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Background: It remains controversial whether meniscal repair causes meniscal extrusion. This study aimed to
investigate the effect of inside-out meniscal repair on meniscal dimensions in patients with meniscal tear of the
mid-body-posterior horn.

Methods: This retrospective study included 75 patients who underwent meniscal repair followed by MRI within 2
weeks after surgery between 2020 and 2022. Patients with a discoid lateral meniscus, pull-out repair,
concomitant osteotomy, all-inside repair only, and revision surgery were excluded. Thirty-three meniscal tear
treated using an inside-out arthroscopic repair technique were included in the lateral meniscus (LM, n = 19) and
medial meniscus (MM, n = 14) tear groups. Thirty-six participants with intact meniscus were included as con-
trols. Meniscal extrusion and posterior shift were measured on coronal and sagittal MRI pre-operatively and
within 2 weeks postoperatively.

Resuits: Preoperative coronal extrusion was significantly greater in the LM tear group than in the control group
(P = 0.001). Coronal extrusion and posterior shift were significantly smaller postoperatively than preoperatively
in the LM tear group (P < 0.001 and, P = 0.008, respectively). Pre- and postoperative coronal extrusion in the
MM tear group were not significantly different (P = 0.291). Postoperative coronal extrusion in both LM and MM
tear groups were not significantly correlated with the number of sutures required for repair (LM: P = 0.765, R =
—0.076, MM: P = 0.1, R = 0.497).

Conclusions: The torn meniscus of the mid-body - posterior horn before surgery was extruded and shifted pos-
teriorly in both LM and MM tears, and repair using an inside-out arthroscopic technique was effective in reducing
meniscal extrusion and posteriors shift in the LM tear immediately after surgery.

1. Introduction

The meniscus plays an important role in shock absorption across the
tibiofemoral joint. Meniscectomy results in a decreased contact area and
increased contact stress."*> A meniscus tear can cause decreased contact
area and increased contact pressure, and meniscal repair restores native
meniscal biomechanics.>*

Since the meniscus functions by converting axial pressure forces into
hoop stress,” meniscal tears, such as radial tears,*’ longitudinal tears,®
and root tears,9 can cause meniscal extrusion. Meniscal extrusion re-
duces the contact area, increases contact pressure,w’11 and is related to
cartilage damage and subchondral bone lesions.' %' Meniscal extrusion
and posterior shift are defined as the distance between the meniscus
margin and the tibial margin on coronal and sagittal image of MRI,

* Corresponding author.
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respectively.&14 Pull-out repair for lateral meniscal root tear (LMPRT)
improves extrusion or prevents extrusion progression,ls’16 whereas this
procedure for medial meniscal root tear (MMPRT) prevents'’ or pro-
gresses extrusion.'® Furthermore, greater the number of sutures, greater
the amount of the meniscal extrusion,® and lower the failure rate.’
However, it remains controversial whether the number of sutures affects
meniscal extrusion. To the best of our knowledge, limited data are
available regarding the effects of meniscal repair of longitudinal tear or
radial tear on meniscal extrusion.®>%?! Furthermore, few studies have
evaluated the condition of the meniscus immediately after meniscal
repair even though it is preferable to evaluate the effect of surgery more
directly by magnetic resonance imaging (MRI) immediately after sur-
gery because it can minimize the other effects such as rehabilitation.*

This study aimed to investigate the effect of meniscal repair on
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meniscal extrusion and posterior shift in patients with meniscal tear. We
hypothesized that repair using an inside-out arthroscopic technique
would effectively improve meniscal extrusion and posterior shift
immediately after surgery.

2. Materials and methods
2.1. Participants

This retrospective study included 99 patients with meniscal tear who
underwent meniscal repair between September 2020 and December
2022. Of 99 patients, 75 underwent (MRI pre-operatively and within 2
weeks postoperatively. Meniscal repair was indicated for longitudinal,
radial, horizontal, and flap tears regardless of age and chronicity; highly
degenerative meniscus was not a surgical indication. Patients with a
discoid lateral meniscus and those who underwent pull-out repair,
concomitant osteotomy, all-inside repair alone, and revision surgery
were excluded. Overall, 33 patients with meniscal tear treated using the
inside-out arthroscopic repair technique were included in the LM (n =
19) and MM (n = 14) tear groups (Fig. 1). The time from the time of
meniscus injury or the onset of symptoms to surgery was examined. The
control group consisted of patients with an intact LM or MM, as deter-
mined using arthroscopy, who underwent anterior cruciate ligament
(ACL) reconstruction only and patients who underwent LM or MM
meniscal surgery only. Thirty-nine patients with normal menisci were
included in the control group. Pre- and postoperative comparisons were
performed, as well as comparisons between the tear and control groups,
and additional comparisons were performed by tear type. Furthermore,
a subgroup analysis of the LM tear group was performed for the tear
type. Participants with longitudinal tears were classified into the L
group, and those with radial and parrot beak tears were classified into
the R group. The overall lower limb alignment pre-operatively was
defined by the hip-knee-ankle angle (HKA). Informed consent was ob-
tained from all participants included in the study. This study was
approved by the hospital ethics committee and internal review board of
our institution (approval number: 3071).

