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ABSTRACT
Objectives: According to the Lauge-Hansen classification, supination external-rotation (SER) type 4 fractures
should be accompanied by medial malleolar fracture or deltoid ligament injury. The aim of the study was to
investigate medial insufficiency rates in postoperative weight-bearing radiographs in SER type 4 bimalleolar
fractures. 
Methods: The files of the patients who were operated with the diagnosis of SER type 4 bimalleolar ankle
fracture between 2017-2020 were evaluated retrospectively. Thirty-seven cases (15 males and 22 females)
were included in the study. The data based on the evaluation of the weight-bearing radiographs of the patients
taken in the postoperative 1st year were examined statistically. 
Results: The injury mechanism was sports injury in 17 (45.9%) cases, traffic accidents in 8 (21.6%) cases,
falling in 9 (24.3%) cases, and falling from height in 3 (8.2%) cases. The preoperative tibiofibular distance
was 6.05 ± 1.86 mm, and the postoperative tibiofibular distance was 4.19 ± 0.40 mm (p = 0.001). The
preoperative tibiofibular overlap was 5.03 ± 2.93 mm, and the postoperative tibiofibular overlap was 8.62 ±
1.04 mm (p = 0.001). The postoperative medial clear space was 4.11 ± 0.57 mm. Postoperative medial clear
space of 5 mm and higher was determined in 7 (18.9%) cases. 
Conclusions: In SER type 4 bimalleolar fractures with a large medial malleolar fragment fracture, weight-
bearing radiographs may show an increase in medial clear space. This means that a medial malleolar fracture
in bimalleolar fractures may be also accompanied by deltoid ligament injury. The Lauge-Hansen classification
system may be insufficient to identify a medial ligament injury.
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The Lauge-Hansen classification system is often
used for ankle fractures. Supination-external ro-

tation (SER) injury is the most common type among
all ankle fractures (accounting for up to 85%) [1]. In

SER type 4 fractures, a lateral malleolar fracture is ac-
companied by either a medial malleolar fracture or a
deltoid ligament rupture, which are treated surgically
[2, 3]. 

e-ISSN: 2149-3189

The European Research Journal 2021;7(5):465-471

DOI: 10.18621/eurj.796614

Original Article

Orthopedics and Traumatology

Address for correspondence: Ali Yüce, MD., Başakşehir Pine and Sakura City Hospital, Department of Orthopedic and Traumatology, İstanbul, Turkey.
E-mail: dr_aliyuce@hotmail.com, GSM: +90 542 5529858

©Copyright 2021 by The Association of Health Research & Strategy
Available at http://dergipark.org.tr/eurj

Received: October 1, 2020; Accepted: December 26, 2020; Published Online: August 2, 2021

How to cite this article: Yüce A, Yerli M, Bayraktar TO, Karslıoğlu B, İmren Y, Dedeoğlu SS, et al. Medial insufficiency in postoperative weight-bearing
radiographs in supination-external rotation type 4 bimalleolar ankle fractures: is the Lauge-Hansen classification insufficient in predicting medial soft
tissue damage? Eur Res J 2021;7(5):465-471. DOI: 10.18621/eurj.796614

The European Research Journal   Volume 7   Issue 5   September 2021 465

http://orcid.org/0000-0002-6437-5771
http://orcid.org/0000-0003-3751-6644
http://orcid.org/0000-0002-2708-5812
http://orcid.org/0000-0001-6544-1710
http://orcid.org/0000-0001-6127-9672
http://orcid.org/0000-0002-8056-6156
http://orcid.org/0000-0002-7441-5028
http://orcid.org/0000-0002-5073-7401


Eur Res J 2021;7(5):465-471 Is the Lauge-Hansen classification insufficient in predicting medial soft tissue damage?

