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Abstract

Purpose To evaluate the reparability of the posterior horn
of the medial meniscus with root ligament tear by mea-
suring the actual pullout failure strength of a simple ver-
tical suture of an arthroscopic subtotal meniscectomized
posterior horn of the medial meniscus.

Methods From November 2009 to May 2010, nine pos-
terior horns of the medial meniscus specimens were col-
lected from arthroscopic subtotal meniscectomy performed
as a treatment for root ligament rupture of the posterior
horn of the medial meniscus. Simple vertical sutures were
performed on the specimens, and pullout failure load was
tested with a biaxial servohydraulic testing machine
(Model 8874; Instron Corp., Norwood, MA, USA). The
degree of degeneration, extrusion, and medial displacement
of the medial meniscus were evaluated with magnetic
resonance imaging (MRI). The Kellgren-Lawrence clas-
sification was used in standing plain radiography, and
mechanical alignment was measured using orthoroentge-
nography. Tear morphology was classified into ligament
proper type or meniscoligamentous junctional type
according to the site of the torn root ligament of the pos-
terior horn of the medial meniscus during arthroscopy.
Results The mean pullout failure strength of the posterior
horn of the medial meniscus was 71.6 £ 23.2 N (range,
41.4-107.7 N). The degree of degeneration of the posterior
horn of the medial meniscus on MRI showed statistically
significant correlation with pullout failure strength and
Kellgren—Lawrence classification. Pullout failure strength
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showed correlation with mechanical alignment and Kell-
gren—-Lawrence classification (P < 0.05).

Conclusions The measurement of pullout failure strength
of the posterior horn of the medial meniscus with root
ligament tear showed a degree of repairability. The degree
of degeneration of the posterior horn of the medial
meniscus on MRI showed a significant correlation with the
pullout failure strength. The pullout failure strength was
also not only correlated with the degree of degeneration of
the posterior horn of the medial meniscus, but also with
mechanical alignment and Kellgren-Lawrence classifica-
tion, which represent bony degenerative change.

Keywords Posterior horn of medial meniscus -
Root ligament tear - Pullout failure strength -
Biomechanical study

Introduction

The functions of the meniscus include body weight trans-
fer, shock absorption, stability of the knee joint, lubrica-
tion, supplement of nutrients, and proprioceptive sensation.
The development of degenerative arthritis after meniscec-
tomy has been well documented [15, 25]. Therefore, the
current surgical trend is to preserve the medial meniscus as
much as possible [8, 17]. The posterior horn of the medial
meniscus (PHMM) is attached to the tibia by the root lig-
ament positioned in front of the posterior cruciate ligament,
and root ligament tear of the PHMM can cause degenera-
tive arthritis in the knee joint [14-22]. Allaire et al. [2]
performed a biomechanical study using a cadaver to
demonstrate that root ligament tear of the PHMM can
cause changes in contact force and biomechanics of the
knee joint similar to those caused by total meniscectomy.
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This could be suggested as the theoretical background of
many studies that proposed the necessity for arthroscopic
repair for root ligament tear of the PHMM [1, 11, 18, 26,
27]. However, many cases of root ligament tear of the
PHMM develop after middle age. Magnetic resonance
imaging (MRI) of the PHMM reveals associated degener-
ative changes of the torn edge of the PHMM. Although it is
still questionable whether arthroscopic repair of the root
ligament tear of the PHMM can be successfully maintained
in spite of such degenerative changes, no studies have
measured the actual pullout failure strength of a PHMM
that has been treated for root ligament tear with degener-
ative change. The authors hypothesized that root ligament
tear of the PHMM after middle age would result in weak
pullout failure strength because of the associated degen-
erative changes of the torn edge of the PHMM. Thus, even
if the PHMM could be reattached to the tibia by successful
suturing, it would eventually tear again, resulting in suture
failure. To examine this hypothesis, the actual pullout
failure strength of the PHMM and reparability of PHMM
were measured.

