
ORIGINAL ARTICLE

European Journal of Trauma and Emergency Surgery          (2025) 51:161 
https://doi.org/10.1007/s00068-025-02803-z

fragment
ROC	� Receiver operating characteristic
SD	� Standard deviation

Introduction

Ankle fractures account for 10% of all fractures, with inci-
dence rising due to aging, obesity, and sports [1–3]. The 
Lauge-Hansen classification systems aid diagnosis, with 
supination-external rotation fractures being the most com-
mon [4], and a medial clear space more than 5 mm indicat-
ing syndesmosis or deltoid ligament injuries [9–12]. (Fig. 1)
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Abstract
Purpose  Ankle fractures represent about 10% of all adult fractures, with increasing incidence. Dislocated ankle fractures 
often require delayed open reduction and internal fixation due to swelling, necessitating temporary stabilization using a cast 
or an external fixator. This study aims to assess risk factors for insufficient preliminary reduction immobilized by a cast, 
focusing on medial clearspace and posterior malleolus fragment size, to identify fractures that would benefit from initial 
stabilization with an external fixator.
Methods  Patients treated for dislocated ankle fractures at our level-1 trauma center from 2011 to 2023 were retrospectively 
reviewed. The primary outcome was the rate of insufficient reduction during immobilization in a cast. Secondary outcomes 
included time to definitive surgery, length of surgery and hospital stay.
Results  134 patients met the inclusion criteria. The most common fracture type was AO 44B3, with 71.6%. Sufficient 
reduction was achieved in 53.7% of patients. Multiple regression analyses revealed the initial medial clearspace at the time 
of dislocation as an independent risk factor for insufficient reduction after reduction. ROC-analysis revealed that a initial 
medial clearspace at the time of dislocation of 9 mm is a predictor for insufficient reduction with a sensitivity of 88% and a 
specificity of 55%.
Conclusion  Initial medial clearspace was an important predictor for insufficient reduction in a cast, with 9 mm being identi-
fied as the cutoff for critical initial medial clearspace. Therefore, we recommend primary external fixation or acute internal 
fixation, if the soft tissue allows it for those patients with initial medial clearspace of > 9 mm. This approach may prevent 
secondary dislocation, reduce swelling, and expedite definitive surgery. 

Keywords  Ankle fracture dislocation · Medial clear space · Closed reduction · Cast immobilization · External fixation · 
Orthopedic trauma
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Ankle joint dislocation is defined by misalignment of 
distal tibia and talus. While most dislocated ankle fractures 
require open reduction and internal fixation, acute swell-
ing may necessitate temporary reduction, immobilization, 
and delayed definitive surgery. Two proven methods are 
described in the literature: immobilization in a cast or in an 
external fixator [13,–15]. 

Ankle fracture-dislocations are prone to reduction loss 
following closed reduction and casting. Recent literature 
demonstrated that 78.4% can be successfully reduced in a 
cast on the first attempt, but up to 43-50% require a sec-
ond reduction after redislocation [16–18]. Redislocation 
increases pain, soft tissue complications, osteochondral 
lesions, and delays definitive fixation [18–20]. As the edema 
subsides and swelling decreases, the cast’s fit is reduced fur-
ther risking reduction loss [5]. 

An external fixator, on the other hand, achieves reduc-
tion and stable fixation through axial traction and ligamen-
totaxis, but carries the risk of pin tract infection and requires 
surgery [21]. 

Given the limited evidence for a cast, this study aims to 
evaluate risk factors for insufficient preliminary reduction 
of ankle fractures immobilized in a cast.

Patients and methods

Patient selection

Patients treated in our level-1 trauma center for dislocated 
ankle fractures between January 2011 and April 2023 were 
retrospectively identified using the clinical electronic infor-
mation system.

