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  Question Patients and methods Measures Results Answer

1 Is stability-based ankle 
fracture classification 
useful in choosing 
between non-operative 
and operative treatment 
of ankle fractures, 
and how many ankle 
fractures can be treated 
non-operatively?

A retrospective study of 253 
ankle fractures in skeletally 
mature patients, 160 of whom 
were included in the study 
to obtain an epidemiological 
profile in a population of 
130,000.

Outcome was 
assessed using the 
scoring system of 
Olerud–Molander, 
the RAND 36-Item 
Health Survey, and the 
Visual Analog Scale 
(VAS) to measure pain 
and function after a 
minimum follow-up of 
2 years.

Non-operatively treated 
patients had more 
displacement of the distal 
fibula after treatment, 
but less pain and better 
functional scores. No non-
operatively treated patient 
had late displacement or 
needed operative fracture 
fixation during follow-up.

Stability-based fracture 
classification is a simple 
and useful tool in decision-
making as regards the 
method of treatment and 
about half of the ankle 
fractures can be treated 
non-operatively with 
success.

2 Is exploration or repair 
of the AITFL beneficial?

A retrospective study of 288 
patients with Lauge-Hansen 
SE4 ankle fractures; the AITFL 
was explored and repaired 
in one group (n=165), and a 
similar operative method was 
used but the AITFL was not 
explored in another group 
(n=123).

The clinical outcome 
was measured using 
the Olerud-Molander 
scoring system with a 
minimum follow-up of 
2 years.

No significant difference 
was found between these 
two treatment protocols.

Exploration and repair of 
the AITFL is not needed in 
these fractures

3 Is the hook test or 
the clinical ER stress 
test sufficiently 
sensitive enough to 
detect syndesmosis 
injury? What is 
the interobserver 
agreement of these 
tests?

A prospective study of 140 
patients with SE4 ankle 
fractures. The stability of the 
distal tibiofibular joint was 
evaluated by the hook and ER 
stress tests. Clinical tests were 
carried out by the main surgeon 
and assistant, separately, after 
which a 7.5-Nm standardized 
external rotation stress test for 
both ankles was carried out.

The sensitivity and 
specificity of both 
clinical tests were 
calculated using the 
standard 7.5-Nm 
external rotation stress 
test as reference. 
Kappa statistics and 
percentage agreement 
were calculated.

The hook test had a 
sensitivity of 0.25 and a 
specificity of 0.98.  The 
external rotation stress test 
had a sensitivity of 0.58 
and a specificity of 0.9. 
Both tests had excellent 
interobserver reliability; the 
agreement was 99% for the 
hook test and 98% for the 
stress test.

The interobserver 
agreement was excellent 
for both the hook test and 
the clinical stress test, 
but sensitivity of these 
tests was insufficient 
for detecting unstable 
syndesmosis injury in SE4 
type ankle fractures when 
using a standardized 
7.5-Nm external rotation 
stress test as a reference.

4 Does transfixation 
of the unstable 
syndesmosis influence 
the functional 
outcome?

A prospective randomized 
study of 140 patients with SE4 
ankle fractures. The 7.5-Nm 
standardized ER stress test for 
both ankles was performed; 
if it was positive, the patient 
was randomized to either 
syndesmosis transfixation or no 
fixation treatment groups.

Outcome was 
assessed using the 
Olerud-Molander 
scoring system, RAND 
36-Item Health Survey, 
and VAS to measure 
pain and function after 
a minimum of one 
year of follow-up.

There was no significant 
difference between these 
two groups.

Syndesmotic transfixation 
with a screw in this 
fracture pattern had no 
influence on the functional 
outcome or pain. 

Thesis at a glance
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The aim of this thesis was to confirm the utility of stability-
based ankle fracture classification in choosing between non-
operative and operative treatment of ankle fractures, to deter-
mine how many ankle fractures are amenable to non-operative 
treatment, to assess the roles of the exploration and anatomi-
cal repair of the AITFL in the outcome of patients with SER 
ankle fractures, to establish the sensitivities, specificities and 
interobserver reliabilities of the hook and intraoperative stress 
tests for diagnosing syndesmosis instability in SER ankle frac-
tures, and to determine whether transfixation of unstable syn-
desmosis is necessary in SER ankle fractures.

The utility of stability based fracture classification to 
choose between non-operative and operative treatment was 
assessed in a retrospective study (1) of 253 ankle fractures in 
skeletally mature patients, 160 of whom were included in the 
study to obtain an epidemiological profile in a population of 
130,000. Outcome was assessed after a minimum follow-up 
of two years. The role of AITFL repairs was assessed in a 
retrospective study (2) of 288 patients with Lauge-Hansen 
SE4 ankle fractures; the AITFL was explored and repaired in 
one group (n=165), and a similar operative method was used 
but the AITFL was not explored in another group (n=123). 
Outcome was measured with a minimum follow-up of two 
years. Interobserver reliability of clinical syndesomosis tests 
(study 3) and the role of syndesmosis transfixation (study 
4) were assessed in a prospective study of 140 patients with 
Lauge-Hansen SE4 ankle fractures. The stability of the distal 
tibiofibular joint was evaluated by the hook and ER stress 
tests. Clinical tests were carried out by the main surgeon and 
assistant, separately, after which a 7.5-Nm standardized ER 
stress test for both ankles was performed; if it was positive, 
the patient was randomized to either syndesmosis trans-
fixation (13 patients) or no fixation (11 patients) treatment 
groups. The sensitivity and specificity of both clinical tests 

Abstract

were calculated using the standard 7.5-Nm external rota-
tion stress test as reference. Outcome was assessed after a 
minimum of one year of follow-up. Olerud-Molander (OM) 
scoring system, RAND 36-Item Health Survey, and VAS to 
measure pain and function were used as outcome measures 
in all studies. 

In study 1, 85 (53%) fractures were treated operatively using 
the stability based fracture classification. Non-operatively 
treated patients reported less pain and better OM (good or 
excellent 89% vs. 71%) and VAS functional scores compared 
to operatively treated patients although they experienced more 
displacement of the distal fibula (0 mm 30% vs. 69%; 0–2 mm 
65% vs. 25%) after treatment. No non-operatively treated 
patients required operative fracture fixation during follow-
up. In study 2, AITFL exploration and suture lead to equal 
functional outcome (OM mean, 77 vs. 73) to no exploration 
or fixation. In study 3, the hook test had a sensitivity of 0.25 
and a specificity of 0.98.  The external rotation stress test had 
a sensitivity of 0.58 and a specificity of 0.9. Both tests had 
excellent interobserver reliability; the agreement was 99% for 
the hook test and 98% for the stress test. There was no statis-
tically significant difference in functional scores (OM mean, 
79.6 vs. 83.6) or pain between syndesmosis transfixation and 
no fixation groups (Study 4)

Our results suggest that a simple stability-based fracture 
classification is useful in choosing between non-operative and 
operative treatment of ankle fractures; approximately half of 
the ankle fractures can be treated non-operatively with suc-
cess. Our observations also suggest that relevant syndesmosis 
injuries are rare in ankle fractures due to an SER mechanism 
of injury. According to our research, syndesmotic repair or 
fixation in SER ankle fracture has no influence on functional 
outcome or pain after minimum one year compared with no 
fixation.
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Rotational ankle fractures caused by indirect trauma and distal 
tibial fractures caused by direct axial loading are distinct enti-
ties both involving the same joint, but with substantially dif-
ferent treatments and prognoses. This thesis only addresses 
rotational ankle fractures, which are among the most common 
fractures treated by orthopedic surgeons. There is general 
consensus that the stability of the ankle mortise is the most 
important factor when choosing between operative and non-
operative treatment (Yde and Kristensen 1980a, Yde and 
Kristensen 1980b, Bauer et al. 1985b, Kristensen and Hansen 
1985, Phillips et al. 1985, Michelson 1995, Michelson 2007). 

Bi- and trimalleolar fractures are considered unstable injuries 
and should be treated operatively (Yde and Kristensen 1980b, 
Phillips et al. 1985, Ali et al. 1987, Michelson 1995, Michelson 
et al. 2007); however, in lateral malleolus fractures the ankle 
joint can be stable or unstable, depending on the mechanism 
of injury (Lauge-Hansen 1950, Yde and Kristensen 1980a, 
Yde and Kristensen 1980b, Michelson 1995, Michelson et al. 
2007). There are currently no uniformly accepted criteria to 
estimate which lateral malleolus fractures can be considered 
stable and amenable to non-operative treatment.

Introduction

Ideally, a classification system would help physicians deter-
mine the appropriate treatment method (Michelson et al. 2007), 
but neither of the two most widely used classification systems 
for ankle fractures, the Lauge-Hansen (Lauge-Hansen 1950) 
and Weber (Muller et al. 1979) systems,  predicts fracture 
instability, and the values of these systems in choosing a treat-
ment method are limited (Lindsjo 1985a, Bauer et al. 1987b, 
Nielsen et al. 1990, Broos and Bisschop 1991, Rasmussen et 
al. 1993, Michelson et al. 1997, Gardner et al. 2006c, Hara-
guchi and Armiger 2009). Since the stability of the fractured 
ankle is the most important factor in choosing between opera-
tive and non-operative treatment, Michelson et al. proposed a 
stability-based ankle fracture classification system that more 
clearly addressed this aspect (Michelson et al. 2007). Opera-
tive treatment is indicated only for fractures in which the talus 
can move pathologically from the ankle mortise, which is the 
case in all bi- and trimalleolar fractures and lateral malleolar 
fractures with positive stress tests, and thus instability of the 
ankle mortise (Michelson et al. 2007) (Figure 1). 

