directly
dependent on the number of active actin-myosin cross-bridges.*®=*! Because injuries are
believed to occur when the muscle is active (i.e., during eccentric contractions),** com-
pliance during activity should be more important than compliance at rest.

In summary, stretching decreases viscoelasticity of muscle for less than 30 min, and the
increased ROM is at least partially due to an analgesic effect mediated at the level of the
spinal cord or higher.

Long-term effects

Although the immediate effects of a single stretching session produce a decrease in visco-
elasticity and an increase in stretch tolerance, the effect of stretching over 3—4 weeks
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appears to affect only stretch tolerance, with no change in viscoelasticity.’>*® In this case,
a second explanation for the increased stretch tolerance besides an analgesic effect is
possible; regular stretching may induce muscle hypertrophy.

Animal research has shown that muscles that are stretched for 24 h per day for several
days will actually increase in cross-sectional area (or decrease in cross-sectional area less
than if casted without stretch), even though they are not contracting.*~*° This is known as
stretch-induced hypertrophy. These studies all used cast-immobilization*4#6 or weights to
stretch the muscle continuously 24 h/day over 3—-30 days.*> This is of course very different
from human stretching programs, which involve stretching for only 30—60 s/day for any

particular muscle group. In this connection, Black and Stevens*’

recently found that 2 min
stretching of the mouse extensor digitorum longus muscle per day for 12 days did not
reduce the force or work deficit created by an acute eccentric-induced injury. However,
it must be remembered that stretch-induced hypertrophy may be affected by the presence
of injury, and that the stretching period was only 12 days. Therefore, the possibility
remains that some hypertrophy will occur in healthy muscle or if muscles are stretched
over a longer period of time.

There is some supporting evidence for stretch-induced hypertrophy in humans. If
hypertrophy occurred, one would expect force to increase with an isolated stretching pro-
gram. In a recent review, I showed that stretching regularly over weeks not prior to exercise
improves results on tests of maximal voluntary contraction, jumping height and possibly
running speed.!” However, there is an alternative hypothesis as well—a reduction in cen-
tral neuromuscular inhibition. In most subjects, an electrically-stimulated muscle pro-
duces more force than a maximal voluntary contraction, and this means that the central
nervous system is unable to fully activate the muscle.®® If regular stretching reduced this
central inhibition, a greater force would occur. Although neuromuscular adaptation is
known to be the prime reason for an increase in untrained individuals, its role is thought
to be minimal in the type of trained individuals participating in the studies cited in the
review. The differentiation between these two theories (hypertrophy and reduction of
inhibition) is theoretically simple: getting trained people to stretch regularly for several
weeks and measure cross-sectional muscle area with magnetic resonance imaging and
neuromuscular inhibition with twitch interpolation. This study remains to be done.

Finally, if stretch-induced hypertrophy does occur, it should be associated with an
increase in stiffness, because of the increased muscle cross-sectional area. For example, the
stiffness of an elastic band doubles when the cross-section of an elastic band is doubled
(e.g., by folding it over itself), even though the elastic itself has not changed. Therefore,
a thicker muscle should also be stiffer. However, the stiffness of human muscles does
not change over time with stretching.>>** Therefore, if stretch-induced hypertrophy is
occurring in this situation, then there must be associated changes in the viscoelastic
properties of the individual muscle fibers to explain the lack of increase in whole-muscle
viscoelasticity. This would only be observable through isolated fiber studies and could not
be done in vivo.

Does stretching prevent injury?
Methods

The mMeDLINE and EMBASE databases were searched for all clinical articles related to
stretching and injury, using the strategy outlined in Table 3.1. All titles were scanned, and
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Table 3.1 MEDLINE (PubMed search engine) and EMBASE search strategies, searching all fields,
including MEDLINE Subject Headings (MeSH) and text words between 1996 and September
2003. The text-word strategy retrieves any article that includes the word in the title or abstract
(if the abstract is included in MEDLINE). The symbol “*” in the search acts as a wildcard for

any text

Item Search MEDLINE EMBASE

1 Stretch* 30731 12795
2 Sprain or strain or injur* 682286 339533
3 Sport or athlet* or activ* 2223441 997212
4 1 AND 2 AND 3 (limited to human studies) 554 474

the abstracts of any potentially relevant articles were retrieved for review. All studies that
used stretching as an intervention, included a comparison group, and had some form of
injury risk as an outcome were included for this analysis. In addition, all pertinent articles
from the bibliographies of these papers were also reviewed. Finally, a citation search was
carried out on the key articles. Forrest plots were generated using Cochrane Review
Manager version 4.2.7.

Results

Every study has limitations. This does not usually invalidate the research, but only limits
the interpretation of the study. This chapter summarizes the main weaknesses of the
studies and illustrates how the data can still be interpreted for clinical usefulness.

Does pre-exercise stretching prevent injuries?
Only 17 of the articles retrieved from the search strategy used a control group to analyze
whether pre-exercise stretching prevents injury and all were included in this analysis.
Of these, seven articles suggested it is beneficial (Table 3.2),57453 three articles sug-
gested it is detrimental (Table 3.3),*° and seven articles suggested no difference
(Table 3.3).>7-63

Figure 3.1 shows the relative risks or odds ratios or hazard ratios (with 95% confidence
intervals) for all the prospective studies. A close examination of these studies suggests that
the clinical evidence does not support the hypothesis that stretching before exercise pre-
vents injury. Because the methodology differed greatly between the studies, an overall
summary statistic is inappropriate. The values shown in the figures are for qualitative
purposes only and are used to show the effect of stretching before versus not before
exercise, and the inclusion/exclusion of certain studies.

Positive studies. When grouped together, four of the seven studies that showed a positive
effect actually evaluated a complete program that included many co-interventions in
addition to stretching prior to exercise. First, Ekstrand et al. found that elite soccer teams
that were part of an experimental group (pre-exercise warm-up, leg guards, special shoes,
taping ankles, controlled rehabilitation, education, and close supervision) had 75% fewer
injuries in comparison with the control group of soccer teams.>> However, it is impossible
to determine which of the interventions might be responsible for the decrease in injury
rates. Second, in a similar study completed a year earlier, Ekstrand et al. found less
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Chapter 3

(@)
OR or RR or OR or RR or

Study HR (random) Weight HR (random)

or sub-category log[OR or RR or HR] (SE) 95% Cl % 95% Cl Year

Men
Ekstrand (52) -1.7047 (0.3536) <4+—=&— 552 0.18[0.09,0.36] 1983
Ekstrand (64) Not estimable 1983
Macera (58) 0.0953 (0.1582) —-—— 8.98 1.10[0.81,1.50] 1989
Walter (59 never) 0.1398 (0.2823) —— 6.69 1.15[0.66,2.00] 1989
Walter (59 some)  -0.4463 (0.1796) —a— 8.59 0.64[0.45,0.91] 1989
Walter (59 usual) 0.2231 (0.1917) e 8.36 1.25[0.86,1.82] 1989
Bixler (51) Not estimable 1992
van Mechelin (61)  0.2311 (0.2844) —— 6.65 1.26[0.72,2.20] 1993
Pope (63) —0.0834 (0.2855) —a— 6.63 0.92[0.53,1.61] 1998
Cross (49) —-0.7134 (0.2372) —a— 751 0.49[0.31,0.78] 1999
Pope (62) 0.0392 (0.1255) — 9.53 1.04[0.81,1.33] 2000
McKay (7) -0.9637 (0.4509) —. 424 0.38[0.16,0.92] 2001
Amako (6) —-0.3011 (0.1976) — 8.25 0.74[0.50, 1.09] 2003

Subtotal (95% Cl) L 80.94 0.78[0.59, 1.02]

Test for heterogeneity: Chi? = 42.89,

df =10 (P < 0.00001), I> = 76.7%

Test for overall effect: Z=1.83 (P = 0.07)

Women 0.4700 (0.3994) —t— 487 1.60[0.73,3.50] 1989
Macera (58) 0.1655 (0.5831) B — 3.02 1.18[0.38,3.70] 1989
Walter (59 never)  -0.5798 (0.3445) — & 5.66 0.56[0.29,1.10] 1989
Walter (59 some) 0.0488 (0.3536) T 552 1.05[0.53,2.10] 1989
Walter (59 usual) 19.06 0.98[0.61, 1.57]

Subtotal (95% Cl)

Test for heterogeneity: Chi® = 4.27,

df =3 (P =0.23), I =29.8%

Test for overall effect: Z = 0.09 (P = 0.93) < 100.00  0.821[0.65, 1.03]

Total (95% Cl)

Test for heterogeneity: Chi® = 47.41,

df =14 (P < 0.0001), I’ =70.5%

Test for overall effect: Z=1.70 (P = 0.09)

0.' 1 Ot2 0j5 1 2 5 1'0

Favor stretching Favor no stretching
Figure 3.1 In (a), the relative risks or odds ratios or hazards ratio (£95% confidence intervals)
are plotted for all randomized controlled trials and cohort studies grouped by men or women.
(Note that the McKay study included both women and men in the same analysis, but is grouped
with men). A value greater than 1 means an increased risk for people who stretch before exercise,
and a value below 1 means a decreased risk of injury for people who stretch before exercise. There
were two studies®* in which there were insufficient data in the article to calculate the relative
risk or odds ratio. The study by Ekstrand et al.>* was calculated for strains and sprains only, and
as if each person was only injured once. The study by Walter et al.>® compared several groups with
“Always stretched before exercise” (a relative risk above 1 means the “always” group had a higher
injury rate). The test of heterogeneity suggests that the results are very heterogeneous. In this
situation, sources of heterogeneity should be sought out. In (b), the same data are shown, but I
have omitted the studies in which stretching may very well not have been the reason for the
differences between groups. The more likely reasons in these studies are co-interventions®>2
regression to the mean.* The test of heterogeneity still suggests some heterogeneity (most likely
due to the study by McKay on basketball injuries), but much less. Qualitatively, the overall effect
of stretching before exercise suggests no clinically relevant benefit.

and
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Stretching and injury prevention

(b)
OR or RR or ORor RR or

Study HR (random)  Weight HR (random)

or sub-category log[OR or RR or HR] (SE) 95% ClI % 95% ClI Year

Males: No Ekstrand or Cross or Amako
Ekstrand (52) Not estimable 1983
Ekstrand (64) Not estimable 1983
Macera (58) 0.0953 (0.1582) e 506 1.10[0.81,1.50] 1989
Walter (59 never) 0.1398 (0.2823) — 276 1.15[0.66,2.00] 1989
Walter (59 some) —0.4463 (0.1796) —— 4.56 0.64 [0.45, 0.91] 1989
Walter (59 usual) 0.2231 (0.1917) = 430 1.25[0.86,1.82] 1989
Bixler (51) Not estimable 1992
van Mechelin (61) 0.2311 (0.2844) — - 2.74  1.26[0.72,2.20] 1993
Pope (63) —0.0834 (0.2855) 272 0.92[0.53,1.61] 1998
Cross (49) Not estimable 1999
Pope (62) 0.0392 (0.1255) 590 1.04[0.81,1.33] 2000
McKay (7) -0.9367 (0.4509) ———&—— 1.36  0.39[0.16,0.95] 2001
Amako (6) Not estimable 2003

29.41 0.97[0.79, 1.19]
Test for heterogeneity: Chi® = 13.27,
df=7 (P =0.07), P = 47.2%
Test for overall effect: Z=0.27 (P=0.79) , ; ; | ; ; '
0.1 02 05 1 2 5 10

Favor stretching

Favor no stretching

Figure 3.1 (Continued)

hamstring and quadriceps strains in elite soccer players who performed warm-up, skill
exercises, and stretching exercises before soccer.® In a third study,’! high-school football
teams were pseudorandomized to either stretching or warm-up during half-time. The
hypothesis was that athletes become stiff during half-time and that stretching at half-time
might decrease third quarter injuries. In addition to the co-intervention, this study had
problems with randomization and compliance, and did not use the recommended
“Intention-to-treat” analysis. Finally, the intervention in the Amako et al. study was
stretching both before and after exercise,® and there is some evidence that regular stretch-
ing not prior to exercise is beneficial (see the section on “Does stretching after or outside
periods of exercise prevent injuries?” below).

Of the remaining three studies, the methodology was weak in two. First, Cross et al. used
a cohort design with historical controls and found that pre-exercise stretching decreased
injuries.*® Historical controls are only appropriate if certain assumptions are met. For
instance, if there were an unusually high injury rate one year by chance, one would expect
the injury rate to return to normal the following year. If the medical staff had introduced
an intervention to decrease injuries after the high injury rate year, they would mistakenly
attribute the decrease in injuries to their intervention. Statistically, this is called regression
towards the mean. Studies using historical controls only provide strong evidence when the
rates are stable over a number of years, and then fall (or rise) for a few years following the
introduction of an intervention. Therefore, without knowing the rates of injury for several
seasons before and after the intervention, nor the reason why the intervention was applied
during that particular year, the most likely reason for the drop in injury rates in the Cross
et al. study is regression towards the mean. Second, in a cross-sectional study, women
cyclists who stretched before exercise had less groin and buttock pain, but the effect was

47



Chapter 3

not observed in men.”® Because the physiological effect of stretching is similar in both
groups, these results are difficult to interpret.

The remaining study examined ankle injuries in basketball players.” This was the only
study to look at higher intensity exercise and showed a mild protective effect, but did
not adjust for position of play or presence of ankle taping. With respect to the basic science
evidence, strain rates (analogous to high-intensity vs. low-intensity exercise) did not
affect the relationship between compliance and length/energy absorbed before failure.%
Therefore, intensity is unlikely to modify the effect of stretching and injury, and more
research is needed before stretching should be recommended in high-intensity sports.

In summary, although there are some strong studies for which pre-exercise stretch-
ing was associated with a reduction in injury rates, the presence of probable effective
co-interventions or other limitations suggests that whatever evidence is in favor is weak.

Negative studies. There have been three studies (all cross-sectional) that suggested stretch-
ing before exercise may increase the risk of injury.>4->¢

In a cross-sectional study, Howell found that 13 of 13 elite rowers who stretched had
back pain, and only one of four athletes who did not stretch had back pain.>* Interestingly,
of the study subjects with hyperflexibility of the lumbar spine, the only two who did not
have back pain did not stretch. However, it is again unclear whether these athletes became
injured because they were stretching, or stretched because they were injured.

In the two other cross-sectional studies that showed that stretching might increase
injury rates,”>*® the authors did not control for any other factor such as training
distance, experience, etc. In summary, recommendations based on these studies should
be very guarded.

Equivocal studies. There have been seven studies—three randomized controlled trials (RCTs),
two prospective studies, and two cross-sectional studies—that found no difference in
injury rates between people who stretch before exercise and those who do not.>7-6266

In the most recent large RCT, Pope and colleagues randomly assigned 1538 military
recruits to either warm-up and then stretch immediately before exercise, or simply warm-
up and exercise.%? The hazard ratio (equivalent to an odds ratio, but taking into account
different follow-up times) after adjusting for height, weight, day of enlistment, age, and
20-m shuttle run test score, suggested no benefit. This study was consistent with a previous
study by the same authors that used only calf stretching immediately before exercise.®’
With respect to sports injury prevention, the main limitation of this study is that it
occurred in military recruits, who may not be doing the same type of activity as recre-
ational or elite athletes, and may experience a sudden increase in activity that is not typical
of recreational or elite athletes.

Van Mechelen randomly assigned 421 persons to an intervention group that included
6 min of warm-up and 10 min of stretching.®' The relative risk for injury for those in the
intervention group was 1.12 in comparison with controls. Notably, only 47% of those in
the intervention program actually stretched according to the instructions outlined in the
study. In addition, many of the runners in the control group also performed some type
of pre-exercise stretching. This type of non-compliance (or “misclassification”) would be
expected to “bias towards the null” and minimize the odds ratio obtained. However, it
should not reverse the direction of the odds ratio, which showed more injuries in the
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group randomized to stretch. Although one could reanalyze the data according to whether
the actual intervention was performed, most statistical consultants believe the intention-
to-treat analysis (as was done in the paper) is more appropriate.

In a prospective cohort study by Walter et al.,> the authors found that stretching was
unrelated to injury after adjusting for previous injuries and mileage. Macera et al.*® found
that stretching before exercise increased the risk of injury, but the differences were not
statistically significant. Although not RCTs, these were good studies with few limitations.

Finally, two cross-sectional studies showed no protective effect of pre-exercise stretch-
ing.5”% In fact, Brunet et al. reported that non-stretchers had fewer injuries, even though
they had higher mileage per week and fewer previous injuries.® The cross-sectional design
limits the conclusions that can be drawn from these studies.

Summary of clinical evidence

Even though the studies have very different methodologies, one can perform a meta-
analysis for qualitative purposes. In this case, the overall effect is estimated at 0.82 (95%
CI, 0.65 to 1.03). However, if one omits the studies that included other interventions
besides stretching immediately before exercise,®*>% the overall effect is estimated at 0.97
(95% CI, 0.79 to 1.19). Thus, the clinical evidence available does not support the hypo-
thesis that pre-exercise stretching prevents injury.

Does stretching after or outside periods of exercise prevent injuries?

There have only been two studies that isolated the effect of stretching after or outside
periods of exercise on injury risk. Both studies suggested a clinically relevant decrease in
injury risk, but the results did not reach statistical significance in one. A third study, pre-
viously mentioned, examined stretching before and after exercise and also found a
non-statistically significant but clinically relevant decrease in risk.® More research is
needed in this area before definitive conclusions can be drawn.

Positive studies (Fig. 3.2, Table 3.4). In support of the hypothesis that regular stretching
prevents injury, a recent study using basic training for military recruits found that the
companies of soldiers who stretched three times per day besides their normal pre-exercise
stretching regimen had fewer injuries than a control group who stretched only before
exercise.’” However, there were problems with baseline comparisons and there was no
adjustment for previous injuries, fitness levels, etc.

Hilyer et al. randomly assigned firefighters from two of four fire districts to perform 12
daily stretches for 6 months, while the firemen from the other two districts were instructed
not to stretch (total 469 firemen).*® Although the change in flexibility was greater in the
experimental group, this was due to loss of flexibility in the control group and not a gain in
flexibility in the experimental group, even though exercise physiologists visited the various
stations during the first month to correct improper technique. Although the number of
injuries was not statistically different between groups, there was a clinically relevant
decrease in risk for the group that stretched (relative risk 0.82; 95% CI, 0.59 to 1.13).
Further, the costs due to lost time from work were also less in the group that stretched
($950/injury vs. $2828/injury).

Finally, Amako et al. randomly assigned subjects to stretching before and after exercise
or a control group and found an overall relative risk of injury 0f 0.77 (95% CI, 0.54 to 1.08)
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Study ORor RR or HR Weight ORor RR or HR
or sub-category  log[OR or RR or HR] (SE)  (random) 95% ClI % (random) 95% ClI Year
Hilyer (68) ~0.1985 (0.1654) —= 43.93 0.82[0.59, 1.13] 1990
Hartig (67) —0.5551 (0.2180) —a— 25.29 0.57 [0.37, 0.88] 1999
Amako (6) -0.3011 (0.1976) —= L 30.78 0.74 [0.50, 1.09] 2003
Total (95% CI) <& 100.00 0.73[0.59, 0.90]

Test for heterogeneity: Chi® = 1.71,
df=2 (P =0.42), P=0%
Test for overall effect: Z=2.92 (P = 0.003)

01 02 05 1 2 5 10
Favor stretching ~ Favor no stretching

Figure 3.2 A Forrest plot of the relative risks or odds ratios (£95% confidence intervals)
from three studies that examined the intervention of stretching regularly not immediately
prior to exercise. The test of heterogeneity suggests the studies show similar magnitudes
of effect.

for the intervention group.® There were some limitations to this study, the most important
being that allocation to the stretch or non-stretch group was carried out by the company
commander, and different companies may train at different intensities, different levels
of fatigue, etc.

Although all three studies have limitations and only one has statistically significant
results, they all show clinically relevant decreases in injury risk. In addition, if stretch-
induced hypertrophy occurs, as suggested by the basic science evidence,***¢ one would
expect a benefit from regular stretching. These results represent a good beginning, and the
area requires further research.

Discussion

A review of the clinical evidence strongly suggests that pre-exercise stretching does not
prevent injury, and that the evidence on stretching at other times suggests that it may be
beneficial but is too limited to make definitive reccommendations at this time. Considering
that these results are contrary to many people’s beliefs, it seems prudent to review why
some people ever believed stretching before exercise was so beneficial. There appear to be
six general arguments that have been proposed in the past.

First, paraphrasing an old Chinese saying, “that which does not bend, breaks.” How-
ever, when a tree bends, the force (i.e., the wind) changes from a perpendicular force to a
longitudinal force; it is much easier to break a stick by applying a perpendicular force to
the middle in comparison with longitudinal forces at the end. In stretching a muscle prior
to activity, we do not alter the direction of force at the time of injury, and the analogy is
inappropriate.

Second, compliance refers to the length change that occurs when a force is applied, but
is not necessarily related to a tissue’s resistance to injury. For example, even though a
balloon will stretch before it bursts (high compliance), a sphere made of metal with the
same thickness as the balloon might never stretch (low compliance) and still withstand
extremely high pressures.
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Chapter 3

Third, if muscle compliance is increased with warming from 25 °C to 40 °C, the muscle
ruptures at a longer length but absorbs less energy.®® Which is more important, length or
energy absorbed? Although muscles are sometimes injured when stretched beyond their
normal length of motion, most authors believe that the majority of injuries occur within
the normal ROM during eccentric activity, and that the most important variable with
respect to muscle injury is the energy absorbed by the muscle.®>’%”! For example, the
hamstring muscle contracts to slow the forward movement of the lower leg during the
swing phase of gait (i.e., as the leg moves forward). If the energy is not absorbed, the leg will
continue to move forward in the presence of a compliant tissue until it exceeds the tissue’s
maximum length, whatever that maximum length happens to be. If the muscle absorbs the
energy, the lower leg is stopped from extending and the maximum length is never reached.
Finally, the reader must remember that the damage occurs at the level of the sarcomere
and not the whole muscle.”? Therefore, if there is excessive sarcomere lengthening so that
the actin and myosin filaments no longer overlap, the force is transmitted to the cytoskele-
ton of the muscle fiber, and damage occurs. This occurs within the normal ROM, because
sarcomere length within the muscle is heterogeneous; some sarcomeres lengthen during
a contraction at the same time as others are shortening.”>”’® Therefore, it appears that it is
the sarcomere length that is related to most exercise-related muscle strains, rather than
the total muscle length. Under this hypothesis, an increase in total muscle compliance is
irrelevant.

In support of the above argument, ligaments that have been immobilized are also more
compliant but absorb less energy.”” In addition, resting muscle is more compliant than
a contracting muscle,**! but again absorbs less energy.”%’® Finally, sarcomeres directly
attached to the tendon are the least compliant and remain undamaged, but adjacent
sarcomeres are stretched beyond actin-myosin overlap and become injured.”>’%”° These
results are consistent with Garrett’s whole-muscle studies, in which the sarcomeres
attached to the tendon remained intact, but the more compliant adjacent sarcomeres
ruptured.”’® Taken together, this evidence suggests that increased compliance is associated
with an inability to absorb as much energy, which may increase the risk of injury during
an eccentric load.

Fourth, overstretching a muscle can certainly produce damage. However, even strains
as little as 20% beyond resting fiber length, as one would expect with “correct” stretching
techniques, can produce damage in isolated muscle preparations.”! Therefore, the basic
science evidence suggests that “correct” stretching techniques may be more difficult to
define than previously thought.

Fifth, we have seen that the increased ROM with stretching is partly due to an analgesic
effect.?®293235 This may explain some preliminary findings that muscle aches and pains are
reduced in pre—post testing,3~82 but does not mean that the risk of injury is decreased. Nor
does it mean that stretching shortens rehabilitation time and prevents re-injury following
an injury. In two clinical studies comparing stretching with strengthening after injury,>%
both found that a strengthening program was superior to stretching. In one study,® 23 of
34 male athletes with more than 2 months of groin pain who participated in a strengthen-
ing program returned to pre-activity levels within 4 months, in comparison with only four
of 34 of athletes who participated in a stretching program (OR 4;12.7;95% CI, 3.4 t0 47.2).
Neither study examined acute injuries, nor the potential benefit/harm of adding stretching
to a strengthening program; these remain to be determined.

52



Stretching and injury prevention

Sixth, some argue that stretching may prevent tendon or other injuries, even though
there is no effect on total injuries. First, in the Australian military, tendon injuries occurred
in 20 of 735 subjects (2.7%) who stretched and 16 of 803 (2.0%) who did not stretch.®?
Others have suggested that stretching one area reduces the risk of injury in a different area
(e.g., stretch the hamstrings to reduce stress on the back), but have not put forth any data.
Finally, even if stretching does prevent one specific type of injury, because overall injury
rates among stretchers and non-stretchers are not different, any protection against one
type of injury would mean an increased risk of other types of injuries in order to balance
the equation. It would therefore only be appropriate to generally advise stretching prior to
activity if the severity and long-term consequences were greater for the injury that has
a decreased risk with stretching in comparison with the injury that has an increased risk
with stretching.

In conclusion, the clinical evidence is consistent with the basic science evidence and
theoretical arguments; stretching before exercise does not reduce the risk of injury and
stretching at other times may be beneficial. Future research should evaluate high-intensity
sports and the effects of stretching on recovery following injury.

Key messages

« Stretching immediately before exercise is different from stretching at other times.

« Stretching immediately before exercise does not appear to prevent injury.

+ Regular stretching that is not done immediately before exercise may prevent injury.
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Sample examination questions

Multiple-choice questions (answers on page 602)

1 The original study by Ekstrand et al>? suggested that stretching immediately prior
to exercise is associated with a decrease in injuries. Which of the following interventions
that are likely to prevent injury were also included in the experimental group as co-
interventions?

A Shin guards

B Supervised rehabilitation
C Warm-up

D Education

E All or none of the above

2 With regard to the number of studies examining whether stretching outside periods of
exercise prevent injury or minimize the severity of injury:
A 3 found it does and 3 found it does not
B 0found it doesand 3 found it does not
C 3found it does and 0 found it does not
D All studies used a cohort design
E All or none of the above
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3 Theoretical reasons why stretching prior to exercise would not decrease injuries include
all of the following except:
A Tissues that are more compliant are associated with a decreased ability to absorb

energy

B The compliance of active muscle is related to the compliance of muscle during

normal stretches

C Most injuries occur during eccentric activity of the muscle, within its normal range

of motion

D Overstretching a muscle is known to be a cause of muscle injury
E All or none of the above

Essay questions

1 Discuss the evidence for and against the use of stretching immediately prior to exercise
as an intervention to prevent injuries.

2 Explain the theoretical reasons why stretching immediately prior to exercise was thought
to prevent injuries, and why they do not apply to regular exercise such as jogging.

3 Describe how stretching increases range of motion.

Summarizing the evidence

Comparison

Results

Level of evidence*

Does stretching before
exercise prevent injury?

Does stretching outside
periods of exercise
prevent injury?

5 RCTs, 4 prospective cohorts, 1 historical cohort,

6 cross-sectional studies. Conflicting results are
explained in Tables 3.2 and 3.3. Overall, stretching
before exercise does not prevent injury. There was
an additional prospective cohort study, but it used
an intervention of pre- and post-exercise stretching.
Note that most studies done on recreational athletes
or military personnel. According to the basic
science of injury, there is no reason why elite
athletes would be expected to have different results.
The only study examining high intensity sport was

a cohort study on ankle injuries in basketball and
suggested a protective effect

2 RCTs (n=300-470) with weaknesses in follow-up
and differences in baseline characteristics. One study
suggested a decreased injury rate and the other only
decreased severity of injury. There was an additional
prospective cohort study, but it used an intervention
of pre- and post-exercise stretching

Al

Al

* A1: evidence from large randomized controlled trials (RCTs) or systematic review (including

meta-analysis)."

A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review.’
A4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per
intervention group; moderate study size > 50 patients per intervention group.

54



Stretching and injury prevention

References

1

[\S]

w

w

(=)

~

o=}

o

10
11

12

13

14

15

16

17

18

19

20

2

—

22

23

24

25

26

27

Thacker SB, Gilchrist J, Stroup DF, Kimsey CD. The impact of stretching on sports injury risk: a system-
atic review of the literature. Med Sci Sports Exerc 2004; 36:371-378.

Herbert RD, Gabriel M. Effects of stretching before and after exercising on muscle soreness and risk of
injury: systematic review. Br Med ] 2002; 325:468.

Weldon SM, Hill RH. The efficacy of stretching for prevention of exercise-related injury: a systematic
review of the literature. Man Ther 2003; 8:141-150.

Ingraham SJ. The role of flexibility in injury prevention and athletic performance: have we stretched the
truth? Minn Med 2003; 86:58—61.

Johnston CA, Taunton JE, Lloyd-Smith DR, McKenzie DC. Preventing running injuries: practical
approach for family doctors. Can Fam Physician 2003;49:1101-1109.

Amako M, Oda T, Masuoka K, Yokoi H, Campisi P. Effect of static stretching on prevention of injuries
for military recruits. Mil Med 2003; 168:442—446.

McKay GD, Goldie PA, Payne WR, Oakes BW. Ankle injuries in basketball: injury rate and risk factors.
Br ] Sports Med 2001; 35:103-108.

Malliaropoulos N, Papalexandris S, Papalada A, Papacostas E. The role of stretching in rehabilitation of
hamstring injuries: 80 athletes follow-up. Med Sci Sports Exerc 2004; 36:756—759.

Sherry MA, Best TM. A comparison of 2 rehabilitation programs in the treatment of acute hamstring
strains. ] Orthop Sports Phys Ther 2004; 34:116—125.

Best TM. Muscle—tendon injuries in young athletes. Clin Sports Med 1995; 14:669—686.

Garrett WE Jr. Muscle strain injuries: clinical and basic aspects. Med Sci Sports Exerc 1990; 22:436—
443.

Safran MR, Seaber AV, Garrett WE. Warm-up and muscular injury prevention: an update. Sports Med
1989; 8:239-249.

