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Abstract Stability is a key issue in treating supination-
external rotation ankle fractures, but we do not know how
it affects functional outcome and subsequent development
of radiographic osteoarthritis. With a systematic literature
review, we identified 11 clinical studies (Level IV evi-
dence) published in peer-reviewed journals reporting on at
least 10 ankles. Followup was at least 1 year. Two authors
independently scored the quality of the studies using the
modified Coleman Methodology Score; the mean score was
58 of 100, with substantial agreement between the two
examiners. Four studies used a general health assessment
questionnaire. Several literature limitations (debatable
fracture stability criteria, few cohort studies with hetero-
geneous methodology, small patient numbers and limited
followup in some studies) do not allow definitive conclu-
sions. Of 213 stable fractures treated nonoperatively, 2.8%
of ankles had radiographic osteoarthritis develop (18 years’
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mean followup) and 84% were free of symptoms. The
incidence of radiographic osteoarthritis in 420 unstable
fractures treated operatively was 20.9% at 5.5 years versus
65.5% at 6.8 years in 137 ankles treated nonoperatively.
The complication rate in 355 operatively treated fractures
was 10.4%. A medial malleolus fracture, female gender,
older age, higher American Society of Anesthesiologists
grade, smoking, and lower educational level negatively
influenced general health outcome, physical function, and
pain.

Level of Evidence: Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Malleolar fractures range from an isolated distal fibular
fracture with minimal displacement to a trimalleolar frac-
ture with dislocation and vascular compromise [1, 24].
Three classification systems are most commonly used. The
Lauge-Hansen system [22] classifies fracture patterns
based on the mechanism of injury. The Danis-Weber
classification [10, 43] is based on the level of the distal
fibula fracture and the importance of damage to the lateral
structures for ankle mortise stability [45]. The Orthopaedic
Trauma Association/American Orthopaedic Association
classification [1, 24] combines elements of the Lauge-
Hansen [22] and Danis-Weber [10, 43] classification sys-
tems, taking into account the level of the fibula fracture in
relation to the syndesmosis, and the fact that insufficiency
of the medial structures can lead to degeneration of the
joint if biomechanical (dynamic) stability is not restored
[27, 36, 42]. Stable injuries are those that cannot be dis-
placed by physiologic forces, whereas unstable fractures
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Fig. 1 Initially, the anterior tibiofibular ligament fails (1) (Stage I)
and then an oblique fracture of the fibula starting at the level of the
ankle and passing posteriorly occurs (2) (Stage II; Lauge-Hansen
[22]). This may remain nondisplaced or minimally displaced if the
deforming force stops at this point and the mortise remains stable.
This is the most common type of fracture, classified as supination-
external rotation II (SER-II). Progression of the deforming force (talar
rotation) causes posterior and proximal displacement of the fibular
fracture. Further talar rotation results in a fracture of the posterior
articular lip of the tibia (3) (Stage III), and as the talus leaves the
mortise posteriorly, a medial injury occurs (4) (Stage IV) at the
deltoid ligament (white arrow) or at the medial malleolus (black
arrow).

easily displace when physiologic forces are applied [41].
Based on this concept, manual [33, 47] and gravity stress
radiographic tests [15, 29] have been introduced to identify
unstable fractures. A medial clear joint space (space
between the medial malleolus and the talus) greater than
4 mm is considered abnormal by many authors [7, 11, 12,
15, 19, 25, 33, 41].

The most common injury pattern occurs with axial
loading of a supinated foot. Because of its complex axis of
movement [23], the subtalar joint acts as an angled hinge,
so calcaneus inversion causes the talus to rotate externally
(supination-external rotation [SER] mechanism). If exces-
sive, the external rotation causes damage to the anterior
tibiofibular ligament, and a sequence of injuries can follow
(Fig. 1). Completion of the sequence of traumatic events
on the medial side characterizes an unstable fracture pat-
tern (Fig. 2) [1, 24, 26]. Based on the stability concept,
nonoperative treatment seems appropriate for stable inju-
ries, whereas maintenance of reduction of unstable
fractures without operative fixation is difficult to achieve
[1, 41].