Materials and methods

With the approval of the institutional review board from
IRB Administrator of Chungnam National University
Hospital (IRB number is CNUH2011-07-004), this study
involved nine patients who underwent en bloc arthroscopic
subtotal meniscectomy for complete root ligament tear of
the PHMM from November 2009 to May 2010. This pro-
spective study was performed by collecting 1.5- to 2-cm-
long PHMM specimens acquired during the surgeries. The
median age of the patients (two male and seven female
patients) was 61.8 years (range, 44-79 years). The col-
lected PHMM specimens comprised six left knee joint and
three right knee joint. To collect specimens without dam-
aging the edge of the torn PHMM, only arthroscopic
scissors (Arthrex, Naples, FL, USA) were used (Fig. 1).
Our specimen inclusion criteria were [1] a smooth PHMM
surface, [2] no horizontal tear on the medial margin, and
[3] no horizontal intrasubstance tear of the PHMM after
acquisition under arthroscopy. However, specimens
showing slight marginal fraying of the PHMM were
included, and the state of joint cartilage was not consid-
ered. Cases with degenerative changes on the surface of the
PHMM, degenerative horizontal tearing under arthroscopy,
intrasubstance horizontal tearing after acquisition of the
specimen, and irreparable root ligament tearing of the
PHMM on gross examination under arthroscopy due to
degenerative changes in the PHMM were excluded.

The degree of degeneration of the PHMM, medial dis-
placement grade of the PHMM by the root ligament tear,

Fig. 1 Specimen obtained from arthroscopic subtotal meniscectomy

and degree of meniscal extrusion were measured on MRI.
The PHMM degenerative grade was determined by modi-
fying the conventional degeneration classification of the
intervertebral disc [29]. When coronal T2-weighted MRI of
the meniscus showed complete black without any white
spots, the images were classified as grade 0; images
showing overall black with slight presence of white spots
were classified as grade 1; images showing <50 % white
were classified as grade 2; images showing >50 % white
were classified as grade 3; and images showing white with
slight presence of black were classified as grade 4. Grade 4
was defined as the most severely degenerative condition
(Table 1).

The degree of medial displacement of the PHMM was
evaluated by measuring the distance from the edge of the
torn root ligament of the PHMM to the tibial cartilaginous
border of the tibial attachment site of the posterior cruciate
ligament on the coronal view (Fig. 2). Meniscal extrusion
was measured as described by Costa et al. [12] and was
defined as the distance from the medial edge of the tibial
cartilage to the most extruded point of the medial meniscus
on the coronal image. The authors defined root ligament tear
of the PHMM as a tear between the site just medial to the
attachment of the PHMM to the coronary ligament and the
tibial attachment site in front of the posterior cruciate liga-
ment (Fig. 3). Thus, root ligament tear of the PHMM is
expected to occur at the position where the PHMM meets the
root ligament (meniscoligamentous junctional tear), within
the root ligament (ligament proper tear), and at the tibial
attachment site of the root ligament (avulsion tear).
According to the torn section observed during the arthro-
scopic surgery, our cases were classified into the above three
types, which were then compared with the MRI images.
Each case was classified according to the Kellgren—Law-
rence (K-L) classification in standing plain radiography, and
mechanical alignment was measured with orthoroentge-
nography. The presence of additional injuries was identified
from the MRI images or during the arthroscopic procedure.

A single simple vertical suture was placed at a point
7 mm medial from the border of the torn root ligament of
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Fig. 2 Medial displacement of the posterior horn of the medial
meniscus with root ligament tear

Fig. 3 Classification by tear site of the root ligament of the posterior
horn of the medial meniscus. a Meniscoligamentous junctional tear.
b Ligament proper tear. ¢ Avulsion tear. (PCL posterior cruciate
ligament)

the PHMM with O Ethibond (Ethicon, Somerville, NJ,
USA) on the collected 1.5- to 2-cm-long PHMM specimens
(Fig. 4a). A baseball suture was placed at the anterior and
posterior resection surfaces of the meniscus with 0 Ethi-
bond. The specimens were stored at —70 °C after covering
them with gauze soaked in normal saline (Fig. 4b). All
procedures were performed aseptically. The specimens
were thawed at 4 °C for the first 18 h and then at room
temperature (22 °C) for the next 6 h before biomechanical
testing. The pullout failure strength was tested with a
biaxial servohydraulic testing machine (Model 8874; In-
stron Corp., Norwood, MA, USA). Specimens were tested
in random order, and the failure testing was performed at a
speed of 5 mm/min (Fig. 5). Sgaglione et al. [19] reported

@ Springer

Fig. 4 Specimen obtained through subtotal meniscectomy. Left side
of the specimen is the attachment site of the root ligament of the
posterior horn of the medial meniscus. a Photograph of a specimen.
b Simple vertical sutures were placed using a 0 Ethibond, and two
sutures were used for baseball sutures

that this amount of pullout strength is loaded on the
meniscus during early rehabilitation exercises, slow walk-
ing in daily life, stepping up and down, and squatting after
meniscal repair.

