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Abstract
Purpose  To evaluate the postoperative size of discoid lateral meniscus using magnetic resonance imaging (MRI) after partial 
meniscectomy relative to the size of medial meniscus midbody.
Methods  This study included 48 patients who underwent arthroscopic partial meniscectomy with or without repair for 
symptomatic complete discoid meniscus. The intraoperative size of midbody of medial meniscus was used as a reference for 
partial meniscectomy. MRIs were performed pre- and postoperatively. Quantitative evaluations of the height, width, extru-
sion of the meniscus, and relative percentage of extrusion in the coronal and sagittal planes were completed. Demographic 
data, preoperative shift, type of shift, and operative technique were analyzed while considering the remaining meniscus. 
Logistic regression analyses were used.
Results  The mean remaining discoid meniscal width in the coronal plane of MRI was not significantly different from the 
width of midbody of medial meniscus (9.1 ± 4.2 mm vs. 9.4 ± 1.4 mm, n.s.) Absolute meniscal extrusion and relative percent-
age of extrusion in the coronal plane and the ratio of t meniscus in sagittal plane of the final MRI were significantly increased 
as compared with the preoperative MRI. Preoperative shift was a risk factor for the reduction of remaining meniscal width 
(odds ratio 11.997, p = 0.016, 95% CI 1.586–90.737).
Conclusion  The size of midbody of medial meniscus could be a reference for partial meniscectomy in symptomatic complete 
discoid meniscus. Preoperative shift represents a risk factor for decreased remaining meniscal width. These findings could 
be helpful in ensuring appropriate surgical planning and explaining poor prognostic factors.
Level of evidence  Prospective cohort study, Level II.
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Introduction

Discoid lateral meniscus (DLM) is the most common ana-
tomical variation of the knee joint in pediatric patients. Dis-
coid meniscus, when present, is almost always located on 
the lateral part of the knee, and medial discoid menisci are 

relatively rare [1, 2]. Anatomic variances, specifically abnor-
mal shape, tissue thickness, abnormal collagen arrangement, 
loose attachment to the joint capsule, and poor vasculariza-
tion [3–5], can be reasons for knee pain and functional limi-
tations regardless of whether a meniscus tear is present [6].

Surgical treatment for a case of symptomatic discoid menis-
cus can be performed and includes partial meniscectomy, 
complete meniscectomy, meniscal repair, and regenerative 
techniques such as meniscal allograft transplantation [7–9]. 
Historically, total meniscectomy was preferred, because the 
collagen structure of the discoid meniscus varies from that of 
the normal meniscus [10–13]. For example, a total meniscec-
tomy could be considered for an unstable discoid meniscus 
found without a meniscotibial ligament (Wrisberg variant) [5, 
14]. However, total meniscectomy is not currently the first-
line treatment option, because it leads to deteriorations of the 
lateral compartment, such as early degenerative arthritis [7, 
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15, 16]. Although partial meniscectomy of the central por-
tion maintains meniscal function and preserves the peripheral 
meniscal remnant in discoid patients, a combination of menis-
cal repair options has shown better outcomes and resulted in 
less degenerative arthritis [17, 18]. Therefore, current treat-
ment recommendations favor meniscal reshaping through par-
tial meniscectomy with or without repair. Nonetheless, various 
guidelines for preserving the peripheral rim after reshaping in 
symptomatic DLM patients have been recommended in the 
literature (e.g., between 4–5 mm and 6–8 mm) [17, 19, 20]. 
Thus, there is no clear consensus as to how much peripheral 
rim of DLM should be preserved during surgery and what 
intraoperative anatomical references should be accepted to 
prevent a loss of function of the remaining DLM meniscus 
[7, 15, 17, 21–23]. The needs for intraoperative anatomical 
references certainly exist.