One factor affecting dynamic congruency (stability of the 
ankle mortise) is possible injury to the tibiofibular syndesmo-

Figure 1. Decision tree for ankle fracture management (Michelson et al. 2007).
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sis. Although syndesmosis injuries are apparent in ankle frac-
tures that start above the tibial plafond (Lauge-Hansen 1950, 
Boden et al. 1989 , Yamaguchi et al. 1994, Chissell and Jones 
1995, van den Bekerom et al. 2010), there are unsuspected 
syndesmosis disruptions in lateral malleolus fractures that 
start at the level plafond (Leeds and Ehrlich 1984, Takao et 
al. 2001, Jenkinson et al. 2005, Weening and Bhandari 2005, 
Stark et al. 2007). Spiral lateral malleolus fractures starting at 
the level of the tibial plafond are the most common malleolar 
fractures; in this type of injury the AITFL is always ruptured 
(Lauge-Hansen 1950). There are, however, no clinical studies 
to confirm this observation.

Unstable syndesmosis may result in late instability, pain, 
and early osteoarthritis, especially in high fibular fractures, 
although little is known about its relevance in distal lateral 
malleolus fractures (Ramsey and Hamilton 1976, Leeds and 
Ehrlich 1984, Clarke et al. 1991, Chissell and Jones 1995, Tor-
netta 2000). Babis and Cedell recommended primary repair of 
AITFL ruptures in addition to syndesmosis fixation (Cedell 
1965, Babis et al. 2000), but there are no clinical comparative 
studies of whether anatomical repair of the AITFL influences 
outcome.

There is no gold standard for diagnosing syndesmosis 
injury and instability. Preoperative plain radiographs rarely 
show syndesmosis injuries (Beumer et al. 2004, Nielson et 
al. 2004), and diagnoses must be made using intraoperative 
tests that demonstrate instability of the distal tibiofibular joint 
(Jenkinson et al. 2005, Stark et al. 2007). Many syndesmosis 
tests, like the hook and intraoperative stress tests are subject to 
numerous sources of error and the reliability of these tests is 
poorly understood. An intraoperative standardized 7.5-Nm ER 
stress test under fluoroscopy after internal fixation of fractured 
malleoli (Jenkinson et al. 2005) may have fewer sources of 
error and increase the detection rate of syndesmotic instability 
in SER-type ankle fractures. Additionally, this method may be 
more accurate than other tests (Jenkinson et al. 2005). 

This thesis focuses on the usefulness of our stability-based 
classification of ankle fractures as well as the clinical rele-
vance of syndesmosis injuries in ankle fractures due to an SER 
mechanism of injury.

Anatomical and biomechanical considerations of 
ankle fractures

The ankle joint consists of the articulation of three bones: the 
distal aspect of the tibia, the distal aspect of the fibula, and 
the saddle-shaped talus. The articulations of this joint complex 
occur primarily between the dome of the talus and the tibial 
plafond. A medial facet of the talus articulates with the medial 
malleolus of the tibia, and a lateral facet articulates with the 
lateral malleolus (Michelson 1995). The lateral, medial, and 
syndesmotic ligaments support the ankle joint. Laterally, the 
distal aspect of the fibula is attached to the hind foot by three 

ligaments: the anterior talofibular ligament, the calcaneofibu-
lar ligament, and the posterior talofibular ligament. The medial 
side of the ankle joint is stabilized by the two-component del-
toid ligament (Figure 2). The distal tibiofibular connection, 
the distal tibiofibular syndesmosis, consists of the AITFL, the 
posterior inferior tibiofibular ligament, and the interosseus 
ligament, which is a distal part of the interosseus membrane 
(Beumer 2007) (Figure 3).

Normal plantar flexion and dorsiflexion are a combination 
of sliding and rolling (Sammarco et al. 1973). The dome of the 
talus is wider anteriorly than posteriorly, and as the ankle dor-
siflexes the intramalleolar distance increases by approximately 
1.5 mm as the fibula moves posterolaterally and rotates exter-
nally 2 degrees through the tibiofibular syndesmosis (Close 
1956, Lundberg 1989).  The syndesmosis binds the tibia to the 
fibula, while the deep deltoid ligament primarily prevents ER 
of the talus by pulling the talus to internal rotation when the 
ankle dorsiflexes (Rasmussen et al. 1983, Rasmussen 1985). 
Under normal physiological conditions, the ankle joint sus-
tains peak loads of nearly four times the body weight (Procter 
and Paul 1982); during weight-bearing, 80–90% of the load 
is transmitted through the tibial plafond to the dome of the 
talus (Calhoun et al. 1994) and 17% is transmitted through the 
fibula (Lambert KL 1971). 

Figure 2. The two-component deltoid ligament.

Figure 3. Distal tibiofibular syndesmosis.
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If the injury pattern in a fractured ankle allows ER of the 
talus, the ankle mortise is unstable (Yablon et al. 1977, Harper 
1983, Michelson 1995) and appears as a lateral shift of the 
talus on a two-dimensional plain radiograph. Sectioning of the 
AITFL does not itself cause instability of the talus (Rasmus-
sen 1985), while sectioning of the deep deltoid ligament leads 
to talar instability when associated with lateral side injury 
(Harper 1983). Even 1 mm of talar displacement decreases the 
contact area in the tibiotalar joint by more than 40% (Ramsey 
and Hamilton 1976, Clarke et al. 1991). According to clinical 
and biomechanical studies, the medial malleolus and deltoid 
ligament are the primary sources of ankle stability (Pettrone 
et al. 1983, Phillips et al. 1985, Michelson et al. 1992, Harper 
1995, Earll et al. 1996, Sasse et al. 1999, Michelson et al. 
2002).

Epidemiology of ankle fractures

The crude incidence of ankle fractures is reported to be 107–
187 per 100,000 person-years (Bengner et al. 1986, Daly et al. 
1987, Court-Brown et al. 1998, Jensen et al. 1998), and there 
is evidence that the epidemiology has changed since the 1950s 
(Bengner et al. 1986, Bauer et al. 1987, Kannus et al. 1996). 
The incidence was previously higher in men than in woman 
(Bengner et al. 1986, Daly et al. 1987, Court-Brown et al. 1998, 
van Staa et al. 2001), but in recent decades the age-specific 
incidence of ankle fractures in elderly women has more than 
doubled (Bengner et al. 1986, Kannus et al. 1996, Kannus et 
al. 2002). The most common age for ankle fracture is between 
45 and 64 years (Buhr and Cooke 1959, Court-Brown et al. 
1998). Young men between 15 and 24 years of age and females 
older than 40 years of age have the highest age-specific inci-
dences (Bengner et al. 1986, Daly et al. 1987, Kannus et al. 
1996, Court-Brown et al. 1998, Jensen et al. 1998). 

Although the incidence of ankle fractures is well recorded, 
very little is known regarding the proportion of ankle frac-
tures that require operative treatment. An epidemiological 
study reported that 45% of fractures were treated operatively 
(Jensen et al. 1998), but otherwise there are no published stud-
ies on this subject. 

Mechanism of injury and classification 

Rotational ankle fractures are caused by indirect trauma. The 
deforming force is either internal or ER, abduction, or adduc-
tion (Lauge-Hansen 1950).

The basic goals of a classification system are to describe the 
fracture pattern accurately and to provide information for clin-
ical choice of the appropriate treatment method. The Lauge-
Hansen (Lauge-Hansen 1950) classification system was origi-
nally developed as a clinical tool to help obtain and maintain 
closed reduction of ankle fractures. The system has a two-part 

nomenclature in which the first word presents the foot posi-
tion at injury (supination or pronation) and the second word 
indicates the direction of the deforming force.

Supination of the foot achieves tension on the lateral ankle 
structures, while pronation achieves tension on the medial 
structures. Therefore, in a SER fracture, the injury begins ante-
riorly and progresses around the ankle, resulting in severity 
stages I to IV depending on the number of injured structures. 
The structures that are damaged are (in order) the AITFL, the 
lateral malleolus, the posterior aspect of the capsule or the 
posterior malleolus, and the medial malleolus or the deltoid 
ligament. SER stage-II fracture is a short oblique fracture of 
the distal fibula whereas SER stage-IV fracture has an associ-
ated medial side injury. Pronation-ER, supination-abduction, 
and pronation-abduction fractures are graded in the same way. 
Pronation-ER stage-I fracture is an isolated fracture of the 
medial malleolus and when the injury progresses around the 
ankle and it results the high fibular fracture at stage-III and 
finally posterior tibio-fibular ligament injury or fracture of the 
posterior malleolus at stage-IV.  Supination-adduction stage-I 
is a lateral ligament injury or the transverse fibular fracture 
below the tibial plafond whereas stage-II fracture has an asso-
ciated vertical fracture of the medial malleolus. Thus, prona-
tion- abduction stage-I injury is a medial avulsion fracture and 
at stage-II the fibular bending forces causes often laterally 
comminuted transverse fibular fracture. 

Lauge-Hansen originally proposed that an understanding of 
the mechanism of injury would facilitate the closed reduction, 
and reversing the mechanism of injury could result in optimum 
reduction (Lauge-Hansen 1950). However, later cadaver stud-
ies were unable to reproduce Lauge-Hansen’s injury patterns 
completely (Michelson et al. 1997, Haraguchi and Armiger 
2009). In addition, the many subgroups of the Lauge-Hansen 
system make it cumbersome to implement in clinical practice.