Inclusion criteria were the presence of an ankle fracture 
dislocation and age ≥ 18 years. Exclusion criteria were an 
open fracture, incomplete radiological documentation, 
definitive osteosynthesis within 24 h after trauma, history 
of fracture or surgery of the same ankle, a pathological frac-
ture, refused informed consent to participate in a study or 
the immediate application of an external fixator. The indica-
tion to perform an immediate ankle spanning external fixator 
application was at the discretion of the attending surgeon.

The primary outcome was the rate of insufficient reduc-
tion during initial immobilization in the cast. Secondary 
outcomes included time to definitive surgery, length of sur-
gery and hospital length of stay.

Fig. 1  Anterior posterior radiograph of a trimalleolar ankle fracture. 
The left image shows the ankle in its prereduction state. The black 
arrow shows the medial clearspace expanded to 8.3  mm. The right 

image shows the ankle post reduction in computed tomography. The 
white diamond shows the measured medial clearspace of 4.2 mm
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Demographics and outcomes

All electronic records of the eligible patients were reviewed 
and the following data was abstracted and analyzed: demo-
graphics (age, gender, Body Mass Index (BMI)), comorbidi-
ties (diabetes mellitus, smoking, alcohol abuse, osteoporosis, 
vascular disease), fracture classification according to the 
AO/OTA [6–8], medial clearspace, presence and size of a 
posterior malleolar fragment (PMF), initial percentage of 
tibiotalar dislocation, treatment history (primary external 
fixation, primary cast immobilization, quality of reduction, 
time to surgery, duration of surgery and time to discharge).

Definitions and measurements

An ankle fracture dislocation was defined as a loss of con-
gruity of the ankle joint space, depicted by an enlargement 
of the medial clear space > 5 mm in the anterior posterior 
(ap) x-ray of the ankle and/or anteroposterior dislocation 
(subluxation) of the talus relative to the tibia of > 5 mm in 
the lateral x-ray of the ankle that was initially performed 
(Fig. 1) [22]. The medial clearspace was measured as the 
widest distance between the medial border of the talus and 
the lateral border of the medial malleolus [23]. If these crite-
ria were met, immediate closed reduction of the ankle joint 
was performed under sedation, if possible due to pain, or 
under short anesthesia by the emergency doctor on call. The 
congruence of the ankle joint was therefore restored under 
xray control and a split plaster cast was applied.

The initial dislocation in percentage was measured 
using the x-ray. For this purpose the axis of the tibia and 
the talus were defined in the a anterior posterior radiograph 
and the dislocation of this two lines was measured [24]. In 
addition, the calculated dislocation was set in relation to the 
width of the talus at the level of the joint surface.

Insufficient reduction in the cast was defined by an 
incongruent tibiotalar joint with a widening of the medial 
clearspace > 5 mm on the anterior posterior view and/or an 
anterior-posterior dislocation of > 5 mm on the lateral view 
in the x-ray or the CT scan that was immediately performed 
after the initial reduction and casting [25]. 

The sagittal diameter of the PMF was measured in the 
CT scan. The longest extension in the sagittal plane was 
used for this purpose [26]. 

In contrast, the percentage of the PMF in the tibial 
joint surface was calculated using the lateral radiograph 
according to Fig. 2 [27]. 

The common classification according to Haraguchi was 
also used to classify posterior malleolar fractures, which 
divides the fractures into 3 types depending on extension 
and localization [28]. 

Treatment

In our clinic, as standard of care, immediate closed fracture 
reduction under fluoroscopy is performed in the emergency 
department. Subsequently, a below-the-knee open circular 
cast is applied to retain the reduction. Following reduction 
and casting, computed tomography of the upper ankle joint 
is performed for exact fracture evaluation and preoperative 
planning.

After a decrease of the swelling, definitive open reduc-
tion and internal fixation is performed. Following surgery, 
the ankle is immobilized in a plantigrade position in a cast, 
with no weight bearing initially and partial weight bearing 
with crutches over time, for a total of 6–12 weeks depending 
on the fracture severity and soft tissue injuries. Low-molec-
ular-weight heparin is routinely administered for thrombo-
embolism prophylaxis. Routine follow-ups for clinical and 
radiologic evaluation are set at 3, 6, 12, 24, and 52 weeks.

