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load transmission might not be maintained appropriately 
after surgery.
Level of evidence  IV.
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Introduction

 A discoid lateral meniscus (DLM) is a morphologic abnor-
mality of the knee, first reported by Young in 1889 [38]. 
The prevalence of DLM has been reported to range from 
0.4 to 17%, with higher rates in Asian populations [6, 19, 
20, 24, 28, 30]. Many children with a DLM remain asymp-
tomatic and require no treatment, while children and ado-
lescents who have an unstable DLM with a peripheral 
tear often exhibit symptoms including pain, snapping and 
a decreased range of motion [9, 35]. Therefore, in these 
patients, surgical treatment should be considered.

Although the traditional treatment for a symptomatic 
DLM with a peripheral tear was a total or subtotal menis-
cectomy [5, 7, 19, 32, 35], long-term studies have shown 
that there is a high rate of osteoarthritic changes follow-
ing a total or subtotal meniscectomy [2, 4, 11, 27]. These 
osteoarthritic changes are expected because the meniscus 
has important functions, including load transmission, shock 
absorption and joint conformity [11, 13, 18, 29]. Therefore, 
a total or subtotal meniscectomy is currently avoided as 
much as possible.

With the improvement of arthroscopic techniques, a par-
tial meniscectomy with repair has been favoured to restore 
meniscal function. This procedure involves a partial menis-
cectomy to reshape the meniscus in conjunction with the 
repair of any detached or unstable fragments. Recently, 
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some studies have reported successful short-term clinical 
results following a partial meniscectomy with repair [1, 3, 
4, 10, 14, 37]. However, whether the function of the post-
operative DLM is maintained remains unclear. The purpose 
of this study was to investigate the morphology of a DLM 
sequentially following a partial meniscectomy with repair 
using magnetic resonance imaging (MRI) to evaluate the 
remaining function of the post-operative DLM.

Materials and methods

A total of 12 consecutive patients with a symptomatic DLM 
with a peripheral tear underwent a partial meniscectomy 
with repair at Hoshigaoka Medical Center between 2011 
and 2014. The diagnosis of DLM with a peripheral tear was 
made via a preoperative MRI [23]. Although all patients 
provided the informed consent for the post-operative MRI 
analysis, one patient underwent revision surgery due to rein-
jury, and two patients were excluded due to low-quality MRI 
images. Thus, only the remaining nine patients were enrolled 
in this study. The patients consisted of five males and four 
females aged between 10 and 26 years (median: 14 years). 
The average interval from the time of the injury until surgery 
was 5.5 months (range 5 days–1 year). Eight patients had a 
complete DLM, and one had an incomplete DLM [36]. All 
of the patients had an unstable peripheral tear in the vascular 
zone. The site of the tear was anterior in one patient, poste-
rior in two, anterior–posterior in three, middle–posterior in 
two and both anterior and posterior in one.

Surgical procedure

A partial meniscectomy with repair was performed arthro-
scopically while the patient was under general anaesthe-
sia, using anterolateral, anteromedial and far anterome-
dial portals (Fig.  1). First, a partial meniscectomy was 
performed to remove the central portion of the DLM and 
to restore the normal width of the peripheral rim. Sec-
ond, the peripheral tears were repaired by placing verti-
cal sutures at intervals of 5 mm. Tears in the anterior seg-
ment were repaired with an all-inside technique using a 
suture hook (Linvatec, Largo, FL, USA), whereas tears 
in the middle to posterior segments were repaired with 
an inside-out technique using a zone-specific cannula 
(Linvatec, Largo, FL, USA) or a Henning’s instrument 
(Stryker, Kalamazoo, MI, USA) [31]. When the tear site 
could be approached with a Henning’s instrument, stacked 
sutures were preferred [16, 17].

To enhance the healing of the meniscus, we prepared a 
fibrin clot from 20 mL of peripheral blood from the patient 
[16, 26]. The fibrin clot was introduced into the tear site 
and fixed by fastening the sutures outside the joint.

