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Preface

Anterior cruciate ligament (ACL) surgery has changed and evolved exten-
sively for over the last few decades. There are many controversies that exist
with respect to the technical aspects of this surgery. In this book, we attempted
to present the controversial aspects in an evidence-based fashion. In several
cases, the topic is so controversial that we presented chapters presenting the
evidence for either side of the argument. Evidence-based medicine is when
the physician uses the best available literature to assist in decision-making for
a given patient. While there is not always a perfect answer for a given clinical
dilemma, we attempted to present the information in as unbiased manner as
possible. The following pages will take the reader through ACL injury from
prevention to clinical decision-making to surgical technique. We hope that we
assist the reader to take better care of their patients using the available evi-
dence summarized by authors from around the globe representing ISAKOS.

Osaka, Japan Norimasa Nakamura
Bologna, Italy Stefano Zaffagnini
New York, NY, USA Robert G. Marx

Pittsburgh, PA, USA Volker Musahl
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ACL Prevention Programs

Joseph N. Liu, Michael D. Hendel,
Grethe Myklebust, and Robert G. Marx

1.1 Introduction

Anterior cruciate ligament (ACL) injuries are a
common knee injury, with approximately
100,000-200,000 occurring each year in the
United States alone [25]. Female athletes have a
four to six times higher incidence of noncontact
injuries, with an estimated rate of one in 60—100
female high school athletes suffering ACL inju-
ries [6, 25]. While a great deal of research has
been performed on the surgical techniques and
rehabilitation following ACL reconstruction,
only recently has there been an emphasis on pre-
vention, with a large body of research over the
last 15 years demonstrating that prevention pro-
grams can effectively decrease the number of
ACL tears ([8, 11, 17, 21-23, 27, 31]; Soligard
2008). Additionally, these prevention programs
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have been shown to reduce other knee injuries,
ankle injuries, and overuse injuries [15]. The pur-
pose of this chapter is to review modifiable causes
for ACL injuries and the current literature regard-
ing prevention programs that target risk factors
that predispose patients to ACL injuries.

1.2  Mechanism of Injury

and Modifiable Risk Factors

Approximately 70 % of all ACL injuries occur
by noncontact mechanisms [1, 19]. Recent lit-
erature has demonstrated that the highest ACL
loads occur with the knee loaded in valgus,
internal rotation, and concomitant quadriceps
contraction with insufficient hamstring strength
(Shimokochi 2008; [14, 29, 39]). This combi-
nation typically occurs in movements associ-
ated with declaration, cutting maneuvers, or
jump landings [1]. While many intrinsic risk
factors such as gender, anatomical differences,
and hormonal changes predispose athletes to
ACL tears, addressing modifiable neuromuscu-
lar imbalances has demonstrated promising
results ([8, 11, 17, 21, 22, 27]; Soligard 2008).
These neuromuscular imbalances include liga-
ment dominance, quadriceps dominance, leg
dominance, and trunk dominance; the mecha-
nism in which these imbalances lead to
increased loads on the ACL is reviewed in the
following sections.

N. Nakamura et al. (eds.), Controversies in the Technical Aspects of ACL Reconstruction,
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1.2.1 Ligament Dominance

Ligament dominance refers to an imbalance
between neuromuscular and ligamental control
of knee stability, resulting in the knee ligamen-
tous system absorbing ground reaction forces
instead of the lower extremity musculature. The
lack of control demonstrated by ligament domi-
nance leads to increased valgus motion and high
torque at the knee and ACL and is best seen in the
front plane with landing and cutting movements
such as single-leg landing, pivoting, and deceler-
ation movements. Poor trunk control can also
lead to increased valgus stress at the knee; the
ground reaction forces that follow trunk motion
tend to shift the center of mass laterally to the
center of the knee resulting in a dynamic valgus
positioning.

1.2.2 Quadriceps Dominance

Quadriceps dominance refers to the preferential
activation of the quadriceps compared to the
hamstrings and occurs during maneuvers such
as cutting and jumping [10, 12]. With the knee
flexed less than 30°, increased quadriceps acti-
vation without co-contraction of the hamstring
and gastrocnemius results in increased strain on
the ACL [40]. The hamstring provides a stabi-
lizing force on the knee, pulling the tibia poste-
riorly to decrease ACL stress by resisting
anterior and lateral tibial translation and rota-
tion. Unlike females, males tend to activate
their hamstrings first when landing, which may
partially explain their lower risk of ACL inju-
ries. Additionally, studies have shown that
females have a lower hamstring-to-quadriceps
ratio, sustain quadriceps activation longer dur-
ing cutting movements [3], and preferentially
activate their quads during jump landings
resulting in stiff-legged landings, which pre-
vent the dissipation of ground reaction forces
[4]. All of these neuromuscular deficiencies
related to quadriceps dominance demonstrate
the importance of addressing hamstring strength
in prevention programs.

1.2.3 Leg Dominance

Leg dominance refers to neuromuscular asym-
metry from side to side that may place both limbs
at risk [12]. Deficits in strength, flexibility, and
coordination may compromise the weaker limb’s
ability to dissipate forces while placing excessive
stress on the stronger limb. Single-leg exercises,
such as single-limb stance or hops, and assessing
difference in performance can be used to identify
leg dominance. The treatment of leg dominance
involves progression of quality double-leg move-
ments to single-leg movements and focuses on
ensuring that each limb works independently.

1.2.4 Trunk Dominance

Trunk dominance relates to the inability of an
athlete to control his or her center of gravity dur-
ing athletic movements, usually due to a decrease
in core strength or neuromuscular control [3, 9,
16, 26]. This type of imbalance occurs more often
in women than in men, likely related to a female’s
center of mass located higher from the ground
due to the distribution of body mass and body fat
in women. With trunk imbalance and a lack of
core strength, excessive trunk motion is seen in
the frontal plane, resulting in altered knee stabil-
ity and increased injury risk [9, 13, 16, 26]; Bien
2011).

1.3  Anterior Cruciate Ligament

Prevention Programs

Most ACL prevention programs combine a vari-
ety of strategies aimed at modifying the risk fac-
tors described above. These programs use a
multifaceted approach and include components
of proprioception training, plyometric training,
neuromuscular training, and strengthening
(Hewett et al. 2002; [16]). Neuromuscular train-
ing is designed to prevent injury by enhancing
joint stability, position sense, and joint reflexes
[24]. The literature stresses the importance of
reducing the valgus moment at landing to reduce
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risk of ACL injury [28, 30]. Proprioception,
defined as the awareness of the orientation and
positioning of one’s body, can be trained to
improve an athlete’s coordination, positioning,
and balance in multiple planes in the presence or
absence of outside variables [2]. Plyometrics
includes jumping, landing, and cutting maneu-
vers while avoiding knee valgus, at varying inten-
sities. Multiple studies have demonstrated the
benefits of a multifaceted approach to ACL pre-
vention which includes neuromuscular training,
plyometrics, agility, and strengthening [5, 8, 11,
13, 17,22, 27]; the addition of these training pro-
grams into an athlete’s warm-up has also been
effective [1, 5, 10, 12, 13, 24, 31]. The details of
several well-known programs and their outcomes
are discussed in the following sections.

1.3.1 Proprioceptive Training

In 1996, Caraffa et al. reported the results of a
proprioceptive training program and its ability to
reduce the risk of ACL injury. In a study involv-
ing semiprofessional and amateur Italian soccer
players, two groups of 300 athletes were com-
pared; the first group was instructed to train
20 min per day in five different phases of increas-
ing balance difficulty: no balance board, rectan-
gular balance board, round board, combined
round and rectangular board, and the so-called
BABS board. The control group trained normally
without any special balance training. The results
were extremely effective: only 10/300 (3.33 %)
players in the intervention group sustained an
ACL injury compared to 70/300 (23.3 %) in the
control group (p<0.001).

The success of Caraffa’s program, however,
has not been replicated by more recent studies.
In 2000, [32] reported that there were no differ-
ences in the rate of ACL injuries between 221
Swedish female soccer players randomized to a
balance board regimen (121) or regular training
(100). Surprisingly, the intervention group had
more ACL injuries than the control group, albeit
not statistically significant. They concluded that
while balance and proprioceptive training may be

useful to include in an ACL prevention program,
on their own they may be insufficient.
Neuromuscular and biomechanical deficiencies
must also be addressed.

1.3.2 Neuromuscular Training
Programs

1.3.2.1 Sportsmetrics Anterior Cruciate
Ligament Injury Prevention
Program

The Sportsmetrics Anterior Cruciate Ligament
Injury Prevention Program (Dr. Frank Noyes,
Cincinnati Sports Medicine, Cincinnati, OH) was
first published in a prospective, nonrandomized
study by Hewett et al. in 1999. This study, which
consisted of three groups, followed 1,263 high
school soccer, volleyball, and basketball athletes
for 1 year. Group 1 (366 girls) underwent a neu-
romuscular training program designed to improve
flexibility and muscular strength. This training
program included dynamic warm-ups, plyomet-
rics and strength training, and flexibility exer-
cises and was recommended for 60—-90 min per
session, three times per week for six weeks.
Group 2 (463 girls) were involved in competitive
sports but did not participate in the training pro-
gram. Group 3 (434 boys) acted as a control and
did not have training. The untrained female group
(Group 2) had a 3.6 higher incidence of injuries
compared to the trained group (Group 1). There
was, however, no difference in the incidence of
injuries between the untrained boys (Group 3)
and the trained girls (Group 1). As a follow-up,
the Sportsmetrics Warm-Up for Injury Prevention
and Performance program was created as a faster
alternative, designed to be completed in 24 min
by shortening the four components of the original
program [7].

