
introduction

The weight distribution function of the meniscus is maintained 
primarily by circumferential hoop tension, the loss of which has 
been extensively implicated in the development of osteoarthri-
tis1-3). Several studies have demonstrated that the loss of hoop 
tension in knees with root tears of the medial meniscus (MM) 
would cause uneven weight distribution across the knee, eventu-
ally resulting in progression of osteoarthritis4-7). 

On the other hand, it has been suggested that it is the progres-

sion of osteoarthritis that affects the integrity of the meniscus and 
adjacent tissues resulting in degenerative tears of the meniscus 
and cruciate ligaments8). In other words, meniscus tears are con-
sidered both a cause and a consequence of osteoarthritis, and the 
etiology and pathogenesis have not been clearly established. In 
addition, tear patterns and risk factors for meniscus tears in se-
vere osteoarthritis have rarely been documented.

In this study, we investigated the presence and patterns of MM 
tears in patients with severe varus osteoarthritis during total knee 
arthroplasty (TKA) and explored the factors that could affect the 
patterns of MM tears.

materials and methods

We reviewed 268 patients (365 knees; 33 males and 235 fe-
males) who underwent TKA under the diagnosis of Kellgren-
Lawrence grade IV varus knee osteoarthritis between July 2012 
and May 2014 at our institution. The exclusion criteria included 
Kellgren-Lawrence grade III or IV osteoarthritis in the lateral 
compartment of the knee, a history of previous ipsilateral knee 
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surgery, and traumatic arthritis of the knee. 
The MM tear patterns were assessed intraoperatively by one 

surgeon (SDC). According to the tear pattern, patients were clas-
sified into three groups; group I with a posterior horn tear only 
(Fig. 1); group II with a root tear only (Fig. 2); and group III with 
a posterior horn tear and a root tear (Fig. 3). 

Patients’ age, gender, and body mass index (BMI) were com-
pared. Using the picture archiving and communications system 
(PiView STAR software, Infinitt, Seoul, Korea), the medial proxi-
mal tibial angle (MPTA) and posterior tibial slope were assessed 
on the anteroposterior and lateral radiographs of the knee. The 

extent of varus deviation of the mechanical axis was evaluated on 
the anteroposterior weight-bearing full-length radiographs. The 
MPTA was measured as the angle between the anatomical axis of 
the tibia and the articular surface. The posterior tibial slope was 
assessed by measuring the angle between the anatomical axis of 
the tibia and the medial tibial plateau. The extent of varus devia-
tion was evaluated by measuring the angle formed by a line from 
the center of the femoral head to the center of the knee and a line 
from the center of the knee to the center of the ankle. 

The integrity of the anterior cruciate ligament (ACL) was as-
sessed intraoperatively and categorized into normal, degenera-
tive, and torn/absent. The ACL integrity was compared among 
the three groups to determine its relationship with the tear pat-
tern.

All statistical analyses were performed using IBM SPSS ver. 21.0 
(IBM Co., Armonk, NY, USA). Chi-square and analysis of vari-
ance tests were used to determine statistical significance. A p-
value <0.05 was considered statistically significant. 

results

MM tears were identified in all patients included in the study. In 
group I with MM posterior horn tears only (191 knees, 52.3%), 
most of the tears were complex (182 knees, 95.3%) (Table 1) and 
extended to the periphery (159 knees, 83.2%). Group II with root 
tears only consisted of 87 knees (23.8%). Group III with posterior 
horn tears and root tears was composed of 87 knees (23.8%); the 
combined posterior horn tears were complex in 38 knees (43.7%), 
horizontal in 40 knees (46.0%), and radial in 9 knees (10.3%) Fig. 1. Complex tear of the medial meniscus posterior horn (arrow).

Fig. 2. Root tear (radial tear near the posterior tibial origin site) of the 
medial meniscus (arrow).

Fig. 3. Medial meniscus posterior horn tear (yellow arrow) plus root tear 
(red arrow).
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(Table 1). Compared to group I, posterior horn tears in group III 
were relatively simple and extension to the periphery was less fre-
quent (42 knees, 48.3%). 

With regard to age, gender, and BMI, there was no statistically 
significant difference among the groups (p>0.05) (Table 2). The 
mean MPTA was not significantly different among three groups 
(Table 2). The mean varus deviation of the mechanical axis of 
the lower extremity was 17o (range, 0o to 27o) in group I, 13.5o 
(range, 1o to 22o) in group II, and 28.7o (range, 0o to 29o) in group 
III, indicating more varus malalignment of group III compared 
to groups I and II (p<0.05) (Table 2). The mean posterior tibial 
slope was significantly greater in group III (13.5o [range, 1o to 
24o]) than in group I (11.0o [range, 0o to 22o]) and group II (11.2o 
[range, 1o to 20o]) (p<0.05) (Table 2). The prevalence of intact 
ACL during operation was significantly high in group I com-
pared to groups II and III; the incidence of ACL tear or absence 
was remarkably high in group III compared to groups I and II 
(p<0.05) (Table 3).

discussion

The results of the current study have shown that MM tears are 
always present in severe varus knee osteoarthritis and MM root 
tears are frequently accompanied by posterior horn tears in knees 
with severe varus malalignment, great posterior tibial slope, and 
ACL tears.

The major functions of the meniscus include weight distribu-
tion, shock absorption, load transmission, and joint lubrication. 

In addition, this wedge-shaped structure improves congruity 
between the femur and the tibia, protects adjacent articular carti-
lage, and contributes to the stability of the knee joint9,10). In knees 
with advanced osteoarthritis, the meniscus serves the protective 
function even in degenerative condition by maintaining consis-
tent association between the remnants of the meniscus and the 
well-preserved or the large amount of remaining articular carti-
lage11). Noble and Hamblen12) reported that the protective func-
tion was maintained even in knees with degenerative meniscus 
lesions. 