Rehabilitation program

After immobilization with a brace for 1–2  weeks, range-
of-motion exercises were initiated. Partial weight bearing 
was allowed 3 weeks after surgery, followed by full weight 
bearing at 4 weeks. Resumption of previous sporting activi-
ties was permitted 6 months after surgery.

Fig. 1   Arthroscopic views of the right knee. a A complete DLM 
was displaced. b The central portion of the DLM was retracted with 
a probe, and a peripheral tear (black arrow) in the posterior segment 
was visualized. c A partial meniscectomy was performed to remove 

the central portion of the DLM and to restore the normal width of 
the peripheral rim. d A peripheral tear in the posterior segment was 
repaired with an inside-out technique. e An overview following a par-
tial meniscectomy with repair
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MRI evaluation

An MRI examination was performed 2 weeks after surgery 
(before weight bearing was permitted) and again 6 months 
after surgery (when sporting activities could resume) using 
a 1.5-Tesla MR scanner (EXCELART Vantage; Toshiba, 
Tochigi, Japan). During image acquisition, the patient’s 
knee was at a 15° flexion in the supine position. The MR 
images were obtained using the following conditions: rep-
etition time of 4000 ms; echo time of 90 ms; 4-mm-thick 
slice with a 0.8-mm gap between slices; a 16-cm field of 
view; and a matrix size of 192 × 192.

First, the width and height of the anterior segment were 
measured in the sagittal slice, which passed through the 
centre of the lateral femoral condyle, and those of the pos-
terior segment were measured in the same slice (Fig. 2a, b). 
The width and height of the middle segment were measured 
in the coronal slice on which the middle segment appeared 
to be the smallest (Fig. 2d, e).

Second, the distance of the anterior and posterior seg-
ments was measured in the above-mentioned sagittal slice. 
A line perpendicular to the joint line was created tangen-
tially to the anterior edge of the tibia (line A). The distance 
of the anterior segment was defined as the distance between 
the anterior edge of the DLM and line A. Line P was cre-
ated tangentially to the posterior edge of the tibia, and the 
distance of the posterior segment was measured in the same 
manner (Fig. 2c). Similarly, in the above-mentioned coronal 
slice, line M was created tangentially to the lateral edge of 
the tibia, and the distance of the middle segment was meas-
ured (Fig. 2f). With respect to the distance, positive values 
indicated that the DLM existed inside of the tibial plateau, 
whereas negative values denoted an extrusion of the DLM.

The reliability calculations were based on each param-
eter measured by the same observer (repeated three times) 
and by three different observers. The intra- and inter-
observer intra-class correlation coefficients (ICC) and lim-
its of agreement (LOA) are presented in Table 1.

Fig. 2   MRI measurements. The width and height of the anterior seg-
ment were measured in the sagittal slice, which passed through the 
centre of the lateral femoral condyle, and those of the posterior seg-
ment were measured in the same slice (a, b). The width and height 
of the middle segment were measured in the coronal slice on which 
the middle segment appeared to be the smallest (d, e). The distance of 
the anterior and posterior segments was measured in the above-men-
tioned sagittal slice. A line perpendicular to the joint line was created 
tangentially to the anterior edge of the tibia (line A). The distance of 

the anterior segment was defined as the distance between the ante-
rior edge of the DLM and line A. Line P was created tangentially to 
the posterior edge of the tibia, and the distance of the posterior seg-
ment was measured in the same manner (c). Similarly, in the above-
mentioned coronal slice, line M was created tangentially to the lateral 
edge of the tibia, and the distance of the middle segment was meas-
ured (f). With respect to the distance, positive values indicated that 
the DLM existed inside of the tibial plateau, whereas negative values 
denoted an extrusion of the DLM
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We obtained informed consent from all subjects, and the 
appropriate institutional review board of Hoshigaoka Medi-
cal Center for human subject research approved this study 
(ID: 1603).