1.3.2.2 Myklebust’s Anterior Cruciate
Ligament Injury Prevention
Program

In 2003, Myklebust et al. reported the results of a

nonrandomized prospective intervention study of

1,705 female Norwegian handball athletes. Based
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on the exercises used by Caraffa et al. [2], the
program consisted of three sets of exercises: run-
ning and cutting, wobble board, and mat balance
exercises over fifteen minutes performed three
times per week for 5-7 weeks (see Figs. 1.1, 1.2,
1.3, 1.4, and 1.5) [18]. These exercises were
designed to improve knee control and awareness
during athletic maneuvers including cutting,
jumping, and landing. Over the course of three
seasons, there was a trend (p=0.06) toward
reduction of ACL injury incidence in the inter-
vention group for the athletes participating in the
elite division compared to the control group.
However, athletes in the other groups demon-
strated no statistical decrease in rates of ACL
injury compared to control (p=0.15).

1.3.2.3 Prevent Injury and Enhance
Performance Program

The five phases of the Prevent Injury and Enhance
Performance (PEP) program were devised by the
Santa Monica Sports Medicine Research
Foundation [17]. These include dynamic warm-
up, strengthening, plyometrics, agility training,
and lower extremity stretching, with all exercises
designed to be completed in 15-20 min. The
results of the PEP program were first reported by
Mandelbaum et al. [17] in a prospective nonran-
domized study. A total of 1,885 female soccer
players aged 14—18 participated in the program
over two seasons. A 88% decrease and 74 %
decrease in ACL injuries was observed in the first
and second seasons, respectively, in the interven-
tion group. In 2008, Gilchrist et al. [5] reported
the results of the PEP program in a randomized
controlled trial involving female collegiate soc-
cer players. The study included 583 athletes in
the PEP intervention group compared to 852 in
the control group and found a 3.3 times higher
rate of noncontact ACL injury in the control

group.

1.3.2.4 Knee Injury Prevention

Program
In 2011, LaBella et al. presented the results of a
cluster randomized controlled trial using the
Knee Injury Prevention Program (KIPP), a pro-
prietary 20-min neuromuscular warm-up

e
"
"

e,

Fig. 1.1 Level 4: throwing ball with partner on wobble
board—correct knee position on wobble board. Throw a
ball back and forth with a partner while each of you stands
on one leg on a wobble board (Figures were reprinted with
permission from The ACL Solution: Prevention and
Recovery for Sports’ Most Devastating Knee Injury pub-
lished by Demos Health, 2012)

designed to reduce ACL injuries. A total of 90
coaches, 110 teams, and 1,492 high school
female athletes from Chicago public schools
participated. Coaches were clustered by school
and then randomized to either the intervention
group or the control group. Control coaches
were asked to continue their normal routines,
while intervention coaches underwent a 2-h
training session to learn how to implement the
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Fig. 1.2 Level 4: throwing ball with partner on wobble
board—incorrect knock-kneed stance with pelvis dropped
to one side (Figures were reprinted with permission from
The ACL Solution: Prevention and Recovery for Sports’
Most Devastating Knee Injury published by Demos
Health, 2012)

20-min  neuromuscular ~warm-up, which
included plyometrics, balance, progressive
strengthening, and agility movements. Eighty
percent of intervention coaches complied with
the warm-up regimen. At the end of the season,
there was a 56 % reduction in total noncontact
lower extremity injuries in the intervention
group compared with the control group (injury
rate of 0.48 vs 0.10, P=0.04). The intervention
group also had lower rates of ankle sprains,
knee sprains, and other lower extremity
injuries.

1.3.2.5 Knee Ligament Injury
Prevention Program

In 2004, Irmischer et al. presented the results of a
plyometric-based knee ligament injury preven-
tion (KLIP) program. Thirty-two women were
randomized into the control group or intervention
group. The intervention group participated in
9 weeks (18 sessions) of the KLIP program,
which involved proper landing techniques for
jump-landing-jump tasks. The results of the study
demonstrate that the KLIP program was able to
reduce the ground reaction forces (which
included peak impact forces and rate of force
development at landing) during a step-land proto-
col. The authors concluded that reducing these
peak forces during landing could reduce the risk
of ACL injury.

The clinical effects of the KLIPP program,
however, are still unproven. In 2006, a prospec-
tive two-year study was conducted by [41] to
determine if the KLIPP program would reduce
the risk of ACL injury. A total of 1,439 high
school female athletes (playing soccer, basket-
ball, and volleyball) were recruited from 15
schools (112 teams) for two consecutive seasons.
A total of 862 students participated in the control
group and 577 in the treatment group. The inci-
dence of noncontact ACL injuries 0.167 in the
treatment group and 0.078 in the control group
yielded an odds ratio of 2.05, which was not sta-
tistically significant (p>0.05).

1.3.2.6 FIFA 11+ Program

The Oslo Sports Trauma Research Center studied
the effect of “The 11” program, a 15-min warm-
up program for core stability, lower extremity
strengthening, neuromuscular training, and agil-
ity. This was studied in a cluster randomized con-
trolled study which included 1,091 female soccer
players in the intervention group compared to
1,001 female soccer players in the control group
[35]. A total of 396 (20 %) players sustained inju-
ries. The authors noted no effect of the injury pre-
vention program to decrease the injury rate;
however, they noted that a significant portion of
the intervention included soccer teams who did
not complete most of the training sessions. In
order to increase compliance with the program,
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Figs.1.3and 1.4 Level 1: vertical jumps—correct land-
ing and mid-air jump positions. Squat down until your
hips and knees are bent to 90°.

Stay lowered for 2 s to make sure that your knees are not
caved inward

Jump explosively into the air

the Oslo researchers and FIFA collaborated to
create the “FIFA 11+4” program to improve both
the preventive effect of the previous “11” pro-
gram as well as the compliance of players and
coaches. The revised program (“The 11+”) pro-
vided variation and progression in its exercise
selection, as well as a new set of structured run-
ning exercises suited better for a comprehensive
warm-up program for training and matches.
Soligard et al. [33, 34] reported using a cluster
randomized trial that the players undergoing the
“FIFA 11+ program had a significantly lower
risk of overall injury, overuse injuries, and severe
injuries compared to controls. In a recent ran-
domized control trial [31], the FIFA 11+ has also
been proven effective in reducing injuries among
male collegiate soccer players. The injury rate
was reduced by 46.1 %, and the time loss to injury

Land gently on the balls of your feet with your hips and
knees bent. Continue to squat and jump for 30 s
(Figures were reprinted with permission from The ACL
Solution: Prevention and Recovery for Sports’ Most
Devastating Knee Injury published by Demos Health,
2012)

decreased by 28.6 % in the competitive male col-
legiate soccer player. This was the first study to
show success of a prevention program for male
athletes.

Outcomes and Effectiveness
of ACL Prevention Programs

1.4

Since 1990, 14 large-scale clinical trials with a
variety of prevention programs (including those
above) have been performed to determine the
efficacy of ACL prevention programs. From these
trials, several overarching strategies can be
gleaned from their results. Evidence from these
trials demonstrates that neuromuscular training
programs are more effective in younger individu-
als. In a recent meta-analysis, Myer et al. [20]
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Fig.1.5 Level 1: vertical jumps—incorrect knock-kneed
landing position (Figures were reprinted with permission
from The ACL Solution: Prevention and Recovery for
Sports’ Most Devastating Knee Injury published by
Demos Health, 2012)

compared the risk of female athletes undergoing
neuromuscular training ages 14—18 and 19-20 to
those aged 20 years and above as reference. The
14-18- and 19-20-year-old female athletes dem-
onstrated a reduced risk of sustaining ACL inju-
ries by 72 % and 52 %, respectively.

Increased compliance to any ACL prevention
program is critical to the success of a prevention
program. In a meta-analysis, Sugimoto et al. [37]
demonstrated that with a compliance rate of
greater than 66 %, an ACL injury reduction rate
of 82 % was observed. However, when the com-
pliance rate decreased to less than 66 % or 33 %,
the rates of ACL injury reduction were found to
be 44% and 12 %, respectively. As one would

expect, the success of any ACL program depends
on participant adherence. The same analysis
demonstrated an inverse dose response associ-
ated between program training volume and ACL
injury: the more time athletes spent in their
respective training programs, the fewer ACL
injuries they sustained.

Finally, programs that consist of multiple dif-
ferent types of exercises demonstrated increased
effectiveness. In a separate meta-analysis,
Sugoimoto et al. [36] demonstrated that training
programs with multiple types of exercises had
greater reduction in incidence of ACL injury
compared to those with only a single exercise
modality. Given the multifactorial nature of ACL
injuries, it makes sense that a successful ACL
prevention program would incorporate a variety
of exercises within neuromuscular training.

Financially, ACL prevention programs have
been shown to be cost-effective, at least in theory.
In 2014, [38] created a decision-analytic model
that was created to compare the cost-effectiveness
of either an ACL prevention program versus a
screening program. They enrolled hypothetical
cohort of young athletes into three groups: (1) no
training/screening, (2) ACL prevention program,
(3) screening for high-risk athletes and enrolling
only high-risk athletes in ACL prevention pro-
gram. They concluded that the universal imple-
mentation of an ACL prevention training program
could save $100 per player per season and reduce
the incidence of ACL injury from 3% to 1.1%
per season.

Conclusions

ACL injuries continue to be a common knee
injury despite a significant amount of
research dedicated to its mechanism of
action, risk factors, and prevention.
Successful ACL injury prevention programs
take on a multifaceted approach and combine
a variety of neuromuscular and propriocep-
tive training exercises. Equally important is
the dose-dependent effect of prevention pro-
grams: ideally, exercises should be per-
formed year-round for maintenance.
Ultimately, more efforts should be placed
into educating coaches, parents, trainers, and
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physical therapists in addition to athletes
themselves about risk factors associated with
ACL injury and strategies to prevent them.

