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Recep Tayyip Erdoğan University, Türkiye

Shu Li,

Shanghai First People’s Hospital, China

*CORRESPONDENCE

Fei Wang

18957091599@163.com

RECEIVED 01 September 2023

ACCEPTED 20 December 2023

PUBLISHED 05 January 2024

CITATION

Liang W, Zhou M, Jiang Z, Mao X, Zhou X and

Wang F (2024) Repair of deep deltoid ligament

ruptures near the medial malleolar attachment

or midsubstance rupture by using suture

anchors into the talus combined with the

transosseous suture in the medial malleolar.

Front. Surg. 10:1287427.

doi: 10.3389/fsurg.2023.1287427

COPYRIGHT

© 2024 Liang, Zhou, Jiang, Mao, Zhou and
Wang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Surgery
Repair of deep deltoid ligament
ruptures near the medial
malleolar attachment or
midsubstance rupture by using
suture anchors into the talus
combined with the transosseous
suture in the medial malleolar
Wei Liang1, Mingping Zhou1, Zhongting Jiang1, Xuanyu Mao1,
Xiang Zhou2 and Fei Wang1*
1Department of Orthopaedics, Lishui People’s Hospital, The Sixth Affiliated Hospital of Wenzhou
Medical University, The First Affiliated Hospital of Lishui University, Lishui, Zhejiang, China, 2Department
of Orthopaedics, Longquan People’s Hospital, Longquan, Zhejiang, China
Purpose: For deep deltoid ligament ruptures near the medial malleolar
attachment, anchors were usually placed at the posterior colliculus and
intercollicular groove. However, this procedure usually requires a prolonged
surgical incision to fully expose the deep deltoid ligament, causing more
trauma. In order to reduce surgical trauma, we explored the treatment
outcomes of suture anchor into the talus combined with transosseous suture
in the medial malleolar for the treatment of deep deltoid ligament ruptures
near the medial malleolar attachment or midsubstance rupture.
Patients and methods: This is a retrospective study of patients who received
suture anchor into the talus combined with transosseous suture in the medial
malleolar for repairing deltoid ligament ruptures near the medial malleolar
attachment or midsubstance rupture. The outcome measures include the
American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score,
visual analogue scale (VAS), and the active range of motion (ROM) of the ankle
at the final follow-up visit after surgery. Medial malleolus gap was evaluated by
radiographic examination.
Results: This study included 64 patients. The mean follow-up time was 36.3 ±
15.2 months. There were 43 patients with injuries on the medial malleolar side,
and 21 cases on the midsubstance. The average AOFAS and VAS were 87.5 ±
4.9 and 0.7 ± 0.5, respectively. No significance in medial malleolus gap
between the contralateral side and affected side was observed.
Conclusion: For deltoid ligament ruptures near the medial malleolar attachment
or midsubstance rupture, suture anchor into the talus combined with
transosseous suture in the medial malleolar yields good clinical effect and
outcome, is an optimal management of ankle syndesmosis injuries.
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Introduction

The deltoid ligament origins at the medial malleolus and fans

out to the medial side of the talus, calcaneus and navicular

bones, including superficial and deep ligaments (1). It plays an

important role in stabilizing the medial side of the ankle joint

(2–4). The medial malleolar attachment is the most common site

of deltoid ligament rupture (5, 6). For ankle fractures

complicated with deltoid ligament ruptures, surgical intervention

for ruptured deltoid ligament remains controversial (7, 8). Failure

to repair the deltoid ligament may be complicated by ankle joint

instability and loss of ankle function, leading to traumatic

arthritis (9). Thus, repair of deltoid ligament ruptures is usually

performed along with internal fixation of the ankle fracture.

Suture anchor was usually inserted according to the rupture

site of the deep deltoid ligament. If the deltoid ligament was

ruptured near the medial malleolar attachment, the suture

anchor was usually inserted into the medial malleolus. If the

deltoid ligament was ruptured near the talar attachment, the

suture anchor was usually inserted into the talus. For the case of

midsubstance rupture of deltoid ligament, the deltoid ligament

rupture was directly sutured. Previous studies showed that suture

anchors into the talus had some unique advantages. The talar

insertion area of the deltoid ligament is much broader than its

origin in the medial malleolus (1), which is helpful to avoid the

iatrogenic fracture of the medial malleolus when the suture

anchor was inserted. Additionally, this procedure usually does

not require a prolonged surgical incision and cause less trauma.

To date, there is no study reporting suture anchor into the talus

for treating deltoid ligament ruptures near the medial malleolar

attachment or midsubstance rupture. Thus, the study first

evaluates the clinical outcomes of suture anchor into the talus

combined with transosseous suture in the medial malleolar for

treating such deltoid ligament ruptures and promote its clinical

application.
Material and methods

Study population

From Dec 2020 to Jun 2021, 64 patients with deltoid ligament

ruptures in ankle fractures operated in our hospital were

retrospectively analyzed. Deltoid ligament integrity was assessed

by the presence of radiographic ankle dislocation and medial

clear space wider than 4 mm, and intraoperative exploration. Our

study was approved by the Ethics Committee of our hospital and

was in accordance with the Helsinki Declaration. All patients

gave informed consent and signed informed consent.

