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Abstract

Introduction Ruptures of the anterior cruciate ligament (ACL) can be accompanied by meniscal lesions. Generally, the reha-
bilitation protocols are altered by meniscal repair. Therefore, the aim of this study was to investigate the effect of meniscal
repair on the early recovery of thigh muscle strength in ACL reconstruction (ACLR).

Materials and methods We performed a matched cohort analysis of n=122 isolated ACLR (CON) compared to n=61 ACLR
with meniscal repair (ACLR + MR). The subgroups of meniscal repair consisted of 30 patients who had undergone medial
meniscus repairs (MM), 19 lateral meniscus repairs (LM) and 12 repairs of medial and lateral meniscus (BM). Isokinetic
strength measurement was performed pre-operatively and 6 months post-surgery to perform a cross-sectional and a longitu-
dinal analysis. All injuries were unilateral, and the outcome measures were compared to the non-affected contralateral leg.
Results Six months postoperatively overall there is no significant difference between the groups (extension strength MR 82%
vs. CON 85% and flexion strength 86% vs. 88%, resp.). Subgroup analysis showed that medial repairs exhibit a comparable
leg symmetry while lateral repairs performed worse with leg symmetry being 76% in extension and 81% in flexion strength.
Patients undergoing BM repair performed in between lateral and medial repairs (82% extension, 86% flexion).

Conclusion Generally, meniscal repair in conjunction with ACLR does not significantly alter the recovery of limb symmetry
in strength at 6 months postoperatively. Interestingly, medial repairs seem to perform superior to lateral meniscal repair and
repair of both menisci. Since the recovery of symmetric strength is a major factor in rehabilitation testing, these results will
help to advise surgeons on appropriate rehabilitation protocols and setting realistic goals for the injured athlete.

Level of evidence III, retrospective cohort study.

Keywords ACL reconstruction - Meniscal repair - Performance testing - Return to sports - Isokinetic strength

Abbreviations CON  Control group (isolated ACLR)
ACL  Anterior cruciate ligament MM Medial meniscal repair

ACLR Anterior cruciate ligament reconstruction LM Lateral meniscal repair
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focus of many publications, little is known about the role
that additional meniscal repair may play in this regard [3-6].

Meniscal repair has become a standard procedure accom-
panying ACLR over the last 2 decades [7, 8]. Generally, it
was shown that the outcome of meniscal repair performed
at the same time as ACLR has better results than meniscal
repair alone [9, 10]. Previous studies have evaluated out-
come parameters associated with meniscal repair: The short-
term results of meniscal repair in conjunction with ACLR
show that patients may have a slightly worse subjective
function during the first 6 months [11]. However, the long-
term outcome, measured by arthrometric measurements and
signs of osteoarthritis, is better whenever the meniscus is
preserved [12]. This can be well explained by the additional
stability provided by the menisci [13]. Subgroup-analyses
suggest that patients requiring medial meniscal repair may
have slightly worse long-term outcome in subjective func-
tion and higher risk of developing intrameniscal cysts com-
pared to lateral repair [11, 14-16].

When performing meniscal repair, especially in conjunc-
tion with ACLR, there is no consensus on the ideal rehabili-
tation scheme or return-to-play protocol [17, 18]. Further-
more, the rehabilitation schemes differ greatly depending
on the surgical technique and the location of the meniscal
lesion [17]. Generally, partial weight-bearing and restriction
of range-of-motion are frequent during the first postoperative
weeks after meniscal repair [17]. This contradicts the cur-
rent recommendations for rehabilitation following ACLR, in
which early weight-bearing and full range-of-motion have
been shown to be beneficial [17, 19]. Thus, rehabilitation
after meniscal repair may negatively affect the rehabilita-
tion process and subsequently delay return-to-sports [3, 4].

Reducing bilateral strength deficits and normalizing
ipsilateral strength balance are important factors for a safe
return-to-sport [6]. Several studies have demonstrated imbal-
ances post-ACLR between the operated and the contralat-
eral leg involving knee flexion and extension strength [6].
Strength deficits are the most commonly reported criteria
for return-to-play [4]. Furthermore, higher postoperative
quadriceps strength is associated with improved return-to-
sports [20]. Muscular deficits, however, have been shown to
be pronounced within the first 6 months after surgery, while
they may persist up to several years [6, 21]. Additionally,
persisting strength deficits are associated with a reduced
return-to-play rate and worse patient-reported outcomes [3,
22]. It must be stated, however, that the literature on func-
tional measures in the context of return-to-play following
meniscal repair is scarce.

Purpose

Hence, the goal of this study was to analyze the effect
of meniscal repair on the strength outcomes 6 months
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post-ACLR. Second, we performed a subgroup analysis to
differentiate the potential outcomes according to the location
of the meniscal repair. We hypothesized that the strength defi-
cits would be more pronounced in patients undergoing ACLR
with meniscal repair when compared to isolated ACLR.

Methods

This is a retrospective analysis of our prospectively collected
data of patients treated with ACLR between 12/2015 and
04/2017. All procedures were performed at our orthopedic
hospital by a total of five different surgeons following the
same standardized procedure. This study was approved by the
local ethics committee (EKNZ 2017-01825) and performed
according to the Declaration of Helsinki in its current form.

Patients

We screened the medical records of 221 patients that were
scheduled for ACL reconstruction. Inclusion criteria for the
meniscal repair group were unilateral ACLR with meniscal
repair in the same session. The matched control group had
undergone unilateral ACLR without meniscal repair. Patients
undergoing partial meniscectomy were also included in the
control group. Exclusion criteria for both groups were sec-
ond-stage revision, additional cartilage procedures (micro-
fracturing, matrix associated chondrogenesis) or osteoto-
mies performed on either leg. Furthermore, we excluded all
patients that had suffered relevant injuries to either leg like
contralateral ACL ruptures and previous tendon or muscular
injuries of the lower limbs. Associated treatments like partial
meniscectomy or superficial chondroplasty with no effect on
the postoperative proceedings were not specifically recorded.
Figure 1 summarizes patient recruitment in a flowchart.