99 cases underwent meniscal repair

75 cases underwent magnetic resonance imaging
pre-operatively and within two weeks after surgery

Excluded (n=42)

discoid lateral meniscus (n=25)
pull-out repair (n=7)
concomitant osteotomy (n=2)
only all-inside repair (n=7)
revision (n=1)

LM tear group
19 cases

MM tear group
14 cases

Fig. 1. Flowchart of participant enrolment

A total of 99 cases underwent meniscal repair and 75 cases underwent MRI pre-
operatively and within 2 weeks after surgery. In total, 42 cases were excluded
because of discoid lateral meniscus, pull-out repair, concomitant osteotomy,
only all-inside repair and revision meniscal surgery. Nineteen patients in the
lateral meniscus (LM) tear group and 14 in the medial meniscus (MM) tear
group were included.
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2.2. Surgical procedure

The surgical procedure was performed as previously reported.?? >*
All surgeries were performed by one senior surgeon who had more than
20 years of experience in orthopaedic surgery or under his supervision.
Diagnostic arthroscopy was performed via an anterolateral portal with a
30° oblique arthroscope, and a probe was introduced via an ante-
romedial portal to determine the morphology and location of the
meniscal tears. In case of an unstable longitudinal tear or a hypermobile
meniscus which was diagnosed as excessive mobility of posterior
segment with suction or with a probe, the meniscal repair was per-
formed using the inside-out technique with a stacked suture (2-0
WAYOLAX, Matsuda, Tokyo, Japan). Multiple vertical stacked sutures
were placed the upper and lower sides of the tear at 3-mm interval.
Horizontal tears along the capsular site were repaired using the
inside-out technique. In cases of radial tears, meniscal repair was per-
formed using an inside-out technique with tie-grip sutures which con-
sisted of two vertical mattress sutures and two horizontal sutures that
passed over the vertical mattress sutures and is part of a type of
inside-out repair technique. The number of sutures was determined
based on the initial tear size. While the inside-out technique enables a
more precise adherence to the tear, careful retraction should be per-
formed to protect the neurovascular structures. The knee was immobi-
lized in a brace for 1 week postoperatively and subsequently limited to a
knee range of motion of 0°-90° for 3 weeks, followed by protected
weightbearing for 6 weeks.

2.3. MRI protocol and measured parameters of meniscal dimensions

MRI was performed pre-operatively and within 2 weeks post-
operatively. Mid-coronal and sagittal plane images were obtained using
the following imaging parameters: repetition time/echo time [TR/TE],
2117/10 ms; field of view [FOV], 16 cm; matrix, 256 x 256 to 192; slice
thickness, 3.3 mm; and fat saturation (TR/TE, 3460/80 ms; FOV, 16 cm;
matrix, 256 x 56 to 192; slice thickness, 3.3 mm).

The following outcome variables were measured on MRI. The
meniscal midbody width index (MMWI) and meniscal extrusion were
measured on coronal images (Fig. 2A) [25,26]. Meniscal extrusion was
defined as the distance between the margin of the tibial plateau and the
meniscal outer margin (Fig. 2A).%>?° MMWI was defined as the per-
centage of the width of the meniscus compared to the entire width of the
tibia (Fig. 2 A). Meniscal dimensions and sagittal ratios were measured
on sagittal images (Fig. 2B).”>?° Meniscal dimensions were defined as
follows: (a) distance between the anterior margin of the tibial plateau
and the meniscal anterior margin; (b) distance between the meniscal
anterior margin and the meniscal anterior-inner margin; (c) distance
between the meniscal anterior-inner margin and the meniscal posteri-
or-inner margin; (d) distance between the meniscal posterior—inner
margin and the meniscal posterior margin; and (e) distance between the
meniscal posterior margin and the posterior margin of the tibial plateau,
as previously described.”>?° ‘a’ or ‘e’ represented meniscal anterior or
posterior shift; a smaller ‘a’ or ‘e’ indicated a larger anterior or posterior
shift, respectively. The sagittal ratio was defined as the percentage of the
total length of ‘b,” ‘c,” and ‘d’ compared to the entire width of the tibia
(Fig. 2B).?>?° A low density area was interpreted as a meniscus. Intra-
class correlation coefficients were assessed by two orthopaedic surgeons
to measure the inter- and intra-observer reliabilities for each measured
parameter. Measurements were performed twice 6 weeks apart. The
observers were blinded to meniscal tear type, surgical procedure, and
previous results.

2.4. Statistical analysis
The Mann-Whitney U test or Student’s t-test was used to evaluate

between-group differences in continuous variables, after confirming
normality using the histogram, and the assumption of equal variance
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Fig. 2. Measured parameters of meniscal dimensions
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(A) Mid-coronal MRI measurement was shown. To obtain the MMWI percentage, meniscal width (b) was divided by tibial width (a). The meniscal extrusion (c) was
defined as the distance between the margin of the tibial plateau and the meniscal outer margin.

(B) The lateral meniscal length in the sagittal plane is shown. The length measurements are defined as follows: (a) distance between the anterior margin of the tibial
plateau and the meniscal anterior margin; (b) distance between the meniscal anterior margin and the meniscal anterior-inner margin; (c) distance between the
meniscal anterior-inner margin and the meniscal posterior—inner margin; (d) distance between the meniscal posterior—-inner margin and the meniscal posterior
margin; and (e) distance between the meniscal posterior margin and the posterior margin of the tibial plateau, according to the method established by Kim et al.
[25,26]. A smaller value of ‘a’ or ‘e’ indicated a larger anterior or posterior shift, respectively.

MMWI; meniscal midbody width index.

was examined using the F test. A paired t-test was performed to compare
continuous variables between pre- and postoperative data in the same
patients. The chi-squared test was used to compare the sex distribution
between the groups. The relationships between coronal meniscal
extrusion and the number of sutures, and coronal meniscal extrusion and
the HKA were assessed using Pearson’s correlation coefficient. Statistical
significance was set at a p < 0.05. EZR software (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) was used throughout
the study. Power analysis was performed with the power, value, dif-
ference, and standard deviation set at 0.8, 0.05, 1.32, and 1.28,
respectively, for coronal extrusion between the LM tear group preop-
eratively and postoperatively. The analysis revealed that the minimum
number of cases required was 10.

