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Original Research

Evaluation of the All-Inside Technique
for the Repair of Lateral Meniscus Root
Tears at 1 Year After ACL Reconstruction

Marianne Cuvillier,* MD, Vincent Marot,† MD, Frane Bukvić,‡ MD, PhD, Thibaut Lucena,‡ MD,
Vincent Martinel,§ MD, Emilie Bérard,k MD, and Etienne Cavaignac,‡{ MD, PhD

Investigation performed at CHU de Toulouse, Toulouse, France

Background: The presence of a lateral meniscus root tear (LMRT) in patients with an anterior cruciate ligament (ACL) tear makes
the knee more unstable and increases the risk of osteoarthritis and osteonecrosis. An all-inside suture repair technique without
bone tunnels has been proposed to treat LMRT.

Purpose: To compare the 1-year postoperative findings between patients who underwent ACL reconstruction combined with
LMRT repair (LMRT group) and patients who underwent isolated ACL reconstruction (control group).

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

Methods: The LMRT group consisted of 19 patients, and the control group consisted of 56 patients. In this study, the authors
compared the postoperative magnetic resonance imaging (MRI) findings (meniscal extrusion, ghost sign, and hyperintensity in the
tibial plateau beneath the LMRT), functional outcomes (International Knee Documentation Committee [IKDC], Lysholm, and Tegner
scores), and reoperation rate between groups. The primary endpoint was analyzed by comparing, in the LMRT group, the 1-sided
97.5% confidence interval (CI) of the mean lateral meniscal extrusion at 1 year to the limit of noninferiority (fixed at 0.51). To take
into account imbalanced baseline characteristics between groups, adjusted mean meniscal extrusion (with 1-sided 97.5% CI) was
assessed using a linear regression model.

Results: The mean follow-up was 12.2 months (range, 7.7-14.7 months) in the control group and 11.5 months (range, 7.1-13.0
months) in the LMRT group (P ¼ .06). For meniscal extrusion, the LMRT group was noninferior to the control group. The mean
meniscal extrusion was 2.19 mm (97.5% CI, —infinity to 2.68 mm) in the LMRT group and 2.03 mm (97.5% CI,—infinity to 2.27 mm)
in the control group, indicating that the upper boundary of the 1-sided 97.5% CI in the LMRT group was less than the noninferiority
threshold of 2.78 (ie, 2.27 mmþ 0.51 mm¼ 2.78 mm). There was a statistically significant difference in the IKDC score between the
LMRT and control groups (77.2 ± 8.1 vs 80.3 ± 7.3, respectively; P ¼ .04). There was no between-group difference in the other MRI
parameters, the Lysholm and Tegner scores, or the reoperation rate.

Conclusion: There was no significant difference in extrusion on MRI or clinical outcomes at 1-year follow-up in patients who
underwent ACL reconstruction with all-inside LMRT repair compared with patients who did not have an LMRT.

Keywords: lateral meniscus root repair; all-inside technique; ACL tear

Lateral meniscus root tears (LMRTs) are present in 7% to
14% of patients who suffer a knee injury that tears the
anterior cruciate ligament (ACL).5,13,15,27 In our practice,
the prevalence of LMRT is 13% based on an analysis of
more than 600 primary ACL reconstruction cases.9 These
injuries are defined as a radial or longitudinal tear within 1
cm of the attachment site of the posterior root or damage to
the meniscotibial ligaments.24

This type of tear, which alters meniscal continuity, leads
to poor distribution of tibiofemoral stresses during weight-
bearing, with a significant increase in contact pressure.3,34

Also, LMRT makes the knee even more unstable when the
ACL is torn.30 The lateral meniscus is one of the knee’s
secondary stabilizers.14,29 The presence of an LMRT may
accelerate the progression of osteoarthritis and may con-
tribute to the development of osteonecrosis or high-grade
osteochondral lesions.11,13