The Weber classification system (Muller et al. 1979), devel-
oped along with modern operative fracture stabilization tech-
niques, is based on the concept that the lateral malleolus is the 
key to stability of the fractured ankle. The Weber classifica-
tion divides ankle fractures into three types on the basis of 
the anatomy of the lateral malleolus fracture. Type A fractures 
are lateral malleolus fractures distal to the tibial plafond, type 
B fractures begin at the level of the tibial plafond, and type 
C fractures begin proximal to the level of the tibial plafond 
(Muller et al. 1979). This system is simple to use, but ignores 
medial side injury. Many studies consider associated medial 
malleolar fracture or deltoid ligament injury more important 
than the level of a fibular fracture (Pettrone et al. 1983, Phil-
lips et al. 1985, Michelson et al. 1992, Harper 1995, Earll et al. 
1996, Sasse et al. 1999, Michelson et al. 2002). 

Neither the Lauge-Hansen nor the Weber system is reliable, 
since the interobserver reliability for both systems is only poor 
to fair (Nielsen et al. 1990, Thomsen et al. 1991, Rasmussen et 
al. 1993,  Brage et al. 1998, Craig and Dirschl 1998). In addi-
tion, neither system is prognostic; fewer than 10% of studies 



Acta Orthopaedica (Suppl 347) 2012; 83 7

using the Weber classification and fewer than half of the stud-
ies using the Lauge-Hansen classification have suggested that 
these classifications can predict outcome (Cedell 1967, Even-
tov et al. 1978, Hughes et al. 1979, Beauchamp et al. 1983, 
Pettrone et al. 1983, Bauer et al. 1985a, Rowley et al. 1986, 
Ali et al. 1987, Bauer et al. 1987b, Ahl et al.1989, Broos and 
Bisschop 1991, Makwana et al. 2001, Lash et al. 2002, Egol et 
al. 2004, Michelson et al. 2007).

Michelson et al. suggested a classification system (Figure 
1) based on the stability of the fractured ankle (Michelson et 
al. 2007). They screened all English-language papers (1966 to 
December 2004) pertaining to the clinical treatment of ankle 
fractures in which outcome comparisons between treatments 
and/or fracture patterns could be made. The results supported 
the hypothesis that a stability-based ankle fracture classifica-
tion system can be prognostic. For unstable ankle fractures, 
the radiographic outcomes were better after surgery when the 
decision for surgery was made on the basis of stability. The 
final reduction was shown to be a good predictor for clinical 
outcome (Tunturi et al. 1983, Phillips et al. 1985). Overall, 
non-operative treatment outcomes were also better with sta-
bility-based treatment (Michelson et al. 2007). 

Diagnosis

Although most patients with ankle sprains who present to 
emergency departments undergo radiography, fewer than 15% 
have a fracture (Brooks et al. 1981, Brand et al. 1982, Dunlop 
et al. 1986, Lloyd 1986, Sujitkumar et al. 1986). Meticulous 
clinical examination using the Ottawa ankle rules may reduce 
the number of unnecessary radiographs by 30–40% (Stiell et 
al. 1995, Bachmann et al. 2003). If clinical examination sug-
gests a fracture, plain radiography is indicated, with three 
standard radiographic views of the injured ankle: AP, mortise 
(the true AP of the ankle; (Goergen et al. 1977), and lateral. 
There is some debate regarding the number of radiographic 
views that are necessary (Cockshott et al. 1983, Vangsness. et 
al. 1994, Brage et al.1998, Brandser et al. 2000); Winkler et 
al. suggested that if only mortise and lateral views are used, up 
to 98% of the accuracy of the use of all three standard radio-
graphs can be achieved (Winkler et al. 1990). 

Since plain radiographs do not reveal dynamic incongru-
ity, ER stress or weight-bearing radiographs have been used 
in an attempt to demonstrate instability associated with lat-
eral malleolar fracture and deltoid ligament injury (Pankovich 
1979, Pankovich and Shivaram 1979, Michelson et al. 2001, 
Weber et al. 2010). Gravity stress radiographs are considered 
to be as useful as the manual stress radiograph for determin-
ing complete deltoid ligament injury in association with an 
isolated distal fibular fracture (Gill et al. 2007). However, it 
is unclear whether a positive radiograph alone is a sufficient 
criterion for surgical intervention (Egol et al. 2004). Clinical 
signs that suggest an unstable fracture pattern include lateral 

side fracture with medial tenderness, swelling, and ecchy-
mosis; however, these clinical signs did not predict widening 
of the medial clear space on stress radiographs (Egol et al. 
2004). Michelson et al. suggested that patients with isolated 
lateral mallelus fractures should always undergo a stress test 
(Michelson et al. 2007).

Plain radiographs can sometimes reveal syndesmosis injury 
if the ankle is in subluxation or luxation and the diastase of 
the injured syndesmosis or displacement of the talus can be 
seen (Edwards and DeLee 1984). ER stress radiographs may 
also help if the diastasis of the injured syndesmosis is not 
visible on plain radiographs (Beumer 2007). Syndesmosis 
integrity is assessed by measuring the TFCS and TFOL on 
AP view. TFCS, the distance between the posterolateral or 
anterolateral border or the incisura of the tibia and the medial 
border of the fibula (Pettrone et al. 1983, Leeds and Ehrlich 
1984, Sclafani 1985, Harper and Keller 1989), is measured at 
the level of the epiphyseal scar approximately 1 cm proximal 
to the tibial plafond (Leeds and Ehrlich 1984, Wuest 1997, 
Elgafy et al. 2010) (Figure 4). The TFCS should be less than 
6 mm as measured between the posterolateral border of the 
tibial incisura and the medial border of the fibula on AP and 
mortise views (Harper and Keller 1989). The TFOL is the 
horizontal distance between the medial border of the fibula 
and the lateral border on the anterior tibial tubercle (Pettrone 
et al. 1983); it is considered normal if it is longer than 6 mm 
on the AP and longer than 1 mm on the mortise view (Harper 
and Keller 1989) (Figure 4). Medial TTCS and STTCS are 
also used to assess syndesmosis injury because accompa-
nying delta ligament injury may lead to lateral shift of the 
talus (Beumer 2007). The TTCS is measured as the distance 
between the lateral border of the medial malleolus and the 
medial border of the talus at the level of the talar dome (Joy et 
al. 1974, Jenkinson et al. 2005) (Figure 4). The TTCS should 
not exceed the STTCS (Figure 4) on the AP view or 4 mm on 

Figure 4. Radiographic parameters.  A = TTCS, B = STTCS, C = TFCS, 
and D = TFOL.
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the mortise view (Pettrone et al. 1983), but no real validation 
of these parameters exist.   

A CT scan provides more detail about bony fracture anatomy, 
and is needed especially with plafond injuries (Magid et al. 
1990). CT has been used to study the displacement of the frac-
ture site and congruence of the tibiotalar joint (Michelson et al. 
1992), or to describe the normal anatomy of distal tibiofibular 
joint (Ebraheim et al. 1997, Elgafy et al. 2010). There are no 
clinical studies using CT to evaluate the stability of the fractured 
ankle. MRI provides additional information about concomitant 
soft tissue, especially delta ligament and syndesmotic injuries 
(Vogl et al. 1997, Nielson et al. 2004, Gardner et al. 2006c, 
Beumer 2007, Koval et al. 2007, Cheung et al. 2009), but it 
does not aid assessment of syndesmosis stability. Ultrasound, 
when compared to MRI, has been reported to have a sensitivity 
of 0.66 and a specificity of 0.91 (Milz et al. 1998); however, the 
validity of ultrasound imaging is dependent on the experience 
of the examiner, and ultrasound is not performed routinely for 
diagnosis of syndesmosis injuries (Beumer 2007). Arthroscopy 
is also useful for diagnosing syndesmosis injuries (Ogilvie-
Harris and Reed 1994, Takao et al. 2003), but it is invasive and 
there is no quantitative data on how much displacement may be 
considered to be still within normal limit (Beumer 2007). 

Usually, diagnosis of syndesmosis injury must be made via 
clinical tests that attempt to demonstrate distal tibiofibular 
joint instability. In the squeeze test, the fibula is compressed 
toward the tibia at the midpoint of the calf; the test is consid-
ered positive when the compression produces pain distally at 
the area of syndesmosis (Hopkinson et al. 1990, Teitz and Har-
rington 1998). The ER stress test is performed by applying ER 
stress to the ankle. A positive finding is pain at the area of syn-
desmosis or widening of the TFCS or TTCS assessed (intraop-
eratively) with fluoroscopy after internal fixation of fractured 
malleoli (Boytim et al. 1991, Ogilvie-Harris and Reed 1994, 
Jenkinson et al. 2005). The Cotton test (Cotton FJ 1910) and 
its modification the hook test create lateral translation of the 
fibula. The Cotton test was originally used to diagnose Pott’s 
fracture, and it is actually a lateral translation test of the foot 
(Cotton FJ 1910). The fibular translation or rotation tests are 
considered positive when sagittal translation or rotation of the 
fibula with respect to the tibia can be achieved (Ogilvie-Harris 
and Reed 1994, Candal-Couto et al. 2004) (Figure 5). 

Although these tests are widely used in clinical practice, no 
studies of their interobserver reliabilities have been published. 
Jenkinson et al. (2005) modified the ER test and used a special 
tool, the F-fork, to generate a standardized ER force. Xenos 
and Beumer (Xenos et al. 1995, Beumer et al. 2003) separately 
studied the ER stress test in cadavers and noted that a 7.5-Nm 
force is sufficient to demonstrate instability of the distal tib-
iofibular joint. This 7.5-Nm torque has also been applied in 
clinical studies (Xenos et al. 1995, Jenkinson et al. 2005, Stof-
fel et al. 2009). The standardized 7.5-Nm ER stress test has 
fewer sources of error than other intraoperative syndesmosis 
tests, although its reproducibility has not been studied.