References

10.

11.

12.

13.

. Bien DP (2011) Rationale and implementation of

anterior cruciate ligament injury prevention warm-up
programs in female athletes. J Strength Cond Res
25:271-285

. Caraffa A, Cerulli G, Projetti M et al (1996) Prevention

of anterior cruciate ligament injuries in soccer. A pro-
spective controlled study of proprioceptive training.
Knee Surg Sports Traumatol Arthrosc 4(1):19-21

. Ebben WP, Fauth ML, Petushek et al (2010) Gender-

based analysis of hamstring and quadriceps muscle
activation during jump landings and cuttings.
J Strength Cond Res 24:405-415

. Ford KR, Myer GD, Hewett TE (2003) Valgus knee

motion during landing in high school female and male
basketball ~players. Med Sci Sports Exerc
35(10):1745-1750

. Gilchrist J, Mandelbaum BR, Melancon H et al

(2008) A randomized controlled trial to prevent non-
contact anterior cruciate ligament injury in female
collegiate soccer players. Am J Sports Med
36:1476-1483

. Gomez E, DeLee JC, Farney WC (1996) Incidence of

injury in Texas girls’ high school basketball. Am
J Sports Med 24:684-687

. Grandstrand SL, Pfeiffer RP, Sabick MB et al (2006)

The effects of a commercially available warm-up pro-
gram on landing mechanics in female youth soccer
players. J Strength Cond Res 20(2):331-335

. Heidt RS Jr, Sweeterman LM, Carlonas RL et al

(2000) Avoidance of soccer injuries with preseason
conditioning. Am J Sports Med 28:659-662

. Hewett TE, Ford KR, Hoogenbaum BIJ et al (2007)

Understanding and preventing ACL injuries: current
biomechanical and epidemiologic consideration. Am
J Sports Med 35(2):235-241

Hewett TE, Johnson DL (2010) ACL prevention pro-
grams: fact or fiction? Orthopedics 33:36-39

Hewett TE, Lindenfeld TN, Riccobene JV et al (1999)
The effect of neuromuscular training on the incidence
of knee injury in female athletes. A prospective study.
Am J Sports Med 27:699-706

Hewett TE, Myer GD, Ford KR et al (2012) The 2012
ABJS Nicolas Andry aware the sequence of preven-
tion: a systematic approach to prevent anterior cruci-
ate ligament injury. Clin Orthop Relat Res
470:2930-2940

Hewett TE, Stroupe AL, Nance TA et al (1996)
Plyometric training in female athletes. Decreased
impact forces and increased hamstring torques. Am
J Sports Med 24:765-773

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Koga H, Nakamae A, Shima Y, Iwasa J, Myklebust G,
Engebretsen L, Bahr R, Krosshaug T (2010)
Mechanisms for noncontact anterior cruciate ligament
injuries: knee joint kinematics in 10 injury situations
from female team handball and basketball. Am
J Sports Med 38(11):2218-2225

LaBella CR, Huxford MR, Grissom J, Kim KY, Peng
J, Christoffel KK (2011) Effect of neuromuscular
warm-up on injuries in female soccer and basketball
athletes in urban public high schools: cluster random-
ized controlled trial. Arch Pediatr Adolesc Med
165(11):1033-1040

Ladenhauf HN, Graziano J, Marx RG (2013) Anterior
cruciate ligament prevention strategies: are they effec-
tive in young athletes — current concepts and review of
literature. Curr Opin Pediatr 25:64-71

. Mandelbaum BR, Silvers HJ, Watanabe DS et al

(2005) Effectiveness of a neuromuscular and proprio-
ceptive training program in preventing anterior cruci-
ate ligament injuries in female athletes: 2-year
follow-up. Am J Sports Med 33:1003-1010

Marx RG, Mykleburst G, Boyle BW (2012) The ACL
solution: prevention and recovery for sports’ most
devastating knee injury. Demos Medical Publishing,
LLC, New York

McNair PJ, Marshall RN, Matheson JA (1990)
Important features associated with acute anterior cru-
ciate ligament injury. N Z Med J 103:537-539

Myer GD, Sugimoto D, Thomas S, Hewett TE (2012)
The influence of age on the effectiveness of neuro-
muscular training to reduce anterior cruciate ligament
injury in female athletes: a meta-analysis. Am J Sports
Med 41(1):203-215

Myklebust G, Engebretsen L, Braekken IH et al
(2007) Prevention of noncontact anterior cruciate lig-
ament injuries in elite and adolescent female team
handball athletes. Instr Course Lect 56:407-418
Olsen OE, Myklebust G, Engebretsen L et al (2005)
Exercises to prevent lower limb injuries in youth
sports: cluster randomised controlled trial. BMJ
330:449

Padua DA, DiStefano LJ (2009) Sagittal plane knee
biomechanics and vertical ground reaction forces are
modified following ACL injury prevention pro-
grams: a systematic review. Sports Health
1:165-173

Padua DA, Marshall SW (2006) Evidence supporting
ACL-injury prevention exercise programs: a review of
the literature. Athl Ther Today 11:11-23

Paterno MV, Rauh MJ, Schmitt LC et al (2012)
Incidence of contralateral and ipsilateral anterior cru-
ciate ligament (ACL) injury after primary ACL recon-
struction and return to sport. Clin J Sport Med
22:116-121

Paterno MV, Rauh MIJ, Schmitt LC et al (2014)
Incidence of second ACL injury after primary ACL
reconstruction and return to sports. Am J Sports Med
42(7):1567-1573

Petersen W, Braun C, Bock W et al (2005) A con-
trolled prospective case control study of a prevention



ACL Prevention Programs

28.

29.

30.

31.

32.

33.

34.

training program in female team handball players: the
German experience. Arch Orthop Trauma Surg
125:614-621

Renstrom P, Ljungqvist A, Arendt E, Beynnon B,
Fukubayashi T, Garrett W, Georgoulis T, Hewett TE,
Johnson R, Krosshaug T, Mandelbaum B, Micheli L,
Myklebust G, Roos E, Roos H, Schamasch P, Shultz
S, Werner S, Wojtys E, Engebretsen L (2008) Non-
contact ACL injuries in female athletes: an
International Olympic Committee current concepts
statement. Br J Sports Med 42(6):394—412
Shimokochi Y, Shultz SJ (2008) Mechanisms of non-
contact anterior cruciate ligament injury. J Athl Train
43:396-408

Silvers HJ, Mandelbaum BR (2007) Prevention of
anterior cruciate ligament injury in the female athlete.
Br J Sports Med 41(Suppl 1):152—-i59
Silvers-Granelli H, Mandelbaum B, Adeniji O et al
(2015) Efficacy of the FIFA 111 injury prevention
program in the collegiate male soccer player. Am J
Sports Med 43(11):2628-2637

Soderman K, Werner S, Pietilla T et al (2000) Balance
board training: prevention of traumatic injuries of the
lower extremities in female soccer players? A pro-
spective randomized intervention study. Knee Surg
Sports Traumatol Arthrosc 8:356-363. doi:10.1007/
s001670000147

Soligard T, Myklebust G, Steffen K, Holme I, Silvers
H, Bizzini M, Junge A, Dvorak J, Bahr R, Andersen
TE (2008) Comprehensive warm-up programme to
prevent injuries in young female footballers: cluster
randomised controlled trial. BMJ 337:a2469.
doi:10.1136/bmj.a2469

Soligard T, Myklebust G, Steffen K et al (2008)
Comprehensive warm-up programme to prevent inju-
ries in young female footballers: controlled trial. BMJ
337:a2469

35.

36.

37.

38.

39.

40.

41.

9
Steffen K, Myklebust G, Olsen OE, Holme I, Bahr R
(2008)  Preventing injuries in female youth

football—a cluster-randomized controlled trial. Scand
J Med Sci Sports 18(5):605-614.  doi:
10.1111/j.1600-0838.2007.00703.x

Sugimoto D, Myer GD, Barber Foss KD, Hewett TE
(2014) Specific exercise effects of preventive neuro-
muscular training intervention on anterior cruciate
ligament injury risk reduction in young females:
meta-analysis and subgroup analysis. Br J Sports
Med. doi:10.1136/bjsports-2014-093461

Sugimoto D, Myer GD, Bush HM, Klugman MF,
Medina McKeon JM, Hewett TE (2012) Compliance
with neuromuscular training and anterior cruciate
ligament injury risk reduction in female athletes: a
meta-analysis. J Athl Train 47(6):714-723

Swart E, Redler L, Fabricant PD, Mandelbaum BR,
Ahmad CS, Wang YC (2014) Prevention and screening
programs for anterior cruciate ligament injuries in young
athletes: a cost-effectiveness analysis. J Bone Joint Surg
Am 96(9):705-711. doi:10.2106/JBJS.M.00560
Koga H, Nakamae A, Shima Y, Iwasa J, Myklebust G,
Engebretsen L, Bahr R, Krosshaug T (2010) Mechanisms
for noncontact anterior cruciate ligament injuries: knee
joint kinematics in 10 injury situations from female team
handball and basketball. Am J Sports Med 38(11):
2218-2225. doi: 10.1177/0363546510373570
Quatman CE, Hewett TE (2009) The anterior cruciate
ligament injury controversy: is valgus collapse a sex-
specific mechanism? Br J Sports Med 43(5):328-335
Pfeiffer RP, Shea KG, Roberts D, Grandstrand S, Bond
L (2006) Lack of effect of a knee ligament injury preven-
tion program on the incidence of noncontact anterior
cruciate ligament injury. J Bone Joint Surg Am
88(8):1769-1774


http://dx.doi.org/10.1007/s001670000147
http://dx.doi.org/10.1007/s001670000147
http://dx.doi.org/10.1136/bmj.a2469
http://dx.doi.org/10.1136/bjsports-2014-093461
http://dx.doi.org/10.2106/JBJS.M.00560
http://dx.doi.org/10.1177/0363546510373570

Arthroscopic Setup for ACL

Reconstruction

Mark Miller, Riccardo Compagnoni,

and Pietro Randelli

2.1  Introduction

Knee arthroscopy is the most commonly per-
formed orthopedic procedure. Indications include
diagnostic arthroscopy, meniscectomy, loose
body removal, chondroplasty, microfracture, irri-
gation and debridement, and ligament recon-
struction. Correct patient setup is crucial for
performing a safe and effective operation. As
with many other aspects of surgery, there are
many different options for patient preparation
and positioning. In this entry the authors will try
to describe the most common and reproducible
techniques. Only few articles are available in lit-
erature that discusses aspects of patients’ posi-
tioning, but book chapters and the recent
introduction of high quality online videos are
now available to orthopedic surgeons. The aim of
this entry is to provide an up-to-date description
of patient preparation to permit the execution of
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an effective procedure, beginning with anesthesia
through the initiation of the surgical case.

