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Background: The effect of concomitant meniscal tears, and their associated treatment, on strength and functional recovery after
anterior cruciate ligament reconstruction (ACLR) has not been adequately investigated in young populations.

Hypothesis: Concomitant meniscal tears, treated with or without repair, would not adversely affect strength, balance, or functional
hop test performance at 6 months postoperatively.

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

Methods: The authors retrospectively analyzed return-to-sports (RTS) assessments prospectively collected 6 months after ACLR
with hamstring autograft in 165 patients <25 years of age. Descriptive, surgical, and RTS testing data were analyzed, and sub-
groups were compared using analysis of covariance models designed to assess the effects of sex, meniscal tear, and meniscal
repair on RTS performance.

Results: Included were 115 female (70%) and 50 male (30%) patients with a mean age of 16.4 years (range, 12.3-25 years). Of
these patients, 58% had concomitant meniscal tears (59% lateral, 27% medial, 14% lateral + medial), comprising 53% of the
female and 70% of the male patients. The authors treated 61% of the tears with repair, with range of motion (ROM) and
weightbearing limitations imposed within the first 6 weeks postoperatively, whereas 39% were treated with partial meniscectomy,
rasping, or trephination (no ROM or weightbearing restrictions). The mean deficit in hamstring strength at 6 months postoperatively
was significantly greater in the meniscal tear group than in those without a tear (32.3% vs 24.6%; P = .028). The meniscal repair
group had greater hamstring strength deficits than the group with meniscectomy, rasping or trephination (34.3% vs 26.2%;
P = .023). Performance on dynamic balance and functional hop tests was similar among all meniscus subgroups. There were no
sex-based effects on any subgroup comparisons.

Conclusion: At 6 months postoperatively, both young male and young female patients who underwent ACLR with hamstring
autograft demonstrated significant hamstring strength deficits compared with their nonoperative leg. The presence of a meniscal
tear and subsequent repair, or its related rehabilitation restrictions, appears to have adverse effects on the postoperative recovery
of hamstring strength.
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Anterior cruciate ligament (ACL) injury is a common
multiple season—ending injury in adolescent and young
adult athletes. Because persistent knee instability associ-
ated with ACL deficiency can lead to secondary meniscal
tears, chondral injuries, and accelerated degenerative
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changes in young athletes,'® ACL reconstruction (ACLR)
is now considered the standard of care, even in the skele-
tally immature adolescent athlete.®'° However, this
group of patients also has a relatively higher risk of both
subsequent graft failure and contralateral ACL injury as
compared with older patients.'®!%1%16 While hamstring
autograft and patellar tendon autograft have emerged as
relative co—gold standard graft options for ACLR in adults,
hamstring ACLR is the most common technique utilized in
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most centers for adolescent subpopulations because patel-
lar tendon grafts are not an option in skeletally immature
athletes.

Balanced cocontraction of the quadriceps and ham-
string musculature is essential to properly stabilize the
knee during sports-related activities such as cutting,
pivoting, and landing. Decreased hamstring strength rel-
ative to quadriceps strength and recruitment has been
shown to increase the risk of ACL injury in athletes.'®
Given the importance of the hamstrings in stabilizing the
knee joint, recovery of hamstring strength after autograft
harvest for ACLR is a concern. In a magnetic resonance
imaging study, the harvested tendons displayed morpho-
logical regeneration; however, hamstring strength deficits
persisted at 2 years postoperatively regardless of tissue
regeneration at the graft harvest site.2? Physiologic stud-
ies have shown that persistent hamstring weakness after
ACLR can be overcome but the timing of such optimization
of strength and return to sports remains unclear.? Subtle
persistence of hamstring weakness and quadriceps-
hamstring imbalance after hamstring tendon harvest, and
the associated loss of dynamic knee stability, combined
with return-to-sports activities may contribute to a higher
risk of ACL retear, particularly in this adolescent and
young adult patient population. Criteria for return to play
in this higher-risk population have not firmly been
established.

Muscle strength assessments and functional hop tests
are important to determine adequate rehabilitation pro-
gress after ACLR in anticipation of return to sports. Post-
operative strength, dynamic balance, and functional hop
tests at 6 months are among the best studied and utilized
criteria for making return-to-play assessments. The quan-
titative results of these performance measures have not
been well studied in younger athletes. It is also unclear
what effect having a concomitant meniscal tear has on their
performance and whether undergoing a meniscal repair
further inhibits their performance on return-to-sports
assessments.2® Treatments for meniscal tears include par-
tial meniscectomy, rasping, trephination, or repair. It has
been hypothesized that despite early postoperative range of
motion and weightbearing restrictions, patients who
undergo meniscal repair eventually would catch up to their
counterparts who are not similarly restricted.