Decision-making between non-operative or 
operative treatment

The stability of the fractured ankle is the critical determi-
nant in clinical decision-making. Fractures associated with 
unstable ankle mortise may lead to late instability, pain, and 
osteoarthritis, and in general operative treatment is indicated 
(Yde and Kristensen 1980b, Purvis 1982, Phillips et al. 1985, 
Ali et al. 1987, Michelson 1995, Michelson et al. 2007). Frac-
tures with stable ankle mortise can be treated non-operatively 
(Yde and Kristensen, 1980a, Yde and Kristensen 1980b, Bauer 
et al. 1985b, Kristensen and Hansen 1985, Phillips et al. 1985, 
Michelson 1995). Good long-term functional results support 
this decision-making paradigm; after more than twenty years of 
follow-up, the closed treatment of stable SER stage-II fractures 
was associated with good clinical results in more than 94% of 
cases (Bauer et al. 1985b, Kristensen and Hansen 1985). 

Most studies agree that bi- and trimalleolar fractures are 
unstable injuries that should be treated operatively (Yde and 
Kristensen 1980b , Phillips et al. 1985, Ali et al. 1987, Michel-
son 1995, Michelson et al. 2007). The treatment of displaced 
unimalleolar distal fibular fracture, however, is controversial. 
Researchers favoring the Weber classification consider dis-
placement of the lateral malleolus to be the most important 
factor in choosing between operative and non-operative treat-
ment. The acceptable amount of displacement of the distal 
fibula has varied between 0 and 5 mm (Bauer et al. 1985a, 
Lehto and Tunturi 1990, Muller et al. 1991, Michelson 1995, 
Wiss 2006); tibiotalar contact stress does not increase substan-
tially unless the displacement of the lateral malleolar fracture 
is more than 5 mm (Brown et al. 1994). A CT study revealed 
that in an isolated lateral malleolar ankle fracture, the ER of 
the fracture fragment is relative only to the proximal fibula and 
is not associated with derangement of the talofibular articula-
tion (Michelson et al. 1992). Michelson and colleagues have 
suggested that displacement alone is of minor importance, and 
ankle stability is the key factor in choosing the appropriate 
treatment (Fig. 1; (Michelson et al. 1992, Michelson 1995, 
Michelson et al. 2007).

Figure 5. Sagittal translation of the fibula (on the right side) at gravity 
ER stress in intraoperative CT scan. 
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Non-operative treatment of ankle fracture requires stabil-
ity to restore alignment and to allow bony healing. Stability 
of the fracture is considered an important factor for healing. 
Especially if, associated soft tissue injury is extensive, when 
the blood supply is marginal and when the fracture comes into 
contact with synovial fluid (Buckwalter et al. 2001). Nonunion 
of ankle fractures is uncommon, but non-operative treatment 
of unstable fracture may lead to malunion and posttraumatic 
osteoarthritis (Marsh and Saltzman 2001).

SER injuries (Weber B) are considered to be the most 
common cause of all indirect fibular fractures, while syndes-
mosis injuries are apparent in Weber C-type ankle fractures 
(Lauge-Hansen 1950, Boden et al. 1989, Yamaguchi et al. 
1994, Chissell and Jones 1995, van den Bekerom et al. 2010). 
However, syndesmosis may be intact or ruptured in SER 
ankle fractures (Leeds and Ehrlich 1984, Takao et al. 2001, 
Jenkinson et al. 2005, Weening and Bhandari 2005, Stark et 
al. 2007). According to Lauge-Hansen, the most typical frac-
ture pattern is a spiral lateral malleolus fracture starting at 
the level of the tibial plafond; the fracture starts anteriorly, 
and the AITFL is always ruptured (Lauge-Hansen 1950). It 
is controversial whether AITFL rupture alone renders distal 
tibiofibular syndesmosis unstable. Boden et al. suggested 
that syndesmosis is unstable only when the fibular fracture is 
3–4.5 cm proximal to the ankle joint and the deltoid ligament 
is torn (Boden et al. 1989). The intraoperative ER stress of 
an isolated AITFL (Lauge-Hansen stage 1) injury has a tibio-
fibular diastase of 10–12 mm (Cedell 1967). If syndesmosis 
is considered unstable, most authors recommend its repair to 
prevent late instability, pain, and early osteoarthritis (Ramsey 
and Hamilton 1976, Leeds and Ehrlich 1984, Clarke et al. 
1991, Chissell and Jones 1995, Tornetta 2000). The clinical 
relevance of syndesmosis injury and the effect of repair on 
outcome are especially poorly known in ankle fractures due to 
the SER mechanism of injury. 

Non-operative treatment
Stable fractures can be treated with a short cast or functional 
brace. Weight bearing can be allowed as tolerated, and patients 
usually start to weight-bear when symptoms ease. The long-leg 
cast is not necessary, and good results have been reported with 
high-top shoes and with use of an elastic bandage (Zeegers et 
al. 1989, Ryd and Bengtsson 1992). 

Operative treatment
Rigid fixation of the lateral and medial malleolus with a small 
fragment plate and screws is the most common operative 
method for unstable fractures. The lateral malleolus is usu-
ally fixed with one-third plate with two or three 3.5 mm corti-
cal screws on either side of the fracture site with or without 
an additional compression with lag screw (Hahn and Colton 
2007).  Kirchner wires are mainly used for temporary fixation 
to hold reduction, but Koval et al. recommend augmentation 
with a plate fixation with intramedullary Kirchner wire when 

the bone is osteopenic (Koval et al. 1997). The plate is usually 
placed at the lateral side of the fibula, but one-third of patients 
have lateral pain or irritation after placement of lateral hard-
ware; a posterior plate may reduce hardware problems (Brown 
et al. 2001). The lag screw technique may also decrease the 
hardware prominence, but lag screw fixation is only recom-
mended for patients under 50 years old with a simple uncom-
minuted fracture (Kim and Oh 1999, Tornetta and Creevy 
2001). A posterior plate can improve the mechanics of fixation 
for very distal fibular fracture or for osteopenic bone (Schaf-
fer and Manoli 1987), and some researchers routinely prefer 
a posterior plate for SER ankle fractures (Winkler et al. 1990, 
Ostrum 1996). A posterior plate may rarely cause peroneal 
tendinitis (Treadwell and Fallat 1993). 

 If the medial malleolar fracture requires fixation it is usu-
ally reduced and fixed with two 3.5-mm or 4.0-mm partially 
threaded cancellous screws. If the medial fragment is small, 
or if there are comminuted osteoporotic fragments, some 
researchers prefer tension band fixation (Hughes, 1980, 
Ostrum and Litsky 1992, Georgiadis and White 1995, Skie 
et al. 1995). Posterior malleolar fractures of more than 30% 
of the articular surface can lead to instability of the ankle 
in the posterior direction, and thus fixation is recommended 
(Jaskulka et al. 1989, Raasch et al. 1992, Scheidt et al. 1992). 
Fixation of the posterior malleolus may also stabilize the syn-
desmosis when injured, especially with high fibular fractures 
(Gardner et al. 2006a). When the fibula is reduced, the poste-
rior malleolus usually reduces spontaneously. The fragments 
are fixed with 3.5-mm or 4.0-mm partially threaded cancel-
lous screws from front to back or vice versa.

Syndesmosis injury
Syndesmosis repair techniques are usually based on temporar-
ily transfixing the distal fibula to the tibia to allow soft tissue 
healing. Technical aspects of syndesmosis screw fixation vary 
among surgeons (Weening and Bhandari 2005, Monga et al. 
2008, Bava et al. 2010), and there is no consensus regarding 
the number of cortices, screw size, or foot position during 
screw insertion. A larger screw is stronger and easier to 
remove due to its large head, but there is no biomechanical 
advantage of a 4.5-mm screw over a 3.5-mm screw (Thomp-
son and Gesink 2000, Beumer et al. 2005). A biomechanical 
study demonstrated that two syndesmosis screws could make 
a stronger construct than a single screw (Xenos et al. 1995), 
three cortical syndesmosis screws allow some fibular move-
ment and may not break or loosen compared to four screw 
cortices (Marsh and Saltzman  2001, Beumer et al. 2005), but 
three or four cortices of fixation can be used to stabilize syn-
desmosis injuries (Moore et al. 2006, Wikeroy et al. 2010). 
Previously, stability comparable to a tricortical 3.5-mm screw 
was achieved with two Kirchner wires (Peter et al. 1994), and 
it has been suggested that bioabsorbable syndesmosis screws 
are well tolerated and avoid the need for subsequent screw 
removal (Thordarson et al. 2001, Hovis et al. 2002). 
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Olerud found a one-degree limitation of ankle dorsiflex-
ion for every degree of ankle plantar flexion during syndes-
motic screw insertion (Olerud 1985). In contrast, however, a 
cadaver study revealed that compression of the syndesmosis 
in plantarflexion led to no difference in maximal dorsiflex-
ion before and after syndesmotic compression (Tornetta et 
al. 2001). The optimal level of syndesmotic transfixation 
required to resist ER forces is 2–5 cm (McBryde et al. 1997, 
Miller et al. 1999), and the screw should be parallel to the 
joint to avoid displacement of the fibula in an inferior or 
superior direction (Amendola 1992). Endobutton-type suture 
transfixation could be as effective as traditional syndesmotic 
screw fixation (Cottom et al. 2009, Soin et al. 2009). How-
ever, a clear majority (97.4%) of trauma surgeons favor the 
use of a syndesmotic screw for fixation, and more than half 
of them employ a small fragment screw across three cortices 
(Monga et al. 2008). Some researchers (Cedell 1965, Babis 
et al. 2000, Kabukcuoglu et al. 2000, Nelson 2006) have rec-

ommended primary suture repair of AITFL ruptures in addi-
tion to syndesmosis fixation. AITFL repair was common in 
the early 1990s but was later abandoned, and there are no 
clinical comparative studies of whether anatomical AITFL 
repair influences outcome.

