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Background: The interosseous talocalcaneal ligament (ITCL) is the main soft-tissue contributor to subtalar joint stability. The
role of ITCL reconstruction in retaining this stability is minimally reported. Therefore, we conducted this study
to investigate the effects of rupture and reconstruction of the ITCL on the subtalar and peritalar joints.

Material/Methods: This experimental study randomly divided 72 rabbits into 3 equal groups of 24 rabbits each. Group | under-
went reconstruction surgery, group Il underwent resection, and group Il was the control group. The cartilages
between the talocrural and calcaneocrural joints, and between the subtalar and talonavicular joints on both
sides were assessed by gross observation, ink staining, histology, and immunohistochemistry at weeks 4, 8,
16, and 32, postoperatively.

Results: In group II, the quantitative ink staining analysis revealed degeneration of the articular cartilages on the talona-
vicular joint (T=2.070, P=0.038) and the posterior subtalar joint (T=2.121, P=0.034) compared with the 2 sides
of the same rabbit at 4 and 8 postoperative weeks. Comparing the operated sides of all the groups showed the
posterior subtalar joints (Hc=9.563, P=0.008) and talonavicular joints (Hc=9.714, P=0.008) had an obvious dif-
ference at postoperative week 4; and in the calcaneocrural joints (Hc=6.750, P=0.034), it was noticed at post-
operative week 8. Histology and immunohistochemistry findings confirm these observations.

Conclusions: An ITCL resection can lead to the progressive degeneration of the talonavicular and posterior subtalar joints,
while an ITCL reconstruction can be beneficial in restoring the stability of these joints, preventing or postpon-
ing their degeneration, and protecting the articular cartilages.
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Background

The interosseous talocalcaneal ligament (ITCL) is considered
the major stabilizer of subtalar joints [1,2]. It is located in the
tarsal sinus between the medial and posterior talocalcaneal
joints. It originates from the sulcus talus with an insertion at
the sulcus calcaneus, which is located anterior and medial to
the posterior talocalcaneal joint capsule [3].

A rupture of the ITCL is often caused by severe injury to the
subtalar joints. Although this incident is considered infrequent
and minimally reported in literature, such issues are some-
times misdiagnosed as the sinus tarsi syndrome (STS) [4-6].
With an increased understanding of the hindfoot structure
along with the recent advances in radiologic and arthroscopic
diagnostics, the distinguishing characters of ITCL rupture and
STS are gradually being recognized [5,7,8]. Despite the fact
that researchers have been investigating other novel treat-
ment options for such conditions recently, their results have
not provided clear-cut evidence of their efficacy, with a mini-
mal number of studied individuals [5,9,10].

The long-term outcomes of ITCL rupture are not clearly recog-
nized; this is a key factor influencing the treatment strategy.
The aim of the current investigation is to identify the degree
of secondary degeneration of the subtalar and peritalar joints
in ITCL rupture as well as comprehend the protective effects of
ITCL reconstruction. This research was conducted to give help-
ful insights into novel treatment strategies for ITCL rupture. For
the purposes of the present study, we wanted to investigate the
effects of ITCL resection and reconstruction on subtalar joint
stability. We hypothesized that an ITCL resection would nega-
tively impact the stability of this joint, while an ITCL reconstruc-
tion could result in beneficial effects and successfully lead to
the restoration of joint stability. The null hypothesis was that
there would be no difference between the 2 procedures on
restoring subtalar joint stability, while the alternative hypoth-
esis was that there would be a statistically significant differ-
ence between the 2 procedures in terms of subtalar stability.

Material and Methods

A total of 72 skeletally-mature New Zealand white rabbits
were used for this trial. Any rabbits with previous surgery in
the studied joints were excluded. The rabbits had an average
weight of 2.79 kg (range 2.5-3.5 kg). There were 43 female
rabbits (60%) and 29 male rabbits (40%). They were random-
ly divided into 3 equal groups of 24 rabbits each. Group | un-
derwent reconstruction surgery, group Il underwent resection,
and group Il was the control group. One randomly chosen
side of the posterior legs of the rabbits in each group under-
went the predetermined surgical procedure. The rabbits were

LiuC.etal.:
Secondary effects of rupture and reconstruction of the ITCL on peritalar joints
© Med Sci Monit, 2021; 27: €925292

anesthetized with intravenous ethyl urethane (5 ml/kg body
weight) and intramuscular ketamine (2.5 mg/kg body weight)
under sterile surgical conditions. The surgical procedure was
performed with the rabbit’s 4 legs fixed in the supine position.