Meniscal extrusion is associated with cartilage degenera-
tion and aggravated osteoarthritic changes after discoid menis-
cectomy as well as following meniscal transplantation or in 
the case of root and radial tears [24–27]. In particular, the 
morphology of collagen fibers in DLM is abnormal and there 
is a decreased amount of collagen fibers in comparison with in 
a normal meniscus [3, 28]. Recently, in a study by Yamasaki 
et al.,[23] it was found that the existence of less than 5 mm of 
remaining meniscal width and the occurrence of anterocen-
tral meniscal shift could be risk factors for knee degeneration. 
Furthermore, they showed that the observation of anterocentral 
meniscal shift on preoperative magnetic resonance imaging 
(MRI) scan also could be a risk factor for less than 5 mm of 
remaining meniscal width.

Therefore, it is important to assess the factors that lead to 
meniscal extrusion and a smaller remaining meniscus after 
surgery for DLM. In addition, it is worthwhile to identify the 
ideal intraoperative references for meniscectomy to preserve 
the peripheral rim of DLM as much as possible. Thus, the 
purpose of this study was to evaluate the postoperative size of 
DLM using MRI after partial meniscectomy with or without 
repair and using the medial meniscus (MM) midbody as a size 
reference for surgery. In addition, we also attempted to identify 
factors associated with a smaller size in the remaining menis-
cus and with meniscal extrusion postoperatively. It has been 
hypothesized that the size of the MM midbody in a DLM knee 
would be a good intraoperative reference for partial meniscec-
tomy [29–32]. It has also been suggested that the remaining 
meniscal size and position of DLM would be affected by pre-
dictive factors, including the presence of preoperative meniscal 
shift and the type of surgery.

Materials and methods

A prospective cohort study was performed involving 
a population who underwent arthroscopic surgery for a 
tear of the complete DLM between 2013 and 2016. The 
patient inclusion criteria were (1) symptomatic tear of 
complete-type DLM with arthroscopic surgery and (2) the 
completion of MRI evaluations in the preoperative and 
postoperative periods. The patient exclusion criteria were 
(1) a history of knee joint surgery or evidence of com-
bined injury, such as ligament or osteochondral lesion; (2) 
incomplete discoid meniscus; (3) no definite unstable tear; 
and (4) subtotal or total meniscectomy patients.

All operations were performed by one experienced 
surgeon. Using the Watanabe classification, complete or 
incomplete DLM was determined from arthroscopic find-
ings [33]. No cases of Wrisberg-type DLM were found. 
Partial meniscectomy was performed in 12 patients, 
while partial meniscectomy with repair was performed in 
36 patients. Partial central meniscectomy was completed 
to remove the central portion of the thickened meniscus 
along with the torn, unstable portion, leaving behind 
a stable rim. The amount of partial meniscectomy was 
determined in reference to the intraoperative size of the 
MM midbody. The intraoperative size measurements were 
determined with a 5-mm probe or an arthroscopic ruler. 
After the central portion of the meniscus was removed, 
the remaining peripheral rim was carefully probed to 
ensure that there were no additional tears and that the rim 
was balanced and stable. When the peripheral rim tear of 
the DLM was reducible with a probe, suture repair was 
performed. All repairs were performed with absorbable 
sutures (No. 0 PDS; Ethicon, Somerville, NJ, USA), and 
different suture techniques were used depending on the 
properties of the tear site. However, when the loss of the 
posterolateral corner in the DLM was too large and not 
reducible with a probe, subtotal or total meniscectomy was 
considered instead.

MRI evaluation

All MRI examinations were performed on a 3.0-T scan-
ner (Achieva; Phillips Medical Systems, Best, the Nether-
lands). Postoperative MRI scans were performed at a mean 
of 13.3 ± 2.4 months after surgery. During the scan, the knee 
was placed in a neutral position with an extremity coil. Coro-
nal and sagittal images were acquired using turbo spin-echo 
(TSE) proton-density-weighted imaging (PDWI); sagittal 
TSE fat-saturated T2-weighted imaging (T2WI); axial, ante-
rior cruciate ligament (ACL) oblique imaging; and posterior 
cruciate ligament (PCL) oblique fat-saturated TSE PDWI.
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The width and height of the DLM and MM were 
measured in preoperative and postoperative MRI scans. 
Because maximum extrusion on the coronal plane usually 
occurs at the midbody, MM imaging in the coronal plane 
was used to evaluate the extrusion and size of the DLM 
and MM, respectively. The absolute extrusion length of 
DLM was defined as the distance between the outer margin 
of the tibial plateau and the meniscal outer margin [34]. A 
relative percentage of extrusion (RPE) was defined as the 
percentage of the width of an extruded meniscus compared 
to the entire meniscal width (Fig. 1a–c) [34–36].