Postoperative treatment
A variety of postoperative protocols have been proposed to 
date, from active motion protected with a brace to non-weight 
bearing in a plaster cast (Ahl et al. 1988, Finsen et al. 1989, 
Cimino et al. 1991, Ahl et al. 1993, Hedstrom et al. 1994, van 
Laarhoven et al. 1996), but comparative studies identified no 
differences in short- or long-term results. Most surgeons allow 
no (73%) or at most partial (16%) weight-bearing after sydes-
motic transfixation (Monga et al. 2008), likely to avoid screw 
breakage (Beumer et al. 2005). There are no comparative stud-
ies of syndesmosis widening in different postoperative treat-
ment protocols.
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Aims of the studies

1.	T o confirm the utility of our stability-based criteria in 
choosing between non-operative and operative treatment 
of ankle fractures, and to determine how many ankle frac-
tures were amenable to non-operative treatment. 

2. 	T o assess the roles of the exploration and anatomical 
repair of the AITFL in the outcome of patients with SER 
ankle fractures.

3. 	T o establish the sensitivities, specificities, and interob-
server reliabilities of the hook and intraoperative stress 
tests for diagnosing syndesmosis instability in SER ankle 
fractures. 

4. 	T o determine whether transfixation of unstable syndesmo-
sis is necessary in SER ankle fractures.
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Patients

Study 1: A retrospective study of 253 ankle fractures in skel-
etally mature patients (≥15 years of age) treated at Oulu Uni-
versity Hospital in 2003. One hundred and sixty patients (86 
women, 74 men) who lived in Oulu at the time of injury were 
included in the study to obtain an epidemiological profile of a 
population of approximately 130,000 people. 

Study 2: A comparative retrospective study of 288 patients 
with Lauge-Hansen SE4 ankle fractures. From 1993–1994 
(Group 1) and in 2003 (Group 2), 471 ankle fractures in skel-
etally mature patients were treated operatively at Oulu Uni-
versity Hospital; of these patients, 288 with Lauge-Hansen 
SE4 ankle fractures were eligible for this study. In Group 1 
(n=165), the AITFL was explored and the ruptured ligament 
sutured or the avulsion fracture fixed at the original inser-
tion. If the AITFL was intact, it was just explored. In Group 2 
(n=123), a similar operative method was used, but the AITFL 
was not explored.

Studies 3 and 4: Prospective randomized studies of patients 
with Lauge-Hansen SE4 ankle fractures. Eligible patients 
were skeletally mature (≥16 years old) with unilateral SE4 
ankle fractures treated within one week after injury in Oulu 
University Hospital between July 19, 2007 and June 10, 2009. 
Exclusion criteria were bilateral ankle fractures, pathologic 
fractures, concomitant tibial shaft fractures, previous signifi-
cant injury, fracture of either ankle, significant peripheral neu-
ropathy, soft tissue infection in the region on either injured 
ankle, or inability to complete the study protocol. One hun-
dred sixty-six patients were screened, and 26 were excluded 
(18 via the exclusion criteria, eight due to operation room con-
gestion), leaving 140 patients (71 females, 69 males; mean 
age 47 years, SD 16.0 years, range 16–84 years) with SE4 
type ankle fractures. 
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Figure 6. Decision tree for ankle fracture management (Pakarinen et 
al.).
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Methods

Classifications, measurements, and assessment 
of clinical outcome

Fractures were classified according to the Weber and Lauge-
Hansen systems. TTCS, TFCS, and congruence of the tibiota-
lar joint were measured and analyzed postoperatively and at 
follow-up (Study 2, TTCS and congruence on tibiotalar joint). 
Clinical outcome was assessed with the OM system (Olerud 
and Molander 1984), the RAND 36-Item Health Survey 
(Aalto et al. 1999, Hays and Morales 2001), and the 100-mm 
VAS (Study 2, only OM) to measure pain and function after 
a minimum of one year (Study 4) or two years (Studies 1 and 
2). Questionnaires were mailed, and those patients who did 
not return them were contacted by telephone. The same forms 
were completed during the telephone interview.

Power analysis (Study 4)

Functional result assessed by Olerud-Molander score (Olerud 
and Molander 1984) was considered the most important out-
come parameter. The sample size calculations showed that 
30 patients per group would be enough to detect a clinically 
significant difference of 20% in Olerud-Molander ankle score 
between the study-groups [standard deviation (SD) 24 points, 
from study 1, α=0.05, β=0.2 and estimated of 20% drop out].  
Syndesmosis injury rate in SER ankle fractures is reported to 
be up to more than 30% (Nielson et al. 2004, Jenkinson et 
al. 2005, Stark et al. 2007). Thus, it was estimated that two 
hundred patients with SE fractures would be needed to carry 
out the study, and it was estimated to take about two years to 
recruit enough patients to the trial.

Non-operative treatment (Study 1)

The decision between operative and non-operative treatment 
was made by the surgeon-on-duty, based on the modified stabil-
ity criteria of Michelson et al. (Figure 6). Stable fractures were 
treated non-operatively using a standardized protocol. Fracture 
patterns that were considered stable were: isolated lateral mal-
leolar fractures (Weber A/B) without talar shift on initial radio-
graphs, medial tenderness, or medial effusion; isolated lateral 
malleolar fractures with medial tenderness or hematoma, and 
but without talar shift on mortise radiograph and with nega-
tive stress test; isolated undisplaced medial malleolar frac-
tures. The ankles were immobilized in a below-the-knee cast 

for five weeks, with weight bearing allowed as tolerated. The 
patients had follow-up visits at the outpatient clinic two and five 
weeks after the injury, during which mortise and lateral plain 
radiographs were taken. At the two-week visit the wound was 
checked and the cast was changed. A radiograph was taken with 
the cast. During the five-week visit, the cast was removed and 
the physiotherapist provided the patient with instructions for 
rehabilitation.

Operative treatment 

Fracture patterns that were considered unstable were: bimal-
leolar fractures; trimalleolar fractures; high fibular fractures 
starting from above the ankle joint with medial side injury and 
positive stress test; lateral malleolar fracture with medial ten-
derness or hematoma and positive stress test; lateral malleolus 
fractures with any talar shift or tilt on ankle mortise or lateral 
radiographs; displaced medial malleolus fractures (Figure 6).

Malleolar fixation was performed using standard AO prin-
ciples (Muller et al. 1991, Hahn and Colton 2007). The lateral 
malleolus was reduced and rigidly fixed with two 3.5-mm lag 
screws, with a 1/3 tubular plate, or with a lag screw and plate. 
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Medial malleolar fractures were reduced and fixed with two 
3.5-mm partially threaded cancellous screws. Posterior mal-
leolar fractures were fixed with 3.5-mm partially threaded 
cancellous screws from anterior to posterior if the fragment 
involved over 30% of the articular surface as estimated via 
lateral radiograph. 

Diagnosis and treatment of syndesmosis injury

Study 1: Syndesmosis transfixation was performed if the intra-
operative ER stress test under fluoroscopy was positive after 
malleolar fixation. 

Study 2: In Group 1, the AITFL was explored and the rup-
tured ligament sutured using non-absorbable 2–0 (Ethibond®, 
Johnson & Johnson, New Brunswick, NJ, USA) sutures. If 
the ligament was avulsed, it was fixed in the original insertion 
using 3.5-mm screws and a washer; the AITFL was explored 
only if intact. In Group 2, a similar operative method was 
used, but the AITFL was not explored. Syndesmosis transfix-
ation was carried out if the ER stress test under fluoroscopy 
was positive after malleolar fixation.

Study 3: After malleolar fixation the stability of the distal 
tibiofibular joist was examined by clinical syndesmosis tests; 
one surgeon left the operating theater and the other surgeon 
performed the hook test and the ER stress test under fluo-
roscopy. The roles were then reversed, and the second sur-
geon carried out the same tests. In the hook test, the tibia was 
stabilized with one hand and the lateral malleolus grabbed 
with a bone hook, followed by application of lateral force. 
The hook test was considered positive if there was more than 
2 mm of lateral fibula movement under direct vision. In the 
ER stress test, the tibia was stabilized with one hand and ER 
force was applied to the foot, followed by assessment of the 
TTCS using fluoroscopy. The images were printed and the 
surgeon measured the radiographic parameters with 1-mm 
accuracy using a caliper. The ER stress test was considered 
positive if the medial TTCS was 5 mm or more under stress. 
After the clinical test, the 7.5-Nm ER test was performed as a 
reference. The treatment of syndesmosis injuries is described 
below (Study 4).  

Study 4: After bony fixation, the 7.5-Nm standardized ER 
stress test for both ankles was carried out under fluoroscopy 
(Figures 7–9) with an F-tool-like fork as described (Jenkinson 
et al. 2005), with the torque value verified in cadaver studies 
(Xenos et al. 1995, Wuest 1997). The F-tool was applied to the 
medial aspect of the forefoot and the lateral aspect of the hind 
foot, and the proximal tibia was stabilized with one hand by 
the other physician. The angle was held at 90 degrees between 
the tibial shaft and foot. A standardized ER 7.5-Nm force was 
applied to the level of the ankle mortise. The operating surgeon 
evaluated the TTCS and TFCS in both limbs intraoperatively 
using fluoroscopy (Figures 8 and 9). TFCS was measured at 
the level of the epiphyseal scar approximately 1 cm proximal 

Figure 7. Intraoperative 7.5-Nm ER stress test.

Figure 8. 7.5-Nm ER stress test of 
an injured ankle.