Statistical analysis

For the statistical analysis, SPSS version 12.0 (SPSS Inc.,
Chicago, IL, USA) was used, and Spearman’s rho test and
Kendall’s tau-b test were performed to investigate the
correlation of the type of PHMM root ligament tear with
medial displacement, the degenerative grade of the PHMM
on MRI images, meniscal extrusion, K-L classification,
and mechanical alignment of the lower extremity. The
Mann—Whitney U test was used to analyse the correlation
of the region of the torn root ligament of the PHMM under
arthroscopy with the above variables. The P value was
considered significant at < 0.05.
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Fig. 5 Biomechanical study was performed using a biaxial servohy-
draulic testing machine (Model 8874; Instron Corp., Norwood, MA,
USA)

Results

On MRI, three of nine cases were degenerative grade 1,
three were grade 2, and three were grade 3. The mean
medial displacement of the PHMM was 4.6 mm (range,
2.6-8.1 mm), and the mean meniscal extrusion was
4.5 mm (range, 2.7-5.6 mm). K-L classification revealed
three cases each of grade 1, 2, and 3. Mechanical alignment
measured from orthoroentgenography showed genu varum
in eight cases, excluding one case of 0°. The mean varus
angle was 4.7° (range, 0-9.3°).

Root ligament tears classified under arthroscopy
revealed six cases of ligament proper tear and three cases
of meniscoligamentous junctional tear. When comparing
the torn position observed on the MRI images with the
position observed during the arthroscopic examination, five
of nine cases coincided.

The pullout failure strength in our study was 71.6 +
23.2 N (range, 41.4-107.7 N). The mean pullout failure
strength by MRI degenerative grade was 102.0, 56.4, and
56.4 N in grades 1, 2, and 3, respectively. Specimens
showed maximum and minimum values in grades 1 and 3,
respectively. One grade 2 specimen showed a low pullout

failure strength of 42.7 N, which caused the mean value of
grade 3 to be slightly higher than that of grade 2 (Table 2).

Statistical analysis showed a negative linear correlation
between the pullout failure strength and the MRI degen-
erative degree (P = 0.023). In addition, a positive linear
correlation was found between the degenerative degree and
K-L classification. This indicates that the bony degenera-
tive changes identified on the plain radiographic images
had effects on the degeneration of the medial meniscus
(P = 0.050).

The results of this study showed a positive linear cor-
relation between the mechanical alignment and K-L clas-
sification (P = 0.047), and the K-L classification also
showed a positive linear correlation with pullout failure
strength (P = 0.035). No significant relationship was
observed with other variables.

The Mann—Whitney U test for the classification of the
tear position under arthroscopy showed a significant rela-
tionship with meniscal extrusion, but no significant rela-
tionship was observed with other variables. The rank
correlation analysis of ligament proper tears and meni-
scoligamentous junctional tears showed a frequent occur-
rence of extrusion in the former (P = 0.020).

Discussion

The most important findings of the present study were the
facts that the degenerative classification of the PHMM on
MRI scans was significantly correlated with the pullout
failure strength of the PHMM and that the mechanical
alignment and K-L classification could have effects on the
degree of degeneration in the PHMM.

This study was performed to evaluate the reparability of
PHMM with root ligament tear by measuring the actual
pullout failure strength of a simple vertical suture in
arthroscopic subtotal meniscectomized PHMM. The
authors hypothesized that because the pullout failure
strength of the torn root ligament of the PHMM found in
middle-aged patients is weak and already has developed
degeneration, the ligament could be easily torn again
despite the fact that the PHMM is successfully reattached
to the tibia. However, most reports about root ligament tear
at the PHMM mainly discussed surgical repair. There are
no reports measuring the actual pullout failure strength of
the PHMM with root ligament tear. The authors defined
root ligament tear of the PHMM as a tear between the site
just medial to the attachment of the PHMM to the coronary
ligament and the tibial attachment site in front of the
posterior cruciate ligament. On the basis of these anatom-
ical characteristics, the authors judged that partial menis-
cectomy is not useful to treat root tears of the PHMM,; thus,
subtotal meniscectomy was performed. The authors also
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Table 1 Classification of meniscal degeneration