Shellock FG, Prentice WE. Warming-up and stretching for improved physical performance and pre-
vention of sports-related injuries. Sports Med 1985; 2:267-278.

Beaulieu JE. Developing a stretching program. Physician Sportsmed 1981; 9:59—65.

Stamford B. Flexibility and stretching. Physician Sportsmed 1984;12:171.

Bandy WD, Irion JM, Briggler M. The effect of static stretch and dynamic range of motion training on
the flexibility of the hamstring muscles. ] Orthop Sports Phys Ther 1998; 27:295-300.

Shrier I. Does stretching improve performance? A systematic and critical review of the literature. Clin J
Sport Med 2004; 14:267-273.

Caro CG, Pedley TJ, Schroter RC, Seed WA. The Mechanics of the Circulation. New York: Oxford
University Press, 1978.

Taylor DC, Dalton JD Jr, Seaber AV, Garrett WE Jr. Viscoelastic properties of muscle—tendon units.
Am ] Sports Med 1990; 18:300—309.

Magnusson SP, Simonsen EB, Aagaard P, Kjaer M. Biomechanical responses to repeated stretches in
human hamstring muscle in vivo. Am J Sports Med 1996; 24:622—628.

Magnusson SP, Aagaard P, Larsson B, Kjaer M. Passive energy absorption by human muscle—tendon
unit is unaffected by increase in intramuscular temperature. ] Appl Physiol 2000; 88:1215-1220.

Borms J, van Roy P, Santens JP, Haentjens A. Optimal duration of static stretching exercises for
improvement of coxo-femoral flexibility. J Sports Sci 1987; 5:39—-47.

Madding SW, Wong JG, Hallum A, Medeiros JM. Effect of duration of passive stretch on hip abduction
range of motion. J Orthop Sports Phys Ther 1987; 8:409—-416.

Henricson AS, Fredriksson K, Persson I, Pereira R, Rostedt Y, Westlin NE. The effect of heat and
stretching on the range of hip motion. ] Orthop Sports Phys Ther 1984; 6:110—115.

Feland JB, Myrer JW, Schulthies SS, Fellingham GW, Measom GW. The effect of duration of stretching
of the hamstring muscle group for increasing range of motion in people aged 65 years or older. Phys
Ther2001;81:1110-1117.

Bandy WD, Irion JM. The effect of time on static stretch on the flexibility of the hamstring muscles. Phys
Ther 1994; 74:845—852.

Halbertsma JPK, Mulder I, Goeken LNH, Eisma WH. Repeated passive stretching: acute effect on
the passive muscle moment and extensibility of short hamstrings. Arch Phys Med Rehabil 1999;
80:407—-414.

55



Chapter 3

28

29

30

3

—

32

33

34

35

36

37

38

39

40

4

—

42
43

44

45

46

47

48

49

50

5

—_

52
53

54

Magnusson SP, Simonsen EB, Aagaard P, Dyhre-Poulsen P, McHugh MP, Kjaer M. Mechanical and
physiological responses to stretching with and without preisometric contraction in human skeletal
muscle. Arch Phys Med Rehabil 1996;77:373-378.

Halbertsma JPK, van Bolhuis AI, Goeken LNH. Sport stretching: effect on passive muscle stiffness of
short hamstrings. Arch Phys Med Rehabil 1996; 77:688—692.

Markos PD. Ipsilateral and contralateral effects of proprioceptive neuromuscular facilitation tech-
niques on hip motion and electromyographic activity. Phys Ther 1979; 59:1366—1373.

Tanigawa MC. Comparison of the hold-relax procedure and passive mobilization on increasing muscle
length. Phys Ther 1972; 52:725-735.

Moore MA, Hutton RS. Electromyographic investigation of muscle stretching techniques. Med Sci
Sports Exercise 1980; 12:322-329.

Osternig LR, Robertson R, Troxel R, Hansen P. Muscle activation during proprioceptive neuromuscu-
lar facilitation (PNF) stretching techniques. Am ] Phys Med 1987; 66:298-307.

Ferber R, Osternig L, Gravelle D. Effect of PNF stretch techniques on knee flexor muscle EMG activity
in older adults. J Electromyogr Kinesiol 2002; 12:391-397.

Halbertsma JPK, Goeken LNH. Stretching exercises: effect on passive extensibility and stiffness in short
hamstrings of healthy subjects. Arch Phys Med Rehabil 1994; 75:976—981.

Magid A, Law DJ. Myofibrils bear most of the resting tension in frog skeletal muscle. Science 1985;
230:1280-1282.

Horowits R, Kempner ES, Hisher ME, Podolsky R]. A physiological role for titin and nebulin in skeletal
muscle. Nature 1986; 323:160—164.

Rack PMH, Westbury DR. The short range stiffness of active mammalian muscle and its effect on
mechanical properties. ] Physiol (Lond) 1974; 240:331-350.

Huxley AF, Simmons RM. Mechanical properties of the cross-bridges of frog striated muscle. J Physiol
(Lond) 1971; 218:59P—60P.

Wilson GJ, Wood GA, Elliott BC. The relationship between stiffness of the musculature and static
flexibility: an alternative explanation for the occurrence of muscular injury. Int J Sports Med 1991;
12:403-407.

Sinkjar T, Toft E, Andreassen S, Hornemann BC. Muscle stiffness in human ankle dorsiflexors: intrinsic
and reflex components. ] Neurosci 1988; 60:1110-1121.

Garrett WE, Jr. Muscle strain injuries. Am ] Sports Med 1996; 24:S2-S8.

Magnusson SP, Simonsen EB, Aagaard P, Soukka A, Kjaer M. A mechanism for altered flexibility in
human skeletal muscle. ] Physiol (Lond) 1996; 497:291-298.

Goldspink DF, Cox VM, Smith SK, Eaves LA, Osbaldeston NJ, Lee DM, et al. Muscle growth in response
to mechanical stimuli. Am ] Physiol 1995; 268:E288—E297.

Alway SE. Force and contractile characteristics after stretch overload in quail anterior latissimus dorsi
muscle. J Appl Physiol 1994;77:135-141.

Yang S, Alnageeb M, Simpson H, Goldspink G. Changes in muscle fibre type, muscle mass and IGF-I
gene expression in rabbit skeletal muscle subjected to stretch. J Anat 1997;190:613-622.

Black JD, Freeman M, Stevens ED. A 2 week routine stretching programme did not prevent contraction-
induced injury in mouse muscle. ] Physiol 2002; 544:137—147.

Rutherford O, Jones DA, Newham DJ. Clinical and experimental application of the percutaneous
twitch superimposition technique for the study of human muscle activation. J Neurol Neurosurg
Psychiatry 1986;49:1288—-1291.

Cross KM, Worrell TW. Effects of a static stretching program on the incidence of lower extremity mus-
culotendinous strains. ] Athl Train 1999; 34:11-14.

Wilber CA, Holland GJ, Madison RE, Loy SF. An epidemiological analysis of overuse injuries among
recreational cyclists. Int ] Sports Med 1995; 16:201-206.

Bixler B, Jones RL. High-school football injuries: effects of a post-halftime warm-up and stretching
routine. Fam Pract Res ] 1992; 12:131-139.

Ekstrand J, Gillquist J, Liljedahl SO. Prevention of soccer injuries. Am ] Sports Med 1983; 11:116—120.
Biros MH, Lewis R]J, Olson CM, Runge JW, Cummins RO, Fost N. Informed consent in emergency
research. JAMA 1995;273:1283-1287.

Howell DW. Musculoskeletal profile and incidence of musculoskeletal injuries in lightweight women
rowers. Am ] Sports Med 1984;12:278-282.

56



w

5

56
57

58

59

60

6

—

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Stretching and injury prevention

Jacobs SJ, Berson BL. Injuries to runners: a study of entrants to a 10,000 meter race. Am J Sports Med
1986; 14:151-155.

Kerner JA, D’Amico JC. A statistical analysis of a group of runners. J Am Pod Assoc 1983; 73:160—164.
Blair SN, Kohl HW III, Goodyear NN. Relative risks for running and exercise injuries: studies in three
populations. Res Q 1987; 58:221-228.

Macera CA, Pate RP, Powell KE, Jackson KL, Kendrick JS, Craven TE. Predicting lower-extremity
injuries among habitual runners. Arch Intern Med 1989; 149:2565-2568.

Walter SD, Hart LE, McIntosh JM, Sutton JR. The Ontario cohort study of running-related injuries.
Arch Intern Med 1989; 149:2561-2564.

Brunet ME, Cook SD, Brinker MR, Dickinson JA. A survey of running injuries in 1505 competitive and
recreational runners. ] Sports Med Phys Fit 1990; 30:307-315.

Van Mechelen W, Hlobil H, Kemper HCG, Voorn WJ, de Jongh R. Prevention of running injuries by
warm-up, cool-down, and stretching exercises. Am J Sports Med 1993; 21:711-719.

Pope RP, Herbert RD, Kirwan JD, Graham BJ. A randomized trial of preexercise stretching for preven-
tion of lower-limb injury. Med Sci Sports Exerc 2000; 32:271-277.

Pope RP, Herbert R, Kirwan J. Effects of ankle dorsiflexion range and pre-exercise calf muscle stretching
on injury risk in army recruits. Aust ] Physiother 1998; 44:165-177.

Ekstrand J, Gillquist J, Moller M, Oberg B, Liljedahl SO. Incidence of soccer injuries and their relation
to training and team success. Am J Sports Med 1983; 11:636—7.

Mair SD, Seaber AV, Glisson RR, Garrett WE. The role of fatigue in susceptibility to acute muscle strain
injury. Am J Sports Med 1996; 24:137-143.

Macera CA, Croft JB, Brown DR, Ferguson JE, Lane M]J. Predictors of adopting leisure-time physical
activity among a biracial community cohort. Am J Epidemiol 1995; 142:629—635.

Hartig DE, Henderson JM. Increasing hamstring flexibility decreases lower extremity overuse injuries
in military basic trainees. Am J Sports Med 1999; 27:173—-176.

Hilyer JC, Brown KC, Sirles AT, Peoples L. A flexibility intervention to reduce the incidence and sever-
ity of joint injuries among municipal firefighters. ] Occup Med 1990; 32:631-637.

Noonan TJ, Best TM, Seaber AV, Garrett WE. Thermal effects on skeletal muscle tensile behavior. Am J
Sports Med 1993;21:517-522.

Garrett WE, Safran MR, Seaber AV, Glisson RR, Ribbeck BM. Biomechanical comparison of stimulated
and nonstimulated skeletal muscle pulled to failure. Am ] Sports Med 1987; 15:448—454.

Macpherson PCD, Schork MA, Faulkner JA. Contraction-induced injury to single fiber segments from
fast and slow muscles of rats by single stretches. Am J Physiol 1996; 271:C1438—-C1446.

Morgan DL, Proske U. Popping sarcomere hypothesis explains stretch-induced muscle damage. Clin
Exp Pharmacol Physiol 2004; 31:541-545.

Horowits R, Podolsky R]. The positional stability of thick filaments in activated skeletal muscle depends
on sarcomere length: evidence for the role of titin filaments. ] Cell Biol 1987; 105:2217-2223.

Edman KAP, Reggiani C. Redistribution of sarcomere length during isometric contraction of frog
muscle fibres and its relation to tension creep. ] Physiol (Lond) 1984; 351:169—198.

Julian FJ, Morgan DL. Intersarcomere dynamics during fixed-end tetanic contractions of frog muscle
fibers. ] Physiol (Lond) 1979; 293:365-378.

Julian FJ, Morgan DL. The effect of tension of non-uniform distribution of length changes applied to
frog muscle fibres. J Physiol (Lond) 1979; 293:379-393.

Noyes FR. Functional properties of knee ligaments and alterations induced by immobilization. Clin
Orthop 1977;123:210-242.

Brooks SV, Zerba E, Faulkner JA. Injury to muscle fibers after single stretches of passive and maximally
stimulated muscles in mice. ] Physiol (Lond) 1995; 488:459—469.

Higuchi H, Yoshioka T, Maruyama K. Positioning of actin filaments and tension generation in skinned
muscle fibres released after stretch beyond overlap of the actin and myosin filaments. ] Muscle Res Cell
Motil 1988; 9:491-498.

Valim V, Oliveira L, Suda A, Silva L, de Assis M, Barros NT, et al. Aerobic fitness effects in fibromyalgia.
] Rheumatol 2003; 30:1060—1069.

Peters S, Stanley I, Rose M, Kaney S, Salmon P. A randomized controlled trial of group aerobic
exercise in primary care patients with persistent, unexplained physical symptoms. Fam Pract 2002;
19:665-674.

57



Chapter 3

82 Jones KD, Burckhardt CS, Clark SR, Bennett RM, Potempa KM. A randomized controlled trial of
muscle strengthening versus flexibility training in fibromyalgia. ] Rheumatol 2002; 29:1041-1048.

83 Holmich P, Uhrskou P, Ulnits L, Kanstrup IL, Nielsen MB, Bjerg AM, et al. Active physical training for
long-standing adductor-related groin pain. Lancet 1999; 353:439—443.

84 Svernlov B, Adolfsson L. Non-operative treatment regime including eccentric training for lateral
humeral epicondylalgia. Scand ] Med Sci Sports 2001; 11:328-334.

58



CHAPTER 4

What effect do core strength and
stability have on injury prevention
and recovery?

Bryan Heiderscheit and Marc Sherry

Introduction

Over the past decade, the focus in sports rehabilitation and performance training has been
on core strengthening and stability. Despite the recent gain in popularity, the concept of
core strength is not new. As early as the 1920s, Joseph Pilates talked about developing
a girdle of strength by recruiting the deep trunk muscles. Additionally, educational pro-
grams of various rehabilitation professions have historically taught the concept that
stability of proximal segments is required for effective mobility of distal segments (e.g.,
a stable pelvis and trunk are needed for controlled movement at the knee and ankle).

Hodges and Richardson' popularized the term core stability in the late 1990s. They
described the spine as inherently unstable and requiring active support from intra-
abdominal pressure and tensioning of the thoracolumbar fascia and deep lumbar
stabilizers. Thus, core strength is considered to be the muscular support about the lumbar
spine necessary to achieve and maintain functional stability. More recently, this has been
expanded by some to include muscles of the hip® and even the scapulothoracic muscu-
lature as well.* Good core strength contributing to adequate core stability has been sug-
gested to be necessary in maintaining the correct lumbar and pelvic posture and alignment
during movement and sport, allowing for powerful extremity movements. Similarly,
inadequate core strength leading to poor core stability may decrease biomechanical
efficiency and increase the risk for injury.

With the incorporation of core strengthening exercises into injury prevention and
rehabilitation programs, scientific investigation of its effects is beginning to grow. In this
chapter, we will review the clinical and scientific evidence pertaining to core strengthening
as it relates to two specific questions:

+ Does core strength prevent injury?
+ Does core strengthening enhance recovery from injury?

Methods

A comprehensive search of the peer-reviewed literature was conducted using the following
databases: MEDLINE on PubMed (1966—May 2005), Cumulative Index to Nursing and
Allied Health (cinaHL) on Ovid (1982-May 2005), SportDiscus on Ovid (1830-May
2005), Science Citation Index (1970—May 2005), Healthstar on Ovid (1975-May 2005),
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Table 4.1 Search strategy of text words and subject headings for the MEDLINE (1966-2005)
and cINAHL (1982-2005) databases. MEDLINE was accessed using the PubMed search engine.
All searches (limited to human studies) were conducted in February 2005

Item Search Results
MEDLINE CINAHL SportDiscus Cochrane Science HealthsTtar
reviews Citation Index
1 Coreorlumbar 156993 8351 3804 461 > 100,000 49645
oR trunk
2 Strength or 243574 12342 24815 802 > 100,000 83318
stability or
stabilization
3 Injury 571250 21321 34163 670 > 100,000 84240
4 1 AND 2 AND 3 722 47 23 52 98 130

and the Cochrane Database of Systematic Reviews on Ovid (volume 2, 2005) (Table 4.1).
Due to the variety of terms that are used synonymously with core strengthening and stability,
a comprehensive search strategy was developed (Table 4.1). Identified articles that used
strengthening of core muscles as an intervention, involved a comparison group and
assessed either risk of injury or recovery from injury were included for this analysis.
Finally, reference lists of relevant articles were reviewed to identify any additional citations
not found in our search of the databases.

Results

Of the identified references (Table 4.1), the majority investigated the effect of core
strengthening and stabilization exercises on specific aspects of muscle physiology and
function. As these studies were unrelated to injury prevention or recovery, they were
excluded. Only 16 articles were directly related to injury prevention or rehabilitation and
were therefore included in this review.

Does core strength prevent injury?

Several correlational studies have been conducted to establish a relationship between core
muscle weakness and the likelihood of injury. In their frequently cited paper, Hodges and
Richardson' observed a significant delay in the activation of the transversus abdominis
muscle among individuals with low back pain (LBP) when performing simple reaching
tasks while standing. The authors suggested that this delay was a motor control deficit
resulting in inefficient muscular stabilization of the lumbar spine, possibly preceding the
onset of LBP. A similar delay in activation of the obliquus internus abdominis, multifidus
and gluteus maximus was observed on the symptomatic side of individuals with sacroiliac
joint pain.’ Further, Iwai and colleagues® demonstrated that trunk extensor isokinetic
strength was significantly correlated to the disability level of LBP among collegiate
wrestlers without radiological abnormalities in the lumbar region. With regard to lower
extremity injury, Ireland et al.” identified a positive correlation between hip muscle weak-
ness and patellofemoral pain in females. Subjects with patellofemoral pain demonstrated
26% less hip abduction isometric strength and 36% less hip external rotation isometric
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strength in comparison with age-matched women who were not symptomatic.
Unfortunately, the study design utilized by the four investigations cited above does not
allow one to determine if the delayed timing or muscle weakness was present prior to
symptom onset.

The prospective design employed by two of the identified studies does allow such con-
clusions to be made. Over a 5-year prospective study, Lee et al.? identified trunk muscle
weakness as a risk factor for LBP. On the basis of isokinetic strength testing (60°/s) per-
formed at the start of the investigation, individuals who developed LBP displayed an
imbalance between trunk extensor and flexor strength. Specifically, the trunk extension/
flexion strength ratio was approximately 25% less in females who developed LBP in com-
parison with those who did not. Similar findings were present for males, in whom a 20%
deficit was noted.

Using a 1-year prospective design, Nadler ef al.” demonstrated a bilateral imbalance in
isometric strength of the hip extensors was related to the development of LBP among
females. This relationship did not exist among males, as no significant change in side-to-
side strength was evident in males who developed LBP. Further, no significant association
was noted between the development of LBP and hip abductor strength for either gender.
Although this study involved 163 collegiate athletes (100 males and 63 females), only 13
developed LBP (eight males and five females) over the subsequent year, indicating that
caution is necessary in generalizing these findings.

On the contrary, Leetun et al.? prospectively determined that athletes with greater hip
abduction and external rotation strength were less likely to experience LBP or injury to the
lower extremities. Core muscle strength and performance (isometric strength of hip
abduction and external rotation, endurance of back extension and side-bridging and
abdominal performance) was assessed in 139 college basketball and cross-country athletes
(79 females and 60 males). After which, they were monitored for injury throughout their
respective season. Of the 139 athletes, a total of 41 sustained back or lower extremity
injuries. The injured athletes displayed significantly less hip abduction and external rota-
tion strength in comparison with those who did not incur an injury. On the basis of a
regression analysis, hip external rotation weakness was the only useful predictor of lower
extremity or low back injury over the course of an athletic season.

While the findings from this article are important, it should be noted that the muscle
groups traditionally considered as compromising the core (i.e., the abdominals and trunk
extensors) were consistent between athletes whether they did or did not sustain an injury.
Further, the authors equate core strength to that of core stability. The ability of the
lumbopelvic region to resist perturbations (core stability) is not accurately represented
through isometric strength testing of associated musculature. Although isometric testing
does provide a measure of muscle strength, it does not reflect how or if that strength is
used in a stabilizing manner. Thus, conclusions regarding the relationship between core
stability and injury may be limited. Testing procedures utilized to measure core strength
and stability need continued development in relationship to dynamic movements and
sport specific positions. These developments could potentially bolster the early results
found in this study.

On the basis of the correlational evidence that activation delay or weakness of the core
muscles is related to LBP and lower extremity injury, interventions aimed at restoring core
strength should therefore reduce the risk of injury. One study was identified that prospec-

tively determined the effects of core strengthening and injury prevention. Nadler et al.!®
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concluded that the incorporation of a core strengthening program among Division I
college athletes did not reduce the incidence of LBP. Injury incidence data among these
athletes were compared between two academic years, 1998-1999 and 1999-2000. A core
strengthening program was instituted at the start of the 1999-2000 academic year, with
the injury data from the 1998-1999 academic year used as the control comparison. The
incidence of LBP did not differ with the inclusion of the core strengthening program, as
8.5% of the athletes (14 of 164) developed LBP during the 1998—1999 year in comparison
with 6% (14 of 236) during the 1999-2000 year. Additionally, the strengthening program
had a similar response across genders, as neither the male or female athletes displayed a
reduction in LBP incidence.

However, given the study design, caution should be used when considering the results.
Of most concern is the lack of reporting of statistical power or sample size estimation. In
addition, the inconsistent subject pools between academic years may have confounded the
results. Although all athletes participated in core strengthening as it became part of each
sport’s conditioning program, subject participation in the study remained voluntary, with
the number of subjects from the different sports not controlled. Thus, sports having a
greater incidence of LBP may have been unequally represented between academic years.
Confounding variables such as weather, game and practice schedules, game and practice
planning and strategy, or other strength and conditioning programs instituted by the
coaching staff may also limit the strength of the findings. Finally, there is some question as
to whether the selected exercises constitute a core strengthening program. Only two of the
seven exercises focused on strengthening the abdominal and back muscles, with all seven
exercises limited to movement in the sagittal plane.

Two additional articles that investigate the effects of core strengthening and stabiliza-
tion exercises in preventing injury recurrence were identified.!""!> While likely having
implications for injury prevention, these two articles will be discussed in the next section
of this chapter.

Summary of key points

+ Delay in activation of core muscles, especially the transversus abdominis, has been retro-
spectively correlated with LBP.

+ Imbalance of the trunk flexors/extensors and/or bilateral hip extensors has been
prospectively correlated with LBP.

+ Weakness of the hip external rotators has been prospectively correlated with lower
extremity injury.

+ The use of a core strengthening exercise program to prevent LBP in college athletes was
not supported.

Does core strengthening enhance recovery from injury?

Most of the evidence available for the use of core strength and stabilization during rehabil-
itation is related to the treatment of acute and chronic LBP. As the multifidus muscle
weakness and inhibition has a known relationship to LBP, Hides et al.'*> employed a
prospective experimental design to determine if the recovery of the multifidus muscle can
be enhanced with core stabilizing exercises. Subjects experiencing acute, first-episode LBP
were randomized into either a medical management group or a group receiving medical
management and exercise therapy. The medical management included advice on bed rest,
absence from work and prescription of medication, while the exercise therapy involved
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stabilization exercises designed to reeducate the multifidus muscle in combination with
the transversus abdominis. While both groups achieved symptom remission in a similar
time period, the multifidus muscle recovery was more rapid and complete in the exercise
therapy group. Even with a return to full activity, the medical management group con-
tinued to show decreased multifidus muscle size at 10 weeks after the onset of symptoms.

The authors'? suggested that persistent muscle atrophy was related to the high recur-
rence rate of LBP. Through continued monitoring of subjects over the subsequent 3 years,
Hides et al.'?> demonstrated that the LBP recurrence rate was 30% in subjects receiving
the core stabilization therapy, in comparison with 84% of those who only received the
medical management. On the basis of the experimental design, the use of core stabilization
exercise is certainly more beneficial in the management of acute LBP than without exer-
cise. However, the relative effectiveness of core stabilization exercise in comparison with
other commonly prescribed exercise therapies was not determined.

O’Sullivan et al.'* performed such a comparison in the management of patients with
chronic LBP secondary to spondylosis and spondylolisthesis. Subjects were randomized
into either a core stabilization exercise group or a group receiving general exercise treat-
ment. The core stabilization exercises involved contraction of the deep abdominal muscles
and facilitation of co-activation of the lumbar multifidus muscle above the level of the pars
interarticularis defect. Initially, these exercises were performed statically and then pro-
gressively incorporated into postures and activities previously known to aggravate the
patient’s symptoms. The general exercise treatment involved walking, swimming, and care
under other medical providers, such as pain-relieving interventions (e.g., heat, massage,
ultrasound) and supervised exercise programs.

In comparison with the general exercise treatment group, the core stabilization exercise
group had a significant reduction in pain intensity and functional disability immediately
after the 10-week intervention. More importantly, this group was able to maintain these
levels over a 30-month follow-up period. The general exercise treatment group did not
show a significant reduction in these factors at either the 10-week or 30-week follow-ups.
The authors concluded that even when the basic morphology of the lumbar spine is com-
promised, as is the case with spondylosis and spondylolisthesis, the neuromuscular system
can be trained to create dynamic stability.!*

In another investigation comparing exercise programs among individuals with chronic
LBP, Danneels et al.' suggested that a 10-week core stabilization exercise program offered
no advantage over a more traditional progressive resistive exercise program of the same
duration in increasing the cross-sectional area of the multifidus muscle. However, concern
has been raised with both the performance of the core stabilization exercises and the
technique employed to characterize the multifidus cross-sectional area.'® Unfortunately,
Danneels and colleagues'® did not report the recurrence rate of LBP or the changes in
either symptoms or functional disability levels, as improvement in all is the ultimate
purpose of increasing the size of the multifidus muscle.

On the basis of data from Yilmaz et al.,!” lumbar stabilization exercises were more effec-
tive in reducing pain and functional disability levels than traditional flexion—extension
exercises among patients following lumbar microdiscectomy. However, it is important
to note that the stabilization exercises were supervised by a physiotherapist, while the
flexion—extension exercises were performed as an unmonitored home exercise program.
Thus, observed differences may not be secondary to the specific exercises, but rather to the
level of supervision and compliance.
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In comparison to manual therapy alone, a 6-week stabilization exercise program was
found to be more effective in reducing low back pain and improving function in patients
with either acute or chronic LBP.!8 As others have noted,'? the recurrence rate of LBP
among those receiving core stabilization exercises was also lower.

With regard to the treatment of lower extremity injuries, core strengthening and stab-
ilization was involved in two articles. Holmich et al.!” demonstrated that individuals with
long-standing adductor pain had less pain and improved sports performance after under-
going an active rehabilitation program that aimed at improving strength and coordination
of the muscles acting on the pelvis, in comparison with individuals who completed a re-
habilitation program consisting of modalities and stretching.

Sherry and Best!'! employed a prospective randomized clinical trial to compare two
rehabilitation programs in the treatment of acute hamstring strain injuries. The rehabilita-
tion program incorporating core stabilization exercises was found to be protective against
the recurrence of hamstring strain injury. In the first 2 weeks after return to sports, none
of the 13 athletes (0%) who had received the progressive agility and trunk stabilization
exercises during the rehabilitation of their initial injury experienced a hamstring injury
recurrence, in comparison with six of the 11 athletes (54.5%) who received isolated
hamstring stretching and strengthening exercises. One year after the return to sports, the
re-injury rate remained significantly lower.

While this study supports the view that the incorporation of core strengthening and
stability can be effective in preventing recurrent hamstring strain, the mechanism for this
reduction is not known. As measurements related to the assessment of trunk stabilization
and neuromuscular control were not made, it is not possible to conclude that the results
were due to changes in trunk stability, coordination, or other aspects of motor control.
More research is needed to quantify changes in muscle activation and response times of
the trunk and pelvis that may occur from these types of rehabilitation programs.

Summary of key points

+ Core stabilization exercises are effective in restoring the size and activation of the
multifidus muscles in patients with acute LBP.

+ Treatment programs including core stabilization were found to be more effective than
manual therapy alone, medical management alone, and other common exercise programs
in reducing pain and improving functional disability associated with acute and chronic LBP.
+ Core stabilization exercises are more effective in reducing the recurrence of LBP and
hamstring strain injuries in comparison with other exercise programs.

Discussion

The objective of this chapter was to review the clinical and scientific evidence pertaining to
core strengthening as it relates to injury prevention and recovery. On the basis of our
search strategies, 16 articles were identified and discussed, with seven of the 16 comparing
core strengthening and stabilization exercises with other common types of exercise. Given
our search of multiple databases, we believe it to be unlikely that we missed any prominent
articles that would have significantly added to our findings. However, relevant articles not
referenced in these databases may have been excluded from our review.

On the basis of the reviewed articles, LBP was the primary injury of concern with respect
to core strengthening and stabilization. This is certainly not surprising, given the muscular
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control deficits observed with LBP and the related focus of these exercises. The clinical
trials show strong promise for rehabilitation programs incorporating core strengthening
exercise, both from an injury recovery and recurrence perspective. However, the studies
investigating the use of these exercises in preventing LBP were predominantly observa-
tional in design and did not directly involve an intervention. Instead, subjects with known
injuries were descriptively compared with control subjects with regard to specific strength
and performance measures in the lumbar spine, pelvis and lower extremities. While such
designs are useful in directing future studies, they do not allow for conclusions to be made
regarding cause and effect.

As stated in the introduction to this chapter, the arguable success these exercises have
had in treating LBP has led many to expand their use to treating injuries of the extremities.
On the basis of the fact that biomechanically correct and efficient extremity movement
cannot exist in the presence of an unstable pelvis and spine, core stabilization has been
advocated for the treatment of such injuries as patellofemoral pain, iliotibial band syn-
drome, hamstring strain and postoperative rehabilitation of ligamentous reconstruction.
While this appears to have theoretical merit, evidence addressing this application of core
strengthening exercises was limited to two randomized controlled trials, both of which
showed favorable results in treating acute hamstring strain'' and hip adductor muscle
pain.!® Investigations involving the effects of core strengthening exercises on injuries more
distal to the lumbopelvic region (e.g., patellofemoral pain) need to be conducted.

