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Background: There is limited information about the functional recovery and rate of return to preinjury levels of sports among
recreational athletes after anterior cruciate ligament reconstruction (ACLR).

Purpose: To investigate the recovery of quadriceps or hamstring strength, assess functional performance, and determine the rate
of return to preinjury sports levels among recreational athletes at 1 year after ACLR.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 91 recreational-level athletes who underwent anatomic single-bundle ACLR were enrolled. We evaluated the
limb symmetry index (LSI) of the quadriceps and hamstring peak torque strength at 60°, in addition to hop test performance (single-
leg, triple, crossover, and 6-m timed), patient-reported outcomes, and pre- versus postoperative Tegner activity levels. Outcomes
were compared between younger (age <25 years) and older patients (age >25 years).

Results: There were 48 patients in the younger group and 43 patients in the older group. At 1-year follow-up, the overall LSIs for
quadriceps strength and hamstring strength were 77% and 86%, respectively, and the LSIs of the hop tests were 79% for single-
leg, 81% for triple, 84% for crossover, and 85% for 6-m timed hop. Overall, only 24% patients returned to their preinjury Tegner
level, and only 8% of patients met the criteria for return to pivoting, cutting, and jumping sports. At 1-year follow-up, the younger
group showed significantly more quadriceps strength than the older group (85% vs 64%; P = .0001), better single, triple,
crossover, and 6-m timed hop test results (85% vs 69%, P = .003; 84% vs 75%, P = .046; 91% vs. 74%, P < .001; and 91% vs
76%, P = .003, respectively), higher Lysholm score (87 vs 74; P < 0.001) and International Knee Document Committee score (82 vs
66; P < .001), and a higher rate of return to preinjury Tegner level (35% vs 12%; P = .009).

Conclusion: Only 24% of patients returned to the preinjury Tegner level at 1 year after ACLR (35% younger group vs 12% older
group; P = .009). This information might be helpful in setting realistic expectations for recreational athletes after surgery.
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After an anterior cruciate ligament (ACL) injury, returning
to preinjury levels of sports is a major goal among athletes.
A recent systematic review reported that only 65% of ath-
letes returned to their preinjury sports levels; athletes who
were not professionally engaged in sports were less likely to
return to preinjury levels.® Nonprofessional athletes may
have less time for intensive rehabilitation, support from
rehabilitation professionals, and motivation to return to
sports (RTS).161821 In addition, the primary concern of
most nonprofessional athletes is not the return to their pre-
vious sports activity but rather the return to their
jobs. Therefore, it can be speculated that the recovery
of the quadriceps or hamstring strength and functional
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performance of nonprofessional athletes may progress
more slowly than that of elite athletes. Simply put, it may
take longer for nonprofessional athletes to return to their
preinjury sports levels.

A previous systematic review reported that 60% of non-
elite athletes return to their preinjury sports levels after
ACL reconstruction (ACLR).? However, several other stud-
ies have reported considerably lower rates than that, rang-
ing from 19% to 100%.%%45:26:30:33 The reason for the
different rates among studies has not been described, but
the level of athletic activity is probable. Recent studies have
suggested that athletes with higher competition levels are
more likely to return to their preinjury sports levels.1:3®
Therefore, it would be useful to apply the athletic competi-
tion level in differentiating the rates of return to preinjury
levels for sports. In many clinics, most patients who have
undergone ACLR are recreational-level athletes. They have
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been considered to be less likely to return to preinjury
sports levels. However, there are limited reports on the
recovery of muscle strength, functional performance, and
rates of return to preinjury levels after ACLR among
recreational-level athletes.

This study aimed to investigate the recovery of the
quadriceps or hamstring strength, functional perfor-
mance, and rate of return to preinjury levels for sports
among nonprofessional, recreational-level athletes after
ACLR. Furthermore, since previous studies have demon-
strated superior outcomes for patients under 25 years of
age, 13282932 the secondary aim of this study was to com-
pare the outcomes between younger (age <25 years) and
older (age >25 years) patients. We defined the recrea-
tional athlete as a person who participates in any sport
more than once a month to be physically fit, socially
involved, and have fun when he or she is not working.
We hypothesized that the recovery of quadriceps/ham-
string strength, functional performance, and rates of RTS
among recreational athletes would be lower than previ-
ously reported rates in elite athletes.