Grade Colour of meniscus

0 Pure black

1 Generalized black and mild white colour
2 Amount of white colour <50 %

3 Amount of white colour >50 %

4 Generalized white and mild black colour

performed en bloc subtotal meniscectomy with 1.5- to
2-cm-long PHMM specimens for sufficient removal of
meniscus to prevent post-operative collision at the tibio-
femoral joint, and testing was performed using the collected
PHMM specimens acquired during the surgeries. Addi-
tionally, considering the fact that the easiest and most
generally applicable suturing technique for root ligament
tear of the PHMM is the vertical suture, this study was
performed using only simple vertical sutures. To the best of
the authors’ knowledge, this is the first study to measure the
actual pullout failure strength, which was 71.6 £ 23.2 N
(range, 41.4-107.7 N), using PHMM specimens confirmed
to have root ligament tear that were identified among
middle-aged patients during arthroscopic surgery.

Root ligament tear of the PHMM can cause meniscal
extrusion, injuries to the joint cartilage, and eventual nar-
rowing of the medial joint space. In particular, meniscal
extrusion can reduce the resistance to hoop stress and
instigate cartilaginous injuries due to axial load. Further-
more, narrowing of the joint space can cause arthritis of the
knee joint [6]. There are many disputes on the best treat-
ment for root ligament tears. However, most reports on this
subject have discussed surgical treatment; there has been
no study on the reparability of the root ligament, and no
report has measured the actual pullout failure strength from
the torn root ligament of the PHMM [1, 7, 11, 17, 18, 23,
24, 26, 27]. Kocabey et al. [19] performed a biomechanical

study to measure the pullout failure strength of several
suturing techniques on the medial meniscus of 1-year-old
bovines after creating a vertical longitudinal incision on the
medial meniscus. They reported that the pullout failure
strength of oblique, vertical, and horizontal sutures was
171.9 £ 259, 1459 £ 32.3, and 88.2 £ 8.2 N, respec-
tively. Kohn and Siebert [20] conducted a biomechanical
study using cadavers and compared the pullout failure
strengths of the following four suturing techniques: knot-
end suture, arthroscopic technique using a loop placed on
the meniscus, open vertical stitching suture, and open
horizontal suture. Pullout failure strengths in their study
were 24 £ 9, 89 + 4, 105 + 4, and 44 £ 18 N, respec-
tively. Rimmer et al. [28] reported pullout failure strengths
of vertical and horizontal sutures in a longitudinal tear
model at the lateral meniscus of a cadaver as 67.3 and
29.3 N, respectively. Aros et al. [4] reported the pullout
failure strength of the second-generation suture tool Rap-
idLoc (Mitek Surgical Products, Westwood, MA, USA) as
70 £ 12 N in a biomechanical study after producing a
longitudinal tear in a 1-year-old bovine lateral meniscus.
Arnoczky and Warren [3] reported that the anterior and
posterior horns of the meniscus have a rich blood supply
because they are covered with a venous synovial fluid
membrane. Lee et al. [21] reported that the arthroscopic
pullout suture in a short-term follow-up study resulted in
alleviation of symptoms caused by a meniscal tear and that
such suturing could be applicable to patients with a
degenerative joint cartilage of degree <3. On the basis of
such a theoretical background in this study, measurement
of the actual pullout failure strength of the torn root liga-
ment of the PHMM in middle-aged patients was 71.6 £
23.2 N (range, 41.4-107.7 N). Although these values are
considered to represent a significantly positive result and
provide an explanation for the appropriateness of placing
sutures in the site, a limitation is that this study did not
involve the cyclic load test.

