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Abstract

Background—While published studies on return to play for various sports exist in the literature,
there is arelative paucity of dataregarding the effect of ACL reconstruction on the ability of
American high school and collegiate football players to return to play at the same level of
competition as before their injury, or to progressto play at the next level of competition.

Purpose—The purpose of this study was threefold: 1) to identify the percentage of high school
and collegiate American football players who successfully returned to play at their previous level
of competition; 2) to investigate self-reported performance for those players able to return to play
or reason(s) for not returning to play; 3) to elucidate risk factors responsible for players not being
able to return to play or not returning to the same level of performance.

Study Design—Retrospective cohort study; level of evidence, 2.

Methods—This study was a retrospective analysis of prospective patients taken from the
Multicenter Orthopaedic Outcomes Network (MOON) cohort who identified football as their
primary or secondary sport. Identified patients were then questioned in a structured interview
regarding their ACL injury, participation in football prior to their injury, and factors associated
with returning to play. Data was analyzed for player position, concurrent meniscal/ligamentous/
chondral pathology, surgical technique and graft used for ACL reconstruction, and issues
pertaining to timing and ability to return to play.

Results—147 players (68 high school, 26 collegiate) met our criteria and were contacted from
the 2002 and 2003 MOON cohorts. Return-to-play rates for al high school and collegiate athletes
were similar (63% and 69%, respectively). Based on player perception, 43% of the players were
able to return to play at the same self-described performance level. Approximately 27% felt they
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did not perform at alevel attained prior to their ACL tear, and 30% were unable to return to play
at all. Although 2/3 of players reported some “ other interest” contributing to their decision not to
return, at both levels of competition fear of re-injury or further damage was cited by ~50% of the
players who did not return to play. Analysis of patient-reported outcome scores at a minimum of
two years after surgery between patients who returned to play and those that did not demonstrated
clinically and statistically significant differencesin the IKDC, Marx activity, and KOOS knee
related quality of life subscales in the collegiate players. Similar clinical differences were not
statistically significant in the high school students. Player position did not have a statistically
significant effect on the ahility to return to play for high school players, and 41% of “skilled”
position players and 50% of “non-skilled” position players were able to return to play at the same
performance level.

Conclusion—Return-to-play percentages for amateur American football players following ACL
reconstruction are not as high as would be expected. While technical aspects of ACL
reconstruction and the ensuing rehabilitation have been studied extensively, the psychological
factors (primarily afear of re-injury) influencing the ability to return to play following ACL
surgery may be underestimated as a critical factor responsible for athletes not returning to play at
any level of competition.
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Introduction

Anterior cruciate ligament (ACL) tears are the most common ligamentous injuries of the
knee requiring surgical intervention. Successful treatment of an ACL tear requires not only a
technically demanding operation but also an extensive rehabilitation program.1 In the
United States alone, it is estimated that approximately 175,000 ACL reconstructions
(ACLR) were performed in the year 2000 at atotal cost of over 2 billion dollars.33

Anterior cruciate ligament injury is an all too common occurrence in American football
playersat all levels of play. The High School Sports-Related Injury Surveillance Study
found that 15% of high school football players from the 201011 academic year sustained
knee injuries, with ACL injury incidence being third only to MCL sprains and patella/
patellar tendon injuries. 12 Nearly 8% of participants at the National Football League's
(NFL) Invitational Camp (also known as the NFL Scouting Combine) have a history of ACL
injury.”- 8 Consequently, ACLR is the third most commonly performed surgical procedure
amongst the Combine participants.”- 8 While published studies on return to play for
professional American football players exist in the literature, there is arelative paucity of
data regarding the effect of ACLR on return to play in the high school and collegiate player
population.® 30

Return to play following ACLR is of significant concern amongst athletes following their
initial injury.2X American football is especially unique since there are awide variety of
athletes who play the game, in terms of size, speed and positional requirements.13
Likelihood of ACL injury has been shown to be variable across positions.1# 31 Some
positions, such as running back or wide receiver, require high-speed cutting and pivoting
motions. Others, such as linemen, are more frequently subjected to direct blows to the knee.®
Giventhis, it islikely that there are different predictors of return to play following ACLR as
afunction of position played. It isimportant that these differences be acknowledged and
adequately conveyed so that the patient can better understand his’her chances of returning to
their previous level of competition.
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Return to pre-injury level of play is commonly considered an indicator of the success of an
ACL reconstruction. 15 17. 25. 32, 34 However, other factors including postoperative strength
and knee function, psychological hindrances, talent/skill level, and social reasons often
affect the ability to return.3 5 25 With this in mind, the primary goal of our study was to
identify the percentage of high school and collegiate football players who return to play
following ACLR. Second, we sought to investigate the relationship between validated two
year outcome scores and both patient return to play and perception of return to performance.
Additionally, we hoped to elucidate reasons why some players were unable to return after
ACLR. Lastly, we wanted to identify risk factors affecting player performance and inability
to return to play.