METHODS

We used a prospective, longitudinal, single-center cohort
in 2016 to investigate the functional and clinical outcomes
of all types of treatment (nonoperative, primary recon-
struction, and revisional reconstruction) for ACL injuries
in nonprofessional athletes or the general population. This
cohort study was approved by the ethical review board at
our institution, and all patients provided informed consent
before participation. The study data for the current retro-
spective analysis were extracted from the aforementioned
cohort. The patients in the current study were those who
underwent primary anatomical, single-bundle ACLR per-
formed by a single surgeon between January 2016 and
March 2018.

Demographic information and intraoperative data were
collected from electronic medical records and entered into
the database. The exclusion criteria were as follows: pro-
fessional or competitive athletes (Tegner activity level of 9
or 10); open physis; bilateral ACL injuries; concomitant
fracture or other ligament surgery of an injured or contra-
lateral knee; past history of fracture, ligament, cartilage,
or meniscal injuries of an injured or contralateral knee;
loss to follow-up before 1 year after the index ACLR; and
incomplete evaluation during the 6-month and 1-year fol-
low-ups.
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Surgical Technique

All patients underwent an anatomic, single-bundle ACLR.
If there was a meniscal tear, concomitant meniscal repair
or meniscectomy was performed before the ACLR proce-
dure depending on the repairability of the meniscus. In all
cases, a 2-incision, outside-in technique was used for the
anatomic femoral tunnel placement. The graft types used
for reconstruction consisted of an ipsilateral bone—patellar
tendon—-bone autograft, 4-strand gracilis and semitendin-
osus tendons autograft, and an Achilles tendon allograft.
The graft type was chosen after informed discussions with
each patient before surgery. Metal interference screws
were used for fixation of the bone—patellar tendon—bone
autograft. These were also used as a bone block for the
Achilles allograft. Bioabsorbable interference screws were
used for fixation of the hamstring autograft and a tendi-
nous portion of the Achilles allograft. Additionally,
sutures tied over a cancellous screw and washer were used
on the tibial side. The tunnel diameter was equaled to the
bone block (10 mm), and the soft tissue portion was 1 mm
smaller than the cross-sectional diameter of the graft
(range, 6-8.5 mm).

Postoperative Rehabilitation

The same postoperative rehabilitation was applied for
every patient, regardless of the graft type and whether the
patient was undergoing meniscal repair or meniscectomy.
Early progressive range of motion, quadriceps muscle
strengthening exercises, and neuromuscular training
were started, as tolerated, during the first postoperative
week. Partial weightbearing with crutches was allowed
immediately after ACLR. This progressed, again, as toler-
ated, to full weightbearing. A knee brace was recom-
mended for 4 to 6 weeks until ambulation became
comfortable. Three months after ACLR, patients who
achieved a limb symmetry index (LSI) of >70% on the
quadriceps strength and had no knee pain, effusion, or
giving way were allowed to run on a treadmill and pro-
gress to agility exercises and sports-specific drills.2* After
12 months, patients were cleared to return to nonpivoting,
cutting, and jumping sports activities if they achieved an
LSI of >80% on quadriceps and hamstring strength and a
single-leg hop test (RTS criteria 1). Patients were cleared
to proceed with pivoting, cutting, and jumping sports
activities if they achieved an LSI of >90% on quadriceps

and hamstring strength and 4 hop tests (RTS criteria
2).1,9,10
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Assessment of Functional and Patient-Reported
Outcomes

All patients were prospectively evaluated during their reg-
ular visits to the outpatient clinic. The independent staff
(experienced athletic trainers and physical therapists) from
our sports rehabilitation center conducted all the functional
tests and obtained the necessary data. These data were
collected before ACLR and at 3 months, 6 months, and
1 year after ACLR. The hop tests were performed 6 months
and 1 year after ACLR.