Table 2 Results of pullout

. . No. Age Sex Failure MRI Medial Meniscal Mechanical K-L
strength and radiologic . . . . . .
aluati load degeneration  displacement  extrusion  alignment classification
cvaluation (N) classification  (mm) (mm) of medial
joint
1 66 F 41.4 3 6.1 39 3.1 1
2 70 F 64.4 2 35 55 9.3 3
3 57 F 66.6 3 33 5.6 32 2
4 55 F 99.2 1 6.6 53 4.2 3
5 70 F 99.1 1 4.7 44 4.6 2
6 4 M 42.7 2 2.6 2.7 4.7 2
7 53 F 107.7 1 3.5 4.1 8.9 3
8 79 M 62.1 2 8.1 43 0 1
9 63 F 61.3 3 33 5.1 4.3 1
Average 61.8 71.6 4.6 4.5 4.7
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Arthritis in the knee joint reportedly has an important
relationship with age and body weight [10], and lesions of
the meniscus are related to early symptoms of arthritis [13].
Bin et al. [7] reported that the mean age of patients with
root ligament tear of the PHMM was 56.3 years (range,
31-77 years), and the crouching posture and sitting life-
style of the Korean population reportedly increase the load
on the medial meniscus, causing degenerative changes of
the knee joint. Oczkoc et al. [27] reported that Turkish
people at a mean age of 55.8 years (range, 38—72 years)
showed increased numbers of degenerative changes due to
their cultural habits, which force flexion of the knee joint
and internal rotation of the leg posture to induce a varus
force onto the knee joint. The mean patient age in our study
was 61.8 years (range, 44—79 years), and the patients were
found to already have degenerative changes in their
PHMM at the time of suture placement, which was con-
firmed from their preoperative MRI scans. Costa et al. [12]
classified the degenerative grade of the meniscus to be
absent when no single strength could be detected, mild
when the signal strength was <25 %, moderate when the
signal strength ranged from about 26-50 %, and severe
when it exceeded 50 %. They reported that substantial
medial meniscus extrusion of >3 mm is related to degen-
eration and to the degree and range of tearing. We deter-
mined the medial meniscus degeneration grade by
modifying the degenerative changes in intervertebral discs
suggested by Weishalupt et al. [29]. In the present study,
the degenerative degree of the medial meniscus had no
significant relationship with the degree of medial meniscus
extrusion (P = 0.370), but there was a negative correlation
between the MRI degeneration grade and the pullout fail-
ure strength (P = 0.035). This indicates that the degener-
ation level observed on the MRI images reflected the
degree of medial meniscus degeneration and that the
pullout failure strength decreases as the degeneration grade
increases. It also suggests the appropriateness of the clas-
sification used in our study.

The K-L classification is used to evaluate the bony
degenerative change in the knee joint. The higher the
classification grade is, the more progressive are the
degenerative changes. To the best of the authors’ knowl-
edge, no study has reported the relationship between K-L
classification and the degenerative degree of the meniscus.
Our study shows a positive linear correlation between K—-L
classification and the degenerative degree of the medial
meniscus.

The meniscus is a C-shaped fibrocartilaginous tissue,
and most of its cells are fibrocartilaginous cells. Most of
the matrix comprises type I collagen fibre. Small amounts
of type II, III, V, and VI collagen fibres exist, and the outer
surface is formed of a collagen fibrillar network to allow

for strong structural support. However, because the meni-
scal intrasubstance is relatively weak compared with the
outer surface, the degenerative changes mostly occur
within the intrasubstance [5, 6, 9]. Jones et al. [16] reported
that the circumferential arrangement of collagen fibres in
the meniscus helps the meniscus to resist hoop stress and
distribute the body weight load. Thus, the cartilage of the
knee joint can effectively protect against injuries. It is
assumed that the emergence of the suturable pullout failure
strength is deeply attributed to such structural characteris-
tics of the meniscus despite the fact that the intrasubstance
of the meniscus is weak in patients with degenerative
changes. Root ligament tear of the PHMM was shown to
have a positive correlation with meniscus extrusion; we
also found a significant relationship between the torn
position classified under the arthroscopic examination and
medial meniscus extrusion. The agreement between the
arthroscopic classification and the MRI classification of
torn sites provided relatively low accuracy in that just five
of nine cases (55 %) were in agreement, but this result is
considered to be related to the discontinuity of the MRI
section. In clinical work, the degenerative classification of
the PHMM on MRI scans may indicate pullout failure
strength of the PHMM.

There are some limitations to this study. No comparison
was made between meniscal thickness of the needle
insertion point and the pullout failure strength. Because
curved needles were used in the experiment, the suture may
not have been inserted vertically at the 7-mm position of
the torn root ligament of the PHMM. The small number of
specimens is another limitation. This study also did not
include the cyclic load test. Moreover, because this study
was not a biological study that reviewed the results of
suturing for torn root ligament of the PHMM, there are
limitations in terms of drawing the conclusion that healing
after repair is possible. Therefore, additional studies are
necessary.

Conclusions

The pullout failure strength of simple vertical suturing for
root ligament tear of the PHMM indicates that it is repa-
rable. However, although adequate pullout failure strength
is available even in degenerative tears, reparability has not
been confirmed, and additional studies are thus necessary.
This biomechanical study confirmed that the degenerative
classification of the PHMM on MRI scans was significantly
correlated with the pullout failure strength of the PHMM
and that the mechanical alignment and K-L classification
could have effects on the degree of degeneration in the
PHMM.
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