Materials and Methods

Study Design

Participants

Analysis

A retrospective review of a prospective cohort was used to examine return to sport outcome
on patients who had previously undergone ACL reconstruction. This study was approved by
the coordinating center’s Institutional Review Board for database access and patient contact
prior to performing data collection.

and Data Collection

All patients within the Multicenter Orthopaedic Outcomes Network (MOON) cohort who
underwent ACLR in 2002 and 2003 were reviewed. At the time of surgery, and a minimum
of two years later, each patient completed an extensive MOON cohort questionnaire
pertaining to current level of activity, overall health, and the nature of the ACL injury. Data
for inclusion and validated outcome measures (International Knee Documentation
Committee [IKDC] subjective form,X Marx activity,26 and KOOS?®) were obtained from
these questionnaires. Patients eligible for inclusion in our study indicated that football was
either one of the two sports they participated in most over the last two years or the sport in
which they believed they tore their ACL. All ligible patients were then contacted and asked
aseries of structured questions from a non-validated study-specific questionnaire regarding
their participation in football around the time of injury as well as the highest activity level
attained following ACLR (see Appendix 1). Individuals found to be inappropriately
identified as football players during the time period of their ACL injury were not
interviewed further. Collected data from the interview, including return-to-play status,
advancement to next level of competition, position played, performance following ACLR,
and reasons for not returning to play (if applicable) was then combined with the initial
surgical and enrollment/follow-up cohort data for analysis. Specific surgical data points
included the presence of concomitant articular, meniscal and nonoperative ligamentous
injury. Individuals who had multiligamentous injuries requiring surgery were excluded from
the analysis. Given the inherent variability of recreational sport participation and the low
number of middle school and semi-professional/professional subjectsin this study, analysis
regarding return to play was limited to high school and collegiate athletes. We did not
attempt to further stratify these athletes as a function of school level (i.e. high school —4A,
5A, etc.; college — National Collegiate Athletic Association Division |, Division I1, etc.).
Seniors not eligible to return to play for the next season at the same level due to graduation
(16 high school, 2 college) were excluded from analyses of factors influencing return to
play. Six study subjects (5 high school and 1 college) were removed prior to analysis by
Fisher and Kruskal-Wallis/Wilcox tests due to discordance in timing of their return to play,
level, and surgical data.

All analyses were performed using R software.2’
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Descriptive statistics of all college and high school players return to sport aswell as
progression to the next level were calculated as percentages. For those college and high
school players who were eligible to return to play at the same level (i.e., freshmen,
sophomores, juniors, and eligible college seniors) percentages were calculated for return to
performance level, effect of position on return to play, and distribution of reasons for not
returning to play.

For the purposes of evaluating the effect of position on return to play, a consensus was
reached defining “skilled” versus “non-skilled” positions. “ Skilled” positions were defined
as requiring an increased need for speed, quick changes of direction, non-contact pivoting,
or awell-defined specific skill set (i.e. kicking or punting). The “skilled” positions therefore
included quarterback, running back, wide receiver, defensive back (cornerback and safety),
and “specia teams’ players. All others were considered “non-skilled.” Due to limited
numbers of collegiate study subjects, player position analysis was only performed on high
school athletes.

To better evaluate reasons for not returning to play, similar factors were merged into larger
categories, reducing the original 14 categoriesto 5. This resulted in the following
combinations: loss of speed and strength, physical symptoms of knee pain, swelling and
instability, advice from any source, and fear of re-injury or further damage. The remaining
categories were included under “other interests.”

Fisher exact tests were performed on college and high school players eligible to return to
play in order to test the hypotheses that return to play outcomes would differ in subsets of
patients who experienced 1) the presence of meniscal excision or repair versus none; 2) a
grade 2 or 3 chondral defect versus agrade 1 or none; or 3) alograft versus autograft
reconstruction.