Certainly, it stands to reason that specific interventions may be more effective with
specific patient types. It has been suggested that the equivocal or conflicting results
observed in various investigations of exercise programs for nonspecific LBP may be related
to the assumed homogeneity of the subjects. This has led others to investigate exercise
treatment efficacy in defined subgroups within a particular diagnosis.?>?! That is, not
all patients with LBP can be grouped and treated uniformly. A patient experiencing LBP
secondary to lumbar instability will likely respond favorably to different interventions
than one with LBP secondary to hypomobility. It would be somewhat naive to expect all
individuals with LBP and lower extremity injury to require and benefit from a core
strengthening and stabilization program. Thus, future studies may wish to identify the
characteristics of those most likely to respond to core strengthening exercises.

The overall evidence either for or against the use of core strengthening exercises for
injury prevention or rehabilitation is rather limited. While clinical experience appears to
be providing motivation for the continued use of such exercises, systematically designed
investigations are paramount in order to determine their effectiveness. In the end, this will
allow the development of successful and efficient rehabilitation, injury prevention, and
sports performance programs.

Sample examination questions

Multiple-choice questions (answers on page 602)
1 The primary injury investigated with respected to core strengthening and stabilization
exercises is:
A Tliotibial band syndrome
B Patellofemoral pain syndrome
C Low back pain
D Hamstring strain injury
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Chapter 4

2 In the treatment of patients with low back pain, which muscle(s) is (are) frequently
targeted through core stabilization exercises?
A Multifidus
B Erector spinae
C Transversus abdominis
D BothAandB
E BothAandC
3 Which of the following statements is true concerning the evidence for core strength and
lower extremity injury?
A Weakness of the hip external rotators may be a useful predictor of lower extremity
injury.
B Females with patellofemoral pain often demonstrate hip abductor and external
rotator weakness.
C Incorporation of core stabilization exercises into the rehabilitation of acute
hamstring strain injuries may significantly reduce the likelihood of re-injury.
D All of the above.

Essay questions

1 Discuss the limitations associated with case—control design studies in determining the
contribution of core strength to low back or lower extremity injury.

2 Create a list of exercises that would be considered core stabilization exercises. Each
exercise must involve a stabilization component and not merely strengthening. Place in
order of easiest to most difficult.

3 When considering the mechanism by which core stabilization exercises are beneficial,
theorize whether it is predominantly due to gains in muscle force output or improved
activation and coordination between muscles.

Case study 4.1

Joe Smith is a 16-year-old male diagnosed with plica syndrome of the left knee, who pre-
sented to physical therapy for evaluation and treatment. He is 1.93 m tall, weighs 117.5 kg,
and has a body mass index of 31.5 kg/m?. He reports that he gradually developed medial
knee pain during the past basketball season. He denies any trauma, instability, swelling or
locking episodes in his left knee. Magnetic resonance imaging (MRI) performed by the
referring physician was read as normal. He does complain of some clicking/snapping
medially, but very intermittent. On physical examination, he had a full knee range of
motion, with 12° of hyperextension with tenderness to palpation over the superior medial
plica. The ligament examination was negative, with mild patellar hypermobility without
apprehension noted. Although he was well-developed for his age, manual muscle testing
revealed slight weakness of the medial and lateral hip rotators and hip abductors. A McGill
side-bridge position with proper alignment was maintained for 10 s. Mild to moderate
medial deviation at the knee was observed in an attempt to stabilize his posture during
single leg balance, single leg squat, and single leg landing.

After his initial evaluation, a rehabilitation program was initiated, emphasizing static core
strength and stabilization, along with static balance exercises. This program included the
McGill side bridge, supine bridging with hip external rotation resistance, four-point multi-
fidus leg lift, prone planks, and single leg balance with the knee and hip slightly flexed.
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When Joe was re-evaluated after 2 weeks he had improved his core strength and
endurance. He could now hold the side bridge position for 20 s, his hip external and inter-
nal rotation strength was normal on single repetition testing but still fatigued quickly. He
could control a single leg balance position for 20 s with minimal postural sway. The pro-
gram was progressed to include single-leg half-squats, single-leg balance on an uneven
surface, alternate leg lifting with his prone planks and side bridges, and trunk rotations in
standing with band resistance.

After 3'/> weeks of therapy, Joe was able to easily maintain the plank and side bridge align-
ment with alternate leg lifting for greater than 20 s. He had also significantly improved his
alignment control with his single-leg squats, and now demonstrated good strength and end-
urance of the hip rotators. At this time, his program was transitioned to more dynamic sport-
specific core strengthening and stabilization exercises, such as medicine-ball rotation throw
and catch off the wall, medicine-ball lunge chops with trunk rotation, medicine-ball figure
of eight, medicine-ball rotations in a half-squat and multiplanar leap—land balance drills.

After 5 weeks of therapy, Joe was not experiencing pain with his activities of daily living,
rehabilitation exercises, or limited basketball shooting drills. He demonstrated excellent
postural control with single-leg activities, along with improved timing and speed in the
medicine-ball core drills. He was gradually returned to team practices over the next week,
with eventual return to competitive basketball without medial knee pain. He continues to
incorporate principles of core strengthening and stabilization into his independent
strength and conditioning program for basketball.

Summarizing the evidence

Comparison Results Level of evidence
Core strength deficits and 6 case—control or cohort studies, B
injury occurrence 4 of moderate size, 3 prospective,

core muscle weakness present in
individuals who currently had or
developed LBP or lower extremity injury

Core deficits and LBP 1 prospective cohort study, moderate size, B
prevention exercises did not reduce incidence of LBP

Core strengthening exercises 5 RCTs, 1 of moderate size, results in A3
and LBP rehabilitation favor of exercises

Core strengthening exercises 2 RCTs, 1 of moderate size, results in A3
and lower extremity injury favor of exercises.

rehabilitation

LBP, low back pain; RCT, randomized controlled trial.

* A1: evidence from large randomized controlled trials (RCTs) or systematic review (including meta-
analysis).t

A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review."

A4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per
intervention group; moderate study size > 50 patients per intervention group.
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CHAPTER 5
Do foot orthoses prevent injury?

Karl B. Landorf and Anne-Maree Keenan

Introduction

Foot orthoses (orthotics, orthotic devices, insoles, shoe inserts) are commonly prescribed
to prevent and treat injuries associated with sports and exercise. The two primary goals of
orthotic therapy are (i) to realign skeletal structures and (ii) to alter movement patterns of
the foot and lower extremity. Both of these goals relate to anomalies in foot posture, which
have long been suggested to cause a variety of sports injury including plantar fasciitis,'=
medial tibial stress syndrome,* patellofemoral pain,”*® iliotibial band friction syndrome,’
and back pain.!%!* However, the evidence is contradictory with regard to the relationship
between foot posture and injury;>!>14-2°

with this issue.>*3¢ Moreover, the efficacy of foot orthoses in the management of sporting

several excellent reviews have been written dealing

injuries—particularly the prevention of injuries—is still far from certain. Although there
have been rigorous systematic reviews evaluating interventions for preventing lower limb

37:38 shin splints in sports,® and for preventing and treating

soft tissue injuries in runners,
stress fractures and stress reactions of bone in the lower limbs of young adults,* none have
specifically focused on foot orthoses.

The aim of this chapter is to review the evidence surrounding the use of foot orthoses
in the prevention of sporting injuries. The first part of this chapter will explore the
terminology and classification of foot orthoses and include an overview on how orthoses
are thought to work. The second part is a systematic review of the literature using key
databases in order to identify evidence associated with the use of orthoses in sporting

injury prevention.

How are foot orthoses classified?

“Foot orthosis” is a term that has been used to describe any type of shoe insert that is

designed to alter the function of the foot. However, given the broad definition of orthotic

therapy, there are many complexities associated with their prescription and manufacture,

such as:

« Variability in the patient profile and the subsequent rationale for orthotic prescription.

« Diversity in the philosophy of orthotic function.

+ Discrepancy in the manufacture of the devices, including the type of material used.*’
Historically, the development of orthotic therapy has often been in response to new

theories or assumptions associated with various paradigms of foot function. In addition,

the type of device prescribed is often governed by subjective clinician influences including

practitioners’ previous clinical experience, both positive and negative. Consequently,
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there is considerable variation in the types of orthoses prescribed by practitioners.*! This is
further compounded by a lack of good-quality research evaluating the effects that different
types of foot orthoses have on skeletal pathologies.***? Clearly, it is difficult to develop a
consistent terminology for and prescription of foot orthoses when conclusive scientific
evidence is not available and practitioners prescribe different devices, often even for the
same condition.

A universal terminology for orthotic prescription has been identified as problematic
when attempting to discuss almost any aspect of orthotic therapy.*’ Orthoses have pre-
viously been categorized in a number of ways, the two most common being: (i) soft/flexible,

d** and (ii) accommodative and functional.*® These categories are

semirigid and rigi
defined in part by the type of materials used when manufacturing the device. Orthotic
materials can be simply categorized as either soft/flexible (generally shock-absorbing) or
hard/rigid (generally motion-controlling).*” However, the characteristics of the materials
are generally not as simple as being soft or hard, but relate to more complex variables such
as density, compression set, hardness, and the ability to store energy,*® which further com-
plicates the classification of foot orthoses.

While groups have attempted to address this confusion by producing guidelines and
descriptions, it has proved difficult to gain acceptance of these among professional groups
with differing philosophies of orthotic fabrication.*>* At this stage, there is, unfortu-
nately, no widely adopted international classification of foot orthoses.

How do foot orthoses work?

Evaluating the mechanism of action of foot orthoses is complex and has provided many
challenges for researchers. Despite advances in technology, there is still a great deal to
learn.’®>2 Most studies investigating the biomechanical effect of foot orthoses have
generally utilized one of three investigative techniques: (i) kinematic, (ii) kinetic or plantar
pressure, and/or (iii) electromyographic assessment. In addition, neurophysiological
effects have been postulated.’®>* Recently, there has also been a push to include more
patient-orientated outcomes in musculoskeletal research.>- Clearly, there is a need to
assess patient outcomes in orthotic therapy, not only to determine whether they are
effective, but also to ascertain whether surrogate outcome measures, such as kinematic
changes, translate into positive outcomes for the patient. This is particularly relevant when
the effect of foot posture on injury is still not certain. Nevertheless, surrogate outcome
measures appear to be important in understanding how orthoses work, and as such
require discussion.

With regard to the first investigative technique, kinematics, the majority of research has
focused on changes in position/movement of the arch of the foot, the rearfoot and the
tibia. Specific variables that have been evaluated that represent changes in foot posture
include two-dimensional changes in sagittal plane arch or navicular height, frontal plane
calcaneal position, or tibial transverse plane rotation.’®-%> In early studies, much of the
research was static in nature; however, dynamic studies are far more common now. More
recently still, changes in three-dimensional motion have been assessed, as this better
represents the complex movement patterns of the joints of the foot—particularly the
amount and rate of pronation and supination of the subtalar joint or rearfoot.’>%-78
Overwhelmingly, investigators have found that foot orthoses produce only small changes
in position or motion. Changes in calcaneal position and tibial rotation are generally in the
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order of 1-4° (less pronated) and less than 2—4 mm for arch height (increased arch height).
These changes tend to be highly variable—that is, not systematic—for each individual,””
and are greater in magnitude higher up the limb in comparison with the foot with some
types of orthoses.”® Many of these findings are statistically significant, but it is still
unknown whether they are clinically worthwhile.

In addition to the motion-based investigations, cadaver-based studies®®®! have found
a decrease in plantar fascial strain with certain types of foot orthoses, which may be of
benefit when treating plantar fasciitis. Plantar fascial strain is increased with foot pro-
nation; hence, a decrease in strain is representative of a decrease in pronation (i.e., a more
supinated foot posture).®> Modeling studies have also been performed in an attempt to
link the effect of foot orthoses on patellofemoral pain. One study® simulated patel-
lofemoral loads, finding that foot orthoses significantly decreased average load at this joint.
This may be due to changes in skeletal alignment leading to changes in the direction of
force created by muscles, or it may be due to altered synergistic muscle activity coordin-
ating the patellar.

Secondly, foot orthoses have also been evaluated using kinetics, predominantly using
force and plantar pressure systems. Findings from these studies®*-%® convincingly demon-
strate that foot orthoses—particularly ones shaped to the arch and heel—alter both the
amount and timing of force and pressure underneath the foot. On average, these changes
appear to be significant; however, one center-of-pressure study’® found that, like the
kinematic studies, they were not consistent across individuals. Shock attenuation has
also been shown to be significantly reduced by foot orthoses, particularly with certain
orthotic materials.®”~% Attenuation of the shock created when the foot strikes the ground
during activity has been hypothesized to decrease low-back pain®” and stress fractures of
the lower limb.*°

Thirdly, there have been five studies that have evaluated the effects of foot wedging and
orthoses on electromyographic activity of muscles.”! =% Statistically significant changes in
electromyographic activity of the tibialis anterior, peroneus longus, gastrocnemius,
quadriceps, biceps femoris, gluteus medius and erector spinae muscles have been demon-
strated. These studies have used different electromyographic variables to assess the effect
of wedging and orthoses, including amplitude, timing, and frequency of the electromyo-
graphic signal. This area of research is still relatively new. Whether an increase or decrease
in these variables is positive in relation to injury has yet to be established, so the meaning of
these findings is still unclear.

Finally, Mundermann and colleagues”® evaluated the effect of foot orthoses on all three
of the aforementioned biomechanical variables; kinematics, kinetics and electromyo-
graphic activity. However, the authors were specifically concerned with whether changes
in these variables influenced orthotic comifort. In a highly selected sample, changes in
kinematic, kinetic and electromyographic variables did explain comfort of the foot
orthoses tested. Therefore, orthotic comfort may be an important variable that helps
explain how orthoses work.

In summary, while there is no consensus on how orthoses work, there is evidence to
suggest small, yet significant changes to the mechanical function of the lower limb with
a variety of orthotic devices. Given that the kinematic changes are relatively small, further
research on kinetic, electromyographic and comfort may help explain how orthoses work.
The remainder of this chapter will focus on a systematic review, exploring the evidence of
orthotic therapy in preventing sporting injuries.
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Methodology

Search strategy
Databases searched were MEDLINE (1966-present)/PubMed, CINAHL, EMBASE (1988—
present), SportDiscus, and the Cochrane Central Register of Controlled Trials (CENTRAL).
The search was initially conducted on 30 November 2005 and updated on 8 February
2006; all databases were searched using OVID. The search strategy included:
1. Search (orthos$s or orthotic$ or insole$) AND injury
2. Search (orthos$s or orthotic$ or insole$) AND prevention

The search was limited to the English language, as no funds were available for trans-
lation services. Only journal articles were accepted. In CINAHL, the search was also limited
to systematic reviews and clinical trials. In MEDLINE, the search was limited to randomized
and randomized controlled trials, where available. Checking of bibliographies was also
carried out for additional references not identified in the initial searches.

Inclusion and exclusion criteria

Trials were included if they evaluated foot orthoses (foot orthotic devices) using a ran-
domized or quasi-randomized trial methodology. Trials were not included if they compared
orthoses or orthotic devices that were not foot orthoses (e.g., ankle or knee orthoses).

Quality of trials

Quality ratings are included for readers to gauge the strength of each study’s findings.
The quality of the trials was assessed by both authors using the PEDro scale’”*®—a scale for
rating the methodological quality of clinical trials. A lower score on the scale is indicative
of a poorer quality trial that is more open to bias. Variations within scoring of identified
studies were resolved through further exploration of the trials and consensus re-rating of
the studies. There were no studies in which consensus was not achieved.

Results

Twelve randomized or quasi-randomized trials met the inclusion and exclusion criteria.
The majority (11 of the 12) used military personnel, primarily recruits participating in
basic training. One study evaluated soccer referees taking part in a soccer tournament.”’
Although most studies provided little data on baseline characteristics of participants, they
were predominantly young, healthy adults, with the vast majority being males. All samples
undertook relatively high amounts of physical training and apart from the study on soccer
referees,” would have had a mix of fitness levels. It is difficult to make any other assess-
ments of activity levels or fitness with the data provided in the published studies.

The definition of injury varied from study to study. Some evaluated injury broadly (i.e.,
any overuse injury), while some focused on specific injuries such as stress fractures or
medial tibial stress syndrome. The impact of the injury was taken into account in a few
trials by assessing days off duty due to injury, and one study assessed quality-of-life issues.
Because of the multitude of injuries measured and the different types of foot orthoses used
in the trials, a meta-analysis was not performed.

The types of foot orthosis used in the trials varied. Orthoses included shock-absorbing
insoles,'%9-1%% heel pads!® or inserts,” or devices that were molded in some way to the
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shape of the plantar surface of the foot.'®~11% Orthoses shaped to the plantar surface of
the foot were either prefabricated or customized. Prefabricated orthoses are made to an
“average” foot shape and are available in different sizes. Customized orthoses are generally
manufactured from a plaster cast or mold of the individual’s foot.

Because different types of foot orthosis were used, the results of this review were
grouped into those trials that evaluated shock-absorbing insoles (or inserts) and those that
investigated orthoses designed to alter motion of the foot (“biomechanical” orthoses). The
findings from both the trials evaluating shock-absorbing insoles and motion-controlling
orthoses will now be discussed. Following the discussion on each type of orthosis, a sum-
mary of the quality of the trials identified in the systematic search will be presented, with
conclusions about the strength of the evidence to date.

Shock-absorbing foot orthoses

Six trials®*~1% identified in the systematic search evaluated shock-absorbing insoles or heel
pads for the prevention of injury. Four of the trials demonstrated that shock-absorbing
foot orthoses had no significant effect on the prevention of injury (three evaluated
insoles'?*192103 and one heel pads'®). Two trials found significantly lower injury rates for
shock-absorbing foot orthoses (one evaluated a heel insert® 101y,

The two positive trials used very different samples and suffered from methodological
weaknesses. Fauno and colleagues® investigated the effectiveness of a shock-absorbing
heel insert on injury rate in soccer referees at a soccer tournament (n =91). They found a
significantly lower rate of soreness in the Achilles tendon, calf, and back in the group that
used the heel insert. However, this trial was of low quality (see the next section on the
quality of trials), scoring very poorly on the PEDro scale.

The other positive trial conducted by Schwellnus and co-workers!®! in the South

and one an insole

African military found that a shock-absorbing (neoprene) insole significantly reduced
overuse injuries and tibial stress syndrome. This study had a very large sample size
(n=1511) but also had a number of methodological issues that could have introduced
bias. Consequently, it too scored poorly from a quality perspective, although it was of
slightly better quality than the heel insert trial discussed above.

Importantly, a recent trial by Withnall and colleagues'® that evaluated two different
shock-absorbing insoles (Sorbothane and Poron) against a no-intervention group was of
high quality—the highest-quality trial among those identified in the systematic search.
This trial found that the insoles did not significantly reduce the incidence of lower limb
injury. As this trial is vastly better in quality in comparison with the other trials evaluating
shock-absorbing foot orthoses, its results provide the best evidence to date that shock-
absorbing insoles do not prevent injury. However, the generalizability of this finding needs
to be tempered by the fact that the participants were military recruits undergoing basic
training. That is, the recruits were predominantly young and male; would have likely been
of mixed fitness levels at the start of training; and would have experienced a period of
intense exercise over the 9 weeks they were studied.

When all of the identified randomized or quasi-randomized trials that evaluated shock-
absorbing foot orthoses are assessed, the evidence suggests that they do not prevent injury.
Table 5.1 summarizes each trial, including information on the participants, interventions,
and primary outcomes. Incorporated into this table are specific details regarding injury
rates for the primary outcomes of each trial.
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Quality of randomized trials evaluating shock-absorbing foot orthoses

The median PEDro score for all trials was 3.5 (range 2-7), indicating that the trials
included in the systematic review were generally of poor quality. However, one trial'®
scored 6 points and the trial by Withnall and colleagues,'®® the most recent of the trials
included, scored 7 points—the highest score of all trials assessed. Given that blinding in
trials such as this is difficult (lack of blinding leads to a lower score on the PEDro rating
scale), a score as high as 7 indicates a trial of high quality. Table 5.2 presents a methodo-
logical comparison between the trials assessed, including the PEDro score. Only one
trial'® reported findings as reccommended by the consorT guidelines,!!! which have been
developed to assist in ensuring transparency of trials. It can be concluded that better-quality
trials are needed in order to reduce bias and establish a more precise estimate of the
effect of foot orthoses in preventing injury. This will allow the findings by Withnall and
colleagues to be confirmed or refuted.

Motion-controlling foot orthoses

Six trials identified in the systematic search evaluated motion-controlling foot orthoses for
the prevention of injury. One recent trial performed in the Australian Air Force!!° found
that a prefabricated orthosis (“AOL”) did not significantly decrease injury. However, this
trial was not premised on an a priori sample size calculation, and with the sample size
reached (n = 47) was likely to be underpowered—due to this, the authors refer to it as a
pilot study. In addition, although an intention-to-treat analysis was performed, difficulties
were experienced with compliance (only half the group assigned the orthoses wore them
most or all of the time).

In contrast to this negative trial, four trials'®'% found that motion-controlling
orthoses do reduce injury rates. Three of these studies were performed in the Israeli
military and one in the Danish military. One further trial'® investigated the effectiveness
of different types of orthosis in reducing injury; that is, the investigators were interested in
comparing different orthoses, rather than an orthosis against no intervention.

105-107 that found that foot orthoses did prevent injury all

The Israeli military trials
had large sample sizes (between 295 and 874 participants), but were generally of low
methodological quality (see the next section on the quality of trials). One trial'®” evaluated
semirigid and soft “biomechanical” orthoses against a simple shoe insole. They found that
both the “biomechanical” orthoses reduced stress fractures compared to a simple shoe
insole. The other two trials evaluated a prefabricated semirigid “military stress” orthosis
against a no-intervention group. Milgrom and colleagues'?® found a significant reduction
in femoral stress fractures in the orthosis group. Simkin and co-workers'? evaluated the
effect of the orthosis in comparison with no intervention in both high-arched and low-
arched feet. They found a significant reduction in femoral stress fractures in recruits with
high-arched feet and metatarsal stress fractures in recruits with low-arched feet.

The concerted efforts of the Israeli military to reduce injuries in recruits culminated in
a recent study'? that evaluated different types of foot orthoses (this time with no control
group due to the positive findings for foot orthoses in the earlier studies). In this study, the
emphasis was on whether one type of foot orthosis performed better than another. Four
types of device were investigated including soft and semirigid devices, and prefabricated
and customized. All were motion-controlling or “biomechanical” foot orthoses. There
were no significant differences in the incidence of stress fractures, ankle sprains or foot
problems. The authors concluded, therefore, that there was no justification for prescribing
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semirigid biomechanical (customized) orthoses because of their high cost. Although
slightly better from a quality point of view in comparison with the other Israeli military
trials, this trial still had methodological issues that could have introduced bias.

Finally, the Danish military study'® had a smaller sample size (n=146) but was of
better quality than the Israeli trials. This study evaluated a prefabricated orthosis
(“Formthotic”) against a no-intervention group. In an intention-to-treat analysis, it was
found that there was a significant decrease in shin splints for the group using the orthosis.
This study provides the best evidence to date that motion controlling foot orthoses can
reduce injury. Although the intention-to-treat analysis provides superior evidence, the
authors also conducted an actual-use analysis, finding that the orthosis, in addition to
reducing shin splints, reduced back and lower extremity problems and number of off-duty
days. It should be emphasized that an actual-use analysis can introduce bias, as the char-
acteristics of the analyzed groups may be different from those at baseline when initially
randomized. This may overestimate the effectiveness of the treatment.

Assessing all identified randomized trials that evaluated motion-controlling foot
orthoses, there is evidence from large randomized trials that they reduce the incidence of
lower limb stress fractures, particularly femoral stress fractures. The incidence of shin
splints also appears to be reduced. Again, similar to the results from the shock-absorbing
orthoses trials, the generalizability of these findings needs to be viewed in the light of the
fact that the participants were military recruits undergoing basic training.

Table 5.3 summarizes each trial, including information on the participants, interven-
tions, and primary outcomes. Incorporated into this table are specific details regarding
injury rates for the primary outcomes of each trial.

Quality of randomized trials evaluating motion-controlling foot orthoses

The median PEDro score for the trials was 3.5 (range 2-6), indicating that the trials
included in the systematic review were generally of poor quality. However, two trials!%110
scored 6 points, although the trial by Esterman and Pilotto, finding no significant reduc-
tion in injury rates, was likely to be underpowered. Given that blinding in trials such as this
is difficult (lack of blinding leads to a lower score on the PEDro rating scale), a score of
6 indicates a trial of moderately high quality. Table 5.4 presents a methodological com-
parison between the trials assessed in the review, including the PEDro score. There was
little difference in quality between those trials that focused on shock-absorbing foot
orthoses (median 3.5, range 2—7) versus those that focused on motion-controlling foot
orthoses (median 3.5, range 2—6). No trials reported findings as recommended in the
consorT guidelines.'!! Although the trials mostly used large sample sizes, better-quality
trials are needed in order to reduce bias and establish a more precise estimate of the effect
of motion-controlling foot orthoses in preventing injury.

Conclusions

The ability of foot orthoses to prevent injury has received relatively wide attention, par-
ticularly in basic training in the military, where high rates of injury have significant cost
implications. Although no universally accepted terminology for foot orthoses currently
exists, studies evaluating their effectiveness in injury prevention can be divided in two:
those that have investigated shock-absorbing insoles or heel pads and those that have
evaluated motion controlling “biomechanical” foot orthoses.
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Chapter 5

Twelve randomized or quasi-randomized trials were identified in this systematic
review, of which six related to shock-absorbing orthoses and six to motion-controlling
orthoses. The trials mostly used large sample sizes, but their quality ratings were generally
low. The evidence suggests (i) that shock-absorbing insoles and heel pads do not prevent
injury, and (ii) that motion-controlling foot orthoses decrease the incidence of stress
fractures (particularly femoral stress fractures) and shin splints. Better-quality trials are
required in order to confirm or refute the evidence to date. Future trials should attempt to
evaluate commonly used orthoses; should use consistent outcome measures to assist with
pooling results for meta-analysis; and the findings should be reported using the consorT
guidelines'!'! to ensure greater transparency.

Summary

+ Foot orthoses are widely used to treat and prevent injury.

+ Although a considerable amount is known about the biomechanical/functional effects
of foot orthoses, less is known about their effectiveness for preventing injury.

+ Most trials that have evaluated whether they prevent injury have used military recruits
during basic training.

+ Although most of these trials have included large sample sizes, they are generally
methodologically poor.

+ This limited evidence suggests that shock-absorbing insoles and heel pads do not pre-
vent injury.

+ Limited evidence suggests that motion-controlling (biomechanical) foot orthoses
decrease the incidence of stress fractures (particularly femoral stress fractures) and shin
splints.

+ Better-quality randomized trials are required in order to provide more precise estimates
of the effect of foot orthoses when used to prevent injury.

Key messages

+ The term “foot orthoses” covers a wide range of different devices, and there is no
universally accepted terminology to classify them.

+ Foot orthoses work by causing changes in kinetics and muscle activity, and small
changes in kinematics.

+ Most studies evaluating foot orthoses for injury prevention have used military recruits
during basic training, so the results may not be generalizable to civilians involved in sport.
+ The evidence suggests that shock-absorbing insoles and heel pads do not prevent injury.
+ The evidence suggests that motion-controlling (biomechanical) foot orthoses decrease
the incidence of stress fractures (particularly femoral stress fractures) and shin splints.

+ Further good-quality trials are needed in order to add to the evidence base.

Sample examination questions

Multiple-choice questions (answers on page 602)
1 Which of the following statements are true?
A The majority of randomized trials evaluating the effect of foot orthoses for the pre-
vention of injury have utilized military recruits
B Universal terminology for orthotic therapy has generally been accepted across
professional groups
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Foot orthoses and injury

C Electromyographic studies evaluating the effects of foot orthoses have demonstrated
no changes in the activity of any of the foot or leg muscles
D Semirigid orthoses are indicated only for use with soft tissue injuries
E Shock-absorbing insoles have never been found in randomized trials to be effective
for sports injuries
2 Many of the randomized trials evaluating foot orthoses have methodological problems,
including:
A Lack of allocation concealment
B Insufficient sample sizes
C Participants not blinded to treatment
D Both (a) and (¢)
E Both (b) and (c)
3 In kinematic studies, foot orthoses have consistently been shown to:
A Increase shock reaching the lower back
B Increase compression forces at the patellofemoral joint
C Reduce frontal plane calcaneal movement by a few degrees
D Reduce tibial rotation by up to 10°
E Increase strain in the plantar fascia

Essay questions

1 Discuss the evidence for and against using foot orthoses to prevent injury.

2 Discuss how foot orthoses work from a biomechanical perspective.

3 Many of the randomized trials evaluating foot orthoses for the prevention of injury
suffer from methodological weakness. With reasoning, outline the most rigorous foot
orthosis trial that you can.

Case study 5.1

Adam, a 38-year-old teacher, wants to increase his running distance for fitness reasons.
Previously, he has experienced shin splints when he increased his distance to more than
20 km per week. He generally does not have a well-thought-out plan for his running
training. He is now seeking advice as to whether he should purchase foot orthoses to use
when he runs. What advice would you give Adam?

Case study 5.2

Kathy, a 23-year-old track athlete, has a history of tibial stress fractures. She is now increas-
ing her running training on the track and is again beginning to experience shin soreness.
She is concerned about another stress fracture forming, thus interrupting her training. She
already wears prefabricated foot orthoses, but now wants customized (biomechanical)
foot orthoses that provide more motion control. How would you manage Kathy?