Inclusion criteria of this study were (1) deltoid ligament full-

layer ruptures in ankle fractures, which were determined by both

preoperative MRI and intraoperative exploration; (2) deltoid

ligament ruptures near the medial malleolar attachment or

midsubstance rupture, which were determined by both

preoperative MRI and intraoperative exploration; (3) those who

were treated by suture anchor into the talus combined with
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transosseous suture in the medial malleolar. Exclusion criteria of

this study were (1) Pathological fractures and open fractures (2)

Those who cannot tolerate surgery (3) Follow-up data were

incomplete and the follow-up time was less than 12 months.
Surgical techniques

The surgical procedure of deltoid ligament repair was as

follows:

(1) Vascular clamp was used to clear the synovial tissue outside

the deltoid ligament, clearly reveal the broken end of the

deltoid ligament, and identify the anterior and posterior

edges of the ligament.

(2) Two suture anchors were inserted at the talus, which were

located at the anterior and posterior edges of the deep

deltoid ligament.

(3) A horizontal line with the articular surface of the lower tibia

was drawn 1 cm above the tip of the medial anterior

colliculus. At the intersection of the line with the middle

and posterior 1/3 of the anterior colliculus and the anterior

and middle 1/3 of the posterior colliculus, two holes were

drilled with 2.0 mm Kirkler’s needle at the talus attachment.

Transosseous suture can provide stable repair.

(4) We passed the tail line of the suture anchors through the two

broken ends of the ligament (midsubstance rupture) or the

whole process (medial malleolar attachment rupture), and

then through the reserved holes in the medial malleolar. We

tightened the tail line of the suture anchors and tied the

knot after the talus—medial ankle relationship was restored

with the reduction forceps. The superficial deltoid ligament

can be repaired directly or by the suture anchor inserted at

the anterior medial malleolar according to the deltoid

ligament rupture site. The broken end of the ligament was

investigated to confirm that the end-to-end involution was

good at the broken end.

(5) The excess part of the tail line of the suture anchors was used

to suture the superficial layer of the deltoid ligament and the

joint capsule.

(6) After fractures were anatomically reduced and fixed, the ankle

joint varsion external rotation stress test with x-ray was

performed to observe the stability of the medial malleolus

and the lower tibiofibular union. Static or dynamic fixation

of the lower tibiofibular union was performed if necessary.

Assessments

All patients were followed up for at least 12 months. Clinical

characteristics, cause of injury, and complications were recorded.

The time to fracture healing and the time to full bear weight

were documented during the follow-up. The clinical outcomes

include the American Orthopaedic Foot and Ankle Society

(AOFAS) ankle-hindfoot score, visual analogue scale (VAS), and

the active range of motion (ROM) of the ankle. In addition,

medial malleolus gap was evaluated through x-ray.
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TABLE 1 Patient demographics.

Variables All (n = 64)
Mean age, years 43.6 ± 8.8

Gender, n (%)

Male 43 (67.2%)

Female 21 (32.8%)

Deltoid ligament rupture site

Medial malleolar side 43 (41.5%)

Midsubstance 21 (58.5%)

Follow-up, months 36.3 ± 15.2

Cause of injury, n (%)

Fall from height 6 (9.4%)

Twist 33 (51.6%)

Traffic accidents 23 (35.9%)

Mean ± standard deviations for the two groups.

TABLE 2 Clinical and radiographic outcomes.

Variables All (n = 64)
Full weight-bearing time, month 3.1 ± 0.3

AOFAS 87.5 ± 4.9

VAS 0.7 ± 0.5

Ankle ROM, degree 60.1 ± 3.5

Contralateral medial malleolus gap, mm 3.2 ± 0.2

Affected side medial malleolus gap, mm 3.2 ± 0.2

Mean ± standard deviations for the two groups.
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Statistical methods

All statistical analyses were performed with SPSS 23.0 (IBM,

Armonk, NY). Quantitative variables were presented in the form

of mean ± standard deviation and categorical variables were

shown in the form of frequency (%). A paired t-test was used for
FIGURE 1

A case of repairment for deep deltoid ligament rupture near the medial ma
transosseous suture in the medial malleolar. (A) Preoperative 3D reconstructio
Preoperative coronal MRI showed that the ruptured deltoid ligament. Com
near the medial malleolar attachment. (C) Intraoperative anterior–posterior
with reduction forceps. (D) Postoperative anterior–posterior x-ray image. T
at the talus. The superficial deltoid ligament was repaired by one suture anch
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comparing medial malleolus gap. Variables with two-tailed

p < 0.05 were considered statistically significant.
Results

Patient characteristics

A total of 64 patients were included in this study. Of the 64

patients, 43 were male (67.2%) and 21 were female (32.8%), with

a mean age of 43.6 ± 8.8 years. According to deltoid ligament

rupture site, 43 patients had injuries on the medial malleolar

side, and 21 cases on the midsubstance. The causes of injury

were falling from height (n = 6), twist (n = 33), and traffic

accident (n = 23). All patients were followed up. The average

postoperative follow-up duration was 36.3 ± 15.2 months (Table 1).
Clinical outcomes

The mean full weight-bearing time was 3.1 ± 0.3 months. The

mean AOFAS was 87.5 ± 4.9 and the average VAS was 0.7 ± 0.5.