The mid positioned DLM image in the sagittal plane was 
used to measure the height of the DLM anterior and poste-
rior horns and the width of the DLM. The DLM width was 
defined as follows: (a) the distance between the anterior mar-
gin of the tibial plateau and the meniscal anterior margin; 
(b) the distance between the meniscal anterior margin and 
the meniscal anterior–inner margin; (c) the distance between 
the meniscal anterior–inner margin and the meniscal pos-
terior–inner margin; (d) the distance between the meniscal 
posterior–inner margin and the meniscal posterior margin; 
and (e) the distance between the meniscal posterior margin 
and the posterior margin of the tibial plateau. Because of 
the morphological features of the DLM, the “b” and “d” 
measurements ultimately could not be obtained (Fig. 2a, b). 
In addition, the sagittal ratio was defined as the percentage 
of the sagittal length of the meniscus (sum from “b” to “d”) 
compared to the entire sagittal length (sum from “a” to “e”). 
Based on the MRI findings, the preoperative DLM was cat-
egorized according to shifting meniscus morphologies in the 
sagittal and coronal images as defined by Ahn et al. [17, 37]. 
The categories were characterized according to the following 
types: (I) anterocentral shift, (II) posterocentral shift, (III) 
central shift, and (IV) no shift.

This study was approved by the institutional review board 
of Kyung Hee University Hospital at Gangdong (institu-
tional review board/protocol no. KHNMC2013-01-047) and 
was performed in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki.

Statistical analysis

Data were analyzed using the SPSS version 20.0 for Win-
dows software (IBM Corp., Armonk, NY, USA). The 
primary outcome measure of the study was to find the 
equivalence of the mean coronal widths of the midbody 

Fig. 1   Midbody image measurements in the coronal plane are shown. 
a Lateral meniscal midbody width and height are shown. b Meas-
urement of absolute LM extrusion, which is defined as the distance 
between the outer margin of the tibial plateau and the meniscal outer 
margin, is shown. c Medial meniscal midbody width and height are 
shown

▸
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of the MM and remaining DLM after surgery. Because 
there were no previous reports with a novel reference for 
partial meniscectomy of DLM patients in this study, a pilot 
study was performed. An allocation ratio was set at 1:1 
and a sample size calculation was performed based on a 
pilot study of 10 patients who enrolled this study. The 

mean difference and standard deviation in the pilot study 
was 0.3 mm ± 0.98, and the equivalence limit was set as 
1.0 mm for this study. We accepted a two-sided α error of 
5% and a β error of 20% to detect any significant differ-
ences. Based on these calculations, the required study size 
was at minimum 47 cases, with the assumption of a 10% 
follow-up loss.

The quantitative sizes of the preoperative and postop-
erative meniscus were compared using the paired t test and 
independence t test after the Shapiro–Wilks test for nor-
mality. For the categorical analysis, a Chi-squared test was 
performed. Age, gender, preoperative symptom duration, 
the presence of preoperative meniscal shift (+/−), type of 
shift,[17, 37] operative technique, and preoperative meniscal 
size measurements (Tables 1, 2) were obtained to identify 
associations between size, absolute extrusion, and RPE in 
the remaining postoperative DLM. Binary logistic regression 
analysis was used to evaluate predictive variables for the risk 
of less than 6 mm remaining DLM after surgery to ensure a 
more conservative result [23]. Stepwise logistic regression 
analysis with backward elimination was performed with the 
results of the AIC. A linear regression analysis with stepwise 
method was performed to find associated factors with RPE 
and with the width of the remaining DLM. Statistical sig-
nificance was set at p ≤ 0.05. All radiographic studies were 
reviewed by two musculoskeletal radiologists and consensus 
diagnoses were made. Test–retest was performed at 2 weeks 
after the first inspection and the average values were used for 
continuous variables. The inter- and intraobserver reliabil-
ity of the measurements were assessed using the intraclass 
correlation coefficient (ICC) with two-way random absolute 

