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Abstract 

Background:  In 2015 a study of isolated lateral malleolar fractures (AO/OTA44-B1) treated at Sahlgrenska University 
hospital (SU) during two consecutive years revealed large-scale variation in the choice of treatment and planned 
follow-up. The study resulted in the development of a structured treatment algorithm (TA) for ankle fractures. We 
investigated the effects of this well-implemented TA on the classification, treatment and follow-up of lateral malleolar 
fractures.

Methods:  The current study is an uncontrolled, non-randomized, retrospective before-and-after study comparing a 
group of AO/OTA44-B1 fractures treated at SU before the introduction of the TA for ankle fractures (1 April 2012 to 31 
March 2014) with a group treated after the introduction of the TA (1 September 2017 to 31 August 2019).

Results:  In all the studied parameters regarding treatment for AO/OTA44-B1 fractures, a statistically significant 
change was seen after the introduction of the TA. Surgical treatment reduced from 32% (95% CI 27.5 – 36.5) pre-TA to 
10% (95% CI 6.9 – 13.1) post-TA, while the number of patients permitted full weight-bearing increased from 41% (95% 
CI 36.3 – 45.7) to 84% (95% CI 80.1 – 87.9).

Conclusions:  A thoroughly implemented treatment algorithm can reduce the number of surgical treatments for 
stable ankle fractures. The current study demonstrates that a structured treatment algorithm can standardize the 
management of ankle fractures and make decisions less dependent on the surgeon’s discretion.
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Background
Ankle fractures are defined as fractures to one or more of 
the malleoli, combined or not, with injuries to adjacent 
ligaments. Transsyndesmotic lateral malleolar ankle frac-
tures are considered stable or unstable in the ankle mor-
tise, depending on the presence or absence of fracture or 
ligamentous injury to the medial aspect of the ankle (1). 
The AO/OTA classification considers both fractures and 
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ligamentous injuries and thus reflects stability. Under-
standing whether an ankle fracture is stable or unstable 
in the ankle mortise is essential for further decision-mak-
ing regarding management and treatment (2, 3).

The Swedish Fracture Register (SFR) is a national qual-
ity register of all types of fractures treated by orthopedic 
surgeons, both surgically and non-surgically (4). Since 
2021, the SFR has had full coverage of all the orthopedic 
departments in Sweden. Fractures are registered in the 
SFR by the attending physician at patient presentation at 
the accident and emergency department (4). In the SFR, 
ankle fractures are classified according to the AO/OTA 
classification system. Juto et al. have reported substantial 
accuracy of ankle fracture classification in the SFR (5).

In 2015, a study was conducted at Sahlgrenska Uni-
versity Hospital (SU) presenting the epidemiology of all 
ankle fractures registered in the SFR during two consecu-
tive years (April 2012-March 2014), as well as a detailed 
analysis of the management of lateral malleolar fractures 
classified as AO/OTA44-B1 during that period (6). The 
study revealed the difficulty in everyday practice in dis-
tinguishing whether a lateral malleolar fracture is isolated 
and stable or has an associated medial ligament injury, 
making it unstable. The study further demonstrated a 
large variation within the same department with regard 
to weight-bearing restrictions, choice of treatment and 
planned follow-up (6). The study resulted in the develop-
ment of a structured treatment algorithm (TA) for ankle 
fractures at SU. Before the introduction of the TA at SU, 
no structured treatment algorithm had been in place for 
ankle fractures, leaving the decision regarding choice of 
treatment largely at the surgeon’s discretion. The aim of 
introducing a structured TA for ankle fracture manage-
ment was to clarify the indications for surgical treatment. 
This was thought to reduce the number of operations 
and subsequent complications to surgery and optimize 

resource consumption (7). Another aim of the TA was 
to limit weight-bearing restrictions and reduce unneces-
sary radiographic examinations for stable isolated lateral 
malleolar fractures, as this has been shown not to be nec-
essary (8, 9).

The aim of the current study was to evaluate the effect 
of a structured, well-implemented TA on the classifica-
tion and treatment of lateral malleolar fractures.

Methods
This study focuses on the fractures registered as AO/
OTA44-B1 fractures before and after the introduction of 
the TA, but it will also briefly describe the epidemiology 
of all ankle fractures registered in the SFR at SU during 
the given timeframes.

The TA was introduced and thoroughly implemented 
at the department and was regarded as fully implemented 
in September 2017. The treatment algorithm included 
information on fracture classification, the choice of rec-
ommended treatment plan for each fracture group and 
plans for follow-up and recommended weight-bearing. 
The main features of the TA are displayed in Table  1 
(Table 1).