Statistical analysis

The patients were stratified into two groups: sufficient ver-
sus insufficient closed reduction. The p values for categori-
cal variables were derived from the Pearson’s Chi-sqare or 
the 2-sided Fisher’s exact test. For continuous variables the 
Student’s t-test or the Mann-Whitney tests were deployed.

To identify risk factors independently associated with an 
insufficient reduction, a stepwise logistic regression model 
was utilized and risk factors from the bivariate analysis with 
a p value < 0.2 were included into the model.

Receiver operating characteristic (ROC) curves were 
constructed to analyze different variable’s discriminating 
power for predicting insufficient reduction, and the areas 
under the ROC curve were compared.

Values are reported as mean ± standard deviation (SD) 
for continuous variables and as percentages for categorical 
variables.

Differences were considered statistically significant 
when p ≤ 0.05. The data were analyzed using the Statistical 
Package for Social Sciences (SPSS Windows©), version 26 
(SPSS Inc., Chicago, IL).

Ethical approval  for this study was received by the local 
ethical committee (2021 − 00646).

Results

Between January 2011 und April 2023 a consecutive series 
of 236 adult patients with 236 dislocated ankle fractures 
were treated at our institution. A total of 102 cases were 
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excluded, resulting in a study cohort of 134 patients with 
134 dislocated ankle fractures (Fig. 3).

The study cohort included 77 women and 57 men with a 
mean age of 50.9 ± 17.5 years (range 18 to 88 years). The 
most common fracture type according to the AO classifica-
tion was type 44B3 with 71.6% of the cases.

Of the 134 dislocated ankle fractures, in 77 patients 
(57.5%) a sufficient reduction in a cast was achieved, 
whereas 57 patients (42.5%) showed an insufficient reduc-
tion in a cast.

Demographic factors and comorbidities were compara-
ble between patients with sufficient and insufficient ankle 
reduction (Table 1). No statistically significant differences 
were found comparing age, gender, BMI, smoking and alco-
hol abuse and comorbidities between the two groups.

Statistically significant differences were found with 
regards to the AO fracture type comparing the two groups. 
Type 44B3 injuries were significantly more likely to be 
insufficiently reduced in the cast (84.2% versus 62.3%; 
p = 0.004). (Table 2).

Initial ankle dislocation was significantly less severe in 
the group with sufficient reduction versus the group with Fig. 3  Flowchart

 

Fig. 2  Lateral radiograph of a trimalleolar ankle fracture. The ratio between the width of the PMF and the width of the tibia defines the percentage 
of the PMF in the tibial joint surface, as well as the sagittal diameter
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insufficient reduction (standardized Beta (95% CI): 0.432 
(0.024–0.058); adj. p = 0.001). The percentage of PMF 
did not proof to be a risk factor for insufficient reduction 
(standardized Beta (95% CI): -0.034 (-0.502-0.340); adj. 
p = 0.704).

The ROC-analysis (Fig.  4) of the initial medial cle-
arspace resulted in an area under the curve of 0.763 (95% 
CI, 0.682–0.843; p < 0.001) with an overall model quality of 

insufficient reduction (medial clear space 10.1 versus 
14.6  mm; p = 0.001). In addition, a significant difference 
was found with regard to the percentage of initial disloca-
tion (26.0 versus 32.3%; p = 0.045).

Posterior malleolar fracture was present in 106 patients 
(79.1%) and was not significantly different in patients with 
insufficient reduction and sufficient reduction (76.6% versus 
82.5%, p = 0.520). There were no significant differences in 
the posterior malleolar fragment between the patients with 
insufficient reduction and those with sufficient reduction, 
such as in the sagittal diameter (17.0 mm versus 18.0 mm; 
p = 0.569) or percentage of the tibial articular surface (15.8 
versus 16.3%; p = 0.805). (Fig. 1) (Table 3). There was no 
difference with regards to the Haraguchi classification of the 
PMF comparing the two groups.