In group I, a 1-cm incision was made on the medial aspect
of the knee joint. The semitendinosus muscle was identified
and cut 3 cm in length along the border of the muscle’s ten-
don to its insertion site on the tibia (Figure 1A). The strand
of semitendinosus was woven with a 3-0 polyester thread
at both ends, which was long enough to be pulled and fixed
(Figure 1B). The graft was stored in normal saline gauze. Then,
a transverse incision was made on the dorsum of the foot of
the corresponding side and the sinus tarsi were accessed. The
ITCL was exposed and resected with a no.11 scalpel under vi-
sualization. The articular cartilage and other important struc-
tures were carefully protected. A 2 mm-diameter bone tunnel
was drilled from the talus superior medially to the calcaneus
inferior laterally, which passed through the normal position
and direction of the ITCL. The graft was then pulled through
the bone tunnel. The talar terminal was fixed with a 1.5 cm-
diameter steel-wire button (Figure 1C). A thinner tunnel was
drilled along the posterior aspect of the calcaneus. One strand
of the thread from the calcaneal terminal was passed through
the tunnel and fastened with another thread to form a bone-
bridge fixation while the graft maintained tension (Figure 1D).
Finally, hemostasis and irrigation of the incision site were per-
formed with 0.02% povidone iodine and normal saline, respec-
tively. The incision was closed with interrupted silk sutures.

Similar to group |, the incision was made on the dorsum of
the foot for the rabbits in group II. The ITCL was exposed and
resected under visualization [11]. Hemostasis, irrigating, and
closure were identical to that described for group I.

Similar to groups | and Il, the same incision was made in
the control group. The ITCL was exposed and kept intact.
Hemostasis, irrigation, and closure were identical to those de-
scribed for groups | and Il. In all the groups, the duration of
the surgical procedures was 1 h for each rabbit. Liquid par-
affin was embrocated on the prepared area of the skin. The
rabbits were returned to their cages after surgery. Penicillin
was injected intramuscularly for 3 days to prevent postopera-
tive infection. There was no postoperative leg immobilization.

Six of the 24 animals in each group were sacrificed at postop-
erative weeks 4, 8, 16, and 32, respectively. One side of the in-
tact foot was chosen randomly for the computed tomography
(CT) scan. Meanwhile, both sides of the operated feet from all
3 groups were carefully dissected and examined. The 6 joints
along with the 12 articular surfaces of every foot were split
and observed. These joints and articular surfaces were the
talocrural joint (Cr-Ta is the talar surface of the crus, Ta-Cr is
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Figure 1. (A) The semitendinosus was located and cut approximately 3 cm from the border of the tendon muscle for attachment to the
tibia. (B) The semitendinosus strand was woven with a 3-0 polyester thread at both ends. (C) The talar terminal was fixed
with a 1.5 cm-diameter steel-wire button. (D) One strand of a thread from the calcaneal terminal was passed through the
tunnel and fastened with another thread to form a bone-bridge fixation while the graft kept tension.

the crural surface of the talus), calcaneocrural joint (Cr-Ca is
the calcaneal surface of the crus, Ca-Cr is the crural surface
of the calcaneus), anterior, medial, and posterior talocalcane-
al joints (aTa, mTa, and pTa are the anterior, medial, posteri-
or calcaneal surfaces of the talus; aCa, mCa, and pCa are the
anterior, medial, and posterior talar surfaces of the calcaneus,
respectively), and the talonavicular joint (Ta-Na is the navic-
ular surface of the talus, Na-Ta is the talar surface of the na-
vicular). The chondral changes in the subtalar and peri-sub-
talar joints were analyzed by gross observation, ink staining,
histology, and immunohistochemistry.

After gross observation, the articular surfaces were stained
twice with India ink. A Yoshioka score system [12] was used to
quantify the ink-staining results. The sections were fixed with
10% formalin and embedded immediately in paraffin after re-
section. The specimens embedded in paraffin were cut in 5 ym-
thick sections. The staining was hematoxylin and eosin (HE) for
routine study as well as a toluidine blue stain to evaluate the

loss of protein-polysaccharide concentration in the cartilage
ground substance. The histological results were analyzed us-
ing the Mankin scoring system [13]. It was originally designed
to assess the 4 histological parameters: cartilage structure or
erosion, cell distribution or spatial arrangement of chondro-
cytes, Safranin-O staining, and tidemark intensity, with sepa-
rate subcategories. The sums of the separate scores range from
0 (normal) to 14 (severe osteoarthritis). In the present study,
we used toluidine blue staining instead of Safranin-O staining
in the Mankin scoring system because of the higher affinity of
toluidine blue to the sulphur content in the cartilages [14]. The
changes in collagen formation in the cartilage including types
I, 1I, and Il were assessed by immunohistochemical assays.