We raised several questions: (1) Does internal fixation
of stable SER ankle fractures lead to reduced incidence of
radiographic osteoarthritis compared with nonoperative
treatment? (2) Does nonoperative treatment of unstable
SER ankle fractures lead to occurrence of radiographic
osteoarthritis and symptoms? (3) How common is radio-
graphic osteoarthritis and the presence of symptoms after

@ Springer

Fig. 2A-B (A) Anteroposterior and (B) lateral radiographs show an
isolated distal fibula fracture with markedly increased medial joint
space (between the talus and medial malleolus) indicative of failure of
the deep deltoid ligament and fracture instability.

operative treatment of unstable SER ankle fractures? (4)
Do other factors (eg, comorbidities, social factors) influ-
ence general health outcome, physical function, and pain?
(5) How common are injuries to the syndesmosis requiring
surgery in SER ankle fractures? (6) What is the compli-
cation rate after operative treatment?

Search Strategy and Criteria

We conducted a comprehensive literature search using
MEDLINE®, EMBASE™, Cochrane, CINAHL®™, and
Google™ Scholar, with no restriction to time or language,
on October 5, 2008. Database searches were performed
using the following combinations of key words: (1) ankle
and fractures and supination external rotation, (2) ankle and
fractures and fixation, and (3) ankle and fractures and
outcome. Abstracts were scanned by two of the authors
(NG, AK) and articles relevant to the subject were
retrieved and their bibliographies searched by hand to
identify additional references. Articles reporting fractures
in specific patient population groups (eg, elderly, diabetics)
were excluded [17, 44], as comorbidities could have
influenced the decision on fracture treatment method and
its outcome. Included were original studies published in
peer-reviewed journals, reporting on at least 10 closed SER
ankle fractures in skeletally mature patients followed for
more than 1 year. From a total of 697 references initially
retrieved, 236 were identified as being relevant to the
subject. Abstracts were scanned, and applying the exclu-
sion criteria, 65 studies were processed for further
evaluation. Full papers were examined, and 11 studies met
the inclusion criteria. Pooling of data was possible to cal-
culate followup periods and data regarding absence of



Volume 468, Number 1, January 2010 Supination-External Rotation Ankle Fractures

245

symptoms and radiographic findings of posttraumatic (CMS) [8, 39]. The CMS allows analysis of the quality of
osteoarthritis. the studies reviewed, is accurate and reproducible in sys-

Two authors (NG, AK) independently scored the quality ~ tematic reviews, and has been used for several years. The
of the studies using the Coleman Methodology Score = CMS was adapted (Table 1) to evaluate studies reporting

Table 1. Criteria used to compute the Coleman Methodology Score for studies reporting outcomes of SER ankle fractures

Criterion Category Score
Part A: only one score to be given for each of the seven sections
1. Study size <25 0
25-49 4
50-74 7
> 175 10
2. Mean followup < 2 years 0
24 years 4
5-10 years 7
> 10 years 10
3. Number of different fracture management methods used
Not stated, unclear, or < 90% of subjects receiving the same management modality 0
More than one implant version, but > 90% of subjects receiving one technique 7
One technique used 10
4. Type of study
Retrospective cohort study 0
Prospective cohort study 10
Randomized, controlled trial 15
5. Description of indications/diagnosis (eg, fracture type)
No 0
Yes 5
6. Descriptions of management method(s)
Inadequate (not stated, unclear) 0
Adequate (details of protocol/procedure given) 5
7. Rehabilitation protocol described
Yes 10
No 0
Part B: scores may be given for each option in each of the three sections if applicable
1. Outcome criteria
Outcome measures clearly defined 2
Timing of outcome assessment clearly stated 2
Use of outcome criteria that has reported reliability 3
General health measure included 3
2. Procedure of assessing outcomes
Subjects recruited 5
Investigator independent of surgeon 4
Written assessment 3
Completion of assessment by patients themselves with minimal investigator assistance 3
3. Description of subject selection process
Selection criteria reported and unbiased 5
Recruitment rate reported > 80% 5