A total of 61 patients met our inclusion criteria for
the meniscal repair group (ACLR + MR). For the control
group, n= 122 was chosen as a propensity-matched control
group (ACLR) which was matched for the choice of graft,
age decade, sex, height and revision ACLR. This match-
ing resulted in two cohorts with a balanced distribution of
covariates (Table 1).

Subgroups

The meniscal repair group was further divided according to
the location of meniscal repair, with n =30 medial meniscal
repair (MM), n=19 lateral meniscal repair (LM) and n=12
meniscal repair in both compartments (BM) (see below).
Of the 30 patients undergoing medial meniscal repair,
24 of these lesions were in the posterior horn, two bucket-
handle lesions and four lesions were primarily in the pars
intermedia. Of the 19 patients that had a repair of the lateral
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Assessed for eligibility (n = 244)

[ Allocation ]

v
l v
Allocated to control group (n = 172) Allocated to meniscal repair group (n = 72)
Excluded (n = 11)
e PL-augmentation / remnant repair (4)
e Injury to the contralateral leg (3)
e  Contralateral Hamstrings as graft (1)
e Second stage revision (1)
e Re-Rupture before post-op testing (1)
e Left country before post-op testing (1)
[ Matching ]
v

2:1 matching on propensity score
matching criteria (s. table 1):
e  Choice of graft
e Reuvision surgery
e Age/ Sex/ Height
e Leg dominance
e Surgically treated MCL-Injury

[ Analysis ]

Analysed (n=122)
+ Excluded from analysis (n = 0)

Fig. 1 Flowcart showing patient enrollment and allocation

meniscus (LM), 14 were in the posterior part, 3 in the pars
intermedia, 1 in the anterior horn and 1 meniscal root repair.
Of the 12 patients that were repaired on the lateral and
medial meniscus, 7 had both lesions in the posterior horn, 3
were not specified separately and 2 underwent repair of a lat-
eral root tear combined with a medial posterior horn repair.

Surgical technique

For ACLR, we used a proximal extra-cortical fixation
(Endobutton CL Ultra, Smith&Nephew, London, UK) and
a tibial hybrid fixation using a bioresorbable interference
screw and additionally extra-cortical fixation with the femo-
ral tunnel drilled via the anteromedial portal.

Analysed (n=61)
+ Excluded from analysis (n=0)

The meniscal repairs were performed as follows: poste-
rior horn repairs were performed using an all-inside tech-
nique (FastFix, Smith&Nephew, London, UK), the ante-
rior lesion was repaired using an outside-in technique and
the three root tears were arthroscopically reconstructed
via an additional transtibial drilling with extracortical
button fixation (EndoButton CL Ultra, Smith&Nephew,
London, UK). Repairs of bucket-handle lesions were
performed combining all-inside techniques (FastFix,
Smith&Nephew, London, UK), and inside-out techniques
using non-resorbable sutures (PDS 2-0).
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Table 1 Composition of the two Variable Meniscal repair group (n=61)  Matched control group
matched cohorts (n=122)
n % n %
Gender
Men 42 68.9 84 68.9
Women 19 31.1 38 31.1
Age at surgery [in years, mean (SD)] 27.9 (10.9) 28.9 (10.5)
10-19 16 26.2 26 21.3
20-29 25 41.0 46 37.7
30-39 8 13.1 22 18.0
40-49 10 16.4 19 15.6
50-59 2 33 6 49
Height [in m, mean (SD)] 1.76 (7.9) 1.75 (8.1)
Weight [in kg, mean (SD)] 75.4 (10.6) 75.8 (15.3)

BMI [median IQR)]
Graft choice
ST
STG
Allograft
BPTB
First-time revision ACLR
Injured vs. dominant leg
Injured dominant leg

Injured non-dominant leg

23.9 (22.2-26.3) 24.1 (22.1-26.2)

44 72.1 95 78.0
7 11.5 9 7.4
5 8.2 16 13.1
5 8.2 2 1.6
9 14.8 16 13.1
34 55.7 68 55.7
27 44.3 54 443

ACLR anterior cruciate ligament reconstruction, SD standard deviation, /QR interquartile range, ST semiten-
dinosus tendon, STG semi-tendinosus and gracilis tendon, BPTB bone—patellar tendon—bone

Rehabilitation scheme

The postoperative rehabilitation scheme was highly stand-
ardized for all patients where isolated ACLR was per-
formed; in these patients, immediate full weight-bearing
was allowed. The knee flexion angle was limited at 90° for
2 weeks and no knee-orthosis was used.

In those patients undergoing an isolated medial meniscus
repair, the passive flexion limit was kept at 90° for 6 weeks;
however, immediate full weight-bearing was allowed while
keeping the leg in full extension and wearing external brac-
ing during mobilization. Only the patients after a bucket-
handle repair had partial weight-bearing (15 kg) for 3 weeks.

In lateral meniscal repair, flexion angle was limited
according to the location and severity of the tear; partial
weight-bearing was recommended for 3 weeks with a flexion
limit of 60° for 3 weeks and 90° for another 3 weeks. In the
three cases of meniscal root fixation, no weight-bearing was
allowed for 6 weeks with passive flexion angles of 60-90°
during that time.