Additionally, the average ankle ROM of all patients was 60.1 ± 3.5

degrees. According to the postoperative radiological examination,

there was no significance in medial malleolus gap between the

contralateral side and affected side (p > 0.05) (Table 2).

Wounds healed well in all patients. No neural damage, and

deltoid re-rupture occurred. No infection and fracture nonunion

were observed during the follow-up.

Figure 1 showed one typical case of repairment for deep deltoid

ligament rupture near the medial malleolar attachment by using

suture anchors into the talus combined with transosseous suture

in the medial malleolar.
lleolar attachment by using suture anchors into the talus combined with
n image showed increased medial malleolar space and ankle fracture. (B)

bined with intraoperative exploration, the deltoid ligament was ruptured
x-ray image showed the fixation of the talus—medial ankle relationship
he deep deltoid ligament was repaired by two suture anchors inserted
or inserted at the medial malleolar. (E) Postoperative lateral x-ray image.
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Discussion

Deltoid ligament injuries in ankle fractures are very common in

clinical orthopaedics. Hintermann et al. (10) used arthroscopy to

confirm that 40% of cases with ankle fractures were accompanied by

deltoid ligament injuries, and the probability of complete deltoid

ligament ruptures was 22.2%. However, there is no consensus on

deltoid ligament repair in ankle fractures (4, 11, 12). Although recent

studies showed no differences in long term functional outcomes when

the deltoid ligament was repaired (13), the deltoid ligament repair

may lead to better ankle stability (11, 14). Thus, more and more

researchers believe that surgical repair of deltoid ligament rupture is

the first choice to maintain the stability of ankle joint and prevent the

occurrence of valgus and extransion of talus and long-term traumatic

arthritis (15–17). In the present study, good functional outcomes were

achieved and technique safety was observed based on the results of

AOFAS, VAS, and ankle ROM. No significance in medial malleolus

gap between the contralateral side and affected side indicated that

there was no medial instability of the ankle joint after surgery.

Additionally, no complication was observed in our study.

Deltoid ligaments are usually repaired according to the different

positions of ruptures. During the operation, we found that after the

reduction of the medial malleolar space, the direct end-to-end suture

of the midsubstance rupture was more difficult. Iatrogenic fracture of

the medial ankle would occur when the anchor was treated at the

medial ankle. Therefore, for deltoid ligament ruptures near the

medial malleolar attachment or midsubstance rupture, we adopted

the same method as that of deltoid ligament ruptures near the

talar attachment. When the posterior and lateral structures of the

ankle joint were not fixed and the medial malleolar space was not

reduced, each suture anchor was inserted at the anterior and

posterior edges of the deltoid ligament insertion point near the

talus. After the reduction and fixation of the external and

posterior ankle fractures were completed, the internal ankle space

was restored with the reduction forceps, and then the tail lines of

the suture anchors were tightened to tie the knot. At the same

time, the anastomosis of the severed ligaments could be observed.

This could avoid the difficulty of ligament suture in the narrow

space. To prevent bone dissection during the transosseous suture

at the medial malleolar, we covered the drills with the surrounding

soft tissue, and then tied the knot of the tail line over the soft tissue.

Chen et al. (18) found that deep deltoid ligament repair in treating

supination-external rotation fracture displayed enhanced functional

outcome, with an average AOFAS of 92.8 and a VAS of 0.79 at 12

months. For the ligament rupture at the endpoint of the medial

malleolus, they placed two anchors at the posterior colliculus and

intercollicular groove. However, this method usually requires a

prolonged surgical incision to fully expose the deep deltoid ligament,

with a corresponding increase in injury. Nacime et al. (19) repaired

the deltoid ligament rupture arthroscopically and achieved an

average AOFAS of 93.5 and a VAS of 0.75. They passed sutures

using a suture passer, respecting the safe zone, on the area between

the posterior tibial tendon and the saphenous vein (16–25 mm)

(20). The average AOFAS and VAS in our study were 87.5 ± 4.9 and

0.7 ± 0.5, which was similar with their results. Overall, the results of

our study suggest that suture anchor into the talus combined with
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transosseous suture in the medial malleolar for the treatment of

deltoid ligament ruptures near the medial malleolar attachment or

midsubstance rupture can achieve good clinical efficacy, which is

worthy of clinical promotion and application.

There are several limitations in this study. First, the retrospective

nature of this study can generate bias. Second, this study was limited

by the relatively small sample. Relevant clinical studies with larger

sample sizes can be carried out in the future. Additionally, larger

multi-center, prospective, randomized studies need to be carried out.
Conclusion

Suture anchors into the talus combined with transosseous suture

in the medial malleolar is a favorable treatment strategy for the

deltoid ligament ruptures near the medial malleolar attachment or

midsubstance rupture.
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