2.2  Anesthesia

The selection of anesthesia is a major decision
that could have a significant impact on recovery.
It deserves careful consideration, and a compre-
hensive discussion between the patient and anes-
thesiologist is crucial for a patient-specific
procedure. Many parameters must be considered,
but the most important are previous reactions to
anesthesia, patient’s current health and physical
condition, and all allergies or adverse side effects
from any drugs. The most common types of anes-
thesia are local anesthesia, regional anesthesia,
spinal block, epidural block, and peripheral nerve
block.

Local anesthesia affects only the specific
area being treated. The area is numbed with an
injection, spray or ointment that lasts only for a
short period of time. Patients remain conscious
during this type of anesthesia. This technique is
reserved for minor procedures. For major sur-
gery, such as hip or knee replacement, local
anesthesia may be used to complement the main
type of anesthesia that is used. Local anesthesia
is not frequently used for arthroscopic operative
procedures due to concern that it may take lon-
ger to perform the surgery and that the anesthe-
sia will be inadequate, leading to patient
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discomfort. Additionally, patients may unex-
pectedly move, and this could result in an iatro-
genic injury. Nevertheless, some studies report
results similar to other forms of anesthesia and a
low rate of patient discomfort [1, 2].

2.3  Regional Anesthesia
Regional anesthesia involves blocking the nerves
to a specific area of the body, without affecting
the central nervous system or pulmonary system.
The patients are often given sedatives to relax
and put them into a light sleep. The three types of
regional anesthesia used most frequently in knee
arthroscopy are spinal blocks, epidural blocks,
and peripheral nerve blocks. In a spinal block, the
anesthesia is injected into the thecal sac sur-
rounding the spinal. This produces a rapid numb-
ing effect that wears off after several hours.
Epidural block involves placing a catheter out-
side the thecal sac in order to deliver local anes-
thetics over a variable period of time (Fig. 2.1).
Peripheral nerve blocks place local anesthetic
directly around the major nerves in the thigh,
such as the femoral nerve or the sciatic nerve.
These blocks numb only the extremity that is

Fig. 2.1 Anesthesiologist performing spinal block

injected. One option for a peripheral block is to
perform a one-time injection around the nerves in
order to numb the extremity just long enough for
the surgery. Another option for this type of block
is to keep a catheter in place, which can deliver
continuous local anesthesia around the nerves for
up to several days after surgery. Regional anes-
thesia has many advantages, including causing
less nausea and drowsiness, improved pain con-
trol after surgery, and reduced risk of serious
medical complication that may occur with gen-
eral anesthesia.

2.4  General Anesthesia

General anesthesia is often used for major sur-
gery, such as a joint replacement, but in some
centers it is used also for knee ligamentous recon-
struction. General anesthesia may be selected
based on patient, surgeon, or anesthesiologist
preference or if the patient is unable to receive
regional or local anesthesia. With general anes-
thesia, the anesthesiologist administers medica-
tion through injection or inhalation. The
anesthesiologist will also place an endotracheal
or laryngeal tube in the throat and administer
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oxygen to assist breathing. General anesthesia
affects both heart and breathing rates, and there is
a very small risk of serious medical complica-
tions, such as heart attack or stroke.

2.5 Prophylactic Antibiotics

Knee arthroscopies have a very low rate of
infective complication when only a diagnostic
procedure or a simple meniscectomy is per-
formed, and according to the recent literature,
there is no evidence of usefulness of antibiotics
in these simple procedures. Bert et al. reported
an infection rate of 0.15 % when prophylactic
antibiotics were used compared to 0.16 % in
patients who underwent surgery without an
antibiotic prophylaxis. Infection is a relatively
rare but potentially serious complication after
anterior cruciate ligament reconstruction.
Many risk factors have been described, includ-
ing smoking, obesity, and diabetes. Antibiotic
prophylaxis appears to be the safest way to pre-
vent postsurgical infections. In many hospitals
2 g of a second-generation cephalosporin is
used with a significant reduction of infective
rates [3-5].

2.6 Thromboprophylaxis

Incidence of venous thromboembolism after
arthroscopic ACL reconstruction is described in
literature with a percentage between 1.7 and 4 %.
In clinical practice different protocols are used
ranging from nothing to low molecular weight
heparin in all patients. Further research is recom-
mended to assess the need for thromboprophy-
laxis in patients undergoing ACL reconstruction,
especially when risk factors are present [6, 7].

2.7 Patient Positioning

Patient positioning is a crucial part of surgery,
and incorrect placement can result in prolonged
surgical times and unexpected complications.
Patient positioning is variable, based upon sur-

geon’s habits and the instruments available in the
operating theater. There are a few important con-
cepts that we will highlight that may make proce-
dures fast and efficient.

The patient is positioned with the heels at the
end of the table for easy access and manipulation.
The pelvis is moved on the side of the bed on the
side of surgery, with the trochanteric region on
the border of the surgical bed. A good practice is
to position a safety belt well attached to the bed,
at pelvis level, to block the patient from unex-
pected movements.

Depending on the surgeon’s preference, a
tourniquet is positioned high on the thigh to per-
mit a comfortable surgical field preparation and
avoid distal migration of it. The tourniquet must
be placed snug but not tight. Before positioning
the tourniquet a soft cotton padding material is
rolled on. The tourniquet pressure is usually set
between 300 and 350 mm/hg for a normal adult
man or female and is activated when the sterile
field is ready. Many articles have been written
about tourniquet usefulness in arthroscopic sur-
gery. Arthroscopic anterior cruciate ligament
reconstruction with a tourniquet was significantly
associated with less operative visualization diffi-
culties (p<0.05), compared with surgery without
a tourniquet. There were no significant differ-
ences in visual analogue scale pain, blood loss,
operation time, and complications between the
two groups as evidenced by many studies [8, 9].
One recent study demonstrated that tourniquet
use did not affect rehabilitation, return to activi-
ties, and muscle damage after arthroscopic men-
iscectomy [10].

After the positioning of tourniquet, a plastic
drape can be placed to protect the tourniquet and
the patient from the preparation solution. After
this step there are two different options for pre-
paring the patient, using the circumferential leg
holder or a lateral post. In the first case the leg
holder is attached close to the thigh, the strap is
placed, and the foot of the bed is lowered or
removed depending on the table type. The sur-
geon or an assistant must check that the leg can
be moved to obtain a correct visualization of the
medial and lateral compartments of the knee. If
the surgeon works without an assistant, the leg



14

M. Miller et al.

can be positioned in valgus for medial arthros-
copy or (Fig. 2.4) for lateral arthroscopy.

Some surgeons prefer a lateral post instead of
a leg holder (Fig. 2.2). Posts are available in
many designs, curved or flat, fixed or with a small
rotational movement. The post can be removed,
and the leg flexed down the side of the table in
order to perform surgery of the intercondylar
notch. The lateral compartment is well exposed,
positioning the leg in a four position, with the
foot positioned across the contralateral leg and
the knee flexed at 90°. Additional force can be
applied to the medial knee to further open the lat-
eral compartment.

2.8 Instruments

The arthroscopic tower is positioned on the oppo-
site site of the operative leg, in front of the sur-
geon to permit a correct view. The tower must
include a high-definition screen, a powered
shaver system, a fluid management system to
maintain a stable fluid pressure inside the knee,
an ablation system, and a foot switch system,
which is available on the market in a wireless ver-
sion as well. In the past operating theater, lights
were turned off partially to permit an optimal

Fig. 2.2 Patient position-
ing using the lateral post

view, but with new screens this is usually not nec-
essary for knee arthroscopy. If patient viewing is
desired, the screen and drapes can be adjusted
accordingly. Modern systems have the function
of recording the images and videos during sur-
gery and saving them in mobile devices through
USB key or electronic tablets, permitting to show
at the patients the images the days after surgery
or organize a database in surgeon’s personal
archive.

ACL reconstruction requires specific surgical
devices to perform a correct procedure. A large
variety of arthroscopic handheld instruments are
commercially available on the market, depend-
ing on the desires of each surgeon. A 30° arthro-
scope is most commonly used by knee surgeons,
but many different angulations are available for
specific pathologies. Different basket punches
are available on the market with a broad range of
tips and configurations allowing access to spe-
cific areas of the meniscus. A shaver connected
to the tower is useful in preparing the intercon-
dylar notch inside of origin of the ACL and par-
tially removes the Hoffa fat pad. Cannulated
reamers of different sizes must be on the back
table for creating the tibial and femoral tunnels.
Fixation systems for the tibia and femur and
must be in sight and a check of having all equip-
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ment and instruments prior to starting surgery. A
meniscal suture system should be in the operat-
ing theater as well in case of an unexpected
meniscal repair.