Statistical analysis
All statistical analyses were conducted using the Statistical

Package for Social Sciences (IBM SPSS Statistics Version 23,
SPSS US Inc., Chicago, Illinois, US). Mankin scores at each stage
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Figure 2. Specimen sacrificed at 32 weeks after resection surgery in group Il: (A) A specimen of the talus and calcaneus. The black
arrow shows the enormous osteophyte at the posterior subtalar joint. (B) A specimen of the crus. The degeneration of the
calcaneal surface of the crus (Cr-Ca) was more severe than the talar surface of the crus (Cr-Ta). (C) A specimen of the talar
surface of the navicular (Na-Ta). Ca-Cr — crural surface of the calcaneus; Cr-Ca — calcaneal surface of crus; Cr-Ta — talar
surface of the crus; Na-Ta — talar surface of the navicular; pSJ — posterior subtalar joint; Ta-Cr — crural surface of the talus.

in all the groups were presented as means. We used the Kruskal-
Wallis H test to determine the statistically significant differenc-
es of continuous variables between 2 or more groups [15]. We
used the non-parametric Rank Sum test (Wilcoxon test) to es-
timate the statistical differences between the 2 paired groups.
P<0.05 was considered statistically significant.

The protocol for this experimental study was reviewed and

approved by the Institutional Review Board’s Animal Ethics
Committee at our institution (0576).

Results

Gross findings

During the 4-week assessment period, group | (ITCL reconstruc-
tion) revealed good tension with no injury to the cartilage. In

group Il (resection group), obvious hyperemia with some hy-
perplasia of the synovium was noted; the color was normal
on the cartilage surface while fissures and pits were not ob-
served at week 4. Group IlI (control) revealed no hyperemia
or edema of the synovium along with injuries to the cartilage.

During the 8-week assessment period, group | showed simi-
lar observations comparable to week 4 while group Il showed
hyperemia and hyperplasia of the synovia of the joints, and
the surfaces of some cartilages revealed fissures. In group lll,
no hyperemia or edema was observed.

During the 16-week assessment period, group | showed no in-
jury to the cartilage with good tension, while group Il revealed
slight hyperemia and edema of the synovium, and a spur had
formed mainly on the posterior subtalar joint. In group IlI, no
changes were observed.
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Table 1. Results of 2 sides of the 12 articular surfaces compared at every stage in group Il by the Wilcoxon test (n=6).

16 week 32" week

* Statistically significant difference; aCa — anterior talar surface of the calcaneus; aTa — anterior talocalcaneal joint; Ca-Cr — crural
surface of the calcaneus; Cr-Ca — calcaneal surface of the crus; Cr-Ta — talar surface of the crus; mCa — medial talar surface of the
calcaneus; mTa — medial talocalcaneal joint; Na-Ta — talar surface of the navicular; P — P-value; pCa — posterior talar surface of the
calcaneus; pTa — posterior talocalcaneal joint; T — T statistic of the Wilcoxin test; Ta-Cr — crural surface of the talus; Ta-Na — navicular

surface of the talus.

During the 32-week assessment period, group | revealed no
change while group Il revealed some hyperemia/edema of the
synovium with obvious hyperplasia of the synovium. Moreover,
fissures, fibrosis, and defects were visible on the surfaces of
some cartilages, while florid spur formation was mainly ob-
served at the posterior subtalar, talocrural, and talonavicular
joints (Figure 2A-2C). In group lIl, no changes were observed.

Ink staining

We performed the Wilcoxon test to compare both sides (op-
erated and unoperated) of the same rabbit in group Il (resec-
tion) and group Il (control). The differences in the ink-staining
scores presented as Yoshioka scores between the operated side
and the contralateral side for all joints did not reach statisti-
cal significance in any assessment period (P>0.05). In group II,
we noted differences between the talonavicular and posteri-
or subtalar joints during postoperative weeks 4 and 8, respec-
tively. On the other hand, statistically significant differences
in the Yoshioka score (ink score) were noted between the ta-
lonavicular joint and the anterior subtalar joint (anterior cal-
caneal surface of talus [aCa]) in the 32" postoperative week
(Table 1). A comparison of the operated sides of all 3 groups
by the Kruskal-Wallis test showed results (differences) simi-
lar to the ink-staining scores of the examined joints (Table 2).

