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A B S T R A C T

Background: Deltoid ligament injuries are typically caused by supination-external rotation or pronation
injury. Numerous ligament reconstruction techniques have been proposed; however, clear indications for
operative repair have not yet been well established in the literature.
Methods: We reviewed primary research articles comparing ORIF treatment for ankle fracture with versus
without deltoid ligament repair.
Results: Five studies were identified with a total of 281 patients.137 patients underwent ORIF with deltoid repair,
while 144 patients underwent ORIF without deltoid ligament repair. Clinical, radiographic, and functional
outcomes, as well as complications were considered. The average follow-up was 31 months (range, 5–120).
Conclusions: Current literature does not provide clear indication for repair of the deltoid ligament at the
time of ankle fracture repair. There may be some advantages of adding deltoid ligament repair for patients
with high fibular fractures or in patients with concomitant syndesmotic fixation.
Level of clinical evidence: III.

© 2018 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The ankle is one of the most frequently injured joints in sporting
activities [1]. There will be an expected three-fold rise in the
incidence of ankle injuries are by 2030 [2]. In the ankle fracture
classification described by Lauge-Hansen [3], the deltoid ligament
(DL) injury, or medial malleolar fracture, occurs as the injury
pattern continues around the ankle in a circular fashion. The three
most characteristic mechanisms of injury of the DL occur from
pronation-abduction, pronation-external rotation (PER), and
supination-external rotation (SER) of the foot [3–5]. SER injury
is the most common fracture type [6].

The deltoid ligament structures have always been in dispute
for their names and morphology. The DL is a strong multi-
banded complex made up of superficial and deep components
that act as an important stabilizer of the ankle. The superficial
deltoid layer includes the tibionavicular (TNL), tibiospring (TSL),
and tibiocalcaneal  ligaments (TCL), which cross the ankle and
subtalar joints [7,8]. A recent anatomic study published about
the composition of the deltoid ligament revealed that the
Tibiocalcaneonavicular spring ligament (SL) is considered a
component of the superficial deltoid [9,10]. The deep deltoid
layer includes the anterior and posterior tibiotalar ligaments
(aTTL and pTTL, respectively), which cross only the ankle joint
(Figs. 1, 2) [7,8].

The superficial deltoid resists eversion of the hindfoot, while
the deep deltoid is the primary restraint to external rotation of the

Fig. 2. Illustration of the ligaments comprising the deep deltoid ligament
pTTL = posterior tibiotalar ligament. aTTL = anterior tibiotalar ligament.
talus [11]. During ankle motion, all parts of the DL function
together to give static support to the ankle. Review of the literature
shows that the major contributor to ankle stability against a valgus
load is the deep DL, whereas the superficial DL is considered to be
only a minor contributor [12–14].

Many medial ligamentous injuries can be overlooked due to
clinical focus on the lateral side of the ankle [15]. Several diagnostic
modalities have been studied, but there is no consensus in the
literature as to which is the most effective. Medial clear space
(MCS) widening on gravity stress radiographs has been used as a
Fig. 1. Illustration of the ligaments comprising the superficial deltoid ligament
SL = Tibiocalcaneonavicular spring ligament. TNL = tibionavicular ligament. TCL =
tibiocalcaneal ligament. TSL = tibiospring ligament.
predictive tool for DL rupture [12], while others advocate
visualization with arthroscopy and MRI.

Controversy surrounds the treatment of DL rupture as well.
Authors and practitioners disagree on the severity of injury
needed to justify operative intervention, or whether it is
indicated at all. Some studies have shown repair of the ruptured
ligament to be beneficial with satisfactory results [16–20]. Other
studies report that repair of the DL is not necessary for ankle
healing [21–25].

The purpose of this article is to review the literature of DL repair
and establish a clear indication for operative intervention.

2. Materials and methods

This systematic review was conducted according to the
guidelines described in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses for Protocols 2015
(PRISMA-P 2015) [26]. The primary aim of this study was to
compare operative repair of the DL versus non-repair in the current
literature in patients who sustain unstable ankle fractures.

2.1. Study design and search methods

An electronic literature search was conducted on PubMed and
ScienceDirect databases using the search terms “Deltoid ligament”,
“Deltoid ligament repair”, “Deltoid ligament reconstruction”, and
“medial collateral ligament ankle”. The references of relevant
articles were also reviewed for additional publications. Articles
were not restricted based on language or publication date.

2.2. Inclusion criteria

Studies were included if they contained comparative clinical
evaluation of nonoperative treatment versus surgical repair of DL
in adults who sustained a closed ankle fracture with suspected DL
injury. Studies were excluded if they were case reports, case series,
conference abstracts, or publications that only discussed repair or
nonoperative treatment of DL.
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2.3. Data extraction and quality assessment

We documented the type of study (e.g. randomized clinical trial,
retrospective cohort), level of evidence, methods, outcome
measures and rates of complications at the latest point of
follow-up. Data was extracted by one researcher (E.P.) and
reviewed by the primary author (S.D.). When the average was
taken across all included studies, a weighted mean was used.