The purpose of this study was to determine the results of
these strength and functional tests in an adolescent and
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young adult population after ACLR with hamstring tendon
autograft and to determine whether sex, meniscal pathol-
ogy, or meniscal tear treatment affects performance and
therefore readiness to return to sports. We hypothesized
that there would be equal performance in young athletes
on functional testing with or without a concomitant menis-
cal tear and/or meniscal repair.

METHODS
Sample Selection

Participants for this study were adolescent and young
adult athletes from a large pediatric tertiary referral cen-
ter who had undergone ACLR between January 2011 and
October 2015 (n = 1655). We excluded patients >25 years
old (n = 152), those with duplicate instances of Current
Procedural Terminology code 29888 (n = 118), and
patients without 6-month postoperative functional
movement assessment (n = 1155). Of the 230 remaining
patients, an additional 65 were excluded for having grafts
other than doubled semitendinosus and gracilis autograft
(iliotibial band, n = 29; patellar tendon/bone-tendon-bone,
n = 17; allograft, n = 8) and chondral or collateral ligament
injuries requiring surgical intervention (n = 11) (Figure 1).

After institutional review board approval, prospectively
collected 6-month postoperative return-to-sports assess-
ments were retrospectively analyzed on 165 adolescent and
young adult patients who had undergone ACLR with ham-
string autograft, representing 10% of all ACLRs done dur-
ing the study time period. Of note, all surgeons in the study
require that such testing be performed before provision of
documentation for clearance to return to sports, and such
testing is provided to patients free of charge. However,
because of geographic and logistical restraints, as well as
losses to follow-up in this highly mobile population, many
patients meeting the inclusion criteria did not come for 6-
month testing.

Surgical Management

All patients underwent standard anatomic femoral and tib-
ial drilling with suspensory fixation on the femur and bio-
composite screw fixation on the tibia. All patients started
physical therapy with a standard protocol at 1 week after
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Total number of ACL reconstructions (January 2011 - October 2015) (N = 1655)

6 month post-op functional

Excluded

movement assessment (N = 230)

Excluded (N=65)

Age > 25 years Duplicate CPT codes
(N=152) (N=118)

No 6 month post-op
ITB graft Chondral Injury or H functional movement
(N=29) H Collateral ligament injury assessment (N=1155)
(N=11)
Allograft (N=8) [ BTB Graft (N=17)

Included in analysis (N=165)

——————
No meniscus tear Meniscus tear
(N=70) (N=95)

Rasping, Trephination,
— or Partial
Meniscectomy (N=37)

L Meniscus Repair (N=58)

Figure 1. Flowchart of participant selection for the study. ACL, ante
Procedural Terminology; ITB, iliotibial band.

surgery. Those patients who underwent meniscal repair
had some form of range of motion and weightbearing lim-
itations for the first 6 weeks postoperatively. Protected
weightbearing ranged from 4 to 6 weeks postoperatively.
Range of motion restrictions ranged from 30° to 40° in the
first 2 to 4 weeks; this was advanced to 90° by 6 weeks
postoperatively.

Clinical Testing

The testing protocol is specific to the study institution, but
it consists of well-established functional tests of strength,
dynamic balance, and hop testing, the details of which have
been comprehensively described in a prior publication.?!
Functional assessments were performed by injury preven-
tion specialists (certified athletic trainers or kinesiologists
with master’s degrees and additional strength and condi-
tioning certification). Functional movement testing con-
sisted of thigh circumference measurements; knee range
of motion measurements; muscular strength tests (ham-
string, quadriceps, hip abductor, and hip extensors) via
manual muscle testing; functional straight-leg Y-balance

rior cruciate ligament; BTB, bone-tendon-bone; CPT, Current

testing; and hop tests, including single hop for distance,
single-leg triple hop for distance, 6-m timed single-leg hop,
and crossover single-leg hop. Dynamic balance was quanti-
fied using a commercially available Y-balance assessment
system (Functional Movement Systems) as previously
described.?! All tests were completed twice, and the results
were averaged.

Statistical Analysis

For analysis, athletes were initially separated into 2
groups: (1) those who underwent isolated ACLR with no
concomitant meniscal tear and (2) those who underwent
ACLR with identification of a concomitant meniscal tear.
This second group was then analyzed in 2 subgroups: those
treated with partial meniscectomy, meniscal rasping, or
trephination (meniscectomy group) and those treated with
meniscal repair (meniscal repair group). Operative reports
were reviewed to make the group assignments. Details
regarding size of meniscectomy, extent of rasping or treph-
ination, and precise size or number of sutures utilized in
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the repairs were not available to allow for substratified
analyses.

