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Abstract

Purpose Different studies have shown that weightbearing is safe in stable transsyndesmotic, isolated lateral simple ankle
fractures. Despite this evidence, AO guidelines still recommend immobilization with above-the-knee cast for 4-6 weeks
for these fractures. The objective of this study was to compare the outcomes of mobilization and weightbearing to those
of immobilization and non-weightbearing in patients with stable transsyndesmotic, lateral isolated simple ankle fractures.
Methods Fifty patients were randomly assigned to permissive weightbearing in a walking boot or non-weightbearing immo-
bilization using a below-the-knee cast. Primary outcome was ankle functionality as scored by the Olerud-Molander Ankle
Score (OMAS). Secondary outcomes were radiological displacement of fracture, range of motion (ROM)), calf circumference,
and RAND 36-item health survey. Patients were in follow-up for 24 months.

Results Ankle functionality after six and twelve weeks was significantly higher for the intervention group, with respectively
30 points (p=0.001) and 10 points (p =0.015) of difference. ROM improved significantly in the intervention group after six
weeks. All fractures showed radiological progression of fracture healing. RAND 36-item showed differences in both physi-
cal (60.3 vs. 46.3, p=0.017) and mental (78.5 vs. 58.2, p=0.034) components in favor of the intervention group. In 16%
of patients who initially showed stable fractures on radiographic imaging, joint dislocation was identified on weightbearing
radiographs prior to randomization, leading to exclusion.

Conclusion Weightbearing and mobilization using a walking boot may be a safe treatment for patients with stable Weber
B fractures.
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Introduction as ‘Weber B’ fractures, are the most common [2]. In the

assessment of ankle fractures, stability of the talocrural joint

Background and objectives

Ankle fractures are common traumatic injuries requiring
adequate management. In the USA, approximately 673.214
ankle fractures occurred between 2012 and 2016, with an
incidence of 4.22/10.000 person-years [1]. Isolated malleo-
lar fractures account for approximately seventy percent of
all ankle fractures, of which lateral fractures, also known
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is crucial, as it dictates the indicated treatment [3—5]. Only
when syndesmotic and associated deltoid ligament injuries
are ruled out, conservative treatment including weightbear-
ing can be considered in this type of fracture. Although
many already agree on the conservative treatment of stable
Weber B fractures (AO type 44B1.1 and 44B1.2 fractures),
using orthoses, the Arbeitsgemeinschaft fiir Osteosynthese-
fragen (AO) guidelines still suggest immobilization in an
above-the-knee cast for 4-6 weeks [6-8].

When patients are restricted to a prolonged period
of immobilization, adverse effects regarding recov-
ery, increased physical effort, and risk of thrombosis are
observed [9, 10]. Over the years, non-weightbearing has
been the treatment of choice, however biomechanical stud-
ies have shown mechanical stimulation of fracture fragments
to improve fracture healing in stable fractures [11-13].
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Previous clinical studies have demonstrated the safety and
effectiveness of weightbearing in the conservative treatment
of stable Weber B ankle fractures [13-15].

This study aims to compare mobilization and weightbear-
ing using a walking boot to immobilization and non-weight-
bearing in a below-the-knee cast. Patients will be assessed
based on functional, anatomical and health state outcomes.

Patients and methods
Trial design

This randomized controlled trial was conducted in a high
volume trauma center in [location blinded]. Interventional
treatment consisted of six weeks of mobilization and weight-
bearing using a Rebound® walker, while the control group
was designated to six weeks of immobilization and non-
weightbearing with a below-the-knee cast. The study was
conducted according to the CONSORT guidelines [16]. Trial
protocol and statistical analysis plan have been included in
Online Appendix 1. This study was approved by the local
medical ethical committee ([code not enclosed due to blind-
ing reasons], date of approval: April 4, 2018) and registered
[register not enclosed due to blinding reasons].