Three subsets of high school players éligible to return to play at the same level were
analyzed: 1) those who did not return to play, 2) those who returned to play but at alower
performance level, and 3) those who returned to play at their previous level of performance.
Kruskal-Wallis rank sum tests were performed to test the hypothesis that these three subsets
of players would be different in regards to the following validated outcomes measures at two
years following ACL reconstruction: 1) IKDC, 2) Marx activity score, 3) KOOS Sports and
Recreation subscore, and 4) KOOS Knee Related Quality of Life subscore (KRQOL). In the
college athletes, three of the seven individuals who reported that they returned to play
football at alower level of performance did not return their two year questionnaires, and as a
result, this subset was excluded from analysis. Instead, Wilcox rank sum tests with
continuity correction were performed between the subsets of those who returned to play at
the same performance level and those who did not return to play.

A total of 222 patients were identified from the 2002 and 2003 MOON cohorts as having
listed football as either their primary or secondary sport. Of this total, 184 (83%) were
successfully contacted for follow-up and 147 eligible football players met our study criteria
(28 collegiate and 68 high school) as outlined in Figure 1. Return-to-play percentages were
then calculated for both high school and college players (Table 1). Regarding advancement
to the next level of competition, 15% of both high school and collegiate athletes in this study
were able to play at the next level of competition following ACLR. Because seniors are not
eligible to return to play at the same level a which they incurred the injury, and
advancement to the next level of play (e.g., high school to college) is complicated by skill
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level and competing interests, 15 high school and 2 college seniors were excluded from
further return-to-play analysis. Regarding high school seniors, 25% (4/16) were able to
return to play and compete at the collegiate level, and 50% (1/2) of the collegiate seniors
competed at the professional level.

Players perception of skill/performance level upon return to play is shown for high school
and college athletesin Figure 2. We compared subjects’ return to play and performance
level responses with IKDC, Marx activity, KOOS sports and recreation, and KOOS knee
related quality of life subscores collected at least two years after their ACLR (range 2.1 to
2.9 years) (Table 2). For high school students, the three groups showed the largest
differences on the IKDC (p=0.14) and the KOOS subscores (Sports and Recreation: p=0.25,
KRQOL: p=0.24). A smaller difference was seen for the Marx activity level (p=0.36).
However, despite these differences being clinically relevant, they were not significant, as
indicated. Significant differences for college students who did not return to play and those
who returned to play at the same performance level were seen on the IKDC (p=0.04), Marx
activity (p<0.01) and KOOS KRQOL subscore (p<0.01). Only the KOOS Sports and
Recreation subscore (p=0.10) was not significant.

Player position did not have a statistically significant effect on the ability to return to play
for high school players (p=0.76). However, the results showed that 41% of “skilled” position
players were able to return to play at the same performance level compared with 50% of
thosein “non-skilled” positions.

Reasons cited for not returning to play arelisted in Table 3. Two-thirds of both high school
and collegiate players listed “ other interests’ as reasons for not returning to play (i.e., lost
interest in sport, other sports interest, other lifeinterest, etc.). Of the specific performance-
related reasons, 53% of high school players and 50% of collegiate players identified fear as
amajor or contributing factor to not returning to play.

The prevalence of concomitant nonoperative MCL, articular cartilage, and meniscal injuries
requiring treatment is shown in Figure 3. Neither concurrent meniscal surgery (excision or
repair) or articular injuries in either age group, nor concurrent nonoperative MCL in the high
school athletes were found to statistically significantly affect return to play (p>0.1 for all).

Regarding graft selection, the most common choice was bone-patellar tendon-bone (BTB)
autograft. Only 12 (25%) of the 48 high school athletes had hamstring reconstructions and 5
(10%) had soft tissue allografts. In the collegiate athletes, 6 of the 23 (26%) had hamstring
reconstructions, 2 (9%) had soft tissue allografts, and 1(4%) had a BTB allograft. Dueto
low numbers, effect of graft on return to play was not statistically tested.

