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Purpose: There are few studies on biomechanical evaluation of suture points in repair of root tears. The purpose of this study was to determine the
point of greatest pullout strength for root tear repair.

Materials and Methods: A total of 120 fresh porcine medial menisci were obtained. The red-red and red-white zones of the meniscus were divided
by two lines designated as lines A and B (groups A and B). Groups A and B were further divided into three groups each by dividing lines A and B into
three points: 3, 5, and 7 mm from the meniscal ligament root insertion. Vertical meniscal repair was performed on each point. The pullout failure
strength was tested using a biaxial servohydraulic testing machine.

Results: The average maximal load at failure was significantly greater in group A than group B (87.65 vs. 62.93; p<0.001) The average length at maxi-
mal load failure was greater in group A than group B (4.35 vs. 3.2; p<0.001). Among the subgroups of 3, 5, and 7 mm in both groups A and B, 7 mm
showed the greatest maximal load (p<0.001).

Conclusions: The pullout strength was statistically significantly greater in group A than group B and in the 7 mm subgroup than the 3 and 5 mm

subgroups. Thus, the 7 mm subgroup in group A showed the greatest pullout strength.
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Introduction

The meniscus has important functions such stabilization of the
joint through shock absorption in the knee joint and lubrica-
tion in joint cartilage"”. The meniscus also distributes loading of
weight by sustaining hoop strain”. Root tears of the medial me-
niscus have gained growing attention among many orthopedic
surgeons*”. The posterior portion of the medial meniscus car-
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ries a greater proportion of the load compared with the anterior
portion®. The posterior horn of the medial meniscus (PHMM)
is attached to the tibia by the root ligament positioned in front
of the posterior cruciate ligament, and root ligament tears of the
PHMM can cause degenerative arthritis of the knee joint™”. The
root serves as the anchor point for the meniscus. An injury to the
root can lead to meniscal extrusion”. In particular, a posterior
root tear of the medial meniscus can induce significant changes
in contact pressure and knee joint kinematics similar to those
caused by total meniscectomy”. Radial tears at the root of the
PHMM result in loss of meniscal circumferential hoop pressure
and have been reported to be biomechanically equivalent to a
total meniscectomy®”'”. This could be suggested as the theoreti-
cal background of many studies that propose the necessity for
arthroscopic repair of root ligament tears of the PHMM**'"*?,
Whenever possible, surgeons make utmost effort to repair me-
dial meniscus posterior root tears and various repair techniques
have been developed. Unfortunately, repair of root tears can be
technically demanding and it is difficult to determine accurate
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suture points. Capturing the posterior horn further from the
edge may create excessive tension on the meniscal body, whereas
placing the suture too close to the edge may result in suture cut-
out and loss of fixation; this may be a another factor for failure of
meniscal root repair. Accurate suture points for meniscal root re-
pair include repair into transosseous bone tunnels, transosseous
suture passage for surface fixation, and suture anchor fixation"'".
In spite of recent attempts for biomechanical evaluation of these
techniques, there have been only a small number of biomechani-
cal studies for medial meniscal root repair''”. The purpose of
this in vitro biomechanical study is to determine the greatest
pullout strength point for repair of root tears of the PHMM in an
animal model.

Materials and Methods

1. Methods

Medial menisci were gained from fresh porcine (Yorkshire pig)
posterior left knee joints (n=120). The young adult animals were
obtained from an abattoir. The mean age of the animals was 6
months, and the mean body weight was 116+5.3 kg. Only intact
menisci without observable evidence of previous injury or visible
signs of cartilage degenerative changes were used. To simulate a
radial tear at the root of the PHMM, the meniscus root was in-
cised at meniscoligamentous junctional area with a No. 15 blade
scalpel. The specimens were stored at —-70°C being covered with
gauze soaked in normal saline and then thawed at room temper-
ature for 24 hours before biomechanical testing. For biomechani-

Fig. 1. Repair sites of the posterior horn of the porcine meniscus: line A
(red-red zone) and line B (red-white zone). The lines were again divided
into 3 points: 3, 5, and 7 mm.