Regarding transsyndesmotic ankle fractures, the main 
objective of the TA was to clarify that lateral malleolar 
fractures with clinical signs of a deltoid ligament injury 
should be classified as AO/OTA44-B2 and treated sur-
gically, whereas lateral malleolar fractures without signs 
of medial ligament injury should be classified as AO/
OTA44-B1 and consequently treated non-surgically. 
Signs of medial ligament injury was defined as findings 
of tenderness over the deltoid ligament on initial physi-
cal examination as this was procedure advocated at the 
department at the time of the study.

The current study is an uncontrolled, non-randomized, 
before-and-after study comparing a group of consecutive 

Table 1  The main features of the TA with recommendations for each fracture group or subgroup

AO/OTA-group/
subgroup

Stability Treatmentplan Weight-bearing Follow-up Radiographic 
examination

A1 Stable Ankle brace Full 4 w None

B1.1 Ankle orthosis

B1.2 Possibly unstable Cast 6 w One week

B1.3

A2 Unstable Surgery Full 3 w Postoperatively

A3

B2

B3 Partial weight-bearing for
3 weeksC1

C2

C3
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AO/OTA44-B1 fractures registered in the SFR at SU 
before the introduction of the TA (1 April 2012 to 31 
March 2014) with a group registered after the introduc-
tion of the TA (1 September 2017 to 31 August 2019) 
(Fig. 1). The group of fractures occurring before the TA 
(April 2012 to March 2014) will be referred to as the pre-
TA group and, consequently, the group of fractures reg-
istered after the introduction of the TA (September 2017 
to August 2019) will be referred to as the post-TA group. 
The dataset for the pre-TA group is the same dataset as 
used for the study conducted in 2015 (6).

In order to be able to evaluate the effect of the TA, all 
patients seeking care for their ankle fracture more than 
7  days after the injury were excluded from the study as 
the treatment algorithm was assessed as not being appli-
cable that long after the trauma. Regarding the pre-TA 
group, a new dataset for the study period was extracted 
from the SFR, after which the same initial exclusions as 
in the study in 2015 were made and additional exclusions 

due to the patients not seeking medical care within 7 days 
from the injury (6).

Data from the SFR relating to fracture classification, 
age, sex, injury mechanism, frequency of high-/low-
energy trauma and frequency of closed/open fracture 
were analyzed. For AO/OTA 44-B1 fractures, medical 
records and radiographs were reviewed, in addition to 
the data from the SFR. From the medical records, the fol-
lowing variables were studied: signs of medial ligament 
injuries found at the initial physical examination, instruc-
tions regarding weight-bearing restrictions, duration of 
immobilization period, number of outpatient visits, days 
hospitalized and number of radiographic examinations 
performed.

Treatment was reported as surgical, non-surgical or 
conversion of treatment from non-surgical to surgical at 
an early stage. For the analysis of treatment method, the 
cases in which non-surgical treatment was changed to 
surgical at an early stage were included in the group of 

Fig. 1  Flow chart showing how the study of AO/OTA44-B1 fractures was conducted
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surgically treated patients. For the individual cases, med-
ical records were closely studied and described separately 
with regard to the reasoning behind the change of treat-
ment plan.

The current study was approved by the Regional Ethical 
Review Board in Gothenburg, Sweden (reference num-
ber 1011–15). All patients were informed at registration 
in the Swedish Fracture Register that they had the right 
to withdraw. According to Swedish legislation, National 
Quality Registers do not require signed consent from the 
individual registered patient.

Statistical methods
Continuous variables are presented as the mean (SD) and 
medians (range), while categorical data are presented 
using frequency and percentages. Statistical tests com-
paring demographic data between the pre-TA and the 
post-TA were performed using independent samples 
t-test and Fisher-s exact test. The distribution between 
AO/OTA fracture groups was compared between pre-
TA and post-TA using the Chi-squared test. The effect of 
the TA was evaluated by comparing outcome variables 
between the pre-TA group and the post-TA group utiliz-
ing Fisher’s exact test and the Mann–Whitney U test.

The statistical software was IBM SPSS Statistics, Ver-
sion 25.