3. Results

Age at surgery, sex, height, weight, and BMI were not significantly
different between the LM tear and LM control groups, or between the
MM tear and MM control groups (Table 1). The average time from injury
or onset of symptoms to surgery in the LM tear and MM tear groups was
19.1 and 14.4 months respectively. The intraoperative data are sum-
marized in Table 2. Eight cases of LM tear and 11 cases of MM tear
underwent concurrent ACL reconstruction. The types of meniscal tear
were as follows: LM: longitudinal, (n = 10), horizontal (n = 3), radial (n
= 3), parrot beak (n = 2), hypermobile meniscus (n = 1), and MM: all
longitudinal tears. The average suture number was 13.4 for LM tear and
13.5 for MM tear. There were no significant differences in demographics

Table 2
Intraoperative data.

Variable LM tear (n = 19) MM tear (n = 14)
Concurrent ACL reconstruction, n 8 11
Tear type
Longitudinal tear, n 10 14
Horizontal tear, n 3 0
Radial tear, n 3 0
Parrot beak tear, n 2 0
Hypermobile meniscus, n 1 0
Location
Mid-body, n 6 0
Posterior-body, n 3 1
Mid-body - posterior horn, n 10 13
Suture number, n (range) 13.4 (8-20) 13.5 (5-25)

ACL; anterior cruciate ligament.

and intraoperative data between the L and R subgroups (Table 3). The
inter- and intra-class correlation coefficients for inter- and intra-
observer agreements, respectively, are shown in Table 4 for each
measured parameter.

3.1. Influence of LM tear

The MMWI score in the preoperative LM tear group was significantly
lower than that in the LM control group (P < 0.001; Table 5). Coronal
extrusion in the preoperative LM tear group was significantly greater

Table 1
Comparison of baseline demographics between the Tear group and the Control group.
Variable LM tear (n = 20) LM control (n = 21) P MM tear (n = 14) MM control (n = 18) P

Age, years (range) 24.7 (14-53) 25.6 (13-61) 0.744 20.2 (14-45) 26.1 (14-53) 0.443
Sex, n, male/female 11/9 9/12 0.373 7/7 8/10 0.383
Height, cm (range) 170.2 (158-184) 166 (153-177) 0.074 165.5 (151-178) 167.2 (155-180) 0.525
Weight, kg (range) 68.7 (49-90) 63 (49-79) 0.066 66 (54-86) 63 (42-80) 0.424
Body mass index, kg/cm? (range) 23.7 (17.8-30.9) 222.8 (16.8-27) 0.343 23.8 (19.8-29.2) 22.7 (17.5-30.9) 0.175
Time from injury to surgery, months (range) 19.1 (1-120) NA NA 14.4 (1-120) NA NA
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Table 3
Comparison of baseline demographics and intraoperative data between L group
and R group.

Variable L group (n = Rgroup(m=5) P
10)
Age, years (range) 22 (14-46) 17.6 (15-23) 0.42
Sex, n, male/female 8/2 2/3 0.333
Height, cm (range) 171.9 171.6 0.928
(163-180) (159-184)
Weight, kg (range) 67.5 (52-80) 72.6 (64-78) 0.368
Body mass index, kg/cm? (range) 22.7 24.8 0.244
(19.8-25.7) (21.1-30.9)
Time from injury to surgery, months ~ 13.3 (1-84) 13.8 (2-36) 0.969
(range)
Concurrent ACL reconstruction, n 6 1 0.282
Suture number, n (range) 13.5 (9-20) 16.3 (11-20) 0.29

Table 4
The intraclass correlation coefficient for the interobserver and intraobserver
reliability of each parameter.

Variable Interobserver ICC Intraobserver ICC
MMWI 0.793 0.837
Coronal extrusion 0.779 0.851
a 0.898 0.975
e 0.771 0.784
Sagittal ratio 0.893 0.833

ICC; Intraobserver correlation coefficient, MMWI; meniscal midbody width
index.

than that in the LM control group (P = 0.002; Table 5, Fig. 3A and C). ‘a’
in the preoperative LM tear group was significantly smaller than that in
the LM control group (P = 0.022; Table 5). ‘¢’ in the preoperative LM
tear group was significantly greater than that in the LM control group (P
< 0.001; Table 5). The sagittal ratio in the preoperative LM tear group
was significantly greater than that in the LM control group (P < 0.001;
Table 5).

3.2. Effects of LM repair

The MMWI in the postoperative LM tear group was significantly
greater than that in the preoperative LM tear group and was not
significantly different from that in the LM control group (P = 0.023 and
P = 0.68, respectively; Table 5). Coronal extrusion in the postoperative
LM tear group was significantly smaller than that in the preoperative LM
tear group and was not significantly different from that in the LM control
group (P < 0.001 and P = 0.738, respectively; Table 5, Fig. 3A-C). ‘e’ in
the postoperative LM tear group was significantly greater than that in
the preoperative LM tear group and was not significantly different from
that in the LM control group (P = 0.008, P = 0.075; Table 5, Fig. 3D-F).
The sagittal ratio in the postoperative LM tear group was significantly
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smaller than that in the preoperative LM tear group and not significantly
different from that in the LM control group (P = 0.019 and P = 0.151,
respectively; Table 5). Coronal extrusion after surgery in the LM tear
group was not significantly correlated with the number of sutures
required for repair (P = 0.765, R = —0.076).

3.3. Influence of MM tear

Coronal extrusion in the preoperative MM tear group was signifi-
cantly greater than that in the MM control group (P = 0.028; Table 6,
Fig. 4A and C). ‘e’ in the preoperative MM tear group was significantly
smaller than that in the MM control group (P 0.022; Table 6,
Fig. 4D-F). The sagittal ratio in the preoperative MM tear group was
significantly greater than that in the MM control group (P = 0.035;
Table 6).