Statistical analysis

The Wilcoxon signed-rank test was used to compare the 
values of the two periods. Differences were considered 
statistically significant at a value of P  <  0.05. A power 
analysis was performed with the power, α, difference and 
standard deviation set at 0.8, 0.05, 4.0 and 3.1, respectively, 
according to the width of the middle segment. The analy-
sis revealed that a minimum of eight patients was required 
for the Wilcoxon signed-rank test to detect a difference 
between the two periods.

Results

Six months after surgery, none of the patients experienced 
pain or any loss of range of motion. In addition, all of 
the patients were able to return to their previous sporting 
activities.

The width of the anterior, middle and posterior seg-
ments significantly decreased from 2  weeks (12.9 ±  2.9, 
11.0 ± 3.9 and 10.9 ± 2.5 mm, respectively) to 6 months 
(10.5 ±  3.3, 6.9 ±  4.2 and 9.6 ±  2.1  mm, respectively) 
after surgery (Fig. 3a).

The height of the middle and posterior segments signifi-
cantly increased from 2 weeks (5.7 ± 2.2 and 6.2 ± 1.6 mm, 
respectively) to 6  months (7.4 ±  2.7 and 7.7 ±  2.6  mm, 
respectively) after surgery, whereas the height of the ante-
rior segment did not significantly change (Fig. 3b).

The distance of the anterior, middle and posterior seg-
ments significantly decreased from 2  weeks (8.7  ±  3.9, 
1.6 ±  3.2 and 5.7 ±  3.0  mm, respectively) to 6  months 
(4.8 ±  2.6, −0.7 ±  2.5 and 4.3 ±  3.0  mm, respectively) 
after surgery (Fig. 3c).

Discussion

The most important finding of the present study was 
that the DLM exhibited deformation and extrusion from 
2  weeks to 6  months after a partial meniscectomy with 
repair (Fig.  4). To our knowledge, this is the first report 
investigating the morphology of a DLM sequentially fol-
lowing a partial meniscectomy with repair.

The shape of the DLM immediately following a par-
tial meniscectomy with repair resembles that of a normal 
meniscus. However, post-operative deformation and extru-
sion of the DLM were observed in the current study. One 
of the potential reasons for this observation is the ultras-
tructure of a DLM. Some reports have found that there is a 
decrease in the number of collagen fibres within the matrix 
of a DLM compared to that observed in a normal menis-
cus [8, 15]. Additionally, Papadopoulos et  al. [25] dem-
onstrated discontinuity and inhomogeneity of the circum-
ferential collagen network in a DLM. According to these 
previous studies, the ultrastructure of a DLM is different 
from that of a normal meniscus. Therefore, the remaining 
DLM cannot effectively resist the hoop stress generated 
by weight bearing even if the shape immediately follow-
ing surgery appears similar to a normal meniscus. Moreo-
ver, the central portion of the DLM, which is removed in 
a partial meniscectomy with repair, may include important 
fibres for the DLM to resist such hoop stress. If this is the 
case, deformation and extrusion following a partial menis-
cectomy with repair are expected results.

Meniscus-to-femoral condyle congruity is essential for 
meniscal function of load transmission and can be altered 
by abnormalities in the position and coverage of the menis-
cus (e.g. a meniscal extrusion) [22]. Many studies have 
reported that a medial meniscus extrusion is associated 
with the progression of knee osteoarthritis [12, 21, 33], 
while there are few studies regarding a lateral meniscus 
extrusion. However, the lateral meniscus bears as much as 
70% of the load transmitted across the lateral compartment 
[34]. Therefore, the post-operative extrusion of the DLM 
observed in the present study indicates that the function of 
load transmission might not be appropriately maintained. 
In addition, the decrease in the width might also reduce the 
contact area between the DLM and the lateral femoral con-
dyle, thus impairing the function of load transmission.