Results
All ankle fractures
During the pre-TA study period, 1,328 patients with 
ankle fractures were identified, while four patients had 
sustained two ankle fractures, making the total num-
ber of fractures 1,332. During the post-TA study period, 
1,217 patients with ankle fractures were identified, six 
of these patients had sustained bilateral ankle fractures 
and one patient had two ankle fractures during the two-
year period, making the total number of fractures 1,224 
(Fig. 1). In the pre-TA group the same 73 fractures were 
excluded as in the study in 2015 (due to initial treatment 
or follow-up conducted at another hospital or that the 
medical records could not be accessed) and an additional 
32 patients were excluded due to not seeking care within 
7 days after the injury. This resulted in a remaining total 
of 410 ankle fractures for final analysis. In the post-TA 
group, 369 fractures were registered as AO/OTA-B1 and, 
of these, 36 were excluded by the same exclusion criteria 
as in the pre-TA group, leaving a remaining 333 fractures 
in the post-TA group to be included in the final analysis 
(Fig. 1).

No clinically important differences were seen between 
the groups with regard to demographic data (Table 2). In 
the pre-TA group, the total mean age for all ankle frac-
tures was 53  years (SD 20) and 58% were women. The 

corresponding number for the post-TA group reveals 
that the mean age was 54  years (SD 19) and that 63% 
were women (Table 2).

The frequency of open fractures in the pre-TA and 
post-TA groups was 1.7% and 2.3% respectively. In the 
pre-TA group, 5.7% of the fractures were due to high-
energy trauma, compared with 3.9% in the post-TA group 
(Table 2).

Distribution between AO/OTA fracture types and groups
The distribution between AO/OTA fracture types and 
groups is displayed in Fig. 2. It shows a similar distribu-
tion between fracture types (A, B and C) pre- and post-
TA (p = 0.107). With regard to the distribution between 
fracture groups, a reduction in AO/OTA44-B1 frectures 
from 38 to 30% and a corresponding increase in B2 frac-
tures from 12 to 20% was seen. Within the AO44A type 
fractures, an increase was seen in the A1 group, from 
17% pre-TA to 21% post-TA. A corresponding reduction 
in A2 fractures was seen from 8% pre-TA to 2% post-TA 
(Fig.  2). The overall difference in distribution between 
AO/OTA fracture groups in the Pre-TA and the Post-TA 
groups was statistically significant (p < 0.001).

Choice of treatment for each specific AO/OTA fracture 
group
A statistically significant reduction in surgically treated 
ankle fractures was seen at SU after the introduction of 
the treatment algorithm (p = 0.001). In the pre-TA group, 
640/1,332 (48%) were treated surgically, compared with 
505/1,224 (41%) in the post-TA group (Table 3).

A statistically significant reduction in surgically treated 
fractures was also seen in the individual AO/OTA groups 
AO44-A1, -B1, -B2 and -C1 (Table 3).

Table 2  Demographics of all ankle fractures (AO/OTA 44) 
registered in the SFR at Sahlgrenska University Hospital before 
(pre-TA) and after (post-TA) the introduction of the structured 
treatment algorithm. P-values provided for the differences 
between the Pre-TA and the Post-TA groups

*  Independent samples t-test
** Fisher’s exact test

Pre-TA
(n = 1332)

Post-TA
(n = 1224)

p-value

Mean age Total, years (SD)
Male, years (SD)
Female, years (SD)

53 (20)
47 (19)
57 (19)

54 (19)
49 (19)
57 (19)

0.103*

Sex Male, n (%)
Female, n (%)

560 (42)
772 (58)

455 (37)
769 (63)

0.012**

Open fractures, n (%) 22 (1.7) 28 (2.3) 0.256**

High energy, n (%) 76 (5.7) 48 (3.9) 0.065**



Page 5 of 9Rydberg et al. BMC Musculoskeletal Disorders          (2022) 23:401 	

AO/OTA44‑B1 fractures
In the closely studied group of AO/OTA44-B1frac-
tures, no significant differences between the pre- and 
post-TA groups were seen with regard to demographic 
data (Table 4). The pre-TA and post-TA groups of AO/
OTA-B1 fractures consisted of 221/410 (54%) and 
195/333 (59%) women respectively. The mean age in the 

pre-TA group was 52 years (SD 19), while, in the post-
TA group, the mean age was 53 years (SD19). None of 
the fractures in the post-TA group was open compared 
with 1.5% (n = 6) in the pre-TA group. The number of 
high-energy injuries were 3.4% (n = 14) and 2.7% (n = 9) 
in the pre-TA and the post-TA group respectively 
(Table 4).