The isokinetic concentric quadriceps and hamstring
strength was measured with an electromechanical dyna-
mometer (Biodex6000; Biodex Medical Systems) with the
knee at an angle of 60°. Three submaximal practice trials
were followed by a 1-minute rest period before 3 maxi-
mum-effort repetitions were recorded. After strength test-
ing, 4 hop tests were performed in the following order:
single hop for distance; triple crossover hop for distance;
triple hop for distance; and 6-m timed hop.?%2? All patients
performed 2 trial hops after 2 practical hops. The 2 trial
hops were then averaged. The uninjured leg was tested
first. The LSIs of the quadriceps and hamstring strength
peak torques and of the hop test distance/time were calcu-
lated as (injured/uninjured) x 100. The 6-m timed hop
test, however, was calculated as (uninjured/injured) x
100. After the functional tests, patients completed 3
patient-reported assessments, including the Lysholm
knee scoring scale, the 2000 International Knee Documen-
tation Committee (IKDC) subjective scale, and the Tegner
activity level 512

Assessment of Return to Previous Sports Activity
Levels

We obtained information regarding each patient’s expecta-
tions for return to previous sports activity, participation in
any sports, return to preinjury sports activity, and clear-
ance of our RTS guidelines. Patients were asked to respond
to the following question: “Do you think you are likely to
return to your preinjury sports activity level?” We also
asked whether each patient played any sport. A return to
the preinjury level of sports activity was defined as the
return to the same or higher Tegner level 1 year after ACLR
compared with the preinjury Tegner level. Clearance of our
RTS guidelines was assessed according to the previous
description of rehabilitation.

Statistical Analysis

Because previous studies have shown a higher rate of fail-
ure in patients aged <25 years (6%),'>?82932 patients in
this study were divided into 2 groups according to age:
younger (age <25 years) and older (age >25 years). Demo-
graphic and intraoperative variables (including sex, age,
height, body mass index, graft type, graft diameter, and
presence of meniscal or cartilage tear), functional and clin-
ical outcomes, and the rates of RTS activity were compared
between the 2 groups during the follow-ups at 6 months and
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1 year after ACLR. An independent ¢ test (for comparison
between 2 groups) or a 1-way analysis of variance test (for
3 time points within groups) was used for continuous vari-
ables. The chi-square test was used for categorical vari-
ables. Statistical significance was established at the 5%
level (P < .05). All statistical analyses were performed
using the SPSS for Windows, Version 25.0 (SPSS Inc).

RESULTS

A total of 118 patients met the inclusion criteria of this
study. Of these patients, complete follow-up and serial test
data were obtained in 91 patients (younger group, n = 48;
older group, n = 43). Fifteen patients were lost to follow-up,
while 12 patients had incomplete serial test results. The
demographic data of the 91 patients are presented in
Table 1. The sports played before injury included soccer
(n = 48), basketball (n = 22), baseball (n = 4), badminton
(n = 3), tennis (n = 3), table tennis (n = 3), running (n = 1),
skiing (n = 3), skating (n = 1), taekwondo (n = 2), and judo
(n=1).

Functional Outcomes, Clinical Outcomes, and RTS

At the 1-year follow-up, the preoperative quadriceps and
hamstring strength and the patient-reported outcomes sig-
nificantly improved after ACLR (Table 2). The preoperative
quadriceps strength did not improve at 6 months; however,
this improved significantly at 1 year. The overall LSIs of
the quadriceps strength and hamstring strength at 1-year
follow-up were 77% and 86%, respectively. The LSIs of the
hop tests at 1 year were 79% for single-leg, 81% for triple,
84% for crossover, and 85% for 6-m timed. The percentage of
patients who reached an LSI >90% at the 1-year follow-up
were as follows: single-leg, 33%; triple, 31%; crossover, 42%;
and 6-m timed, 40%. During the first year after ACLR, 74% of
patients returned to any sports level, but only 24% returned
to their preinjury Tegner level. Of the patients, 76% had pos-
itive expectations for RTS to their preinjury level; however,
only 34% and 8% of patients passed our RTS readiness crite-
ria 1 and 2, respectively. No graft rupture or meniscal or
cartilage injuries had been noticed during the clinical
follow-up period in any of the patients.