Fig. 2   Midbody image measurements in the sagittal plane are shown. 
a Lateral meniscal length and height in the sagittal plane are 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 menis-
cal posterior margin; and (e) distance between the meniscal posterior 
margin and the posterior margin of the tibial plateau. The yellow 
arrow indicates the height of the anterior and posterior horns of the 
meniscus. b Preoperative DLM length and height in the sagittal plane 
are shown. “b” and “d” could not be measured due to morphology. 
The yellow arrow also indicates the height of the anterior and poste-
rior horns of the meniscus

Table 1   Patients demographics (mean ± standard deviation)

Number of cases 48
Male/female 24/24
Mean age (years) 23.9 ± 15.3
Number of cases according to age
 ≤ 16 21
 16 < 27

Time interval from symptom to surgery 21.9 ± 34.5
Presence of preoperative meniscal shift
 + 20
 − 28

Type of meniscal shift
 (I) Anterocentral 10
 (II) Posterocentral shift type 7
 (III) Central 3
 (IV) No shift 28

Type of surgery
 Partial menisectomy 12
 Partial menisectomy + repair 36
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agreement or consistency, which quantifies the proportion of 
variance due to variability.

Results

Patient characteristics

A total of 136 patients with DLM were enrolled in this study. 
After applying the exclusion criteria, 48 consecutive patients 
with complete DLM were included in this study. Thirty-two 
cases were excluded because of combined osteochondral 
injury or ligament injury, 38 cases were excluded after sub-
total or total meniscectomy, 10 cases were excluded because 
of no definite unstable tear, and eight cases were excluded 
because of incomplete discoid meniscus. Participant demo-
graphics are summarized in Table 1.

MRI evaluation of DLM size and extrusion

The preoperative and postoperative sizes and extrusions 
of DLM are summarized in Table 2. The DLM width and 
height in the coronal plane images were significantly dif-
ferent between the preoperative and postoperative periods. 
However, there were no differences between the remaining 
lateral meniscus (LM) and MM widths postoperatively, 
which means that the partial meniscectomy that was refer-
enced to the MM width was satisfactory (p = 0.659). Inter-
estingly, the meniscal height was increased after surgery 
(p = 0.016), while the intruded DLM preoperatively was 
extruded postoperatively (RPE: p = 0.002; absolute LM 

extrusion: p = 0.005). In the sagittal plane images, the sag-
ittal ratio and the meniscal length were increased and sig-
nificantly different after surgery (Table 2), but the meniscal 
anterior horn and posterior horn heights were not.

Table 2   MRI evaluations of 
DLM pre- and postoperatively

Preoperative Postoperative p value

Coronal images
 DLM width 25.8 ± 6.4 9.1 ± 4.2 0.000
 DLM height 4.5 ± 2.1 5.2 ± 1.5 0.016
 Absolute LM extrusion − 2.6 ± 7.3 0.5 ± 1.6 0.005
 RPE (%) − 16.9 ± 50.2 8.6 ± 19.9 0.002
 MM width 9.0 ± 1.6 9.2 ± 1.4 n.s.
 MM height 6.4 ± 1.3 6.7 ± 1.2 n.s.

Sagittal images
 a 8.2 ± 6.2 5.9 ± 3.4 0.013
 b – 11.4 ± 3.0 –
 c 30.8 ± 11.4 14.5 ± 7.6 0.000
 d – 9.7 ± 2.3 –
 e 4.9 ± 3.8 3.4 ± 2.7 0.005

Sagittal length of meniscus (b + c + d) 30.8 ± 11.4 35.5 ± 7.5 0.019
Entire sagittal length(a + b + c + d + e) 43.9 ± 7.5 43.4 ± 7.8 n.s.
Sagittal ratio 71.6 ± 24.9 87.7 ± 44.9 0.043
AH height 5.9 ± 2.4 6.1 ± 1.7 n.s.
PH height 7.6 ± 3.1 7.5 ± 1.9 n.s.