Fig. 2  Distribution of fractures according to AO/OTA fracture type and group, before (pre-TA) and after (post-TA) the introduction of the structured 
treatment algorithm
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Findings of medial tenderness at clinical examination
As shown in Table  5, a statistically significant increase 
was seen in the number of patients in whom findings of 
medial tenderness at the first clinical examination were 
documented in the medical records, from 80% pre-TA to 
86% post-TA (Table  5). A statistically significant reduc-
tion was also seen in the number of patients classified as 
AO/OTA44-B1 fractures, where medial tenderness was 
reported to be present at the first clinical examination, 
49% pre-TA and 33% post-TA. Among the patients with 
no medial tenderness, a statistically significant increase 
in the proportion of non-surgical treatment was seen, 
from 86% pre-TA to 94% post-TA. In the group classified 
as AO/OTA44-B1 fractures but where medial tenderness 
was reported to be present in the medical records, an 
increase in the proportion of non-surgical treatment was 
also seen, from 47% pre-TA to 83% post-TA (Table 5).

Treatment
In all the studied parameters regarding treatment (choice 
of treatment method, weight-bearing restrictions and 
immobilization time) for AO/OTA44-B1 fractures, a 
statistically significant change was seen after the intro-
duction of the TA (Table  6). Surgically treated AO/
OTA44-B1 fractures were reduced from 130/410 (32%) 
pre-TA to 34/333 (10%) post-TA (p < 0.001). The num-
ber of patients allowed full weight-bearing increased 
from 166/410 (41%) pre-TA to 278/333 (84%) post-TA 
(p < 0.001). Patients instructed to partially weight-bear 
were reduced from 181/410 (44%) to 22/333 (6.6%) after 
the introduction of the TA (p < 0.001). Regarding the time 
immobilized in a cast or brace, the mean time pre-TA 
was 45  days (SD 9) which was then reduced to 42  days 
(SD 10) post-TA (p < 0.001) (Table 6).

Of all the non-surgically treated patients, the treatment 
plan was converted to surgical treatment at an early stage 
in 5 patients (1%) in the pre-TA group and in 2 patients 
(0.6%) in the post-TA group. In three of the cases in the 

Table 3  Treatment of ankle fractures by AO group, before and 
after the introduction of a structured treatment algorithm

* Fisher’s exact test

Surgical treatment
n (%)

Non-surgical 
treatment
n (%)

p-value*
(treatment 
method)

All fractures
Pre-TA
Post-TA

640 (48)
505 (41)

692 (52)
719 (59)

0.001

A1
Pre-TA
Post-TA

10 (4.4)
0 (0)

215 (96)
259 (100)

 < 0.001

A2
Pre-TA
Post-TA

51 (47)
13 (57)

58 (53)
10 (44)

0.493

A3
Pre-TA
Post-TA

12 (60)
8 (80)

8 (40)
2 (20)

0.419

B1
Pre-TA
Post-TA

158 (31)
36 (9.8)

354 (69)
333 (90)

 < 0.001

B2
Pre-TA
Post-TA

133 (84)
178 (73)

25 (16)
67 (27)

0.007

B3
Pre-TA
Post-TA

160 (95)
151 (93)

8 (4.8)
12 (7.4)

0.362

C1
Pre-TA
Post-TA

47 (81)
41 (62)

11 (19)
25 (38)

0.029

C2
Pre-TA
Post-TA

34 (94)
36 (88)

2 (5.6)
5 (12)

0.438

C3
Pre-TA
Post-TA

35 (76)
42 (88)

11 (24)
6 (13)

0.185

Table 4  Demographics of AO/OTA44-B1 fractures registered 
in the SFR at Sahlgrenska University Hospital before (pre-TA) 
and after (post-TA) the introduction of the structured treatment 
algorithm. P-values provided for the differences between the 
Pre-TA and the Post-TA groups

*  Independent samples t-test
** Fisher’s exact test

Pre-TA
(n = 410)

Post-TA
(n = 333)

p-value

Mean age
Total, years (SD)
Male, years (SD)
Female, years (SD)

52 (19)
48 (20)
56 (18)

53 (19)
52 (20)
53 (19)

0.735*

Sex
Male, n (%)
Female, n (%)

189 (46)
221 (54)

138 (41)
195 (59)

0.207**

Open fractures, n (%) 6 (1.5) 0 (0) 0.036**

High energy, n (%) 14 (3.4) 9 (2.7) 0.673**

Table 5  AO/OTA44-B1 fractures, treatment related to findings of 
medial tenderness at the first examination

* Fisher’s exact test

Pre-TA
n (%)

Post-TA
n (%)

p-value*

Medial tenderness commented on 328 (80) 288 (87) 0.024

Medial tenderness present 161 (49) 95 (33)  < 0.001

No medial tenderness
Surgical treatment
Non-surgical treatment

23 (14)
144 (86)

12 (6.2)
181 (94)

0.020

With medial tenderness
Surgical treatment
Non-surgical treatment

85 (53)
76 (47)

16 (17)
79 (83)

 < 0.001
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pre-TA group, a slight lateralization of talus at the one-
week radiographic follow-up was found, after which the 
treatment plan was changed. In one patient, a stability 
test was performed in the operating theater, indicating 
instability in the ankle joint, and, in one case, no clear 
indication for a change of treatment plan was found in 
medical records or radiographic images. In the post-TA 
group, the two patients in whom the treatment was con-
verted were found to have a slight increase in the dis-
placement in the fracture at the one-week radiographic 
follow-up, after which the treatment plan was changed.