Case study 5.3

Tien, a 15-year-old, has secured a place in a football training camp over the summer.
While he has played football with a local team for the past 8 years, he has heard that
summer camp is demanding and that a lot of players get injured. He has also had a lot of
problems with his feet and legs before, and he is concerned that he will become injured
over the summer and not be able to complete the training. He consults you regarding
whether foot orthoses would be a good option for him to prevent injury during his train-
ing camp. How should Tien be managed?
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Summarizing the evidence

Type of orthosis Results Level of
evidence*
Shock-absorbing 5 RCTs with military recruits and 1 quasi-randomized Al

Moti

trial with soccer referees—evidence suggests that
shock-absorbing insoles or heel pads do not
prevent injury

on-controlling 6 RCTs with military recruits—evidence suggests Al
motion-controlling foot orthoses decrease the incidence
of stress fractures (particularly femoral stress fractures)
and shin splints. Cheaper prefabricated foot orthoses
appear to be as effective as customized orthoses, but
further good-quality trials are needed to confirm this

AT

evidence from large randomized controlled trials (RCTs) or systematic review (including meta-

analysis).t

A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review.’

A4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per
intervention group; moderate study size > 50 patients per intervention group.

Re

—

~

o

10

1

—

12
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CHAPTER 6

Who should retire after repeated
concussions?

Paul McCrory

Introduction

The decision to medically retire an athlete following repeated concussive injuries remains
a complex and controversial area. For the most part, there are no evidence-based
recommendations to guide the practitioner, and the published “guidelines” have little or
no scientific validity.! This view has been reinforced by the recent Vienna and Prague
Consensus conferences, which emphasized the need to individualize clinical management
and avoid reliance on anecdotal reccommendations.??

In situations in which the athlete has suffered a life-threatening severe brain injury, has
persistent neurological symptoms, or has a residual neurologic deficit, the decision to
retire is straightforward. At the end of the day, good clinical judgment and common sense
remain the mainstay of management.

In the broadest sense, an athlete who is closely monitored with stable neuropsy-
chological testing throughout his or her career, and who has no ongoing postconcussive
symptoms, has little to be concerned about even after sustaining a number of concussive
injuries.

Methodology

The relevant literature was searched by using MEDLINE (1966-2005) and SportDiscus
(1975-2005) searches, hand searches of journals and reference lists, and discussions with
experts and sporting organizations worldwide. In addition, a keyword search was carried
out on the author’s EndNote database of over 6000 articles on sport-related concussive
injuries. The keywords and Medical Subject Headings (MeSH) terms used in all searches
included concussion, brain injury, head injury, head trauma, brain trauma, sports
injuries, and brain commotion.

Background

There is no scientific evidence that sustaining several concussions over a sporting career
will necessarily result in permanent damage. Part of the neuromythology surrounding
concussion is the “three-strike rule”—namely, if an athlete has three concussions, then he
or she should be ruled out of competition for an arbitrary period of time. On occasions,
the athlete’s sports participation is permanently curtailed. This anecdotal approach was
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originally attributed to Quigley in 1945 and subsequently adopted by Thorndike, who
suggested that if any athlete suffered “three concussions, which involved loss of conscious-
ness for any period of time, the athlete should be removed from contact sports for the
remainder of the season.” This approach has no scientific validity, but it continues to be
the anecdotal rationale underpinning most of the current return-to-play guidelines.

The unstated fear behind this approach is that an athlete suffering repeated concussions
would suffer a gradual cognitive decline similar to the so-called “punch-drunk” syndrome
or chronic traumatic encephalopathy seen in boxers.>~ On the basis of published evidence,
this fear is largely unfounded, and recent developments suggest that the risk of traumatic
encephalopathy in this setting may be largely genetically based, rather than being simply
a manifestation of repeated concussive injury.®

The issue becomes further confused when well-known athletes suffering from recurrent
head trauma appear in the media or lay press. In some cases, the injuries suffered by such
athletes are more severe than the typical sports-related concussive injuries, but no distinc-
tion is made in the mind of the public. In such injuries, long-term symptoms are not
wholly unexpected. In other cases, the so-called “postconcussive” symptoms experienced
are mostly headache. This symptom is nonspecific and can be the result of a variety of
causes other than concussion.’

Adding to the difficulty is the fact that when professional athletes suffer repeated con-
cussions, they are not banned from sport, as may be the advice given to less elite athletes.
Whilst it is true that many professional athletes are monitored more closely than other
sporting participants, nevertheless the variation in management advice between elite and
recreational athletes is often seen as hypocritical, resulting in a situation in which recrea-
tional athletes prematurely return to sport after concussion and as a result suffer ongoing
problems.

Much of the concern in relation to the management of repeated concussive injury
relates to the absence of consensus in the grading of the severity of concussion injury and
the lack of scientifically valid return-to-play guidelines. Until these central issues are
resolved, it is unlikely that a clear answer to the problem of retirement due to chronic
symptoms will emerge.

Definition of concussion

Until recently, there was no universal agreement on the standard definition or nature of
sports concussion.>® Historically, the term has been used to refer to a transient dis-
turbance of neurological function caused by the “shaking” of the brain that accompanies
low-velocity brain injuries.'

The definition published by the Committee on Head Injury Nomenclature of the
Congress of Neurological Surgeons was widely used to define concussive injuries until
2001. This definition states that concussion is “a clinical syndrome characterized by
the immediate and transient post-traumatic impairment of neural function, such as altera-
tion of consciousness, disturbance of vision or equilibrium, etc., due to brainstem
involvement.”!! Over time, however, it had become clear that this definition really did
not adequately define the clinical entity, and as a result an expert consensus conference
on sports concussion was held in Vienna in 2001, with a second meeting being held in
Prague in 2004.> The Prague meeting redefined sports concussion as follows:
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+ Sports concussion is defined as a complex pathophysiological process affecting the
brain, induced by traumatic biomechanical forces. Several common features that incor-
porate clinical, pathological, and biomechanical injury constructs that may be used in
defining the nature of a concussive head injury include:

— Concussion may be caused either by a direct blow to the head, face, neck, or

elsewhere on the body, with an “impulsive” force transmitted to the head.

— Concussion typically results in the rapid onset of short-lived impairment of

neurological function, which resolves spontaneously.

— Concussion may result in neuropathological changes, but the acute clinical

symptoms largely reflect a functional disturbance rather than structural injury.

— Concussion results in a graded set of clinical syndromes that may or may not involve

loss of consciousness. Resolution of the clinical and cognitive symptoms typically

follows a sequential course.

— Concussion is typically associated with grossly normal structural neuroimaging

studies.
One of the key developments of the Prague Conference was the understanding that con-
cussion may be categorized for management purposes as either simple or complex.? These
categories were defined as follows:
+ Insimple concussion, an athlete suffers an injury that progressively resolves without com-
plications over 5-10 days. In such cases, apart from limiting playing or training whilst the
patient is symptomatic, no further intervention is required during the period of recovery,
and the athlete typically resumes sport without further problem. This form of concussion
represents the most common form of this injury, and can be easily managed by primary-
care physicians or by certified athletic trainers working under medical supervision.
« Complex concussion encompasses cases in which athletes suffer persistent symptoms,
specific sequelae, or prolonged cognitive impairment following the injury. This group may
also include athletes who suffer multiple concussions over time, or in whom repeated con-
cussions occur with progressively less impact force. In this group, there may be additional
management considerations beyond simple return-to-play advice, and it is envisaged
that such athletes would be managed in a multidisciplinary manner by physicians with
specific expertise in the management of concussive injury, such as a sports neurologist
Or neurosurgeon.
Whilst this distinction remains a speculative and as yet scientifically unvalidated
approach, it reflects the clinical situation, in which the majority of athletes recover quickly
after concussion and return to sport without further difficulty; however, there is a small
percentage of athletes who suffer persistent symptoms or persistent disability due to the
injury. It was therefore recommended that the latter group should be managed more
aggressively by concussion experts.

These proposed concussion subtypes may represent differences in individual clinical
phenomenology (confusion, memory problems, loss of consciousness), anatomical local-
ization (e.g., cerebral vs. brainstem), biomechanical impact (rotational vs. linear force),
genetic phenotype (ApoE4-positive vs. ApoE4-negative), neuropathological change
(structural injury vs. no structural injury), or an as yet undefined difference. These factors
may operate independently or interact with each other. It is clear that the variations in
clinical outcome with the same impact force require a more sophisticated approach to the
understanding of this phenomenon than the approaches currently available.
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Published guidelines for return to sport after concussion

The published guidelines recommending termination of all contact sport following three
concussions during the course of an athletic season need to be considered by clinicians
extremely carefully. In the absence of documented objective evidence of brain injury or
clinical evidence of persistent postconcussive symptoms, there is no scientific support for
this generalization, and the abandonment of such anecdotal approaches has been recom-
mended by two international expert consensus conferences.>

Itis also worth considering that athletes excluded from competition on such a basis may
consider a medicolegal appeal that would be impossible to defend in a court of law.

The principal anecdotal guidelines are outlined below for discussion purposes, and—as
mentioned above—these are not supported by published scientific evidence and should be
considered management “opinions” at best.

The main guidelines on returning to sport after repeated concussive injury are those
published by Cantu'?"'* and the Colorado Medical Society.'” The American Academy of
Neurology guidelines'® are derivative from the latter (Tables 6.1, 6.2).

It can be seen that there are many superficial similarities between the two scale systems.
Although the criteria for the severity of injury differ, the mandatory requirement is that
two grade 3 injuries or three injuries of any grade should result in termination of the
athlete’s season. As a Cantu Grade 2 is equivalent to a Colorado Grade 3, it is evident that
the scales give differing recommendations for the same injury.

The physiology of concussion

At present, there is no existing animal model or other experimental model that accurately
reflects a sporting concussive injury. It has been noted in experimental models of more
severe injury that a complex cascade of biochemical, metabolic, and membrane gene-
expression changes occur.!” Whether similar metabolic changes occur in sports concus-
sion, however, is still currently speculative.'8

Table 6.1 Return-to-sport guidelines: Cantu system (adapted from Cantu 1986'2)

Severity grade 1st concussion 2nd concussion 3rd concussion

Grade 1

No LOC, RTP after 1 week RTP in 2 weeks if Terminate season.

PTA < 30 min if asymptomatic asymptomatic RTP next season

for at least 1 week if asymptomatic

Grade 2

LOC < 5 min, RTP after 1 week if Minimum of 1 month off Terminate season.

PTA > 30 min asymptomatic for sport. RTP if asymptomatic RTP next season
at least 1 week for at least 1 week. Consider if asymptomatic

terminating season

Grade 3 Minimum of 1 month Terminate season.
LOC > 5 min, off sport. RTP if RTP next season
PTA>24 h asymptomatic if asymptomatic

for at least 1 week

LOC, loss of consciousness; PTA, post-traumatic amnesia; RTP, return to play.
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Table 6.2 Return-to-sport guidelines: the Colorado guidelines (adapted from Kelly et al. 19911%)

Severity grade 1st concussion 2nd concussion 3rd concussion
Grade 1 RTP after 20 min RTP if asymptomatic Terminate season.
No LOC, confusion, if asymptomatic for at least 1 week RTP next season
no amnesia if asymptomatic
Grade 2 RTP after a minimum RTP after a minimum of 1 Terminate season.
No LOC, confusion, of 1 week with no month with no symptoms RTP next season
amnesia symptoms for at least 1 week if asymptomatic
Grade 3 RTP after a minimum Terminate season. Terminate season.
LOC of 2 weeks with RTP next season RTP next season
no symptoms. if asymptomatic if asymptomatic

LOC, loss of consciousness; RTP, return to play.

Although experimental research has enhanced our understanding of the physiological
changes to the brain following severe head trauma, there is still uncertainty as to what is
happening to the human brain following minor concussive injuries, and in particular in
sport-related concussion.

The neuropathology of concussion

The nature of transient loss of cerebral function following a blow to the head has excited
much speculation over the centuries regarding whether microscopic neuropathological
changes occur, or whether other cerebral pathophysiological processes manifest the
clinical symptoms of concussion. At this stage, these important issues remain unresolved.
In general terms, although it is well accepted that minor neuropathological changes may
occur following concussive brain injury, the clinical symptoms are due to functional dis-
turbance, presumably at the cell membrane level, rather than due to any underlying
structural injury. This is supported by experimental evidence demonstrating that mechan-
ical stress can produce a sudden neuronal depolarization followed by a period of nerve-cell
transmission failure, in the absence of structural injury.19

Human models of concussion are necessarily limited, given that virtually all patients
recover without detectable permanent sequelae. In the handful of case reports of indi-
viduals dying of other causes after brain injury, scattered neuronal cell death can be
demonstrated. However, the findings are generally insufficient to explain the degree of
clinical dysfunction, suggesting that the clinical symptoms become manifest through
additional functional cell impairment.?

The neuropsychology of concussion

The application of neuropsychological testing in concussion has been shown to be of
value, and it continues to contribute significant information to the evaluation of concus-
sion.?I=2* It has been demonstrated that cognitive recovery may precede or follow clinical
symptom resolution, suggesting that the assessment of cognitive function should be an
important component in any return-to-play protocol.
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It must be emphasized, however, that neuropsychological assessment should not be
the sole basis of a return-to-play decision, but should rather be seen as an aid to clinical
decision-making. Although neuropsychological screening may be carried out or inter-
preted by nonclinicians, the final return-to-play decision should remain a medical one.

It is only in the past few decades that there has been interest in studying the neuro-
psychological consequences of concussion, and particularly of those injuries seen in
sport.21?5-28 While there is now acceptance that there is an organic basis to the problems
associated with concussion, controversy remains regarding the nature of the cognitive
deficits, as well as the speed and extent of recovery from them.

A range of neuropsychological deficits has been reported after mild concussive injury.
The major areas of deficit include:

+ Disturbances of new learning and memory.>-
+ Planning and the ability to switch mental “set.”?35:38:39
+ Reduced attention and reduced speed of information processing.

There have also been isolated reports suggesting that impairments may be evident in tasks
29,35

29,34,35,40-47

involving visuospatial constructional ability, language, and sensorimotor function.

Recovery of neuropsychological function after
concussion in sport

In general terms, there appears to be clear evidence of neuropsychological deficits
during the first week after mild concussive injury, but variable findings tend to develop
after that period.!?7?8

There are a number of methodological issues that may underlie the inconsistencies
reported between studies—including test selection, different mechanisms of injury, and
varying severities of injury. In the various studies, wide variations in the severity of injury
have been included under the rubric of concussion, ranging from no loss of consciousness
(LOC) through to LOC for 1 week or more, and mild stunning of the sensorium for a few
seconds through to patients with post-traumatic amnesia lasting for 4 months.

In addition, concussive injuries may result from a number of different causes, such as
motor-vehicle accidents, sporting injuries, falls, and domestic trauma. This heterogeneity
may account for some of the differences between studies, since the magnitude of the head
acceleration forces may differ considerably depending on the cause.

With regard to the various neuropsychological test instruments used in the different
studies, a number of methodological issues arise, including test selection, lack of sensitiv-
ity of various tests, practice effects, inadequate identification of premorbid characteristics
influencing test results, inconsistent time points for testing, lack of suitable control

groups, small sample sizes, and compensation issues.*8-0

The postconcussion syndrome

The issue of the constellation of physical and cognitive symptoms that have been labeled as
“postconcussive syndrome” (PCS) is as controversial today as when it was first proposed
in the 19th century.’!

PCS may include symptoms such as headache, vertigo, dizziness, nausea, memory com-
plaints, blurred vision, noise and light sensitivity, difficulty in concentrating, fatigue, depres-
sion, sleep disturbance, loss of appetite, anxiety, incoordination, and hallucinations.*¢52-5
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Table 6.3 Postconcussion symptoms scale (adapted from Lovell and Collins 19982°)

Rating

None Moderate Severe

Headache

Nausea

Vomiting

Drowsines

Numbness or tingling
Dizziness

Balance problems
Sleeping more than usual
Sensitivity to light
Sensitivity to noise
Feeling slowed down
Feeling like “in a fog”
Difficulty concentrating
Difficulty remembering
Trouble falling asleep
More emotional than usual
Irritability

Sadness

Nervousness

Other

(el elelNelNeNeNeNeNeNe Ne No e Ne e No No o o Noj
S GGG O GG U G U GGy
PDNONMNDPODNPODNNNDNNDPDNODNNMNNDNMNDMNDNDNDND NN
W WWWwWwowowowaowowowowowaowowowowowowow
I R T T T ST I i A S S S
[S, BN & NS, RS, B¢, B¢, N6 IS, IS, B¢, &) N6 IS B¢, B¢, N6 BN & NG, B¢, &)
(>IN e>RNe> o) le> IR e>Re) Mo e o N NN o N N N e el

Various PCS scales are widely used in sports-concussion assessment (Table 6.3). Although
debate continues regarding the relative contribution of organic versus psychological factors
in the genesis of PCS, the critical factor that clinicians need to be aware of is that these
symptoms are nonspecific in nature and are not confined to concussion. It has been
demonstrated that up to 60% of uninjured individuals may report PCS symptoms, and sim-
ilarly high scores have been demonstrated in various medical and psychological illnesses.>

The risk of repeat concussions in sport

It has become a widely held belief that after sustaining a concussive injury, one is then
more prone to future concussive injury. The evidence for this is limited at best. In a widely
quoted study by Gerberich et al., which involved self-reported questionnaires concerning
ahistory of head injury in high-school gridiron footballers, an increased risk of subsequent
concussions was reported in players with a history of concussion.”” This study is flawed by
significant methodological problems. Not least is the fact that the authors included cases of
catastrophic brain injury. Furthermore, the reliability of a self-diagnosis of concussion is
questionable, given that only 33% of those with loss of consciousness and 12% of those
with other symptoms were medically assessed. The majority of the diagnoses of “con-
cussion” were made by the coach, other team-mates, or by the players themselves.

It would seem obvious that in any collision sport, the risk of concussion is directly
proportional to the amount of time for which a participant plays the sport. In other words,
the more games played, the greater the chance of an injury occurring. The likelihood of
arepeat injury may therefore simply reflect the level of exposure to injury risk.
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In addition, Gerberich acknowledges that the observed increased likelihood of con-
cussion could also be explained by a player’s style of play. The player’s risk of injury may
be increased by using dangerous game strategies and illegal tackling techniques. Similar
criticisms can also be leveled at another retrospective study, in which it was reported that
once an initial concussion was sustained, the probability of incurring a second concussion
greatly increases.>®

Does repeat concussion result in cumulative damage?

Apart from boxing-related head injuries, the most widely cited studies on the cumulative
effects of concussion have included patients with injuries sustained in motor-vehicle
accidents that were severe enough to warrant hospital treatment. Generally, concussive
injuries suffered in collision sports such as football involve lesser degrees of accelera-
tion—deceleration forces than those experienced in motor-vehicle accidents,343-39-61

The limitations of retrospective studies in concussion, such as the widely cited motor-
vehicle accident studies by Gronwall and Wrightson, include diagnostic uncertainty, rely-
ing on both self-reported injury recall, as well as the lack of medically validated injury
diagnosis. For example, some head injuries in the cited studies were retrospectively
assessed up to 8 years after their occurrence. 343571

It is widely acknowledged that boxing carries a high risk of neurological injury.
However, boxing should not be considered as a model for cumulative head injury seen in
other sports, since it presents unique risks to the athlete in terms of the frequency of repet-
itive head trauma.”®? Recently, specific genetic abnormalities have been reported as the
major risk factor for the development of traumatic encephalopathy.®*6*

In another series of retrospective studies involving retired Scandinavian soccer players,
cognitive deficits were noted.5>-%® In these studies, significant methodological problems
flaw the results. The problems include a lack of pre-injury data, selection bias, lack of
observer blinding, and inadequate control subjects. The authors conclude that the deficits
noted in the former soccer players were explained by repetitive trauma such as that caused
by heading the ball. However, the pattern of deficits is equally consistent with alcohol-
related brain impairment, a confounding variable that was not controlled for. To date,
there has been no replication of these findings by other independent groups.®~7*

In other retrospective studies involving a wide range of traumatic brain injury, loss of
consciousness was associated with evidence of permanent change in fine motor control.”>
The significance of this symptom in isolation from other cognitive domains is question-
able. Other studies have suggested that this may be an effect of environmental factors
rather than being due to the effect of injury.”® More recent prospective studies have failed
to find any adverse prognostic features in individuals who suffered a loss of consciousness
with concussion in comparison with those who did not.?>7778

In animal studies of experimental concussion, animals have been repeatedly concussed
20-35 times during the same day and within a 2-hour period. Despite these unusually high
numbers of injuries, no residual or cumulative effect was demonstrated.”

Is there a genetic susceptibility to brain injury in sports?

Recent research in boxers has suggested that chronic traumatic encephalopathy, or the so-
called “punch-drunk syndrome,” in boxers may be associated with a particular genetic
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predisposition. The apolipoprotein E epsilon-4 (ApoE) gene, a susceptibility gene for late-
onset familial and sporadic Alzheimer’s disease, may be associated with an increased risk
of chronic traumatic encephalopathy in boxers.®*#%8! In a nonboxing population, ApoE
polymorphism was significantly associated with death and adverse outcomes following
acute traumatic brain injury, as seen in a neurosurgical unit.®? In a recent prospective
study, ApoE genotypes were tested for their ability to predict days of unconsciousness and
functional outcome after 6 months.?? A strong association was demonstrated between the
ApoE allele and a poor clinical outcome.

Furthermore, ApoE-deficient (knockout) mice have been shown to have memory deficits,
neurochemical changes, and diminished recovery from closed head injury in comparison
with controls.3* It is suggested that ApoE plays an important role in both neuronal repair®
and antioxidant activity,3 resulting in ApoE knockout mice exhibiting an impaired ability
to recover from closed head injury. Although we are only in the early stages of understand-
ing these issues, an interaction between genetic and environmental factors may be critical
in the development of postconcussive phenomena or concussive sequelae.

Return to sport after life-threatening head injury

The return to sport following a severe or potentially life-threatening brain injury is contro-
versial, and there are few guidelines for the clinician to follow. There are some situations in
which the athlete might place himself or herself at an unacceptably high risk of sustaining
further injury and hence should be counseled against participating in collision sports. In
such situations, common sense should prevail.

Although sports physicians should keep an open mind when assessing neurological
recovery from severe brain injuries, it is nevertheless reccommended that at least 12 months
should pass before such a decision is contemplated.

Thoughtful deliberation and analysis of all the available medical evidence should occur
when such decisions are being taken. It is also recommended that the advice of a neurolo-
gist or neurosurgeon experienced in the management of sports head injuries should be
sought. This is an important point, because a number of individuals who suffer a moderate
to severe traumatic brain injury may be left with a lack of insight and impaired judgment
over and above their other neurological injuries. This in turn may make such an individual
unreliable in gauging recovery. The use of neuropsychological assessment, as well as infor-
mation from family and friends, may assist the clinician in his or her deliberation. The
assessment of cognitive performance and/or clinical symptoms when the patient is
fatigued is often useful.

Returning to collision sport is relatively contraindicated in almost any situation in
which a surgical craniotomy is performed. In such situations, the subarachnoid space is
traumatized, thus setting up scarring of the pia—arachnoid of the brain to the dura, with
both loss of the normal cushioning effect of the cerebrospinal fluid and vascular adhesions
that may subsequently bleed if torn during head impact. Even if neurologic recovery is
complete, a craniotomy for anything other than an extradural hematoma effectively pre-
cludes a return to collision sport (Table 6.4).

When there is an epidural hematoma without brain injury or other condition in which
surgery is not required, a return to sport may be contemplated in selected patients, as per
the discussion above, after a minimum of 12 months—assuming that neurologic recovery
is complete.
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Table 6.4 Conditions contraindicating a return to contact sport (adapted from Cantu 1998'?)

e Persistent postconcussional or post-injury symptoms

e Permanent neurological sequelae—hemiplegia, visual deficit, dementia or cognitive impairment
e Hydrocephalus with or without shunting

e Spontaneous subarachnoid hemorrhage from any cause

e Symptomatic neurologic or pain-producing abnormalities around the foramen magnum

e Craniotomy for evacuation of intracerebral or subdural hematoma

Conclusions

Who should retire after recurrent concussive injury? It appears self-evident that athletes
with persistent cognitive or neurological symptoms should be withheld from collision
sports until such time as their symptoms fully resolve. Following more severe brain
injury, persistent neurological deficit, or symptoms, a history of craniotomy or intra-
cranial surgery and spontaneous subarachnoid hemorrhage should preclude further
participation.

In a setting of repeated uncomplicated concussive injury with full recovery after each
episode, the situation is more difficult. Although published guidelines exist, they do not
have any scientific validity and should be seen only as anecdotal suggestions for the clini-
cian. It is the author’s practice in professional sport to perform neuropsychological testing
routinely on all athletes before the season and serially after concussive injury. More import-
antly, no athlete returns to sport until he is symptom-free and has returned to his or her
neuropsychological baseline performance.

The central issue relates to the nature of the injury. Whilst there is no doubt that severe
concussion with persistent symptoms occurs (the “complex concussion” in the Prague
guidelines), athletes with typical concussive injuries recover quickly and return to sport
without difficulty. In this setting, the scientific evidence that sustaining a number of con-
cussions over the course of a season, or over a career, causes chronic neurological dysfunc-
tion is nonexistent. Clinicians should be aware of the neuromythology surrounding this
issue and should manage their patients using evidence-based guidelines—or, if guidelines
are lacking, then using good common sense.

Key messages

+ No evidence-based guidelines exist in relation to the return to sport after repeated
concussions.

+ Persistent neurological symptoms or cognitive impairment should preclude a return to
sport, but once these have resolved, there is no evidence that an athlete is at risk of long-
term sequelae from concussive injury.

Sample examination questions

Multiple-choice questions (answers on p. 602)
1 Inathletes, the presence of an ApoE4 phenotype (4/4) has been demonstrated to:
A Confer a worse prognosis following traumatic brain injury
B Be associated with chronic traumatic encephalopathy (“punch-drunk syndrome”)
in boxers
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C Be associated with a poorer neuropsychological performance on postinjury
assessment
D Be associated with persistent postconcussive symptoms
2 Contraindications to a return to sport after severe traumatic brain injury include:
A Persistent postconcussional or post-injury symptoms
B Permanent neurological sequelae—hemiplegia, visual deficit, dementia, or cognitive
impairment
C Craniotomy for evacuation of intracerebral or subdural hematoma
D Spontaneous subarachnoid hemorrhage from any cause
E Symptomatic abnormalities about the foramen magnum
3 The common neuropsychological deficits noted following acute concussive injury in
sport include:
A Disturbances of new learning and memory
B Reduced ability to switch mental “set”
C Reduced speed of information processing
D Impairment in visuospatial constructional ability
E Language disturbance
4 Are these statements regarding simple concussion from the Prague guidelines true or
false?
A Insimple concussion, concussion symptoms lasts less than 7-10 days
B Simple concussion can be managed by primary-care physicians
C Simple concussion includes cases in which a concussive convulsion has occurred
D Approximately 95% of concussions fall into this category

Essay questions

1 A 30-year-old professional American football quarterback suffers the 10th concussion
of his career during a midseason game. His team is due to make the play-offs, and his
presence is crucial for the success of the team. How would you monitor his recovery and
determine whether he should return to play?

2 A rugby player suffers a severe head injury in a fight at a club one evening. As a result, he
is taken to the regional neurosurgical center, where a craniotomy for intracranial pres-
sure control is required. He recovers, and the skull defect is closed successfully. He
comes to see you for advice on return to play. His Glasgow Coma Scale (GCS) score is
15 and he has no focal neurological signs. How do you approach the problem, and what
advice would you give?

3 A 24-year-old professional soccer player sees you because of persistent headaches
from “heading” the ball. He is worried that repeated heading may cause him to be
“punch-drunk” in later life. What advice do you give him? Are there any tests that could
assist you in advising him?

Case study 6.1

An Australian-Rules footballer gives a history of sustaining one or two episodes of concus-
sion with loss of consciousness, as well as having four or five minor (no LOC) concussions
per season. Despite this, he has no ongoing symptoms or neurological signs. Following
each episode, he is withheld from sport until he is symptom-free and his neuropsycholo-
gical tests have returned to baseline. During his 8-year professional career, no decrement
in cognitive performance has been noted. His neuroimaging studies are normal, and his

103



Chapter 6

ApoE4 status is negative (i.e., heterozygous allele). Despite the history of multiple concus-
sions, there is no evidence of ongoing or permanent neurological injury.

Summarizing the evidence

Guidelines Results Level of evidence*
Definition 2 published papers (¢}
Injury severity guidelines 42 published guidelines (¢}
Return-to-play recommendations 5 published guidelines C/D
Vienna/Prague guidelines 2 published papers (¢}
Retirement 3 published guidelines (¢}
Injury prevention
Helmets 2 RCTs—helmets not protective Al
Mouthguards 1 RCT—mouthguards not protective A3
Rule change 2 published papers (¢}

* A1: evidence from large randomized controlled trials (RCTs) or systematic review (including
meta-analysis).t

A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review."

A4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

D: case series.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per
intervention group; moderate study size > 50 patients per intervention group.
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CHAPTER 7

What recommendations should be made
concerning exercising with a fever and/or
acute infection?

Christopher A. McGrew

Introduction

Clinicians who care for athletes routinely face difficult decisions concerning what recom-
mendations to make with respect to fever and/or acute infectious diseases. Many of these
athletes are reluctant to alter their training schedules, or face external pressures from
coaches and team members. For the most part, these common conditions have limited
importance with regard to long-term health, but for exercising athletes there are several
immediate concerns, ranging from potential impairment of performance to possible
catastrophic outcomes, including sudden death.

Upper respiratory infections, infectious mononucleosis, myocarditis, and hepatitis are
some of the specific entities that will be addressed in this chapter. Emphasis will be placed
on what recommendations to make to athletes concerning exercising while acutely ill and
when to return to practice and/or competition.

Methods

A computerized bibliographic database (MEDLINE) was searched from the earliest date
until October 2005 using a combination of the following keywords along with Medical
Subject Headings (MeSH). Relevant articles were also retrieved from reference lists of
pertinent review articles. The keywords used were:

Exercise

Physical training

Fever, infection

Metabolism

Acute-phase response

Viral myocarditis

Infectious mononucleosis

.

.

.

.

.

.

.