      The purpose of ankle fracture treatment is to cor-
rect tibiotalar joint congruity and stability; thus, iden-
tifying ligament injuries in the formation of an ankle
fracture is critical for treatment decisions [4]. In the
literature, there are findings suggesting that in SER
type 4 bimalleolar fractures, a medial malleolar frac-
ture may be accompanied by a deltoid ligament injury
[5-8]. However, these studies reported this either as a
MRI finding or associated it with small fragment frac-
tures at the collicular level at which the deltoid liga-
ment is attached [5-8]. 
      The Lauge-Hansen classification may not provide
sufficient information to predict the fracture mecha-
nism and soft tissue injuries [5, 9]. We suggest that
SER type 4 bimalleolar fractures according to the
Lauge-Hansen classification as well as large fragment
medial malleolar fractures in the supracollicular region
may be concomitantly accompanied by deltoid liga-
ment insufficiency depending on the mechanism and
transferred energy. Thus, we aimed to investigate the
presence of cases with increased medial clear space in
weight-bearing mortise radiographs taken at postop-
erative 1st year among the cases with SER type 4 in-
jury who were operated with the diagnosis of a
bimalleolar fracture.

METHODS

      The files of the patients who were operated with
the diagnosis of ankle fracture between 2017-2020
were evaluated retrospectively. The preoperative com-
puted tomography (CT) images were examined, and
only the images of the cases with bimalleolar fracture
were evaluated. Based on the CT images, the cases
(lateral+medial) were categorized by two surgeons ac-
cording to the Lauge-Hansen classification. In the case
of disagreement between two observers, a decision
was made after examination of the images by two
more persons [10]. Pediatric cases, cases with pilon
fractures, cases with an additional injury, cases with a
neuropathic disease, cases with neurovascular injury,
cases with a pathologic fracture, cases with other type
of rotational ankle fracture, cases with concomitant
posterior malleolar fracture (including avulsion frac-
ture), cases who undergone two-stage surgical proto-
col with external fixator, cases with postoperative
tibiofibular joint incongruence, cases with insufficient

postoperative reduction, and cases with a small medial
malleolar fragment fracture (at collicular level) were
not included in the study. The files of 37 patients di-
agnosed with supination-external rotational type 4 bi-
malleolar fracture (lateral+medial) based on the
Lauge-Hansen classification were included in the
study. 
      All the cases were operated in supine position
under spinal anesthesia. In all the cases, the fracture
was fixed with both lateral and medial skin incision.
For stabilization of the lateral malleolus, posterolateral
anatomic distal fibula plate (by TST - Turkish Spinal
Trauma company) was used. The medial malleolar
fracture was fixed using 2 malleolar screws or tension
band technique. In the cases having syndesmotic in-
sufficiency determined in external rotation test after
the fracture stabilization, the syndesmotic screw was
passed through the appropriate hole on the plate (at
least 3 cortex) to provide syndesmotic stability. Then,
the operation was ended by checking the stability of
the syndesmosis with external rotation testing. A he-
movac drain was placed in all the cases, which was re-
moved within 48 hours after the operation. All the
cases were immobilized in a short leg splint for 7-14
days, which then was removed to allow the joint
movements. They were allowed for non-weight bear-
ing walking for up to 6 weeks after the operation; then
they were allowed for weight-bearing as tolerated. The
weight-bearing was increased over time, and full
weight-bearing was allowed according to radiography
or clinical union findings. 
      The postoperative direct radiography and fluo-
roscopy images were evaluated based on the criteria
of anteroposterior tibiofibular overlap (TFO) (normal
> 6 mm), tibiofibular clear space (TCS) (normal < 6
mm) and medial clear space (MCS) (normal < 5 mm).
The cases with values outside normal values for these
criteria were considered as having tibiofibular incon-
gruence [11]. In the evaluation of the intraoperative
syndesmotic joint, the same criteria were used. The
postoperative radiographic measurements were based
on weight-bearing radiographs. 
      The monitoring software, INFINITT PACS (Pic-
ture Archiving and Communication Systems) version
3.0.11.4(BN13), which was available in our hospital,
was used for the pre-operative CT and post-operative
radiographic measurements. The postoperative meas-
urements were evaluated based on the radiographs