Resource consumption
A statistically significant reduction in the number of 
radiographic examinations performed and the number of 
days hospitalized was seen for AO/OTA44-B1 fractures 
pre-TA compared with post-TA (p < 0.001) (Table 7). The 
number of outpatient visits was also reduced after the 
introduction of the treatment algorithm, but this reduc-
tion was not found to be statistically significant (Table 7).

Discussion
The most important finding in this study is that by imple-
menting a structured treatment algorithm significantly 
fewer patients with a stable ankle fracture were surgically 
treated. This study further demonstrates that a treatment 
algorithm for ankle fractures can be implemented and 
used by a variety of doctors in everyday clinical practice 
at a large teaching hospital with good adherence.

The main objective of the treatment algorithm was 
to ensure that ankle fractures are classified, treated and 
followed up correctly. Another aim was to reduce the 
number of unnecessary surgeries and subsequent com-
plications to surgery (10). The aim of the current study 
was to evaluate the effects of that treatment algorithm. 
The current study focuses on isolated transsyndesmotic 
lateral malleolar fractures without signs of deltoid liga-
ment injury, AO/OTA44-B1. These fractures are defined 
as stable and can be safely treated non-surgically (11–14). 
The current study demonstrates that they received ade-
quate treatment to a greater degree after the implementa-
tion of the TA, as a reduction was seen from 32 to 10% of 
patients with AO/OTA44-B1 fractures receiving surgical 
treatment.

In the current study, suspicion of a deltoid ligament 
injury was defined as findings of medial tenderness on 
the first clinical examination as this was the method 
used at the department at the time of the study. The best 
method for assessing deltoid ligament integrity remains 
unsolved (15). Medial tenderness, ecchymosis and swell-
ing is by some seen as unreliable predictors of deltoid 
ligament injury (16–18). Magnetic resonance imaging 
(MRI) has been argued the best noninvasive method of 
evaluating the deltoid ligament, but has the disadvantage 
of high costs and often low availability (16, 19). A stress 
tests with measurement of the medial clear space is pre-
sented in some studies as the method of choice but in 
others as unreliable and associated with the risk of gen-
erating false positive results, exposing stable fractures to 
the risks of surgery (20–24).

A lateral malleolar fracture with medial ligament injury 
is by definition an AO/OTA-B2 fracture (25). This was 
one of the key messages regarding B fractures in the TA. 
As demonstrated in this study, AO/OTA44-B1 fractures 
classified correctly with respect to medial tenderness 
increased significantly after the introduction of the TA, 
as AO/OTA44-B1 fractures with documented medial 
tenderness were reduced from 49 to 33%. This study 
further demonstrates that “true” B1 fractures (with no 
medial tenderness) that are subject of surgical treatment 
were reduced significantly from 14 to 6%. Our interpre-
tation of this is that a better understanding of the AO/
OTA classification of ankle fractures was achieved 
by implementing the TA, together with an enhanced 

Table 6  Choice of treatment for AO/OTA44-B1 fractures before 
(pre-TA) and after (post-TA) the introduction of a structured 
treatment algorithm

*  Fisher’s exact test
**  Mann–Whitney U test

Pre-TA
(n = 410)

Post-TA
(n = 333)

p-value

Surgically treated, n (%) 130 (32) 34 (10)  < 0.001*

Non-surgically treated, n (%) 280 (68) 299 (90)

Full weight-bearing allowed, n (%) 166 (41) 278 (84)  < 0.001*

Partial weight-bearing allowed, 
n (%)

181 (44) 22 (6.6)  < 0.001*

Immobilization time, days
Median (range)
Mean (SD)

43 (14–108)
45 (8.99)

42.0 (0–95)
41.87 (10)

 < 0.001**

Table 7  Resource consumption for AO/OTA44-B1 fractures 
before (pre-TA) and after (post-TA) the introduction of a 
structured treatment algorithm

*  Mann–Whitney U test

Pre-TA
(n = 410)

Post-TA
(n = 333)

p-value*

Number of radiographic examinations
Median (range)
Mean (SD)

2 (1–9)
2.5 (1)

2 (1–5)
2.2 (0.8)

 < 0.001

Days hospitalized
Median (range)
Mean (SD)

0 (0–35)
1 (2.7)

0 (0–17)
0.7 (2.6)

 < 0.001

Number of out-patient visits
Median (range)
Mean (SD)

3 (1–11)
3.5 (1.3)

3 (0–7)
3.2 (0.9)

0.055
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consideration of indications for surgery and a reduction 
in surgical treatment for stable fractures.