Hepatitis

Gastroenteritis

Respiratory infections
Sudden death
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Fever and/or acute infectious disease: general considerations

Fever is defined as an oral or rectal temperature of 38 °C or higher. It is associated with
acute and chronic infections, muscle trauma, neoplasms, heat-related illness, prolonged
exercise, and some medications. It is difficult to differentiate some of the effects of fever
from the effects of the condition causing it; however, in general, it is recognized that fever
impairs muscle strength,! mental cognition, and pulmonary perfusion. Additionally, fever
increases insensible fluid loss and increases overall systemic metabolism.? These factors,
alone or in combination, are potentially detrimental to athletic performance. Addition-
ally, decreased muscle strength could be seen as a potential factor for increased risk of
injury, although there are no studies to support this theory.

The aerobic exercise capacity, as determined from submaximal exercise studies, is
decreased during fever. On the other hand, the observed maximal oxygen uptake has been
shown to be unaffected during short-lasting, experimental pyrogen-induced fever, as well
as in conditions of thermal dehydration. There do not appear to be any studies in which
maximal oxygen uptake has been measured during ongoing infection and fever (most
likely for ethical reasons). Therefore, the rate and magnitude of decrease of the maximal
aerobic power during ongoing febrile infections in humans is unknown.?

The innate immune system includes anatomic and physiologic barriers (e.g., skin,
mucous membranes, temperature, pH), specialized cells (natural killer cells and phagocytes,
including neutrophils, monocytes, and macrophages), and inflammatory barriers. When
the innate immune system fails to effectively combat an invading pathogen, the body
mounts an acquired immune response. The acquired immune system includes special cells
called B- and T-lymphocytes, which are capable of secreting specialized chemicals such as
antibodies and cytokines to regulate the immune response. T-lymphocytes can also engage
in direct cell-on-cell warfare. Acute episodes of vigorous activity have the following effects
on the immune system (lasting 3—72 hours): stress hormone-induced neutrophilia and
lymphopenia, decreases in natural killer (NK) cell cytotoxic activity, decreases in the
delayed-type hypersensitivity response, increases in plasma cytokines, decreases in nasal
and salivary IgA concentrations and nasal neutrophil function, and blunted major histo-
compatibility complex (MHC) II expression and antigen presentation in macrophages.
Chronic exercise effects have been more difficult to document. Attempts thus far to com-
pare resting immune function in athletes and nonathletes have failed to provide evidence
that athletic endeavor is linked to many specific changes in the immune system, even
though epidemiologic studies have shown decreased upper respiratory infections in some
groups of regular exercisers in comparison with nonexercisers (the “J-curve” theory). Of
all immune measures, only NK cell activity has emerged as a somewhat consistent indicator
differentiating the immune systems of athletes and nonathletes. NK cell activity has been
reported be higher in athletes in comparison with nonathletes in several studies.*>

Acute infections are associated with a variety of immune-system responses that are trig-
gered by cytokines and are correlated to fever, malaise and anorexia, along with other signs
and symptoms. Acute viral illness (most commonly presenting as an upper respiratory
infection) can potentially hinder exercise capabilities by affecting multiple body systems,
including cardiac, pulmonary, muscular, fluid status, and temperature regulation.®= Heir
et al. examined the influence of respiratory tract infection and bronchial responsiveness in
elite cross-country skiers in comparison with inactive controls. The study found that on
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a methacholine challenge test, there was a transient increase in bronchial responsiveness
in athletes who undertook physical exercise during the symptomatic period of their
respiratory tract infections, but not in the inactive controls. The authors concluded that
exercise during the symptomatic period of respiratory illness many intensify or generate
mechanisms leading to enhanced bronchial responsiveness, or asthma.!® Conversely,
Weidner et al. found no significant change in pulmonary function tests, Vo,max, or dura-
tion of cold symptoms during repeated submaximal exercise testing in symptomatic young
adults infected with a strain of rhinovirus compared with controls.!"'? One distinguishing
factor may be the presence or absence of a fever. In the study by Weidner et al., the parti-
cipants did not have a fever.'?

Muscle protein catabolism, tissue wasting, and negative nitrogen balance may all occur
with acute infection. Skeletal muscle is the source of most of the amino acids that are
released, but the heart muscle also contributes.'* A large percentage of these amino acids
are taken up by the liver and used for new synthesis of acute-phase proteins, participating
in the fight against the infection, along with energy production through gluconeogenesis.
After the resolution of fever and other signs of active infection, the muscle protein is
gradually replenished. The time required for replacement is related to the amount of the
accumulated nitrogen loss. In general, the time for replenishment may be four to five times
the length of the acute illness. This is also known as the muscle convalescence period.' It
should be recalled that exercise during an acute viral illness may also be a risk factor for
rhabdomyolysis.'®!”

Recommendations
Given all of the above potential detrimental effects, it has seemed logical to some authors
that exercising/training for sport during an acute infection would impart fewer fitness
gains than when working out while healthy;'® however, there are no studies to confirm this
supposition. Although unstudied, an intuitive “neck check” approach is attractive.
« If the athlete has symptoms limited to locations above the neck, such as nasal con-
gestion, runny nose, and sore throat, then he or she can probably continue to exercise at
a “reduced” level of intensity. The athlete may try a 10-min test period of exercise. If
the athlete feels better or symptoms do not worsen, then he or she may work out at a
submaximal intensity with a gradual to full intensity over a few days.
« If the athlete has symptoms below the neck, such as chest congestion, hacking cough,
vomiting, diarrhea, or lymphadenopathy, or if the athlete has systemic symptoms such
as fever or myalgias, then abstinence from exercise (particularly intense exercise) is
recommended.!®

Additionally, a distinction should be made between the various types of sport, as well
as types of training for a sport, and competition. For example, training for American
football may involve 2—4-h sessions of continuous activity at a high workload. On the
other hand, playing in a football game may only require 10-15 min of actual true play-
ing time for a “first-string” player, given the limited time actually spent playing compared
to the amount of time in the huddle or off the field while the offense and defense
are switched. Soccer, in contrast to American football, does not have these built-in
“down times”—it is a continuous game, and a player may not stop moving for 45 min.
Also, the time of day or year may make a difference with regard to heat injury susceptibility
when the athlete has a fever. Many sports have specific skills practice that may not be
totally incompatible with having a fever—for example, baseball batting practice or putting
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in golf. Obviously, most athletes with fever and systemic symptoms from acute infec-
tions will probably not feel like doing most training activities. However, understanding
the specific activity is essential for making recommendations to athletes who are
inclined to do some training, regarding what they should and should not do during an
acute illness.

Myocarditis

Myocarditis is an inflammatory condition of the myocardial wall. Most acute infectious
myocarditis is caused by viruses, with coxsackievirus B being the most common agent,
although numerous other viruses have been implicated. Myocarditis is a rare cause of
reported sudden death in athletes in whom a diagnosis is made.!® Coxsackie infections
usually occur in epidemics, most often in summer and early autumn. Animal data suggest
that exercise during experimentally induced septicemic viral infections may increase
the risk for the development of acute myocarditis.?>?! No such studies have been per-
formed in humans. As usual, the degree to which animal data can be transferred to
humans is unclear.

Systemic signs and symptoms at the time of a typical viral infection can include fever,
headache, myalgia, respiratory/gastrointestinal distress, exanthema and lymphadenopa-
thy. Less frequent, but still possible, are splenomegaly, meningitis, and hepatitis. Typically,
symptoms are mild and nonspecific. There are no clinical predictors for which patients
with these symptoms are likely to develop myocarditis. Additionally, no clear historical or
physical findings can confirm the early diagnosis of myocardial involvement, although
retrospectively, myalgia may be a significant clue. A typical clinical picture of myocarditis
consists of fatigue, chest pain, dyspnea and palpitations, yet except for palpitations, one
might have the same symptoms with the acute phase of a general, systemic viral illness.
In myocarditis, however, these manifestations rarely occur at the height of the infectious
illness, but instead become evident during the convalescent phase if the acute systemic
viral illness subsides. Not all patients who are diagnosed with viral myocarditis recall
having a viral illness. Additionally, the majority of myocarditis episodes are subclinical
(i.e., the patient is asymptomatic). In the face of all these nonspecific scenarios, one can
certainly appreciate the incredible difficulty in management decisions for the clinician,
especially one dealing with teams/institutions where numerous athletes present in a short
period of time with nonspecific acute infections. There is no research that can offer clear
evidence-based guidelines about exercise during viral infections. For the time being, the
clinician’s advice to athletes with an acute, nonspecific infection will be dependent on
common sense and collaboration with the athlete.

Return to activity with myocarditis

At present, there are no clinically accurate predictors of sudden death risk in patients with
myocarditis.?? The 26th Bethesda Conference made the following recommendations for
the athlete with regard to return to activity.?

+ The athlete should be withdrawn from all competitive sports and undergo a prudent
convalescent period of about 6 months after the onset of clinical manifestations (“pru-
dent” is not defined). Before the athlete may return to competitive athletic training, an
evaluation of cardiac status should be undertaken, including assessment of ventricular
function at rest and with exercise.
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+ An athlete should be allowed to return to competition when ventricular function and
also cardiac dimensions have returned to normal, and clinically relevant arrhythmias are
absent on ambulatory monitoring.

+ Sufficient clinical data are not available to justify a strong recommendation to perform
endomyocardial biopsy as a precondition for return to athletic competition after the pro-
posed 6-month period of deconditioning. The role of invasive electrophysiologic testing in
assessing the eligibility of athletes with myocarditis remains to be defined.

Viral hepatitis

Acute infections with viral hepatitis are predominantly caused by one of five viruses
(hepatitis A, B, C, D, and E viruses). Viral hepatitis can present as a broad spectrum of
clinical syndromes, ranging from asymptomatic disease to fulminant and fatal acute
infections. (Chronic infections are not discussed in this chapter.) Common presenting
symptoms of acute hepatitis include anorexia, nausea, myalgia, and fatigue. These symp-
toms typically develop 7—14 days before the onset of jaundice. Other common symptoms
include headache, arthralgias and, in children, diarrhea. These symptoms are virtually the
same in all forms of acute hepatitis, no matter what the cause. Symptoms will persist for
a few weeks.

Hepatitis A is usually self-limited and does not result in a chronic carrier state or
cirrhosis. Progression to chronic hepatitis is primarily a feature of HBV, HCV and HDV.
One of the most feared complications of acute hepatitis is fulminant hepatitis, which has
a very high mortality rate. It is primarily seen in adults infected with hepatitis B, D, and E,
and only rarely occurs in A and C.

Acute liver insult with viral hepatitis predisposes to hypoglycemia and altered lipid
metabolism, compromising energy availability during exercise. Additionally, liver dys-
function results in altered protein synthesis and metabolism, which cause a variety of
physiologic disturbances, including coagulopathy and hormonal imbalances.

It has been shown that exercise can significantly alter the hemodynamics of the liver in
normal subjects. One study demonstrated decreases in the portal vein cross-sectional area
and in portal venous velocity and flow. The decreases were transient and completely
reversible. No problems were noted in normal subjects, but theoretically these changes
could cause complications in subjects with liver dysfunction associated with acute
hepatitis.?* Given the above parameters—including fatigue symptoms, altered physiology,
and the potential for fulminant complications—the traditional recommendation for the
athlete with acute hepatitis to comply with a regimen of rest and refraining from exertion
seems intuitively reasonable.?>2® However, experience from several studies challenges this
conservative approach.?’=3¢

Recommendations

When should the athlete return to training and competition after acute viral hepatitis?
Available data suggest that exercise can be safely permitted as tolerated in the previously
healthy individual with an episode of acute viral hepatitis. This training should be guided
by the clinical condition of the patient. This approach is consistent with position
statements/guidelines from the Medical Society for Sports Medicine, the American
Orthopedic Society for Sports Medicine, and the American Academy of Pediatrics.>!*2

There are no data on exercise training at an extreme exertion or competitive level. It seems
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prudent to avoid extreme exercise and competition until liver tests are normal and hep-
atomegaly (if present) resolves.

Infectious mononucleosis

Infectious mononucleosis (glandular fever) is caused by the Epstein—Barr virus (EBV) and
is characterized by a variety of symptoms and signs which occur to varying degrees and are
summarized in Table 7.1.%?

A diagnosis of infectious mononucleosis is made by taking into account the clinical pic-
ture, along with a peripheral blood examination and serology for EBV. Once the diagnosis
is made, return-to-play considerations are related to the general condition of the athlete
and concerns about complications. The spectrum of patient responses to this illness ranges
widely; many have significant malaise, weakness, and inability to perform hard physical
exertion—obviously their activities will be self-restricted. In contrast, around 50% of EBV
infections occur prior to adolescence, and are generally mild and do not prompt a visit to
a health-care provider.**

Welch and Wheeler examined the aerobic capacity after the subject had contracted
infectious mononucleosis.® The authors studied 16 cadets at a United States military
academy who were recovering from infectious mononucleosis. The aerobic capacity was
determined at the point at which the subjects became afebrile (Vo,max approximately
60 mL/kg/min for males and 50 mL/kg/min for females). Nine of the cadets were allowed
to do a low-intensity exercise programme for 2 weeks, while the other seven remained
inactive. After 2 weeks, all were allowed to exercise ad lib. Aerobic capacity was remeasured
at this time, and no differences between the groups were found. Additionally, no detri-
mental effects were found in either group. The authors concluded that athletes recovering
from infectious mononucleosis could begin a noncontact exercise program as soon as they
become afebrile.3> Another study suggested that athletes recover faster than other students,
although the finding was not considered significant because of the small sample size.*®

The more difficult questions about the management of athletes with infectious mono-
nucleosis involve issues concerning potential complications, which are relatively infre-
quent. Although EBV affects most organ systems, complications occur in less than 5% of
cases.”” Since some of these complications have potentially catastrophic outcomes, they
should be considered when decisions for each athlete are made. However, it is important
to note that, with the possible exception of splenic rupture, there is no evidence that

Table 7.1 Clinical manifestations of infectious mononucleosis

Moderate to severe sore throat (frequent)
Tonsillar enlargement (frequent)
Exudative tonsillopharyngitis (frequent)
e Lymphadenopathy (frequent)
Moderate fever (frequent)

Palpable splenomegaly (frequent)
Headache (frequent)

Soft-palate petechiae (less frequent)
Periorbital edema (infrequent)

Myalgia (infrequent)

Jaundice (unusual)
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significant complications are either triggered by exercise or more common in those who
exercise as tolerated during and after the symptomatic phase of the disease.*®

Splenic involvement with infectious mononucleosis and potential rupture is the pri-
mary concern for most clinicians. Splenic rupture occurs in 0.1-0.5% of cases, and almost
all cases of splenic rupture occur within the first 3 weeks from the onset of illness (not from
when it was diagnosed).*® Another point to consider is that splenic rupture usually occurs
with routine daily activities such as lifting, bending, and straining at defecation, not in
association with direct trauma and/or sports activity. A retrospective survey on splenic
rupture in college athletes published in 1978 by Frelinger reported that 36% of 22 cases
were associated with infectious mononucleosis. This vague preliminary report gave limited
details as to the circumstances surrounding the splenic injury, other than that “17 of the
22 cases occurred while a student athlete was participating in football.”* Since 1978,
no specific cases of splenic rupture associated with infectious mononucleosis and sports
participation have been reported.

Although for many it seems intuitive that they go hand in hand, it is not clear what the
connection between splenomegaly and splenic rupture is. Splenic rupture is most likely to
occur during the first few weeks of illness when the organ is undergoing profuse lympho-
cyte infiltration. This stretches and weakens the capsule and supporting architecture of the
spleen (putting it into in a “fragile state”), and this may be more of a causative factor than
the enlargement itself.*?

It is important to note that physical examination techniques for evaluating spleen size
have poor sensitivity and specificity.*! Although sonography and computed tomography
(CT) are very accurate in determining spleen size, recent data describing spleen size in a
population of 631 collegiate athletes demonstrated considerable variability in the normal
spleen size. Because of this wide variability, a single diagnostic imaging measurement is
considered unreliable for providing conclusive proof of splenic enlargement.*? At present,
there is no specific evidence to either definitively support or refute the use of ultrasound
or CT assessment of spleen size in the routine management of mononucleosis in
athletes. Diagnostic imaging such as ultrasound or CT is indicated in cases of suspected
splenic injury.

Corticosteroids may be helpful with some complications (for example, airway obstruc-
tion, hemolytic anemia, thrombocytopenia, and neurologic disorders), but is not thought
to reduce splenic size or prevent splenic rupture.*?

Recommendations

There does not appear to be any indication that exercise, carried on within self-set limits,
adversely affects the outcome of infectious mononucleosis. Restrictions based on systemic
symptoms would be similar to those previously mentioned for general viral infections/
fever, again with the caveat that there is very little evidence published to support or con-
tradict those recommendations. Fatigue will probably be the most common problem for
the athlete, with a wide spectrum of presentations. Some athletes will be completely unable
to train, while others may have only a mild drop-off in performance. Obviously, manage-
ment must be tailored to each case.

Since splenic rupture usually occurs in the first 3 weeks, a prudent course to follow
could be to use relative restrictions during that time—these could include avoidance of
resistance training or other forms of training that require a strong Valsalva maneuver, as
well as contact activities. The athlete can then progress through conditioning over the next
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week if he or she feels well, with a return to full activity in the following week. The athlete
(and guardians if the athlete is under-age) should be informed that splenic rupture has
very rarely been reported up to 8 weeks after the onset of illness, and they should take this
into account in their return-to-play considerations.

The American Academy of Pediatricians has recommended that “a patient with an
acutely enlarged spleen should avoid all sports because of risk of rupture. A patient with a
chronically enlarged spleen needs individual assessment before playing collision, contact
or limited contact sports.”** (In the document making this recommendation, no specific
references or data are presented that specifically support this recommendation.) If a clini-
cian chooses to use spleen enlargement as a criterion for the return to play, there are no
clear-cut guidelines on whether to use palpation or an imaging technique (for example,
ultrasound) as the point of reference. Again, given the poor results of studies of physical
examinations and the lack of evidence for the use of imaging, neither is reccommended by
this author at present.

If the patient is well past 3—4 weeks into the illness (past the point of virtually all splenic
ruptures) and still has splenic enlargement, it is not known whether extra protection (for
example, a “flak jacket”) would be useful in such cases. (This possibility is raised because
one of the main clinical points about assessing the size of the spleen on physical examina-
tion is determining whether or not it is palpable beyond the rib cage. As stated before,
the spleen may be enlarged even when it cannot be palpated. Determining the return to
play has been based by some authors on a criterion of not being able to palpate the spleen.
This would imply that the ribcage can adequately protect an enlarged spleen from trauma
if the enlarged spleen is still “under cover.” There is no specific evidence for or against
this assumption.)*

In the case of an athlete with splenic rupture (whether or not it is associated with
mononucleosis, and whether or not it is associated with sports-related or other trauma),
urgent splenectomy has been suggested as a pragmatic approach.®® Nonsurgical treatment
of splenic rupture*® would delay a return to athletic activity for up to 6 months, in contrast
to the usual return to full activity 4—8 weeks after splenectomy. This is certainly an issue
that must be carefully discussed with the athlete, and careful patient selection is essential.

Conclusions

Unfortunately, there is not a large amount of published evidence-based medicine data for
making return-to-play decisions for most infections/febrile illnesses. Countless episodes
of these illnesses occur on a daily basis in people performing at a high level of physical
exertion while at home, at their jobs, or while involved in recreational and competitive
sports. Despite this huge population exposure, catastrophic complications are rare and
could even be described as random. However, when such catastrophes occur, they cause
a great deal of distress for all those involved, along with a ripple effect of medicolegal
implications. For now, we depend on limited research and anecdotal data, along with a
large dose of what appears to be “cautious common sense” in making recommendations
to patients on when to return to play. For the foreseeable future, this is as good as it gets.

Key messages

+ Fever and acute infection can have effects on exercise and performance that theoretically
could be detrimental, yet conclusive studies are lacking.
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+ The athlete with myocarditis should be withdrawn from competition for at least
6 months.

+ Splenic rupture associated with infectious mononucleosis and sports participation is
an extremely rare event.

+ Assessment of spleen size in most (if not all) cases of infectious mononucleosis is
unwarranted for decisions on returning to play.

Sample examination questions

Multiple-choice questions (answers on p. 602)
1 Acute infection may be associated with
A Muscle protein catabolism
B Negative nitrogen balance
C Tissue wasting
D Rhabdomyolysis
E All of the above
2 Athletes with a diagnosis of viral myocarditis should:
A Bewithdrawn from all competitive sports for at least 2 months
B Always have ventricular function evaluated before return to competitive athletic
training
C Always have an endomyocardial biopsy
D Always have electrophysiologic testing done prior to return to activity
E Not have ambulatory monitoring for arrhythmias
3 The most common return-to-play issue for the athlete with infectious mononucleosis
concerns:
A Airway obstruction
B Epididymitis
C Sore throat
D Spleen enlargement
E Encephalitis

Essay questions

1 How should return to play for an athlete with infectious mononucleosis be managed?

2 What are the primary effects of fever on physiologic function that might affect exercise
negatively?

3 What are the key issues concerning measuring spleen size in a patient with infectious
mononucleosis?

4 How should return to play for an athlete with myocarditis be managed?

Case study 7.1

Sam is a 15-year-old wrestler who became ill 24 h ago. He has a temperature of 39.5 °C,
along with myalgias, chills, sinus congestion, sore throat, nausea, and vomiting. The
regional championships are tomorrow. What are the return to play issues for this athlete?

Case study 7.2
Sarah is a 22-year-old college student who within the last 3 months has had two body
piercings and three tattoos. Within the last week she has been feeling fatigued, along with
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experiencing nausea, anorexia, headache, myalgias and right upper abdominal discom-
fort. She is going out of town tomorrow for a 3-day ultimate Frisbee tournament. What
recommendations can you make to this patient concerning participating in this event?

Case study 7.3

Johnisa 17-year-old football player with a girlfriend with infectious mononucleosis (diag-
nosed 2 months ago). He presents with moderate fatigue of 2 weeks’ duration, sore throat,

cervical adenopathy, and a palpable spleen. His monospot test is positive. The last game of

the season is 5 days from now. Should this athlete be cleared to play for this final game?

Summarizing the evidence

Recommendations for return to activity

Results

Level of evidence”

Fever/acute infection
“Neck check” criteria for return to play
Modification of activity according to sport

Myocarditis

Prevention of development of myocarditis by restriction
of activities during acute viral infection

Return to play with myocarditis

Hepatitis
Return to play based on patient’s symptoms/
clinical condition

Infectious mononucleosis

Return to play criteria based on time since
onset of iliness (3 weeks)

Use of ultrasound assessment of spleen
size for return-to-play decisions

* A1: evidence from large randomized controlled trials (RCTs) or systematic review (including

meta-analysis).
A2: evidence from at least one high-quality cohort.

A3: evidence from at least one moderate-sized RCT or systematic review.t

Ad4: evidence from at least one RCT.

B: evidence from at least one high-quality study of nonrandomized cohorts.

C: expert opinions.

T Arbitrarily, the following cut-off points have been used: large study size: > 100 patients per

intervention group; moderate study size > 50 patients per intervention group.
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CHAPTER 8

Should you play sport with a
congenital or acquired abnormality
of a solid abdominal organ?

Abel Wakai and John M. Ryan

Introduction

Ten percent of abdominal injuries are reported to result from sports-related trauma.! The
spleen and liver are the organs most commonly injured in blunt abdominal trauma, with
each accounting for one-third of the injuries.> Meanwhile, approximately one in 1500
children or adolescents has either a congenital or acquired solitary kidney.? The decision
on whether or not an individual should play sport when it is known that he or she has only
one kidney, or he has only one testis, is a difficult and controversial one. High-grade kidney
injuries (grades IV and V) caused by sports activities have a significant potential to result
in partial to complete renal loss. A devastating high-grade renal injury in a child with a
solitary kidney could ultimately result in the need for chronic dialysis and transplantation.*
In a child with a solitary testis, injury to the testis may result in anorchia, which produces
sterility and necessitates testosterone supplementation. Ideally, therefore, the decision on
restricting children with a solitary kidney or testis from participating in contact sports
should be evidence-based.

Such a decision may often need qualifying. For example, “What is sport?” Clearly, the
risks for participating in snowboarding far exceed the risks involved in noncontact sports
such as bowling, or minimal-contact sports such as fencing. An individual cannot be
expected to make a decision without appropriate advice. Physicians involved in a sport
need to understand the consequences as well as being able to explain them in a structured
manner which the athlete and others understand. This advice must be evidence-based,
with any risk being determinable if possible. It is the responsibility of the physician to assist
an individual in making an informed, evidence-based decision, but the decision should be
ashared one.

Some individuals will have to take the decision on whether or not to continue with a
sport following an injury or loss of an organ, or perhaps the discovery of a congenitally
absent organ. On these occasions, the physician should not neglect the psychological
trauma that may be suffered by athletes discontinuing in sport, particularly those who
participate at a high level. Physicians should be prepared to offer counseling or direct an
athlete for appropriate support.

For many, participation in sporting activities with peers is one of the formative events
in a child’s development, and this fact should not be ignored. Ultimately, the individual
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or his or her parent or guardian will take a risk-versus-benefit decision, which should be
based on the current best evidence. In searching for the evidence, one should look for
the reported incidence of adverse outcomes for athletes with a congenital or acquired
abnormality of a solid abdominal organ who sustain sports-related injuries to these
organs. Intuitively, there is an associated risk for people with solitary organs playing sport.
The consequences of the worst-case scenario of acute renal failure, infertility, and the
ensuing multisystem pathology that can arise following injury are patently obvious. But
what is the incidence of such devastating outcomes? Or can we deduce the incidence so
that we can inform physicians and patients in assisting them in making their decisions?

This chapter aims to examine the incidence, mechanism, and characteristics of abnorm-
alities of solid abdominal organs in sport. In addition, it aims to produce evidence-based
advice on whether or not athletes with a congenital or acquired abnormality of a solid
abdominal organ should be allowed to participate in sport.

Methods

MEDLINE (PubMed interface; 1966 to the present) was searched for literature relating to
sports-related solid abdominal organ trauma, along with cross-referencing from the refer-
ence lists of major articles on the subject. No language restrictions were applied.

Search strategy for liver trauma

#9 Search #3 AND #7 AND #8

#8 Search “Wounds and Injuries” (MeSH)
#7 Search #4 or #5 OR #6

#6 Search sports medicine

#5 Search sports

#4 Search sport

#3 Search #1 or #2

#2 Search liver diseases

#1 Search liver

Search strategy for splenic trauma
#9 Search #3 AND #7 AND #8

#8 Search “Wounds and Injuries” (MeSH)
#7 Search #4 or #5 OR #6

#6 Search sports medicine

#5 Search sports

#4 Search sport

#3 Search #1 or #2

#2 Search spleen diseases

#1 Search spleen

Search strategy for renal trauma
#9 Search #3 AND #7 AND #8

#8 Search “Wounds and Injuries” (MeSH)
#7 Search #4 or #5 OR #6

#6 Search sports medicine
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#5 Search sports

#4 Search sport

#3 Search #1 or #2

#2 Search kidney diseases
#1 Search kidney

Search strategy for testicular trauma
#9 Search #3 AND #7 AND #8

#8 Search “Wounds and Injuries” (MeSH)

#7 Search #4 or #5 OR #6

#6 Search sports medicine

#5 Search sports

#4 Search sport

#3 Search #1 or #2

#2 Search kidney diseases

#1 Search kidney

Incidence

Liver trauma
The liver is the most frequently injured abdominal organ.>® Liver injury accounts for a
third of solid organ injuries in blunt abdominal trauma.? While the majority of adult liver
injuries are due to motor-vehicle accidents, liver injury in children is predominantly due
to bicycle and pedestrian injuries.”® However, there is a lack of information about the
incidence of liver injuries in children, because of inadequate pediatric-injury surveillance
systems.” There are no epidemiological data in the literature on sports-related liver
injuries in children, except for the implication of cycling.”®

Regarding participation in sports for a child with hepatomegaly, the current recom-
mendation of the American Academy of Pediatrics (AAP) Committee on Sports Medicine
and Fitness is a “qualified yes” if the liver is acutely enlarged, noting that “participation
should be avoided because of risk of rupture.” The recommendation for a child with a
chronically enlarged liver is “an individual assessment is needed before collision, contact,
or limited-contact sports are played.””

Splenic trauma
Sports injuries account for 10% of abdominal injuries, with the spleen being the most
commonly injured organ.!” Though the liver is the most frequently injured abdominal
organ, the spleen is the most frequently injured organ in sport, and the most common
cause of death due to abdominal trauma in athletes.'! Splenic rupture may be spontaneous
or traumatic. Traumatic splenic rupture usually occurs as a result of a direct blow to the
left lower chest wall or left upper quadrant of the abdomen. Acute enlargement of the
spleen, most commonly in infectious mononucleosis, results in an increased incidence of
splenic trauma in young males, due to their greater participation in contact sports.!?
Nonsurgical management and splenic preservation have become standards of care for
the management of pediatric blunt splenic trauma.'® The full risks of allowing early return
to vigorous activity following splenic rupture treated with or without splenectomy are not
fully known.'* However, it is possible to return successfully to vigorous sporting activity
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within 3 weeks of splenic rupture, but the athlete has to be closely monitored during the
early phase of return to activity.'

Infectious mononucleosis is a common cause of hepatosplenomegaly in physically
active young adults.'® No strong evidence base exists to support the use of a single parame-
ter to predict the safe return to sports participation for athletes recovering from infectious
mononucleosis.!? Current consensus supports that athletes be afebrile, well hydrated, and
asymptomatic with no palpable liver or spleen. Clinical judgment incorporating these
criteria 1 month after diagnosis has been suggested as a safe predictor for gradual return
to competition.!?

The current recommendation of the American Academy of Pediatrics (AAP) Com-
mittee on Sports Medicine and Fitness is a “qualified yes” if the spleen is acutely enlarged,
noting that “a patient with an acutely enlarged spleen should avoid all sports because of
risk of rupture.”® The recommendation for a child with a chronically enlarged spleen is
a “qualified yes,” noting “needs individual assessment before playing collision, contact, or
limited-contact sports.”