Table 3   MRI evaluations according to the width of remained DLM 
postoperatively

Group p value

≤ 6 mm > 6 mm

Coronal images
 Number of cases 12 36
 Absolute LM extrusion 0.7 ± 0.9 0.5 ± 1.8 n.s.
 LM width 4.6 ± 1.0 10.6 ± 3.7 0.00
 LM height 4.9 ± 1.3 5.3 ± 1.5 n.s.
 RPE (%) 17.6 ± 26.5 5.6 ± 16.7 n.s.

Sagittal images
 a 6.2 ± 3.5 5.9 ± 3.4 n.s.
 b 9.2 ± 2.9 12.1 ± 2.7 0.002
 c 16.2 ± 3.3 13.9 ± 8.5 n.s.
 d 7.6 ± 1.0 10.3 ± 2.2 0.000
 e 3.6 ± 2.4 3.5 ± 2.8 n.s.
 Sagittal length of meniscus 

(b + c + d)
32.9 ± 4.2 36.4 ± 8.2 n.s.

 Entire sagittal length 
(a + b + c + d + e)

42.4 ± 8.4 43.7 ± 7.8 n.s.

 Sagittal ratio 79.4 ± 11.3 90.5 ± 51.3 n.s.
 AH height 5.7 ± 1.6 6.2 ± 1.7 n.s.
 PH height 7.2 ± 1.3 7.6 ± 2.0 n.s.
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Postoperative MRI evaluations according to the coronal 
width of the remaining DLM after surgery are summarized 
in Table 3. Although the partial meniscectomy was per-
formed referencing the MM width, 25% (12/48) of patients 
had a remaining meniscus of less than 6 mm. If the coronal 
width of the remaining DLM was small, the sagittal length 
of the remaining DLM was also smaller than that of the 
large coronal width of the remaining DLM patients, even 

though the partial meniscectomy was performed with the 
same reference.

Factors associated with width and extrusion 
of the remaining DLM

Factors associated with the width of the remaining DLM are 
summarized in Table 4. The only associated factors were the 
presence of preoperative meniscal shift and its type of shift. 
The odds ratio (OR) of the preoperative meniscal shift was 
13.0 (95% confidence interval (CI) 2.413–70.051, p = 0.002) 
in the “less than 6 mm remaining” DLM group.

The linear regression analyses of the preoperative pre-
dictive factors for the width, absolute extrusion, and RPE 
of the remaining DLM are summarized in Table 5. The 
remaining DLM width was associated with the postop-
erative sagittal length of the remaining DLM (b + c + d) 
and the presence of preoperative meniscal shift. From 
the analysis, when preoperative meniscal shift was pre-
sent, the postoperative width of the remaining DLM was 
decreased (Fig. 3). The absolute extrusion of the remain-
ing DLM was associated with the postoperative meniscal 
sagittal length (b + c + d), postoperative anterior subluxa-
tion (“a”), postoperative height of the remaining DLM, 
and the presence of preoperative meniscal shift. From our 
analysis, increased sagittal length of the remaining DLM 
(b + c + d); decreased value of postoperative anterior sub-
luxation (“a”, which means increased anterior subluxa-
tion of remaining DLM clinically); increased remaining 
DLM height; and the presence of preoperative meniscal 
shift were all associated with increased absolute extru-
sion of the remaining DLM (Table 5). In addition, the 
postoperative RPE of the remaining DLM was associated 

Table 4   Associated factor for the width of remained DLM

¶ p value : Fisher’s exact test and linear by linear association

Group p value¶

≤ 6 mm > 6 mm

Age
 ≤ 16 8 13 n.s.
 16 < 4 23

Gender
 Male 4 20 n.s.
 Female 8 16

Type of surgery
 Partial menisectomy 2 10 n.s.
 Partial menisectomy + repair 10 26