Histology and immunohistochemistry

At all assessment periods, the articular cartilages of the 2
sides of the control group and the non-operated side of groups
I and Il were mostly normal, their Mankin scores were 0-1.
The results of the HE staining revealed a smooth surface lay-
er, well-arranged and well-distributed chondrocytes, the lack
of a cluster, a complete tidemark, and an even distribution of
the toluidine blue stain implying that the degree of degener-
ation was minimal.

The immunohistochemistry staining showed that type I colla-
gen was localized only in the subchondral bone, type Il colla-
gen was evenly distributed, and type Ill collagen was absent.
The histological results showed the cartilage of the operated
side in group | was mostly normal.

In group I, the chondral injuries became more obvious as the
postoperative duration increased. The severity of the chon-
dral injuries varied in the different articular surfaces of the leg,
among which the injuries in the posterior subtalar joint and
the talonavicular joint were the most concerning (high Mankin
degeneration score). The alterations observed in the chondral
histology of the calcaneus surface of the posterior subtalar
joint at every follow-up time point are presented in Table 3.
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Table 2. Results of the operated side of the 12 articular surfaces compared at every stage in the 3 groups by the Kruskal-Wallis test
(n=6).

4 week 8" week 16 week 32" week

0.008*

0.037* 10.127 0.006**

* Statistically significant difference; ** highly significant statistical difference; aCa — anterior talar surface of the calcaneus;

aTa — anterior talocalcaneal joint; Ca-Cr — crural surface of the calcaneus; Cr-Ca — calcaneal surface of the crus; Cr-Ta — talar surface
of the crus; Hc — H statistic of the Kruskal-Wallis test; mCa — medial talar surface of the calcaneus; mTa — medial talocalcaneal joint;
Na-Ta — talar surface of the navicular; P — P-value; pCa — posterior talar surface of the calcaneus; pTa — posterior talocalcaneal joint;
T — T statistic of the Wilcoxin test; Ta-Cr — crural surface of the talus; Ta-Na — navicular surface of the talus.

Table 3. Mankin scores for the posterior talar surface of the calcaneus and the talar surface of the navicular at every stage in groups |

and Il.

Group Articular surface 4t week 8t week 16 week 32" week
Groupl P R S G B
(n=6) Na-Ta 1.0 16 26 45

P pca 0 60 o7 120
(n=6) Na-Ta 43 6.3 10.7 12,0
Group | — interosseous talocalcaneal ligament reconstruction; group Il — interosseous talocalcaneal ligament resection; pCa — posterior

talar surface of the calcaneus; Na-Ta — talar surface of the navicular.

In week 4, the result of the chondral histology was close to
normal or gently injured (Mankin scores 2-5). The surface lay-
er was not flat and showed a small fissure or a little cluster
of chondrocytes. A loss of toluidine blue was seen on the sur-
face layer indicating the failure of dye uptake implying cellu-
lar death. We noted positive staining of type | collagen at the
surface layer; type Il collagen was noted inside the cartilage
and around the chondrocyte, respectively.

In week 8, the proportion and degree of chondral injury in-
creased (Mankin scores 6-8). The changes noted were that

the surface layer was not flat, a small fissure was present; a
little cluster of chondrocytes was found. The staining of tolu-
idine blue was not well-distributed. Type | collagen was de-
tected in the surface layer, type Il collagen was distributed
in the middle and deep layers, and type IlI collagen was only
found in the injured area.

In week 16, the proportion and degree of chondral injuries in-
creased to a greater degree (Mankin scores 9-11). The sur-
face layer of the cartilage began to show fibrosis and the gap
in the middle layer, which was a small fissure in week 4, was
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Figure 3. Pathology results of the talar surface of the calcaneus (Ca-Ta) of the posterior subtalar joint in group Il: (A) Fibrosis and a
cluster of chondrocytes seen in the cartilage of the medial condyle (HEx5). (B) Loss of toluidine blue is seen in majority of
the cartilage. (C) Type I collagen strongly and diffusely positive at 32 weeks in group | (immunohistochemistry x5). (D) Type
Il collagen was uneven in the deep layers (immunohistochemistry x5). (E) Type lll collagen was strongly and diffusely positive

(immunohistochemistry x5).

now deep. The arrangement of cells was disturbed, the tide-
mark was irregular, and the number of clusters of chondro-
cytes had increased. The loss of toluidine blue was seen in the
surface and middle layers. Type | collagen showed diffuse dis-
tribution, type Il collagen was mainly distributed in the mid-
dle and deep layers, type Ill collagen was mainly distributed
in the moderate and deep layers.