Thus, it appears to be vital to restore the integrity of
the meniscus by repairing these LMRTs.7,17 Various tech-
niques can be used, including pull-out and all-inside tech-
niques.11,20 The pull-out technique consists of
whipstitching the lateral root and then securing it to the
tibia through 1 or 2 transosseous tunnels. Clinical and
imaging evaluations show that this technique produces
good results with reduced meniscal extrusion at 1 year
postoperatively.3,11 The all-inside technique consists of
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suturing the meniscus root to the remainder of the menis-
cus, using intrameniscal repair devices. This technique
can be used to treat LaPrade types 1 to 4 lesions.16 To our
knowledge, there are few reports of the clinical and func-
tional outcomes of this technique.23,32,33

We believed that it was appropriate to compare the out-
comes at 1 year postoperatively of patients who underwent
LMRT repair using the all-inside technique concurrently
with ACL reconstruction with the outcomes of patients who
underwent isolated ACL reconstruction. We hypothesized
that all-inside repair of LMRT would not increase the
meniscal extrusion of LMRT repair compared with isolated
ACL reconstruction. The primary objective of the current
study was to compare meniscal extrusion on magnetic res-
onance imaging (MRI) at 1 year postoperatively after ACL
reconstruction in patients who did or did not have a
repaired LMRT. The secondary objective was to compare
1-year postoperative MRI findings (eg, ghost sign or hyper-
intensity in the lateral tibial plateau beneath the root),
functional scores, and reoperation rates in these patients.
The lack of MRI signs would be favorable for healing. The
ghost sign’s disappearance would indicate healing of the
root, and less intensity in the lateral tibial plateau would
indicate healing of the subchondral lesions.

METHODS

Patients

This was a retrospective study of data routinely collected
prospectively in patients operated on between January 1,
2020, and January 1, 2021. The study protocol received
ethics committee approval, and informed consent was
obtained from every study participant.

Patients were included if they met the following criteria:
(1) acute anterior instability of the knee due to a torn ACL,
(2) closed growth plates and age <50 years, and (3) mini-
mum 1 year of follow-up since surgery. The following exclu-
sion criteria were used: (1) LMRT graded as LaPrade type 5
and/or Petersen type 316,26; (2) injury in the contralateral
knee; (3) prior injury in the knee that was operated on for
this study; (4) patellofemoral pain syndrome; (5) systemic
disease; (6) medial collateral ligament (MCL), lateral col-
lateral ligament, or posterior cruciate ligament tear; (7)
cartilage lesion or osteoarthritis or fracture; and (8) pres-
ence of other meniscal tears.

Between January 1, 2020, and January 1, 2021, a total of
263 patients underwent ACL reconstruction at our facility
and 188 patients were excluded. Thus, 75 were included in
this study. Among them, 56 patients had an isolated ACL
tear (control group) and 19 had an ACL tear combined with
an LMRT but no other injuries (LMRT group). No patients
were lost to follow-up (Figure 1).

Patients in the LMRT group had LaPrade types 1 to 4
lesions along with Petersen types 1 or 2 lesions, that is, no
damage to the meniscofemoral ligament.16,26 LaPrade type
5 and Petersen type 3 LMRTs were excluded from the study
because we did not believe these could be sutured using the
all-inside technique. There were 6 patients with LaPrade
type 1; 9 patients with type 2; 2 patients with type 3; and 2
patients with type 4 lesions.

The patients’ preoperative characteristics are summa-
rized in Table 1. Among these, the sex ratio, meniscal extru-
sion, ghost sign, and hyperintensity on the articular surface

Figure 1. Flowchart of patient enrollment. ACL, anterior cru-
ciate ligament; LCL, lateral collateral ligament; LMRT, lateral
meniscus root tear; MCL, medial collateral ligament; PCL,
posterior cruciate ligament.
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across from the LMRT were significantly different between
the 2 groups. There were significantly more women in the
control group than in the LMRT group (59% vs 26%; P ¼
.0140). This is consistent with the literature since women
are more likely to suffer an isolated ACL injury and there
are more LMRT in men.27,30 Thus, the comparison for the
primary endpoint was adjusted for these variables using a
linear regression model.

