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Results of arthroscopic repair of lateral meniscus posterior
root tear
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Department of Orthopaedic Surgery, Chosun University Hospital, Gwangju, Korea

Background: The purpose of this study was to evaluate the outcome of the lateral meniscal (LM) posterior root repair
concomitant anterior cruciate ligament (ACL) reconstruction through second-look arthroscopy or postoperative magnetic resonance imaging (MRI).
Methods: From September 2013 to December 2019, of the 107 patients with ACL rupture and LM tear, except for 80 patients with no posterior root tear, we retrospectively reviewed 20 cases who were followed up for more than 1 year. In all
cases, the injured ACL was reconstructed, and the torn LM posterior root was repaired by all-inside or pull-out technique,
depending on the tear type. For the assessment of results, we confirmed the healing of the repaired LM posterior root in
14 of the 20 cases using second-look arthroscopy during implant removal, and 8 cases were evaluated for LM posterior
root healing and degree of meniscal extrusion based on postoperative MRI. For clinical assessment, the Lysholm score
and Tegner activity scale were evaluated preoperatively and postoperatively.
Results: At the last follow-up, the Lysholm score was 92.6, and the Tegner activity scale was 6.0. There were no other
complications in all cases. We confirmed that the repaired site was satisfactorily healed by second-look arthroscopy in 14
cases. In addition, the continuity of the repaired site was confirmed in 8 cases with postoperative MRI. The postoperative
reduction of extruded LM differed according to age; extruded LM decreased in patients under the age of 20 but increased
in those over the age of 20.
Conclusion: The concomitant ACL reconstruction and LM posterior root repair showed high healing rates based on
second-look arthroscopic evaluation or postoperative MRI. Further, clinical outcomes showed good results at follow-up.
Therefore, LM posterior root repair at the time of ACL reconstruction is considered a good surgical procedure.
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INTRODUCTION
The meniscus increases the contact area between the
femoral condyle and the tibial plateau, and equally distributes axial loads on the articular surface. In particular,
the medial meniscus posterior root plays a very important role in the maintenance of hoop tension, and damage to the posterior root will lead to the extrusion of the
meniscus, which causes osteoarthritis [1–6].
The degenerative medial meniscus posterior root tear
lesion is atraumatic and there is controversy regarding
the treatments of meniscal posterior root tear because
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of its correlation with degenerative osteoarthritis [1]. In
turn, the lateral meniscal (LM) posterior root tear lesion
is often traumatic in young individuals and is often accompanied by damage to the anterior cruciate ligament
(ACL); therefore, it is referred to as an indication for surgical repair. However, inside repair using a suture hook is
not technically easy, and inside fixators yield good results
in short-term follow-up, but a high failure rate in longterm follow-up [7,8]. In addition, unlike medial meniscus
posterior root tear, it is reported that even if the LM posterior root has torn, the meniscus does not extrude, and
that even without resection or technically difficult surgi-
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cal repair, the outcomes of conservative treatment are
relatively good [9].
However, recently, because meniscal root tears have a
profound effect on the development of osteoarthritis, research emphasizing the preservation of the meniscus has
increased [6,10,11].
Therefore, we performed surgical repair of LM posterior
root tears in patients undergoing concomitant ACL reconstruction. The purpose of this study was to report the
results of lateral meniscus posterior root repair through
second-look arthroscopy or follow-up magnetic resonance imaging (MRI).

METHODS
Subjects
From September 2013 to December 2019, among 107
patients with ACL rupture and LM tear, we excluded 80
patients who did not have a posterior root tear and retrospectively reviewed 20 cases who were followed up for
more than 1 year out of the remaining 27 patients (Table