Figure 9. 7.5-Nm ER stress test 
of a contralateral ankle.

to the tibial plafond (Jenkinson et al. 2005, Elgafy et al. 2010), 
and the TTCS was measured as the distance between the lat-
eral border of the medial malleolus and the medial border of 
the talus at the level of the talar dome (Joy et al. 1974, Jen-
kinson et al. 2005). A positive stress examination was defined 
as a difference of more than 2 mm side-to-side in the TTCS 
or TFCS on mortise radiographs (Figures 8 and 9). The fluo-
roscopic measurements were normalized for magnification 
using the dimensions of the small fragment fixation (head of a 
3.5-mm screw, Synthes GmbH, Oberdorf, Swizerland) and the 
arm of the F-tool as references.

If the stress test was positive, the patient was randomized 
to syndesmotic transfixation with 3.5-mm tricortical screw 
(Thompson and Gesink 2000, Nousiainen et al. 2008, Wikeroy 
et al. 2010) or to no syndesmotic fixation. The syndesmotic 
screw was placed with the ankle held at a 90-degree angle 
between the tibial shaft and the foot. The fibula was held at 
its anatomical position by hand or by reduction clamp with no 
extra compression. 
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Postoperative treatment

The ankles were immobilized in a below-the-knee cast for four 
weeks (Studies 3 and 4) or six weeks (Studies 1 and 2). Weight 
bearing was allowed as tolerated. The patients had a follow–
up visit at the outpatient clinic two, and four (Studies 3 and 4), 
six (Studies 1 and 2), or 12 weeks (Studies 3 and 4) after the 
injury. At the two-week visit, the wound was checked, sutures 
were removed, and the cast was changed. At the four- (Stud-
ies 3 and 4) or six-week (Studies 1 and 2) visits, the cast was 
removed, the ankle was examined, mortise and lateral plain 
radiographs were taken without the cast, and the physiothera-
pist provided rehabilitation instructions for the patient. During 
the 12-week visit (Studies 3 and 4), the ankle was examined, 
and mortise and lateral plain radiographs were taken. Research 
physiotherapists measured the range of motion of the injured 
ankles and provided rehabilitation instructions.

Statistical methods

Summary measurements are expressed as mean and SD unless 
otherwise stated. Continuous variables were analyzed by Stu-
dent’s t-test or the Mann-Whitney U-test in simple between-
group comparisons. Categorical variables were compared 
using Pearson’s χ² test or Fisher’s exact test. Differences 
between means with 95% CIs were calculated. In Study 1, a 
linear regression model was created using the OM score as a 
dependent variable. In the final model the continuous variable 
age was centered at 40 years (age minus 40), which allowed 
interpretation of the constant term as an overall mean. Sta-
tistically significant variables were used in the final linear 

regression model. Linearity and constancy of variances were 
evaluated graphically by means of residual versus predictor 
plots. Residual variances were evaluated to ensure non-vio-
lation of the homoscedasticity assumption for class variables. 
Two-tailed p-values are presented, with p < 0.05 considered 
statistically significant.

In Study 3, kappa statistics and percentage agreement (the 
percentage of assessors who agreed with one another) were 
used as statistical methods. Although percentage agreement 
involves the possibility that some agreement will occur purely 
by chance, it provides an overview of agreement between 
two assessors. Interpretation of kappa values was carried out 
according to the guidelines proposed by Fleiss (Fleiss 1981) 
and by Landis and Koch (Landis and Koch 1977). Accord-
ing to Fleiss (Fleiss 1981), kappa values less than 0.40 indi-
cate poor reliability, 0.40 to 0.75 fair to good reliability, and 
0.76 to 1.0 excellent reliability. According to Landis and Koch 

(Landis and Koch 1977), kappa values of 0.00 to 0.20 repre-
sent slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 
moderate agreement, and 0.61 to 0.80 substantial agreement. 
Kappa values above 0.80 are considered to indicate nearly per-
fect agreement.

In Study 4, randomization was performed using a computer-
generated randomization list that was created by one of the 
authors (Pasi Ohtonen) independent of the actual treatment 
process. Randomization was carried out with randomly chang-
ing block sizes of four and six. Numbered, sealed envelopes 
were created by a research secretary to allocate each patient to 
the fixation or control group according to the list. 

All analyses were performed using the statistical program 
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).
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Results

Study 1

The crude incidence of ankle fractures was 154/100,000, with 
more women (54%) who were significantly older (p < 0.05, 
t-test) than the men. Young men (under the age of 24 years) 
had more than twice as many fractures as women of the same 
age. The highest age-related incidence in women as well as 
the highest total incidence occurred between the ages of 45 
to 64 years. The overall incidence decreased after 65 years 
of age, although age-related incidence started to increase in 
women after 75 years of age (Figure 10). By Lauge-Hansen 
classification the most common fracture type was SE4 (43%), 
and by the Weber classification the B-type fracture occurred 
most commonly (75%). Anatomically the most common frac-
ture type was isolated fibular fracture (59%; Table 1). 

Eighty-five (53%) fractures were treated operatively. Sixty-
six (75%) isolated Weber type A or B lateral malleolar fractures 
were treated non-operatively, and 51 (94%) of the bimalleolar 
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Figure 10. Incidence rate per 100,000 people stratified by age group 
(Study 1).

Table 1. Fracture classification and treatment (Study 1)

Classification	 Treatment	
 	 Conservative	 Operative	 All

n (%)	 75 (47)	 85 (53)	 160

AO  A	 17	 0	 17
 B	 52	 68	 120
 C	 2	 10	 12
 unclassified 	 4	 7	 11
Lauge-Hansen PA1	 2	 3	 5
 PA2	 0	 1	 1
 PA3	 0	 3	 3
 PE1	 1	 0	 1
 PE3	 0	 5	 5
 PE4	 0	 6	 6
 SA1	 17	 0	 17
 SA2	 2	 1	 3
 SE2	 47	 0	 47
 SE3	 1	 0	 1
 SE4	 3	 65	 68
 unclassified	 2	 1	 3
Anatomy fibula	 68	 27	 95
 fibula + med. mall.	 1	 19	 20
 fibula + post. mall.	 1	 13	 14
 trimalleolar	 1	 19	 20
 med. mall.	 4	 6	 10
 post. mall.	 0	 1	 1

med. mall. = medial malleolus, 
post. mall. = posterior malleolus

Table 2. Treatment and self-reported disability (Study 1)

 	 Conservative	 Operative	 Mean	 95% CI for	
 	 mean (SD)	 mean (SD)	 difference	 the difference	 p-value

OM score	 87.8 (20.5)	 75.1 (26.4)	 12.7	    4.6 to 20.9	 0.001
VAS pain	 11.0 (18.4)	 24.0 (29.2)	 -13.0	 -21.5 to -4.5	 0.019
VAS function	 11.6 (17.2)	 23.1 (30.0)	 -11.4	 -20.0 to -2.9	 0.023
RAND-36 
   physical function	 80.9 (25.4)	 74.2 (28.3)	 6.7	   -4.0 to 17.5	 0.22

and trimalleolar fractures were treated operatively. Six out of 
ten isolated medial malleolar fractures were treated opera-
tively (Table 1). Non-operatively treated patients reported less 
pain and better OM (good or excellent 89% vs. 71%) and VAS 
functional scores (Table 2). Weber classification was not prog-
nostic regarding physical function or pain. Non-operatively 
treated patients experienced more displacement of the distal 
fibula after treatment (0 mm 30% vs. 69%; 0–2 mm 65% vs. 
25%, p < 0.001). Independent factors associated with worse 
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outcome according to the linear regression model were female 
gender, older age, unstable fracture type, and co-morbidity 
(Table 3). No non-operatively treated patients required opera-
tive fracture fixation during follow-up.

Study 2

No difference was detected between the two groups regard-
ing age at the time of injury, sex, fracture type, or the type 
of operative treatment except AITFL exploration and repair; 
in Group 1, 53% of ankle fractures had a repaired AITFL, 
while in Group 2, no patient had a sutured AITFL or fixed 
avulsion. No significant difference was found between the two 
treatment protocols in terms of postoperative TTCS, talar tilt, 
or OM score after minimum follow-up (Table 4). Addition-
ally, no between-group differences were identified for rate of 
postoperative infection, inadequate reduction, or secondary 
displacement requiring re-osteosynthesis or late reoperations.

Study 3 

The hook test had a sensitivity of 0.25 (95% CI 0.12–0.45), 
a specificity of 0.98 (95% CI 0.94–1.0), a positive predictive 
value of 0.75 (95% CI 0.41–0.93), and a negative predictive 
value of 0.86 (95% CI 0.79–0.91). The ER stress test had a 

Table 3. Linear regression model of OM scores (Study 1)

 	 Regression coefficient	
Variable entered	 B	 95% CI for B	 p-value

Constant	  88.3	  81.4 to 95.2	 <0.001
Male sex	    9.9	   2.3  to 17.5	 0.011
Age (centered; age-40)	   -0.34	 -0.60 to -0.08	 0.011
Operative treatment	 -14.8	 -22.4 to -7.3	 <0.001
Co-morbidity	 -12.1	 -23.4 to -0.73	 0.037

R² = 0.26.