Surgical Technique

All patients were operated on by the same surgeon (E.C.).
Standard medial and lateral arthroscopy portals were used.
The LMRT was debrided and then sutured before the ACL
reconstruction using an accessory portal through the

patellar tendon.8,23 At least 2 horizontal throws in a single
row were placed using a FAST-FIX device (Smith &
Nephew) about 5 mm on either side of the meniscal tear
(Figures 2 and 3 and Supplemental Video). At least 2
sutures were made. The ACL reconstruction was performed
as follows: a semitendinosus graft was used to reconstruct
the ACL, with its tibial insertion intact to improve fixation
and vascularity. The semitendinosus was folded into 3
strands to form a graft with a diameter of 8 to 10 mm and
a length of 10 to 12 mm from its tibial insertion. A 15-mm
blind tunnel was made through the femur using an inside-
out technique. The tibial tunnel was drilled completely
through the incision of the semitendon harvest. The
outside-in guide was positioned at the level of the native
ACL remnant.14,15,17,18,21

Figure 2. Arthroscopic images of a (A) LaPrade type 1 lateral meniscus root tear (circled in red) (B) searched and highlighted with a
probe. LFC, lateral femoral condyle; LMR, lateral meniscus root; LTP, lateral tibial plateau; PHLM, posterior horn of the lateral meniscus.

TABLE 1
Preoperative Characteristics of the Patientsa

Total (N ¼ 75)
LMRT Group

(n ¼ 19; 25.3%)
Control Group
(n ¼ 56; 74.7%) P

Age, y 25.6 ± 8.4 23.1 ± 6.6 26.5 ± 8.8 .16
Sex .01

Female 38 (50.7) 5 (26.3) 33 (58.9)
Male 37 (49.3) 14 (73.7) 23 (41.1)

BMI (kg/m2) 23.3 ± 2.6 23.3 ± 2.1 23.3 ± 2.8 .76
Smoker >.9999

Yes 5 (6.7) 1 (5.3) 4 (7.1)
No 70 (93.3) 18 (94.7) 52 (92.9)

Side affected .46
Left 41 (54.7) 9 (47.4) 32 (57.1)
Right 34 (45.3) 10 (52.6) 24 (42.9)

Ghost sign <.0001
No 52 (69.3) 3 (15.8) 49 (87.5)
Yes 23 (30.7) 16 (84.2) 7 (12.5)

Meniscal extrusion, mm 2.4 ± 1.2 3.5 ± 0.9 2.1 ± 1.0 <.0001
Hyperintensity on articular

surface across LMRT
<.0001

No 54 (72.0) 7 (36.8) 47 (83.9)
Yes 21 (28.0) 12 (63.2) 9 (16.1)

Preoperative IKDC 55.8 ± 13.6 53.2 ± 12.4 56.8 ± 14.0 .32
Preoperative Lysholm 69.0 ± 11.4 70.1 ± 10.3 68.7 ± 11.8 .63
Preoperative Tegner 5.3 ± 1.5 5.4 ± 1.4 5.3 ± 1.5 .67

aData are reported as mean ± SD or n (%). Boldface P values indicate a statistically significant difference between the lateral meniscus root
tear (LMRT) and control groups (P < .05). BMI, body mass index; IKDC, International Knee Documentation Committee.
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The patients in both groups underwent the same postoper-
ative rehabilitation protocol, including full weightbearing
allowed immediately and full range of motion. Physical ther-
apy began on postoperative day 1.

Study Endpoints

The primary endpoint was the amount of meniscal extrusion
at 1 year postoperatively. The mean follow-up was 12.2
months (range, 7.7-14.7 months) in the control group and
11.5 months (range, 7.1-13.0 months) in the LMRT group (P
¼ .06). The secondary endpoints were the presence of a ghost
sign and/or the presence of hyperintensity in the articular
surface across the LMRT on MRI, the functional outcome
scores, and the reoperation rate at 1 year postoperatively.