1). This study was conducted with the approval of the
Institutional Review Board of Chosun University Hospital (IRB No. 2020-01-008-002). This study was exempted
from Informed consent as a study basded on medical
records.
The mean age of the patients was 27.8 years (range, 13–
45 y) and the cohort included 15 men and five women.
The mean follow-up time was 20.5 months (range, 12–36
mo). The most common causes of injury were sport injuries (17 cases; 85.0%), followed by falls (two cases; 10.0%),
and traffic accident (one case; 5.0%). There were 13 cases
(65.0%) of acute primary ACL injury, four cases (20.0%) of
acute ACL graft injury after primary ACL reconstruction,
and three cases (15.0%) of chronic primary ACL injury.
Moreover, six cases (30.0%) had ACL rupture with LM
posterior root tear in 20 cases, in addition to ACL rupture
with LM posterior root tear; 11 cases (55.0%) had medial
meniscus tear; and three cases (15.0%) had medial collateral ligament injury. The types of LM posterior root
tear according to arthroscopic findings were type 2 in
six cases (30.0%) and type 4 in seven cases, (35.0%) ac-

Table 1. Patient demographics (n = 20)
Case

Age/sex

Injury mechanism

LM tear type

Associated
injuriesa)

LM repair technique

Second- Postopera- Follow-up
look
tive follow- period
arthroscopy up MRI
(mo)

1

16/F

Sports injury (soccer)

II

MM

All-inside

Y

Y

73

2

17/M

Sports injury (soccer)

IV

MM

All-inside

Y

N

28

3

18/M

Traffic accident

II

MCL

All-inside

Y

N

45

4

19/M

Sports injury (soccer)

Chronic

-

All-inside

N

N

13

5

45/M

Sports injury (badminton)

IV

-

All-inside

Y

Y

18

6

31/M

Sports injury (recreation)

IV

MM

All-inside

Y

N

16

7

16/M

Sports injury (recreation)

II

MM

All-inside

Y

N

53

Pull-out repair

N

N

12

All-inside

Y

Y

30

8

25/M

Sports injury (soccer)

Chronic

MM

9

15/F

Sports injury (vaulting)

T-shape

-

10

45/F

Sports injury (volleyball)

IV

-

All-inside

N

N

36

11

40/M

Sports injury (running)

II

MM

All-inside

N

N

25
15

12

19/M

Sports injury (soccer)

Chronic

MM

Pull-out repair

Y

N

13

29/M

Sports injury (soccer)

II

MM

All-inside

N

N

26

14

20/F

Sports injury (soccer)

IV

-

All-inside

Y

N

36

IV

MCL

All-inside

Y

Y

18

Chronic

MM

Pull-out repair

N

Y

19

15

25/F

Sports injury (volleyball)

16

36/M

Fall down

17

28/M

Sports injury (soccer)

IV

-

All-inside

Y

Y

12

18

44/M

Sports injury (soccer)

T-shape

MCL

Pull-out repair

Y

N

14

19

44/M

Fall

IV

MM

All-inside

Y

Y

13

20

28/M

Sports injury (soccer)

T-shape

MM

All-inside

Y

Y

13

LM, lateral meniscus; MRI, magnetic resonance imaging; F, female; M, male; MM, medial meniscus; MCL, medial collateral ligament; Y, yes; N, no; ACL,
anterior cruciate ligament.
a)
Concomitant ACL and LM injuries.
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cording to the LaPrade classification [12]; and T-type tear
(not included in the LaPrade classification) in three cases
(15.0%). Chronic tear was observed in four cases (20.0%),
with little residual tissue near the bone attachment site
(Fig. 1). In three cases of chronic ACL injury, the LM was
also chronic. One case (25.0%) of LM chronic tear, one
case (25.0%) of type 4 tear, and two cases (50.0%) of type
2 tear were found in four patients with re-tear after undergoing ACL reconstruction.

chronic injury, pull-out repair was performed. Sixteen
cases (80.0%) with a remaining residual part of the torn
LM posterior root underwent all-inside repair, whereas
pull-out repair was performed in four cases (20.0%) with
a poor condition of the residual part of the meniscus
caused by chronic injury (Fig. 2). In cases with medial
collateral ligament injuries, conservative treatment was
performed via the wearing of a knee brace.