In week 32, in group Il, 1 rabbit died due to a rapid intrave-
nous anesthetic injection, and 1 suffered a postoperative joint
infection. After eliminating these, another 2 rabbits were se-
lected for supplementation to the study samples. The scores
of chondral injuries became higher, and severe chondral inju-
ries were seen (Mankin scores 12-14). In the deep layers of
the cartilage, there were large areas of fibrosis. In the same
context, the number of cells decreased significantly, the tide-
mark was not apparent, and the calcified cartilage layer was
undistinguishable (Figure 3A-3C). The loss of toluidine blue
was observed in a majority of the cartilage (Figure 3B). The
staining of collagen types | and Ill were strongly and diffusely
positive; type Il collagen was distributed unevenly in the deep
layers (Figure 3C-3E).

Discussion

The ITCL resection resulted in a significant degeneration of
the articular cartilages of the study specimens during the ear-
ly postoperative assessment period. The ITCL reconstruction
revealed better outcomes in terms of less cartilage degenera-
tion, good tension, and no gross injuries to the cartilage dur-
ing all the assessment periods.

As yet, there is no agreement on the mechanism of the move-
ment of subtalar joints, and thus, the effect of the ITCL on the
stability of subtalar joints is uncertain [10,16]. In a series of in-
vitro studies, Kjaersgaard-Anderssen [17,18] observed a mod-
erate yet significant improvement in subtalar mobility follow-
ing ITCL resections in the sinus tarsi. This group of researchers
studied the 3-plane kinesiology of hindfoot instability among
20 amputation samples of lesions of ligamentous structures
in both the sinus and canalis tarsi. The transverse resection of
the ITCL improves the rate of the subtalar movement by about
21% in the horizontal plane (internal-external rotation), 16%
in the frontal plane (pronation-supination), and up to 57% in
the sagittal plane (dorsi- and plantar-flexion) with 43% im-
provement in dorsiflexion [18]. Tochigi [19] examined the
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neutral-zone laxity as a measure of joint flexibility and resis-
tance to applied force; it was examined prior to and following
an ITCL resection. The neutral-zone laxity and flexibility were
both improved in the axial-distraction test. The ITCL main-
tained apposition of the subtalar joints; it resulted in the sta-
bilization of the subtalar joints in the face of the drawer forc-
es that were applied to the calcaneus from the lateral side to
the medial side. On the other hand, Knudson [20] examined
6 fresh-frozen foot samples with 2 stable zones (supination
and pronation) and 2 transition zones. During the assessment
period, the authors of the aforementioned study noted little
displacement at the stable zones, and noted supination and
pronation movements at the transition zones. Therefore, they
concluded that the ITCL had significantly contributed to the
stability of the subtalar joints, particularly during supination.

In the present study, the changes in the cartilage could be
observed microscopically by ink staining while gross chang-
es emerged after the ink staining. The method was validat-
ed in the knee joint [21]. We used it to evaluate the carti-
lages of the subtalar and peritalar joints, which can reveal
the area of chondral injury along with the depth of the inju-
ry. The HE and toluidine blue staining display the histological
changes in the microstructures of the cartilage (ie collagen fi-
brils and proteoglycans). The Mankin scoring system assess-
es the structure, cell, matrix, and tidemark at a cellular level.
Immunohistochemistry staining was used to investigate col-
lagen changes in the cartilage.

Clinical studies show that cartilage injuries commonly occur
with an ITCL injury in a high proportion of the patients [5,7].
The results of our study showed that the talonavicular joint
and the posterior subtalar joint were the first joints to be af-
fected after an ITCL resection. Meanwhile, the severity of the
degeneration was associated with the postsurgical duration.
No obvious enantiomorphous changes were found. The injury
on the 2 surfaces of the same articular side showed unequa-
ble behavior. The distal surfaces had a tendency to be more
severely injured than the proximal surfaces. The underlying
reason for this is still unclear.