Bivariate analysis was performed to identify risk fac-
tors for insufficient reduction. Stepwise logistic regression 
analysis identified initial medial clearspace at the time of 
dislocation as risk factor independently associated with 

Table 1  Comparison of the two groups regarding the demographic 
characteristics and comorbidities

All patients 
(n = 134)

Sufficient 
reduction 
(n = 77)

Insufficient 
reduction 
(n = 57)

p

Age, years, 
mean±SD

50.9±17.5 50.9±17.9 50.9±17.0 0.976

Male/female, N 
(%)

57/77 
(42.5/57.5)

33/44 
(42.9/57.1)

24/33 
(42.1/57.9)

0.536

BMI, kg/m², 
mean±SD

27.5±5.4 26.95±1.18 28.17±1.12 0.303

Smoker, N (%) 15 (11.2) 10 (9.7) 5 (12.9) 0.582
Alcohol abuse, 
N (%)

3 (2.2) 2 (2.6) 1 (1.8) 0.612

Hypertension, N 
(%)

11 (8.2) 6 (7.8) 5 (8.8) 1.000

Diabetes mellitus, 
N (%)

8 (6) 2 (2.6) 6 (10.5) 0.072

Osteoporosis, N 
(%)

10 (7.5) 5 (6.5) 5 (8.8) 0.743

Peripheral arterial 
disease, N (%)

1 (0.7) 0 (0) 1 (1.8) 0.425

Coronary heart 
disease, N (%)

6 (4.5) 3 (3.9) 3 (5.3) 0.699

Table 2  Fracture classification according to AO stratified by the qual-
ity of initial closed reduction

All patients 
(n = 134)

Sufficient 
reduction 
(n = 77)

Insufficient 
reduction 
(n = 57)

p

AO classification, N (%)
44B1 10 (7.5) 6 (7.8) 4 (7.0) 1.000
44B2 14 (10.4) 13 (16.9) 1 (1.8) 0.598
44B3 96 (71.6) 48 (62.3) 48 (84.2) 0.007
44C1 4 (3.9) 3 (3.9) 1 (1.8) 0.636
44C2 10 (7.5) 7 (9.1) 3 (5.3) 1.000

Table 3  Comparison of the configuration of the PMF and the initial 
dislocation in patients with sufficient versus insufficient reduction dur-
ing splint immobilization

All 
patients 
(n = 134)

Sufficient 
reduction 
(n = 77)

Insuf-
ficient 
reduction 
(n = 57)

p

Initial dislocation 
(medial clearspace), 
mm, mean±SD

12.0±5.4 10.1±4.45 14.6±5.52 0.001

Percentage of initial 
dislocation, %, 
mean±SD

28.7±20.8 26.0±21.5 32.3±19.3 0.045

Presence of PMF, N 
(%)

106 (79.1) 59 (76.6) 47 (82.5) 0.520

Haraguchi 
classification
1 50 (37.3) 26 (44.2) 24 (50.0) 0.202
2 12 (9.0) 7 (9.6) 5 (13.0) 0.202
3 44 (32.8) 23 (46.2) 21 (37.0) 0.202
Percentage PMF in 
tibial joint surface, %, 
mean±SD

16.0±11.1 15.8±11.2 16.3±10.0 0.805

Sagittal diameter of 
PMF, mm, mean±SD

17.5±9.0 17.0±7.95 18.0±10.0 0.569

Fig. 4  ROC curve analysis for initial medial clearspace to predict 
insufficient reduction. Point A indicates a medial clearspace of 9 mm
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was associated with higher rates of interim failure of closed 
reduction in closed ankle fracture-dislocations. The authors 
found a rate of failure of 65% when the ratio of PMF frag-
ment size to complete articular surface was > 0.1 compared 
to 18% when the ratio was ≤ 0.1 (p = 0.016) [16]. 