Renal trauma

The kidney is one of the most commonly injured visceral organs following blunt abdom-
inal trauma. Children are more susceptible to major renal injury from blunt trauma than
adults.'® In the pediatric population, recreational sports activity is the mechanism of renal
injury in 2-28% of cases.* These findings have resulted in the controversial restriction of
many children with a solitary kidney from participating in contact sports, although there
are no reports in the published literature of a child injuring a solitary kidney, with result-
ant renal loss, while participating in a contact sport.+1”

The majority of renal injuries in children associated with kidney loss (21 of 28) have
occurred as a result of motor-vehicle accidents, pedestrians being struck by a vehicle or
other objects, and falls.!” Johnson et al. reported no kidneys lost in any contact sports in
a retrospective data base analysis of 49,651 pediatric trauma cases.!” From a survey sent to
pediatric urologists, Sharp et al. reported that American football, hockey and martial arts
are the sports associated with the greatest risk for renal injury.? In contrast, from a retro-
spective chart review, Gerstenbluth et al. reported bicycling, rather than contact sports, as
the most common recreational activity to cause renal injury, and more than half of these
injuries were high-grade.* Another retrospective chart review reported 113 cases of blunt
renal trauma and found that bicycling accounted for 24% of renal injuries, while team
sports were responsible for only 5%.'8 In another retrospective chart review of 15 grade
IV renal injuries, two resulted from bicycling and none from team sports.'°

Compensatory hypertrophy of the solitary kidney, with resultant increased surface area,
may increase the risk of major injury during sports activity.* Of 37 children with kidney
injuries due to various causes, two had injury to a solitary kidney, including a low-grade
renal contusion from playing American football.?’ A retrospective study of 240 cases of
blunt renal trauma included four with a solitary kidney.?!

The current recommendation of the American Academy of Pediatrics (AAP) Committee
on Sports Medicine and Fitness for a child with a solitary kidney is for an “individual
assessment for contact, collision, and limited-contact sports.” Some institutions caution
patients with a solitary kidney regarding the risk of major kidney trauma from bicycling
and recommend they avoid racing or stunt riding, but place no restriction on participation
in team sports, except for ice hockey with body checking.
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Testicular trauma
Testicular trauma is rare. No testicular injuries were reported in a retrospective review of
81,923 cases, of which 5439 were sports-related, in the National Pediatric Trauma Registry
from 50 United States pediatric trauma centers.”? No testicular injuries were reported by
Wan et al. in a retrospective review of 4921 children in a pediatric trauma registry.??
McAleer et al. reported 16 patients (7.7%) with a testicular injury in a retrospective review
of 14,763 patients.'®

Although the incidence of solitary testis (undescended and absent) is unknown, malde-
scent of the testis occurs in 0.8% of boys.* In a retrospective review of 14,763 pediatric trauma
patients, no patient injured in team sports had a solitary testis.'8 Regarding participation in
sports for a child with one testicle (undescended or absent), the current recommendation
of the American Academy of Pediatrics (AAP) Committee on Sports Medicine and Fitness
is an unqualified “yes,” noting that a protective cup may be required in some cases.’

Implications

Clearly, patients who knowingly have one kidney or one testis need to present early for
consultation if they suffer an injury to the flank or scrotum. This is all the more important
nowadays, given the ready availability of advanced diagnostic procedures such as com-
puted tomography, magnetic resonance imaging, and ultrasound. There is also some
evidence that early repair can help preserve hormonal function as well as fertility.

The physiological consequences of testicular trauma are difficult to quantify and are
largely unknown.?® Nolten et al., in one paper, reported an unexpectedly high incidence of
remote blunt testicular trauma among a cohort of infertile men.2®

On rare occasions, sports participants need to consider the medical implications of par-
ticipating in sport, given the coexisting problems that one can find with solitary kidneys.
Rugiu et al. reported a higher incidence of proteinuria and diastolic hypertension in
patients with a solitary kidney.?” All athletes with solitary organ disorder should have a
thorough preparticipation physical examination to look for evidence of other congenital
anomalies or for the presence of comorbidity.

Assessing risk

So who gets injured? It is worth bearing in mind that the risk of injuring a kidney is
paradoxically reduced by 50% in an individual with a solitary kidney in comparison with
someone with both kidneys, as injury is almost always unilateral and the chances of injury
occurring to the side with or without the kidney are equal. A review of the literature reveals
that blunt renal trauma remains an uncommon problem!” and that renal trauma with
significant consequences is even less common. As for testicular injuries, the majority are
sustained in motor-vehicle collisions or assaults and not sport.??

There are few reports of sports-related trauma to the kidney or testis. Considering the
numbers of people who participate in sporting activities, this is perhaps surprising. Thus,
one could suggest that the incidence of renal or testicular damage in sport is very rare.

One needs to perform an extensive review of the literature to find evidence of significant
renal trauma sustained in sport, and a review of English-language journals alone is not
sufficient. For instance, one Czechoslovakian paper reported on 102 cases of renal trauma
over a 22-year period, of which 19.5% were sustained in sport. In 5% of cases, a nephrec-
tomy had been performed.?
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Unofficial participation, training, and “back yard” leisure sport have the same likeli-
hood of injury as participation in organized competitive contact sports. Athletes need to
be informed of the risks of taking part in unscheduled sporting activity where the risks of
injury may be just as high as in competitive sporting activity. The same precautions may
need to be taken in many aspects of daily life. Indeed, it may be that leisure activities are
more likely to produce major blunt renal trauma than supervised controlled sporting
activity, as has been reported in one paper from Japan. Sekiguchi et al. reported two cases
of major blunt renal trauma, one sustained by a 13-year-old-girl in a fall from a bicycle and
the other by a 12-year-old boy in a fall from a tree.”

It may also be that the incidence and potential for significant renal trauma increases
with age. The force that may cause injury is proportionate to the speed and the mass
involved in an injury, which are clearly small in children. This hypothesis is supported by
the findings described in a review of genitourinary trauma in a pediatric population, which
found that surgery was rarely indicated.*

The literature on blunt abdominal trauma sustained during the more common sporting
activities such as football, skiing, cycling and cricket yields specific findings. A New
Zealand paper reporting cricket injuries in children described 66 cases of injury treated ata
children’s emergency department over 5 years. However, only two of these cases were
severe.®! In reporting a series of renal trauma sustained from skiing injuries over a 19-year
period, Skowvron et al. reported that 91% of the patients were male, with a mean age of
27.5 years.>? Thus, within some sports there appears to be an age-related and sex-related
predilection to injury. This may of course be proportionate to the age and sex of par-
ticipants in that sport, but this biased incidence of renal trauma among males should be
pointed out to athletes and their families.

It should be remembered that significant injuries may be sustained by the renal vascula-
ture, which in turn may have significant implications for the viability of a kidney, as shown
by Borrero, who described a left renal artery dissection caused by a football injury.*®

There are few reviews of testicular injury in sport. One study by Lawson reported the
occurrence of testicular injuries among rugby league and rugby union football players in
Australia. Eleven players sustained loss of a testis and three sustained partial loss of one or
both testes over a 16-year period, in a state where an average of 100,000 players per year are
registered. The causes of the testicular injuries were kicking and kneeing, usually during
tackles. At least three injuries appeared to have been intentional. However, the incidence
of significant testicular injury is clearly very small in rugby union and rugby league
football, given the number of participants involved in these games. Furthermore, given
that the incidence of people with single testicles is also small, it would appear that the
chances of someone sustaining a serious testicular injury playing rugby football are very
small indeed.

The low incidence of sports-related testicular injuries may be due to the position of the
testicles, being free and mobile, making them less vulnerable to crush injury and disrup-
tion.?? Furthermore, the use of specific cups design to protect the testis may contribute to
the low incidence of sports-related testicular injuries.??

A review of blunt testicular injury was carried out by Cass and Luxenberg, who reported
a low incidence of orchiectomy and anorchidism during the follow-up.** In another
study in 1991, Cass et al. reported a loss of the testis in 21% of cases treated conservatively,
versus 6% of those explored promptly—reinforcing the importance of presenting early for
evaluation.”
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Sparnon et al. reported two cases of severe scrotal injury in BMX bicycle riding and
suggested that scrotal protection should be worn when participating in jumping sports.>
Indeed, all athletes need to be vigilant if they decide to participate in contact sports and
should wear appropriate protective shields during training and not just during com-
petitive fixtures, as the risk of injury may be at least as great.

Calculating risk

While reviewing the incidence of sports-related solid abdominal organ injuries is relevant,
itis also important to attempt to quantify the risk associated with individual sporting activi-
ties, particularly as all sports do not present the same risk of injury. For example, the risk of
sustaining an injury of the spleen resulting from blunt abdominal trauma while snow-
boarding is significantly greater than the risk while downhill skiing.’” Wan et al. calculated
the mean number of kidney injuries per annum as two (16 injuries per 8 years) and the
kidney injury incidence per year per million children as 6.9 (two injuries per 290,264.25 X
1 million children).?* However, the retrospective nature of the published studies does not
permit easy calculation of the degree of sports-related risk.?? The number of injuries for
each sport alone is insufficient. The total number of participants and factors such as the
number of games played and number of hours spent playing and practicing are relevant
variables in the true calculation of risk.?? Ideally, one would need to follow a large number
of players prospectively and compute the injuries after several sessions to derive a “player-
game” or “player-hour-played /practiced” risk ratio.?? The nature of this type of study and
the low number of reported injuries in retrospective surveys suggest that this would be
a costly and lengthy project that might not necessarily yield any more insightful data.??

Specific risks

In some sports, consideration needs to be given to the overuse consequences of athletes
with a single participation sport. One paper reported ultrasound findings of a 94%
incidence of scrotal abnormalities in extreme mountain bikers.*®

Athletes who have undergone renal transplantation may require advice. Because the
transplanted organ is in a vulnerable position, usually located in the right or left iliac fossa,
itis reasonable to advise against participation in contact sport. If an athlete chooses to con-
tinue to participate, then he or she should be supported in achieving the goal and advised
to use appropriately protective garments, as some standard equipment may be dangerous.
Welch has described the dangers of climbing harnesses that come into contact with the
superficially placed transplanted kidney.* Interestingly, some nephrologists encourage
participation in the majority of sports following renal transplantation, although they
counsel against sports such as rugby football, boxing, and Asian martial arts.*

In a paper on the emergency management of blunt testicular trauma, Mulhall ef al.
showed that many patients present late.*! “At-risk” patients must be strongly encouraged
to attend early following injury.

In attempting to define risk, there has been some attempt to differentiate contact sports.
One paper has classified sporting activities into the following categories:

+ High to moderate dynamic and static demands

+ High to moderate dynamic and low static demands

+ High to moderate static and low dynamic demands

It is possible for physicians to discuss with athletes and their relatives the dangers associ-
ated with particular sports. There is also some evidence that within a sport, playing in a
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particular position may expose one to less injury.*? In providing athletes with solutions,
the physician must incorporate a risk analysis. Solutions should also be suggested as to
which sporting activities may be more suitable. The benefits of sport and exercise are well
described, so participation in low-risk sports may be advisable. Thus, while it may not be
considered appropriate to participate in contact or collision sports, a physician should be
able to advise an athlete on a sport which is suitable. The concept of nonparticipation in all
sporting activities is rarely indicated for any illness, injury, or deprivation. The tradition of
excluding the disabled athlete has now been replaced by the concept of facilitation and
support for the athlete who may be challenged or “disabled.”

Consideration should be given to advising young athletes with one testis to store semen
before taking up or continuing in contact or collision sport.

The viewpoint of the advising physician must be respected. While there is no docu-
mented case of a successful lawsuit against a physician for advice to compete in sport with
one kidney or one testis, there remains a theoretical risk that a physician could be sued. In
particular, the sometimes suggested “apparent waiver of entitlement to sue” by an athlete
may not stand up to scrutiny in a court of law.

Making the decision

Decisions should be participatory and informed, not unilateral or uninformed as has so
often been the case in the past. Strategies in coping with this problem include matching the
missing organ with a sport which might be safest. Furthermore, it could be suggested that
we should now be looking for inclusion in sport for athletes, providing information about
risk and utilizing protective equipment to facilitate the process, rather than the historical
blanket exclusion which was previously so prevalent.

When making a decision, there are a number of groups who must be advised, including
the athlete, his or her coach, families, and sometimes schools. On occasions, one needs to
consider the rights of the handicapped as well as those of children. There is the child for
whom the solitary organ diagnosis is already known, and there is the individual who has
already succeeded in a sport by the time the diagnosis is made. With regard to protection
of a solitary organ in a child, it has been questioned whether or not it is appropriate to
spare an organ but spoil a child with overprotection. The implications and stigmatization
of nonparticipation or wearing of a shield are not insignificant for a child, particularly in
children’s sports, where the forces involved are not very great. Finally, there is the indi-
vidual who haslost an organ through injury or illness and who has to reevaluate a decision
about continuing in sport.

For some, the advice is clear. For example, patients with a single polycystic, pelvi, iliac,
or horseshoe kidney have too great a risk to participate in contact or collision sports, where
the organ is dangerously vulnerable to blunt trauma.

It may be helpful in making the decision to use a classification as described by
The Committee on Sports Medicine and Fitness in the United States and classify
sports into contact/collision, limited-contact, and noncontact sports.” Contact or colli-
sion sports include those in which athletes purposely hit or collide with each other or
inanimate objects, including the ground, with great force. Limited-contact sports include
those in which athletes routinely make contact with each other or inanimate objects,
but usually with less force than in collision sports. In noncontact sports, contact with
other athletes or inanimate objects is either occasional or inadvertent, such as in softball
or squash.
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Ethics

It is not surprising that the question about participation will not be answered by random-
ized controlled trials. Who would willingly volunteer to compete in a trial in which the
outcome is end organ injury or failure as a consequence of participating in sport?

What evidence do we need to enable us to answer the question of who should play sport?
A randomized controlled trial involving two groups of patients who play sport would be
ideal, but is impracticable. Furthermore, on an intention-to-treat basis alone, the power
required for such a study would be too great, given the infrequency with which renal or
testicular trauma is sustained in sport.

One possible study would be to design a trial of patients with a single kidney or testis and
compare the injury rate with another cohort with normal anatomy. However, because of
the large number of variables involved in sustaining an injury, such a study would be
largely impractical. The variables are likely to be too great, as the study would need to
encompass a wide variety of sports and so, to reach statistical significance, it is unlikely
that one would be able to recruit enough people for the study, even before the issue of
ethics is considered.

Benefits of sport

In making a decision about participation, it is important not to deemphasize the value of
sport and assign the same risk to all sports. It is evident that the risks of renal injury will be
greater with sports such as skiing, horse-riding and some sports with missiles such as
hockey and cricket, but many sports do not have the same risk and could probably be
encouraged.

There is a body of opinion which suggests that the greatest cause of significant renal
trauma is sustained in motor-vehicle collisions. But as individuals with a solitary kidney or
testicle are not advised against automobile travel, similarly perhaps individuals should not
be advised against sport.

One should weigh up the value of participation in sport, including the physical and
psychological well-being that accompanies it versus the risk of organ damage. Clearly, the
balance will be tilted against participation in sports such as horse-riding, skiing, and other
collision sports. More appropriate sports may include those in which value is attributed to
an individual from the benefits of exercise and other aspects such as team building for
youngsters involved in team sports.

One must also consider the forces involved. Simple formulae have major significance:
force X mass X velocity. The risk of damage to single organs in sport is associated with the
force of the injury. In cases of blunt trauma, it is clear that the relative risk to a kidney and
testis will increase with age as the components of force increase, for example: size (mass)
and the speed at which participants move, or indeed the speed at which individuals can
project a missile such as a cricket ball or hockey ball.

Discussion

Given the rarity of solitary kidneys or testes in participating athletes, it is not surprising
that the evidence on which to base advice about participation is thin. The available
evidence is low in terms of the hierarchy of clinical evidence, consisting of retrospective
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surveys and chart reviews. The easy advice for the physician to offer is not to play sport.
Such advice implies that an athlete will not suffer any injury and that the physician will not
incur any medicolegal consequences in the future. However, the physician has a duty of
care to advise the athlete in consultation and to offer advice based on evidence. The focus
in encouraging sport should be to look at the opportunities that certain “low-risk” sports
provide, rather than defending the at-risk organ.

Physicians are much more likely to be required to provide advice about return to sports
in patients with an enlarged liver or spleen, because infectious mononucleosis is a
relatively common cause of hepatosplenomegaly in physically active young adults. Again,
the evidence base to support this advice is limited. The current recommendation of the
American Academy of Pediatrics (AAP) Committee on Sports Medicine and Fitness for
children with an enlarged liver or enlarged spleen is limited by the frequency with which
it recommends individual assessment when a “qualified yes” appears. The physician’s
clinical judgment is, therefore, essential for applying these recommendations to a specific
patient.” This judgment involves the available published information on the risks of
participation, the advice of knowledgeable experts, the current health status of the athlete,
level of competition, the position played, the sport in which the athlete participates, the
maturity of the competitor, the availability of effective protective equipment that is
acceptable to the athlete, the availability and efficacy of treatment, whether treatment
(for example, rehabilitation of an injury) has been completed, whether the sport can be
modified to allow safe participation, and the ability of the athlete and parents to under-
stand and accept risks involved in participation. °

It is clear that physicians do not always follow the evidence when advising athletes.
Indeed, there is some evidence that the advice currently offered by physicians remains
dichotomous and indeed may be biased. For instance, Anderson, in a questionnaire sent to
the 1994 membership of the American Medical Society for Sports Medicine, found that
54.1% of respondents indicated they would allow participation in collision and contact
sports for an athlete with a single kidney after discussion of the possible risks. However, the
percentage allowing participation decreased to 41.6% if the athlete was the respondent’s
own son or daughter.*

The evidence for participation or nonparticipation in sport in the presence of a solitary
kidney is largely related to anecdotal reports. There are few papers in which we are able to
judge the incidence. Three points are clear from the literature in favor of participation:

* Blunt renal trauma in sport is rare.!”~!

* When it occurs, it can usually be managed conservatively and the outcome is usually
satisfactory, with no long-term complications.?

+ Trauma to a side without a kidney will clearly cause no renal damage, though there is
some evidence to suggest that single kidneys may hypertrophy and therefore be at greater
chance of injury.*

Consideration should be given to the aim of participation in sport. For instance, if the
intention for a child to participate in a sport is purely for recreational reasons, the decision
about participation will not be as difficult to make as with an adult for whom the sportisa
central part of his or her life or livelihood.

Liability and medicolegal aspects of health care are becoming pervasive in today’s
society. Physicians asked for their opinion, particularly where they agree to a patient with
an abnormality of a solid abdominal organ participating in sport, should ensure they have
kept a proper record of advice given.
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In advising children on participation in sport when the absence of a testis or kidney is
known, it may be that at an early age children can be directed to sports with alow incidence
of potential renal or testicular trauma. Goldberg has suggested that medical, orthopedic
and fitness factors should be carefully evaluated so that interventions can be developed
which will reduce the possible adverse effects of participation.*> He argues that children
should not be excluded from sports unless specific risk-to-benefit ratios are firmly
established.

It could be hoped that in the future, protection will have a greater role for athletes with
a congenital or acquired abnormality of a solid abdominal organ. Improving compounds
and designs may provide easier-to-produce shields that will be more effective and more
user-friendly.

Conclusions

The evidence base to support the decision on whether or not to participate in sport with
a congenital or acquired abnormality of a solid abdominal organ remains limited. In
making the decision, one must have an understanding of the forces involved in any
sporting activity, the mechanisms by which an injury can occur, and the anatomy of a
vulnerable area. One must understand the reliability and practicality of protective shields
and finally balance the desire to participate in a chosen sport with the associated risk.

Summary

+ The spleen is the most frequently injured solid abdominal organ in sports.

+ Renal and testicular injury is uncommon in sport.

+ A decision on participation in sport should be based on evidence from the literature.
« Protective equipment for solitary organs will have an increasingly important role.

Key messages

« It is possible to return to sport within 3 weeks of splenic rupture, under close
monitoring.

+ Gradual return to sports is possible 1 month after diagnosis of acute liver or spleen
enlargement.

+ Renal and testicular trauma in sport is uncommon.

+ Blunt renal trauma sustained in sport is rarely serious.

+ Blunt renal trauma can usually be managed conservatively.

+ Patients with a transplanted kidney need specific advice about participating in sport.

Sample examination questions

Multiple-choice questions (answers on p. 602)
1 A 15-year-old youth with one kidney wishes to play rugby at school.
A He should not be allowed to participate
B There is no need for a preparticipation medical examination
C The kidney will usually be smaller than a normal kidney
D The wishes of his coach should take precedence in making a decision
E Should not be allowed to play any contact sports
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2 Athletes with a solitary testicle:
A Should wear a scrotal guard when participating in contact sport
B Have normal endocrine function
C Require advice about sperm banks
D Are particularly vulnerable to penetrating trauma
E Should have a thorough preparticipatory medical examination
3 Athletes with a solitary kidney:
A Are more likely to suffer blunt trauma to a kidney than someone who has both kidneys
B Usually have a larger than normal kidney
C May be more likely to suffer from hypertension than someone with both kidneys
D Should not participate in contact sport if the kidney is a transplanted one
E Always require surgery when gross hematuria is present following trauma

Essay questions

1 Describe the consequences of loss of function of a solitary kidney or testicle injured
in sport.

2 Classify contact sports according to risk of injury to a solitary kidney or testicle.

3 What strategies are available to athletes with a single kidney or testicle who are
determined to participate in sport?

Case study 8.1

Robert, an ambitious 24-year-old semiprofessional rugby player, was recently involved in
amotorcycle accident when he sustained a significant scrotal injury. His scrotum had been
damaged by a front tank carrier. A clinical diagnosis of a ruptured right testicle was made
and confirmed at surgery. Attempted repair was unsuccessful, and an orchiectomy was
performed. He made an excellent recovery from the soft-tissue injuries. At the start of
a new football season, he is now seeking advice about continuing in sport, as someone
suggested to him that this was not advisable given the risks associated with injury to his
remaining testicle.

Case study 8.2

Michelle, a 20-year-old student, was injured while skiing off-piste. She struck a tree at high
speed and hurt her back. She was airlifted to the nearest hospital for emergency medical
treatment. In the hospital, she was noted to have microscopic hematuria in association
with right flank tenderness. An ultrasound examination was performed, which showed a
normal right kidney but an absent left kidney. She was advised not to ski again because of
the risk to her single kidney, but is seeking confirmation of the appropriateness of this advice.

Case study 8.3

Mr. and Mrs. Smith have brought James, their 6-year-old son, along for advice about par-
ticipating in sport. At a 6-month check, he was noted to have an undescended testicle on
the right side. This was investigated further, and he was found to have testicular agenesis
on that side. They were advised that he should not play sport in the future. His father was
an international athlete, and his parents were keen for James to attend a sporting school.
They are now reconsidering this if he would not be able to participate in sport. They are
looking for guidance on how to proceed.
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Summarizing the evidence**
Recommendation Grade of Level of
recommendation  evidence

For a child with an acutely enlarged liver or spleen, participation D 5

in sports should be avoided because of the risk of rupture

For a child with a chronically enlarged liver or spleen, individual D 5

assessment is needed before collision, contact, or limited-

contact sports are played

1 month after diagnosis of infectious mononucleosis, athletescan D 5

gradually return to competitive sports on the basis of clinical

judgment incorporating the following criteria: afebrile, well-

hydrated, and asymptomatic with no palpable liver or spleen

For a child with a solitary kidney, individual assessment is needed D 5

before collision, contact, or limited-contact sports are played

For a child with one testicle (undescended or absent), individual C 4

assessment is needed before collision, contact, or limited-

contact sports are played

Grade of Level of

recommendation evidence

A 1a SR (with homogeneity*) of inception cohort studies;
CDR validated in different populations

A 1b Individual inception cohort study with > 80% follow-up;
CDR validated in a single population

A 1c All or none case series

B 2a SR (with homogeneity *) of either retrospective cohort
studies or untreated control groups in RCTs

B 2b Retrospective cohort study or follow-up of untreated
control patients in an RCT; derivation of CDR or
validated on split-sample only

B 2c “Outcomes” research

B 3a

B 3b

(¢} 4 Case series (and poor-quality prognostic cohort studies)

D 5 Expert opinion without explicit critical appraisal, or based

on physiology, bench research, or “first principles”

CDR, clinical decision rule; RCT, randomized controlled trial.
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CHAPTER 9

What type of exercise reduces falls
in older people?

M. Clare Robertson and A. John Campbell

Introduction

A third of people aged 65 years and older fall each year, and half of those in their eighties
fall at least once a year.! Falls are the most common cause of injury in people aged 65 years
and older and may result in institutionalization and death.>? Falls are the costliest category
of injury among older people, and the health-care costs increase with fall frequency and
injury severity.* Although guidelines for the prevention of falls in older people are avail-
able,>® the importance of these common events is often overlooked.

Muscle weakness and poor balance have been well established as risk factors for falls in
prospective cohort studies.”™!°

Appropriately targeted exercise programs of sufficient intensity will increase and
improve muscle strength, balance, and endurance in older people.!"'!? Exercises to
improve strength and balance have therefore been central to most falls prevention
programs.

The purpose of this systematic review of randomized controlled trials is to examine the
evidence for the value of exercise in preventing falls and injuries resulting from falls in
older people. Grade A evidence relates to all the studies reviewed in this chapter. This
review updates an earlier publication by the authors'® and the one in the previous edition
of this book, both of which included falls prevention trials with exercise as an intervention,
either used alone or as one component of a multifactorial intervention.

Methods

Search methods

The search included:

+ The Cochrane Musculoskeletal Group specialized register (January 2005)

+ Cochrane Controlled Trials Register (The Cochrane Library, Issue 4, 2004)

* MEDLINE (1966 to January 2005)

* EMBASE (1988 to 2005 Week 8)

CINAHL (1982 to January 2005)

+ The National Research Register, Issue 4, 2004

« Current Controlled Trials (http://www.controlled-trials.com, accessed January 2005)

« Reference lists of articles
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No language restrictions were applied for the trials identified until 2001, but resources
since then have allowed only articles published in English. This search strategy was devel-
oped and used during a systematic review of interventions to prevent falls in elderly people
for the Cochrane Library.'

Data extraction

Studies were reviewed if they met the following criteria:

« Participants were randomly allocated to intervention and control groups.
« Participants were aged 60 years or older.

+ An exercise program was tested as a separate intervention.

+ Details were provided on exercise type, frequency, and duration.

« Prevention of falls and/or fall-related injuries was an aim.

« Falls or falling were reported as an outcome of the study.

The following factors were considered in each study: study design; eligible population;
population agreeing to be randomized; age distribution; setting; inclusion and exclusion
criteria; type, frequency, and duration of the exercise program; co-intervention or con-
tamination; adherence to the exercise program; adverse effects; qualifications of instruc-
tors; measurement of fall events; use of blinding; numbers lost to follow-up; effects of the
intervention and the strength of this evidence; generalizability; costs and cost-effectiveness
of the intervention, and effect on health-care resources.

Quality assessment

The quality of the methodology used in each trial was assessed by two reviewers independ-
ently, using a predetermined scoring system.! Reviewers were not blinded to author and
source institutions, and authors did not review their own studies. Disagreement was
resolved by consensus or third-party adjudication. In addition, we considered the power
of the study and statistical methods used for analysis of fall events.

Results

Thirty articles reporting results from 27 randomized controlled trials meeting the inclu-
sion criteria were identified and reviewed.!>~** The results of one trial were reported both
at 1 year and after 2 years of follow-up,'”'® and a separate article reported an economic
evaluation of the intervention.'” We excluded MacRae et al.,* as the results reported in
this article are for a subset of the sample in the trial reported by Reinsch et al.** We did not
include trials reported in abstract form only. One study was excluded because all the par-
ticipants took part in the same exercise program.*> We also excluded a controlled, but
not randomized, New Zealand trial*® of the Otago Exercise Programme, the same home
exercise program used in three of the included trials.!”!320:3 These four trials were further
investigated in a meta-analysis of individual-level data.*” Three of the trials!'®*"** con-
tributed to data reported in a preplanned meta-analysis of the Frailty and Injuries:
Cooperative Studies of Intervention Techniques (F1cstr) trials.*

Table 9.1 summarizes the study aims, sample, exercise programs used, adherence to the
exercise program, and intervention effects, and gives relevant comments based on the
review of each of the 27 included studies. Four of the trials included costs of the interven-
tion, cost-effectiveness, or costs of health-care resource use as outcome measures (see
Table9.2).
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Chapter 9

Study designs

All 27 trials stated that either individuals, local districts, hospital wards, senior centers,
retirement villages, or long-term care facilities were randomly allocated to intervention or
control groups, but in only seven trials were details provided to describe random number
sequence generation and to indicate that the sequence was concealed until after group
assignment. In 12 trials, there was no mention of the randomization process. Most (23 of
the 27) trials had a parallel-group prospective design, with falls recorded at least monthly
by self-reporting or incident forms. The four trials with a pretest/post-test analysis com-
pared the number of falls either in the month, 2 months, or 12 months before baseline with
those during the trial.?>3>384% Since recall of falls is known to be inaccurate,***° diaries or
postcard calendars filled in daily are recommended.

There were a variety of definitions of a fall used in the trials, while nine of the trials did
not provide a definition. One trial used two different definitions*® and one trial cited refer-
ences for two conflicting definitions.”> Length of monitoring of falls varied from three
of 25 months. In 10 studies, the period of falls monitoring extended past the end of the
intervention phase of the study; the length of the postintervention phase ranged from 3 of
16 months.?>-26:30:32:38:404143 Ope study reported falls for the second 6 months (postinter-
vention phase) of the study only.?® The incidence rate of falls can be seasonal, so that at
least 1 year is regarded as the optimum time for monitoring falls in intervention studies.

In 22 studies, the control group was involved in an activity not likely to reduce falls, or
received routine care. Two trials compared conventional physiotherapy with a physical
therapy program designed to enhance strength?? or balance,*’ one compared participants
receiving a home program with those who attended additional group sessions,”* and two
tested exercises in a workstation format? or the addition of treadmill gait exercises® com-
pared with traditional community based exercise classes.