Data collection was performed in the same manner for
each patient, independent of the group. The clinical data
were collected by an attending surgeon (T.L.) with specific
experience in musculoskeletal imaging.

All patients underwent a preoperative MRI and another
MRI at 1 year postoperatively. All the MRI examinations were
carried out in the same machine, using the same protocol
(knee extended) for all patients (3-T MRI, coronal and sagittal
fast spin echo, T2-weighted, fat-saturated imaging was used).
For every MRI scan, extrusion of the lateral meniscus was
evaluated by a single examiner (M.C.) specialized in muscu-
loskeletal imaging. Meniscal extrusion was measured as the
distance between a line joining the tibial and femoral lateral

edges and the lateral edge of the lateral meniscus on a coronal
MRI slice through the MCL (Figure 4).4,6,10,25

The MRI scans were also evaluated for indirect signs of
LMRT. The ghost sign corresponded to a lack of identifiable
meniscus in the sagittal plane or the presence of high signal
intensity replacing the low signal typical of the meniscus.
Another indirect sign was a hyperintensity under the artic-
ular surface across the LMRT (Figure 5).7,29,32

The diagnosis of LMRT was confirmed intraoperatively
during knee arthroscopy, which is the gold standard (Figure
3). The International Knee Documentation Committee
(IKDC), Lysholm, and Tegner functional scores were recorded
preoperatively and at the 1-year follow-up visit. The need for
reoperation for any reason was also documented.

Statistical Analysis

To calculate the sample size, based on a prior study we
hypothesized that patients in the LMRT group had a mean
lateral meniscal extrusion at 1 year of 0.48 mm with a stan-
dard deviation of 0.57 mm and that patients in the control
group had the same mean lateral meniscal extrusion at 1
year.33 We wanted to show that, at worst, mean lateral
meniscal extrusion in the LMRT group was<1 mm (ie, with
a margin of noninferiority of 0.51). With a sample allocation
ratio of 1:3, a 1-sided alpha of 2.5% (ie, a 1-sided 97.5% CI),
and a 1-sided beta of 10%, we needed to include 15 patients
in the LMRT group and 45 patients in the control group.19

Figure 3. (A) Arthroscopic image showing all-inside repair of a lateral meniscus root tear using 2 horizontal sutures with a FAST-FIX
device. (B) Diagram showing the all-inside repair of a lateral meniscus root tear. LFC, lateral femoral condyle; LMR, lateral meniscus
root; LTP, lateral tibial plateau; PHLM, posterior horn of the lateral meniscus.

Figure 4. Measurement of meniscal extrusion (red arrow) between the lateral edge of the lateral meniscus (blue arrow) and the
lateral edge of the lateral tibial plateau and lateral femoral condyle (white arrow) on coronal magnetic resonance imaging slices
through the medial collateral ligament. (A) Right knee. (B) Left knee.
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Before analyses, verification for missing, aberrant, or
inconsistent data was conducted. After corrections, the data-
base was locked, and analysis was performed on the locked
database. We first described the baseline characteristics of the
patients in each group using the appropriate descriptive sta-
tistics according to the type of variables. Descriptive statistics
included mean with standard deviation for continuous vari-
ables and count with frequency (percent) for categorical vari-
ables. Categorical endpoints were compared between groups
using the chi-square test (or Fisher exact test when neces-
sary). The Student t test was used to compare the distribution
of continuous secondary endpoints, or the Mann-Whitney test
was used when the distribution deviated from normality or
when homoscedasticity was rejected. All reported P values
were 2-sided, and the significance threshold was <.05.

The primary endpoint was analyzed by comparing in the
LMRT group the 1-sided 97.5% confidence interval (CI) of the
mean lateral meniscal extrusion at 1 year to the limit of non-
inferiority, which was fixed to 0.51 in the sample size. To take
into account imbalanced baseline characteristics between
groups, adjusted mean lateral meniscal extrusion with 1-sided
97.5% CI was assessed using a linear regression model. Statis-
tical analyses were performed using Stata 17.0 (Stata Corp).