cal testing, 120 menisci were randomly divided into 2 groups of
60 specimens each. The red-red zone (within 3 mm from menis-
cocapsular junction) and the red-white zone (3-5 mm from me-
niscocapsular junction) of the meniscus were divided each by 2
lines designated as line A and line B. The lines were again divided
into 3 points (3, 5, and 7 mm from the meniscus root ligament
root insertion) and each was designated as subgroups 3, 5, and 7
mm, respectively (Fig. 1). Vertical meniscal repair was done by
a No. 2 Ethibond (Ethicon, Somerville, NJ, USA) suture and a
straight needle. Realization of pullout strength was done by coun-
ter suture in the direction of vector based on the root. The pull-
out failure strength was tested with a biaxial servohydraulic test-
ing machine (model 8874; Instron Corp., Norwood, MA, USA).
Specimens were tested in a random order, and the failure testing
was performed at a speed of 5 mm/min (Fig. 2). Endpoints were
maximum failure load and mode of failure. Mode of failure was
determined by visual inspection of the failure result. The protocol
of our study was referred from the study of Anz et al.””.

2. Statistical Analysis

To evaluate the statistical significance of the differences between
groups A and B, and groups 3, 5, and 7 mm and the correlation
with the thickness, statistical analysis was performed using the
SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). To compare groups
A and B, a t-test was done, and comparison of each group was
conducted using one-way analysis of variance (ANOVA). For sta-
tistical analysis of the correlation between groups A, B and sub-
groups 3, 5, and 7 mm, two-way ANOVA was performed (since
subgroups 3, 5, and 7 mm all showed increasing patterns accord-
ing to the loading force, there was no correlation among them).

Results

This study used 120 cases of swine meniscus and there were 60
cases each for group A and group B. Group A and group B were
again divided into 3 subgroups, 3, 5, and 7 mm, which consisted
of 20 each.

Regarding the maximal load at failure, the average was greater
with 87.65 for group A than 62.93 for group B, and the differ-
ence was statistically significant (p<0.001). The average length at
maximal load failure was greater with 4.35 for group A and 3.2
for group B (p<0.001) (Table 1).

Among the subgroups of 3, 5, and 7 mm in both group A
and group B, the 7 mm subgroup showed the greatest maximal
load, followed by the 5 mm subgroup and the 3 mm subgroup
(p<0.001). The differences among the subgroups were statistically



Table 1. Maximal Load and Length of Group A and Group B

Characteristic Cases Average Standard deviation t-test”
Maximal load (NF)
Group A 60 87.65 37.66 4.06
Group B 60 62.93 29.27
Length (mm)
Group A 60 4.35 0.98 7.76
Group B 60 3.25 0.52
NE: Newton force.
¥p<0.001.

significant (p<0.001) (Table 2).

Consequently, the average maximal load was greater in group
A than group B and in the 7 mm subgroup than the 3 and 5mm
subgroups. The differences between groups A and B and among
the 3, 5, and 7 mm subgroups were statistically significant
(p<0.001).

As aresult, in terms of correlation between groups A and B and
subgroups 3, 5, and 7 mm, no significant combined effect that
influenced the result was found. However, since the correlation
of the maximum pullout strength between groups A and B and
subgroups 3, 5, and 7 mm showed a similar pattern, no notable
statistical significance was found (p>0.05 and 0.474, respec-
tively). Between groups A and B, group A showed greater pullout
strength, and among subgroups 3, 5, and 7 mm, subgroup 7 mm
exhibited greater pullout strength. Thus, the subgroup 7 mm of
group A showed the strongest pullout strength.
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Fig. 2. Biaxial servohydraulic testing ma-
chine.

Table 2. Analysis of Variance for Maximal Load and Length of Sub-
groups of Group A and Group B

Characteristic Cases Average  Standard deviation F-test”
Maximal load (NF)
3mm 40 54.25 30.33 18.09
5mm 40 74.92 30.01
7 mm 40 96.70 34.18
Total 120 75.29 35.81
Length (mm)
3mm 40 343 0.89 11.57
5mm 40 3.04 0.62
7 mm 40 4.33 1.07
Total 120 3.80 0.96
NF: Newton force.
¥p<0.001.
Discussion

The degenerative horizontal tear of the PHMM is the most
common type of injury of the meniscus in late middle age'*"”. In
Asian countries, certain postures, such as cross-legged sitting and
crouching, are frequent in daily life and could easily lead to a tear
of the root ligament of the PHMM, which is the part where the
PHMM is attached on the anterior tibia to the posterior cruciate
ligament™. Bin et al.” reported that the mean age of patients with
root ligament tears of the PHMM was 56.3 years (range, 31 to 77
years), and the crouching posture and sitting lifestyle of the Ko-
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rean population could increase the load on the medial meniscus,
causing degenerative changes of the knee joint.