Recruitment rate reported < 80%

SER = supination-external rotation; (The original description of the Coleman Methodology Score was published by Wiley Interscience in:
Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD. Studies of surgical outcome after patellar tendinopathy: clinical significance of

methodological deficiencies and guidelines for future studies. Scand J Med Sci Sports. 2000;10:2-11.)
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Fig. 3 The distribution of quality of the studies according to the
CMS throughout the last three decades.

on ankle fractures. A score approaching 100 indicates the
study has a robust design and largely avoids chance, vari-
ous biases, or confounding factors. The subsections that
compose the CMS are based on the subsections of the
CONSORT statement (for randomized, controlled trials)
[30] but are modified to allow for other trial designs. Each
investigator scored the quality of the studies twice with an
interval of 3 weeks between scoring sessions. Intraobserver
and interobserver reliability were examined. Where dif-
ferences were encountered, agreement was achieved by
consensus. The presented scores are those set by agreement
of both examiners. We collected data for year of publica-
tion, type of study, patient numbers, gender, mechanism of
injury, followup, type of fracture, interventions, compli-
cations, and outcome.

From 11 clinical studies fulfilling our criteria, four were
retrospective and seven were prospective investigations (all
Level IV evidence) [5]. The mean CMS was 57.8 of a
possible total of 100 (standard deviation [SD], 14; range,
34-81) (Fig. 3). The intraobserver Spearman-Brown coef-
ficient was 0.92 for Examiner A and 0.89 for Examiner B
(substantial agreement) [21]. The values of the second
assessment for each examiner were included for further
evaluation. The mean CMS was similar (p = 0.73)
between the two examiners (57.8 versus 57.4). The intra-
class correlation was 0.95, indicative of substantial
agreement [21]. Five studies were performed in institutions
in the United States, three in Denmark, two in Sweden, and
one in Ireland. No randomized, controlled trials were
found. There were no studies investigating different forms
of nonoperative treatment (eg, cast versus functional
brace).

Results

Three prospective long-term outcome studies from Scan-
dinavia [2, 20, 46] reported on 213 SER-II (stable) ankle

@ Springer

fractures treated from 1950 to 1976. Although anatomic
reduction was not always achieved after nonoperative
treatment after a mean followup of 17.9 years, similar
percentages (p = 0.53) of patients/ankles treated nonop-
eratively and operatively were symptom free: 148 of 178
(83.1%) and 30 of 34 (88.2%), respectively (Table 2).
Posttraumatic osteoarthritis seen on followup radiographic
examination occurred in a similar (p = 0.21) percentage of
patients undergoing nonoperative and operative treatment
(five of 178, or 2.8%, versus one of 34, or 2.9%,
respectively).

Two studies [2, 47], both published in the 1980s,
showed, after nonoperative treatment of 67 SER-IV
(unstable) ankle fractures, 42 (62.7%) were asymptomatic
and 33 (49.3%) had some degree of osteoarthritis after a
mean followup of 19.4 years.

In two studies, posttraumatic osteoarthritis was observed
radiographically after operative treatment of unstable SER
ankle fractures in 18 of 86 ankles (20.9%) after a mean
followup of 5.5 years [13, 47]. Clinical evaluation showed
64 of 96 ankles (66.7%) were asymptomatic at a mean of
4.4 years after operative fixation of SER-IV ankle fractures
[34, 47]. Correlation of clinical and radiographic findings
was not reported in the original studies.

Three studies [3, 19, 34] used a general health assess-
ment questionnaire (Table 2). A fracture of the medial
malleolus, female gender, older age, higher American
Society of Anesthesiologists grade, smoking, and lower
educational level negatively influenced general health
outcome, physical function, and pain.

Injury of the syndesmosis was recorded in only two
studies. Bhandari et al. [3] suggested none of the 30 ankles
required transsyndesmotic fixation after intraoperative
stressing. Koval et al. [19] used MRI and reported two of
19 ankles had a syndesmosis injury.

Five studies [3, 13, 26, 34, 40] on operative treatment
recorded 37 complications in 355 ankles (10.4%), including
thromboembolic events, hardware failure, nonunions, and
infections. One patient died of fatal pulmonary embolism.