RESULTS

Primary Endpoint

After adjusting for baseline differences between groups in sex
ratio, preoperative meniscal extrusion, preoperative ghost
sign, and hyperintensity, the mean postoperative meniscal

extrusion was 2.19 mm (97.5% CI,— infinity to 2.68 mm) in
the LMRT group and 2.03 mm (97.5% CI,— infinity to 2.27
mm) in the control group. To demonstrate noninferiority of
the LMRT relative to the control group, the upper boundary
of the 1-sided 97.5% CI of the mean postoperative meniscal
extrusion in the LMRT group needed to be<2.78 mm (ie, 2.27
þ 0.51 ¼ 2.78). Thus, after adjusting for the baseline dispa-
rities between groups, the mean postoperative meniscal extru-
sion of the LMRT group was not inferior to that of the control
group. This showed that repairing the LMRT using the all-
inside technique significantly reduced meniscal extrusion,
resulting in noninferior meniscal extrusion relative to the
control group. The mean change in meniscal extrusion
between the preoperative and 1-year postoperative measure-
ments was significantly higher for the LMRT group than for
the control group (�0.7 ± 1.1 mm vs �0.2 ± 0.8 mm, respec-
tively; P ¼ .04).

Secondary Endpoints

Detailed information about the secondary endpoints is pro-
vided in Table 2. The ghost sign was absent on MRI at 1
year postoperatively in all patients except one with an
LMRT (P ¼ .25). None of the patients in either group had
a hyperintensity across the meniscus root.

The IKDC score was significantly better in the control
group (P ¼ .04) but the magnitude (3.1 points) was less than
the minimal clinically important difference of 11.5 points for
the IKDC.12 There was no significant difference between
groups in the number of surgical revisions (P ¼ .1). There
were 3 revisions in the LMRT group: 1 anterior arthrolysis

Figure 5. Ghost signs (red arrows) and hyperintensity under the articular surface across the meniscus root (green arrows) on right
and left knees MRI scans.
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and 2 for treatment of ACL retears after another injury event.
There were 2 revisions in the control group; both were for ACL
retears after another injury event. All LMRT repairs had
healed at the time of revision surgery.

DISCUSSION

Our hypothesis was confirmed. In patients who underwent
ACL reconstruction and LMRT repair, meniscal extrusion
was not significantly different than in patients with iso-
lated ACL reconstruction. There was no significant differ-
ence between the 2 groups in the secondary endpoints
based on MRI analysis. In terms of functional outcomes,
only the IKDC score was significantly different between
groups. However, the mean IKDC score was 77.2 ± 8.1 in
the LMRT group and 80.3 ± 7.3 in the control group, which
were both less than the minimal clinically important differ-
ence.12 Lastly, there was no significant difference between
the 2 groups in the number of surgical revisions. Although
the number was greater in the LMRT group, the difference
was not statistically significant after adjustment for the
various factors; the younger age of the LMRT group prob-
ably explains part of this result.

The pull-out technique consists of whipstitching the
meniscus root, mainly using antegrade forceps or poly(P-
dioxanone) suture-like suture material, and then securing
it to the tibia via 1 or 2 transosseous tunnels. Clinical and
imaging evaluations show that this technique produces
good results with reduced meniscal extrusion at 1 year
postoperatively.23,31 This reduction in meniscal extrusion
depends on proper positioning of the tibial tunnels.10

The all-inside technique to repair LMRT described by Oua-
nezar et al23 has several advantages. This technique can be
carried out reliably with standard arthroscopy. Since no trans-
osseous tunnels are needed, the potential for tunnel conver-
gence is reduced during multiligament reconstruction.18

Passing the suture as a single row directly from one side to
the other of the tear produces optimal tension on the suture.