Postoperative management
Surgical method
All cases of ACL rupture underwent arthroscopic ACL
reconstruction at an average of 33.9 days (range, 6–85 d)
after injury, and surgical repairs were performed in the
cases with medial meniscus tear. In seven cases (35.0%),
allogeneic tendons were used (three tibialis anterior and
four Achilles tendons), and hamstring autografts were
used in 13 cases (65.0%). Repair was performed using the
all-inside technique in the complete or dislocation tears
of the LM posterior root. Moreover, when the condition
of the residual part of the meniscus was poor because of

A

C

40

Postoperative rehabilitation was performed using quadriceps muscle strengthening exercises, and tolerable
joint range of motion was allowed at postoperative 1 day.
Non-weighted walking was performed until 6 weeks after
surgery, and partial weighted walking was performed
thereafter; full weighted walking was allowed when there
was no pain at weight load.

Outcome evaluation
The primary outcome was meniscus healing, as evaluated using second-look arthroscopy or follow-up MRI.

B

D

Fig. 1. Arthroscopic images of each type
of lateral meniscus posterior root tear observed in this study. Type II (A) and IV (B)
root tears, as classified using the LaPrade
method [12]. T-shaped root tear (C) and
chronic root tear (D), according to Ahn et
al. [13].
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A

B

C

The secondary outcomes included the Lysholm score
and the Tegner activity scale score. Postoperative complications, such as cartilage damage, were also investigated.
Fourteen out of 20 cases (70.0%) of repaired LM posterior root tears underwent second-look arthroscopy after
an average of 14.4 months (range, 12–22 mo). In eight
cases (40.0%), after an average of 15.4 weeks (range, 3–70
wk) weeks after surgery, MRI tests confirmed the continuity of the repaired site and the extrusion of the meniscus in the coronal plane. In seven out of eight cases,
both second-look arthroscopy and follow-up MRI were
performed, and follow-up MRI alone was performed in
one case. Ahn et al. [13] evaluated the degree of extrusion in both the coronal and sagittal planes. We evaluated
the extrusion in the coronal and sagittal planes through
follow-up MRI. The extrusion in the coronal plane was
measured at the central three slices to the most extruded
meniscus from the tibial plateau rim. We concluded that
the meniscus was extruded if the distance was more than
1 mm [14]. Using the method of Ahn et al. [13], the extru-
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Fig. 2. T-shaped acute lateral meniscus
posterior root tear (A) and all-inside suture (B). Chronic tear of the lateral meniscus posterior root (C) and pull-out suture
(D).

sion in the sagittal plane was measured by evaluating the
degree of sagittal extrusion improvement using the anterior and posterior horn edges just lateral to the posterior
cruciate ligament tibial attachment on the sagittal image.
The evaluation of the healing outcome according to
second-look arthroscopy was judged to be successful
healing when the firm continuity of the repaired site
was maintained. In turn, cases of attachment only to the
posterior joint capsule or healing via fibrous tissue were
regarded as incomplete healing, and cases of lack of stability were regarded as healing failures.
For statistical analysis, a non-parametric test (the Wilcoxon signed rank test) was used through the IBM SPSS
(for Windows, version 26.0, IBM Corp., Armonk, NY,
USA). Significance was set at P < 0.05.

RESULTS
The continuity of the meniscus posterior root was confirmed in eight cases of follow-up MRI (Fig. 3). In addi-
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B

A

A

C

tion, firm continuity was also confirmed in all 14 cases
through second-look arthroscopy after removal of the
tibial metal screw that was fixed for ACL reconstruction

42

Fig. 3. Continuity of the repaired site
(white arrow) on postoperative magnetic
resonance imaging performed 6 months
after the repair; coronal plane (A), axial
plane (B).

B

D

Fig. 4. Arthroscopic images of arthroscopic repair and second-look arthroscopic
surgery. Type IV lateral meniscus posterior root tear (A), completely healed type
IV lateral meniscus posterior root tear
(B), type II lateral meniscus posterior root
tear (C), and completely healed type IV
lateral meniscus posterior root tear (D).