Discussion

SER injuries, the most common pattern of ankle fractures,
are treated either with closed reduction and cast immobi-
lization or with operative fixation [1, 24, 27, 41]. We
investigated which SER ankle fractures would benefit from
operative treatment, regarding clinical outcome and
development of osteoarthritis. Orthopaedic surgeons seem
to advocate operative treatment for unstable SER ankle
fractures.

While addressing our questions, we noted substantial
limitations in the literature. First, there is no consensus
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continued

Table 2.

Conclusion(s)

Results

+

Followup  Outcome assessment*

(years)T

Classification and Interventions

fracture type*

Study

Medial tenderness and ecchymosis are not

84.2 (all ankles)

22 AOFAS

51 nonoperative

OTA/AO SER-IV

Clements et al. [7]

sufficient to meet operative criteria;
MCS of < 4 mm was associated with

Correlation of MCS with AOFAS

MCS 4 mm

(unimalleolar)

excellent functional outcomes

90.2

89.4

MCS 5 mm

72.0

MCS 6 mm

63.2

MCS 7 mm

Significant difference

4 mm vs 6 or 7 mm

Significant difference

5 mm vs 6 or 7 mm

* Classification and fracture type include Lauge-Hansen (L-H) [22] and Orthopaedic Trauma Association/American Orthopaedic Association (OTA/AO) [1, 24]; fvalues expressed as means,

with ranges in parentheses; foutcome assessments include Cedell criteria [4], SF-36 (mental and physical) [31], visual analog scale (VAS) [34], Olerud Molander Ankle (OMA) score [32], Short

Musculoskeletal Function Assessment (SMFA) questionnaire [38], and American Orthopaedic Foot Ankle Score (AOFAS) [18]; SER = supination-external rotation; ORIF = open reduction

and internal fixation; SD = standard deviation; ROM = range of motion; ASA

on stress radiographs).

American Society of Anesthesiology; MCS = medial clear space (space between talus and medial malleolus

Fig. 4A-B (A) A radiograph shows an isolated lateral malleolus
fracture. Is it a stable injury or not? (B) A gravity stress radiograph
shows a medial clear space opening greater than 5 mm and is
indicative of an unstable fracture pattern.

regarding the definition of stability and descriptions of
clinical outcome evaluation methodologies were hetero-
geneous. These are major limitations in comparing and
combining data from different publications and extrapo-
lating their results reliably. Second, the lack of
randomized, controlled trials, or high-quality prospective
studies, and the heterogeneity in the design and mode of
outcome presentation do not provide strong evidence
regarding the outcome of SER ankle fractures. Future
studies should consider reporting results according to
fracture type to enhance comparability across publications.
Third, although some cohort studies have reported the
incidence of radiographic osteoarthritis, it is unclear
whether this was related to patients’ symptoms. Fourth,
length of followup in some studies probably is inadequate
to assess osteoarthritis, particularly clinically evident osteo-
arthritis, which typically takes decades to develop. Fifth,
loss to followup in trauma populations (which probably is
inevitable) may underestimate complications and unfavor-
able results of treatment. Finally, the small sample sizes in
some studies limit the validity of their findings.

Given the literature limitations, we found nonoperative
treatment of stable SER ankle fractures resulted in a sim-
ilarly low (< 3%) incidence of radiographic osteoarthritis,
compared with operative treatment, whereas greater than
80% of patients were asymptomatic regardless of the
treatment received. Surgery for unstable SER ankle frac-
tures, however, resulted in reduced incidence of
radiographic osteoarthritis and better clinical outcomes
according to the Cedell criteria [4], compared with non-
operative treatment (Table 2). The distinction between
stable and unstable SER ankle fractures is an issue of
controversy, and to our knowledge, there are no patho-
gnomonic clinical or radiographic signs. Clinical signs
(medial tenderness, swelling, bruising) are not reliable
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predictors of instability [11] and do not predict widening of
the medial clear space on stress radiographs [12]. Bruising
and tenderness could result from superficial deltoid liga-
ment injury, whereas the deep deltoid remains intact
providing stability [19]. Furthermore, radiographic criteria
(talar tilt and medial clear space) probably are not well
defined. In fact, osseous injury and radiographs did not
predict the patterns of ligamentous injuries in 53% of
ankles examined with MRI [14]. A dynamic examination
(stress radiographs) could be of value. Stress radiographs
[12, 25, 34] and the gravity stress test [15, 29] are methods
proposed to distinguish between stable and unstable frac-
ture patterns (Fig. 4). A medial clear joint space greater
than 5 mm probably is predictive of instability [7, 33, 42].
The value of MRI [19] and ultrasound [6] in the diagnosis
of complete deltoid ligament ruptures has been investigated
and preliminary results are indicative of their accuracy.
Additional research and long-term clinical followup are
needed to establish criteria for instability of isolated distal
fibular fractures and guide treatment.