3. Results

3.1. Study selection process

The process of study selection is presented in Fig. 3. A total of
6295 potentially relevant articles were identified, 473 from
PubMed and 5822 from Science Direct. Of these, 6263 were left
after removing duplicates. After screening the titles and abstracts,
6178 records were excluded. 85 reports were retrieved in full text.
Sixty-three records strictly focused on repair of the syndesmosis
without any attention given to the DL and were excluded. Eight
records were case series and excluded due to lack of a control
group. Six records did not include supination-external rotation
fractures in their inclusion criteria and were excluded. Two records
compared trans-syndesmotic fixation to DL repair and were
excluded. One record was a biomechanical study and was
excluded.

Four retrospective cohort studies and one randomized con-
trolled trial (RCT) were eligible for the systematic review [27–31].

3.2. Study characteristics

The five studies were published between 1995 and 2017. A total
of 281 patients were reviewed, of which 137 ankles received
reconstruction of the DL, and 144 ankles did not receive
reconstruction of the DL. Studies varied between the use of fiber
wire sutures or suture anchors. The investigators looked at clinical,
functional, and radiographic outcomes, as well as complications.
The average follow-up time was 31 months (range, 5–120). The five
studies are summarized in Table 1.

Stromsoe et al. randomized 50 patients of Weber B and C ankle
fractures with radiographic evidence of DL disruption (MCS
Fig. 3. Flow diagram depicting study selection algorithm (cr
widening) to receive either direct primary ligament repair or to
leave the medial ligaments to heal in situ after ORIF of the fibula.
This study examined whether repair of a ruptured DL influenced
early mobilization or outcomes. Restoration of the tibiotalar
mortise was confirmed intraoperatively. The patients were
followed for a mean of 17 months (range, 5–35). Radiographs of
both groups indicated normal fracture healing. The anatomic
position of the fibula and the talus in the ankle mortise was
maintained. The duration in surgery in the DL repair group was
longer. No other differences were found. The authors concluded
that operative repair of the deltoid was unnecessary as long as the
mortise anatomy was re-established. This was the only RTC that
could be found related to our review [31].

Woo et al. examined 78 consecutive cases of SER, PER ankle
fractures with DL injury. All patients were treated with ORIF of the
lateral malleolus fracture. Forty-one patients had DL repair, and the
remaining 37 patients were treated conservatively regarding the
deltoid injury. The average follow-up was 17 months (range, 12–
24). Patients were assessed using the Foot Function Index, AOFAS
hindfoot score, and visual analog scale (VAS). DL repair patients
were noted to have a smaller MCS on final follow-up (p < 0.001)
than conservative management. Clinical outcomes were not
significantly different between the two groups. Comparing the
patients who had concomitant syndesmotic fixation in both
groups, the repair group showed smaller MCS and improved
outcomes scores when compared with the non-repair cohort. The
authors concluded that medial instability may exist even after
fixation of ankle fracture and syndesmosis [30].

Maynou et al. reviewed 35 patients with lateral malleolus
fracture and DL injury. 18 patients were treated with ORIF and
DL repair, while 17 patients were treated with only ORIF. The
patients were followed for an average of 56 months (range, 7–
120). Subjective and objective analysis showed no significant
difference between the two groups (p = 0.56 and p = 0.12,
respectively). The study found no differences in the postoperative
complication rate. The authors concluded that DL repair is
unnecessary if ORIF of the fibula achieves an anatomical
reconstitution of the ankle mortise [29].

Plazas et al. reviewed 44 patients with SER, PER ankle fractures
and DL injury. All patients were treated with lateral malleolus ORIF.
Thirty-three patients had DL repair, while the remaining 11
eated using PRISMA 2009 Flow diagram, version 2.1.3).



Table 1
Summary of included studies.

Study Comparative groups Results FU/mo. Main conclusion

Stromsoe
et al.
Norway
1995
LOE: II

- 50 patients
- Weber B and C fractures
- Radiologic evidence of deltoid ligament injury.
- Matched groups.

- No differences were found except for a longer
duration of surgery in the repair group.

17 (5–35) Ruptured deltoid ligament can be left unexplored
without any effect either on earlymobilization or on
the long-term result.

[25]
ORIF with deltoid exploration and suturing.
20: had syndesmotic fixation

[25]
ORIF without deltoid exploration.
19: had syndesmotic fixation

Woo et al.
Korea
2017
LOE: III

- 78 patients
- SER, PER ankle fractures with deltoid ligament
injury

- matched groups.