Discussion

The findings of this study are consistent with those of other recent similar studies evaluating
overall (mixed sports) return-to-play following ACLR. In areview of 15 studies, Kvist et a.
reported that 56% of patientsin all sports had returned to their pre-injury activity level after
ACLR.Z Ardern et a3 in a systematic review of 48 studies identified a 44% rate of return
to competitive sport, and further demonstrated a 46% return to competitive sport in a cases
series study on 196 competitive sport athletes.? Lee et al. reported a 62% rate of return to
play over five years following ACLR utilizing hamstring autografts.2> Carey et al.° reported
an approximately 80% return-to-play rate for NFL running backs and wide receivers
following ACLR; however, performance was reduced by one-third of their pre-injury level
based on performance-based criteria (i.e. yards gained, touchdowns scored, etc.).

Am J Sports Med. Author manuscript; available in PMC 2013 November 01.
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A secondary purpose of this study was to determine patients' retrospective perception
regarding their ability to return to a previous performance level, as well asto relate that to
validated patient-reported outcome scores gathered prospectively and closer in time to actual
return to play. One third of the high school and nearly half of collegiate athletes who
returned to play reported that they did not return to their pre-injury level of performance.
Thisisin line with data presented by Laboute and colleagues on a mixed-sport population.24
We are unable to comment as to whether any players felt they improved after their surgery
compared to their pre-operative level of play. In regard to Marx activity level two years after
ACLR, collegiate athletes who returned to play and prior performance level showed a
significant difference from those who did not return to play; whereas high school athletes
did not. However, this may be due to some errorsin patient reporting. Of the three high
school students reporting Marx activity scores of O, two likely incorrectly completed the
form, as they were on teams during the year they completed the questionnaire. In alarger
population, these individuals would have less effect on the overall statistical analysis. On
IKDC and KOOS subscales, differences related to return to play and performance level in
high school students were clinically relevant18: 28 but not statistically significant. This
suggests that that our study was underpowered to show real differences between athletes
who do and do not return to play given the variability in high school players, unlike the
collegiate population in which we demonstrated statistical significance.

We also attempted to determine what effect physical and sports-related factors had on the
patients' return to both play and performance level. With the numbers available we were not
able to elucidate any surgically relevant differences that were related to return to play and/or
performance level including graft type, meniscal status, chondral damage, or MCL injury; or
sport-specific differences, such as position. Despite the fact that our incidence of these
various factors was quite low, they should be revisited in alarger population in future
studies.

The ability to return to competition in the safest, most efficient manner following an ACL
tear is of paramount importance to most athletes who sustain this type of injury.10
Considering this, return to play at either the same or higher level should arguably be
considered one of the primary outcome measures in defining a successful outcome for the
competitive athlete. Studies have demonstrated that poor knee function in patients (as
determined by patient-reported outcome scales) is not always reflected as an inability to
participate in sports.% 18 Furthermore, even those who are able to return to play frequently
are unable to participate at the same level of performance as they had before their injury.1®
While we continue to refine our understanding of the technical aspects of ACLR and
optimal methods of postoperative rehabilitation, we often fail to appreciate the
psychological component associated with the ability to return to play. Y et, the psychological
component remains critical and might compromise an otherwise sound reconstruction and
successful rehabilitation due to fear of re-injury. A study by Copeland has shown that most
athletes lack adequate psychological preparation for injury and have no strategy for how to
deal with the extensive rehabilitation period.2% The psychological effect on play has been
well documented by Kvist et a. who found that 24% of 59 patients who underwent
unilateral ACL reconstruction identified fear as the primary factor for not returning to
play.23 Thiswas further substantiated by Lee et al. who found that the two main reasons for
peoplein their study not returning to play were having an unstable knee or fear of re-
injury.2 Interestingly, however, Chmielewski et al.1! found an inverse correlation between
fear, as quantified by the Tampa Scale for Kinesiophobia (TSK-11), and IKDC, although we
were unable to support this finding (data not shown), either due to the number of subjects or
by our more casual method of determining fear.