Lauge-Hansen [22] suggested, more than 60 years ago,
(stable) SER-II ankle fractures (approximately 30% of all
ankle fractures [46]) do not require anatomic reduction, and
optimal function can be expected. Long-term outcome
studies [2, 46] have confirmed this. Clinical trials com-
paring operative with nonoperative treatment should
consider including nonoperative treatment with a func-
tional brace versus cast.

Nonoperative treatment of (unstable) SER-IV ankle
fractures, however, has been associated with inferior results
compared with operative treatment [28]. Our review sug-
gests the incidence of radiographic changes of
posttraumatic osteoarthritis in unstable SER ankle fractures
treated nonoperatively approaches 50% at an average of
19 years’ followup (range, 3—34 years) [2, 47]. Individual
studies [2, 20, 46, 47] did not clarify, however, whether
radiographic evidence of osteoarthritis correlated with
clinical outcome.

Anatomic reduction is essential for good outcomes of
unstable SER ankle fractures [13]. The data we found in
the literature suggest an incidence of 20% of radiographic
joint degeneration at 5.5 years and presence of symptoms
in 33% of ankles at 4.4 years in ankles treated operatively.
However, the lack of rigorous validated outcome measures
does not allow definite conclusions regarding the longer-
term outcomes of these injuries. Furthermore, although
trauma is the most common cause of ankle arthritis [35],
the ankle has distinctive mechanical, biochemical, and
anatomic characteristics making it resilient to aging and
trauma [9]. Therefore, radiographic findings may correlate
poorly with clinical symptoms [16].

Some studies [3, 19, 26, 34] reported outcomes of
operative treatment of ankle fractures -classified as
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Orthopaedic Trauma Association/American Orthopaedic
Association B [1, 24], without clarifying whether these
were unstable. Possibly, the inclusion of the B1 subgroup
of stable fractures, which are associated with better out-
comes [34], has influenced results. Additional research
needs to confirm whether the results of operative treatment
of isolated distal fibula fractures are better because of
inclusion of some stable injuries.

Other factors (eg, social and educational status, smok-
ing, alcohol consumption, medical comorbidities, age,
gender) also are important [3, 35, 40], and their influence
on outcome should be investigated further. Interpretation of
outcome studies should take into account factors other than
the fracture pattern.

The incidence of syndesmotic injuries, which can be as
much as 39% [37] in unstable SER ankle fractures, and
how it affects outcome did not receive adequate attention
in the included studies. This should be an objective of
future research.

Although surgery for ankle fractures is considered a
routine procedure, it carries a remarkable risk of com-
plications (10.4% in the studies reviewed). Therefore, it is
important to accurately identify stable injuries and avoid
unnecessary operations. Additional studies comparing
operative with nonoperative treatment should be con-
ducted with particular attention to methodology to avoid
bias.

There is adequate evidence that nonoperative treatment
is appropriate for stable SER ankle fractures. Unstable
fractures appear best treated surgically but still are asso-
ciated with symptoms and osteoarthritis. The current
literature does not allow one to identify the responsible
factors (eg, patient demographics, social factors, fracture
characteristics, treatment methods, adequacy of fracture
reduction). Multicenter prospective studies to evaluate
factors influencing general health outcomes are needed.
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