Whole group results:
- No radiologic difference except Final F/U MCS
was smaller in the repair group.

- No functional difference.
If only Syndesmotic fixation patients are compared:
Repair group showed smaller final MCS, and all
clinical outcomes were better.

- no complications in Both groups

17 (12–24) Deltoid ligament rupture with syndesmosis
instability in ankle fractures may benefit from a
direct open repair of deltoid ligament

[41]
If stress radiograph after fixation shows MCS
widening:
- ORIF with deltoid repair with suture anchors and
fiber wire sutures

17: had syndesmotic fixation

[37]
If stress radiograph after fixation
doesn’t show showsMCSwidening:
- ORIF without deltoid repair

27: had syndesmotic fixation

Maynou
et al.
France
1997
LOE: III

- 35 patients
- Lateral malleolus fracture with Deltoid ligament
injury.

-No significant difference. 56 Repair of the deltoid ligament is unnecessary if the
internal fixation of the fibula achieves anatomical
mortise.

[18]
ORIF with deltoid repair

[17]
ORIF without deltoid

Plazas
et al.
Spain
2011
LOE: III

- 44 Patients
- SER, PER ankle fractures.
- Evidence of deltoid ligament injury

- Satisfactory result was obtained in both groups 12 (6–20) Deltoid ligament can be repaired with good
functional results.

[33]
ORIF with deltoid repair

[11]
ORIF without deltoid

Zhao et al.
China
2017
LOE: III

- 74 patients.
- Weber B, C with deltoid ligament injury
(MCS>6mm)

- No significant difference in Weber B fractures.
- Weber C showed a positive correlation with
malreduction. However, if the DL was repaired,
the malreduction rate decreased significantly
(P = 0.04)

53.7 (14–97) - In Weber B, DL repair may be not necessary after
anatomic reduction of the bony structures.

- In Weber C, DL repair is helpful to decrease the
rate of malreduction.

[20]
ORIF with deltoid repair with suture anchors

[54]
ORIF without repair.
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patients were treated conservatively. AOFAS ankle score was used
for clinical and functional assessment. The mean follow-up was 12
months (range, 6–20). Satisfactory outcomes were obtained in
both groups. The authors concluded that DL repair can be added to
the procedure with good functional results; however, they did not
report more favorable results in either group [28].

Zhao et al. reviewed 74 patients with Weber B and C ankle
fractures and DL injury (MCS > 6-mm). Twenty patients were
treated with ORIF of lateral malleolus and deltoid repair using
suture anchors and bone sutures. The remaining 54 patients were
treated with ORIF only. The mean follow-up was 53.7 months
(range, 14–97). Outcomes measured were preoperative, postoper-
ative, and final follow-up MCS, using the AOFAS and VAS score
system. The results indicated that there was not a difference
between the 2 groups; however, if only patients with Weber C
fractures were considered, the repair group showed better
reduction when compared to the non-repair group (p = 0.03).
The authors concluded that surgical repair of the DL is helpful in
decreasing the postoperative MCS and malreduction rate, espe-
cially for the Weber C ankle fractures [27].

3.3. Functional outcomes

AOFAS ankle scores were reported by Woo et al., Plazas et al.,
and Zhao et al. Woo et al. reported that their scores were 92.8 � 3.9
for the repair group and 91.6 � 4.7 in the non-repair group
(p = 0.805). Plazas et al. reported scores of 95.2 (range, 55–100) for
the repair group and 94.2 (range, 70–100) for the non-repair group
(no p-value reported). Zhao et al. reported that their scores were
88.0 � 5.8 for the repair group and 85.9 � 8.7 in the non-repair
group (p = 0.32). There were no significant differences between the
two groups for any of these studies. Woo et al. did find a
statistically significant difference between patients who under-
went syndesmotic fixation between the repair and non-repair
groups. The AOFAS scores reported were an average of 93.1 �3.9 in
repair group and 89.8 � 3.7 for the non-repair group (p = 0.02) [30].
Maynou et al. used a modified Cedell classification to evaluate the
outcomes in their study. The difference between their groups was
not significant [29].

3.4. Radiographic outcomes

In all studies, the radiographic outcomes were satisfactory
with no differences regarding the reduction of talus in the ankle
Table 2
Summary of complications.

Study Repair group
N = 137

Non-repair
group N = 144

Observations

Stromsoe et al. [1] Reoperation
[2] Superficial
infection

[2] Reoperation
[2] superficial
infection

- All reoperation ca
- All superficial wou

Woo et al. No complications recorded
Maynou et al. [2] Medial

instability
[1] Degenerative
osteoarthritis

[2] Medial
instability

More ossification of d

Plazas et al. [1] Algodystrophy.
[1] Medial suture
intolerance.
[1] Superficial
infection.