Presence of preoperative meniscal shift
 + 10 10 0.002
 − 2 26

Type of meniscal shift
 (I) Anterocentral 5 5 0.007
 (II) Posterocentral shift type 3 4
 (III) Central 2 1
 (IV) No shift 2 26

Table 5   On multiple linear regression analysis, the associated factors of the width and extrusion of remained DLM was shown

Factor Β value ± SE 95% Confidence interval of B p value Adjusted 
R2 value

Associated factors for width of remained DLM
 Postoperative Sagittal length of meniscus (b + c + d) 0.335 ± 0.065 0.205 to 0.465 0.000 0.372
 Presence of preoperative meniscal shift − 2.574 ± 0.98 − 4.547 to  − 0.6 0.012
 Constant term 0.818 ± 2.513 − 4.245 to 5.880 –

Associated factors for RPE of remained DLM
 Postoperative ‘b’ − 2.485 ± 0.8984 − 4.264 to − 0.705 0.007 0.182
 Postoperative LM height 3.82 ± 1.782 0.232 to 7.408 0.037
 Constant term 17.098 ± 13.901 − 10.9 to 45.1 –

Associated factors for absolute LM extrusion of remained DLM
 Postoperative Sagittal length of meniscus (b + c + d) 0.125 ± 0.028 0.181 to 0.068 0.000 0.368
 Postoperative ‘a’ − 0.225 ± 0.061 − 0.348 to − 0.101 0.001
 Postoperative LM height 0.493 ± 0.132 0.227 to 0.76 0.001
 Presence of preoperative meniscal shift 1.191 ± 0.399 0.386 to 1.996 0.005
 Constant term 2.023 ± 1.31 − 0.62 to 4.666 –
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with anterior meniscal length (“b”) and increased height 
of remaining DLM. However, there were no preopera-
tive factors associated with the RPE of the remaining 
DLM. Decreased anterior meniscal length (“b”) and 
increased remaining DLM height were both associated 
with increased RPE of the remaining DLM (Table 5).

Using logistic regression analysis with backward elimi-
nation, the factors associated with remaining DLM widths 
of less than 6 mm are detailed in Table 6. In an analysis of 
remaining DLM widths of less than 6 mm, the presence 
of preoperative meniscal shift and increased preopera-
tive LM height were significantly predictive factors. The 
presence of preoperative meniscal shift was the major 
factor associated with a smaller width of the remaining 
DLM (Table 6).

The ICC values for radiographic reliability ranged 
from 0.81 to 0.90, indicating that raters were in good 
agreement.

Discussion

The most important finding of this study was that the mean 
width of the remaining DLM after surgery was compara-
ble to the MM width when a partial meniscectomy with or 
without repair was performed in reference to the width of the 
MM. However, there was still a risk of decreased remaining 
DLM width, especially in patients with preoperative menis-
cal shift. This study is the first to introduce MM width as a 
surgical reference for partial meniscectomy in DLM patients. 
This novel surgical reference, MM size, could be appropri-
ate for sufficiently preserving the DLM, although risks for 
smaller remaining DLM width and more extrusion of the 
remaining DLM were present. Using this reference, the 
remaining DLM was increased in height and length postop-
eratively as compared with in the case of the preoperative 
values (Table 2; LM height and sagittal ratio values) and also 
the intruded DLM preoperatively was extruded postopera-
tively (Table 2; values of RPE and absolute LM extrusion). 
Moreover, patients with smaller remaining DLM widths 
had smaller remaining DLM anterior and posterior lengths 
(Table 3; “b” and “d” in the sagittal plane images) Of the 
potentially associated factors, preoperative meniscal shift 
was the major significant factor for smaller width and greater 
extrusion of the remaining DLM, regardless of shift type.

