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Background and purpose — Fractures of the lateral malleo-
lus often require open reduction and internal fixation (ORIF). 
Despite uneventful fracture healing, many patients will suffer 
from long-term detriments after ORIF, such as local tenderness 
that requires hardware removal. In Sweden, there are 2 major 
fixation methods, either the AO method (plate and screws) or the 
Cedell method (cerclage wire and staple). The purpose of this 
study was to establish whether there is a difference in extraction 
frequency between the 2 methods. 

Patients and methods — We performed a retrospective com-
parative study of all isolated fractures through the lateral mal-
leolus that were operated at Skåne University Hospital, Sweden, 
during the period January 2007 to December 2010. 347 patients 
fulfilled the inclusion criteria (dislocated Weber B isolated frac-
tures of the lateral malleolus) and were categorized according to 
fixation method. The numbers of reoperations, with preceding 
indication, were established from the charts. The median follow-
up time was 59 (38–86) months after the primary surgery.

Results — 22% of the 110 patients treated with the AO method 
underwent a reoperation, as compared to 8% of the 237 patients 
treated with the Cedell method (p < 0.001). The median time to 
extraction was 16 (4–55) months. 

Interpretation — Less implant removal is needed with the 
Cedell method than with the conventional AO method. This favors 
the use of the Cedell method in uncomplicated Weber B lateral 
ankle fractures, provided that other clinical parameters are com-
parable.



Ankle fractures are common, with increasing incidence 
(Kannus et al. 2002, Yang et al. 2010, Thur et al. 2012). If the 
fracture is dislocated, it is generally treated with open reduc-

tion and internal fixation (ORIF) (Cedell and Wiberg 1962, 
Mak et al. 1985, Olerud et al. 1986, Makwana et al. 2001). The 
limited soft tissue coverage of the lateral and medial malleolus 
makes the ankle susceptible to postoperative infection, skin 
necrosis, and local tenderness over the osteosynthesis material 
(Ponzer et al. 1999, Lash et al. 2002). Consequently, many 
patients need a reoperation at a later stage, the most common 
being extraction of the osteosynthesis material (Jacobsen et 
al. 1994, Brown et al. 2001, Minkowitz et al. 2007, Vos and 
Verhofstad 2013). 

In Sweden, there are 2 major methods for operating an acute 
ankle fracture, the AO method using a plate and screw tech-
nique (Müller et al. 1991) and the Cedell method using cer-
clage wire and staples (Cedell and Wiberg 1962, Cedell 1967). 
Both fixation methods are well documented, and lead to frac-
ture healing (Cedell 1967, Olerud and Molander 1985, Ahl et 
al. 1986, 1987, 1993, Eckerwall and Persson 1993). 

The AO technique is the method of choice for ankle fractures 
in most orthopedic centers throughout the world, although 
the Cedell method is also sufficiently stable for treatment 
of bimalleolar ankle fractures (Olerud et al. 1986, Ahl et al. 
1986, 1987, 1993, Eckerwall and Persson 1993). The choice 
of method is widely discussed among orthopedic surgeons in 
Sweden.

Provided that fracture healing and other clinical param-
eters are equivalent, the number of secondary surgical pro-
cedures is an objective outcome measure of the primary 
osteosynthesis. Every operative procedure involves risks and 
discomfort for the patient and also a recovery period. The 
financial burden is another important factor, as every surgical 
procedure means additional costs (Böstman and Pihlajamäki 
1996, Hanson et al. 2008,) We investigated whether there 
was a difference in the number of reoperations between the 
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AO method and the Cedell method after dislocated lateral 
malleolar fractures.

Methods
Sampling and data collection
In this retrospective comparative study of surgically treated 
closed fractures of the lateral malleolus, all patients treated 
with ORIF at Skåne University Hospital in Malmö and Lund 
(SUS) between January 1, 2007 and December 31, 2010 were 
retrieved from the hospital database. The total group consisted 
of 534 patients with the International Code of Disease, revi-
sion 10 (ICD-10) diagnosis code S8260 (closed fracture of the 
lateral malleolus). 

The following information was retrieved from the database: 
date of birth, sex, and date of surgery. No information was 
retrieved regarding comorbidity. In order to have comparable 
fractures, radiographs from all 534 patients were evaluated 
using our digital imaging archive. Radiographs were first clas-
sified preoperatively and after that, the peroperative and post-
operative radiographs were checked. 