3.4. Effects of MM repair

Although coronal extrusion in the postoperative MM tear group was
significantly greater than that in the MM control group (P = 0.027;
Table 6, Fig. 4B and C), there was no significant difference between the
preoperative and postoperative MM tear groups (P = 0.291; Table 6,
Fig. 4A and B). Although ‘a’ in the postoperative MM tear group was
significantly smaller than that in the MM control group (P = 0.004;
Table 6), there was no significant difference between the preoperative
and postoperative MM tear groups (P = 0.061; Table 6). ‘c’ in the
postoperative MM tear group was significantly greater than that in the
MM control group (P = 0.003; Table 6). ‘e’ in the postoperative MM tear
group was significantly greater than that in the preoperative MM tear
group but not significantly different from that in the MM control group
(P = 0.007, P = 0.846; Table 6, Fig. 4D-F). The sagittal ratio in the
postoperative MM tear group was significantly greater than in the MM
control group (P = 0.019; Table 6). In the MM tear group, coronal
extrusion after surgery was not significantly correlated with the number
of sutures required for repair (P = 0.1, R = 0.497).

3.5. Comparison of preoperative and postoperative outcomes within and
between the L and R subgroups

Meniscal extrusion in the postoperative L and R subgroups was
significantly smaller than that in the preoperative L and R subgroups (P
= 0.009, P = 0.005; Table 7). MMWI in the postoperative L group was
significantly greater than that in the preoperative L subgroup (P = 0.04;
Table 7). Meniscal extrusion in the preoperative and postoperative L
subgroups was significantly smaller than that in the R tear subgroup (P
= 0.035, 0.042; Table 7).

Table 5
Comparison of MRI evaluations of LM tear pre- and postoperatively and LM control and each group.”>*°
Variable LM tear group pre-operative (n = 19) LM tear group postoperative (n = 19) P LM control group (n = 21) p* pr*

Coronal images
MMWI 0.12 0.15 0.023 0.15 <0.001 0.68
Extrusion, mm 2.1 0.81 <0.001 0.072 0.002 0.738
Sagittal images
a, mm 8.1 8.9 0.25 10.4 0.022 0.027
b, mm 11.5 11.3 0.738 10.4 0.05 0.031
¢, mm 14.9 12.5 0.062 11.1 <0.001 0.295
d, mm 9.4 10.1 0.089 9 0.581 0.456
e, mm 1.4 3.9 0.008 2.6 0.127 0.075
Sagittal ratio 0.79 0.73 0.019 0.7 <0.001 0.151

MMWI; meniscal midbody width index.
P* for comparison between LM control group and LM tear group preoperative.
P** for comparison between LM control group and LM tear group postoperative.
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Fig. 3. Effects of lateral meniscus repair
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Control

Coronal MRI of the knee demonstrating lateral meniscal extrusion (A) and no lateral meniscus extrusion (B, C). Sagittal MRI of the knee demonstrating posterior shift

of lateral meniscus (D) and no posterior shift of lateral meniscus (E, F).

Table 6
Comparison of MRI evaluations of MM tear pre- and postoperatively and MM control and each group.”>*°
Variable MM tear group pre-operative (n = 14) MM tear group postoperative (n = 14) P MM control group (n = 18) p* pr*

Coronal images
MMWI 0.12 0.13 0.724 0.12 0.805 0.377
Extrusion, mm 1.3 1.6 0.291 0.57 0.028 0.027
Sagittal images
a, mm 0.4 —0.94 0.061 1.0 0.379 0.004
b, mm 10.5 9.6 0.051 10.4 0.765 0.215
¢, mm 18.1 20.0 0.202 16.2 0.169 0.003
d, mm 15.0 14.4 0.523 14.7 0.76 0.764
e, mm 0.74 2.3 0.007 2.2 0.022 0.846
Sagittal ratio 0.98 0.97 0.764 0.93 0.035 0.019

MMWI; meniscal midbody width index.

P* for comparison between MM control group and MM tear group preoperative.

P** for comparison between MM control group and MM tear group postoperative.

3.6. Correlation between meniscal extrusion and HKA

The average HKA in the LM tear group and in the MM tear group was
180.2° (174°-185°) and 179.9° (174°-185°) respectively. There was no
significant difference between the LM tear group and the MM tear
groups (P = 0.741). LM extrusion preoperatively and postoperatively
was not significantly correlated with the HKA (P = 0.994, R = —0.002, P
= 0.099, R = —0.401). Similarly, MM extrusion preoperatively and
postoperatively was also not significantly correlated with the HKA (P =
0.061, R = —0.512, P = 0.055, R = —0.523).

4. Discussion

The most important findings of this study are that torn meniscus
indicated for inside-out repair was extruded and shifted posteriorly and

54

repair using an inside-out arthroscopic technique was effective in
reducing coronal LM extrusion and both LM and MM posterior shifts.
These results are consistent with our hypotheses. In this study, MRI was
performed immediately after surgery to investigate the effect of surgery
itself, and showed that repair did not cause meniscal extrusion pro-
gression immediately after surgery, which is an important finding for
surgeons. Furthermore, the distance of meniscal extrusion did not in-
crease as the number of sutures increased; therefore, it is recommended
to concentrate on properly repairing the tear without limiting the
number of sutures.

LM extrusion has been reported to associate with radial LM tears,
whereas no difference has been reported between longitudinal or radial
LM tears and an intact LM.?° While these reports described concomitant
ACL injuries, the present study included both concomitant ACL injuries
and meniscal injuries. In this study, radial LM tears had greater meniscal

6,21
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pre-OP

Fig. 4. Effects of medial meniscus repair

post-OP
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Control

Coronal MRI of the knee demonstrating medial meniscal extrusion (A, B) and no medial meniscus extrusion (C). Sagittal MRI of the knee demonstrating a posterior

shift of medial meniscus (D) and no posterior shift of medial meniscus (E, F).