Table 4. Outcome data (Study 2)

	 Group 1	 Group 2	 p-value

OM score, mean (SD)	 77 (25)	 73 (26)	 0.25
OM class, n (%)			   0.52
     Excellent	 51 (40)	 29 (33)	
     Good 	 43 (34)	 29 (33)	
     Fair	 22 (17)	 22 (25)	
     Poor	 11 (9)	   8 (9)	
TTCP >4 mm, n (%)	   6 (4)	   4 (3)	 0.33
Talar tilt, n (%)	 15 (9)	   8 (7)	 0.51
Re-osteosynthesis, n (%)	   3 (2)	   5 (4)	 0.29
Secondary intervention needed 
  for postoperative infection, n (%)	   3 (2)	   2 (2)	 >0.9

sensitivity of 0.58 (95% CI 0.39–0.76), a specificity of 0.96 
(95% CI 0.90–0.98), a positive predictive value of 0.74 (95% 
CI 0.51–0.88), and a negative predictive value of 0.92 (95% CI 
0.85–0.95; Tables 5 and 6). 

When both surgeons agreed on a positive unstable distal 
tibiofibular joint, the sensitivity values for the hook test and 
stress test were 0.17 (95% CI 0.07–0.36) and 0.54 (95% CI 
0.35–0.72), respectively. The specificity values were 0.99 
(95% CI 0.95–1.0) and 0.97 (95% CI 0.93–0.99), the posi-
tive predictive values were 0.80 (95% CI 0.38–0.96) and 
0.81 (95% CI 0.57–0.93), and the negative predictive values 
were 0.85 (95% CI 0.78–0.90) and 0.91 (95% CI 0.85–0.95), 
respectively (Tables 5 and 6). When the hook test and clini-
cal stress test were combined, the sensitivity and the specific-
ity were at the same level: 0.58 (95% CI 0.39–0.76) and 0.95 
(95% CI 0.89–0.98), respectively. Both tests had excellent 
interobserver reliability, with agreement of 99% for the hook 
test and 98% for the stress test (Table 7).

Table 5. Cross-tabulation of results from the hook and stress tests 
using the standardized 7.5-Nm ER stress test as reference (Study 3)

 	 7.5 Nm	
	 Positive	 Negative
	 (n=24)	 (n=116)

SC1 Hook test	 Positive	 6	 2
 	 Negative	 18	 111
 Stress test	 Positive	 14	 5
 	 Negative	 10	 109
SC2 Hook test	 Positive	 4	 1
 	 Negative	 20	 112
 Stress test	 Positive	 13	 3
 	 Negative	 11	 110
SC3 Both tests	 Positive	 14	 6
 	 Negative	 10	 108

Scenario 1 (SC1) = At least one surgeon had a positive finding
Scenario 2 (SC2) = Both surgeons agreed on a positive finding
Scenario 3 (SC3) = Combination of the hook test and clinical stress 
test

Table 6. Sensitivity, specificity, and positive and negative predic-
tive values of the hook test and stress test using the standardized 
7.5-Nm ER stress test as reference

	 Sensitivity	 Specificity	 Positive	 Negative
			   predictive	 predictive
			   value	 value

SC1 Hook test	 0.25	 0.98	 0.75	 0.86
 Stress test	 0.58	 0.96	 0.74	 0.92
SC2 Hook test	 0.17	 0.99	 0.80	 0.85
 Stress test	 0.54	 0.97	 0.81	 0.91
SC3 Both tests	 0.58	 0.95	 0.70	 0.92

SC1–SC3: See Table 5
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Study 4 

This study was terminated prior to completion due to an 
unexpectedly low incidence of syndesmotic injuries, and our 
interim analysis detected no differences between random-
ized groups. Only 24 of the 140 patients (17%) had positive 

Table 7. Cross-tabulation of the interobserver reliability of the hook 
test and stress test

	 Surgeon 1	 Surgeon 2			 
 	 Negative	 Positive	 Agreement (%)	 Kappa (95% CI)

Hook test	
 Negative	 128	 2	 99	 0.83 (0.77–0.87)
 Positive	 0	 5		
Stress test	
 Negative	 118	 2	 98	 0.89 (0.85–0.92)
 Positive	 1	 14		

Table 8. Syndesmotic fixation and self-reported disability at one year. Values are presented as 
mean, standard deviation (SD), and 95% confidence interval (95% CI) (Study 4)

  Screw	 No fixation	 Difference	 95% CI for	 p-value
 		  between means	 the difference

OM score 79.6 (15.5)	 83.6 (13.1)	 4.0	   –8.2 to 16.3	 0.50
VAS pain 25.5 (25.4)	 11.3 (12.5)	 –14.2	 –31.2 to 3.3	 0.38
VAS function 22.6 (24.6)	 14.9 (15.0)	 –7.8	 –25.5 to 9.9	 0.37
Rand-36 physical function   0.9 (0.2)	   1.0 (0.2)	 0.1	   –0.1 to 0.3	 0.23
Rand-36 pain   0.9 (0.4)	   1.1 (0.2)	 0.2	   –0.1 to 0.5	 0.32

The values of the Rand-36 are ratios of the study group compared age- (10 years interval) and 
sex-adjusted general Finnish population

standardized 7.5-Nm ER stress tests after malleolar fixation. 
Twenty patients had delta ligament rupture or avulsion on the 
medial side, and four had a medial malleolar fracture. Two of 
the medial malleolar fractures were fragmentary and two were 
fractures of an anterior colliculus. The stress view was posi-
tive three times on TTCS, seven on TFCS, and 14 times on 
both TTCS and TFCS. Thirteen patients were randomized to 
the syndesmotic transfixation group with a screw, and 11 to a 
group with no syndesmotic fixation. No difference was found 
between the groups except for syndesmotic fixation. There 
were also no significant differences between the two groups 
with regard to OM functional score, VAS scale measuring 
pain and function, or RAND 36-Item Health Survey assess-
ing pain or physical function at one-year follow up (Table 8). 
There were no between-group differences (syndesmotic screw 
vs. no fixation) with regard to TTCS (mean 3.5 mm vs. 3.2 
mm, respectively; p < 0.34), TFCS (mean 5.4 mm vs. 5.5 mm, 
respectively; p < 0.41), or talar tilt (one patient in both groups, 
p > 0.9).
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Our results indicate that a simple stability-based fracture clas-
sification is useful in choosing between non-operative and 
operative treatment of ankle fractures; approximately half of 
the ankle fractures can be treated non-operatively with suc-
cess. Operative treatment is indicated only for fractures with 
unstable ankle mortise, which is the case in all bi- and trimal-
leolar fractures and nearly all high fibular fractures. The clini-
cal relevance of syndesmotic disruption and repair in Lauge-
Hansen SE ankle fractures has not been well understood and 
it is unclear whether transfixation of the distal tibiofibular 
joint is necessary to achieve a good outcome for this fracture 
pattern. Our observations suggest that relevant syndesmosis 
injuries are rare in ankle fractures due to an SER mechanism 
of injury. Syndesmosis was unstable in 17% of SER ankle 
fractures, which is clearly less than the previously reported 
incidence of more than 30% (Nielson et al. 2004, Jenkinson et 
al. 2005, Stark et al. 2007) but close to the 20% reported else-
where (Weening and Bhandari 2005). The clinical relevance 
of these injuries is still unclear. According to our research, 
syndesmotic transfixation with a screw in SER ankle fracture 
in the presence of an unstable distal tibiofibular joint had no 
influence on functional outcome or pain after one year com-
pared with no fixation.

We measured an incidence of ankle fractures of 154/100,000, 
in agreement with previous studies (Bengner et al. 1986, Daly 
et al. 1987, Kannus et al. 1996, Court-Brown et al. 1998, 
Jensen et al. 1998, van Staa et al. 2001). The overall inci-
dence in women was higher than reported in previous stud-
ies, but a dramatic increase in the incidence of ankle fractures 
in elderly women had been reported previously (Bengner et 
al. 1986, Kannus et al. 1996). In our study the most common 
age for ankle fracture was between 55 and 64 years, in agree-
ment with a previous report (Buhr and Cooke 1959). At early 
ages men were more than twice as likely to sustain a frac-
ture than women, again as reported previously (Court-Brown 
et al. 1998, Jensen et al. 1998). The highest age-related inci-
dence in women occurred between 45 and 64 years, earlier 
than in previous studies (Bengner et al. 1986, Court-Brown et 
al. 1998, Greenfield and Eastell 2001). The overall incidence 
decreased after 65 years of age, although the age-related inci-
dence increased in women after age 75, as reported previously 
(Court-Brown et al. 1998).

Lauge-Hansen (Weber B) SER ankle fractures are the most 
common of all indirect fibular fractures treated by orthopedic 
surgeons, with as many as 85% of these lateral malleolar frac-
tures stable and without medial injury (Burwell and Charnley 
1965). In our series, 75% of the lateral malleolus fractures 

Discussion

were stable and were treated non-operatively with success, an 
observation in agreement with previous work (Burwell and 
Charnley 1965). Although there may be an injury of the deep 
deltoid ligament even without signs of medial injury (Egol et 
al. 2004), we found that when no signs of medial injury (effu-
sion, pain, or hematoma) were present, no later displacement 
of the ankle mortise occurred after non-operative treatment, 
although no stress tests were carried out despite a previous 
recommendation (Michelson et al. 2007). We conclude that 
a stress test may not be necessary when there are no clinical 
signs of deltoid ligament injury. ER stress examination should, 
however, be carried out in cases of isolated lateral malleolar 
fracture with medial tenderness or hematoma and no talar shift 
on mortise radiograph. 

Fibular fractures beginning above the ankle joint are con-
sidered unstable because they are either pronation-abduction 
or pronation-ER injuries (Lauge-Hansen 1950); the injury 
starts from the medial site and, consequently, medial injury is 
always present. There may be some rare cases in which there is 
no medial injury (Gardner et al. 2006c) and the ankle mortise 
is stable, as seen in two cases in our series, but we think that 
operative treatment is nearly always indicated for high fibular 
fractures caused by rotational ankle injury. In this injury type, 
the distal tibiofibular ligaments, interosseal ligament, and the 
interosseal membrane are injured to the level of the fibular 
fracture (Lauge-Hansen 1950). In ankle fractures due to an 
SER rotation mechanism of injury, the fibular fracture starts at 
the level of the upper ankle joint close to the AITFL, and this 
is probably why the anterior syndesmosis ligaments may be 
intact or injured in this fracture pattern. 