Classification of ankle fractures was done using the AO/
Weber classification

To avoid selection bias, where more unstable and com-
minuted fractures would possibly be operated with the AO 
technique, we included only patients with an isolated AO/
Weber type-B fracture of the lateral malleolus. Thus, proces-
sus posterior, bimalleolar, trimalleolar, and comminuted frac-
tures were excluded. All fractures above the lateral malleolus, 
described as proximal to the syndesmosis, AO/Weber C, were 
also excluded since they are not operated on with the Cedell 
method at Skåne University Hospital. Other techniques and 
combinations of the 2 methods were only used sporadically, 
and they were excluded in this material. Of the 534 patients, 
347 met the inclusion criteria (Figure 1).

The patients were divided into 2 groups based on the fixa-
tion method: (1) the AO group, where patients were treated 
with a plate and screw fixation with or without trans-syn-
desmotic screw(s) according to AO principles (Müller et al. 
1991); (2) the Cedell group, where patients were treated with 
cerclage wire on the distal fibula and/or staples between tibia 
and fibula (Cedell and Wiberg 1962, Cedell 1967) (Figure 
2). The surgical method was chosen by individual surgeons 
based on personal preferences. All patients were identified in 
the hospital database, to find the patients who had undergone 
another surgery on the same ankle. February 28, 2014 was 
defined as the deadline for reoperation. The surgical report 
and medical chart were studied in order to find out the indica-
tion for reoperation.

Statistics
Differences between groups were evaluated using the chi-
squared test. Student’s t-test was used to evaluate differences 
in age between groups. Any p-values < 0.05 were considered 
statistically significant. Statistical calculations were done 
using SPSS.

Ethics
The study was approved by the local ethics committee (regis-
tration number 2014/03).

Figure 2. Typical fractures and treatment with the AO method (left panels) and the Cedell 
method (right panels).

Figure 1. Flow chart showing the numbers of patients treated with each 
method, exclusion criteria, and numbers of reoperations in each group

Eligible
ICD: S8260

n = 534

Included
n = 347

Excluded (n = 187):
– Bimalleolar fracture, 32
– Trimalleolar fracture, 3
– Concomitant processus 
   posterior fracture, 2
– Weber type C, 31
– Weber type A, 1
– Other associated fracture, 21
– Other method of surgery, 20
– Treated with a screw, 21
– Treated with cerclage and  
   a screw, 1
– Not injured during the study  
   period 3
– No surgery – stable fracture, 29
– Open physis, 2
– No post-operative 
   radiographs, 12
– Doubles, 8
– Unknown ID-number, 1

AO method
n = 110

Cedell method
n = 237

Reoperated
n = 20 

Reoperated
n = 24
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results 

347 patients (177 of them men) were identified with an iso-
lated lateral malleolar fracture, with a median age of 51 
(19–92) years. 237 were treated with the Cedell method and 
110 were treated with the AO method (Figure 1). 44 patients 
underwent reoperation with extraction of the osteosynthesis 
material. Another 5 patients, 3 from the AO group and 2 from 
the Cedell group, were excluded from the comparison due to 
reoperations other than extractions. These operations included 
3 arthroscopies, 1 arthrodesis, and 1 early reoperation due to 
postoperative incongruence (initially operated with the AO 
technique). 

20 of the 237 patients in the Cedell group (8%) underwent 
a reoperation, as compared to 24 of the 110 patients in the AO 
group (22%) (p < 0.001). In the AO group, 6 patients were 
reoperated with a planned extraction of a trans-syndesmotic 
screw. Even when these 6 patients were excluded from the 
comparison, the statistical difference remained significant, 
with a reoperation rate of 19%.

There was no statistically significant difference between 
men and women. However, younger patients were more often 
treated with the Cedell method (median age 47 (19–92) years) 
than the AO method (median age 60 (19–89) years) (p < 
0.001). The median age for reoperation was 34 (19–65) years 
in the Cedell group and 55 (19–77) years in the AO group (p 
< 0.01). 

Excluding the 6 planned extractions of a trans-syndesmotic 
screw, the median time from primary osteosynthesis to hard-
ware removal was 16 (4–55) months and there was no signifi-
cant difference between the Cedell group and the AO group. 
The indication for reoperation varied, and some patients had 
several reasons for wanting a reoperation (Table). 

The most frequent complaint in the Cedell group was local 
pain and tenderness on palpation (reported by 9 of 20 patients), 
followed by more diffuse strain-related pain in 7 patients. In 
the AO group, 10 patients reported mechanical issues with 
the osteosynthesis material, such as ulceration, chafe from 
socks, and local swelling while 11 patients reported strain-
related pain. There were no postoperative infections requiring 
debridement. 

The Cedell method was still the most common method of 
fixation for lateral malleolar fractures in 2010, but in 4 years 
the relative use of the AO method had increased (Figure 3).

discussion

We found that the AO method leads to more extractions than 
the Cedell method after surgical treatment of dislocated frac-
tures through the lateral malleolus. Our results have led to a 
change in treatment protocol at SUS University Hospital in 
Malmö and Lund, with the Cedell method now being recom-
mended for surgical treatment of uncomplicated dislocated 
ankle fractures. 