Study samples and settings

The total number of participants in the 27 trials was 5169 with sample sizes ranging from
16 to 1090 participants. Four studies investigated the effect of exercise in women
17:18.23.27:35 and one included men only.?” Eleven studies reported including people

15,16:20,25,27.28,30,31,34,38:40 an d in one study participants were aged 80 years

only
aged 6070 years,
and older.!”8

The majority of studies (16 of the 27) involved independent, community-dwelling older
people, three were in those living in retirement or congregate living facilities,?®3>4 and
three in long-term care residents.?*>3 Other trials recruited participants from hospital
wards,?? a falls clinic,** a geriatric rehabilitation outpatient unit,?* or participants were
a combination of long-term care residents or outpatients and those living independently
in their own homes.?**? In 17 studies, one or more risk factors for falls, such as reporting
afall in the previous year or assessment scores indicating impaired physical function, were
used as entry criteria, whereas the remaining 10 studies recruited a more general sample.
One study each recruited consecutive hospital patients,?? participants who had previously
been selected randomly for an ongoing epidemiological study,?” or a random selection
from a health-maintenance organization.'?

Analysis and reporting of results

The formal quality assessment summary scores for the 27 trials ranged from 0.55 to 0.88
of the possible total score. In addition, we noted that a prestudy sample size calculation
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Exercise to reduce falls in older people

was reported for only 12 of the trials, so that it was sometimes unclear whether the trial
was considered powered for falls or an intermediate outcome. It was common for all falls
to be recorded during the trial, but only the first fall for each participant to be used in
analyzing for efficacy of the exercise program, thus wasting useful information. The aim
of a falls prevention program is to reduce the number of falls, so that the use of time to
first fall, or the proportion of fallers versus nonfallers as outcomes, limits the value of
the study.

Statistical approaches used for testing the efficacy of the exercise program and the
manner in which the results were reported differed. Although use of an intention-to-treat
analysis was often stated, data from all the study participants were not always included in
the analysis. It is important to take into account variable individual follow-up times since
bias will result if the total time falls are monitored in the exercise and control groups
differs. Statistical techniques are available for including all falls in the analysis right up
until the time the person withdraws from the study, dies, or completes the study.>! These
techniques take into account individual follow-up times, the nonnormal (Poisson type)
distribution of falls, and can adjust for clustering in the study design.

A checklist for reporting randomized controlled trials is available from CONSORT,>?
and recommendations for reporting and analyzing factorial®® and cluster-randomized®*
trials are available. The international collaborative group Prevention of Falls Network
Europe (ProFaNE) has published recommendations for measuring outcomes and report-
ing results in falls prevention trials.” It is important to consider these recommendations
and appropriate analytical techniques at the trial design stage.

In the following sections, we have concentrated our comments particularly on the
efficacy of the exercise program in reducing falls, on the 19 studies reporting an analysis of
fall events during the complete trial period for more than 50 participants, in order to avoid
undue emphasis on studies perhaps more correctly described as pilot trials.

Effects of exercise programs on falls and injuries
A significant reduction in the number of all falls during the study was demonstrated in six
of the nine studies with analysis of multiple falls and adjustment for variable monitoring
time of individuals in the trial.!>~1828:3643 The relative reduction in the number of falls
achieved for those receiving the exercise program compared with the control group
ranged from 22% to 47.5%. The remaining 10 trials with an analysis of fall data for more
than 50 participants, presented results based on the first fall per person during the trial.
One of these 10 studies showed a significant, 18% reduction in the risk of having at least
one fall during the trial as a result of the exercise program.?! All seven successful trials
involved independent, community living people, with selection criteria based on falls risk
used in three of the trials.'>~!® In two successful trials, the exercise program (the Otago
Exercise Programme®®) was delivered individually at home by a physiotherapist or a com-
munity nurse trained and closely supervised by a physiotherapist,'”"!3% and the remaining
five successful exercise programs were center based.!>!021:2843 Improvements in scores for
physical function assessments, when reported, did not guarantee a reduction in falls.
Owing to the low number of serious fall injury events such as fractures, the studies, even
in meta-analyses, lacked sufficient power to determine whether exercise had a beneficial
effect on serious fall injury risk.*”*® One study reported a significant reduction in moder-
ateinjuries in the exercise group compared with the control group at 1 year!” and 2 years, '8
and one reported a reduction in serious injuries.*®
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Chapter 9

Exercise program components

The interventions included muscle strengthening or resistance, balance and gait training,
aerobic, endurance, coordination, functional task training, flexibility, stretching, and
relaxation exercises; computerized balance platform or treadmill training; tai chi; the
“stand up/step down” procedure; and walking, as well as combinations of these activities.
Most were a specific set of exercises beginning with a warm up, with a set number of
repetitions or time allocated for each exercise. Two programs were described as “high-
intensity,”>»* one as “intense,”** and one as “low-intensity.”>* In the group exercise
programs, class sizes were generally small (five to nine participants). The qualifications or
training of the instructors were not always reported, but included physiotherapists,
“trained” exercise physiologists, postgraduate exercise physiology students, “experienced”
tai chi instructors, physicians, and nurses, with specific training programs of up to a week.

The exercise programs in the seven successful studies can all be described as “moderate”
intensity.!5-18213643 Successful programs included at least four of the following seven features:
1 Strengthening exercises carried out against resistance (ankle cuff weights, Thera-Bands,
weights machines).

2 Dynamic balance exercises and/or tai chi.

3 Endurance or aerobic exercises or walking outside.

4 At least some exercises based on activities of daily living (chair stands, stair climbing,
reaching, weight transference).

5 Coordination activities (dance steps, ball games).

6 Individual tailoring of exercises to the person’s functional ability.

7 Progression in the difficulty and complexity of the set of exercises.

The frequency of the successful group exercise sessions ranged from 1 hour per week
with participants also encouraged to exercise at home,?! to 1 hour, three times a week.'® In
the three randomized controlled trials of the Otago Exercise Programme, participants were
expected to exercise at least three times a week (about 30 min per session) and to walk, if
walking outside could be done safely, at least twice a week for 30 minutes. !”18:20:36

Adherence to exercise programs
An exercise program may be designed to address the common risk factors for falls, but
adherence to the program is critical for its success. Most studies reported adherence
although some did not give specific details; there was no standard definition of adherence
or standard method of measurement. Adherence was measured using exercise calendars
filled in daily by the participant, or by recording the number of group sessions attended.
One study reported the average increase of weight training loads at 6 months as an indica-
tion of adherence'® and another assessed a random selection of participants using a struc-
tured observation schedule.*” Adherence after exercising for 1 and 2 years will provide
a better indication of program acceptability than measures after shorter time periods. One
trial reported 27% (31 of 116) of participants from the original sample of 233 still carrying
out exercise sessions at least three times a week at 2 years. '8

Programs should be acceptable to older people to ensure adherence, and this needs to be
considered at the exercise program design stage.”” One program included both exercise
calendars and monthly telephone contact from the instructor as part of the program pro-
tocol with the aim of maintaining motivation.*® It is not known whether a home-based or
group approach is more acceptable to older people and it may differ from individual to
individual. Offering a choice of both approaches may enhance adherence.
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Adverse effects of exercise

Several studies briefly addressed adverse events.
statements that “exercise-related injuries were infrequent and not an important cause of
dropouts”'®and that “The exercise program was found to be safe, with no medical incid-
ents occurring [during group exercise].”%’

Only two studies included an in-depth investigation of potential adverse events in the
study design. Adverse effects of exercise in long-term care residents were monitored by
research assistants, blinded to group assignment.’! There were no significant differences in
severe soreness, bruising, and fatigue between participants receiving physical therapy and
those in the control group. Intervention participants reported moderate muscle soreness

16,23,27,31,32,36-38,44 Examples included

at 7% of the physical therapy sessions, but physical therapists reported no injuries during
the exercises. In the home-based study of high-intensity strength training by Latham et al.,
coding of adverse events was by blinded assessors.?® All participants were also asked to rate
their degree of pain every week using a four-point Likert scale. After the 10-week interven-
tion of quadriceps exercise against resistance, participants in the exercise group had more
episodes of back or knee pain which was directly attributable to the exercises, a significant
increase in self reported fatigue, and lower scores in the vitality component of the SF-36,
compared with controls. Exercise programs of moderate intensity can be carried out safely
in older people with moderate disability and intact cognitive functioning, and also in frail
institutionalized older people with intact cognitive functioning, under careful supervision
from a physiotherapist.

Economic evaluation within the studies
Three of the studies reviewed reported the cost of the intervention in the article
a subsequent publication.!” One study reported hospital admission costs as a result of

3136 o1 in
fall injuries during the trial,'!® and three studies included total health-care service costs
as outcome measures in the trial.!®!>3! For two of the trials, a comprehensive economic
evaluation was carried out and the cost-effectiveness of the intervention established.!**®
The authors limited the time horizon to the duration of the trials and did not attempt to
forecast costs or consequences of the intervention into the future. Table 9.2 provides
a summary of the results.

One study reported the charge for the physical therapy intervention delivered to nurs-
ing home residents and estimated health-care costs for all participants during the four
month trial.*! Buchner et al.!® estimated health-care use and costs after the first 6 months
of the trial because exercise participants (but not controls) were asked to delay elective
procedures until the end of the supervised exercise period. Hospital use was similar in both
exercise and control groups, but control participants were more likely to spend more than
three days in hospital. One study showed that fall-related injuries accounted for a substan-
tial proportion (27%) of all hospital admission costs for study participants during the two
year trial."’

The cost-effectiveness of the Otago Exercise Programme has been established in the
research setting,'” and in two routine health-care settings—a community health service®®
and general practices.* In the trial of this intervention in those aged 75 years and older in
a community health-service setting, this program was shown to be more cost-effective in
a higher risk group.*® There were fewer serious injuries in the exercise group resulting
from a fall during the trial (P =0.033), and this resulted in health-care cost savings for
those 80 years and over receiving the program.
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Discussion

We reviewed published results of randomized controlled trials of exercise programs used
alone as an intervention aimed at reducing falls, or reducing the risk of falls and falls-
related injuries. We found 27 trials meeting our criteria, 19 of which reported analysis of
fall data from more than 50 participants. Seven of these 19 trials reported a statistically
significant reduction in the number of falls (rate or risk of falls reduced by 22% to 47.5%)
or fallers (18%) in the exercise compared with the control group during the trial. Our
findings update those of previous systematic reviews of falls prevention interventions by

other authors, but the overall findings concerning exercise programs are similar.> 4%

Implications of the evidence
We found good evidence that appropriate exercise programs can decrease the number of
falls both in carefully selected and general groups of older people. The study by Latham
et al. provides a cautionary message here.”> More harm than benefit resulted from pre-
scribing a high-intensity quadriceps strengthening exercise to patients leaving hospital. In
all other studies, the exercise program appeared safe and acceptable to participants. In one
study, effectiveness continued for a second year in those who continued to exercise.'®
There is a need to identify which components of an exercise program are most effective
in lowering falls risk. A wide variety of types of exercise interventions have been tested
using different combinations of frequency and duration of sessions. Studies successfully
lowering falls have used a home-based strength and balance retraining program, a center
based endurance and strengthening program with individual supervision, and small
groups or community exercise classes carrying out combinations of strength, balance, and
functional activities, or tai chi. A meta-analysis of the seven FICSIT exercise trials suggests
balance may be more effective in lowering falls risk than the other exercise components.*®
The Otago Exercise Programme™ has now been tested in four controlled trials, and a
total of 608 men and women from 64 general practices in nine centers in New Zealand
have received the program.!7-18:20:36:46 A meta-analysis showed that overall in the four trials,
both the number of falls and the number of injuries (serious and moderate combined)
were reduced by 35%.*” This moderate intensity program resulted in the greatest absolute
reduction in falls and injuries in those aged 80 or over with a previous fall.
The authors consider that the following factors contribute to the success of the
program:
+ The program is individually tailored and prescribed by a trained health professional.
+ The specific set of exercises stress both strength and balance (ankle cuff weights from 1 to
8 kg are used for resistance; dynamic balance exercises are used).
+ The exercises progress in difficulty and complexity.
+ The exercises include functional activities and a walking plan is included if appropriate.
+ Supervision of instructors by an experienced physiotherapist maintains the quality of
program delivery.
« Participants were invited to take part by their general practitioner.
+ Exercise calendars, and monthly phone calls throughout the year from the instructor,
help to maintain motivation.
+ Clients can include home-bound frail people, who have more to gain from the program
than fitter people in terms of improving strength and balance above critical thresholds
required for stability in carrying out daily activities.
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We suggest that researchers make their successful exercise program details available for
those running falls prevention programs in both community and institutional settings.
The Otago Exercise Programme, our home program of muscle strengthening and balance
retraining exercises, has now been published in manual form and can be ordered by health
professionals from the ACC New Zealand web site (www.acc.co.nz).”® Publication of
successful programs in a practical, low-cost format may go some way to discourage the
current widespread use of programs with no evidence for effectiveness.

Study factors diminishing benefit

Twelve of 19 studies reported no statistically significant reduction in falls compared with
the control activity, although reductions in falls from 1% to 79% were reported in nine of
these 12 trials. We consider that the following factors contributed to effectiveness not
reaching statistical significance. Most negative studies lacked sufficient power to detect
a reduction in falls, even in some that stated falls were a primary outcome measure. In
several trials, the study numbers were low, particularly in those in which the control group
activity was also likely to reduce falls, or where follow-up time was short and therefore the
number of falls was low. Some studies extended the time for monitoring falls long after any
beneficial effects of the intervention would be expected. The exercise programs used may
have been of inadequate intensity to modify falls risk factors, as demonstrated by the lack
of a significant change in intermediate variables. Exercise may be less effective in fall pre-
vention when there are other significant risk factors for falls present that are not influenced
by exercise. For example, in a younger sample of men and women on psychotropic drugs,
exercise was less effective in reducing falls than in older, frailer populations.?*® One study
reported modest improvements in physical function following one on one physical
therapy targeted at frail nursing home residents, but with no effect on falls.>! While
intermediate outcomes improve in frail institutionalized elderly people following high-
intensity strength training,*® falls may not decrease because other risk factors may not
improve. Lastly, study compliance or exercise adherence may have been too low across the
sample as a whole when analyzed on an intention-to-treat basis. Using the first fall only for
each participant in the analysis did not optimize power in these studies.

Exercise as a component of multifactorial interventions

There is good evidence that exercises are of value in falls prevention when part of a com-
prehensive package, in the community, long-term care settings, and hospital wards.®!=%3
The components of these exercise programs are the same as in successful exercise pro-
grams used as the only intervention. However if a multifactorial intervention is successful
in reducing falls, it is not possible to determine which of the components contributed to
the success. Tinetti ef al. investigated the effectiveness of a multifactorial intervention pro-
gram on the number of falls risk factors and concluded that a change in balance score of 1
(possible scores ranged from 0 to 12) was associated with an 11% reduction in the fall
rate.® It is probable that in this particular trial, the exercise program would have had the
greatest effect on balance.

One particular group of elderly people, those with cognitive impairment or dementia,
remain a challenge. One multifactorial study aimed the intervention specifically at
this group and recorded improved gait speed, reduced environmental hazards and
carotid cardioinhibitory sinus hypersensitivity, but there was no reduction in the number
of falls.®®
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Health-care resource use

We would encourage researchers to report the cost-effectiveness of their falls prevention
interventions. It is important that decision-makers and health-care providers take into
account both costs of delivery and the benefits of the program when considering various
possible fall prevention initiatives. If exercise programs are effective in reducing falls and
injuries resulting from falls, it follows that a reduction in health-care service use could
result, but studies reporting health-care costs lacked adequate power to demonstrate cost
savings. However, two studies did report a reduction in health-care use as a result of the
intervention.'®3¢ Reductions in falls should reduce the number of fall-related injuries but
there may be a difference in the degree of reduction. An exercise program may improve
protective responses at the time of the fall. A long-term exercise program may improve
bone mineral density. On the one hand, a fitter, quicker group of elderly people may fall at
greater speed while about their daily activities.®® On the other hand, active older people

may spend less time in hospital.'®

Conclusions

The wide variety of exercise interventions tried does enable us to draw some conclusions.
Appropriate exercise programs can decrease the number of falls and fall risk in random-
ized controlled trials of community dwelling people but certain conditions need to be met.
For maximum effect the population needs to be right—not too fit and not too frail. With
increasing age, there is a progressive loss of muscle strength and stability, but the weakness
needs to reach a certain point or threshold before daily functions are affected. It is possible
that around this threshold small increases in strength have a disproportionate effect on
function, and exercise programs are most effective. There is trial evidence that the same
exercises used in younger populations have not been as effective as in older groups.*’

Exercise interventions used on their own have not yet been shown to lower the risk of
falling in people in institutions, but have been a component of successful multifactorial
interventions in long-term care and in a hospital setting.62¢3¢7

Although the most common components of successful exercise programs to reduce falls
were moderate-intensity strength training against resistance and dynamic balance retrain-
ing, a similar proportion of unsuccessful programs also included these exercises. The
unsuccessful studies were more likely to have a smaller sample size, shorter intervention
phase, shorter follow-up time, a higher dropout rate, or recruited younger participants ata
lower risk of falling.

The exercises need to be of sufficient intensity to improve muscle strength. We suggest
that most investigators, including ourselves, initially underestimated the capacity of older
people to manage weights. Balance retraining should be an important component of any
exercise program designed to decrease falls. This may consist of specific dynamic balance
retraining exercises or be a component of a movement form such as tai chi. Exercising
needs to be regular and sustainable. There is no good evidence of benefit beyond the
period of the exercises, but continued participation can lead to sustained lower fall risk at
least up to 2 years.'8

Summary
« Seven of the studies reviewed provided good evidence that exercise programs delivered
athome or in a group setting can reduce falls in community dwelling older people.
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+ Successful programs were of moderate intensity and used various combinations of
strength and balance retraining exercises, endurance training, tai chi, and activities to
improve coordination and reaction time.

+ There were no successful exercise programs used alone for falls prevention in long-term
care facilities or hospital wards.

The exercises may be performed at a center or at home. Home exercises are suitable for
a frail, less mobile population without easy access to transport. They are safe if properly
established by a trained instructor, but the supervision is less than with a center-based pro-
gram. A center-based program does have the additional value of social interaction, which
has important beneficial effects in its own right.®

If the exercises are part of a public health program to be introduced widely in the com-
munity, they should be simple, easily instituted, and low cost. Elderly people involved in
falls prevention exercise programs are prone to intercurrent illness, accident, and social
change. Programs need to have the resources to reassess and restart. They should also be
planned for long term use. If the exercises are part of a program of falls prevention in a per-
son presenting with falls, then the exercises must be part of a full assessment of the person’s
risk factors and treatment. Exercises are of value in falls prevention when part of a com-
prehensive package.®!

Summary

* Negative studies were more likely to be as a result of inadequate power than differences

in the exercise program components.

+ This makes it difficult to contrast positive and negative studies in order to determine the

types of exercises contributing to effectiveness.

+ No falls prevention study with an exercise intervention used alone has had sufficient

power to demonstrate conclusively a reduction in serious fall injuries such as fractures.

+ Two exercise interventions have been associated with reduced health-care resource use.
More trials are required to determine the combination of exercise type, frequency,

duration, and intensity most effective in lowering falls risk in different groups of older

people. However, the effectiveness of new exercise programs in reducing falls would need

to be tested against existing programs and large study numbers would be needed to show

any increased benefit from the new program. Alternatively, studies could use intermediate

outcomes such as compliance or strength and balance measures, but these were not always

predictive of success in reducing falls in the studies included in this review. It is important

to establish the cost-effectiveness of new programs and ensure ease of replication beyond

the research setting.

Exercise programs designed to prevent falls in older people have two important advan-
tages. Falls are very common, so programs are likely to be cost-effective when compared
with other public health measures in this population. Exercise is also beneficial to the
participants in additional ways such as decreasing fear of falling, improving functional
reserve by increasing strength and in improving other important health areas as varied as

cardiovascular health,® sleep,’® depression,”! mortality,*® and quality of life.”?

Summary
« Exercise programs of moderate intensity can be carried out safely by older people living
independently in the community and by long term care residents.
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+ Exercise sessions must be regular and sustained to be effective.
+ More quality trials are required to determine the combination of exercise type, frequency,
duration, and intensity most effective in reducing falls in different subgroups of older people.

Key messages

+ Many different risk factors contribute to falls, but muscle weakness and poor balance
underlie most falls.

+ The most common components of successful exercise programs to reduce falls are
moderate-intensity strength training against resistance and dynamic balance retraining,
but there are insufficient good-quality negative studies to determine whether some types
of exercises are ineffective.

« Exercise programs that are individually tailored, progress in difficulty, and target care-
fully selected groups at high risk have so far resulted in the greatest absolute reduction in
falls and injuries.

+ Those running falls prevention programs in particular settings or subgroups of older
people should use evidence-based interventions.

+ To facilitate this, researchers should make the necessary program details available.
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Sample examination questions

Multiple-choice questions (answers on p. 602)
1 Falls prevention exercise programs work on which of the following premises?
A Muscle strength and balance are common risk factors for falls
B Exercise must be continued to be effective
C Only fit elderly people should take part
D Strength training should be a gentle, optional extra exercise
2 Proven benefits of exercise programs in older people to date include:
A Decreased fear of falling
B Reduced admissions to rest home
C Improved functional independence
D Reduced hip fractures
3 Inasystematic review on falls prevention, which electronic databases would be searched?
A Web of Science
B Ovid
C Generator
D Cochrane Database of Systematic Reviews

Essay questions

1 Are falls prevention interventions that target multiple risk factors in older people more
effective than those that target single risk factors?
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2 Discuss the advantages and disadvantages of high-intensity, high-frequency exercise
interventions compared with low-intensity to moderate-intensity and frequency pro-
grams designed to prevent falls and injuries in older people.

3 Design a program you consider would be successful in reducing falls, and a protocol to
assess the effectiveness of the program, for frail institutionalized elderly people. Would
this program be suitable for residents with cognitive impairment?

Case study 9.1
P.S., a 65-year-old woman, presents to her general practitioner with a painful wrist. She is
normally fit and well and on no medications except for the occasional sleeping tablet. She

was on her way to visit the optometrist when she tripped on the kerb and put her hand out
to break the fall.

Case study 9.2

A.M., an 83-year-old woman, is admitted from a nursing home following a fall with a
resulting fractured neck of the femur. Her history is obtained from the nursing staff, as
AM. suffers from mild dementia. She is normally fit and active and independent with
activities of daily living (ADLs). Usual medications include: gliclazide, calcitriol, digoxin,
metoprolol, doxepin, and furosemide. According to the staff, A.M. never lost conscious-
ness, but collapsed when trying to rise from a chair using one crutch. She landed on her left
hip, immediately complaining of pain, and was unable to walk. She said she was not dizzy
or nauseated at the time of the fall.

Case study 9.3

J.K., a 78-year-old man, was found by his wife unconscious on the floor of the bathroom.
He had a wound to his forehead. He has a history of angina, heart disease, heart failure,
chronic obstructive respiratory disease (CORD), non-insulin-dependent diabetes melli-
tus (NIDDM), all poorly controlled on maximal therapy. He recently gave up smoking,
but still drinks one or two pints of beer a day. His wife has observed that he has been less
active of late, with weight loss and reduced appetite for 6 months. Medications include
digoxin, furosemide, captopril, temazepam, glyceryl trinitrate (GTN) spray, prednisone,
salbutamol (Ventolin) and beclomethasone (Becotide) inhalers, and insulin.
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CHAPTER 10

IS there a role for exercise in the
prevention of osteoporotic fractures?

Gladys Onambele-Pearson

Introduction

Loss of balance has previously been associated with increased postural sway! and incidence
of falls,> and subsequently, to fractures.® It is in fact estimated that generally speaking,
every 3 minutes someone has a fracture due to osteoporosis. Given the apparent interac-
tion between osteoporosis and falls,* identifying risk groups for falls is an important factor
in relevant public health policies, and determining the main contributors to fractures
should be a crucial part of targeted rehabilitation strategies.

What is osteoporosis?

The bones in our skeleton are made of a thick outer shell and a strong inner mesh filled
with collagen (protein), calcium salts, and other minerals. The inside looks like honey-
comb (holes in effect), with blood vessels and bone marrow in the spaces between bones.
Bone is alive and throughout life, it is continually renewing itself through a process known
as remodeling or bone turnover. Remodeling is when old, worn out bone is broken down
through the activity of cells called osteoclasts and replaced through the activity of cells
called osteoblasts. In healthy bone, there is a balance between the rates of bone resorption
(i.e., bone breakdown) and osteogenesis (i.e., bone formation) so that bone mass is main-
tained. Even in the adult skeleton, 10% of the structure is remodeled each year.

Peak bone mass is achieved by the age of 30 years. After skeletal maturity, the rate at
which bone is broken down increases and exceeds the rate at which bone is formed, result-
ing in a rate of bone lost of about 1% per year and often leading to osteoporosis and the
associated increased risk of fracture. It should be noted here however that the concept of
measuring bone quality relative to a peak bone mass, itself linked to chronological age, is
slowly being superseded by a new concept where bone mass should be assessed in relation
to bone size or muscle function.’

Osteoporosis literally means “porous bones.” A systemic skeletal disease characterized
by a bone mass lower than the average (i.e., < 2.5 standard deviations below the mean®)
and microarchitectural deterioration. Osteoporosis is therefore associated with increased
bone fragility and liability for bone to break easily. As this condition is symptomless until a
bone is broken, it has traditionally been difficult to pinpoint which individuals have fragile
bones prior to fracture occurring.

Research has associated certain factors with increased bone loss, including:

+ Acute and long-term physical inactivity, as seen during limb immobilization, paralyzed
limbs in poliomyelitis and after stroke, and spinal cord injury.
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+ Space flight (i.e., microgravity) and/or prolonged bed rest.

+ Cigarette smoking.

+ Poor diet (particularly one low in calcium and vitamin D, and high in alcohol), anorexia
nervosa.

+ Family history.

+ Use of oral contraceptives

+ The menopause.

+ Hysterectomy, with ovaries removed, before 45 years of age.

+ Low testosterone levels in men.

+ Endocrine disease—Cushing’s syndrome, diabetes, hyperthyroidism.

+ Long-term use of drugs—steroids, thyroxine, diuretics.

It should be noted, nevertheless, that low bone density, although it is regularly associated
with increased fractures risk,” should be considered as a risk factor for fracture and not a
foregone conclusion. In other words, there will be people who have low bone density but
never experience a fracture,® and conversely there are cases where fractures occur despite
the patient not having particularly low antecedent BMD measures.’

General preventative and treatment guidelines for osteoporosis

The general guidelines to try and prevent the condition include either:

+ Optimization of peak bone mass through dietary calcium and bone formation agents
(e.g., fluoride, parathyroid hormone), or:

+ Reduction of the rate of bone loss through hormonal replacement therapy (HRT, estro-
gen receptor modulators), bisphosphonates, lifestyle, adoption of moderate alcohol
intake, and no smoking (Fig. 10.1).

The value of exercise as an intervention for the prevention of excessive bone loss is a some-
what controversial subject. It is therefore the purpose of this chapter to review the role of
exercise in maintaining bone density. The potentially adverse effects to the skeleton of
excessive exercise are also considered.

T Bone quality

Reduction of rate Optimization of
of bone loss peak bone mass
[ ,_k_‘
1 Anti-resorptive agent, e.g. 1 Moderate Dietary .
) Exercise
oestrogen replacement therapy, alcohol calcium
oestrogen receptor modulators intake
and bisphosphonates 2 No smoking
2 Bone formation agents, e.g.
fluoride, parathyroid hormone

Figure 10.1 General guidelines for preventing/reversing osteoporosis.
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Methodology

The studies were selected from MEDLINE and ISI Web of Knowledge (V1.2) searches.
The first two searches using the Medical Subject Headings (MeSH) terms “osteoporosis
AND exercise AND fractures,” and “BMD AND physical activity” returned a great number
of hits (601 and 585, respectively). It was beyond the scope of this review to cover all
this research. Thus, a more detailed search of “osteoporosis AND exercise AND fractures”
with an inclusion limit of “randomized controlled trial” (n = 18) was used. To this we
added the results of “osteoporosis AND HRT anD exercise” (inclusion limit of “clinical
trial”, n = 11, and reviews, n = 20). Intervention studies had to meet the criteria that there
was a suitably matched control group and that detail of the exercises were given. In all
cases, in addition to the MeSH limits, particular emphasis was given to a) the most recent
review papers, b) representative samples of key intervention studies—i.e., the earliest study
in a particular subject area. Material already known to the author was also added to the
discussions.

Muscle properties in older age

There are many factors other than bone strength that can predispose a person to falls and
fractures. These include inadequate strength of the muscle—tendon complex, lower limb
asymmetry in strength and power, decreased joint flexibility, slow reaction time, and
decreased functional ability owing to lack of practice and/or pain.!?12

Age-related muscle atrophy is a primary factor in impaired muscle performance in the
elderly.!® The extent to which deteriorations in muscle performance can be reversed
through increments in physical activity levels, has been shown to help in partly reversing
the frailty of elderly subjects through neuromuscular adaptations to the training
stimulus.'!> It was recently shown, in a group of elite weight-lifters as old as 89 years, that
even though lifelong muscle-strengthening work does not stop muscle-strength losses—nor
indeed does it slow down the normal rate of loss in muscle strength—it still provides a
20-year strength advantage for the trained individuals in comparison with age-matched
sedentary peers.'® These findings thus suggest that, with the appropriate safety precautions
(i.e., exercises to be introduced gradually into classes after an initial, progressive, skill-
specific training period to allow soft-tissue adaptation and the requisite safe technique to
be learnt), older populations are as trainable as their younger counterparts and should
therefore not be discounted where training intervention strategies are considered as a
possible therapeutic route. Aside from the potential importance of muscle strength in fall
risk, a good muscle mass may also be protective against fracture after a fall, as the tissue can
act as a cushion absorbing some of the impact forces. Strategies aimed at preventing bone
loss should therefore also aim to strengthen muscle.