Descriptive, surgical, and performance data were ana-
lyzed, and subgroups were compared using analysis of
covariance models. Physical characteristics (height and
weight) and sex distributions were incorporated into the
model as covariates to adjust for baseline differences.

TABLE 1
Characteristics of Study Participants.®

Meniscal Tear No Meniscal Tear

(n = 96) (n = 69) P
Age,y 16.6+ 1.9 16.0 + 1.7 .058
Height, cm 167.7+ 8.4 165.3+ 8.6 .017
Weight, kg 69.3+14.3 63.4+12.0 .002
Sex .042°
Female 61 (53) 54 (47)
Male 35 (70) 15 (30)

“Data are reported as mean + SD or n (%). Bolded P values indi-
cate a statistically significant difference between groups (P < .05).
5Chi-square test.

TABLE 2
Lower Extremity Strength Deficits 6 Months After ACLR
With or Without a Concomitant Meniscal Tear®

Meniscal Tear No Meniscal Tear

Muscle (n = 96), Mean % (n = 69), Mean %

Group Strength (LSI) Strength (LSI) P

Quadriceps 4.3 (-3.8 to 12.5) —4.2 (-13.0 to 5.5) .192

Hamstring -32.3 (-28.0 to —-36.6) —24.6 (-19.5 to —29.8) .028

Hip 5.3 (0.1 t0 9.5) 5.1 (0.0 to 10.2) .966
abductor

Hip 1.8 (2.7 to 6.3) 0.0 (-5.1 to 5.6) .663
extensor

“Data are reported as mean (95% CI). Bolded P value indicates
a statistically significant difference between groups (P < .05).
ACLR, anterior cruciate ligament reconstruction.
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RESULTS

The study population consisted of 115 female (70%) and 50
male (30%) patients, with an overall mean age of 16.4 years
(range, 12.3-25 years) and a mean body mass index of 24. Of
these patients, 58% had concomitant meniscal tears (59%
lateral, 27% medial, 14% lateral + medial), which com-
prised 53% of the female and 70% of the male patients.
Patients with a meniscal tear were statistically signifi-
cantly taller and heavier than those without a tear. Male
patients were more likely to have a meniscal tear compared
with their female counterparts (Table 1). Overall, 61% of
tears were treated with repair, whereas 39% were treated
with partial meniscectomy, rasping, or trephination.

The interval between surgery and postoperative physical
test was not different between the meniscectomy (6.1 +
0.1 months) and meniscal repair (6.2 £ 0.1 months) groups
(P = .672). When strength of the quadriceps, hip abductor,
and hip adductor muscle groups were compared between
meniscus subgroups, no statistically significant differences
were detected (Tables 2 and 3). However, the presence of a
meniscal tear was associated with greater deficits in ham-
string strength at 6 months postoperatively when com-
pared with not having a concomitant meniscal tear
(32.3% vs 24.6%; P = .028) (Table 2). This was not affected
by the location of the meniscal tear (medial, lateral, or both)
(P = .318).

When compared with patients with no meniscal tear,
patients who underwent a meniscal repair had significantly
greater hamstring strength deficits at 6 months (24.6% vs
34.3%; P = .035). When compared with the meniscectomy
group, patients in the meniscal repair group did not show
significantly greater hamstring strength deficits at 6
months (29.5% vs 34.3%; P = .860) (Table 3). This was also
not affected by the location of the meniscal tear (P = .078).
When the meniscectomy group was combined with the no-
tear group and compared with the meniscal repair group,
significant hamstring strength deficits were found in the
repair group at 6 months postoperatively (26.2% vs
34.3%; P = .023). There were no differences in performance
on dynamic balance or functional hop tests between
patients with and without meniscal tears (anterior reach,
P = .086; posterolateral reach, P = .091; single hop,

= .603; triple hop, P = .456; 6-m timed hop, P = .770;

TABLE 3
Lower Extremity Strength Deficits 6 Months After Isolated ACLR and ACLR With Treatment of Meniscal Tear®

No Treatment Group (n = 71),

Meniscectomy Group (n = 26),

Meniscal Repair Group (n = 14),

Muscle Group Mean % Strength (LSI) Mean % Strength (LSI) Mean % Strength (LSI) P
Quadriceps -3.6 (-13.1t0 5.8) 15.0 (1.8 to 28.2) 2.4 (-12.7t0 7.9) .059
Hamstring —24.6 (-19.5 to —29.6) —29.5 (—22.4 to —36.5) -34.3 (—28.8 to —-39.8) .041°
Hip abductor 5.6 (0.6 to 10.6) 3.9 (3.1 t0 10.9) 5.5 (0.0 to 11.0) 916
Hip extensor 0.7 (-4.5t0 5.9) 3.4 (3.9 to 10.7) 0.4 (-5.3t06.1) 792

“Data are reported as mean (95% CI). Bolded P value indicates a statistically significant difference between treatment groups (P < .05).

