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Abstract
Purpose To compare and analyse the relationship between
horizontal tear and root ligament tear of the posterior horn of
the medial meniscus (PHMM) and the degree of varus in the
axis of lower limb and body weight.
Methods One hundred and nineteen patients underwent surgi-
cal treatment as they were diagnosed with medial meniscus tear
in our hospital fromMay 2006 to December 2009. Of these, 19
cases (group 1), underwent partial meniscectomy as they were
confirmed to solely have horizontal tear of the PHMM on
arthroscopic examination and 27 cases (group 2), underwent
subtotal meniscectomy as they were confirmed to solely have
root ligament tear of the PHMM on arthroscopic examination,
were chosen for retrospective study. Standing radiographs were
taken of every case prior to arthroscopic surgery to measure
varus angle. Also, we checked body mass index (BMI) of two
groups. The difference of varus angle and BMI between two
groups were statistically verified using the Levene’s test,
paired t-test.
Results Group 1 showed mean value of varus angle of
2.30±0.54, and BMI of 25.32±3.23. Group 2 showed
mean value of varus angle of 5.64±0.54, and BMI of
25.67±3.12. The degree of varus of group 2 was statis-
tically significantly higher than group 1 (p00.002). Com-
parison between the BMI of two groups showed no
statistical significance (p00.053).
Conclusion Through a comparative study of sole horizontal
tear and root ligament tear of the PHMM, the authors have

found that sole root ligament tear of the PHMM is more
relative to the genu varum than sole horizontal tear of the
PHMM. However, body weight was statistically irrelevant
to the incidence of the two lesions.

Introduction

The degenerative horizontal tear of the posterior horn of the
medial meniscus (PHMM) in late middle age is the most
common type of injury of the meniscus [1, 2]. In a large-scale
study targeting the middle aged or the elderly, a maximum of
35 % showed meniscus injury, and the prevalence increased
with age [2]. On the other hand, in Asian countries certain
postures, such as crossed-legged or crouching, are frequent in
daily life, and could easily lead to the root ligament tear of the
PHMM, the part where the PHMM is attached on the anterior
tibia to the posterior cruciate ligament [3]. However, basic
studies of the root ligament tear of the PHMM are rare.

The alignment of lower limb is one of the factors related
with the meniscal tear. In many studies, including that by
Bolano and Grana [4], the increased degree of varus of
lower limb is reported to be related to the progression of
osteoarthritis due to medial meniscus injury and articular
cartilage injury [1, 2, 5, 6]. Also, many reports have proven
the biomechanical relationship between body mass index
(BMI) and medial meniscus tear [5], showing that high
BMI brings about abnormalities of lower limb (genu
varum), which accounts for the relationship of the progres-
sion of the degenerative osteoarthritis of the knee [7–13].
However, there have been no reports considering the rela-
tionship of the root ligament tear of the PHMM and the
degree of genu varum and BMI.

The authors have noticed the horizontal tear of the
PHMM and root ligament tear of the PHMM in the middle

Y.-M. Kim (*) :Y.-B. Joo : S.-M. Cha : J.-M. Hwang
Orthopaedics Surgery, Chungnam National University Hospital
Department of Orthopaedics Surgery, Chungnam National
University School of Medicine,
640, Daesa-dong, Jung-gu,
Daejeon, South Korea
e-mail: osdr69@cnu.ac.kr

International Orthopaedics (SICOT) (2012) 36:1849–1855
DOI 10.1007/s00264-012-1596-4



aged or the elderly that were unrelated to trauma. Even
though these two types of lesion are anatomically very close
together, the lesions vary by patients as degenerative hori-
zontal tear or root ligament tear of the PHMM.

The authors postulated that body weight was more
closely related to the sole horizontal tear of the PHMM
than root ligament tear of PHMM for the initial devel-
opment of tear of the PHMM area. Furthermore, the
authors postulated that sole root ligament tear of the
PHMM was more closely related to the innate varus
deformity of the knee than the sole horizontal tear of
the PHMM because they considered that the initial varus
deformed knee would stress the root the ligament of the
PHMM more significantly than the posterior body of
medial meniscus biomechanically. The authors then com-
pared and performed an analysis of the relationship be-
tween the two types of lesion and the degree of varus of
the axis of lower limb and the body weight, targeting the
middle aged or the elderly who underwent partial menis-
cectomy due to early degenerative horizontal tear of the
PHMM and those who underwent subtotal meniscectomy
due to complete tear of the root ligament of the PHMM.