The talonavicular joint is an ovoid joint, where the acetabulum
pedis sockets the talar head. As defined by Kilikian et al. [22],
the motion generated by a male ovoid surface moving on a fe-
male surface is that of a slide, roll, and spin. The roll is in the
opposite direction of the slide [23]. Therefore, when the talus
extends and flexes, the roll of the talar head in the acetabu-
lum pedis changes to a slide. At the same time, in the sagit-
tal vector, the talar displacement gradient changes from up
to down in a superior-to-inferior direction. When the talus ex-
tends and flexes, the impingement occurs. The 2 surfaces are
no longer consistent, which is the reason for faster degener-
ation of the talonavicular.
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The subtalar joint also showed rapid degeneration. It bears
50% of the weight transferred from the crus in humans [24].
In rabbits, it also bears a large part of their weight. The chang-
es in the talar displacement grads in the vertical and sagittal
vectors lead to disagreement and degeneration of the 2 sur-
faces. When the ITCL ruptured, the talus descended and the
calcaneocrural joint bore more weight than an intact foot. That
could be the reason that the degree of calcaneocrural degener-
ation was faster than that observed in the talocrural joint. The
anterior subtalar joint is in the sagittal plane and barely bears
any weight in rabbits. A strong ligamentous capsule around the
medial subtalar joint on the sustentaculum tali passes horizon-
tally and ends on the medial aspect of the talus. This ligamen-
tous capsule is similar to but much broader than the plantar
calcaneonavicular (spring) ligament in humans. The structure,
which shows fibrocartilaginous metaplasia in the area articu-
lating the medial subtalar joint of the talus in a normal rabbit
foot, plays a fundamental role in maintaining the talocalca-
neonavicular connections. This contributes to sharing a great
part of the weight transferred from the talus, and prevents its
plantar and medial dislocation. This weakens the impact of the
ITCL rupture on the anterior and medial subtalar joints; thus,
the 2 joints showed little and delayed degeneration.

Reconstruction of the ITCL with a portion of the Achilles’ ten-
don inserted into a tubed Leeds-Keio artificial ligament was
first reported by Kato [25]. Other reports showed satisfactory
results of an ITCL reconstruction [5,26]. Due to the diagnos-
tic difficulties (e.g. clinical measures do not reflect isolated
subtalar instability, misdiagnosis, and radiographs have high
false positive rates of ITCL ruptures), the ITCL rupture was not
thoroughly studied before this. Magnetic resonance imaging
(MRI) [27-29] and stressed radiography [9,30] provided valu-
able evidence to reach a diagnosis of ITCL rupture. Arthroscopy
[5,7,8] could be the most reliable method in the diagnosis of
this disease so far.

This study provided an animal model for a reconstruction of
the ITCL with an autograft of the semitendinosus. The semi-
tendinosus is a regular autograft for tendon transplant [31].
One strand of it is similar to the ITCL in diameter and intensity
according to the results of our study for ligamentous biome-
chanics [32]. A steel-wire button referring to the EndoButton
(Smith & Nephew, Andover, MA, USA) [33] was used to fix
the talar terminal, which provided adequate tension for fix-
ation and a decreased the risk of talar necrosis compared to
the bone-bridge fixation of the calcaneal terminal. In group
I, none of the rabbits showed talar necrosis at any postoper-
ative assessment point. The best choice for the autograft is
the local tendon. We tried to construct it with 2 strands of the
semitendinosus muscle tendon, in order to preserve the dis-
tal termination and fix the calcaneal side of the bone bridge.
This can reduce the length of the incision on the knee and
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decrease the risk of infection by avoiding an implant button.
We selected the semitendinosus muscle, as a dynamic stabi-
lizer would have been destroyed after the posterior tibial ten-
don was cut, and it could affect the results of this experiment.
It is worth mentioning that several factors could have affected
the results of this study. During the arthrotomy of the subta-
lar joints, bleeding and injury to other structures can result in
histological changes noted in the articular cartilage. A large
number of cytokines in the effused blood could lead to the de-
generation of the knee. The bone-tendon interface had no fix-
ation and there was no healing between the interfaces during
the early stage after reconstruction [34]. Therefore, when the
foot moved, the graft shifted in the bone tunnel (Bungee’s ef-
fect and windshield wiper effect) [35], which affected the re-
construction. Perhaps the reconstruction could not complete-
ly simulate the biomechanics of the original ITCL.
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