Sample size calculation

We determined that a total of 46 patients would be required
to provide a 80% power. With an effect size of 15 points of
difference on the OMAS and a variance of 324 (square of
SD in study by Dehghan et al.), 23 patients per group were
required [17]. Sample size was calculated using ‘EpiTools
epidemiological calculator’ (Epitools online, Ausvet, Can-
berra, Australia) by inserting means and standard errors of a
study investigating the same outcome measure [17]. To cor-
rect for lost to follow-up, a 10% margin for error was added,
bringing the total amount of inclusions to 50.

Participants

From March 2018 to October 2019, patients aged > 16 years
old visiting the emergency department with an isolated
Weber B fracture (Lauge Hansen supination-eversion stage
2-4A) were screened for eligibility. Patients were eligible for
inclusion if non-weightbearing radiographs showed congru-
ent ankle joint on mortise view (medial clear space <6 mm
and <1 mm wider than the superior clear space). Weight-
bearing radiographs (weightbearing and non-weightbear-
ing) were acquired after one week. If the ankle was deemed
stable after one week, informed consent was signed and
patients were randomized. Patients showing a widened
medial clear space (> 6 mm) on radiographs were excluded

@ Springer

and underwent open reduction and internal fixation. Exclu-
sion criteria were ankle injuries other than isolated Weber
B fractures, bilateral fractures, delay in presentation of more
than 14 days after injury, and contralateral amputation of
upper leg, lower leg or foot.

Randomization

After written consent was obtained, patients were randomly
appointed to the control or intervention group (1:1 ratio) by
the investigators (SF, RS) using an online randomization
tool, provided by ‘Researchmanager’ [18]. For concealed
allocation of the participants, a computer-generated list of
random numbers was used, which was accessible by both
investigators. Although blinding of patients and researchers
is desirable, this was not deemed feasible due to the nature
of the intervention.

Interventions

A cast below the knee was applied by a trained plaster
technician in the non-weightbearing group. The cast was
applied from a few centimeters below the tuberositas tibiae
to the base of the toes. The ankle was fixed in a plantigrade
position. Patients assigned to cast group were specifically
instructed not to bear weight on the affected limb. If any
cast-related complaints occurred during treatment, a new
cast was fitted. The weightbearing group was fitted a walk-
ing boot (Rebound® Air Walker, Ossur, Reykjavik, Iceland).
These patients were instructed on permissive weightbear-
ing and use of the walking boot. Instructions included the
removal of the walking boot when not weightbearing to
mobilize the affected ankle.

Although recent studies suggest thromboprophylaxis is
no longer indicated in permissive weightbearing [19], both
groups were prescribed daily use of Dalteparin 5.000 IE
for the duration of the intervention in order to minimal-
ize the risk of bias. After six weeks, cast or walking boot
were removed and patients were instructed to functionally
use the ankle again. There was no transition from walking
boot or cast to a brace, as patients were instructed permis-
sive weightbearing. No limitations as to rehabilitation were
imposed, and no formal physical therapy was prescribed for
these patients.

Outcome measures

Primary outcome measure was the Olerud-Molander Ankle
Score (OMAS; ordinal scale 0-100 with intervals of 5
points, whereas lower scores indicate worse outcome) after
six weeks to compare ankle functionality in both groups.
The OMAS is a frequently used ankle functionality score
based on patient-reported measures [17, 20-23]. OMAS was
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assessed at study start (week 0) and during follow-up (week
6 and week 12). At week 0, patients were asked to com-
plete OMAS with regard to function before fracture to gain
a baseline functionality. At 6-week follow-up, OMAS ques-
tionnaire was immediately given to patients after removal of
cast or walking boot. As recent studies [13, 17] have shown
a regression toward full recovery for both interventions over
a period of 12 months, primary outcome was expected to
be significantly different after six weeks. Secondary out-
come measures were displacement of fracture after 6 weeks
(based on radiographs; dichotomous variable yes/no), range
of motion (ROM) of the ankle using a goniometer, calf cir-
cumference (as measured 10 cm’s below lower edge of the
patella with a leg in extension) and short form 36-item (SF-
36) health survey (version 1.0) as patient-reported outcome
measure (PROM) to compare health-related quality of life.
The SF-36 covers eight health domains, scores range from
0-100 with higher scores defining a favorable health state
[24]. All secondary outcome measures were assessed at each
follow-up moment except for radiological assessment (not
done at week 12). Fracture displacement at six weeks was
analyzed by both trauma or orthopedic surgeon and radi-
ologist on call. Complications including cast compression,
venous thromboembolism, hyperesthesia, and fracture mal-
union were recorded as adverse events.