Table 7
Comparison of preoperative and postoperative outcomes within and between the L and R groups.25’26
Variable L group preoperative (n = L group postoperative (n = P R group preoperative (n = R group postoperative (n = P p* pr*
10) 10) 5) 5)
Coronal images
MMWI 0.111 0.146 0.04 0.145 0.178 0.262 0.169 0.303
Extrusion, 1.97 0.44 0.009 3.46 1.7 0.005 0.035 0.042
mm
Sagittal images
a, mm 7.87 9.61 0.188 8.14 8.72 0.61 0.884 0.361
b, mm 12.6 11.3 0.255 10.9 121 0.322 0.188 0.403
¢, mm 14.6 12.6 0.297 16.6 10.7 0.09 0.319 0.547
d, mm 9.79 10.5 0.362 10.4 11.4 0.185 0.724 0.522
e, mm 1.74 3.73 0.052 —0.98 4.6 0.07 0.161 0.579
Sagittal ratio 0.79 0.72 0.078 0.844 0.72 0.113 0.337 0.999

MMWI; meniscal midbody width index.
P* for comparison between L group preoperative and R group preoperative.
P** for comparison between L group postoperative and R group postoperative.

extrusion than longitudinal LM tears. Furthermore, the amount of
meniscal extrusion in the LM tear group in this study was larger than
those in previous reports.’%?”>?® MM extrusion also has been reported to
be associated with longitudinal MM tears.® MM tear and meniscotibial
ligament injury are related and could be predisposed to meniscal
extrusion.”’

A recent study showed that both LM coronal extrusion and posterior
shift did not improve immediately after meniscal repair.’’ The
pre-operative period may have influenced the differences in the results
between this study and previous reports. Preoperative coronal LM
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extrusion was greater in this study than in a previous report, possibly
because of the longer time from injury to surgery. Another study showed
that LM oblique radial tears increased meniscal extrusion and meniscus
repair reduced meniscal extrusion.”” In this study, meniscal extrusion in
both longitudinal and radial LM tears was reduced by meniscal repair.
Furthermore, the MMWI in longitudinal LM tears increased following
meniscal repair, indicating reduction of the displaced meniscus.

In this study, the LM sagittal ratio was increased by meniscal tear and
decreased following meniscal repair. A previous study has shown that
LM radial tear spreads in the sagittal direction.®! In constant, the MM
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sagittal ratio was increased by a meniscal tear but was not significantly
changed by a meniscal repair. In LM tears, a meniscal repair is effective
in pulling the extruded meniscus toward the center in both the coronal
and sagittal dimensions and may restore hoop function, while its effect
on the MM is more limited than that on the LM. Differences in the
amount of meniscal extrusion between LM and MM have been previ-
ously reported.®” The difference in the results between the LM and MM
in this study may be related to the greater mobility of the LM>>** and
because the joint capsule attachment around the LM is more fragile and
can be easily damaged.*® There was no significant difference in align-
ment between the LM tear group and the MM tear group, and there was
no correlation between pre- and postoperative meniscal extrusion and
alignment, suggesting that the difference in extrusion improvement
between LM and MM after meniscal repair was not due to alignment.
Another possible reason why the MM extrusion did not improve is that
the amount of extrusion preoperatively was not very large; hence, the
effect of meniscal repair was difficult to appear.

The present study showed improvement in MM posterior shift,
however did not show improvement in MM coronal extrusion, as re-
ported previously.® While reportedly meniscal repair alone for MM tear
did not change the MM posterior shift,*° meniscal repair concurrent ACL
reconstruction for MM tear with ACL injury improved the posterior
shift.'* A previous study also reported that ACL reconstruction improves
the MM posterior shift,” and the effect of ACL reconstruction may be
significant in MM as a large number of concomitant ACL reconstruction
cases were included in this study.

Although previous studies have reported a correlation between the
number of sutures and extrusion,® we found no such correlation in this
study. The different results may have been caused by the facts that the
timing of the evaluation was different in this study (immediately after
surgery), and in previous studies (3 months after surgery), the number of
sutures in this study was considerably higher than in previous reports,
and that the study was limited to inside-out repair. Greater the number
of sutures, the lower the failure rate'’; therefore, it is recommended to
focus on properly repairing the tear without limiting the number of
sutures.

The result that meniscal repair could improve the meniscal extru-
sion, regardless of whether the type of injury was a longitudinal tear or a
radial tear, would be useful information for surgeons. The R group
showed a greater amount of pre- and postoperative meniscal extrusion
than did the L group, and this result was consistent with that of previous
reports.’ The finding that the amount of meniscal extrusion was greater
in the R group than in the L group could be due to the collapse of
circumferential collagen fibers.”

This study did not evaluate clinical outcomes or imaging with a long-
term follow-up; however, previous studies have shown that meniscal
extrusion causes progression of osteoarthritis>>>° and early-stage oste-
oarthritis is associated with meniscal extrusion.“’ Therefore, improving
meniscal extrusion may prevent osteoarthritis progression.

5. Limitations

This study has several limitations. First, the potential for selection
bias is due to the retrospective design of the study. Second, the study
included a relatively small number of patients. Third, there may be some
variations in the MRI findings depending on how the slices were cut.
Fourth, the study includes different factors such as meniscal repair with
and without ACL reconstruction and different types of meniscal tears,
which were examined collectively. Fifth, the MRI evaluation was non-
weight-bearing and did not assess the condition of the meniscus under
loading. Sixth, the evaluation was performed at the non-weight-bearing
stage, and changes after loading were unclear. Finally, as the study is
based on short-term results, the long-term condition of the meniscus and
clinical outcomes have not been examined. Therefore, future research is
needed to investigate medium-to long-term results.
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Conclusion

The torn meniscus of the mid-body - posterior horn before surgery
was extruded and shifted posteriorly in both LM and MM tears, and
repair using an inside-out arthroscopic technique was effective in
reducing meniscal extrusion and posteriors shift in the LM tear imme-
diately after surgery.