Brown et al. (2001) found an osteosynthesis extraction 
rate of 24% in patients treated with the AO method for ankle 
fractures, which is similar to our findings (22%). We are not 
aware of any studies on the extraction rate after fixation with 
the Cedell method. Our results, with an extraction rate of only 
8%, indicate that the Cedell method—including less osteosyn-
thesis material—also leads to less mechanical issues. 

Through the years, many studies have confirmed that the 
Cedell method is stable enough for this type of fracture (Olerud 
and Molander 1985, Ahl et al. 1986, 1987). In the present 
study, with patients operated at Skåne University Hospital, the 
Cedell method was still the most common, but the use of the 
AO method increased during the study period—perhaps due 
the more widespread use of the AO method internationally. 
Considering the rates of reoperation for each method, we esti-
mate that another 32 patients would have needed secondary 
surgery if the AO method had been used exclusively during the 
4-year study period. The choice of method will of course have 
large economic consequences. Furthermore, the average cost 
of an AO implant is 50% higher than that of a Cedell implant 
(at Skåne University Hospital, as of December 9, 2013). 

6 of 40 patients had their trans-syndesmotic screw extracted 
as a routine procedure (no staples were removed as a routine), 
contrary to the recommendations in several studies (Brown 

Table 1. indications for reoperation as noted in the patients’ journals. Some patients gave several 
reasons for hardware removal 

Method Total Mechanical  Local pain,  Strain-related Joint   Routine Other
  issues a tenderness pain pain removal

Cedell method 20 5 9 7 1 0 3 b                
AO method 24 10 6 11 0 6 1  “pain”                           

Total  44 15 15 18 1 6 4
 
a chafes, ulceration etc.
b prolonged healing (1), nothing declared (1), pain and instability (1)

Figure 3. Distribution of each surgical 
procedure.

2007 2008

AO method Cedell method

2009 2010

90

100
Yearly distribution (%)

80

70

60

50

40

30

20

10

0

A
ct

a 
O

rt
ho

p 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

un
ds

 U
ni

ve
rs

ite
t o

n 
06

/1
8/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



4 Acta Orthopaedica 2015; 86 (1): x–x

et al. 2001, Hanson et al. 2008, Vos and Verhofstad 2013). 
Again, it should be pointed out that even when the patients 
who had their trans-syndesmotic screw removed according to 
the treatment plan were excluded from the comparison, the 
higher reoperation rate in the AO group remained statistically 
significant.

The patients treated with the AO method were generally 
older than the patients treated with the Cedell method. How-
ever, when looking at the reoperated patients, young age tended 
to increase the likelihood of reoperation. It can be speculated 
that younger patients have higher demands and are more likely 
to want their hardware removed than older patients. With this 
in mind, the lower reoperation rate in the Cedell group, despite 
younger age, further supports our main finding.

The time period January 2007 to December 2010 was 
chosen because all the data were reported electronically, the 
surgical procedures were unchanged during that time, the data 
were large enough to give statistical power, and the length of 
time from the first ORIF was adequate to allow sufficient time 
for reoperation. 

It may be argued that the limited follow-up time (38–89 
months) was a weakness of the study, because some patients 
were reoperated later than 38 months after the primary opera-
tion. However, we have no reason to believe that this influ-
enced the results since the median time for reoperation was 
only 16 (4–55) months. None of the patients in the study 
underwent a reoperation later than the median follow-up time 
of 59 months, and only 4 patients were reoperated later than 
the shortest follow-up time of 38 months. Estimating that as 
many as 4 patients would be reoperated later and that all would 
be derived from the Cedell group, which is unlikely, there 
would still be a statistically significant difference between the 
2 groups, with fewer reoperations in the Cedell group. 

As far as we know, this is the first study to compare reop-
eration frequency between the 2 operation techniques for this 
this type of fracture. In the future, it would be interesting to 
conduct a prospective randomized study that examines dif-
ferences in clinical scores and complications between the 2 
methods. Furthermore, it would be interesting to determine 
whether the extraction of the osteosynthesis material satisfies 
the expectations of the patient, or whether there are explana-
tions for pain and discomfort other than mechanical issues. 

In conclusion, provided that other clinical parameters 
are comparable, the lower extraction rate favors the Cedell 
method rather than the AO method when treating uncompli-
cated Weber type-B lateral ankle fractures. 

CJT designed the study and SSB was responsible for data collection and anal-
ysis of radiographs. Statistical evaluation and writing of the manuscript were 
done by both authors together.

No competing interests declared. The study was funded by the Medical Fac-
ulty of Lund University.
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