In contrast, however, in a more recent study by Mandelka 
et al. the presence of a PMF had no influence on the loss of 
reduction [22]. 

One reason why the medial clearspace acts as an inde-
pendent risk factor for an insufficient reduction could be 
that a dislocation with a greatly increased medial clearspace 
leads to a tearing of all ligamentary structures and thus to 
increased instability during cast immobilization.

It must also be discussed that there could be a selec-
tion bias, as the fractures that could not be reduced under 
the xray and directly received an external fixator were not 
included in our study.

Demographic factors and comorbidities did not differ 
significantly between the two groups in the present study. 
This is in concordance with previous studies, showing that 
age, gender, and injury mechanism (supination versus pro-
nation) are not associated with the ability to achieve reduc-
tion acutely [19, 29]. 

In our study, those patients who were insufficiently 
reduced in the cast had a significantly shorter time to final 
surgery and a shorter time between accident and discharge. 
This actually contradicts the results of the studies which 
showed that poor reduction leads to prolonged swelling and 
prolonged hospitalization [19, 20]. However, one reason 
could be that patients who were known to have insufficient 
reduction in plaster were operated on more proactively.

The present study has several limitations. First, this study 
is retrospective in nature and thus is susceptible to bias from 
limited available information. Furthermore, all radiographic 
measurements were performed by a single investigator, with 
the potential risk of a measurement bias. Second, there was 
heterogeneity in the group of physicians performing the ini-
tial reduction and cast application. While this may have led 
to some inconsistency with clinical techniques, it may also 
render the data more generalizable for the larger population 
of ankle fracture-dislocations and more specifically to other 
providers at different acute treatment centers. In addition, 
some patients were reduced under sedation, if possible due 
to pain, and others under short anesthesia. This can also lead 
to a bias in the results. Finally, it is well-known that insuf-
ficient reduction may result in significant complications 
for the patients (such as soft tissue problems or prolonged 
swelling), but the exact definition of insufficient reduction 
is unclear. The definition for insufficient reduction used 
in this study was based on the principle that a medial cle-
arspace > 4  mm is considered pathologic in the literature 
[30, 31]. Murphy et al. likewise showed that the medial 

0.68. An initial medial clearspace at the time of dislocation 
of 9 mm demonstrated a sensitivity of 88% and a specificity 
of 55% for insufficient reduction.

The evaluation of the time to final surgery showed a 
shorter waiting time in the insufficient reduction group with 
a mean of 4.65 ± 3.5 (range 4–31 days) compared to 6.0 
± 5.0 days (range 2–18 days) (p = 0.036). The time from 
accident to discharge also differed significantly between the 
two groups. The group with insufficient reduction showed 
a significantly shorter hospitalization time (10.8 ± 5.6 days 
in the group with insufficient reduction compared to 14.2 ± 
10.7 days in the group with sufficient reduction, p = 0.030). 
There were no differences in operation time between the 
two groups (insufficient reduction 127 ± 45.5  min (range 
60–232  min) versus 120 ± 50.8  min (range 45–441  min) 
(p = 0.393)).

Discussion

In our study group, in half of the patients with a dislocated 
ankle fracture a sufficient reduction and retention with 
immobilization in a cast was achieved. However, in 42.5% 
of patients, the reduction after closed reduction and cast 
application was found to be insufficient in the first xray.

Wawrose et al. contributed a study and compared the tem-
porary ankle spanning external fixator application (n = 28) 
with casting (n = 28) following ankle fracture dislocation. 
The authors showed a 50% loss of reduction in the casting 
group, but did not define the loss of reduction and did not 
evaluate possible causes of loss of reduction in more detail 
[15]. Other studies found the type of cast to be a significant 
risk factor for a loss of reduction. Baker et al. showed a 50% 
rate of loss of reduction in a plaster cast versus 0% loss of 
reduction in a bivalve fiber glass cast group [19]. 