2.9 Operating Field

Full aseptic precautions must be taken, and the skin
should be shaved, and a standard antiseptic solu-
tion such as a chlorhexidine-based solution or a
povidone-iodine should be applied on the entire
leg. Special precautions should be taken when
dealing with the skin around the foot as the bacte-
rial load is high and the risk of cross contamination
of the operative site is greater [5]. An elastic stocki-
nette can be used to cover the foot after disinfection
and protect the leg from contamination (Fig. 2.3).

Knee arthroscopy requires a draping system
that maintains a sterile field throughout the pro-
cedure and reliably adheres to the skin to reduce
the likelihood of drapes moving over long
period of times. Heavy manipulation often
occurs during orthopedic procedures, and drapes
need to be able to withstand this. An adequate
surgical drape must effectively control and con-
tain fluid, to avoid risk of infections and to keep
the patient dry. A commonly used drape has an
opening that can be passed through the foot
reaching the middle of the thigh just distal to the
tourniquet and a pouch is used to collect water
and fluids to avoid water dripping on the floor of
the operating theater [11] (Figs. 2.4 and 2.5).
The arthroscopy portals, patellar tendon, and
skin incisions are marked on the skin with a
marking pen (Figs. 2.5 and 2.6). Anterolateral

Fig. 2.3 Full aseptic precautions must be taken, the skin
should be shaved, and a standard antiseptic solution such
as a chlorhexidine-based solution or a povidone-iodine

should be applied on the entire leg. Special precautions
should be taken when dealing with the skin around the

foot
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Fig. 2.4 The arthroscopy
portals, patellar tendon,
and skin incisions are
marked on the skin with a
marking pen

Fig. 2.5 Final patient positioning for ACL reconstruction with lateral post
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Fig. 2.6 Patient positioning using the circumferential leg holder

portal is placed at the level of the inferior and
lateral edge of the patella, at least 1 cm above
the lateral joint line and 1 cm lateral to the mar-
gin of the patellar tendon. The anteromedial
portal is placed similar to the lateral one, 1 cm
medial to the patellar tendon and above the joint
line. The use of a spinal needle can help the sur-
geon to find the correct entry point. The postero-
medial portal is used in complex meniscal and
cartilage repair procedures and is located in the
soft spot formed by the posteromedial edge of
the medial condyle and the posteromedial edge
of the tibia. After the preparation of the field,
arthroscopic instruments are connected to the
arthroscopic tower maintaining the sterility,
using dedicated protections available on the
market. Following appropriate positioning and
draping, a formal “time-out” is done and the
procedure can begin.
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Early vs. Delayed ACL
Reconstruction “Early” Anterior
Cruciate Ligament Reconstruction

Iftach Hetsroni and Robert G. Marx

3.1 Introduction

Despite increasing knowledge of anterior cruciate
ligament (ACL) anatomy and improved surgical
techniques for ACL reconstruction, uncertainty
still remains regarding optimal timing for surgery
in individuals [2]. The decision to perform ACL
reconstruction early after the injury is affected by
multiple factors. Risks of performing reconstruc-
tion early are related to the development of
arthrofibrosis [4, 12, 17, 19] with longer rehabili-
tation periods and potentially operating on some
patients that may recover normal knee laxity
without surgery [8]. On the other hand, not per-
forming ACL reconstruction within a short time
after the injury has the potential for further
meniscus and cartilage injuries [5, 6]. Timing of
surgery could also be affected by cost-
effectiveness considerations [11] and by demands
to return as early as possible to sports in profes-
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sional athletes. In this chapter, aspects of early
ACL reconstruction will be discussed with focus
on the association between timing of surgery
and risk of arthrofibrosis, reinjury to the menisci
and articular cartilage, as well as economic
considerations.

3.2  Arthrofibrosis

Arthrofibrosis has been recognized as an adverse
outcome after ACL reconstruction [4, 17, 19] and
a major factor associated with patient dissatisfac-
tion [10]. While multiple factors are associated
with this outcome, time interval from injury to
ACL reconstruction has been pointed out by sev-
eral investigators as a leading risk factor
(Table 3.1). Shelbourne et al. [17] originally
reported in a retrospective analysis of 169 autolo-
gous BPTB ACL reconstructions in young ath-
letes that patients who had surgery within the first
week or between 8 and 21 days from the injury
had significantly increased incidence of arthrofi-
brosis compared to patients who had their liga-
ment reconstruction at more than 3 weeks from
the injury (i.e., up to 17 % vs. 0 %, respectively).
Of note, follow-up time was 3 months only. It
should be noticed, however, that in cases where
ACL reconstruction was performed between 8
and 21 days from the injury, accelerated postop-
erative rehabilitation program resulted in sub-
stantial decrease in the incidence of arthrofibrosis.
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Inferior outcomes were observed in the “early”
reconstruction group also in regard to strength
isokinetic tests. The authors concluded that
delaying ACL reconstruction at least 3 weeks
from the injury will result in earlier return to
strength and in significantly decreased incidence
of arthrofibrosis. These outcomes were repro-
duced by Wasilewski et al. [19] who performed a
retrospective analysis of 87 autologous ham-
strings ACL reconstructions with concomitant
ITB tenodesis who were divided into three groups
based on timing of surgery. Follow-up was
reported up to 18 months. They showed that
arthrofibrosis was found in 22 % of reconstruc-
tions performed within 1 month from injury com-
pared to 0 % when reconstruction was performed
between 1 and 6 months or 12.5% when recon-
struction was performed after 6 months from
injury. They also showed inferior Quadriceps
torque in the “early” reconstructions. Of note, the
standard rehabilitation protocol used in their
study mandated substantial motion limitations
and included immobilization at 30° knee flexion
for 7-10 days postoperatively, followed by
braced motion from 20 to 60° for a few additional
weeks. They also pointed out that recovery after
ACL reconstruction performed within 1 month
from injury was significantly slower compared to
recovery when reconstruction was performed
later than 1 month from injury.

Cosgarea et al. [4] performed a retrospective
analysis of 191 consecutive autologous BPTB
ACL reconstructions and similarly to Shelbourne
et al. [17] and Wasilewski et al. [19] showed that
surgery performed within the first 3 weeks of
injury had significantly higher incidence of
arthrofibrosis compared to surgery performed
later than 3 weeks from injury (21% vs. 9%,
respectively). However, an important finding of
their study was that incidence of arthrofibrosis
decreased from more than 20 % to less than 3%
when postoperative rehabilitation protocol was
changed from bracing in 45° flexion for 7 days
before the initiation of passive extension to brac-
ing in full extension immediately after surgery.
They therefore concluded that although surgery
within 3 weeks from injury may place a knee at
increased risk for arthrofibrosis, postoperative

splinting in full extension with immediate pro-
tected weightbearing ambulation rather than
splinting the knee in flexion position is the single
most  important  factor in  preventing
arthrofibrosis.

Mayr et al. [12] performed a retrospective
analysis of risk factors for arthrofibrosis after
ACL reconstruction in 223 patients, 75% of
which had their reconstruction with autologous
BPTB graft. They also demonstrated that inci-
dence of arthrofibrosis was increased in cases
where reconstruction was performed within
4 weeks from injury, but that irritated knee
(swelling, effusion, hyperthermia) and lack of
full ROM before surgery were more important
risk factors for the development of arthrofibrosis
than time interval from injury to surgery. In other
words, when surgery was performed later than
4 weeks from injury but the knee was irritated,
there was as increased risk for the development
of arthrofibrosis compared to when surgery was
performed within the first 4 weeks from the
injury.

The first prospective randomized clinical trial
that investigated the incidence of arthrofibrosis in
“early” versus “delayed” ACL reconstruction
was performed by Meighan et al. [13]. They stud-
ied a small series of athletic patients that under-
went ACL reconstruction using autologous
quadrupled hamstrings graft and used similar
postoperative rehabilitation protocols for both
groups. The “early” reconstruction group had
surgery within 2 weeks from injury, and the
“delayed” group had surgery between 8 and
12 weeks from injury. Although loss of knee
motion was more pronounced at 2 weeks after the
operation in the “early” group, at 1-year follow-
up, there were no differences in knee motion, nor
there were differences between the groups in
relation to IKDC, Lysholm, and Tegner scores
and examination of quadriceps and hamstrings
muscle power and torque.

Bottoni et al. [2] performed another prospec-
tive clinical trial for the same purpose using a
larger sample. The reconstructions were
performed with autologous hamstring autograft.
“Early” reconstruction patients had their surgery
within the first 17 days after the injury, and “late”
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reconstruction patients had their surgery at 6 or
more weeks after the injury. Both reconstruction
groups followed similar supervised rehabilitation
protocols with early mobilization and emphasis
on maintenance of extension. The investigators
found comparable knee flexion and extension in
both groups. Furthermore, no clinical differences
were observed between the two groups in relation
to knee stability and Lysholm and Tegner scores.
The authors concluded that delaying surgery for
some arbitrary period of time due to the concern
of increased risk of arthrofibrosis is not neces-
sary, although they did not recommend perform-
ing ACL reconstruction acutely.

The outcomes of “early” versus “delayed”
ACL reconstruction were also investigated in a
systematic review and meta-analysis by Smith
et al. [18]. There were overall six studies fulfill-
ing inclusion criteria in which ACL reconstruc-
tions were performed with either autologous
patellar tendon or hamstring grafts. “Early”
reconstruction was considered surgery performed
within 1 month from the injury. This meta-
analysis could not identify any significant differ-
ences in the incidence of arthrofibrosis or in any
functional outcome score or activity level out-
come scores between reconstructions performed
“early” compared to those performed “late.” Of
note, the authors noted the methodological limi-
tations in previous investigations, including lim-
ited statistical power and lack of sufficient
prospective, randomized data.