Previous studies have shown satisfactory clinical 
results following a partial meniscectomy with repair [1, 3, 

Table 1   Intra- and inter-observer intra-class correlation coefficient 
(ICC) and limits of agreement (LOA) for each parameter

Intra-observer Inter-observer

ICC LOA ICC LOA

Width (mm)

 Anterior 0.97 −0.4, 0.6 0.94 −0.6, 0.7

 Middle 0.99 −0.3, 0.5 0.99 −0.4, 0.6

 Posterior 0.99 −0.5, 0.3 0.96 −0.1, 0.6

Height (mm)

 Anterior 0.99 −0.4, 0.3 0.95 −0.8, 0.6

 Middle 0.97 −0.3, 0.3 0.88 −0.6, 0.6

 Posterior 0.98 −0.4, 0.5 0.95 −0.8, 0.7

Distance (mm)

 Anterior 0.94 −0.5, 1.3 0.98 −0.8, 1.5

 Middle 0.99 −0.6, 0.2 0.99 −0.4, 0.6

 Posterior 0.96 −1.0, 0.9 0.92 −0.7, 0.8
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4, 10, 14, 37]. Adachi et al. [1] described five cases treated 
with a partial meniscectomy with repair and reported that 
four out of five cases achieved excellent scores after more 
than 2  years of follow-up. Similarly, Ahn et  al. retro-
spectively studied 28 knees after a partial meniscectomy 
with repair. In their study, the mean Lysholm knee scores 
improved from 78.5 preoperatively to 95.5 after an aver-
age follow-up of 51 months [3]. However, our results sug-
gest that the function of load transmission might not be 
maintained appropriately, even if the clinical results are 
favourable. Consistent with our findings, Ahn et  al. [4] 
reported that degenerative changes were observed in 39% 
of cases treated with a partial meniscectomy with repair 
after a mean follow-up of 10.1 years. However, they also 
stated that the partial meniscectomy with repair was asso-
ciated with less progression of degenerative changes com-
pared to a subtotal meniscectomy [4]. Therefore, we can 
consider a partial meniscectomy with repair to be a more 
favourable treatment option than a subtotal meniscec-
tomy, even if the restoration of load transmission is not 
adequate.

Regarding the degree of meniscus resection, in previous 
studies, a partial meniscectomy was performed to leave a 
normal width of the peripheral rim [1, 14]. In the current 
study, we removed the central portion of the DLM and 

restored the normal width of the peripheral rim, similar 
to previous reports. However, the remaining DLM exhib-
ited post-operative deformation and extrusion. Thus, as the 
clinical relevance, the function of load transmission might 
not be maintained appropriately after a partial meniscec-
tomy with repair. To maintain the function, it may be advis-
able to minimize the removal of the DLM and to leave the 
peripheral rim with more than the normal width under the 
assumption that deformation and extrusion of the DLM 
occur after surgery.

There were several limitations associated with this study. 
First, the follow-up period was extended to only 6 months 
after surgery. The deformation and extrusion of DLM may 
progress for longer than 6 months after surgery. However, 
we expected a drastic change to be caused by weight bear-
ing. Thus, the MRI examination was performed only twice: 
(1) 2 weeks after surgery (before weight bearing) and (2) 
6 months after surgery (after weight bearing). Second, no 
radiographic evaluation was performed in the present study. 
However, a minimum of 1 year is required to evaluate any 
osteoarthritic changes on a radiograph. Therefore, we did 
not perform a radiographic evaluation 6 months after sur-
gery. Third, the site of the tear lacked uniformity among 
the patients. Fourth, the sample size was small. However, 
the lack of uniformity and small sample size could not be 
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avoided due to the rarity of a DLM. Finally, no functional 
assessment (e.g. Lysholm knee score) was applied in this 
study.

Conclusion

The DLM exhibited deformation and extrusion from 
2  weeks to 6  months after a partial meniscectomy with 
repair.
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