Methods

Materials and duration

One hundred and nineteen patients underwent surgical treat-
ment for the diagnosis of medial meniscus tear in our
hospital from May 2006 to December 2009. Of these, 19
cases (group 1) underwent partial meniscectomy as they
were confirmed to solely have horizontal tear of the PHMM
on arthroscopic examination, and 27 cases (group 2) under-
went subtotal meniscectomy as they were confirmed to
solely have the root ligament tear of the PHMM on arthro-
scopic examination. These patients were chosen for retro-
spective study of the relationship between these two types of
lesion and the patients’ lower limb alignment and body
weight. Among the patients with no history of trauma, the
inclusion criteria were cases with confirmed sole degenerative
horizontal tear or complete root ligament tear of the PHMM
on preoperative MRI, early degenerative arthritic findings of
grade 0, 1 of Kellgren-Lawrence classification [14] on plain
radiograph, or mild cartilage injury of grade 0, 1, 2 of Outer-
bridge classification [15] on arthroscopic surgery. In both
groups, cases with any other ligament injury, arthritic finding
of grade 2 or more of Kellgren-Lawrence classification, carti-
lage injury of grade 3 or more of Outerbridge classification,
lateral meniscal tear, or meniscal complex tear with accompa-
nied longitudinal, radial or flap tear were excluded.

Of the 19 cases of group 1, the mean age was 46.47±
2.63 years; 13 male and six female patients; 14 cases of

grade 0 and five cases of grade 1 on radiological
Kellgren-Lawrence classification; 12 cases of grade 1
and 7 cases of grade 2 on Outerbridge classification of
arthroscopic findings. Of the 27 cases of group 2, the
mean age was 57.5±8.32 years; eight male and 19 fe-
male patients; 19 cases of grade 0 and eight cases of grade 1
on radiological Kellgren-Lawrence classification; 11 cases
of grade 1 and 16 cases of grade 2 on Outerbridge
classification of arthroscopic findings.

Measurement of mechanical axis and varus angle

Standing radiographs were taken of every case prior to
arthroscopic surgery. We checked the “varus angle”. The
varus angle is defined as the angle between the line of
mechanical axis of the femur and the line of the tibial
anatomical axis. The mechanical axis of the femur is the
line connecting the centre of the femoral head and that of the
articular side of the proximal tibia. The tibial anatomical
axis is the line connecting the centre of the talus upper
articular side and the centre of the articular side of the
proximal tibia (Figs. 1 and 2). All radiological measure-
ments were done manually twice by two different observers
on PACS (Picture Archiving and Communication System,
Loral, USA). For the evaluation between the observers,
within the observers, Kappa value was used, and by the
method of Fleiss JL, we judged that 0.75 or above was
“excellent agreement”, below 0.75 was “fair to good agree-
ment”, and below 0.4 was “poor agreement” [16].

Understanding the relationship of body weight

For the evaluation of the relationship between the difference
of body weight of the group with sole horizontal tear of the
PHMM (group 1) and the group with sole complete root
ligament tear of the PHMM(group 2), BMI [17], was used.

Statistical analysis

Before the study, a sample size analysis was performed.
The sample size was chosen on the basis of the value of
varus angle and BMI. We assumed an alpha error of 0.05
and applied an allocation ratio of 1. A sample size of 46
participants was calculated to provide 80 % power. The
difference of the varus angle between the two groups
was statistically verified using the Levene’s test and
paired t-test, and was statistically significant since the
p-value was below 0.05. When comparing the BMI of
the two groups, paired t-test was used for the statistical
verification, and considered statistically significant when
the p-value was below 0.05.
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Results

Group 1 showed mean value of varus angle of 2.30±0.54, and
BMI of 25.32±3.23 (Table 1, Fig 3). Group 2 showed mean
value of varus angle of 5.64±0.54, and BMI of 25.67±3.12
(Table 2, Fig 4). The degree of varus of group 1 was statisti-
cally significantly higher than group 2 (p00.002). Compari-
son between the BMI of two groups showed no statistical
significance (p00.053). The mean age of group 1 was 46.47
years, in which age group the normal BMI value is ranged
from 20 to 25 for males, and ranged from 22 to 27 for females,
which means that the BMI of group 1 was within normal
range. The mean age of group 2 was 57.5 years, in which
age group the normal BMI value is ranged from 20 to 25 for
males, and ranged from 23 to 28 for females, which means

that the BMI of group 2 was also within normal range.
Kappa value was 0.73±0.023, which means “fair to good
agreement”.