Funding

The authors did not receive support from any organization for the
submitted work.

Ethics approval

This study approved by the hospital ethics committee and the in-
ternal review board of our institution (3071).

Informed consent

Informed consent was obtained from all participants include in the
study.

Patients signed informed consent regarding publishing their data and
photographs.

Declaration of competing interest

The authors have no relevant financial or non-financial interests to
disclose.

Acknowledgments

We would like to thank Editage (www.editage.com) for English
language editing.

References

1. Masouros SD, McDermott ID, Amis AA, Bull AMJ. Biomechanics of the meniscus-
meniscal ligament construct of the knee. Knee Surg Sports Traumatol Arthrosc. 2008;
16(12):1121-1132. https://doi.org/10.1007/s00167-008-0616-9.

2. McDermott ID, Amis AA. The consequences of meniscectomy. J Bone Joint Surg Br.
2006;88(12):1549-1556. https://doi.org/10.1302/0301-620x.88b12.18140.

3. Marchetti DC, Phelps BM, Dahl KD, et al. A contact pressure analysis comparing an
all-inside and inside-out surgical repair technique for bucket-handle medial
meniscus tears. Arthroscopy. 2017;33(10):1840-1848. https://doi.org/10.1016/j.
arthro.2017.04.013.

4. Muriuki MG, Tuason DA, Tucker BG, Harner D. Changes in tibiofemoral contact
mechanics following radial split and vertical tears of the medial meniscus and in
vitro investigation of the efficacy of arthroscopic repair. J Bone Joint Surg Am. 2011;
93(12):1089-1095. https://doi.org/10.2106/jbjs.i.01241.

5. McDermott ID, Lie DTT, Edwards A, Bull AMJ, Amis AA. The effects of lateral
meniscal allograft transplantation techniques on tibio-femoral contact pressures.
Knee Surg Sports Traumatol Arthrosc. 2008;16(6):553-560. https://doi.org/10.1007/
5s00167-008-0503-4.

6. Shen JW, Song GY, Zhang H, et al. Prevalence of lateral meniscal extrusion for
posterior lateral meniscal root lesion with and without concomitant midbody radial
tear in anterior cruciate ligament injury. Arthroscopy. 2016;32(5):828-834. https://
doi.org/10.1016/j.arthro.2015.10.004.

7. Winkler PW, Csapo R, Wierer G, et al. Sonographic evaluation of lateral meniscal
extrusion: implementation and validation. Arch Orthop Trauma Surg. 2021;141(2):
271-281. https://doi.org/10.1007/500402-020-03683-1.

8. Katagiri H, Miyatake K, Nakagawa Y, et al. The effect of a longitudinal tear of the
medial meniscus on medial meniscal extrusion in anterior cruciate ligament injury
patients. Knee. 2019;26(6):1292-1298. https://doi.org/10.1016/j.
knee.2019.07.019.

9. Jung YH, Choi NH, Oh JS, Victoroff BN. All-inside repair for a root tear of the medial
meniscus using a suture anchor. Am J Sports Med. 2012;40(6):1406-1411. https://
doi.org/10.1177/0363546512439181.

10. Debieux P, Jimenez AE, Novaretti JV, et al. Medial meniscal extrusion greater than 4
mm reduces medial tibiofemoral compartment contact area: a biomechanical
analysis of tibiofemoral contact area and pressures with varying amounts of
meniscal extrusion. Knee Surg Sports Traumatol Arthrosc. 2021;29(9):3124-3132.
https://doi.org/10.1007/500167-020-06363-0.


http://www.editage.com
https://doi.org/10.1007/s00167-008-0616-9
https://doi.org/10.1302/0301-620x.88b12.18140
https://doi.org/10.1016/j.arthro.2017.04.013
https://doi.org/10.1016/j.arthro.2017.04.013
https://doi.org/10.2106/jbjs.i.01241
https://doi.org/10.1007/s00167-008-0503-4
https://doi.org/10.1007/s00167-008-0503-4
https://doi.org/10.1016/j.arthro.2015.10.004
https://doi.org/10.1016/j.arthro.2015.10.004
https://doi.org/10.1007/s00402-020-03683-1
https://doi.org/10.1016/j.knee.2019.07.019
https://doi.org/10.1016/j.knee.2019.07.019
https://doi.org/10.1177/0363546512439181
https://doi.org/10.1177/0363546512439181
https://doi.org/10.1007/s00167-020-06363-0

T. Kinoshita et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kohno Y, Koga H, Ozeki N, et al. Biomechanical analysis of a centralization
procedure for extruded lateral meniscus after meniscectomy in porcine knee joints.
J Orthop Res. 2022;40(5):1097-1103. https://doi.org/10.1002/jor.25146.

Ding C, Pelletier JM, Pelletier JP, et al. Knee meniscal extrusion in a largely non-
osteoarthritic cohort: association with greater loss of cartilage volume. Arthritis Res
Ther. 2007;9(2), R21. https://doi.org/10.1186/ar2132.

Wang Y, Wluka AE, Pelletier JP, et al. Meniscal extrusion predicts increases in
subchondral bone marrow lesions and bone cysts and expansion of subchondral
bone in osteoarthritic knees. Rheumatology. 2010;49(5):997-1004. https://doi.org/
10.1093/rheumatology/keq034.

Okazaki Y, Furumatsu T, Miyazawa S, et al. 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. 2019;27(2):361-368.
https://doi.org/10.1007/500167-018-5157-2.