Generally, after the first 6 weeks, the progression within
the individual rehabilitation scheme was criterion based
[23]. One key factor in allowing a progressive weight-bear-
ing was the focused activation of the quadriceps muscle to
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allow active anterior—posterior stabilization. Furthermore, in
cases of postoperative flexion limit, a gradual increase using
continuous passive motion machines was recommended
until reaching 90° of knee flexion. Before restarting running
activity, an adequate stabilization of a single leg stance was
required. Running activity was initially supported using an
anti-gravity treadmill; generally, most patients returned to
running about 4—5 months postoperatively.

Strength measurements

The functional testing was performed preoperatively and
on average 26 weeks post-surgery. However, those patients
undergoing surgery within the first few days after the acci-
dent, suffering from meniscal impingement or other reasons
of limited preoperative ROM like bucket-handle lesions, did
not perform preoperative isokinetic strength measurements.
The modalities of the strength measurements used in this
study are as previously described and in accordance with
the current recommendations in the literature [24]. For all
strength measurements, we used an isokinetic dynamometer
(Humac Norm, CSMi, Stoughton, USA).

Concentric peak torque in flexion and extension was
measured as the average of five repetitions at a 60°/sec
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dynamometer speed. Prior to strength assessments, three
submaximal trials were applied for familiarization. Isoki-
netic testing was completed with maximal effort and ver-
bal encouragement in concentric—concentric mode. During
strength assessment, patients were sitting upright, upper
body fixed, hands at the grips, while the leg was tightly fixed
at the thigh with the lever arm positioned at two-thirds of
the lower leg.

Statistical analysis

Missing data were explored according to their pattern and
cause [25]. The mechanism behind missing data followed a
missing completely at random pattern. In logistic regression
analyses, predictors for missingness were determined based
on demographic and clinical characteristics and those pre-
dictors found significant were used to estimate missing data
in multiple imputations. All statistical analyses were run as
complete case analyses and then contrasted in a sensitivity
analysis with multiple imputations of missing data [25].

Prior to statistical analyses, assumptions for independent
and dependent samples, Student’s ¢ tests as well as repeated
measures analysis of variance to compare outcomes in oper-
ated and non-affected limbs in each group and to compare
outcomes over time between groups were tested. The pres-
ence of normal distributions and the amount of outliers in
outcomes were checked using data exploration techniques.
To remedy problems with assumptions, outlying observa-
tions were shifted to the respective lower and upper ends of
1.5 times the interquartile range to truncate their influence
on the data [26].

Two main analyses were run: one to compare outcomes
between the ACLR and the matched control group over time,
a repeated measures analysis of variance (rmANOVA) was
conducted with a main factor for group (ACLR vs. matched
control group) and two-level factor time (pre/post) for each
outcome, respectively. Mauchly’s test of sphericity was used
to check assumptions with the Greenhouse—Geisser correc-
tion employed if the assumption of sphericity was violated.
The level of significance was defined at p < 0.05. In addition
to statistical significance, effect sizes eta squared (%) and
percentage change (observed difference to the total amount
of difference over time) were calculated for the pairwise
comparisons of the repeated measure factor time. Effect
sizes were interpreted following Cohen [27] as small: 0.01,
medium: 0.06, and large: 0.12. A second analysis was run
comparing strength outcomes between operated and unin-
jured limbs in each ACLR repair group (medial, lateral, both
medial and lateral and no repair group) using dependent
sample Student’s ¢ tests. Due to the high number of statisti-
cal tests, statistically significant p values were Bonferroni
corrected to a p value of p <0.002.

Due to the retrospective nature of the study, an a priori
sample size calculation was not possible. However, we cal-
culated the maximum effect sizes that could be obtained
given the data that were available to estimate type II error.
For the first analysis using rm-ANOVA, a power of 0.8
and an alpha-error of 0.05 at a medium correlation of 0.5
between the repeated measurements would yield effect sizes
of partial #*=0.02 (f=0.13). For the second analysis, we
performed a sample size calculation for a matched pair t test
assuming an alpha-error of 0.05, a power of 0.8 and an effect
size of 0.5 which lead to a minimum group size of n=34.

Statistical analysis was conducted using the Statistical
Package for the Social Sciences (SPSS) Version 24 [28] and
“R” [29], sample size and sensitivity analyses were con-
ducted using G*Power v. 3.9.1.4. Graphical display was
performed using Veusz (Veusz v. 3.0.1).

Results

The amount of missing data in the pre-operative assessment
was higher than at the 26 weeks post-surgery measurement
time point. On average, 33% of data were missing pre-sur-
gery. This dropped to 14% at the post-operative time point.

Longitudinal analysis

Table 2 presents the calculations for the between-group anal-
yses and the effect size of changes from pre- to post-surgery.
Over the course of rehabilitation, all absolute strength val-
ues of the operated limb improved significantly (p <0.05).
The meniscal repair group had a higher preoperative defi-
cit in knee extension strength when compared to controls
(p=0.07). Thus, the improvement during rehabilitation was
greater in this group than in controls (19% vs. 5%). For the
control group, also the non-affected limb showed significant
improvements over time in extension (p =0.04) and flex-
ion (p=0.03) strength, whereas the meniscal repair group’s
healthy leg did not change. The limb symmetry for extension
strength improved significantly in both groups (CON pre
80% to post 85% and MEN pre 63% to post 82%, see Fig. 2).
The absolute strength as well as the leg symmetry for knee
flexion strength (see Fig. 3) showed comparable values for
meniscal repair and CON. There were no significant group
X time interactions as shown in Table 2. Also, H/Q-ratio did
not change over time and effect sizes were negligible.