(Fig. 4). The postoperative extrusion of the lateral meniscus showed no significant differences on MRI compared
with the preoperative extrusion (2.16 vs. 2.17, P = 0.575).
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The extrusion of the lateral meniscus in the preoperative MRI sagittal plane was 23.7 mm (range, 19.96–26.25
mm), whereas it was 24.8 mm (range, 18.62–31.10 mm)
in the postoperative MRI sagittal plane, which was not
significantly different (P = 0.327). The reduction of the
extruded meniscus in the coronal plane varied according
to the patient’s age. Cases younger than 20 years of age

A

exhibited improvement from 3.9 mm (range, 3.31–4.46)
preoperatively to 1.1 mm (range, 0–2.26 mm) postoperatively, which was not significantly different (P = 0.180) (Fig.
5). Conversely, cases older than 20 years of age exhibited
worse from 1.6 mm (range, 0–2.72 mm) preoperatively

A

B

Fig. 5. Magnetic resonance imaging images of preoperative meniscal
extrusion (dotted line) (A) and postoperatively reduced menisci (B) in
the coronal plane, acquired 18 months after the repair.

B

Fig. 6. Magnetic resonance imaging images of progressed meniscal extrusion in a 45-year-old patient; preoperative meniscal extrusion (dotted
line) (A) and postoperative reduced menisci (B) in the coronal plane, as
observed 7 months after the repair.

Table 2. Second-look arthroscopic and follow-up MRI results
Continuity
(second-look
arthroscopy)

Continuity
(MRI)

Preoperative
Postoperative
Preoperative LM Postoperative LM
LM extrusion on LM extrusion on
extrusion on
extrusion on
coronal
coronal
sagittal plane
sagittal plane
plane (mm)
plane (mm)
(mm)
(mm)

Case

Age/sex

1

16/F

Y

Y

3.31

0

21.38

18.62

2

17/M

Y

NA

2.17

NA

20.36

NA

3

18/M

Y

NA

2.21

NA

26.07

NA

4

19/M

NA

NA

2.13

NA

23.97

NA

5

45/M

Y

Y

1.42

2.52

25.48

31.10

6

31/M

Y

NA

0

NA

25.37

NA

7

16/M

Y

NA

0

NA

24.97

NA

8

25/M

NA

NA

2.55

NA

27.11

NA

9

15/F

Y

Y

4.46

2.26

21.43

24.20

10

45/F

NA

NA

0

NA

16.80

NA

11

40/M

NA

NA

2.1

NA

23.28

NA

12

19/M

Y

NA

1.85

NA

24.57

NA

13

29/M

NA

NA

1.78

NA

27.21

NA

14

20/F

Y

NA

1.16

NA

20.29

NA

15

25/F

Y

Y

2.72

2.76

19.96

23.89

16

36/M

NA

Y

2.45

2.89

25.68

25.30

17

28/M

Y

Y

0

3.13

26.25

25.50

18

44/M

Y

NA

2.63

NA

24.37

NA

19

44/M

Y

Y

1.24

1.70

22.87

25.87

20

28/M

Y

Y

1.74

2.04

26.82

24.00

MRI, magnetic resonance imaging; LM, lateral meniscus; M, male; F, female; Y, yes; NA, not available.
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to 2.5 mm (range, 1.70–3.13 mm) postoperatively in the
coronal plane, which was significantly different (P = 0.028)
(Fig. 6) (Table 2).
The average Lysholm score improved from 46.6 (range,
2–75) preoperatively to 92.6 (range, 70–100) postoperatively, which was significantly different (P < 0.001). The
Tegner activity scale score also increased from 2.9 (range,
0–6) preoperatively to 6.0 (range, 5–8) postoperatively,
which was significantly different (P < 0.001). At the last
follow-up, there were no complications such as joint cartilage damage or surgical site infection.