Discussion

The meniscus has a important role of reinforcing and stabilis-
ing the incongruity of the femur and tibia, and knee meniscus
is responsible for 40∼60 % of stress to the knee when stand-
ing, and 85 % when at 90 degrees flexion [1, 13]. Medial
meniscus tears are more frequently reported since the medial
structures are more firmly attached to the tibia, compared to
the lateral meniscus which has relatively free range of motion
[18]. Many studies have reported that varus deformity

Fig. 1 a MRI image of tear of
the PHMM. b Arthroscopic
finding was a horizontal tear of
the PHMM on the left knee in a
46 year old man. c Partial
meniscectomy was done. d The
varus angle between the
mechanical axis and the line
connecting the centre of the
talus upper articular side and
the centre of the articular side of
proximal tibia was measured
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appeared to be closely related to the presence of medial
meniscus tear conclusively [4, 6, 19–21]. But these results
do not mean that varus deformity causes the medial meniscus
tear, although varus deformity is a common conclusive find-
ing of medial meniscus tear. There are no systematic reports
about the factors that bring about the root ligament tear of the
PHMM, although frequent cross-legged posture or crouching
during daily life are the suspected reasons for such [3]. Tradi-
tionally, medial meniscus root tear has been treated by menis-
cectomy. However, a recent biomechanical study showed that
a root ligament tear caused a 25% increase in the peak contact
pressure, whereas repair restored the peak contact pressure to
normal [22]. Root ligament repair has gained interest since
West et al. [23] described pullout repair of a lateral root

ligament tear. Currently, that repair of the root ligament tear
is accepted as standard management.

The authors have experienced not only sole horizontal
tear of the PHMM without trauma in the middle aged, but
also numerous cases of complete root ligament tear of the
PHMM. Even though these two types of lesion are anatom-
ically close together, the lesions vary by patients as degen-
erative horizontal tear or root ligament tear of the PHMM.
The authors assumed this difference was caused mainly by
the axis of the alignment of the lower limb and body weight,
and conducted a retrospective study of the effects caused by
them. We postulated that body weight was more closely
related to the sole horizontal tear of the PHMM than root
ligament tear of PHMM for the initial development of tear

Fig. 2 aMRI image of the root
ligament tear of the PHMM. b
Arthroscopic finding was
degenerative root ligament tear
of the PHMM (white arrow)
right knee in a 79 year old
woman. b Subtotal
meniscectomy was done. c The
varus angle between the
mechanical axis and the line
connecting the centre of talus
upper articular side and the
centre of articular side of the
proximal tibia was measured
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of the PHMM area. We also postulated that sole root liga-
ment tear of the PHMM was more closely related to the
innate varus deformity of the knee than the sole horizontal
tear of the PHMM because we considered that initial varus
deformed knee would stress the root the ligament of the
PHMM more significantly than the posterior body of medial
meniscus biomechanically. In our restrospective study, we
confirmed that sole complete tear of the root ligament of the
PHMM (group 2) had a more severe degree of varus of the
axis of the lower limb alignment compared to the group with
sole horizontal tear of the PHMM (group 1), and body

weight (BMI) showed no correlation between the two
groups in patients with relatively mild findings of degener-
ative osteoarthritis of knee on radiology, and with mild
articular cartilage injury on arthroscopy.

Obesity brings about degenerative change to the joints
with body stress. According to the study by Kelley et al.
[24], Glyn et al. [25], and Kellgren and Lawrence [26],
numerous cases of obesity have varus deformity of the knee,
which is due to alteration of the centre of the gravity to the
feet since the distance between both femurs is increased due
to excessive fat, resulting in the injury of the meniscus,
eventually leading to degenerative osteoarthritis of the knee.
In other words, though the relationship between obesity and
the tear of the medial meniscus related to degenerative
arthritis of the knee is known, there is no reference to the
relationship between sole horizontal tear of the PHMM and
obesity, and sole root ligament tear of the PHMM and
obesity. The reason why there was little difference in the
relationship with obesity, the inducing factor of the de-
generative change, between the two groups was that only
cases with mild degenerative change were chosen and the
BMI of both groups was in the normal range according to
their age group. Additionally, already known, since in-
crease in body weight is a significant factor for degener-
ative change, this study of cases of mild degenerative
change has no significance.