Cross-sectional analysis and meniscal repair
subgroups

At 6 months post-surgery, the cross-sectional analysis of the

subgroups for meniscal repair revealed several differences
between the different locations of meniscal repair as shown
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Table 2 Knee extension strength, knee flexion strength, corresponding limb symmetry and hamstring quadriceps ratios for the meniscal repair

group vs. matched control group pre and 6 months post-surgery

Meniscal repair group (n=61) Matched control group (n=122) rmANOVA
Pre (mean+SD)  Post (mean+SD) ;72 Pre (mean+SD)  Post (mean+ SD) r]2
Extension strength
OP (Nm) 88.12+46.3 117.8 + 44.1% 0.06 101.5+44.2 121.1+45.4* 0.21*  p=0.102 F (1. 181)=2.703
NOP (Nm) 139.3+43.3 142.9+41.0 0.01 126.8 +43.0 143.1 +44.8* 0.06 p=0.214F (1.181)=1.554
Sym (%) 63.2+22.2 82.4+16.9* 0.12 80.0+23.8 84.6 +17.7* 0.12  p=0.095F (1. 181)=2.819
Flexion strength
OP (Nm) 73.2+27.1 84.5+23.6* 0.09 70.2+32.5 86.5+29.6* 0.15*  p=0.408 F (1. 181)=0.688
NOP (Nm) 97.4+27.7 98.4+26.8 0.01 89.4+27.2 98.0 +29.0%* 0.05 p=0.205F (1.181)=1.619
Sym (%) 75.2+23.7 85.9+12.7* 0.16* 78.5+24.2 88.3+13.2% 0.21*  p=0.825 F (1. 181)=0.09
H/Q ratio
(0)3 75.3+16.6 79.4+20.3 0.02 75.4+20.3 74.30+17.5 0.01 p=0.228 F (1. 181)=1.463
NOP 69.7+11.3 69.5+13.1 0.01 71.4+12.0 69.7+9.9 0.01 p=0.548 F (1. 181)=0.362

Bold values indicate significant difference

OP operated leg, NOP non-affected leg, Sym limb symmetry, Nm Newton meter, SD standard deviation

High effect size (> >0.12)

*Significant changes pre/post within group and limb as pairwise comparisons with p <0.05 in repeated-measures ANOVA

Fig.2 Box plots (median,
mean and SD) showing limb
symmetry (%) in knee extension
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in Table 3. Generally, all groups still show a relevant side-
to-side deficit, where the operated leg achieves lower values
for extension and flexion strength.

Overall MM repair showed higher limb symmetry in flex-
ion (89%) and extension (82%) strength when compared to
LM (81% and 76% resp.) or BM (86% and 82% resp.), but
significance was not reached between the subgroups. Also,
the values of MM were comparable to the values observed
for CON (88% and 85%) and no significant differences
between the groups were found. Lateral meniscal repair
showed the overall lowest values for limb symmetry while
the absolute strength values for the non-affected limb were
the highest. Across all groups, the H/Q ratio was higher for
the operated limb when compared to the non-affected limb.
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Discussion

The most important finding of this study was that the effect
of meniscal repair performed in conjunction with ACLR
does not necessarily alter isokinetic strength performance
at 6 months postoperatively. According to the location of
the meniscal lesion, it seems that lateral repair performs
worse than medial meniscal repair. These results may
be used to advise patients undergoing ACLR striving to
return to play as soon yet as safe as possible [30].
Preserving the meniscus in ACLR should be sought for
whenever possible [31]. It improves subjective outcomes,
objective knee stability, shows lower re-operation rates
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Table.’f Comparison of knee. Extension strength Limb symme- Flexion strength  Limb symmetry H/Q ratio
extension strength, knee flexion try extension flexion strength
strength and H/Q-ratio at strength
6 months post-surgery between )
the operated and the non- Mean+SD (Nm) Mean+SD (%) Mean+SD (Nm) Mean+SD (%) Mean=+SD
affected leg in each subgroup CON OP 12114451 84.6+18 86.5+29.0 88.3+13 7434175
n=122 NOP 143.1+44.8* 98.0 +27.3* 69.7 +9.9*
MM OP  121.4+40.9 87.2+16 86.4 +21.1 89.0+12 78.2+15.2
n=30 NOP 139.3+37.1* 97.1+26.3* 68.3+10.1*
LM OP 113.3+41.3 75.7+13 82.5+25.5 81.1+12 77.6+14.3
n=19 NOP 149.7 +38.8* 101.7 +26.4* 68.8+9.3
BM OP 116.0+£58.0 82.3+24 83.0£27.9 86.0x£15 85.5+35.3
n=12 NOP 141.4+53.9 96.5+30.4 73.8+£22.2

Bold values indicate significant difference

MM medial meniscal repair, LM lateral meniscal repair, BM medial and lateral meniscal repair, CON iso-
lated ACLR, OP operated limb, NOP non-affected limb, Nm Newton meter, SD standard deviation

*Significant (p <0.002) differences between the operated and non-affected limb within the respective group

and prevents the progression of osteoarthritis in the long
term [1, 9, 14, 32, 33]. At the same time, current research
is underlining that early ACLR improves the outcome after
meniscal repair in conjunction with ACLR while protect-
ing the knee from secondary injury like chondral lesions
and aggravated meniscal lesions [1, 2, 34]. While osseous
factors like tunnel positioning and tibial slope are estab-
lished important factors for ACL graft failure, the role of
periarticular structures, meniscal kinematics and strength
deficits following ACLR is still a major focus of current
research [6, 35-39].

In addition to these beneficial long-term effects, our study
revealed that short-term function is only slightly lower in
some patients, but overall not significantly altered by menis-
cal repair. This evidence will encourage the ambitious ath-
lete, showing that recovery of thigh muscle strength seems
not to be significantly delayed by meniscal repair [30, 40].

This is important since the recovery of strength balance is
one major factor in clearing athletes for a safe return-to-
competition [6, 41].