ACLR, anterior cruciate ligament reconstruction.

bThere was a significant difference between the no treatment and meniscal repair groups (P = .035; Bonferroni). There were no differences
between the no treatment and meniscectomy groups (P = .799) or between the meniscectomy and meniscal repair groups (P = .860).
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TABLE 4
Characteristics of Study Participants vs Entire Cohort®

Study Participants Entire Cohort
(N = 165) (n = 1155) P
Age, y 16.4+3.1 177+ 4.7 479
Height, cm 166.8 £ 8.6 167.1+84 .657
Weight, kg 68.7+13.2 67.2+13.9 .364

“Data are reported as mean + SD. Entire Cohort represents
patients who underwent anterior cruciate ligament reconstruction
at the study institution but did not undergo 6-month functional
strength, balance, or hop test assessments.

crossover hop, P = .805). There were also no differences in
performance on dynamic balance or functional hop tests
among the meniscal tear treatment groups (no treatment
vs meniscectomy vs meniscal repair) (anterior reach,
P = .368; posterolateral reach, P = .683; posteromedial
reach, P = .073; single hop, P = .808; triple hop, P = .570;
6-m timed hop, P = .808; crossover hop, P = .570).

To further ensure that sampling or selection bias was
minimized when deriving the study population (N = 165)
from the population of interest (n = 1155), statistical com-
parisons were made between key demographic features of
the study population and the larger source population. In
total, 115 female and 50 male patients (matching the study
population) were randomly selected from the population of
interest who did not have 6-month functional movement
assessment data. Age, height, and weight were compared,
with no statistically significant differences detected
between the groups (Table 4).

DISCUSSION

The study results indicated that at 6 months postopera-
tively, the overall cohort of young athletes who underwent
ACLR with hamstring autograft had significant hamstring
strength deficits compared with their nonoperative leg. Our
results are in line with other recent literature showing per-
sistent hamstring weakness after ACLR with hamstring
autograft.2* 71118 Nomura et al'” recently showed that
hamstring tendons regenerated in 21 of 24 (88%) patients
after ACLR with hamstring autograft. However, the muscle
showed significant atrophy and shortening that correlated
with decreased knee flexion torque. This is similar to a
previous finding by Tadokoro et al,?2 who showed signifi-
cant weakness, as well as regrowth in 22 of 24 semitendin-
osus tendons but only 13 of 24 gracilis tendons. Findings by
Tashiro et al?® suggested that this hamstring weakness can
be minimized by preserving the gracilis tendon and per-
forming the ACLR with only a quadrupled semitendinosus
tendon graft.

This common finding of decreased hamstring strength
and its resultant knee strength imbalance may have an
adverse effect on dynamic knee joint stabilization. Using
3-dimensional motion analysis, Abourezk et al® recently
showed that patients with hamstring strength asymmetry
post-ACLR showed altered knee mechanics during gait and
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jogging compared with those with more symmetric ham-
string strength. In spite of this, our study showed that the
significant weakness detected does not appear to affect
these young athletes’ performance on dynamic balance and
functional hop tests, which may speak to the inadequacy of
such rudimentary tests in assessing performance on
higher-level impact activities. While it remains unclear
how these results will translate to long-term clinical out-
comes, long-term clinical follow-up of these patients is
being pursued to better quantify sports performance, ACL
retear/graft rupture, and the correlation of such outcomes
with 6-month testing results.

The current study further demonstrated that adolescent
and young adult patients with hamstring ACLR with a con-
comitant meniscal tear had more severe hamstring strength
deficits compared with those without a meniscal tear. This
may speak to slightly higher rotational energy or overall
mechanisms of injury in the meniscal tear group relative
to the no-tear group. Because a well-designed prior study
comparing patients with ACLR with and without meniscal
treatment® found no difference in the early postoperative
pain between cohorts, this is unlikely to be an alternative
cause of the slower recovery in the current study’s meniscal
tear cohorts.