There is no need for any specific instrumentation, and the
anchors can be the same ones used for suturing the meniscal
wall or posterior horn tears, contrary to the pull-out tech-
nique.6 The all-inside technique has possible disadvantages,
such as the risks of inducing meniscal lesions or tears when
applying excessive tension through the knot or leaving a bulky
intra-articular knot that could be deleterious in the knee.18

To our knowledge, this is the first study comparing the
results of isolated ACL reconstruction with intact meniscus
to those of ACL reconstruction plus all-inside repair of an
LMRT. Only 2 similar clinical studies were identified in the
published literature (Table 3). Ahn et al2 compared 2
groups of patients with torn ACL who had LMRT that was
either sutured or left unrepaired. In the unrepaired group,
the clinical outcomes were significantly worse, and signs of
osteoarthritis appeared earlier. However, contrary to our
study, it was impossible to say that the lateral meniscus
was restored to its original condition because the meniscus’
structure was not analyzed on MRI. The study by Zhuo
et al33 compared patients who had an isolated LMRT with
patients who had a combination of LMRT and ACL tear.
They found a significant difference in the clinical scores
between groups, but no MRI findings were provided. Thus,
it is difficult to compare these 2 groups, since an ACL tear
can have an outsized impact on the clinical outcomes.

The study by Tsujii et al31 compared the all-inside and
inside-out techniques but found no significant difference
between them. There was no information to support a claim
that the lateral meniscus is restored to its original condition.
Also, Shumborski et al28 showed that stable external menis-
cus root injuries do not require intervention because the long-
term results are the same as those of an intact meniscus.

Limitations

The current study has several limitations. The follow-up
period was relatively short to be able to detect degenerative
changes that the meniscus root repair is trying to prevent.

TABLE 2
Secondary Endpointsa

Total
(N ¼ 75)

LMRT Group
(n ¼ 19; 25.3%)

Control Group
(n ¼ 56; 74.7%) P

Ghost sign .25
No 74 (98.7) 18 (94.7) 56 (100.0)
Yes 1 (1.3) 1 (5.3) 0 (0.0)
Hyperintensity on articular surface

below LMRT
—

No 75 (100.0) 19 (100.0) 56 (100.0)
Yes 0 (0.0) 0 (0.0) 0 (0.0)
IKDC 79.5 ± 7.5 77.2 ± 8.1 80.3 ± 7.3 .04
Lysholm 92.3 ± 6.8 91.1 ± 8.0 92.8 ± 6.3 .47
Tegner 6.2 ± 1.3 5.9 ± 1.5 6.3 ± 1.2 .34
Surgical revision .1
No 70 (93.3) 16 (84.2) 54 (96.4)
Yes 5 (6.7) 3 (15.8) 2 (3.6)

aData are reported as mean ± SD or n (%). Boldface P value indicates a statistically significant difference between the lateral meniscus root
tear (LMRT) and control groups (P < .05). IKDC, International Knee Documentation Committee.
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New studies could be done on this topic with longer follow-up.
Nevertheless, we used the same evaluation methods and time
points as other studies on LMRT repair, allowing us to make a
direct comparison with previously published studies. It may
also be interesting to look for a correlation between meniscal
extrusion and the early signs of osteoarthritis. The number of
patients included is also relatively small given the low preva-
lence of LMRT; the 7% prevalence in our practice during the
study is consistent with published data.5,13 The gold standard
to determine whether an LMRT is healed would be second-
look arthroscopy. However, MRI is the benchmark in the
literature to assess LMRT healing for obvious ethical rea-
sons.4,27 It is well accepted in the literature that measuring
meniscal extrusion is a good proxy for meniscal function.4,13,14

Measuring meniscal extrusion on MRI is a reproducible
assessment, justifying having only 1 radiologist to read the
images.4 It would have been interesting to compare the clin-
ical outcomes of the all-inside technique with those of the pull-
out technique, however. This will require a separate study
using randomized design.

CONCLUSION

In patients undergoing ACL reconstruction, there was no
significant difference in extrusion on MRI or clinical out-
comes at 1-year follow-up in patients who underwent an all-
inside LMRT repair versus those who did not have an

LMRT. Thus, the all-inside technique is a reliable option
for repairing LMRT.
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