Longitudinal analysis

Those patients undergoing meniscal repair showed inferior
strength and leg symmetry at the time of surgery when com-
pared to controls. This is in line with the literature where
patients undergoing meniscal intervention had shown infe-
rior preoperative function and performance [11, 14, 42,
43]. Possibly, the greater amount of damaged tissue causes
a more severe arthrogenic inhibition of the periarticular
muscles [44, 45]. This inhibition as well as local factors
such as pain, swelling and inflammation may disappear once
the meniscal integrity is restored [17]. Consequently, the
meniscal repair group did not show a pronounced deficit
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in extension strength at the postoperative testing. However,
this somewhat contradicts earlier findings, where it was
shown that preoperative quadriceps strength correlates to
postoperative strength recovery [22, 42]. Furthermore, it was
suggested that the partial weight-bearing during rehabilita-
tion of meniscal repairs reduces quadriceps strength [11,
17, 46]. However, our results indicate that it is possible for
the athlete to regain quadriceps strength after ACLR + MR
within the same time period as isolated ACLR. Interestingly,
limb symmetry in knee flexion strength was generally higher
than in quadriceps strength and effect sizes were stronger.
Despite harvesting hamstring tendons in the majority of the
patients (72-78%) the recovery of knee flexion strength was
more symmetric at 6 months postoperatively compared to
knee extension strength. This may be due to the finding that
arthrogenic muscle inhibition primarily affects the quadri-
ceps muscle which causes a prolonged strength deficit in
knee extension compared to flexor strength [45, 47]. All
other established factors affecting quadriceps strength after
ACLR like age and gender were equally distributed across
the groups.

Cross-sectional analysis of subgroups

The importance of achieving an adequate limb symmetry
in strength before returning to the field is well accepted [6,
24, 30]. Return-to-play criteria mostly require a recovery
of > 85% of the healthy limb’s strength [3, 6, 20]. In our
subgroup analysis, we were able to show that only medial
meniscal repair (MM 87.2%) fulfilled this criterion, while
repairs of the lateral meniscus (LM 75.7%) and repair of
both menisci (BM 82.3%) still exhibited a greater deficit.
Contrarily, a recent analysis revealed that medial as well as
lateral repair is associated with reduced quadriceps strength
at 6 months postoperatively, while knee flexion strength was
not significantly reduced [46]. Cristiani et al. attributed this
to the early restriction in range of motion and partial weight-
bearing [46]. However, scientific evidence on the effect of
these limitations is scarce.

Since strength asymmetry has been linked to subjective
knee function post ACLR [48], the strength deficit observed
in our study may explain why lateral meniscal repairs also
exhibit worse subjective function at 6 months post-surgery
[11]. In previous studies, a comparable subjective function
after meniscal repair was achieved as late as 1 and 2 years
post-surgery [11, 14]. A limb symmetry below the cut-off
value of 85% was found in the LM and BM groups, which
must be considered clinically relevant [6]. Thus, lateral
meniscal repair may require more time before successfully
passing this return-to-play criterion. It may be suggested
that this is due to the initial restrictions (range of motion and
weight-bearing), which may have a persisting negative effect
on strength recovery. However, the results of this subgroup
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analysis are of explorative character and they do not allow
for a causative interpretation.

Furthermore, it needs to be stated, that the interindividual
variability was relatively high; hence, none of the differences
between the subgroups reached statistical significance when
adapted for multiple testing. This underlines the observation
that the individual recovery from ACLR varies greatly [30].
In line with current publications, this supports a criterion-
based rehabilitation over an isolated time-based approach
[30, 49, 50].

Limitations of the study include the relatively high rate of
missing data from pre-operative isokinetic analysis, which
is owed to the fact that patients with effusion, pain or unsta-
ble meniscal lesions were excluded from preoperative func-
tional analysis. Furthermore, sample size calculation sug-
gested that a type two error might be present in the subgroup
analysis and requires a careful interpretation especially of
the results in LM and BM.

Conclusions

This study revealed that meniscal rupture and repair, when
performed in conjunction with ACLR, has no significant
effect on isokinetic strength outcome 6 months after surgery.
Despite the more conservative rehabilitation in the first post-
operative weeks, patients seem to recover their strength as
quickly as 6 months postoperatively. However, the location
of the meniscal lesion seems to influence the recovery of
strength with lateral menisci performing worse than medial
meniscal repairs.

Acknowledgements Open Access funding provided by Projekt DEAL.
The authors would like to thank Dominik Engelhardt and Janine Ries-
terer for their help with the processing of the data.

Author contributions All authors have substantially contributed to
the conception of this work (MW, JP), the acquisition (MW, AHH,
MM), analysis (CR) and interpretation of data (all authors), drafting
and revising the content (MW, DG, JP). The final version of the manu-
script was approved by all authors and the accuracy of the data was
agreed upon.

Funding This study was funded by the submitting institution Praxisk-
linik Rennbahn AG.

Compliance with ethical standards

Conflict of interest All authors declare that there is no potential con-
flict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes



Archives of Orthopaedic and Trauma Surgery (2020) 140:751-760

759

were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

Mehl J, Otto A, Baldino JB et al (2019) The ACL-deficient knee
and the prevalence of meniscus and cartilage lesions: a system-
atic review and meta-analysis (CRD42017076897). Arch Orthop
Trauma Surg 139:819-841. https://doi.org/10.1007/s00402-019-
03128-4

Hagmeijer MH, Hevesi M, Desai VS et al (2019) Second-
ary meniscal tears in patients with anterior cruciate ligament
injury: relationship among operative management, osteoarthritis,
and arthroplasty at 18-year mean follow-up. Am J Sports Med
47:1583-1590. https://doi.org/10.1177/0363546519844481
Ardern CL, Webster KE, Taylor NF, Feller JA (2011) Return to
sport following anterior cruciate ligament reconstruction surgery:
a systematic review and meta-analysis of the state of play. Br J
Sports Med 45:596-606. https://doi.org/10.1136/bjsm.2010.07636
4