Arthrofibrosis after ACL reconstruction in
young patients, aged 7—18 years old, was investi-
gated by Nwachukwu et al. [16]. A retrospective
analysis of more than 900 ACL reconstructions
performed with autologous patellar tendon or
hamstring grafts in almost 90% of the cases
showed no difference in the incidence of arthrofi-
brosis between surgery performed within 1 month
from injury and surgery performed later. On the
other hand, positive risk factors for the develop-
ment of arthrofibrosis included older adolescents,
female sex, the use of patellar tendon autograft,
and concurrent meniscal repair. In summary,
while risk of arthrofibrosis may be increased
when ACL reconstruction is performed within
less than a month from injury compared to later

than a month, it seems that this risk can be sig-
nificantly reduced by avoiding reconstruction in
knees with limited ROM and when marked swell-
ing and effusion persist. In addition, early ROM
exercises with immediate maintenance of full
extension after early reconstruction is likely para-
mount in this respect as well.

3.3  Reinjury to Menisci

and Articular Cartilage

Studies have demonstrated that after acute ACL
tear in young active adults, reconstruction rather
than nonoperative management decreased the
risk of reoperation due to subsequent meniscal
and chondral injuries [5, 6]. Dunn et al. [5]
showed in a retrospective cohort study of 6,576
active army personnel who were hospitalized
after acute ACL injury that ACL reconstruction
decreased the risk of a subsequent meniscal
reoperation by half and subsequent cartilage
reoperation by a third compared with those not
reconstructed. However, while this large cohort
study provided justification for performing ACL
reconstruction in young active adults to reduce
the risk of subsequent reoperation, it did not
investigate the optimal timing for surgery to
achieve this goal. Moreover, definitions of
“early” ACL reconstruction in relation to reduc-
ing the risk for subsequent meniscal or chondral
injuries remain somewhat unclear. Church and
Keating [3] reviewed 183 patients who had ACL
reconstruction and studied the association
between meniscal and chondral lesions and tim-
ing from injury to surgery. Their cutoff line for
“early” as opposed to “delayed” reconstruction
was at 12 months from the injury. In this retro-
spective review, a significantly higher incidence
of meniscal tears, primarily medial meniscus,
and chondral lesions was found in the “delayed”
group compared to the “early” group (71 % vs.
42 % for meniscal tears and 31 % vs. 11 % for
chondral lesions, p<0.01). The authors con-
cluded that reconstruction of the ACL should be
performed within 12 months from the injury to
reduce the risk of meniscal tears and degenera-
tive changes.
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Another retrospective analysis that advo-
cated reconstruction of the ACL within 1 year to
minimize the risk of medial meniscus tears was
reported by Kennedy et al. [9]. They used a
larger cohort of 300 athletic patients and showed
that meniscal injury was eight times more com-
mon when reconstruction was performed after
1 year compared to within 1 year from injury.
Moreover, the risk of degenerative changes in
the knee was four times higher when surgery
was performed after 6 months from injury com-
pared to before 6 months. The timing of ACL
reconstruction in relation to the risk of meniscal
and chondral injuries was also studied as a con-
tinuous variable. In a large population-based
cohort study by Granan et al. [7], the Norwegian
National Knee Ligament Registry was used to
review 3,475 knees. They have found that the
odds for a cartilage lesion in the adult knee was
increased by nearly 1% for each month that
elapsed from the injury until surgery and that
cartilage lesions were nearly twice as frequent if
there was a meniscal tear and vice versa. This
study showed that reconstruction of the ACL is
preferably performed sooner than later to mini-
mize the risk for subsequent associated injuries
but without setting a specific point in time from
the injury as a “best” cutoff line.

Several investigators reported on the associa-
tion between timing of surgery and the inci-
dence of associated meniscal and chondral
injuries specifically in children and adolescents.
Millett et al. [14] reviewed a small cohort of 39
patients with age range of 10—14 years who had
ACL reconstruction. “Acute” reconstruction
was defined as performed within 6 weeks from
injury and “chronic” as performed after 6 weeks.
Medial meniscus tears were highly associated
with time from injury to surgery (p=0.02).
Lateral meniscus tears were not associated with
time of surgery. Furthermore, medial meniscus
tears were more common in the “chronic” group
(36 %) than in the “acute” group (11 %), but lat-
eral meniscus tears were found in equal fre-
quency. Anderson and Anderson [1] reviewed a
much larger cohort of 135 ACL reconstructions
in patients younger than 17 years. “Acute”
reconstruction was defined as performed within

6 weeks from injury and “chronic” as performed
later than 3 months. They not only investigated
the correlation between meniscal and chondral
injuries and timing of reconstruction, but they
have also further defined the severity of menis-
cal tears and their association with episodes of
instability and with return to sports before sur-
gery. They have found that both medial and lat-
eral meniscus tears were associated with time to
surgery. Any episode of instability increased the
incidence of medial and lateral meniscus tears
by three- to fourfold. Return to sports before
reconstruction increased the incidence of lateral
meniscus tears. Increased severity of medial
meniscus tear was associated with playing
sports before reconstruction (adjusted OR =
15.2, p<0.01), any episode of instability
(adjusted OR = 5.6, p<0.01) and time to sur-
gery greater than 3 months (adjusted OR = 4.3,
p<0.05). Risk factors for chondral injury
included increased time to surgery and any
instability episode. Newman et al. [15] sup-
ported these findings and demonstrated that a
delay in ACL reconstruction for more than
3 months in young populations was a strong pre-
dictor for meniscal injury and chondral injury.

In summary, it seems that delaying ACL
reconstruction is associated with an increase in
meniscal and chondral lesions as a general rule,
and in this sense “early” reconstruction may be
preferable to “delayed” reconstruction. It is
however unknown whether there is a specific
point in time that should not be passed in order
to decrease this risk of associated injuries or
whether avoiding returning to sports before sur-
gery and implementing activity modification
strategy is a better method to decrease the risk
of subsequent knee injury than timing per se. In
children and adolescents, it seems that time
frame from injury to ACL reconstruction should
probably be minimized to several weeks or a
maximum of 3 months in order to decrease asso-
ciated meniscal and chondral injuries, and this
may be due to the fact that activity levels can
rarely be controlled in very young and active
populations, and thus further knee instability is
common, leading to subsequent medial menis-
cus tears.
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3.4 Economic Considerations
Timing of ACL reconstruction has also been
linked to economic considerations. Mather
et al. [11] performed cost-effectiveness analy-
sis of early versus delayed ACL reconstruction,
using two primary sources of data: Short-
Form-36 outcome score of the prospective
cohort of primary ACL reconstruction from the
Multicenter Orthopedic Outcome Network
(MOON) and the knee anterior cruciate liga-
ment, nonsurgical versus surgical treatment
(KANON) study by Frobell et al. [6] that com-
pared prospectively the outcomes of early ACL
reconstruction (within less than 10 weeks) ver-
sus rehabilitation and optional delayed recon-
struction. They found that the cost of
rehabilitation and the rate of additional surgery
for meniscus tears were responsible for
increased cost of the delayed optional ACL
reconstruction compared to early ACL recon-
struction. The most sensitive variable was the
rate of knee instability after initial rehabilita-
tion. Less instability was associated with less
cost. In this respect, and in accordance with this
finding, it is worth noticing that although
Frobell et al. [6] found no significant differ-
ences between their two groups at 2-year fol-
low-up as determined by total KOOS, they did
not perform cost-effectiveness analyses. The
group with optional delayed reconstruction in
their study demonstrated a high crossover rate
(nearly 40 % at 2 years and over 50 % at 5 years)
and clinical instability (over 30 %) at 2 years
compared to very little instability (3 %) in the
early ACL reconstruction group. Moreover, two
thirds of the patients that did not have ACL
reconstruction underwent knee arthroscopy to
treat meniscus tears. These data explain how
early ACL reconstruction accounts for higher
cost-effectiveness compared to long rehabilita-
tion with delayed optional reconstruction in
young, active patients in the study by Mather
et al. [11]. From a societal health system eco-
nomic perspective, early ACL reconstruction,
without waiting for symptomatic instability or
subsequent meniscal tears to develop, is there-
fore the preferred treatment strategy.

3.5 Summary

The definition of “early” reconstruction varies
among studies. Viewing the risk of arthrofibro-
sis, it seems that most authors draw the cutoff
line between 3 and 4 weeks from the injury. In
this regard, although historically it was sug-
gested in retrospective analyses that early recon-
struction was a significant risk factor for this
adverse outcome, recent studies and prospective
randomized controlled trials showed that per-
forming reconstruction in a knee without swell-
ing, effusion, hyperthermia, and lack of motion
and also implementing immediate ROM exer-
cises with maintenance of full extension after
surgery likely decrease the risk. In view of the
risk of meniscal and chondral injuries, early
reconstruction is preferred to delayed surgery.
We feel early reconstruction applies to the first
2-3 months after injury during which cutting
and pivoting sports activities should be avoided.
In terms of societal economic considerations,
early reconstruction in young active individuals
is advantageous compared to long rehabilitation
periods with optional delayed reconstruction
which exposes patients to recurrent episodes of
instability and subsequent meniscal tears, which
may require more surgery.
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Early Versus Delayed ACL
Reconstruction: Why Delayed
Surgery Is Our Preferred Choice

Matthew J. Salzler, Umut Akgin,
Mustafa Karahan, and Christopher D. Harner

4.1  Introduction

The senior authors believe that every knee
injury is different, and their treatment needs to
be considered on an individual basis taking
many factors into account. In a small subset of
cases with an isolated ACL tear and minimal
swelling, good quadriceps control, and range
of motion, early ACL reconstruction can be
done safely. In our experience, the majority of
cases can be done electively. The exception
being when there is a concomitant fracture or
significant posterolateral corner injury that
should be done more urgently. Delaying in this
setting can make the surgical treatment much
more difficult and with potentially worse out-
comes. We feel this outweighs the risk of
arthrofibrosis. Excluding these semi-urgent
cases, immediately performing an elective
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ACL reconstruction can place the patient at a
higher risk for significant complications with
little additional benefit.