466 The European Research Journal   Volume 7   Issue 5   September 2021



Eur Res J 2021;7(5):465-471 Yüce et al

taken in the 1st year after operation. The measurements
were performed 2 surgeons who did not perform the
operations, and then they were averaged. The numer-
ical data obtained based on these measurements were
used as data in statistical calculations. 
      The cases whose the fracture line was located on
both colliculus based on the preoperative computed
tomography images were included in the study. The
cases whose fracture line was at or below colliculus
level (e.g.: small fragment oblique fractures) were not
included in the study (Fig. 1). 
      The cases were operated by 3 different surgeons.
All the surgeons had more than 4 years of experience
in trauma surgery. The total number of lateral malleo-
lar fracture operations performed by them in the last 3
years was more than 15 per year. 
      The information of the patients such as age, sex,
fractured side, injury mechanism, fracture type accord-
ing to the Lauge-hansen classification, lateral malleo-
lar fracture type according to the Denis-weber
classification, the presence of preoperative syndesmo-
sis dysfunction, the use of a syndesmotic screw, frac-
ture union times, preoperative and postoperative TFO
values, preoperative and postoperative TCS values and
postoperative MCS values were recorded and used in
the statistical analysis. 

Statistical Analysis 
      The conformity of the data with normal distribu-
tion was tested with the Shaphiro wilk test, the two in-
dependent group comparisons of parameters with
normal distribution was examined with the Student t
test, and the two independent group comparisons of
parameters without normal distribution was examined
with the Mann Whitney U test. The relationship struc-
ture of categorical data was analyzed with the Fisher
Exact and Pearson Chi-Square tests. As a descriptive
statistic, mean ± standard deviation values were given
for the numeric variables, while number and % values
were given for the categorical variables. The statistical
analyses were performed using SPSS Windows ver-
sion 23.0 package program, and a result with p < 0.05
was considered to be statistically significant.

RESULTS

      Fifteen (40.5%) males and 22 (59.5%) females pa-
tients were included in the study. The average age was
49.30 ± 13.50 years. The fracture affected the right ex-
tremity in 20 (54.1%) cases and the left extremity in
17 (45.9%) cases. The injury mechanism was sports
injury in 17 (45.9%) cases, traffic accidents in 8
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Fig. 1. The fracture line in the medial malleolus was examined by the preoperative CT images. The fractures involving the
region associated with anterior and posterior colliculus (including red region) were not included in the study. (1-posterior
colliculus, 2- anterior colliculus, 3-intercollicular groove, 4-deep posterior tibiotalar ligament, 5-deep anterior tibiotalar lig-
ament, T = talus, MM = medial malleolus). 
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(21.6%) cases, falling in 9 (24.3%) cases, and falling
from height in 3 (8.2%) down cases. According to the
Denis-Weber classification, 31 (82.8%) cases were
classified as type B and 6 (16.2%) cases were classi-
fied as type C. Tibiofibular incongruence was deter-
mined in 25 (67.6%) cases in the external rotation test
after the fixation of both malleolus. In all of these
cases, syndesmosis repair was made by crossing 1 syn-
desmotic screw over the fibula plate. The medial
malleolar fracture was fixed with a screw in 28 cases
and with tension band technique in 9 cases. The pre-
operative TCS was measured as 6.05 ± 1.86 mm, post-
operative TCS as 4.19 ± 0.40 mm, preoperative TFO
as 5.03 ± 2.93 mm, postoperative TFO as 8.62 ± 1.04
mm and postoperative MCS as 4.11 ± 0.57 mm. Post-
operative medial clear space of 5 mm and higher was
determined in 7 (18.9%) cases. The difference be-
tween preoperative and postoperative tibiofibular con-
gruence measurement results was statistically
significant (Table 1). The average union time of both
malleolus was 7.73 ± 1.61 weeks. 
      There was no statistical relationship between the
fracture type according to the Denis-Weber classifica-
tion or preoperative syndesmosis dysfunction and
postoperative medial clear space congruence (p >
0.05) (Table 2).