DISCUSSION
In this study, the ACL reconstruction associated with
LM posterior root repair yielded a high healing rate, as
assessed using second-look arthroscopy and follow-up
MRI.
LM posterior root tears can be defined as a rupture occurring within 1 cm from the bone attachment site [15]
and may happen via anterior transposition of the tibia
accompanied by ACL rupture when a valgus and external
rotation force is applied to the knee joint [14].
There are reports of cadaveric studies in which the
posterior root has a better blood flow than do other parts
of the meniscus [16]. Moreover, tear of the lateral meniscus with ACL injury has been reported to heal naturally
because it is supplied with blood flow and the stability
of the knee joint is maintained via ACL reconstruction
[17,18]. In addition, unlike that observed for the medial
meniscus, it is reported that, even if the LM posterior root
has torn, the meniscus does not extrude because of the
meniscofemoral ligament; in these cases, even without
resection or special treatment, the outcomes of conservative treatment are relatively good [17]. Shelbourne et al.
[19] reported that a patient who did not undergo repair
of an LM posterior root tear at the time of reconstruction
of the ACL was enrolled in a long-term follow-up study
of more than 10 years. Although the clinical results were
similar to those of patients who underwent ACL reconstruction without damage to the meniscus, it is unlikely
that non-surgical treatment will have a good outcome,
given the increased osteoarthritis of the lateral compartment and the lower functional score, albeit in the absence
of statistical significance. In addition, natural healing of
the meniscus posterior root is more difficult if the tissue
condition of the residuals is poor because of complete or
chronic rupture, or if displacement occurs after ACL re-
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construction.
Moreover, because of the LM double attachment structure, even if there is a complete rupture of the root, it may
be overlooked as a posterior root flap tear during meniscectomy and the prognosis will be poor because the hoop
tension is lost [20–22].
In recent years, the supply of blood flow to the meniscus posterior root has improved, and the importance of
biomechanical function has increased, and some authors
have suggested that surgical repair is most appropriate
for acute LM posterior root tear accompanied by ACL
rupture [13,19].
According to previous reports, because of the double
attachment structure of the LM, unlike that observed
for the medial meniscus, radial rupture does not cause
the extrusion of the meniscus [14,23]. According to Ahn
et al. [13], extrusion of the meniscus caused by rupture
of the LM posterior root was significantly improved in
the sagittal plane, but not in the coronal plane, after arthroscopic repair. In this study, follow-up MRI showed
no significant improvement in the degree of reduction
of meniscal extrusion in the coronal and sagittal plane.
However, statistically significant results were obtained in
patients older than 20 years in the coronal plane. Rennie
et al. [24] reported that meniscus extrusion greater than
1 mm was found in normal knee joints, and that severe
meniscus extrusion greater than 3 mm was found even in
the uninjured group. The presence of laxity or incomplete
healing is possible, but it is thought that the progression
of meniscal extrusion in cases over 20 years of age may be
attributed to degenerative changes before and after knee
injury.
Moon et al. [25] reported that, in the case of the medial
meniscus, the significant meniscal extrusion observed is
the result of degenerative osteoarthritis. Therefore, repair
was not suitable in cases of rupture of the chronic meniscus posterior root tear with meniscal extrusion [25].
However, in this study, pull-out repair was performed in
four cases of chronic LM posterior root tear, with all cases
exhibiting satisfactory healing.
Ahn et al. [13] categorized the tears of the LM posterior
root according to the arthroscopic findings and reported
the results of surgical repair, the tears were classified as
radial tear, T-type tear, longitudinal tear, and chronic tear,
and all cases exhibited good outcomes. LaPrade then
classified the meniscal posterior root tears into five types,
and added incomplete radial tears, oblique tears, and
avulsion fractures [26]. According to the previous litera-

www.e-aosm.org

Hyung Seok Park, et al. Results of arthroscopic repair of lateral meniscus

ture, longitudinal tears are most commonly associated
with ACL injury [27–30]. In this study, oblique tears were
the most common type of lesion.
The limitations of this study included it retrospective
design, the absence of control groups, and the small size
of the study cohort. Therefore, more cases and prospective studies should be considered. In addition, lateral
meniscus extrusion showed a different tendency around
the age of 20, which is thought to require further research
through long-term follow-up studies.
In the case of tears of the LM posterior root, the repair
of the LM via ACL reconstruction showed a high healing
rate based on follow-up MRI or second-look arthroscopy;
moreover, it yielded good clinical results. Thus, LM pos-

terior root repair concomitant with ACL reconstruction
may be a useful surgical treatment.
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