Subgroup Analysis

There were no significant differences between the 2 groups
in terms of demographic data, except for age (Table 1).
There were no significant differences in the preoperative
quadriceps and hamstring muscle strengths, the 2000
IKDC subjective scores, and the Tegner level between the
2 groups (Tables 2 and 3). However, the younger group
showed significantly higher patient-reported outcomes,
more quadriceps strength, and better hop test performance
at 6 months and 1 year after ACLR compared with the older
group (Tables 2 and 3).

In the younger group, quadriceps strength LSI signifi-
cantly improved from preoperatively to 1-year follow-up
(65.4% vs 84.8%; P = .001). This improvement in quadriceps
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TABLE 1
Patient Demographic Data®
Total (N = 91) Younger Group (n = 48) Older Group (n = 43) P Value
Male sex 80 (88) 44 (92) 36 (86) 135
Age, y 26.8+11.4 18.9+3.0 37.4+9.8 <.001
(median, 18) (median, 33)
BMI, kg/m? 24.1+4.3 23.8+3.3 24.3+5.4 42
Competitive/ 72/18 39/9 33/10 42
recreational
sports
Graft type, n; graft .45; .76
diameter, mm
Hamstring 51;82+1.4 30;8.1+2.1 21;83+1.9
autograft
BPTB autograft 21;10.1£0.3 10; 10.0 £ 0.4 11; 10.3 £ 0.5
Achilles allograft 19; 10.2 £ 0.5 8;10.1+0.2 11; 10.2 £ 0.5
Time from injury to 3.0+ 3.7 3.2+3.2 3.1+27

surgery, months

“Data are reported as n (%) or mean £ SD unless otherwise indicated. Younger group: age <25 years; older group: age >25 years. P values
in bold indicate a statistically significant difference between groups (P < .05). BMI, body mass index; BPTB, bone—patellar tendon—bone.

TABLE 2
Comparison of Muscle Strength and Hop Performances between 2 Groups®

Limb Symmetry Index, % Younger Group (n = 48) Older Group (n = 43) P Value
Quadriceps strength Preop 65.4 £4.0 63.4+£5.6 .55

6 months 70.4+29 55.9+4.9 .002

ly 84.8 +3.2° 66.4 £ 5.2 .0001
Hamstring strength Preop 73.6+5.1 64.2+7.5 12

6 months 83.9+3.1° 78.9 + 5.0° 12

1y 88.3+2.6° 83.0+2.9° 107
Single-leg hop 6 months 77.5+3.6 65.2+5.2 017

ly 85.2+3.3 68.7+5.4 .003
Triple hop 6 months 80.4+3.3 67.3+6.0 .012

ly 84.1+2.7 75.1+3.9 .046
Crossover hop 6 months 81.3+3.5 62.8 £ 6.4 .002

ly 914+ 2.6 73.5+5.2 <.001
6-m timed hop 6 months 87.0+2.5 724+6.4 .006

ly 90.6 + 2.3 76.3+5.6 .003

“Data are reported as mean + SD. Younger group: age <25 years, older group: age >25 years. P values in bold indicate a statistically
significant difference between groups (P < .05). Preop, preoperative.
bSignificant difference compared with preoperatively.

strength was not seen in older patients, however (63.4% vs DISCUSSION

66.4%; P = .076) (Table 2). In younger patients, the hop test

performance was an LSI of >85% at 1 year after ACLR, The main findings of this study were that only 24% of
while older patients still had an LSI of <80% (Table 2). There patients returned to their preinjury Tegner sports activity
were no significant differences in the rates of positive sub- levels, while only 8% achieved >90% improved measure-
jective expectations about the confidence in returning to ments of muscle strength and 4 hop tests taken 1 year after
their previous sports activity levels between the groups ACLR. Patients aged >25 years had lesser functional and
(Table 4). However, older patients were less likely to partic- clinical outcomes at 6 months and 1 year after ACLR in terms
ipate in sports activities at their preinjury levels (Table 4); of patient-reported outcomes, quadriceps muscle strength,
younger patients were more likely to meet the criteria for hop test performance, and rate of return to preinjury sports
return to nonpivoting, cutting, and jumping sports (44% vs activity. Our findings may aid clinicians in setting realistic
23%; P = .039). However, no significant differences regard- expectations for functional recovery and RTS time points for
ing the rates of readiness for return to pivoting, cutting, and nonprofessional, recreational athletes undergoing ACLR.
jumping sports were found between the younger and older In our study, 24% of patients returned to their preinjury