Several recent studies have described the loss of hoop tension 
in knees with MM root tears as the cause of degenerative osteo-
arthritis4-7). Bin et al.5) reported that 27.8% of the MM tears were 
radial tears of the MM posterior horn. Nha et al.13) identified 
MM root tears in 32.5% of their patients and the prevalence was 
higher in the MM than in the lateral meniscus, which they attrib-
uted to the lesser mobility of the tibial attachment of the posterior 
horn of the MM than that of the lateral meniscus. On the other 
hand, Arno et al.14) suggested that changes in the tibiofemoral 
contact mechanics could result in articular cartilage degeneration 
in knees with horizontal cleavage lesions unaccompanied by loss 
of hoop tension.

In our study, MM root tears were identified in 174 (47.7%) 
of the 365 knees. Of these, the lesions were not combined with 
other tears in 87 knees (50%), whereas MM posterior horn tears 
were also present in the remaining 87 knees (50%). In varus knee 
osteoarthritis without root tears, complex tears of the MM poste-

Table 1. Tear Patterns of the Medial Meniscus

Variable
Posterior horn tear (%) Root 

tear
Extension to 

periphery (%)Complex Horizontal Radial

Group I 182 (95.3) 7 (3.7) 2 (1.0) 0 159 (83.2)

Group II 0 0 0 87 0

Group III 38 (43.7) 40 (46.0) 9 (10.3) 87 42 (48.3)

Table 2. Statistically Nonsignificant Variables of Each Group

Variable Age (yr)
Gender

BMI (kg/m2) MTPA (o)
M F

Group I 64.0 (49–87) 29 162 29.6 (18.3–37.5) 81.1 (72.5–94.0)

Group II 67.5 (52–81) 7 80 30.3 (18.0–36.9) 85.7 (68.1–91.0)

Group III 73.5 (48–80) 6 81 28.7 (17.7–33.2) 87.7 (70.0–93.0)

Values are presented as mean (range). 
BMI: body mass index, MTPA: medial proximal tibial angle.

Table 3. Factors That Affect the Medial Meniscus Tear 

Variable MA (o)a), mean (range) PTS (o)b), mean (range)
ACL (%)c)

Intact Degeneration Tear or absence

Group I 17.0 (0–27) 11.0 (0–22) 107 (56.0) 59 (36.1) 15 (7.9)

Group II 13.5 (1–22) 11.2 (1–22) 36 (41.4) 39 (44.8) 12 (13.8)

Group III 28.7 (0–29) 13.5 (1–24) 30 (34.5) 34 (39.1) 23 (26.4)

MA: mechanical axis, PTS: posterior tibial slope, ACL: anterior cruciate ligament.
a)Amount of varus deformity in the MA of the lower extremity. MA was significantly greater in group III than groups I and II, b)Significantly greater in 
group III than groups I and II, c)There were significantly more cases of ACL tear or absence in group III than groups I and II.
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rior horn (95.3%) were prevalent and extension to the periphery 
(83.2%) was frequently noted. In contrast, posterior horn tears 
accompanying posterior root tears were relatively simple in pat-
tern (56.3%) and did not extend to the periphery in many cases 
(48.3%). In knees with an MM posterior root tear, subluxation of 
the MM during weight-bearing causes loss of weight distribution 
function of the meniscus and increased pressure on the contact 
surface. It is our understanding that while this could accelerate 
degeneration of the articular cartilage, due to the reduced load on 
the MM, the tear pattern becomes simple and does not extend to 
the periphery.

Hwang et al.15) described female sex, high BMI, and great varus 
alignment as the risk factors for MM posterior root tears. Choi 
and Park16) reported MM posterior root tears were associated 
with varus deformity, mechanical axis deviation, and BMI. In our 
study, we could not identify any relationship of MM posterior 
root tears with gender and BMI, but varus deviation was cor-
related with the incidence of MM posterior horn tears accompa-
nied by radial tears of the MM posterior root. With regard to the 
MPTA, there was no significant difference among three groups, 
whereas group III exhibited notably greater varus deviation of the 
mechanical axis. This indicates that varus alignment of the lower 
extremity than varus deformity of the proximal tibia has greater 
influence on the MM tear pattern. The posterior tibial slope was 
significantly greater in group III with an MM posterior horn tear 
plus a root tear than groups I and II. The incidence of ACL tear 
or absence was higher in group III than in groups I and II. There-
fore, it seems reasonable to expect a correlation of the extent of 
MM tears with posterior tibial slope and presence of ACL inju-
ries. Although the mechanism of injury has not been definitely 
determined, our findings suggest that the increased shear force 
on the MM could be responsible for MM tears, which should be 
verified in further research. 

The strength of this study is the prospective design. On the 
other hand, a limitation of this study is that the tear patterns were 
determined solely by one investigator, and thus there was no ad-
equate inter-rater reliability test performed. The direction of the 
causal relationship between the occurrence/progression of varus 
knee osteoarthritis and MM tears has not been elucidated in this 
study; however, one of the major findings was that MM tears 
were present in all knees with severe varus knee osteoarthritis, 
which warrants further research on the relationship between os-
teoarthritis and MM tears. 

conclusions

Severe varus knee osteoarthritis was always accompanied by 
MM tears. Risk factors for MM root tears combined with posteri-
or horn tears were severe varus deformity of the lower extremity, 
great posterior tibial slope, and ACL tear or absence.
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