Am J Sports Med. Author manuscript; available in PMC 2013 November 01.
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A potential weakness of this study was our inability to quantify or qualify the effect of two
unique, yet important factors potentially responsible for return to play following ACLR:
psychological factors and postoperative rehabilitation. Despite atechnically sound ACLR
and appropriate rehabilitation, emotional and psychological trauma associated with the ACL
injury may prevent these athletes from achieving pre-injury function. We are unaware of any
prior studies evaluating this factor in competitive amateur American football players.
Considering the retrospective nature of our study at six years post-injury, recall biasisa
concern. In concordance with Ardern et al.,2 we feel that our primary outcome (return to
sport) is adiscrete event that our subjects were keenly aware of when completed, and
therefore is subject to limited reporting bias. Retrospective perception of return to level of
performance is likely not to be as robust. However, the expected effect of recall bias at this
time point on the reliable evaluation of emotional factors affecting athletic performance, as
elucidated by the Tampa Scale of Kinesiophobia (TSK) previously utilized by Kvist et al.,23
might limit the validity of any conclusions that could be made. We did not assess the
patients' psychological make-up preoperatively to determine whether or not this cohort of
athletes was comparabl e to the general population of athletes in terms of coping mechanisms
and other relevant psychological characteristics. Neverthel ess, we have no reason to suspect
that our patients differ from other athletic patients or the population at large. Secondly, the
patients' level of participation in and type of postoperative rehabilitation program were not
assessed as to their effect on return to play. While physicians participating in MOON use the
same rehabilitation guidelines, compliance in a study of this magnitude is difficult to
measure or control.

An additional limitation of our study is our inability to utilize physical examination,
functional tests, and other structural measures to evaluate the post-ACL reconstructed knee
and athlete performance. This would include KT-1000, Lachman, MRI, and/or pivot shift
testing to help evaluate a functionally stable graft. While a performance measure such as that
proposed by Carey et a.? to evaluate pre- and post-injury function would have been ideal,
the lack of accessto this datain our amateur athletes made thisimpossible. However, the
measures utilized by Carey et al. are limited to select positions and would not apply to a
large portion of our athletes. Furthermore, given the previously mentioned discordance
between structural measures and ability to return to play, the lack of these measures does not
discount the importance of the observed psychological effect of fear on athletic
participation, nor does it discredit the potential correlation of patient-reported lower
performance ability to athletic function.

Future studies should include increased numbers of observations, multivariate analyses, and
data collected prospectively with additional psychological and performance measurements
to complement patient-reported outcome scores.

Conclusion

The frequency of return to play in high school and collegiate American football after ACLR
issimilar to the return to pre-injury activity level percentages reported in recent studies.
While the surgical and rehabilitation components of ACLR have undergone extensive study
and evaluation, the psychological component of return to play, in particular fear of re-injury,
is frequently underestimated and likely plays acritical rolein preventing athletes from
returning to play.
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What is known about the subject

While data regarding return to sport activity for professional football players exists
within the medical literature, amateur football player return to play and factors affecting
thisrate are largely unknown. Prevalence studies have reported the incidence of ACL
injuriesin this group but have been unable to provide insight into how many of these
athletes return to play

What thisstudy addsto existing knowledge

This study provides useful information on the return to amateur football after patients
have undergone ACLR and offersinsight into some factors that may play a much more
significant role in whether players return than previously appreciated.
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N = 222 football 1° or 2° in '02/'03

N = 184 contacted

N = 149 football

N = 147 eligible

40 Recreational
7 Middle School
68 High School
26 College

6 Semi-Pro/Pro

Figure 1.

N = 38 unable to
be contacted

N = 35 not football
players

N = 2 excluded for
multi-lig injuries

Page 13

Patient recruitment from the MOON cohort based upon football participation prior to ACL

reconstruction.

Am J Sports Med. Author manuscript; available in PMC 2013 November 01.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

McCullough et al.

Page 14

Retrospective Perception of
Performance after ACLR

33%

28% 29%
° 26%

45%

38%

No RTP RTP, No RTL RTP & RTL
m High School (53 players) College (24 players)

Figure 2.

Retrospective perception of the ability to return to pre-injury level of performance following
ACL reconstruction. Percentages of patients reporting no return to play (No RTP), return to
play but not return to the same level of performance (RTP, no RTL), or return to play and

return to the same level of performance (RTP & RTL). High school freshmen through

juniors.
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Concurrent injuries with ACL tear
m High School = Collegiate
52%
51%
36%
30%
25%
4%
0% 0% 0% 0%

MCL LCL PCL Articular  Meniscus

(G2-4)

Figure 3.
Concurrent meniscal/chondral/ligamentous injuries in addition to ACL injury in our football
player cohort. (G2-4 = Outerbridge classification of chondral injury).
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