Numerous studies have reported the benefits of early 
full weight-bearing and early range of motion exercises 
for ankle fractures (26–29). The current study shows that 
the proportion of patients with AO44-B1 fractures that 
were allowed to fully weight-bear increased and the num-
ber of days immobilized in a cast was reduced after the 
introduction of the TA.

After the introduction of the structured TA for all 
ankle fractures, a shift in classification was seen between 
the AO/OTA groups. The proportion of fractures clas-
sified as B1 was reduced and the group of B2 fractures 
increased. This could be due to more fractures being 
correctly classified as B2, when the clinical examination 
indicated adjacent ligamentous injuries to the medial side 
of the ankle, as mentioned, one of the key messages in 
the TA. The finding that fewer AO/OTA444-B1 fractures 
were reported to have medial tenderness at the first clini-
cal examination supports this assumption. However, the 
finding that the proportion of B2 fractures receiving sur-
gical treatment was reduced raises a suspicion that stable 
fractures might have been mis-classified as AO/OTA44-
B2 in this group. To elucidate this, a review of medical 
records for all AO/OTA44-B2 fractures would have had 
to be made.

The finding that the proportion of fractures receiving 
surgical treatment was reduced significantly in both the 
AO/OTA44-B1 and B2 groups demonstrates that frac-
tures were not simply moved between AO/OTA groups 
and continued receiving surgical treatment, but that an 
actual overall reduction in the surgical treatment of ankle 
fractures was seen. Despite this, in only two cases in the 
post-TA group was non-surgical treatment changed at 
an early stage to surgical treatment compared with five 
patients in the pre-TA group. This could be due to the TA 
not advocating follow-up visits with radiographic exami-
nations for B1 fractures. However, investigating whether 
there has been any increase in complications such as 
malunion, non-union or post-traumatic arthrosis was not 
within the scope of this study and this remains to be elu-
cidated in future studies.

Another aim of the treatment algorithm was to opti-
mize resource consumption. As the results of the current 
study demonstrate, the number of outpatient visits and 
radiographic examinations, as well as days hospitalized, 
was reduced by implementing a structured algorithm for 
follow-up.

The findings in this study are in line with the findings 
of Palm et  al., demonstrating the great value of intro-
ducing treatment algorithms in orthopedic surgery (30). 
As demonstrated by Jain et al., and again in the current 
study, significant improvements in the management and 

optimization of resource consumption can be achieved 
for ankle fractures by educating colleagues and imple-
menting guidelines (12).

One limitation to this study is the lack of long-term 
follow-up and patient reported outcome measures. The 
study demonstrates a reduction in surgically treated 
ankle fractures, but it remains unclear whether a sub-
sequent reduction in postoperative complications and 
reoperations will follow. Future studies will investigate 
this and display how the reported changes have affected 
patient reported recovery. Further, as mentioned above, 
a long-term study of the AO/OTA44-B fractures that 
receive non-surgical treatment without a radiographic 
follow-up would be of great value. Another limitation 
is the fact that the current study evaluates the effects of 
the TA by comparing outcome measurements before and 
after the introduction of the TA, but it does not consider 
other factors that might change over time and influence 
the same outcome measurements. However, the study is 
a single center study over a limited timeframe where no 
other, to us known, changes were made at the same time.

One of the strengths of this study is the thorough 
review of 743 medical records that was performed. This 
study will be generalizable because it was conducted at a 
large orthopedic department, showing significant results 
for fractures that are common worldwide and treated 
every day.

Conclusions
A thoroughly implemented treatment algorithm can 
reduce the number of surgical treatments for stable 
ankle fractures. The current study demonstrates that 
a structured treatment algorithm can standardize the 
management of ankle fractures and make decisions less 
dependent on the surgeon’s discretion.

Abbreviations
SU: Sahlgrenska University hospital; TA: Treatment algorithm; AO: Arbeitsge-
meinschaft für Osteosynthesefragen; OTA: Orthopaedic Trauma Association; 
SFR: The Swedish Fracture Register; MRI: Magnetic resonance imaging.

Acknowledgements
We wish to thank all the colleauges at the orthopedic department at Sahlg-
renska University Hospital for entering detailed data in the Swedish Fracture 
Register.