The functions of the meniscus include body weight transfer,
shock absorption, stability of the knee joint, lubrication, supple-
ment of nutrients, and proprioceptive sensation. The develop-
ment of degenerative arthritis after meniscectomy has been well
documented”"*. Therefore, the current surgical trend is to pre-
serve the medial meniscus as much as possible™*”.

If a complete radial meniscus tear at the tibial attachment site of
the medial meniscus posterior horn (MMPH) heals after repair,
hoop tension can be restored. We previously reported a techni-
cal note describing an arthroscopic pullout suture repair of a
complete radial tear of the tibial attachment site of the MMPH.
Our hypothesis was that reattachment of the meniscus after a
complete radial tear adjacent to the tibial attachment site of the
meniscus would improve healing and facilitate the restoration of
hoop tension. In conclusion, we recommended that the sutures
be passed through the red-red zone of the meniscus and menis-
cocapsular junction located 7 mm medial to the edge of the tear.
The method had at least 2 advantages. First, the red-red zone and
meniscocapsular junction tissues are not torn easily when the su-
ture material is pulled out at the proximal tibia for tying. Second,
because the red-red zone and meniscocapsular junction tissues
are highly vascular and some tissues are inserted through the
tibial tunnel when the suture material is pulled out, the potential
for healing is high.

There are many disputes on the best treatment for root ligament
tears. However, most reports on this subject have focused on sur-
gical treatment; there have been few studies on the reparability
of the root ligament and few reports measured the actual pullout
failure strength from the torn root ligament of the PHMM™.
Kocabey et al.”® performed a biomechanical study to measure the
pullout failure strength of several suturing techniques on the me-
dial meniscus of 1-year-old bovines after creating a vertical longi-
tudinal incision on the medial meniscus. They reported that the
pullout failure strength of oblique, vertical, and horizontal sutures
was 171.9+25.9, 145.9+32.3, and 88.2+8.2 N, respectively. They
found that oblique sutures provided comparable biomechanical
fixation to vertical sutures during submaximal cyclic tests that
simulated early rehabilitation loads and superior fixation during
load to failure testing. Kohn and Siebert” conducted a biome-
chanical 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 menis-
cus, 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, respectively. They reported that the load at failure
of a vertical suture (105+4 N) was superior to that provided by a
horizontal suture (89+4 N) and recommended vertical suture.

In a previous study, we assessed the actual pullout failure
strength of the PHMM and reparability of PHMM®. The pullout
failure strength was 71.6£23.2 N (range, 41.4 to 107.7 N), using
PHMM specimens confirmed to have root ligament tears that
were identified among middle-aged patients during arthroscopic
surgery. But there was a limitation. No comparison was made
between meniscal thickness of the needle insertion point and the
pullout failure strength.

The porcine knee is an inexpensive but effective model used
for training surgeons on arthroscopic reconstruction procedures
involving the anterior and posterior cruciate ligaments and other

®_ Porcine knees are a bit smaller but similar to

knee structures
human knees; thus, orthopedic surgeons could use them effec-
tively to learn how to perform simple procedures. For this reason,
we considered porcine knees as a good model for biomechanical
studies and conducted this in vitro biomechanical study to de-
termine the greatest strength point for repair of root tears of the
PHMM in an animal model. And, the relatively slow biomechan-
ical test loading rate was used to stimulate the stresses that the
meniscus might be subjected to during early rehabilitation exer-
cise, slow speed walking in daily life, stepping up and down, and
squatting after meniscal repair™”. There were several limitations
of this study. First, post hoc power analysis was not performed.
Second, repair at the point of 7 mm from the posterior root may
create more tension on the body than that at 5 mm; therefore,
further research is needed on the maximal strength of a repair
performed at more than 7 mm from the posterior root. Finally,
this was not a human study.

Conclusions

Group A showed statistically significantly greater pullout
strength than group B, and 7 mm subgroup exhibited statisti-
cally significantly greater pullout strength than subgroups 3 and
5 mm. Thus, the subgroup 7 mm of group A showed the greatest
pullout strength.
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