DISCUSSION

      The sequence of injury in supination-external ro-
tation fractures is anterior tibiofibular ligament disrup-
tion (SER-I), oblique fibula fracture (SER-II),
posterior tibiofibular ligament or posterior malleolar
fracture (SER-III) followed by deltoid ligament rup-
ture or medial malleolar fracture (SER-IV) [1]. In
other words; according to Lauge-Hansen classifica-
tion, if a bimalleolar fracture has occurred in SER type
4 injury, the deltoid ligament should be intact. But,
there are studies suggesting that in bimalleolar frac-
tures, a medial malleolar fracture may be concomi-
tantly accompanied by deltoid ligament damage.
However, these studies suggested that the deltoid lig-
ament is not damaged in fractures of the supracollicu-
lar region. Even, this injury was associated with
anterior collicular fractures [7, 8]. Bozscyk et al. [9]
suggested that many fibular fractures traditionally rec-
ognized as supination injuries actually can be caused
by a pronation mechanism. They stated that the com-
bination of a posterior malleolar fracture and an ante-
rior colliculus fracture of the medial malleolus is
indicative of the pronation mechanism [9]. In our
study, there were radiographic deltoid insufficiency
findings in 18.9% of the bimalleolar fractures with
supracollicular medial malleolar fractures. Then, SER
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type bimalleolar fractures with anterior colliculus frac-
tures in the literature may be a result of the inability
of the Lague-Hansen classification system to describe
the mechanism of fracture. On the other hand, bimalle-
olar fractures, even though large medial malleolar
fragment fracture, may be accompanied by deltoid lig-
ament damage. 
      Lauge-Hansen proposed a fracture classification
system that is commonly used to evaluate ankle frac-
tures.  Based on early experiments on manually cre-
ated fractures in cadaver ankles, Lauge-Hansen
reported that characteristic fracture models appear re-
peatedly depending on both the position of ankle and
the direction of deforming force [11]. The critical re-
view of the study by Lauge-Hansen revealed the lack
of a controlled deforming force (since it is applied
manually), the lack of information on the position of
ankle (such as plantar flexion versus neutral position
or dorsiflexion versus neutral position) and uncertain-
ties regarding additional lateral bearing during the test
[12]. The deep deltoid component is the strongest part
of the ligament and functions as a resistance against
external rotation of the ankle when the foot in dorsi-
flexion [7]. We think that the emergence of findings
in our study may be a result of the inability of the
Lauge-Hansen system to describe the position of the
foot in sagital plane (flexion, neutral or extension). For
example, the deep deltoid ligament is expected to be
stretched with an ankle in dorsiflexion. The external
rotation (ER) force applied to the talus may also dam-
age to the deltoid ligament. If the force applied by the
continuing talus rotation to the ankle mortise is
forcible, it may contribute to the mechanism of medial
malleolar fracture. 
      Tornetta [7] found that 26% of cases with bimalle-
olar fracture had deltoid insufficiency based on the
evaluation in the peroperative stress test. And, this was
associated with a small medial malleolar fragment
fracture, and it was suggested that supracollicular frac-
tures had no deltoid ligament injury [7]. Fukuyama et
al. [8] evaluated the deltoid damage using MR images
based on the same study. They reported that the deltoid
ligament was injured in 50% of cases with SER bi-
malleolar fractures, and there was a relationship be-
tween small fragments associated with anterior
colliculus and deltoid ligament injury. There was no
difference in the size of fragment between the medial
malleolar fractures with fully ruptured deltoid and