Barber-Westin SD, Noyes FR (2011) Factors used to determine
return to unrestricted sports activities after anterior cruciate liga-
ment reconstruction. Arthrosc J Arthrosc Relat Surg 27:1697—
1705. https://doi.org/10.1016/j.arthro.2011.09.009

Lepley LK, Wojtys EM, Palmieri-Smith RM (2015) Does con-
comitant meniscectomy or meniscal repair affect the recovery of
quadriceps function post-ACL reconstruction? Knee Surg Sports
Traumatol Arthrosc 23:2756-2761. https://doi.org/10.1007/s0016
7-014-3093-3

Petersen W, Taheri P, Forkel P, Zantop T (2014) Return to play
following ACL reconstruction: a systematic review about strength
deficits. Arch Orthop Trauma Surg 134:1417-1428. https://doi.
org/10.1007/s00402-014-1992-x

Westermann RW, Wright RW, Spindler KP et al (2014) Meniscal
repair with concurrent anterior cruciate ligament reconstruction:
operative success and patient outcomes at 6-year follow-up. Am
J Sports Med 42:2184-2192. https://doi.org/10.1177/0363546514
536022

Abram SGF, Price AJ, Judge A, Beard DJ (2019) Anterior cruci-
ate ligament (ACL) reconstruction and meniscal repair rates have
both increased in the past 20 years in England: hospital statistics
from 1997 to 2017. Br J Sports Med. https://doi.org/10.1136/bjspo
rts-2018-100195

Wasserstein D, Dwyer T, Gandhi R et al (2013) A matched-cohort
population study of reoperation after meniscal repair with and
without concomitant anterior cruciate ligament reconstruction.
Am J Sports Med 41:349-355. https://doi.org/10.1177/03635
46512471134

Hupperich A, Salzmann GM, Niemeyer P et al (2018) What are
the factors to affect outcome and healing of meniscus bucket han-
dle tears? Arch Orthop Trauma Surg 138:1365-1373. https://doi.
org/10.1007/s00402-018-2989-7

Svantesson E, Cristiani R, Hamrin Senorski E et al (2018) Menis-
cal repair results in inferior short-term outcomes compared with
meniscal resection: a cohort study of 6398 patients with primary
anterior cruciate ligament reconstruction. Knee Surg Sports Trau-
matol Arthrosc 26:2251-2258. https://doi.org/10.1007/s0016
7-017-4793-2

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Shelbourne KD, Gray T (2000) Results of anterior cruciate liga-
ment reconstruction based on meniscus and articular cartilage sta-
tus at the time of surgery: 5- to 15-year evaluations. Am J Sports
Med 28:446-452. https://doi.org/10.1177/036354650002800
40201

Musahl V, Rahnemai-Azar AA, Costello J et al (2016) The influ-
ence of meniscal and anterolateral capsular injury on knee laxity
in patients with anterior cruciate ligament injuries. Am J Sports
Med 44:3126-3131. https://doi.org/10.1177/0363546516659649
LaPrade CM, Dornan GJ, Granan L-P et al (2015) Outcomes
after anterior cruciate ligament reconstruction using the norwe-
gian knee ligament registry of 4691 patients: how does meniscal
repair or resection affect short-term outcomes? Am J Sports Med
43:1591-1597. https://doi.org/10.1177/0363546515577364
Singh A, Wei DT, Lin CTP et al (2017) Concomitant meniscal
injury in anterior cruciate ligament reconstruction does not lead
to poorer short-term post-operative outcomes. Knee Surg Sports
Traumatol Arthrosc. https://doi.org/10.1007/s00167-017-4635-2
Terai S, Hashimoto Y, Yamasaki S et al (2019) Prevalence, devel-
opment, and factors associated with cyst formation after meniscal
repair with the all-inside suture device. Arch Orthop Trauma Surg
139:1261-1268. https://doi.org/10.1007/s00402-019-03176-w
O’Donnell K, Freedman KB, Tjoumakaris FP (2017) Rehabilita-
tion protocols after isolated meniscal repair: a systematic review.
Am J Sports Med 45:1687-1697. https://doi.org/10.1177/03635
46516667578

Spang RC III, Nasr MC, Mohamadi A et al (2018) Rehabilitation
following meniscal repair: a systematic review. BMJ Open Sport
Exerc Med 4:¢000212. https://doi.org/10.1136/bmjsem-2016-
000212

Wright RW, Haas AK, Anderson J et al (2015) Anterior cruci-
ate ligament reconstruction rehabilitation: MOON guidelines.
Sports Health Multidiscip Approach 7:239-243. https://doi.
org/10.1177/1941738113517855

Czuppon S, Racette BA, Klein SE, Harris-Hayes M (2013) Vari-
ables associated with return to sport following anterior cruciate
ligament reconstruction: a systematic review. Br J Sports Med
48:356-364

Keays SL, Bullock-Saxton JE, Keays AC et al (2007) A 6-year
follow-up of the effect of graft site on strength, stability, range of
motion, function, and joint degeneration after anterior cruciate
ligament reconstruction. Am J Sports Med 35:729-739. https://
doi.org/10.1177/0363546506298277

Zwolski C, Schmitt LC, Quatman-Yates C et al (2015) The influ-
ence of quadriceps strength asymmetry on patient-reported func-
tion at time of return to sport after anterior cruciate ligament
reconstruction. Am J Sports Med 43:2242-2249. https://doi.
org/10.1177/0363546515591258

Zumstein F, Wenning M, Ritzmann R et al (2019) Kombinierte
zeit- und kriterienbasierte rehabilitation nach rekonstruktion des
vorderen Kreuzbandes. Sports Orthop Traumatol. https://doi.
org/10.1016/j.orthtr.2019.05.001