Author contributions
EMR planned and conducted the study, managed the dataset, made the 
statistical calculations, analyzed data and wrote the manuscript. JS and HB 
performed the review of medical records. JE made the statistical calculations 
and revised the manuscript. MS, MM and DW planned and conducted the 
study and revised the manuscript. All authors have read and approved the 
final manuscript.

Funding
Open access funding provided by University of Gothenburg.



Page 9 of 9Rydberg et al. BMC Musculoskeletal Disorders          (2022) 23:401 	

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The current study was approved by the Regional Ethical Review Board in 
Gothenburg, Sweden (reference number 1011–15). All patients were informed 
at registration in the Swedish Fracture Register that they had the right to 
withdraw. According to Swedish legislation, National Quality Registers do not 
require signed consent from the individual registered patient (31). All methods 
were carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden. 2 Department of Orthopaedics, Sahlgrenska University 
Hospital, Gothenburg/Mölndal, Sweden. 3 Centre of Registers Västra Götaland, 
Gothenburg/Mölndal, Sweden. 

Received: 25 October 2021   Accepted: 25 April 2022

References
	1.	 Nasrallah K, Haim S, Einal B. Therapeutic approach to combined deltoid 

ligament disruption with lateral malleolus fracture: Current evidence and 
literature review. Orthop Rev (Pavia). 2021;13(1):8987.

	2.	 Pakarinen H, Laine HJ, Ristiniemi J. When is ankle fracture treatable with-
out surgery? Duodecim. 2012;128(17):1770–6.

	3.	 Chen X, Lim JA, Zhou A, Thahir A. Currents concepts of the perio-
perative management of closed ankle fractures. J Perioper Pract. 
2021:17504589211006018.

	4.	 Wennergren D, Ekholm C, Sandelin A, Moller M. The Swedish fracture 
register: 103,000 fractures registered. BMC Musculoskelet Disord. 
2015;16:338.

	5.	 Juto H, Moller M, Wennergren D, Edin K, Apelqvist I, Morberg P. 
Substantial accuracy of fracture classification in the Swedish Fracture 
Register: Evaluation of AO/OTA-classification in 152 ankle fractures. Injury. 
2016;47(11):2579–83.

	6.	 Rydberg EM, Zorko T, Sundfeldt M, Moller M, Wennergren D. Classification 
and treatment of lateral malleolar fractures - a single-center analysis of 
439 ankle fractures using the Swedish Fracture Register. BMC Musculo-
skelet Disord. 2020;21(1):521.

	7.	 Duckworth EA, Stevenson KL, Mehta SN, Donegan DJ. Utilization of a 
Standardized Care Pathway to Decrease Costs of Ankle Fracture Manage-
ment. J Am Acad Orthop Surg. 2021.

	8.	 Michelson JD, Ahn U, Magid D. Economic analysis of roentgeno-
gram use in the closed treatment of stable ankle fractures. J Trauma. 
1995;39(6):1119–22.

	9.	 Smeeing DPJ, Houwert RM, Briet JP, Groenwold RHH, Lansink KWW, 
Leenen LPH, et al. Weight-bearing or non-weight-bearing after surgical 
treatment of ankle fractures: a multicenter randomized controlled trial. 
Eur J Trauma Emerg Surg. 2020;46(1):121–30.

	10.	 Macera A, Carulli C, Sirleo L, Innocenti M. Postoperative Complications 
and Reoperation Rates Following Open Reduction and Internal Fixation 
of Ankle Fracture. Joints. 2018;6(2):110–5.

	11.	 Dietrich A, Lill H, Engel T, Schonfelder M, Josten C. Conservative 
functional treatment of ankle fractures. Arch Orthop Trauma Surg. 
2002;122(3):165–8.

	12.	 Jain N, Symes T, Doorgakant A, Dawson M. Clinical audit of the manage-
ment of stable ankle fractures. Ann R Coll Surg Engl. 2008;90(6):483–7.

	13.	 Pakarinen HJ, Flinkkil TE, Ohtonen PP, Ristiniemi JY. Stability crite-
ria for nonoperative ankle fracture management. Foot Ankle Int. 
2011;32(2):141–7.

	14.	 Mittal R, Harris IA, Adie S, Naylor JM, Group CS. Surgery for Type B Ankle 
Fracture Treatment: a Combined Randomised and Observational Study 
(CROSSBAT). BMJ Open. 2017;7(3): e013298.

	15.	 de Krom MA, Kalmet PH, Jagtenberg EM, Hermus JP, van Vugt R, Seelen 
HA, et al. Diagnostic tools to evaluate ankle instability caused by a deltoid 
ligament rupture in patients with supination-external rotation ankle 
fractures: A systematic review and meta-analysis. Injury. 2021.