Okazaki Y, Furumatsu T, Kamatsuki Y, et al. Transtibial pullout repair of the lateral
meniscus posterior root tear combined with anterior cruciate ligament
reconstruction reduces lateral meniscus extrusion: a retrospective study. Orthop
Traumatol Surg Res. 2020;106(3):469-473. https://doi.org/10.1016/j.
otsr.2019.10.022.

Forkel P, Noack J, Hinz M, Imhoff AB, Wortler K, Feucht MJ. Coronal extrusion of
the lateral meniscus does not increase after pullout repair of the posterior root of the
lateral meniscus at short-term follow-up. Arch Orthop Trauma Surg. 2023;143(8):
5199-5206. https://doi.org/10.1007/s00402-023-04815-z.

Moon HS, Choi CH, Jung M, Lee DY, Hong SP, Kim SH. Early surgical repair of
medial meniscus posterior root tear minimizes the progression of meniscal
extrusion: 2-year follow-up of clinical and radiographic parameters after
arthroscopic transtibial pull-out repair. Am J Sports Med. 2020;48(11):2692-2702.
https://doi.org/10.1177/0363546520940715.

Kaplan DJ, Alaia EF, Dold AP, et al. Increased extrusion and ICRS grades at 2-year
follow-up following transtibial medial meniscal root repair evaluated by MRI. Knee
Surg Sports Traumatol Arthrosc. 2018;26(9):2826-2834. https://doi.org/10.1007/
s00167-017-4755-8.

Schlechter JA, Nguyen SV, Fletcher KL. Meniscal repairs in the adolescent knee: can
the number of fixation sites improve outcomes? Orthop J Sports Med. 2019;7(11),
2325967119881963. https://doi.org/10.1177/2325967119881963.

Tsujii A, Yonetani Y, Ohori T, et al. The lateral meniscal extrusion after repair with
concomitant anterior cruciate ligament reconstruction at a mean follow-up of 3.5
years. J Orthop Sci. 2022;27(4):804-809. https://doi.org/10.1016/j.
j0s.2021.03.018.

Winkler PW, Wierer G, Csapo R, et al. Quantitative evaluation of dynamic lateral
meniscal extrusion after radial tear repair. Orthop J Sports Med. 2020;8(4),
2325967120914568. https://doi.org/10.1177/2325967120914568.

Kinoshita T, Hashimoto Y, Nishino K, Nishida Y, Takahashi S, Nakamura H.
Comparison of new and old all-inside suture devices in meniscal cyst formation rates
after meniscal repair. Int Orthop. 2022;46(7):1563-1571. https://doi.org/10.1007/
500264-022-05375-4.

Nishino K, Hashimoto Y, Nishida Y, Yamasaki S, Nakamura H. Arthroscopic surgery
for symptomatic discoid lateral meniscus improves meniscal status assessed by
magnetic resonance imaging T2 mapping. Arch Orthop Trauma Surg. 2023;143(8):
4889-4897. https://doi.org/10.1007/500264-022-05375-4.

Hashimoto Y, Nishino K, Yamasaki S, Nishida Y, Tomihara T, Nakamura H. Posterior
subtotal meniscectomy revealed the worst scenario for the progression of
osteocartilaginous damage in cases of juvenile discoid lateral meniscus with
peripheral tear. Arch Orthop Trauma Surg. 2023;143(8):5157-5165. https://doi.org/
10.1007/s00402-022-04747-0.

Kim SH, Ahn JT, Kim TW, Kim KI, Lee SH. Midbody of the medial meniscus as a
reference of preservation in partial meniscectomy for complete discoid lateral

57

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 36 (2024) 50-57

meniscus. Knee Surg Sports Traumatol Arthrosc. 2019;27(8):2558-2567. https://doi.
org/10.1007/500167-018-5268-9.

Hashimoto Y, Nishino K, Kinoshita T, Iida K, Nakamura H. Age-based comparison of
meniscal dimensions between an asymptomatic complete discoid lateral meniscus
and normal meniscus: MRI evaluation. Arch Orthop Trauma Surg. 2023. https://doi.
org/10.1007/s00402-023-05084-6.

Pula DA, Femia RE, Marzo JM, Bisson LJ. Are root avulsions of the lateral meniscus
associated with extrusion at the time of acute anterior cruciate ligament injury?: a
case control study. Am J Sports Med. 2014;42(1):173-176. https://doi.org/10.1177/
0363546513506551.

Tsujii A, Yonetani Y, Kinugasa K, et al. Outcomes more than 2 Years after meniscal
repair for longitudinal tears of the lateral meniscus combined with anterior cruciate
ligament reconstruction. Am J Sports Med. 2021;49(3):684-692. https://doi.org/
10.1177/0363546520981976.

Gilat R, Mitchnik IY, Mimouni T, Agar G, Lindner D, Beer Y. The meniscotibial
ligament role in meniscal extrusion: a systematic review and meta-analysis. Arch
Orthop Trauma Surg. 2023;143(9):5777-5786. https://doi.org/10.1007/s00402-
023-04934-7.

Smith PA, Bezold WA, Cook CR, et al. Kinematic analysis of lateral meniscal oblique
radial tears in anterior cruciate ligament-reconstructed knees: untreated versus
repair versus partial meniscectomy. Am J Sports Med. 2022;50(9):2381-2389.
https://doi.org/10.1177/03635465221102135.

Hirose T, Mae T, Ogasawara I, et al. Meniscal displacement and loss of load-
transmission function after radial tear of the lateral meniscus in a porcine model:
new insights into the functional dynamics of the injured meniscus. Am J Sports Med.
2022;50(7):1850-1857. https://doi.org/10.1177/03635465221090543.