Total and subtotal meniscectomy have been performed for 
DLM for many years and have demonstrated good clinical 
outcomes in long-term follow-up [7, 15, 17, 37, 38]. How-
ever, in many long-term studies, degeneration and arthritis 
change of the knee joint were reported after total and subto-
tal meniscectomy in juvenile DLM patients even with good 
clinical outcomes [16, 39–41]. Therefore, surgical treatment 
of DLM has been changed to partial meniscectomy with or 
without repair rather than total or subtotal meniscectomy. 
Although the collagen morphology of the DLM central por-
tion has been shown to be heterogeneous via transmission 
electron microscopy, the DLM peripheral area contains 
circumferential fibers similar to the normal meniscus [28]. 
Because partial meniscectomy with or without repair is 
more likely to result in normal anatomy than total or subto-
tal meniscectomy in DLM patients, such could theoretically 

Fig. 3   Three-dimensional scatterplot is shown for factors associated 
with remaining DLM width. Cases that did not show a meniscal shift 
preoperatively had a larger remaining DLM. This graph shows that 
the presence of preoperative meniscal shift seems to be a major factor 
for remaining DLM width

Table 6   On logistic regression 
analysis, the association for the 
width of remained DLM

Factor Odds ratio Β value ± SE 95% Confidence interval p value

Less than 6 mm width of remained DLM
 Preoperative LM height 1.604 0.472 ± 0.227 1.028 to 2.502 0.037
 Postoperative ‘b’ 1.495 0.402 ± 0.239 0.935 to 2.388 n.s.
 Presence of preoperative 

meniscal shift
11.997 2.485 ± 1.032 1.586 to 90.737 0.016

 Preoperative RPE 0.948 − 0.053 to 0.037 0.882 to 1.019 n.s.
 Constant term – − 6.796 ± 3.0 – 0.023
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restore improved force distribution within the joint. Thus, 
this would be worthwhile to preserve the peripheral rim in a 
DLM patient, similar to in reports of tears of normal menis-
cus, where partial meniscectomy showed better outcomes as 
compared with total meniscectomy [40, 42]. However, there 
has been no consensus as to how much peripheral rim of the 
DLM should be preserved during surgery to prevent a loss 
of function of the remaining DLM meniscus, and risk factors 
to be considered in an effort sufficiently preserve DLM with 
the same surgical reference have not been explored.

To the best of our knowledge, this is the first study to 
introduce a surgical reference for partial meniscectomy of 
the DLM and to assess risk factors for smaller remaining 
DLM width using this novel surgical reference. In this study, 
using the MM width as a reference for partial meniscectomy 
could sufficiently preserve DLM. Moreover, the shape of 
the remaining DLM was greater in height and length and 
more extruded than that which was observed in preopera-
tive DLM, much like a loosened “bowstring.” It is possi-
ble that the abnormal central portion collagen network of 
the DLM tethered the peripheral rim and thus the remain-
ing DLM shape was greater in height and length and more 
extruded with peripheral contracture after partial meniscec-
tomy. Although using the overall size and extrusion of the 
remaining DLM as a reference would be acceptable, there 
is still a risk of smaller remaining DLM, which could lead 
to degenerative changes [23, 39–41]. A few previous studies 
have reported remaining DLM cutoff widths of 3 mm and 
5 mm that otherwise could induce degeneration [19, 23]. In 
the study by Yamasaki et al. [23], the authors had found that 
a remaining meniscal width of less than 5 mm, male gender, 
and anterocentral meniscal shift represented risk factors for 
degeneration after surgery. Moreover, they also determined 
that meniscal extrusion defined as RPE was correlated with 
degenerated change via radiography. In our study, we identi-
fied the risk factors of smaller remaining DLM width and 
the presence of preoperative meniscal shift, regardless of 
type, as major factors for smaller remaining DLM width. 
Consistent with the findings of Yamasaki et al. [23] preop-
erative meniscal shift is a major factor for poor prognosis of 
partial meniscectomy in DLM, including increased risk of 
smaller remaining DLM width. Moreover, combined menis-
cus repair could not guarantee a smaller remaining DLM 
width and prevent the development of degenerative change.