AITFL repair may offer some mechanical advantages in 
treating SE-type ankle fractures (Babis et al. 2000, Kabukc-
uoglu et al. 2000, Gardner et al. 2006, Nelson 2006), but the 
our results suggest that AITFL exploration and repair may not 
offer any benefit against syndesmosis widening or in favor of 
a better functional outcome. The change between these two 
treatment protocols for unstable Weber B-type ankle fractures 
did not significantly affect patient outcome in terms of OM 
functional score. The intraoperative ER stress of an isolated 
AITFL injury may show a 10–12 mm tibiofibular diastase 
(Cedell 1967), but the AITFL contributes one-third of the sta-
bility of distal tibiofibular syndesmosis (Ogilvie-Harris et al. 
1994), and sectioning of the AITFL does not by itself cause 
instability of the talus. Our observations also suggest that soft 
tissue injury patterns do not always follow Lauge-Hansen’s 
original cadaver observations (Lauge-Hansen 1950, Cedell 
1967, Michelson et al. 1997, Gardner et al. 2006, Haraguchi 
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and Armiger 2009, Kwon et al. 2010) because only 53% of the 
patients in Group 1 possessed an AITFL injury.

We found that interobserver agreement and specificity were 
excellent for the hook test and the clinical stress test; however, 
sensitivity was poor for the hook test and fair for the clinical 
stress test when a standardized 7.5-Nm ER stress test was used 
as the reference. If both surgeons agreed on a positive find-
ing of unstable syndesmosis, the sensitivity was even worse, 
although a combination of the hook test and the clinical stress 
test led to sensitivity as good as the clinical stress test alone. 
Poor sensitivity indicates that both tests are deficient at identi-
fying an unstable syndesmosis injury after malleolar fixation, 
which may lead to late instability, pain, and arthrosis (Leeds 
and Ehrlich 1984, Chissell and Jones 1995, Tornetta 2000). 
The excellent specificity of these clinical tests, however, pre-
vents unnecessary syndesmotic transfixation that may often 
lead to malreduction (Gardner et al. 2006b). Clinical studies 
also support accuracy of syndesmotic reduction as a critical 
factor for good clinical results (Leeds and Ehrlich 1984, Chis-
sell and Jones 1995, Weening and Bhandari 2005). These tests 
may have poor sensitivity for several reasons. During appli-
cation of the hook test, it is difficult to determine precisely 
how much and which direction of force should be applied to 
the fibula, and how much displacement is required to detect 
instability (Candal-Couto et al. 2004). The same difficulty 
likely applies to the clinical stress test; the operating surgeon 
may protect the bony fixation and not stress the ankle with 
sufficient force. Our experience is that a 7.5-Nm ER force at 
the level of the ankle mortise is considerably greater than the 
force of the average clinical stress test, which may explain the 
poor to fair sensitivity of the clinical test with this standard-
ized test as the reference. 

Our determination of the excellent reliability of these tests is 
mostly the result of the great number of normal syndesmoses 
and small number of unstable syndesmoses. Thus, our results 
must be interpreted cautiously. These clinical tests were exam-
ined only with SER-type ankle fractures in which syndesmosis 
injuries are considered to occur infrequently. Also, the sever-
ity of a syndesmosis injury can be totally different than with 
pronation-ER (Weber C) ankle fractures. Direct conclusions 
about the reliability of these tests in injuries other than those 
of the SER type cannot be made with the current data. 

The low incidence of syndesmotic injuries may be due to 
methodology differences from previous studies (Takao et al. 
2003, Jenkinson et al. 2005, Weening and Bhandari 2005). The 
maximum increase in the syndesmosis width that is compati-
ble with satisfactory function is reported to be 1–2 mm (Leeds 
and Ehrlich 1984, Lindsjo 1985b, Chissell and Jones 1995). 
We defined the stress examination as positive if there was a >2 
mm side-to-side difference in the TTCS or TFCS compared 
with the contralateral uninjured limb because we felt that the 
1-mm side-to-side difference used previously (Jenkinson et al. 
2005) may be unreliable. Interestingly, the rate of syndesmotic 
injuries in their study (Jenkinson et al. 2005) was twice that of 

our study, which may be attributable to our use of the >2-mm 
side-to-side difference as a positive finding.

Inability of the medial side injury seems to be related to 
syndesmosis widening in the ER test. Our observations also 
confirm earlier reports suggesting that an unstable medial side 
after malleolar fixation is the most important factor leading to 
unstable syndesmosis in SER ankle fractures (Tornetta 2000, 
Jenkinson et al. 2005). Medial injury may be an avulsion frac-
ture or a combination of a ligament injury and a fracture with 
disruption of the deep portion of the deltoid ligament (Tornetta 
2000). In this study, 20 patients had deltoid ligament rupture 
or avulsion on the medial side, and four patients had a medial 
malleolar fracture; two medial malleolar fractures were frag-
mentary and could not be fixed rigidly, and two were fractures 
of the anterior colliculus. Consequently, at least 22/24 patients 
probably had an unstable medial side after bony fixation, an 
incidence in accordance with a previous study (Jenkinson et 
al. 2005) in which 9/14 patients had complete deltoid ligament 
disruptions, and five had a medial malleolar fracture. Four of 
the five medial malleolar fractures were isolated to the ante-
rior colliculus; thus, 13/14 patients had a probable unstable 
medial side after bony fixation. The deep deltoid ligament is 
the primary stabilizing structure of the ankle (Harper 1983, 
Michelson 1995). If the ligament is attached in a large medial 
malleolus fracture fragment, it can be fixed rigidly with 
screws, preventing ER of the talus and syndesmosis widening 
(Boden et al. 1989). 

Postoperative treatment with four weeks of immobiliza-
tion and weight bearing allowed as tolerated was quite an 
audacious strategy for treatment of syndesmotic injuries. 
Our observations demonstrate, however, that the duration of 
immobilization is probably not an important factor in the heal-
ing of syndesmotic injuries in SER ankle fractures.  

Methodological issues

Study 1 benefitted from several strengths. The crude inci-
dence and age- and sex-specific incidences were nearly the 
same as those reported by previous studies (Buhr and Cooke 
1959, Bengner et al. 1986, Daly et al. 1987, Kannus et al. 
1996, Court-Brown et al. 1998, Jensen et al. 1998, Greenfield 
and Eastell 2001, van Staa et al. 2001) and it is unlikely that 
the results were affected by a selection bias. This is the first 
study in which stability-based classification has been tested 
in a clinical study in an unselected consecutive series of adult 
patients living in a defined area. We found that a stability-
based classification system was relatively simple to use in 
everyday clinical practice. However, Studies 1 and 2 were 
limited by their retrospective design and the relatively high 
number of patients who were lost to follow-up. It should be 
noted, however, that the University Hospital of Oulu is the 
only hospital in the area in which ankle fractures are treated 
and their sequelae addressed, and thus we think that the results 
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of these studies are not severely biased. We maintained up-to-
date contact addresses because the hospital’s electronic data-
base is connected to the Finnish Population Register Center, 
with automatic address updating. It is also unlikely that the 
patients who were lost to follow-up would have experienced 
significantly worse functional results than the other patients. 
We assume that it is unlikely that these patients would have 
received operative treatment in another institution, because 
they would have needed financial support from the University 
Hospital of Oulu and we would have received information in 
such cases. We are also well aware of the problems associ-
ated with the historic control group in Study 2, although the 
screws and plates were basically similar surgical techniques 
and assessment has improved since 1990.

The strengths of Studies 3 and 4 include the prospective ran-
domized designs, the large number of patients, and the use 
of a reproducible, previously published method. The clinical 
tests we used are familiar and represent the most commonly 
used intraoperative tests for detecting unstable syndesmo-

sis (Monga et al. 2008). Study 3 suffered from some limita-
tions, including the relatively small number of patients with 
unstable syndesmosis injury. Confidence intervals were quite 
wide, especially for sensitivity measures. We were required to 
terminate Study 4 prior to completion due to the low rate of 
syndesmosis injuries, leaving us with the possibility of type II 
error. A post hoc power analysis using the measured param-
eters indicated that we required 199 patients per randomized 
group to obtain a statistically significant difference in the OM 
score between the groups. The difference, however, would not 
be clinically significant. A large multicenter study is needed to 
enroll enough patients with unstable syndesmoses to complete 
the study, but the clinical relevance of such a study would 
be minor. Other limitations are the small number of patients 
with unstable syndesmosis injury, the use of subjective scor-
ing only, and no clinical examination or radiographs one year 
after injury. Early post-traumatic osteoarthritis may not be 
determined with instruments we used, and with short-term 
follow-up.  
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Stability-based fracture classification is a simple and useful 
tool for selecting a treatment method for ankle fractures; 
approximately one-half of ankle fractures can be treated non-
operatively with success. Interobserver agreement is excel-
lent for both the hook test and the clinical stress test, but the 
sensitivity of these tests is insufficient for detecting unstable 
syndesmosis injury in SER ankle fractures when using a stan-
dardized 7.5-Nm external rotation stress test as a reference. 
Relevant syndesmotic injuries are rare in SER ankle frac-
tures. Compared with no fixation, exploration and repair of 
the AITFL or syndesmotic transfixation with a screw in SER 
ankle fractures has no influence on functional outcome or pain 
after minimum one year of follow-up. 

Conclusion
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