The limitations of our study are that only a few cases and
that only cases who underwent surgical treatment were

Table 1 19 cases of group 1,
who underwent partial menis-
cectomy as they were confirmed
to have horizontal tear of the
PHMM on arthroscopic exami-
nation, were measured for varus
angle, weight, height and body
mass index (BMI), and checked
Kellgen-Lawrence grade and
Outerbridge grade

aBody mass index
bKellgen-Lawrence grade
cOuterbridge grade

Case Varus angle (degrees) Weight (kg) Height (cm) BMIa KLb OBc

1 2.35 73 175 23.83 0 1

2 1.39 73.2 176 23.63 0 2

3 2.26 75 170 25.95 1 2

4 3.7 73 172 24.67 0 1

5 1.37 69 164 25.65 0 1

6 0 67 167 24.02 1 2

7 5.24 63 170 21.79 0 1

8 1.93 65 161 25.07 1 2

9 3.52 87.6 168 31.03 1 2

10 4.53 58.2 154.3 24.45 0 1

11 7.06 83.4 172.6 27.99 0 2

12 -0.5 72 175 23.51 0 1

13 0.16 63 161 24.3 1 2

14 1.4 61 161 23.53 0 1

15 3.52 80 175 26.12 0 1

16 1.82 85 167 30.47 0 1

17 2.28 63 165 23.14 0 1

18 7.5 66 150 29.33 0 1

19 3.27 64.5 169 22.58 0 1

Mean 2.3 70.62 169.99 25.32

Fig. 3 The relationship between varus angle and body mass index
(BMI) of group 1 is drawn in graphs.* Body mass index
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chosen. Thus, further study is needed. In addition, using
prospective biomechanical or cadaveric study, discovery of

the independent cause of the root ligament tear of the PHMM
from the cause of the horizontal tear is required.

Table 2 27 cases of group 2,
who underwent subtotal menis-
cectomy as they were confirmed
to have medial root ligament of
the PHMM on arthroscopic ex-
amination, are measured varus
angle, weight, height and body
mass index (BMI), and checked
Kellgen-Lawrence grade and
Outerbridge grade

aBody mass index
bKellgen-Lawrence grade
cOuterbridge grade

Case Varus angle (degrees) Weight (kg) Height (cm) BMIa KLb OBc

1 4.89 68.6 165.1 25.16 0 2

2 2.65 57 154 24.03 0 2

3 5.29 57 154 24.03 0 2

4 57.21 60.3 157.6 24.27 0 1

5 5.56 73.4 159.5 28.85 1 1

6 4.85 79 159 31.24 0 2

7 5.08 72 159.5 28.3 0 1

8 8.42 61.5 158.6 24.44 0 2

9 10.17 60 151 26.31 1 2

10 4.6 54 142 25.45 1 2

11 3.1 57 152 24.67 1 2

12 2.3 63.3 157.7 25.45 1 2

13 0 59 165 21.67 1 2

14 2.61 61.4 160 23.98 1 1

15 17.57 71.3 161.7 27.26 0 1

16 10.07 60 151 26.31 0 1

17 4.2 81 154 34.15 0 1

18 5.08 53.9 141.9 26.76 1 2

19 8.9 62.3 164 23.16 0 1

20 2.12 57 152 24.67 0 2

21 6.91 67.4 168.3 23.79 0 1

22 7.1 67.4 168.3 23.79 0 1

23 5.4 55.16 154.3 23.16 0 2

24 9.3 65.5 144.1 31.54 0 2

25 3.2 66.4 158.6 26.39 0 2

26 8.9 63 164 23.42 0 1

27 7.1 58.3 167.4 20.8 0 2

Mean 5.64 63.41 157.2 25.67

Fig. 4 The relationship between varus angle and body mass index
(BMI) of group 2 is drawn in graphs. * Body mass index
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Conclusion

The authors have found, through a comparative study of sole
horizontal tear of the PHMM and sole complete root ligament
tear of the PHMM, that the latter is more related to the genu
varum than the former. However, body weight was statistical-
ly insignificant to the incidence of the two lesions.
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