Undheim MB, Cosgrave C, King E et al (2015) Isokinetic mus-
cle strength and readiness to return to sport following anterior
cruciate ligament reconstruction: is there an association? A sys-
tematic review and a protocol recommendation. Br J Sports Med
49:1305-1310. https://doi.org/10.1136/bjsports-2014-093962
Little RJ, D’Agostino R, Cohen ML et al (2012) The prevention
and treatment of missing data in clinical trials. N Engl J Med
367:1355-1360. https://doi.org/10.1056/NEJMsr1203730
Steyerberg EW (2009) Clinical prediction models: a practical
approach to development, validation, and updating. Springer, New
York, NY

Cohen J (1988) Statistical power analysis for the behavioral sci-
ences, 2nd edn. L. Erlbaum Associates, Hillsdale

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00402-019-03128-4
https://doi.org/10.1007/s00402-019-03128-4
https://doi.org/10.1177/0363546519844481
https://doi.org/10.1136/bjsm.2010.076364
https://doi.org/10.1136/bjsm.2010.076364
https://doi.org/10.1016/j.arthro.2011.09.009
https://doi.org/10.1007/s00167-014-3093-3
https://doi.org/10.1007/s00167-014-3093-3
https://doi.org/10.1007/s00402-014-1992-x
https://doi.org/10.1007/s00402-014-1992-x
https://doi.org/10.1177/0363546514536022
https://doi.org/10.1177/0363546514536022
https://doi.org/10.1136/bjsports-2018-100195
https://doi.org/10.1136/bjsports-2018-100195
https://doi.org/10.1177/0363546512471134
https://doi.org/10.1177/0363546512471134
https://doi.org/10.1007/s00402-018-2989-7
https://doi.org/10.1007/s00402-018-2989-7
https://doi.org/10.1007/s00167-017-4793-2
https://doi.org/10.1007/s00167-017-4793-2
https://doi.org/10.1177/03635465000280040201
https://doi.org/10.1177/03635465000280040201
https://doi.org/10.1177/0363546516659649
https://doi.org/10.1177/0363546515577364
https://doi.org/10.1007/s00167-017-4635-2
https://doi.org/10.1007/s00402-019-03176-w
https://doi.org/10.1177/0363546516667578
https://doi.org/10.1177/0363546516667578
https://doi.org/10.1136/bmjsem-2016-000212
https://doi.org/10.1136/bmjsem-2016-000212
https://doi.org/10.1177/1941738113517855
https://doi.org/10.1177/1941738113517855
https://doi.org/10.1177/0363546506298277
https://doi.org/10.1177/0363546506298277
https://doi.org/10.1177/0363546515591258
https://doi.org/10.1177/0363546515591258
https://doi.org/10.1016/j.orthtr.2019.05.001
https://doi.org/10.1016/j.orthtr.2019.05.001
https://doi.org/10.1136/bjsports-2014-093962
https://doi.org/10.1056/NEJMsr1203730

760

Archives of Orthopaedic and Trauma Surgery (2020) 140:751-760

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

IBM (2016) IBM SPSS Statistics for Windows. IBM Corp,
Armonk

RCore T (2013) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna
Burgi CR, Peters S, Ardern CL et al (2019) Which criteria
are used to clear patients to return to sport after primary ACL
reconstruction? A scoping review. Br J Sports Med. https://doi.
org/10.1136/bjsports-2018-099982

Lubowitz JH, Poehling GG (2011) Save the meniscus. Arthrosc J
Arthrosc Relat Surg 27:301-302. https://doi.org/10.1016/j.arthr
0.2010.12.006

van Meer BL, Meuffels DE, van Eijsden WA et al (2015) Which
determinants predict tibiofemoral and patellofemoral osteoarthri-
tis after anterior cruciate ligament injury? A systematic review. Br
J Sports Med 49:975-983. https://doi.org/10.1136/bjsports-2013-
093258

Logan CA, Aman ZS, Kemler BR et al (2019) Influence of medial
meniscus bucket-handle repair in setting of anterior cruciate liga-
ment reconstruction on tibiofemoral contact mechanics: a biome-
chanical study. Arthrosc J Arthrosc Relat Surg 35:2412-2420.
https://doi.org/10.1016/j.arthro.2019.03.052

Everhart JS, Kirven JC, Abouljoud MM et al (2019) Effect of
delayed primary anterior cruciate ligament reconstruction on
medial compartment cartilage and meniscal health. Am J Sports
Med 47:1816-1824. https://doi.org/10.1177/0363546519849695
ALC Consensus Group, Getgood A, Brown C et al (2019) The
anterolateral complex of the knee: results from the International
ALC Consensus Group Meeting. Knee Surg Sports Traumatol
Arthrosc 27:166—176. https://doi.org/10.1007/s00167-018-5072-6
Jaecker V, Zapf T, Naendrup J-H et al (2017) High non-anatomic
tunnel position rates in ACL reconstruction failure using both
transtibial and anteromedial tunnel drilling techniques. Arch
Orthop Trauma Surg 137:1293-1299. https://doi.org/10.1007/
s00402-017-2738-3

Jaecker V, Drouven S, Naendrup J-H et al (2018) Increased medial
and lateral tibial posterior slopes are independent risk factors for
graft failure following ACL reconstruction. Arch Orthop Trauma
Surg 138:1423-1431. https://doi.org/10.1007/s00402-018-2968-z
Roessler PP, Schiittler KF, Heyse TJ et al (2016) The anterolateral
ligament (ALL) and its role in rotational extra-articular stability
of the knee joint: a review of anatomy and surgical concepts. Arch
Orthop Trauma Surg 136:305-313. https://doi.org/10.1007/s0040
2-015-2395-3