The results of the present study show that fractures found 
to be insufficiently reduced during cast immobilization ini-
tially had a significantly higher medial clearspace at the time 
of dislocation, and percentage of dislocation was signifi-
cantly higher compared to the sufficient reduced fractures. 
In addition, the initial medial clearspace during disloca-
tion proved to be an independent risk factor for insufficient 
reduction. The size or presence of the PMF was found to 
have no influence in our study.

Previous literature has shown that the size of the PMF 
and the presence of the PMF are often a risk factor for redis-
location. Gerlach et al. compared the temporizing immobi-
lization in a cast versus an external fixator and could show 
that the PMF-size was an important predictor of loss of 
reduction and recommended therefore an external fixator in 
those with a PMF-size > 22% of the tibial joint surface [25]. 
In the study by Matson et al., a greater PMF fragment size 
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Management of acute injuries of the tibiofibular syndesmo-
sis. Eur J Orthop Surg Traumatol Orthop Traumatol Mai. 
2017;27(4):449–59.

13.	 Bergman C, Morin M, Lawson K. Anatomy, classification, and 
management of ankle fractures involving the posterior malleo-
lar fragment: A literature review. Foot Ankle Orthop Oktober. 
2019;4(4):2473011419887724.

14.	 Ogilvie-Harris DJ, Reed SC, Hedman TP. Disruption of the ankle 
syndesmosis: Biomechanical study of the ligamentous restraints. 
arthrosc J arthrosc relat Surg off publ arthrosc assoc N am int 
arthrosc assoc. Oktober. 1994;10(5):558–60.

15.	 Wawrose RA, Grossman LS, Tagliaferro M, Siska PA, Moloney 
GB, Tarkin IS. Temporizing external fixation vs splinting fol-
lowing ankle fracture dislocation. Foot Ankle Int Februar. 
2020;41(2):177–82.

16.	 Matson Z. Observations on closed reduction of ankle Fracture- 
dislocations with subsequent operative treatment: predicting the 
need for early operative intervention based on clinical features of 
reduction. Foot Ankle Stud. 2017;1(2):1008.

17.	 Levi J, Heineman K, Sansosti LE, Meyr AJ. Factors associated 
with successful closed reduction of dislocated ankle fractures at 
a US Level-1 trauma center. J Foot Ankle Surg Off Publ Am Coll 
Foot Ankle Surg. 2023;62(3):455–7.

18.	 Buyukkuscu MO, Basilgan S, Mollaomeroglu A, Misir A, Basar 
H. Splinting vs temporary external fixation in the initial treatment 
of ankle fracture-dislocations. Foot Ankle Surg Off J Eur Soc 
Foot Ankle Surg Februar. 2022;28(2):235–9.

19.	 Baker JR, Patel SN, Teichman AJ, Bochat SES, Fleischer AE, 
Knight JM. Bivalved fiberglass cast compared with plaster 
splint immobilization for initial management of ankle fracture-
dislocations: a treatment algorithm. Foot Ankle Spec Juni. 
2012;5(3):160–7.

20.	 Burwell HN, Charnley AD. The treatment of displaced fractures 
at the ankle by rigid internal fixation and early joint movement. J 
Bone Joint Surg Br November. 1965;47(4):634–60.

21.	 Smeeing DPJ, Briet JP, van Kessel CS, Segers MM, Verleis-
donk EJ, Leenen LPH. u. A. Factors associated with Wound- A.d 
Implant-Related complications after surgical treatment of ankle 
fractures. J Foot Ankle Surg Off Publ Am Coll Foot Ankle Surg. 
2018;57(5):942–7.

clearspace can vary up to 7 mm depending on the type of 
radiograph. We therefore set the cut-off value at 5 mm [32]. 

Conclusion

An increased initial medial clearspace proofed to be an 
independent risk factor for insufficient reduction in a cast.

We therefore recommend primary external fixation or 
acute internal fixation, if the soft tissue allows it, for those 
patients with increased initial medial clearspace at the time 
of the dislocation.
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