Exercise and fractures

In response to the question of what kind of exercise is best for keeping bones healthy, the
National Osteoporosis Foundation suggests that 20-30 minutes three times a week of
weight-bearing exercises (e.g., weight training, stair climbing, walking, running, jogging,
dancing, aerobics, racquet sports, court sports and field sports) are the best for keeping
bones healthy. What is the evidence behind this recommendation?
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Evidently, the recent consensus for the effects of exercise on bone strength appear to be
that the type of loading is a major factor in determining whether exercise will have a
positive, or a negative impact on bone quality, where this refers interchangeably to bone
mineral density (BMD) or bone mineral content (BMC). It would appear, for instance,
that whilst endurance cycle training has been associated with up to 10-17% decrement in
bone quality, weightlifters and sports boxers on the other hand are reported as exhibiting
a higher bone quality in comparison with aged-matched sedentary controls.!” Similarly,
it is not clear whether the “transference” of the benefits of muscle loading (for example,
loading the lower limbs) onto the rest of the skeletal mass (example of BMD of the radius)
occurs,'®1 thereby putting into question the systemic value of exercise loading unless all
skeletal sites are loaded separately.

The rationale for muscle strength to be involved in bone quality often comes from the
observation that the same conditions that are associated with bone loss are also associated
with concomitant decrements in muscle strength?® and size (see factors associated with
increased bone risk in the “What is osteoporosis?” section above), thereby increasing the
likelihood of a causal relationship between decreased muscle strength and size, and
decreased bone quality. Both animal and computer models indicate that when muscle
force decreases, significant degradations in bone density occur.?! In addition, a study of
185 women with an average age of 81 showed that increments in trunk weakness (which is
related to vertebral fractures) can be successfully reversed in a structured physical activity
regime.?? The current paradigm is therefore that the most important mechanical feature of
load-bearing bones is that they are modeled relative to the amount of customary voluntary
loading. In other words, bone quality is intrinsically linked to the level of mechanical
stimuli applied by the skeletal muscle.? It should be noted here that body weight by itselfis
not sufficient to create the loading levels necessary for an osteogenic response. Rather,
muscle contractions are needed for bone to respond by increasing either their volume or
their density. This therefore reinforces the idea that physical exercise might be an option in
bone loss prevention measures.??>

A wide range of studies, both longitudinal and cross-sectional in design, have invest-
igated whether exercise does indeed play a role in decreasing the likelihood of a fracture
ensuing after a fall.?®? It is, however, beyond the scope of this chapter to cover them all.
Rather, representative examples of the type of exercise which might be most effective for
different types of fractures are summarized. In general terms, exercise types may be
grouped into endurance, strength/resistance, high impact, walking, and aerobics training.
Whereas in the early days it was believed that endurance exercises were all-round magic
wands, not only good for cardiovascular fitness but also for bone strength, it is more
apparent from the current literature that this is not necessarily true.

Cross-sectional studies

The best model of exercise effects on BMD are highly trained individuals. In 1971, Nilsson
and Westlin?® measured the femoral bone density of athletes, including weightlifters,
throwers, runners, soccer players, swimmers, active nonathletes, and sedentary men. Bone
density varied with the amount and extent of loading placed on the femur, with the great-
est density occurring in the weightlifters and lowest in the sedentary group. Similar
findings have since been shown in more recent studies.?**
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The criticism about such comparative studies is that the high bone density may simply
reflect a genetically determined strong musculoskeletal system that favors the participa-
tion of these individuals in high-level sports, rather than the training itself leading to an
increase in BMD. An argument against this comes from studies of asymmetric activities,
such as tennis, where the playing arm has a larger bone mass than the nonplaying arm.?!
Other criticisms about cross-sectional studies come from the observations that a) the dif-
ferences observed in bone density between athletes and nonathletes are often much greater
than the changes measured as a result of prospective exercise intervention studies; and
b) studies sometimes show spurious differences in BMD in populations, with no real
explanation as the cause for the difference. One such study is that in which muscle
strength was seen to correlate with BMD in women, but not in men.>? There are several
possible explanations for these observations.

+ Peak bone mass effect. The bone mass at 30 years of age determines the behavior of the
skeleton for the remainder of a lifetime, owing to a decrement in the potential for bone
formation.

+ Training duration effect. The athlete’s training history tends to be longer than the dura-
tion of intervention studies.

* Genetic predisposition effect. The athletes may have a genetic advantage in that their
response to training is greater than that of sedentary people.

* Gender effect. The axes of sex hormones in both females and males may significantly
impact on the structural and mechanical properties of bone

Not all athletic groups, however, show beneficial effects on bone, and this is discussed below.

Exercise intervention

Longitudinal randomized intervention studies are the only true ways in which exercise can
conclusively be shown to either decrease bone loss or increase bone formation. Problems
arise when trying to compare such studies, as there are large variations in the type (a repres-
entative sample of exercises in an older population is shown in Fig. 10.2), intensity, and
duration of the training. Additional confounding factors include wide differences in the
age range of subjects, concurrent treatments, calcium supplementation, and skeletal sites
investigated. Despite these problems, it is becoming evident that specific types of activities
can provide benefits for different skeletal sites.

Strengthening the wrist
The Colles fracture of the wrist is debilitating not only because of restricted function
immediately after the facture, but also because it will often be followed by carpal tunnel

Figure 10.2 Exercise intervention types. [llustrations of high-impact aerobic, muscle-
strengthening, balance, and low-impact exercises.
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syndrome owing to acute median nerve compression mediated progressive edema and
hematoma formation within the carpal tunnel. Whilst 6 weeks of squeezing a tennis ball
for 30 seconds a day has significant benefits in the noninjured forearm of women who have
already sustained a Colles fracture,®® a lack of vigorous exercise in the preceding 2 weeks
has been associated with an increased risk of wrist fracture.**

Increasing the bone density at the spine and hip

More challenging to researchers has been defining the optimal form of exercise that can
have significant effects on bone density at the spine and hip. It has been difficult to isolate
the type of exercise that places sufficient strain magnitude and of novel distribution to
significantly alter bone remodeling.

Walking

Despite significant improvements in aerobic capacity, a yearlong investigation of treadmill
walking at 70—-85% of maximum heart rate together with calcium supplementation found
no effect at the spine or forearm in postmenopausal women.?® In recently menopausal
women, walking appeared to attenuate the loss of bone at the spine when compared with
controls. Nelson et al.*® compared supervised walking and either moderate or high calcium
diet on BMD of the spine and hip. The spine, but not the hip, showed a moderate improve-
ment independent of calcium intake. A similar exercise regimen, but with no dietary
supplementation, showed no effect on trabecular bone density in the spine.>’ In a 7-month
trial, Hatori et al.® compared walking above (high intensity) or below (low intensity) the
anaerobic threshold on the BMD of the spine. The moderate intensity group showed
a similar loss of bone to the controls, whereas the high intensity group showed a small
improvement. The available evidence is therefore inconclusive about whether walking is
sufficient to improve BMD at the spine or hip.

Low-intensity repetitive exercise

Chow et al.*® showed that, when compared with that of controls, total body calcium (no
site-specific effect detected) is improved in subjects who train at a repetitive low force, as
well as in subjects who train at a similar level with the addition of light weights attached to
their wrists and ankles during the exercise classes, however, without the group performing
with the weights showing any additional benefit compared with the group trained at repet-
itive low intensity only.

In a randomized study, Dalsky et al.’ used a training protocol which included walking,
running, and stair climbing in women aged 55-70. Calcium supplements were given at a
dose of 1500 mg/day regardless of dietary intake and subjects were randomly divided into
exercise and nonexercise groups. In the first stage of the study, exercise was carried out for
9 months. Some subjects in the exercise group then stopped training and the others con-
tinued to train for a further 13 months, after which the exercise was stopped and subjects
were followed up after a further 12-month detraining period. The results showed that the
first 12 months of exercise resulted in a significant increase of 6% in spine BMC, and this
was maintained without further improvements in those who carried on training. Those
who had stopped training after the initial 12 months of exercise returned to their baseline
BMC. This study highlights many aspects outlined in the general principles for training as
summarized by the American College of Sports Medicine. Firstly, within the exercise
group some did not benefit from exercise and carried on losing bone, while others had very
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large increases of up to 15%. This could be due to different intensities of training, differ-
ences in initial BMC, or differences in genetic potential to respond to training. As with any
intervention treatments, it highlights the need to monitor response and not assume that
every person will respond positively. Secondly, it demonstrates the plateau effect in that
the response was maintained but not increased in the second training phase. Thirdly, the
results show that once exercise is stopped, the normal bone loss continues and the benefits
are not maintained, this is in agreement with another recent study.*!

Strength training

The rationale for strength training as a means to maximize the osteogenic response was
based on findings from animal studies which showed that the greatest effects were seen
when the magnitude and rate of strain was high, but required few repetitions, and when
the strain was novel in magnitude or direction.*>* Strength training provides an equival-
ent loading characteristic. Kerr et al.** found an effect of high-intensity strength training
on BMD of several regions on the hip: trochanter, intratrochanteric area, and Ward’s tri-
angle. They found no effect at the neck of femur and no effect of low intensity (endurance)
strength training. Both types of exercise improved muscle strength to a similar extent, and
these improvements correlated with the bone changes at several sites in the high intensity
group. Mitchell et al.** studied 16 transplant patients with signs of osteoporosis perform-
ing 6 months of exercise on a lumbar extensor machine. Bone mineral density (BMD) of
the lumbar vertebra (L2-3), was found to have improved by 9.2% after the training period,
thereby further supporting the notion that progressive mechanical loading is effective at
reducing osteoporotic symptoms. This does indeed make sense if we consider a hypothesis
recently put forward?*® that since a) bones adapt to mechanical stimuli and b) the largest
forces in the musculoskeletal system arise from muscle pull with the tendon acting as the
transmission unit between the muscle and the joint, any intervention that positively affects
the material properties of muscle and/or tendon would therefore positively affect BMD.
The take-home message here is that the added benefit of increased muscle strength may in
the longer term result in a significant effect on fracture risk.

High-impact exercise

Many of the studies so far discussed have been ineffective at increasing BMD at the hip.
As this is the most serious fracture site, it is essential that safe, affordable, and accessible
exercise is defined. A 1-year study incorporating jumping, stepping, marching, and side
stepping into an exercise class*’ showed that there were significant increases in hip, but not
in spine, BMD. The increases were in the range 1.6—2.2%, depending on the site on the
hip. Some of the subjects continued for a second year, in which the spine BMD increased
significantly and the changes in hip BMD were maintained. This type of exercise also com-
pletely reversed the age-related loss of muscle strength, with an approximately 20% net
benefit in quadriceps strength in the training group. Urinary excretion of pyridinoline and
deoxypyridinoline were measured to assess the impact of the exercise on bone resorption.
Both markers significantly decreased during the first 6 months of exercise and then
returned to baseline values. This suggests that the exercise was suppressing osteoclastic bone
resorption. It remains to be determined whether exercise may promote osteogenic responses.
Similar findings on the response to high-impact work have been obtained in younger
subjects.?”*3 As mentioned earlier, the necessary safety precautions need to be observed, in
this group as in any other. In addition, it would be advisable to simultaneously incorporate
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most exercise types (aerobics or different weight-bearing exercises, weight-lifting and
flexibility or coordination exercises) during a training session since the knock-on effect on
health, functional capacities, and fall risk may also be positively impacted.*’

Exercise and the menopause

The time course of the decrease of muscle force in men and women is very different. In
general terms, in men the decrease begins at about 60 years of age and is steady. Women
reach peak muscle strength in their early twenties and plateau till their mid-forties, then
steadily decline with increasing age.>® A loss of 15-25% of total muscle strength (on top of
the decline associated with aging) has been found to coincide with the menopause.>!

Similarly, at the menopause bone density declines relatively rapidly.>? It is well estab-
lished that bone density is substantially improved after hormone replacement therapy
(HRT).>® HRT is also associated with a restoration of muscle strength.>*-¢ In osteoporo-
sis, the process of bone remodeling is usually defective.’”® Little is known about the
pathophysiology of this process at the cellular level, although it is thought to be osteoclast-
mediated and that acute estrogen deficiency may make osteoclasts hyperactive. Cytokines
that promote bone resorption such as interleukin-1 (IL-1), IL-6, and IL-11 have been
implicated in osteoclast activation due to estrogen deficiency,”® and a recent study®! has
recently shown an association between IL-6 gene polymorphism and the magnitude of
bone response to HRT.

The high prevalence of osteoporosis in postmenopausal women, and the prevalence
of bone fractures among women with osteoporosis, makes prevention of the disease
important. The relations and similarities between responses to HRT and to physical activ-
ity, sarcopenia, and osteoporosis®? suggests three possible approaches for the prevention
of fractures:

+ Through structured supervised physical exercise (since the evidence is that home-based
programs are not effective at increasing BMD®?). Indeed, active women over the age of
50 have a comparatively higher bone mineral content!**” and calcaneal stiffness® than
age-matched sedentary controls.

+ Through HRT alone, which has been proved to have beneficial effects on bone (prefer-
entially affecting trabecular bone).>>616>

+ Through using a combination of exercise and HRT. This is the most promising
therapeutic intervention, since current indications are that weight-bearing exercises and
estrogen (in the form of HRT) have additive effects, at least in terms of increasing the bone
mineral density®® of older women, though preliminary results would suggest that the same
is not necessarily true for muscle strength.®”

Studies on the bone effects of exercise with calcium supplementation of 1500 mg/day®®
or 600 mg/day®® show that in the estrogen-replete state, older women have a greater bone
response. There is in fact additional evidence that the effects are truly linked to estrogen,
since it was shown that exercise plus estrogen has greater benefits on bone than calcium
supplementation plus exercise.®®’" Again in postmenopausal populations, tai chi chuan
exercise has been linked with a significant 2.6-fold to 3.6-fold retardation of bone loss in
both trabecular and cortical compartments of the distal tibia compared with a sedentary
lifestyle,”! as well as reducing fall risk (both home-based exercises’” and tai chi’® have been
recognized as an integral part of multifactorial intervention programs for the reduction
of falls and therefore fractures, particularly in older female populations). In addition, a
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population-based study of 1363 older women showed a high degree of positive correlation
between physical activity and hip BMD, further supporting the concept that lifestyle
factors play an important role in the maintenance of lower extremity bone mass in older
women.”* The data show that body fat mass is lower in women with trochanteric fracture
compared to those with cervical fracture, whereas lean body mass appears to have an effect
on the type of hip fracture, contributing to the necessity to consider the target for exercise:
increase muscle mass and/or decrease fat mass.”> Another example of the positive effects of
exercise on bone strength after the menopause comes from a study of 320 healthy post-
menopausal women, in which it was found that aerobic, weight-bearing activity combined
with weightlifting improved femoral neck, trochanteric, and lumbar spine BMD.”®
However, it has to be acknowledged that not all studies are in agreement with the sugges-
tion that physical exercise has a necessarily positive impact on the bone strength of post-
menopausal subjects. In fact, a recent study of 1004 women aged 75 years suggested that
physical activity only accounted for 1-6% of the variability in bone mass. Instead, they
found body weight to be the best predictor of bone mass, accounting as it did for 15-32%
(depending on skeletal site) for the variability in this parameter.”” This observation, how-
ever, should be viewed with caution, since gaining excessive weight will have negative
knock-on effects on other health-related variables. A long-term high-intensity weight-
bearing exercise program has been associated with a slowing down in the mean rate of
decrease in hip BMD, but not in lumbar spine BMD, which is another argument both for
the effectiveness of exercise but also for the limitation of the extent of the benefits.”®

A novel type of skeletal loading: whole-body microvibration

Animal studies have given evidence that vibration loading may be an efficient and safe
way to improve indices of bone strength, thus providing another potential for either
preventing or treating osteoporosis. The effects of vibration on the human body have
been documented for many years.

Recently, the use of vibration for improving the training regimes of athletes has been
investigated. Vibration has been used during strength-training movements such as elbow
flexion, and vibration has also been applied to the entire body by having subjects stand on
vibration platforms. Exposure to whole-body vibration has resulted in 10-50% increases
in maximal strength (and flexibility).”® In a group of young people aged 1938 years, it was
found that vibrations at 25—45 Hz, 4 min/day, three to five times per week for a total of
8 months had no effect on mass, structure, or estimated strength of bone at either the
lumbar spine, femoral neck, trochanter, calcaneus, or distal radius.®’ In the older subject,
it would appear that the type of periodization as well as load intensity might also be a factor
in the observed effects. Indeed, it would appear that whole-body vibration, at 30 Hz for
<20 min for 12 months is linked with increased bone strength in 70-year-old women.®!
At 35-40 Hz three times weekly for 24 weeks, vibration has also been associated with
significant BMD increments in women aged 58-74.82 However, at 20 Hz for 4 min once
a week for 12 months, microvibrations appeared to have no additional positive bone
strength effect (compared with a course of 5 mg daily of alendronate) in women aged
55-88.5

Despite the potential benefits of vibration training, there is substantial evidence regard-
ing the negative effects of vibration, not only in laboratory animals but also on the human
body. Worryingly, issues include headaches, internal bleeding, and even death. Generally
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speaking, particular care must be taken to reduce resonance or the transmissibility of
vibrations to the head, which is a factor of frequency. Frequency depends on body weight,
muscle stiffness, and body position with respect with the vibration platform. Also, there
are still uncertainties about the load, training duration, intensity of each training session,
frequency, and amplitude of vibration training needed for there to be positive and min-
imal/no negative effects. It is therefore essential that a thorough understanding of the
implications of this type of treatment be acquired through responsible research prior to its
use. In other words, future research should be done with the aim of understanding the
biological effects of vibration prior to its generalized use in a therapeutic context.

The downside of exercise

A commonly accepted paradigm is that an important determinant of future fracture risk is
the bone mass accrued prior to the third decade (note caveat near the beginning of the
introductory notes on page 167). This peak bone mass is thought to be influenced by levels
of physical activity. An active lifestyle should therefore be encouraged throughout the
life span. Studies show that regular physical activity is most efficient at maximizing peak
bone mass early in life,®*% and this is believed to help in minimizing the age-related bone
loss in older adults.®”%¢ Yung et al.®® investigated bone properties using heel quantitative
ultrasound (QUS) in 55 young males aged 1822 participating in various sports including
football (a high-impact weight-bearing activity), dancing (a low-impact, weight-bearing
activity), and swimming (non-weight-bearing), plus a sedentary control group. No
significant differences in broadband ultrasound attenuation (BUA) and velocity of sound
(VOS) were found between the dominant and nondominant heel. The two weight-bearing
groups had significantly higher BUA and VOS values than both swimmers and controls,
thus indicating that regular participation in weight-bearing exercise in young people
might be beneficial for accruing peak bone mass and optimizing bone structure. Moreover
a study of young children showed that jumping at ground reaction forces of eight times
body weight is an effective intervention for improving hip and lumbar spine bone mass.®
However, not all skeletal sites of interest appear to benefit from exercise, at least not in
young adults. A case in point is the study of young army trainees in which it was shown
that an exercise regime that involved endurance and cardiovascular and strength elements
had positive effects on lumbar spine BMD, distal tibia BMD, and total body bone mineral
content, but no effect on hip BMD.*

Another limitation of exercise is that there are younger people who may compromise
the development of bone density by the adoption of extreme levels of exercise. Increased
incidences of menstrual disorders have been observed in athletic women and infertility
has been reported in amenorrheic athletes. This is a condition known as the athlete triad
(or simply the “triad”). It describes the simultaneous presence of three distinct medical
conditions in athletic females. It includes eating disorders/disordered eating behavior,
amenorrhea/oligomenorrhea (i.e., 0—9 menses per year), and decreased bone mineral
density (osteoporosis and osteopenia). Many of the women who develop such disorders
have a later than average puberty, which may be associated with the adoption of intense
exercise early in life.””? Not only a) are eating disorders strongly related to menstrual
irregularity or oligo/amenorrhea for instance in young competitive female distance
runners, but also b) menstrual irregularity is linked with low BMD,%*-%
orders have been associated with low BMD even in the absence of menstrual irregularity.

and c) eating dis-
96,97
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In addition, injuries to the musculoskeletal system are much more common in amenor-
rheic athletes, in particular the development of stress fractures.”® There has even been a
report of an osteoporotic fracture occurring in a young female athlete.”® At the cellular
level, it would appear that the normal osteogenic response to bone loading (e.g., the
formation as monitored through osteocalcin and bone-specific alkaline phosphatase, or
the resorption as monitored through deoxypyridinoline) is compromised in the estrogen
deplete state, be it the amenorrhoeic®® or the postmenopausal states.’”>® It is important
that athletes are aware of the potential risks to the skeleton of extended periods of men-
strual irregularities, as it remains to be shown whether these skeletal deficits can be
reversed by the resumption of menses or estrogen replacement. !

What are the possible physiological factors involved in the triad? In normally menstru-
ating females, gonadotropin-releasing hormone (GnRH) stimulates the secretion of
luteinizing hormone (LH) and follicle-stimulating hormone (FSH), thereby leading to
increased estrogen production. The lack of phasic elevations in gonadotropin and steroid
hormone patterns in athletic women!®! and the abrupt suppression of LH surge in eumen-
orrheic women on whom either strenuous athletic exercise and/or dietary restrictions!'®?
are imposed, results in a reduction in oestradiol and/or a shortening of the luteal phase of
the cycle, all of which are evidences of extreme ovarian suppression.

The hormone leptin, a regulator of metabolic rate, is known to have receptors on
hypothalamic neurons involved in GnRH secretion. It is in fact suggested that an energy
drain incurred by women whose energy expenditure exceeds dietary energy intake may be
a factor in the GnRH suppression, which results in compromised fertility and decreased
BMD in female athletes.!® It is thought that this is because not only are leptin levels chron-
ically low in underweight women,'™ but also amenorrhea has been linked to changes in
metabolism since cortisol and endorphins levels are raised in this condition.!%> However,
the “leanness” theory is inadequate to explain compromised reproductive function in
all cases, because it is found that sports that emphasize strength over leanness (e.g.,
swimming) cause increased androgen rather than decreased estrogen in female athletes.!
We would therefore suggest that treatment with exogenous estrogen may not always be as
effective at curbing these exercise effects as treatment aimed at correcting metabolic
abnormalities would be.

The many benefits gained from exercise training should not, however, be sacrificed in
the face of the above evidence. It is possible that only certain aspects of exercise are respon-
sible for these side effects. If certain sports adversely affect the female reproductive system
more than others (it would appear that weight-bearing athletes exhibit more menstrual
irregularities'®”!% compared to their nonweight counterparts such as swimmers),'% it is
important that causes should be explored so that approaches to prevention and therapy
can be developed.

Sparse scientific and/or clinical attention has been paid to elite male athletes, even
though effects similar to those seen in women could be occurring and leading, in this case,
to a reduced production of testosterone. If this were the case, it would indeed be worthy of
serious investigation since at least in animal models testosterone levels are linked to bone
length and density.!” A study has found that testosterone levels are significantly lower in
male triathletes.!!? In addition, athletic males have been found to not have increased bone
density at the spine or total body compared with sedentary controls despite their high levels
of activity. The above would therefore suggest that, as in their female counterparts, distur-
bances in the male hypothalamic—pituitary—gonadal axis also occur in highly active males.
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Conclusions

Epidemiological data indicate that a history of physical activity can reduce the incidence
of fractures. Weight-bearing activity, including walking, jumping, and stair-climbing,
appears to be particularly effective. This effect is probably multifactorial in nature,
through improved BMD, muscle strength, and balance. Similarly, studies show that the
cessation of activity results in partial loss of BMD benefits, thereby supporting the sugges-
tion that exercise has to be maintained for benefits to be upheld. It is not clear what should
be the optimal exercise protocol to maximize benefits whilst at the same time minimizing
negative side effects. Particularly in frail populations with a high risk of fracture, safety as
well as exercise compliance considerations are highly relevant. Nevertheless, the general
recommendation for decreasing the fracture risk would be to practice lifelong weight-
bearing physical activities, so as to avoid the development of disproportionately large
holes in the trabecular plates, or in the worst case, a total loss of bone, as this is an irre-
versible stage of skeletal ill-health.

Summary

+ Research data indicate that current (rather than simply a history of) weight-bearing
activity is particularly effective at reducing fracture incidence and that the cessation
of activity results in partial (or complete) loss of BMD benefits previously accrued,
thereby supporting the suggestion that exercise has to be maintained for benefits to be
upheld.

+ Evidently, the consensus on the effects of exercise on bone strength appears to be that the
type of loading is a major factor in determining whether exercise will have a positive or a
negative impact on bone quality. It would appear, for instance, that whilst endurance cycle
training is associated with up to a 17% decrement in bone quality, weight-lifters and sports
boxers on the other hand are reported as exhibiting higher bone quality in comparison
with aged-matched sedentary controls.

« Strategies aimed at preventing bone loss should also aim to strengthen muscle, since
aside from the potential importance of skeletal muscle performance in fall and/or fracture
risk, adequate muscle mass may also be protective against fracture after a fall as the tissue
can act as a cushion, damping some of the impact forces.

+ All things considered, it is advisable to simultaneously incorporate most exercise types
(aerobics, weight-bearing exercises, weightlifting, flexibility, and coordination exercises)
during a training session, since the knock-on effect on health, functional capacities, and
fall risk would also be positively impacted.

Key messages

+ Ahistory of physical activity in adolescence/early adulthood is a significant determining
factor of bone strength and likelihood of fracture incidences in later life.

+ In order to achieve maximal benefit, regular physical activity must a) be specific to a
skeletal site, b) sufficiently overload the skeleton through increased intensity and duration.
« Exercise effects on the BMD are reversible, in that values will return to baseline when
exercise is discontinued.

+ The presence of osteoporotic tendencies, excessive exercise training, low levels of circu-
lating estrogen (in females) and testosterone (in males) are examples in which intensive
skeletal loading may be contraindicated.
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Sample examination questions

Multiple-choice questions (answers on p. 602)
There may be more than one correct answer.
1 Bone density of 2.5 SD below the mean young reference range means a patient is:
A Unlikely to have a fracture
B Certain to have fracture
C Likely to fracture a bone following a fall or high-impact collision with a solid object
D Has a greater chance than normal to have spontaneous bone fractures
2 Bone mineral density can by improved:
A In the spine by swimming and in the total body by moderate-intensity walking
B By high-impact exercise
C Only when exercise is combined with HRT
D More by strength training than endurance training
3 Peak bone mass is a primarily a factor of:
A Age and activity levels
B A combination of activity levels and other non-exercise-related life style matters
C Hormonal status
D Previous injuries
4 Aside from exercise, the other major determining factors for BMD in later life include:
A Lifestyle factors (i.e., diet deficient in calcium and/or vitamin D, excessive alcohol
and/or caffeine)
B Being on any medication and smoking
C Inheritance rather than current health status
D Gender, ethnicity and peak bone mass

Essay questions

Critically discuss the statements below:

1 Physical activity should be promoted as much as possible in the early years.

2 To be overtrained is as much a handicap for athletes as being completely sedentary for
nonathletes.

Case study 10.1

Claire, a middle-aged semiprofessional long-distance female cyclist, has recently had a
routine DEXA scan and been told that the BMD of the spine and hip are both 2.5 SD below
the young reference normal. She has been borderline underweight since the beginning of
her second decade. She has never had a fall, but has a history of fall-related fractures in her
family. She does not smoke, nor is she currently receiving any medication/vitamin supple-
ments, as she is against taking pharmacological agents in general.

1 What other information about this woman would you like to know?

2 In the description above, what factors may be important for the BMD result?

3 Considering that the patient is already very active but has an aversion to medication in
general, what would you recommend to the patient?

Case study 10.2
Mr. and Mrs. Kaur have brought Kirti, their 9-year-old daughter, along for advice about
participating in sport. During a gymnastics class at her school, Kirti fell and broke her arm
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in several places. Their first reaction was to advise Kirti that she should not participate in
high-impact physical activity in the future. Kirti, however, is part of her county’s gymnas-
tics team and is keen to carry on with her sport. What advice would you give her?

Case study 10.3

Stephen, is a fit older man who used to believe in working hard and playing even harder.
At 76, he is still a strong swimmer, but nevertheless owing to a lifetime of cigarette and
alcohol abuse, he has a history of cardiovascular disease, precluding him from participat-
ing in heavy resistance training exercises. Stephen slipped and fell on the pavement on
a frosty morning, and it was discovered that he had broken his fourth metatarsal on impact
with a lamp-post (Stephen is also long-sighted). What are your recommendations for
Stephen, either in terms of lifestyle or physical exercise regime?

Summarizing the evidence

Type of activity Skeletal site Effect Level of evidence*
Endurance cycling Femur Negative A2
Exercise + calcium Spine Positive A1l
Exercise + hormone
replacement therapy Spine Positive Al
Total body Positive A1l
Ward’s triangle Positive A1l
Distal tibia Positive A2
High-impact Spine Absent A2
Hip Positive A2
Forearm$ Absent A1
Low-impact Total body Positive A1l
Mixed aerobic$ Spine Positive Al
Hip Positive A1l
Wrist Inconclusive A3
Whole body Positive A2
Resistance/strength Spine Positive Al
Hip Positive A2
Tibia$ Absent A3
Wrist Positive A3
Spine Absent unless at
anaerobic levels A2
Walking Hip Absent A2
Whole body vibration Hip Inconclusive A4
Forearm Inconclusive A4

* A1: evidence from at least one high quality cohort or systematic review (including meta-analysis)*
A2: evidence from at least one randomized study of moderate size cohort or systematic review
(including meta-analysis)’

A3: evidence from small to moderate size studies’

A4: evidence from at least one small randomized study

T Arbitrarily, the following cut-off points have been used; large study size: > 100 patients per
intervention group; moderate study size 26-99 patients per intervention group; small study size < 25
patients per intervention group.

§ Transference studied—i.e., whether there is a systemic effect. In other words, whether loading one
bone site shows generalized increments in another unrelated skeletal site.
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