The degree of meniscal extrusion defined as RPE has 
been previously reported as a risk factor of degenerative 
change [23, 24, 43–45]. A meniscal extrusion of greater 
than 3 mm or severe extrusion (RPE > 50%) were asso-
ciated with meniscal tearing, chondral degeneration, and 
malalignment, which could induce osteoarthritis [24, 
43–45]. The load distribution capacity of the meniscus 
would be diminished with meniscal extrusion, thus leading 
to decreased contact area and increased pressure on the 

joint, which could lead to a further progression in carti-
lage degeneration. However, there have been few reports of 
meniscal extrusion in DLM patients to date [22, 23], and 
the cutoff value of the RPE correlated with degenerative 
change has not been confirmed. In this study, the factors 
associated with absolute LM extrusion and RPE of the 
remaining DLM after surgery were investigated (Table 5). 
Interestingly, the evaluation of the anterior portion of the 
remaining DLM (postoperative “a” and “b”) was corre-
lated with the RPE and absolute LM extrusion (Table 5). 
As compared with in the case of the normal meniscus, the 
DLM may be susceptible to the effects of meniscal extru-
sion because of abnormal collagen fibers,[3, 28] and this 
anterior shifting of the remaining DLM postoperatively, 
for instance into a “bowstring” form, could be a poten-
tial risk factor for extrusion of the remaining DLM and 
a cause of degenerative progression. However, excluding 
preoperative meniscal shift, there were no other preopera-
tive factors for extrusion of the remaining DLM. In addi-
tion, the power of explanation defined with the adjusted 
R2 value in this study was also found to be low. Further 
research is needed to define the correlations between DLM 
extrusion and position and long-term follow-up data are 
also required to identify which factors affect degeneration 
more significantly.

There are limitations to this study. First, the number 
of patients enrolled was relatively small and the findings 
obtained from these individuals may not necessarily repre-
sent those in the general population. In particular, the num-
ber of cases in each preoperative meniscal shift type was 
very small. Thus, it could not be confirmed whether the type 
of preoperative meniscal shift could affect the remaining 
DLM width, which was reported as a meaningful factor in 
the study of Yamasaki et al. [23]. Second, a combined analy-
sis of clinical outcomes and long-term follow-up to assess 
degenerative change would be needed to confirm that these 
factors are clinically relevant. Moreover, with results from 
long-term outcomes, especially for degenerative change, 
cutoff values could be determined. Third, a comparison 
of meniscal size from normal patients would be needed to 
confirm that a partial meniscectomy referenced to the MM 
width is acceptable. However, the postoperative sizes of the 
MM and the remaining DLM were not significantly different 
and, thus, this novel reference could be used to preserve the 
remaining DLM. Fourth, this study was performed involv-
ing symptomatic Asian DLM patients. There could be dif-
ferences of collagen fibers between ethnic groups, so care 
should be taken when extrapolating these results to other 
groups. Fifth, the surgical techniques could also affect the 
outcomes, although no significant differences were found 
in logistic regression analysis of this study due to the small 
number of cases involving partial meniscectomy only. How-
ever, as additional meniscus repair was performed in severe 
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cases, which included the combined tear and shift of the 
discoid meniscus, the outcomes of this study using the size 
of the MM midbody as a reference could be applied robustly.

The described information can be a reasonable guideline 
to determine a preserving peripheral rim in partial menis-
cectomy for complete DLM. When a preoperative shift of 
DLM in preoperative MRI exists, the possibility of a small 
width of the remaining meniscal tissue after surgery, which 
might not ensure the maintenance of appropriate function of 
the meniscus, should be explained to patients preoperatively.

Conclusion

The size of midbody of medial meniscus could be a ref-
erence for partial meniscectomy in symptomatic complete 
discoid meniscus. However, a significant risk of greater 
extrusion of the remaining DLM in both coronal and sagittal 
planes are observed. Preoperative meniscal shift represent a 
risk factor for decreased remaining meniscal width. These 
findings could be helpful in ensuring appropriate surgical 
planning and explaining poor prognostic factors.
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