Okazaki Y, Furumatsu T, Miyazawa S et al (2019) Meniscal repair
concurrent with anterior cruciate ligament reconstruction restores
posterior shift of the medial meniscus in the knee-flexed position.
Knee Surg Sports Traumatol Arthrosc 27:361-368. https://doi.
org/10.1007/s00167-018-5157-2

Webster KE, Feller JA (2019) Expectations for return to preinjury
sport before and after anterior cruciate ligament reconstruction.
Am J Sports Med 47:578-583. https://doi.org/10.1177/03635
46518819454

@ Springer

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Lai CCH, Ardern CL, Feller JA, Webster KE (2018) Eighty-
three per cent of elite athletes return to preinjury sport after
anterior cruciate ligament reconstruction: a systematic review
with meta-analysis of return to sport rates, graft rupture rates and
performance outcomes. Br J Sports Med 52:128-138. https://doi.
org/10.1136/bjsports-2016-096836

Eitzen I, Holm I, Risberg MA (2009) Preoperative quadriceps
strength is a significant predictor of knee function two years
after anterior cruciate ligament reconstruction. Br J Sports Med
43:371-376. https://doi.org/10.1136/bjsm.2008.057059

Phillips M, Ronnblad E, Lopez-Rengstig L et al (2018) Menis-
cus repair with simultaneous ACL reconstruction demonstrated
similar clinical outcomes as isolated ACL repair: a result not seen
with meniscus resection. Knee Surg Sports Traumatol Arthrosc
26:2270-2277. https://doi.org/10.1007/s00167-018-4862-1
Lepley LK, Palmieri-Smith RM (2016) Pre-operative quadriceps
activation is related to post-operative activation, not strength, in
patients post-ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc 24:236-246. https://doi.org/10.1007/s00167-014-3371-0
Sonnery-Cottet B, Saithna A, Quelard B et al (2019) Arthrogenic
muscle inhibition after ACL reconstruction: a scoping review of
the efficacy of interventions. Br J Sports Med 53:289-298. https
://doi.org/10.1136/bjsports-2017-098401

Cristiani R, Mikkelsen C, Forssblad M et al (2019) Only one
patient out of five achieves symmetrical knee function 6 months
after primary anterior cruciate ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc. https://doi.org/10.1007/s00167-019-
05396-4

Konishi Y, Kinugasa R, Oda T et al (2012) Relationship between
muscle volume and muscle torque of the hamstrings after anterior
cruciate ligament lesion. Knee Surg Sports Traumatol Arthrosc
20:2270-2274. https://doi.org/10.1007/s00167-012-1888-7
Hohmann E, Tetsworth K, Glatt V (2019) The hamstring/quadri-
ceps ratio is an indicator of function in ACL-deficient, but not in
ACL-reconstructed knees. Arch Orthop Trauma Surg 139:91-98.
https://doi.org/10.1007/s00402-018-3000-3

Bousquet BA, Obrien L, Singleton S, Beggs M (2018) Post-
operative criterion based rehabilitation of ACL repairs: a clini-
cal commentary. Int J Sports Phys Ther 13:293-305. https://doi.
org/10.26603/ijspt20180293

Petersen W, Fink C, Kopf S (2017) Return to sports after ACL
reconstruction: a paradigm shift from time to function. Knee
Surg Sports Traumatol Arthrosc 25:1353-1355. https://doi.
org/10.1007/s00167-017-4559-x

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1136/bjsports-2018-099982
https://doi.org/10.1136/bjsports-2018-099982
https://doi.org/10.1016/j.arthro.2010.12.006
https://doi.org/10.1016/j.arthro.2010.12.006
https://doi.org/10.1136/bjsports-2013-093258
https://doi.org/10.1136/bjsports-2013-093258
https://doi.org/10.1016/j.arthro.2019.03.052
https://doi.org/10.1177/0363546519849695
https://doi.org/10.1007/s00167-018-5072-6
https://doi.org/10.1007/s00402-017-2738-3
https://doi.org/10.1007/s00402-017-2738-3
https://doi.org/10.1007/s00402-018-2968-z
https://doi.org/10.1007/s00402-015-2395-3
https://doi.org/10.1007/s00402-015-2395-3
https://doi.org/10.1007/s00167-018-5157-2
https://doi.org/10.1007/s00167-018-5157-2
https://doi.org/10.1177/0363546518819454
https://doi.org/10.1177/0363546518819454
https://doi.org/10.1136/bjsports-2016-096836
https://doi.org/10.1136/bjsports-2016-096836
https://doi.org/10.1136/bjsm.2008.057059
https://doi.org/10.1007/s00167-018-4862-1
https://doi.org/10.1007/s00167-014-3371-0
https://doi.org/10.1136/bjsports-2017-098401
https://doi.org/10.1136/bjsports-2017-098401
https://doi.org/10.1007/s00167-019-05396-4
https://doi.org/10.1007/s00167-019-05396-4
https://doi.org/10.1007/s00167-012-1888-7
https://doi.org/10.1007/s00402-018-3000-3
https://doi.org/10.26603/ijspt20180293
https://doi.org/10.26603/ijspt20180293
https://doi.org/10.1007/s00167-017-4559-x
https://doi.org/10.1007/s00167-017-4559-x

	The effect of meniscal repair on strength deficits 6 months after ACL reconstruction
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Purpose

	Methods
	Patients
	Subgroups
	Surgical technique
	Rehabilitation scheme
	Strength measurements
	Statistical analysis

	Results
	Longitudinal analysis
	Cross-sectional analysis and meniscal repair subgroups

	Discussion
	Longitudinal analysis
	Cross-sectional analysis of subgroups

	Conclusions
	Acknowledgements 
	References