groups (10% vs 5%; P = .302). sports levels 1 year after ACLR. This was lower than the
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TABLE 3
Comparison of Patient-Reported Outcomes Between
2 Groups®
Younger Older
Group Group P
(n = 48) (n =43) Value
Lysholm score Preop 68.1+£3.8 53.1+£5.7 .007
6 months 81.5+25 69.8 + 3.3 .003
ly 86.8+25 73.7+3.3 <.001
IKDC subjective Preop 534+26 474+42 15
score 6 months 745+26 58934 <.001
ly 81.5+24 66.1 +3.3 <.001
Tegner activity Preop 7.3+£0.3 7.0+£0.3 .52
score 6 months 5.6+0.3 43+0.3 .095
ly 65+04 4.8+0.3 <.001

“Data are reported as mean *+ SD. Younger group: age <25
years; older group: age >25 years. P values in bold indicate a sta-
tistically significant difference between groups (P < .05). IKDC,
International Knee Document Committee; Preop, preoperative.

rate (60%; nonelite athletes) reported by a previous system-
atic review.? The reason for the difference in preinjury RTS
rates remains unclear. One probable explanation is the per-
formance level of the included athletes. The motivation for
return to competitive-level sports may prompt athletes to
undergo intensive rehabilitation. Thus, they would be more
likely to return to their preinjury sports level. For
recreational-level athletes, the reported rates of return to
preinjury sports levels have been lower (Ardern et al,* 19%;
Hamrin Senorski et al,'* 17.6%; Tjong et al,3° 35%; Webster
et al,® 32%). Another probable explanation may be the
publication bias of a meta-analysis. Since there is a ten-
dency to publish studies that show good results, it is harder
to find studies with inferior results beyond outliers. How-
ever, negative or inferior results should also be reported to
determine the factors affecting unsatisfactory outcomes
and improve clinical practice.

In our study, most patients did not achieve >90% of
quadriceps strength. Only 8% of patients passed the RTS
criteria for pivoting, cutting, and jumping sports at 1 year
after ACLR. This suggests that nonprofessional athletes
require more time to recover symmetric muscle strength
and function after ACLR. The rate of return to preinjury
levels in our study was lower than that previously reported
in professional or elite athletes (14%-73%)."1%173! The pos-
sible reasons may be the conservative rehabilitation proto-
col in the early phase, and, more likely, the amount of time
invested for rehabilitation. Due to their jobs being during
working hours, nonprofessional athletes were less likely to
receive intensive rehabilitation than professional or elite
athletes. However, it is questionable whether the current
RTS criteria for professional or elite athletes can be applied
to recreational athletes.'®'5 Since the RTS criteria for com-
petitive sports is set high, it would be difficult for recrea-
tional athletes to pass these criteria 1 or 2 years after
ACLR. Considering a lower competitive level, a lower
threshold of the RTS criteria would be needed for these
nonprofessional athletes. In addition, a recent systematic
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TABLE 4
Rate of Return to Sports Activity”

Younger Group Older Group P

(n = 48) (n =43) Value
RTS (subjective 37 (77) 32 (74) .954
expectation)®
RTS (any sport) 33 (69) 34 (79) .264
RTS (preinjury Tegner 17 (35) 5(12) .009
level)*
Passed RTS criteria 1¢ 21 (44) 10 (23) .039
Passed RTS criteria 2° 5(10) 2 (5) .302

“Data are reported as n (%). Younger group: age <25 years;
older group: age >25 years. P values in bold indicate a statisti-
cally significant difference between groups (P < .05). RTS, return
to sports.

bParticipant answered “yes” to the question about whether he
was subjectively confident about returning to his previous sports
activity level.

‘Patient returned to the same or higher preinjury Tegner level.

dCriteria 1 for non—high risk recreational sports: >80% quadri-
ceps and hamstring strength; >80% single hop test; no pain, effu-
sion, or giving way; full range of motion.