The purpose of this chapter is to present the
advantages and disadvantages of delayed and late
ACL reconstruction. We will begin by defining the
terms “early,” “delayed,” and “late” as there is no
consensus on these definitions in orthopedic litera-
ture. We will also define the types and phases of
ACL injuries for purposes of this chapter. We will
then discuss evidence as it relates to our preferred
approach for delaying ACL reconstruction in the
acutely injured knee. If early surgery is elected (or
even in the delayed setting) and arthrofibrosis
occurs, the surgeon should be well prepared to
manage this complication, and we then provide
recommendations for the treatment of arthrofibro-
sis. We will conclude with a review of the litera-
ture on nonoperative management of ACL injuries
with the option for late reconstruction.

4.2  Definitions

There is no consensus definition for early,
delayed, and late ACL reconstruction. A recent
systematic review on the topic identified 22 arti-
cles comparing the results of early and delayed
ACL reconstruction [1]. They found that early
ACL reconstruction was defined in the studies
they reviewed as ranging anywhere from 2 days
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Table 4.1 Definition of ACL injury types and recon-
struction timing

Timing of ACL
injury Definition
Acute <3 weeks from injury

Semi-acute 3-8 weeks from injury

Chronic >8 weeks from injury

Other factors

Isolated No other ligamentous injury
Combined Concomitant injury to MCL, PCL, or

PLC
Timing of ACL reconstruction
Prior to resolution of inflammation

and effusion, incomplete range of
motion, and quad control

Early

Delayed After resolution of inflammation and

effusion, full range of motion, and
quad control

Late After trial of nonoperative

management

to 7 months post-injury, whereas delayed recon-
struction was considered as anywhere from
3 weeks to 24 years post-injury. For the purpose
of this chapter, we will use the following consis-
tent definitions for sake of clarity. When a patient
tears their ACL, they enter an acute injury phase,
which typically lasts 3 weeks from their injury.
They remain in a semi-acute phase until approxi-
mately 8 weeks when they enter the chronic
phase of injury. However, when referring to ACL
reconstruction timing, we will define early versus
delayed versus late based upon the patient’s clini-
cal presentation (Table 4.1).

The early and delayed phases for ACL recon-
struction are based more upon patient evaluation
than any defined time period. The early phase
consists of a swollen knee with a large effusion,
poor quadriceps control, decreased range of
motion, and an antalgic gait. The delayed phase
marks the end of the early phase when a patient
is able to ambulate with a normal gait and dem-
onstrate a full active range of motion and good
function of the extensor mechanism. Based
upon the particular injury pattern, patient physi-
ology, and rehabilitation, the early phase may
last anywhere from a few days to a few months,
with the typical patient entering the delayed
phase within a couple of weeks. Separately, we
define the concept of a late reconstruction as

one that occurs with persistent instability after a
failure of nonoperative management. Of course,
the main issue here is recurrent reinjuries and
further meniscus and articular cartilage damage
(often irreversible).

4.3 Delayed ACL Reconstruction:
Our Approach to the Acutely

Injured Knee

Our initial approach to the acutely injured knee
involves a careful history, physical examination
involving assessment of all ligaments, and well-
done x-rays. An MRI in this setting can be very
helpful as physical examination due to the swell-
ing and pain is often unreliable. After obtaining
the above studies, the specific diagnosis can be
made, and operative versus nonoperative treat-
ment can be decided upon. It is our preference for
the acutely swollen knee with poor motion and
poor quad control that doesn’t have any collateral
ligament injury to enter into rehabilitation until
normal motion and gait are restored.

There are certain circumstances in which early
surgery may be preferable to delayed ACL recon-
struction. If the ACL tear occurs in conjunction
with a tibial or femoral fracture requiring reduc-
tion and fixation, the fracture care will supersede
in importance and should be performed when the
soft tissue envelope allows. In a multiligamen-
tous knee injury with an unstable posterolateral
corner, early repair or reconstruction of the pos-
terolateral corner, regardless of ACL reconstruc-
tion timing, yields good results and potentially
better outcomes than delayed surgery [18, 35].
There are two scenarios where an early ACL
reconstruction may be of benefit. In the setting of
a locked and irreducible meniscal tear, early sur-
gery to reduce and treat the meniscus in conjunc-
tion with ACL reconstruction offers earlier
motion without chondral damage and likely a
better chance to repair the meniscus. Though
there is limited evidence to support this, the final
scenario is that of the high-level, typically profes-
sional, athlete whereby delaying surgery and
return to play by a few weeks could potentially
have a significant impact, financial and other-
wise, upon their lives.
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Fig. 4.1 Photograph of an acutely injured knee (ACL and MCL 5 days out — rephrase) demonstrating an effusion and
ecchymosis

In the majority of the cases, a patient presents
with an acutely swollen knee (Fig. 4.1), limited
range of motion, and poor control of the quadri-
ceps. In these cases and in the case of the
multiligament-injured knee, in the absence of an
operative posterolateral corner injury, early
surgery is likely to lead to an increased risk of
arthrofibrosis [31]. These patients are referred for
rehabilitation until they enter the delayed phase
with good quadriceps control and a complete
active range of motion.

Multiple studies have reported the correlation
between timing of ACL surgery and the risk of
postoperative stiffness. Harner et al. initially
described surgery within a month of injury as a
risk factor for postoperative stiffness [13]. In a
classic study, Shelbourne found that ACL recon-
struction with bone-tendon-bone autograft delayed
by more than 3 weeks post-injury resulted in a
decreased incidence of arthrofibrosis and lack of
full extension [34]. In a later review, Shelbourne
listed the advantages of delayed reconstruction as
obtaining a full range of motion without knee stiff-
ness and a faster and safer return to full activities,
noting that a functional yet lax knee is preferable
to a stiff, stable knee [31, 32]. Passler et al. evalu-
ated the complications following bone-tendon-
bone ACL reconstruction in a group of 283 patients
performed via a mini-arthrotomy. They reported

that 18 % of patients who had surgery within a
week after injury suffered arthrofibrosis as com-
pared with only 6% who had reconstruction
delayed by more than 4 weeks [26]. Finally, Mauro
et al. identified preoperative failure to gain full
extension and a shorter interval between injury
and surgery as risk factors for postoperative loss of
extension [22].

On the other hand, good results have been
shown with early reconstruction with bone-
tendon-bone autografts [21]. In a prospective
study, Hunter et al. reported results of 185 ACL
reconstructions done in four different time inter-
vals after injury [14]. In this study, authors
divided patients into four groups according to
reconstruction times: the first group had immedi-
ate surgery within the 48 h, the second group in
1 week, the third group in 3 weeks, and the fourth
group after 3 weeks. One hundred forty-eight
ACL reconstructions were done within 3 weeks,
and only 11 had postoperative complications,
which did not reach statistical significance. In
these studies, reconstructions were done with
bone-tendon-bone autografts, which is reported
as an independent risk factor for knee stiffness in
adolescents [25].

There is also conflicting data regarding the
outcomes of ACL reconstructions performed
with hamstring autografts with regard to surgical
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timing. In the 1990s, Wasilewski et al. reported
arthrofibrosis in 22 % of acute reconstructions in
a group of 87 ACL reconstructions with hamstring
autografts [36]. In the 2000s, Meighan et al.
reported an increased rate of complications such
as stiffness and deep vein thromboses in the early
group (within 2 weeks of injury) as compared
with the delayed group (8—12 weeks) in a pro-
spective randomized trial of 31 hamstring auto-
graft ACL reconstructions [24]. However, in
another prospective randomized study in 2008,
Bottoni et al. performed 34 hamstring autograft
ACL reconstructions in the early group at a mean
time of 9 days after injury (the earliest surgery
was done on the second day), and there was no
significant difference between early versus
delayed reconstruction group [4]. In 2010,
Raviraj et al. randomized 105 patients with an
isolated (no concomitant meniscal repair or other
ligamentous injury) ACL tear to early (<2 weeks)
or delayed (4-6 weeks) ACL reconstruction, and
they found no difference in Lysholm or Tegner
scores and no difference in range of motion [28].

There is now recent evidence across graft
types to suggest that the timing of surgery may
not increase the risk of postoperative stiffness for
the isolated ACL tear. A recent meta-analysis of
eight studies, including three randomized con-
trolled trials, found no difference in adverse out-
comes with ACL reconstruction performed at 1,
2, 10, 12, or 20 weeks after injury when per-
formed with a modern reconstruction technique
and accelerated rehab protocol [16].

In the experience of the senior authors, the
clinical status of the injured knee at time of sur-
gery, not the timing of the injury, is the most
important factor. Mayr et al. did not assess the
timing of ACL reconstruction, but they assessed
preoperative symptoms such as swelling, effu-
sion, and extension or flexion deficits at the time
of surgery. They found that failure to regain a full
range of motion preoperatively was a risk factor
for postoperative stiffness regardless of timing of
surgery [23].