[1] Superficial
infection

Zhao et al. None [11]
Malreduction
[4] Failure with
reoperation

Complication rate
(combined studies)

6.6% 15.3% p = 0.0225
mortise or MCS width between the repair and non-repair groups.
Woo et al. obtained a smaller MCS at the final follow-up in the
repair group (p < 0.001) [30]. Zhao et al. found that Weber C
injuries had a positive correlation with malreduction in the non-
repair group [27].

3.5. Complications

Superficial infection was reported in the repair group (3/137)
and in the non-repair group (3/144). Medial instability was
reported in the repair group (2/137) and in the non-repair group (2/
144). Medial suture intolerance (1/137), algodystrophy (1/137), and
degenerative arthritis (1/137) were reported in the repair groups.
Reoperation due to syndesmotic screw malposition was reported
in the repair group (1/137) and was reported in the non-repair
group (2/144). Zhao et al. reported malreduction (11/54) and
failure and reoperation due to symptomatic malreduction (4/54)
[27]. These complications were limited to the non-repair group. No
complications were reported in the repair group. Combined
complication rates between the studies show a statistically
significant lower complication rate in the repair group vs the
non-repair group (p value = 0.0225) (Table 2).

4. Discussion

The DL complex plays an important role in ankle joint stability.
It is the primary restraint of lateral shifting and anterior
displacement of the talus [32]. Biomechanical studies have
demonstrated that the normal DL centers the talus in the ankle
mortise, regardless of a displaced lateral malleolar fracture [12,33–
35]. Management of acute DL injuries associated with ankle
fracture fixation is controversial, with no consensus regarding the
indications of operative repair or the treatment plan.

In 1972, Weber stated that operative treatment of the ankle
should always start with exploration of the medial part of the ankle
and repair of the DL. Anatomical reconstruction of the lateral part
of the ankle may be impossible if there is DL interposition [36].
Others, including Heim and De Souza et al., thought that the
exploration of the medial ankle was unnecessary when a perfect
anatomical reconstruction of the ankle mortise is obtained [21,37].

Many case series have applied DL repair in the setting of ankle
fractures with deltoid injuries [16–18]. They reported satisfactory
results with no complications. Hsu et al. treated 14 NFL players
with lateral malleolus and DL injury concomitant with
ses were for poorly positioned screw
nds healed with antibiotics

eltoid ligament in repair group
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syndesmotic injury. Patients were treated with ORIF of lateral
malleolus, repair of the superficial DL with suture anchors, and
suture button fixation of the syndesmotic injury. The authors
obtained satisfactory results with no complications at the one year
follow-up interval [16].

There were several case series in the literature that chose to
deal with DL injury non-operatively [21–25]. The authors of these
studies obtained good results with low complication rates. With
complications mostly unrelated to instability, they concluded that
there is no need for repair of the DL. Zeeger et al. recommended
that exploration of the DL is only indicated if there is doubt about
the congruity of the medial joint space on the mortise-view
radiograph [23]. This point can be contrasted, however, in a study
performed by Johnson and Hill, where eight of twenty-six patients
without DL repair demonstrated laxity of the DL with abduction or
external rotation. The authors concluded that leaving a ruptured
DL unrepaired does not produce acceptable results [19].

Regarding maintenance of reduction and ankle stability, three
studies showed satisfactory results in both groups; however, Woo
et al. found smaller MCS at final follow-up in the repair group.
Regarding clinical and functional outcomes, results were compa-
rable and satisfactory; however, Woo et al. reported better clinical
and functional outcomes for those who had syndesmotic fixation
and DL repair compared to those with syndesmotic fixation
without DL repair [30]. Zhao et al. found a statistically significant
correlation between non-repair of DL and malreduction/failure
(p = 0.03) in Weber C ankle fractures [27].

Considering the overall complications, there was a statistically
significant increase in the complication rate in the non-repair group
when compared with the repair group. (p = 0.0225). However, this
correlation appeared because the Zhao et al. study had a significant
difference between the complication rates of the two groups. In
their study, they initially found that operative repair of DL can
significantly decrease the postoperative MCS (p < 0.05) and can also
decrease the malreduction rate (p < 0.05). The authors suggested
that this was because of the higher malreduction rate in the non-
repair group. They concluded that Weber C injuries had a positive
correlation with malreduction, but no correlation was found
between malreduction and treatment methods (Table 2) [27].

5. Conclusion

Current literature does not provide enough evidence to clearly
determine an indication for operative intervention in regard to the
DL in the setting of ankle fractures. There may be some advantages
of adding deltoid ligament repair for patients with high fibular
fractures (Weber C) or in patients with concomitant syndesmotic
injury and fixation. More RTCs are needed to establish clear
indications for DL repair, however, DL repair should be in
consideration by the operating surgeon.
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