®Criteria 2 for high-risk recreational or competitive sports:
>90% quadriceps and hamstring strength; >90% 4 hop tests; no
pain, effusion, or giving way; full range of motion.

review and meta-analysis®® reported that there was limited
evidence that passing an RTS test battery would reduce the
risk for any subsequent knee and ACL injuries. The
authors also questioned the validity of the current RTS test
batteries.?* Further studies are required to develop and
validate an appropriate RTS criteria for recreational
athletes.

It is well-recognized that psychological readiness is also
important in RTS and the prevention of subsequent knee
injuries. 19202735 In this study, we investigated patients’
expectations of returning to their preinjury level of sports
activity at 1 year after ACLR through 1 simple question.
Only 24% of patients successfully returned to their preinjury
Tegner sports activity levels; however, 76% still had positive
expectations of returning to their preinjury sports levels. In
addition, the rate of positive expectations in the older group
was similar to that of the younger group. Considering that
76% of patients had positive expectations, a high possibility
of physical function improvement by intensive rehabilitation
exists. However, the simple question used in the present
study was not a validated measurement for psychological
readiness. Further studies using validated measurement
methods such as the Anterior Cruciate Ligament—Return
to Sport after Injury scale are warranted.>?

A previous study has suggested that patients aged <30
years have a similar recovery of knee functions after ACLR,
regardless of their age. Beischer et al® reported no differ-
ences in the quadriceps/hamstring muscle strengths, hop
performances, and patient-reported outcomes (Knee injury
and Osteoarthritis Outcome Score) between adolescents
(age <20 years) and adults (age 20-30 years) at the 1-year
follow-up after ACLR. Our study included 26 patients aged
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>30 years. We also performed a subgroup analysis. We found
that older patients (age >25 years) had inferior quadriceps
muscle strength and hop performances, lesser patient-
reported outcomes, and lower return to preinjury sports
levels at 6 months and 1 year after ACLR than younger
patients (age <25 years). In addition, older patients showed
little improvements in quadriceps strength, hop perfor-
mances, and patient-reported outcomes compared with youn-
ger patients during the follow-ups at 6 months and 1 year
after ACLR. These patients still had decreased quadriceps
strength and hop performances <80% for the contralateral
knees. Since there are limited studies reporting the normal
and 1-year recovery phase values of muscle strengths and
hop performances in patients aged >25 years, it is question-
able whether our results are outliers. Although several stud-
ies have reported satisfactory clinical outcomes after ACLR
in older patients,'*?® different rehabilitation strategies and
time frames may be required in older patients.

The main strength of the present study is the provision of
information regarding the recovery of the quadriceps or
hamstring muscle strength and the hop performances with
time for nonprofessional, recreational athletes after ACLR.
This information may help clinicians in providing preoper-
ative counseling to nonprofessional, recreational athletes
and setting realistic goals after ACLR. However, there are
several limitations to this study. First, 22% of patients were
lost to follow-up during the study period. This may have
significantly affected the results. Second, this study
reported only the short-term follow-ups of the functional
and clinical outcomes after ACLR. To date, we are contin-
uously evaluating these patients to obtain more data on the
functional and clinical outcomes. Further long-term results
shall be reported in the future. Third, some subgroup anal-
yses may have been affected by the limited number of
patients. Fourth, heterogeneous grafts were used for
ACLR. These may have affected the isokinetic test results
of the quadriceps (bone—patellar tendon—bone autograft)
and hamstring muscles (hamstring autograft). Fifth, a
sample size calculation was not performed before the study.
The study may have likely been underpowered for statisti-
cal analyses. Sixth, our conservative rehabilitation protocol
in the early phase might have affected the functional recov-
ery and clinical outcomes of patients. Finally, an unidenti-
fied graft rupture/laxity, an unidentified meniscal or
cartilage injury, authors’ indications for ACLR, and patient
expectations can also be reasons for not returning to sport.
However, these were not evaluated in detail in our study.

CONCLUSION

Only 24% of patients returned to their preinjury Tegner
sports activity levels 1 year after ACLR. This information
might be helpful in setting realistic expectations for recre-
ational athletes after surgery.
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