those with intact deltoid [8]. However, in this study,
the evaluation was made only based on MR findings.
It gave no information about instability findings in
stress radiographs. We believe that the fact that deltoid
ligament damage was less commonly seen in our study
might be caused by the inclusion of only supracollic-
ular fractures in the study and/or the ability to display
soft tissue structures that did not show radiologic in-
stability finding in MR.
      In our clinic, the instability check has been rou-
tinely performed with external rotation test under flu-
oroscopy during peroperative evaluation. Although the
deltoid ligament was not intervened in any way during
the peroperative period, 18.9% of the cases had a high
MCS in the postoperative period. We think that this is
associated with the insufficiency of the Lauge-Hansen
classification system to describe medial ligament in-
jury. Since when a surgeon who relies on the Lauge-
Hansen classification evaluates the peroperative stress
radiography after fixing the bimalleolar fracture, the
MCS should be routinely normal in this patient ac-
cording to the Lauge-Hansen classification, hence this
might be the result of the fact that he/she failed to eval-
uate the MCS or to pay attention as required when
evaluating the MCS.
      Manual external rotation or gravity stress tests are
considered as gold standard in the radiographic diag-
nosis of ankle instability [13]. In Stage 4 injuries,
some of cases with medial injuries that do not require
surgical treatment may be diagnosed with instability
in external rotation or gravity stress tests [14]. Some
recent studies reported that weight-bearing radiograph
is a physiologic test of ankle stability, simulating the
loads which the patient will put on the joint in the joint
and ligament recovery period [14, 15]. We also used
weight-bearing radiographs in our patients. They are
still gold standard stress tests in decision-making for
ankle instability. This may be considered as one of the
limitations of our study. On the other hand, in the case
of abnormal medial clear spaces that can be detected
even in weight-bearing radiographs, these may be ex-
pected to increase if stress tests are performed. There-
fore, we believe that our study could provide sufficient
evidence on radiographic findings of deltoid ligament
injury which may be associated with SER-4 bimalle-
olar fractures. 
      The fact that the cases with high MCS were not
validated by MR images may be considered as a lim-
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itation of our study. Because there may be no correla-
tion between stress radiographs and soft tissue injuries
detected by MR imaging [5, 13]. On the other hand,
MR may probably cause overestimation of complete
ligament ruptures in cases with ankle fracture [4].
Also, magnetic resonance imaging may be not an ideal
test for acute ankle fractures. Firstly, there is no clini-
cal study suggesting that MRI includes diagnostic test
performance statistics (sensitivity, specificity) to de-
tect the degree of deltoid ligament injury [14]. 
      Radiographic evaluation of MCS abnormal in-
crease is an indirect method ısed in defining deltoid
ligament injury [2]. Therefore, MCS alone may be in-
sufficient to define deltoid ligament injury [13, 16,
17]. In our study, no deltoid ligament repair was per-
formed in any case we detected an increase in medial
clear space during the follow-up period. We also did
not have records of functional and pain scores. 

Limitations 
      Limitation of our study is that the correlation be-
tween MCS values we detected and deltoid ligament
injury could not be demonstrated with more specific
methods and the effect of this condition on clinical and
functional outcomes was unknown. Other limitations
of our study may include its retrospective nature, the
low number of cases, and the lack of our knowledge
on functional results. Because proving the clinical re-
flection of the significant radiologic findings obtained
will add value to the study. This can be revealed only
by a prospective, randomize-controlled study that has
a long-term follow-up and a sufficient number of
cases, and includes functional and clinical symptoms.

CONCLUSION

      In SER type 4 bimalleolar fractures with a large
medial malleolar fragment fracture, weight-bearing ra-
diographs may show an increase in MCS. This means
that a medial malleolar fracture in bimalleolar frac-
tures may be also accompanied by deltoid ligament in-
jury. The Lauge-Hansen classification system may be
insufficient to identify a medial ligament injury. In
SER Type 4 bimalleolar fractures, peroperative MCS
should be evaluated, and the presence of instability
findings should be warning to the surgeon in terms of
deltoid ligament injury. 
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