Liu Y, Du G, Li X. Threshold for lateral meniscal body extrusion on MRI in middle-
aged and elderly patients with symptomatic knee osteoarthritis. Diagn Interv Imaging.
2020;101(10):677-683. https://doi.org/10.1016/].diii.2020.05.012.

Yao J, Lancianese SL, Hovinga KR, Lee J, Lerner AL. Magnetic resonance image
analysis of meniscal translation and tibio-menisco-femoral contact in deep knee
flexion. J Orthop Res. 2008;26(5):673-684. https://doi.org/10.1002/jor.20553.
Vedi V, Williams A, Tennant SJ, Spouse E, Hunt DM, Gedroyc WM. Meniscal
movement. An in-vivo study using dynamic MRI. J Bone Joint Surg Br. 1999;81(1):
37-41. https://doi.org/10.1302/0301-620x.81b1.8928.

Nasu H, Nimura A, Sugiura S, Fujishiro H, Koga H, Akita K. An anatomic study on
the attachment of the joint capsule to the tibia in the lateral side of the knee. Surg
Radiol Anat. 2018;40(5):499-506. https://doi.org/10.1007/500276-017-1942-8.
Furumatsu T, Miyazawa S, Tanaka T, Okada Y, Fujii M, Ozaki T. Postoperative
change in medial meniscal length in concurrent all-inside meniscus repair with
anterior cruciate ligament reconstruction. Int Orthop. 2014;38(7):1393-1399.
https://doi.org/10.1007/500264-013-2238-1.

Inoue H, Furumatsu T, Miyazawa S, Fujii M, Kodama Y, Ozaki T. Improvement in the
medial meniscus posterior shift following anterior cruciate ligament reconstruction.
Knee Surg Sports Traumatol Arthrosc. 2018;26(2):434-441. https://doi.org/10.1007/
s00167-017-4729-x.

Kim YM, Joo YB, An BK, Song JH. Age and meniscal extrusion are determining
factors of osteoarthritis progression after conservative treatments for medial
meniscus posterior root tear. J Personalized Med. 2022;12(12):2004. https://doi.org/
10.3390/jpm12122004.

Goto N, Okazaki K, Akiyama T, et al. Alignment factors affecting the medial
meniscus extrusion increases the risk of osteoarthritis development. Knee Surg Sports
Traumatol Arthrosc. 2019;27(8):2617-2623. https://doi.org/10.1007/s00167-018-
5286-7.

Hada S, Ishijima M, Kaneko H, et al. Association of medial meniscal extrusion with
medial tibial osteophyte distance detected by T2 mapping MRI in patients with
early-stage knee osteoarthritis. Arthritis Res Ther. 2017;19(1):201. https://doi.org/
10.1186/513075-017-1411-0.


https://doi.org/10.1002/jor.25146
https://doi.org/10.1186/ar2132
https://doi.org/10.1093/rheumatology/keq034
https://doi.org/10.1093/rheumatology/keq034
https://doi.org/10.1007/s00167-018-5157-2
https://doi.org/10.1016/j.otsr.2019.10.022
https://doi.org/10.1016/j.otsr.2019.10.022
https://doi.org/10.1007/s00402-023-04815-z
https://doi.org/10.1177/0363546520940715
https://doi.org/10.1007/s00167-017-4755-8
https://doi.org/10.1007/s00167-017-4755-8
https://doi.org/10.1177/2325967119881963
https://doi.org/10.1016/j.jos.2021.03.018
https://doi.org/10.1016/j.jos.2021.03.018
https://doi.org/10.1177/2325967120914568
https://doi.org/10.1007/s00264-022-05375-4
https://doi.org/10.1007/s00264-022-05375-4
https://doi.org/10.1007/s00264-022-05375-4
https://doi.org/10.1007/s00402-022-04747-0
https://doi.org/10.1007/s00402-022-04747-0
https://doi.org/10.1007/s00167-018-5268-9
https://doi.org/10.1007/s00167-018-5268-9
https://doi.org/10.1007/s00402-023-05084-6
https://doi.org/10.1007/s00402-023-05084-6
https://doi.org/10.1177/0363546513506551
https://doi.org/10.1177/0363546513506551
https://doi.org/10.1177/0363546520981976
https://doi.org/10.1177/0363546520981976
https://doi.org/10.1007/s00402-023-04934-7
https://doi.org/10.1007/s00402-023-04934-7
https://doi.org/10.1177/03635465221102135
https://doi.org/10.1177/03635465221090543
https://doi.org/10.1016/j.diii.2020.05.012
https://doi.org/10.1002/jor.20553
https://doi.org/10.1302/0301-620x.81b1.8928
https://doi.org/10.1007/s00276-017-1942-8
https://doi.org/10.1007/s00264-013-2238-1
https://doi.org/10.1007/s00167-017-4729-x
https://doi.org/10.1007/s00167-017-4729-x
https://doi.org/10.3390/jpm12122004
https://doi.org/10.3390/jpm12122004
https://doi.org/10.1007/s00167-018-5286-7
https://doi.org/10.1007/s00167-018-5286-7
https://doi.org/10.1186/s13075-017-1411-0
https://doi.org/10.1186/s13075-017-1411-0

	Effect of inside-out meniscal repair on meniscal dimension in meniscal tear patients
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Surgical procedure
	2.3 MRI protocol and measured parameters of meniscal dimensions
	2.4 Statistical analysis

	3 Results
	3.1 Influence of LM tear
	3.2 Effects of LM repair
	3.3 Influence of MM tear
	3.4 Effects of MM repair
	3.5 Comparison of preoperative and postoperative outcomes within and between the L and R subgroups
	3.6 Correlation between meniscal extrusion and HKA

	4 Discussion
	5 Limitations
	Conclusion
	Funding
	Ethics approval
	Informed consent
	Declaration of competing interest
	Acknowledgments
	References