ACL reconstruction is an elective procedure,
and because of the risk of postoperative stiffness
and loss of extension, we routinely wait until a
patient has entered the delayed phase. As we pre-

viously noted, the delayed phase is patient depen-
dent and may last anywhere from a few days to
occasionally a few months. During the time, it is
imperative that the patient be actively involved in
rehabilitation to assist them in their transition
from the early to the delayed phase. Further, the
extra time allows the patient to schedule their sur-
gery around their other obligations (social, work,
school, family, etc.).

Text Box 4.1 Advantages and Disadvantages

of Delayed ACL Reconstruction
Advantages Decreased risk of postoperative
stiffness and loss of motion
Allows for patient/family to
plan around other obligations
(social, family, work, school,
etc.)

Potential delayed return to play
by a few weeks

Disadvantages

May preclude treatment of a
locked, irreducible meniscal tear
In acute combined ligament
injured knee, delay may worsen
outcome of posterolateral corner
injury

4.4 Diagnosis and Treatment

of Arthrofibrosis

Arthrofibrosis is a known and frustrating com-
plication of ACL tears and reconstructions for
both patient and surgeon. Development of post-
operative arthrofibrosis and stiffness following
elective or urgent ACL reconstruction is a time-
consuming and debilitating problem, especially
in athletes. It can be seen on MRI as disorga-
nized scar tissue anterior to the ACL (Fig. 4.2).
Though arthrofibrosis has been classified into
four subtypes with the most mild form being
less than a 10° extension loss and normal flex-
ion, a loss of motion of 3—5° in an athlete can
lead to significant disability including quad-
riceps inhibition and a permanent decrease in
performance. Further, the treatment of arthrofi-
brosis, even when successful, can delay return
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Fig. 4.2 MRI of a knee demonstrating arthrofibrosis.
There is excess disorganized scar tissue anterior to the
reconstructed ACL involving the fat pad

to play, potentially negating any benefits from
an early ACL reconstruction [33].
Unfortunately, arthrofibrosis remains a com-
mon problem today after ACL reconstructions. A
2015 epidemiologic study on arthrofibrosis after
ACL reconstruction found that 1.7 % of patients
that underwent ACL reconstruction had postop-
erative stiffness requiring procedural interven-
tion, and a separate study in 902 pediatric and
adolescent patients that had undergone ACL
reconstruction required procedural intervention
for arthrofibrosis in 8.3 % of patients [25, 30].
Certain patients are likely more prone to form-
ing scar and to developing arthrofibrosis than
others, and it is important for the physician to
recognize this. In the experience of the senior
authors, patients with complex regional pain syn-
drome or a poor pain tolerance may develop a
stiff and painful knee 1-2 months out from their
injury despite adequate attempts at rehabilitation.
In this particular patient group, we strongly rec-
ommend against early ACL reconstructions, and,
even in delayed reconstructions, close attention
needs to be paid to their motion postoperatively.
We prefer the delayed surgical approach so
that we can treat these patients and their potential
stiffness prior to ACL reconstruction, which may
prevent a disastrous postoperative stiffness; how-
ever, it is important to know how to treat this

complication regardless of whether it is preoper-
ative or postoperative. When these patients are
4-6 weeks out from their injury or surgery, we
consider a loss of extension of greater than 3° a
significant complication, and if it doesn’t rapidly
improve, then we consider further treatment.
Multiple authors including Paulos et al., Fisher
et al., and Shelbourne et al. reported good return
of motion and function after manipulation under
anesthesia, arthroscopic excision of anterior scar
tissue, the optional use of a drop-out cast, and
aggressive rehabilitation with sparing use of
medial and lateral capsular releases [9, 27, 33].

4.5 Late ACL Reconstruction

Late ACL reconstructions in chronically ACL
deficient knees may be due to either to a missed
diagnosis or due to an initial trial of nonoperative
management. It is critical to point out that nonop-
erative treatment does not mean no treatment.
Well-instructed physical therapy is a necessary
component of treatment and can lead to nearly
similar outcomes as ACL reconstruction in some
individuals [10, 11]. One of the critical compo-
nents of nonoperative management is also coun-
seling to avoid certain activities that may lead to
further injury. The senior authors also recom-
mend a brace for certain activities. If instability
remains an issue, then surgical treatment is
recommended.

In adults over the age of 40, in particular if the
patient is less active or already has radiographic
evidence of osteoarthritis, nonoperative manage-
ment may either have a higher chance of success
or a lower risk of worsening the preceding osteo-
arthritis. ACL reconstructions in the over 40 pop-
ulation have shown good results consistent with
that of younger adults, but less is known about
any potential risk for delaying surgery as a late
reconstruction [5, 7, 20]. The other population
where late reconstruction has been proposed is in
skeletally immature patients whereby late sur-
gery can allow for closure of or less risk of dam-
age to the physes with reconstruction [17, 37].
However, there is currently a trend away from
prolonged nonoperative management in these
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patients as Dumont et al. recently found a higher
rate of medial meniscal tears in pediatric patients
greater than 150 days from their injury [8].

The concern for subsequent injuries to carti-
lage and menisci with prolonged nonoperative
management exists in the young active adult pop-
ulation as well. Anstey et al. found 16.7% of
patients that had surgery greater than 6 months
out from their ACL injury had new medial menis-
cal tears as compared with only 4.1 % of those
with earlier surgery (p=0.01), and Magnussen
et al. noted 39.6 % of patients with medial menis-
cal tears and 37.4 % with medial chondral inju-
ries with reconstruction performed greater than
12 weeks after their injury as compared with
24.8 % and 16.7 % with earlier surgery (p=0.013
and p<0.005, respectively) [2, 19]. Multiple
other studies have found similar results, and
Krutsch et al. found that surgery greater than
6 months from the injury decreases the likelihood
of a meniscal tear being reparable from 77.2 % to
46.7% (p=0.022) [6, 12, 15, 38].

In Sweden, Frobell et al. randomized 121
young active adults with ACL tears to rehabilita-
tion with “early” (less than 10 weeks) ACL
reconstruction versus rehabilitation with optional
“delayed” (average of 11.6 months after random-
ization) ACL reconstruction. A total of 23 of 59
of the optional “delayed” group had persistent
symptoms and underwent surgery. At 2 years and
at 5 years, there was no difference between the
two groups in terms of the KOOS score, SF-36,
or their Tegner activity scale [10, 11].

The effectiveness of treating all young active
adults with ACL injuries with an initial course of
nonoperative management has been studied since
the above trial. J Bernstein performed a decision
analysis that takes into account the potential
sequelae of untreated meniscal tears and deter-
mined that early surgery is most effective as long
as the costs of a potential meniscal tear are more
than 5.25 times that of an ACL reconstruction [3].
One systematic review found that of the three eco-
nomic cost utility analyses, ACL reconstruction is
more cost-effective than nonoperative manage-
ment with rehabilitation alone [29]. Though there
is no definitive answer to whether nonoperative
management should be considered as a primary

treatment, the majority of Level II and III studies
suggest that late ACL reconstruction is more
costly and potentially exposes the patient to a
higher risk of meniscal and chondral injury.
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Diagnostic Accuracy of Physical
Examinations for ACL Injury

Olufemi R. Ayeni, Darren de SA, Jeffrey Kay,

and Jon Karlsson

5.1 Introduction

Physical examination is an important aspect of
the initial diagnosis and decision-making pro-
cess, particularly in musculoskeletal injuries
such as a rupture of the anterior cruciate ligament
(ACL). It is critical that physicians are aware of
the evidence available concerning the diagnostic
accuracy of the physical examination maneuvers
in order to form a proper diagnosis and provide
proper and prompt management.

The accuracy of the physical examination is
usually assessed by evaluating how often a posi-
tive or negative result accurately correlates with
the presence or absence of a given condition.
Sensitivity refers to the percentage of patients
with the condition who have a positive test result,
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while specificity refers to the percentage of
patients without the condition who have received
a negative test result (Fig. 5.1). On the other
hand, the positive predictive value refers to the
percentage of patients with a positive test result
who actually have the condition, while the nega-
tive predictive value refers to the percentage of
patients who tested negative and who truly do not
have the condition. While the positive and nega-
tive predictive values appear to be of more use
when evaluating a diagnostic tool due to their
ease of applicability in a clinical setting, these
values are actually much less reliable as they are
highly dependent on the prevalence of the condi-
tion in the study population. The sensitivity and
specificity of the various tests, as reported in lit-
erature, will therefore be conveyed throughout
this entry rather than the positive and negative
predictive values as they can be applied to any
population. In general, a test with a high sensitiv-
ity has few false-negative results indicating it is a
useful test for exclusion with a negative test
result. A test with a high specificity would have
few false-positive results indicating that such a
test is useful for diagnosis when the test result is
positive. In practice, however, sensitivities and
specificities do not precisely indicate the quanti-
tative change in probability of the condition after
a test result. Positive and negative likelihood
ratios (LR+, LR—) are used in order to quantify
the shift in probability of the condition. The
larger the LR+ (calculated as the sensitivity
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Condition
(As measured by the “gold standard”)
Condition present Condition Absent

Positive test - False positive

result LLCD [T (Type | error)
Test yp

Outcome . ;
Negative False negative True neqative
Test result (Type Il error) 9
Sensitivity = True positive/ Specificity = True negative/
(True positive + False negative) (False positive + True negative)

Fig. 5.1 Representation of the calculation of the sensitivity and specificity of a diagnostic test

divided by one minus the specificity) and the
smaller the LR— (calculated as one minus the
sensitivity divided by the specificity), the higher
the change in odds favoring the condition [12].

The three most common physical examina-
tions that test for ACL insufficiency are the ante-
rior drawer test, Lachman’s test, and the pivot
shift test. Before the 1970s, the only physical
examination that was used for diagnosis was the
anterior drawer test. The exact origins of the
a