Additionally, adolescent and young adult patients with
hamstring ACLR who underwent a meniscal repair showed
increased hamstring strength deficits compared with the 2
other meniscus subgroups, independently: (1) patients with-
out a meniscal tear and (2) those who had a meniscal tear but
underwent treatment only with a partial meniscectomy,
rasping, or trephination. Of note, patients with any of these
3 treatment types, or some combination of them, were
grouped together for study purposes based on the fact that
no restrictions were imposed on such patients in their
weightbearing or range of motion, unlike the meniscal repair
group. Thus, there appeared to be a stepwise decline in per-
formance across the 3 subpopulations when rearranged
based on treatment type from “no tear” showing the least
deficit to the presence of a meniscal tear that needed mini-
mal treatment and to the worst performance in those
patients undergoing a repair. It is likely that the related
rehabilitation restrictions in the immediate postoperative
period, including both range of motion and weightbearing
restrictions, could inhibit the recovery of hamstring
strength. The question that arises then is, are we are impos-
ing unnecessarily restrictive rehabilitation protocols on our
patients with meniscal repair? Perhaps allowing these
patients to be weightbearing as tolerated with locked exten-
sion bracing and focusing on early hamstring strengthening
would enhance their recovery of postoperative strength.
However, the unknown remains—whether a change in reha-
bilitation protocols would adversely affect the success of the
meniscal repair, which was not the subject of the current
investigation and requires more long-term follow-up. Alter-
natively, if the somewhat restrictive or conservative
approach is directed appropriately at optimal meniscal heal-
ing in a relatively noncompliant adolescent and young adult
population, should patients with meniscal repair be coun-
seled that their return to sports will likely not be until a
minimum of 9 months postoperatively instead of 6 months,
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which is a commonly utilized global time frame for
rehabilitation? As it is currently unknown if the weakness
detected at 6 months postoperatively will translate to
increased graft retear rates at these time points, additional
investigations into the functional implications of perfor-
mance deficits and the associated ACL retear rates are war-
ranted. Optimal research protocols would allow for these
return-to-play testing results to be correlated with outcomes
at 2 years, 5 years, and 10 years.

LIMITATIONS

The study was somewhat limited in its generalizability for
patients of all ages undergoing ACLR, given the focused
age-based population of pediatric, adolescent, and young
adult athletes. Such a group may not be as compliant as
other populations with their rehabilitation regimens, given
their school-related restrictions, age, motivation levels, and
busy schedules. Patients were also not enrolled in a single,
well-monitored physical therapy program. However, while
a stricter, more standardized rehabilitation approach at the
study institution would have had methodological advan-
tages from a research perspective, pooling of multiple sur-
geons’ regimens in patients pursuing therapy at a wide
variety of community therapy facilities may be more repre-
sentative of the average experience in the United States
after ACLR and therefore may have allowed for more gen-
eralizable findings. There was also a potential for sampling
or selection bias with our study population, although char-
acteristic comparisons were performed in Table 4, which
suggested minimal differences between the study popula-
tion and the larger ACLR population at the study institu-
tion. Also, baseline, preinjury functional assessment data
were not available for most patients. However, this may not
be practical in a retrospective study design, given the dif-
ferences in timing of ACLR after acute or chronic ACL
injury. While postinjury preoperative rehabilitation (ie,
prehabilitation) is consistently utilized by all of the study
surgeons, it is possible that patients became deconditioned
in the postinjury period such that their contralateral leg
was weaker than their preinjury baseline. Thus, the defi-
cits identified in the study cohort may be even bigger than
were reported utilizing the contralateral comparative
approach. Additional limitations stem from the nature of
retrospective chart review of patients’ operative records,
with regard to technical details and technique-based differ-
ences that may exist between patients, surgeons, or the
overall cohort compared with those of other studies. More-
over, as a retrospective study that lacks functional outcome
measures and pain scores at various stages after surgery,
there were limited quantitative data to inform conjecture
on the precise cause of the different performance of
strength or functional testing among study subgroups.

CONCLUSION

Both female and male adolescent and young adult patients
undergoing ACLR with hamstring autograft demonstrated a
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significant deficit in 6-month postoperative hamstring
strength. There appeared to be a stepwise decline in postop-
erative hamstring strength in patients with ACLR, from
those with no concomitant meniscal tear to those with
meniscal tears treated with partial meniscectomy, rasping,
or trephination and finally to those with a meniscal tear
treated with a meniscal repair, in whom postoperative
weightbearing and range of motion restrictions were consis-
tently applied in this cohort. No difference in performance on
dynamic balance or functional hop tests was seen among
these meniscus subgroups. While early postoperative reha-
bilitation restrictions on range of motion and weightbearing
may have an adverse effect on postoperative recovery of
hamstring strength, the precise etiology of these findings
warrants further investigation.
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