	16.	 Motley DPMFTA, Carpenter DPMFB, Clements DPMFJR, Moxley DPMK, 
Garrett DPMFA. Evaluation of the Deltoid Complex in Supination External 
Rotation Ankle Fractures. The Foot and Ankle Online Journal. 2010.

	17.	 DeAngelis NA, Eskander MS, French BG. Does medial tenderness predict 
deep deltoid ligament incompetence in supination-external rotation 
type ankle fractures? J Orthop Trauma. 2007;21(4):244–7.

	18.	 McConnell T, Creevy W, Tornetta P 3rd. Stress examination of supina-
tion external rotation-type fibular fractures. J Bone Joint Surg Am. 
2004;86(10):2171–8.

	19.	 Park YH, Yoon MA, Choi WS, Choi GW, Hong SJ, Kim HJ. The predictive 
value of MRI in the syndesmotic instability of ankle fracture. Skeletal 
Radiol. 2018;47(4):533–40.

	20.	 van den Bekerom MP, Mutsaerts EL, van Dijk CN. Evaluation of the 
integrity of the deltoid ligament in supination external rotation ankle 
fractures: a systematic review of the literature. Arch Orthop Trauma Surg. 
2009;129(2):227–35.

	21.	 Murphy JM, Kadakia AR, Irwin TA. Variability in radiographic medial clear 
space measurement of the normal weight-bearing ankle. Foot Ankle Int. 
2012;33(11):956–63.

	22.	 Schuberth JM, Collman DR, Rush SM, Ford LA. Deltoid ligament integrity 
in lateral malleolar fractures: a comparative analysis of arthroscopic and 
radiographic assessments. J Foot Ankle Surg. 2004;43(1):20–9.

	23	 Gougoulias N, Sakellariou A. When is a simple fracture of the lateral 
malleolus not so simple? how to assess stability, which ones to fix and 
the role of the deltoid ligament. Bone Joint J. 2017;99(b7):851–5.

	24.	 van Leeuwen CAT, van Dorst R, Krijnen P, Schipper IB, Hoogendoorn JM. 
The Value of Additional Gravity Stress Radiographs for Decision Making 
in the Treatment of Isolated Type B Distal Fibular Fractures. Foot Ankle Int. 
2021;42(8):1031–9.

	25.	 Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and Dislo-
cation Classification Compendium-2018. J Orthop Trauma. 2018;32(Suppl 
1):S1-s170.

	26.	 Port AM, McVie JL, Naylor G, Kreibich DN. Comparison of two conserva-
tive methods of treating an isolated fracture of the lateral malleolus. J 
Bone Joint Surg Br. 1996;78(4):568–72.

	27.	 Simanski CJ, Maegele MG, Lefering R, Lehnen DM, Kawel N, Riess P, et al. 
Functional treatment and early weightbearing after an ankle fracture: a 
prospective study. J Orthop Trauma. 2006;20(2):108–14.

	28.	 Dehghan N, McKee MD, Jenkinson RJ, Schemitsch EH, Stas V, Nauth A, 
et al. Early Weightbearing and Range of Motion Versus Non-Weight-
bearing and Immobilization After Open Reduction and Internal Fixation 
of Unstable Ankle Fractures: A Randomized Controlled Trial. J Orthop 
Trauma. 2016;30(7):345–52.

	29.	 King CM, Doyle MD, Castellucci-Garza FM, Nguyentat A, Collman DR, 
Schuberth JM. Early Protected Weightbearing After Open Reduction 
Internal Fixation of Ankle Fractures With Trans-syndesmotic Screws. J Foot 
Ankle Surg. 2020;59(4):726–8.

	30.	 Palm H, Krasheninnikoff M, Holck K, Lemser T, Foss NB, Jacobsen S, et al. A 
new algorithm for hip fracture surgery. Reoperation rate reduced from 18 
% to 12 % in 2,000 consecutive patients followed for 1 year. Acta Orthop. 
2012;83(1):26–30.

	31.	 SFS 2008:355 Patient Data Act (Swe). Sect. Chapter 7 (2008).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Fractures of the lateral malleolus – a retrospective before-and-after study of treatment and resource utilization following the implementation of a structured treatment algorithm
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical methods

	Results
	All ankle fractures
	Distribution between AOOTA fracture types and groups
	Choice of treatment for each specific AOOTA fracture group
	AOOTA44-B1 fractures

	Findings of medial tenderness at clinical examination
	Treatment
	Resource consumption

	Discussion
	Conclusions
	Acknowledgements
	References