Follow-up

Physical follow-up was planned at week 0, and 6 and
12 weeks after trauma. After these visits, patients were
instructed to contact the primary investigator in case of med-
ical complaints. Patient files were checked both 12 months
and 24 months after randomization. Patients were rand-
omized in week 0. Radiological imaging evaluation was
conducted in week 0 (weightbearing anteroposterior (AP)
and non-weightbearing AP, lateral and mortise radiographs)
and after six weeks (non-weightbearing AP, lateral and mor-
tise radiographs). During every follow-up moment, physical
examination (ROM, calf circumference) of the ankle was
conducted, and patients were required to complete OMAS
and RAND SF-36 questionnaire.

Statistical methods

All statistical analysis were performed using SPSS (IBM
Corp. IBM SPSS Statistics for MacOS, Version 25.0,
Armonk, NY, USA) and were conducted according to the
intention-to-treat principle. In order to prevent type I errors,
per-protocol analysis was also conducted. Every outcome
measure was compared between the control and interven-
tion arms of the study. If there was equal variance of con-
tinuous variables, independent samples T test was used.
Mann—Whitney U test was performed for the remainder of

continuous variables. Wilcoxon ranked test was used for the
analysis of non-normally distributed dependent variables.
SF-36 questionnaire results were translated to percental val-
ues using the Orthotoolkit SF-36 software [25].

Results

A total of 147 patients were eligible for inclusion. Fifty
patients were randomized. Of these, 24 were randomized
in the non-weightbearing group and 26 in the walking boot
group. Weightbearing radiographs excluded 23 (15.6%)
of 147 patients due to ankle joint instability. Twenty-two
(14.9%) of 147 patients were not willing to participate. Other
reasons for exclusion can be found in Fig. 1. Patient base-
line characteristics are presented in Table 1. Forty patients
completed the 12-week follow-up. Ten patients were lost to
follow-up (no-show after multiple attempts of contact). Of
those, five patients were allocated to the walking boot group.
Protocol violations occurred in three patients. These patients
mobilized without walking boot after three weeks. No action
was taken as the violations happened in settings that could
not be influenced. Three participants included in the cast
group returned with the request of allowing weightbear-
ing on the cast because of practical reasons (standing job)
and the absence of pain (twice). A cast shoe was fitted for
those patients for the remainder of two weeks. The last four
patients were not able to fully attend the physical 12-week
follow-up visit, due to the COVID-19 pandemic. Hospital
policy demanded telephonic consultation in order to assess
the need for in-hospital examination. As patients reported
no complications, their final follow-up was waived. Ques-
tionnaires (OMAS & SF-36) were acquired by telephone.
Within six months, four patients returned to the hospital due
to joint stiffness. Of these patients, three were in the control
group. Patient did not experience other complications within
24 months.

Ankle functionality

Baseline OMAS was comparable between intervention and
control group (Table 2). A statistical significant difference
was observed between study arms after 6 and 12 weeks,
respectively 30 points (p <0.001) and 10 points (p=0.015)
in favor of the intervention arm. These results were con-
sistent with the a priori calculation. ROM at baseline
(1 week after fracture) was similar between both groups.
After 6 weeks, the intervention group showed a significant
improvement of range of motion, whereas no difference was
observed in the control group. After 12 weeks, this differ-
ence was no longer present in both study groups.

Calf circumference was normally distributed among
groups. No baseline difference was seen between both
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Eligible for inclusion
n=147

[Exclusion due to:
L Unstable ankle joint: n =23
L Did not wish to participate: n =22

16

=10

- Living in different region: n=35

- Longer than 14 days existing: n =7
I prior mobilization: n=3

[ Missed screening: n = 10

- Not capable of mobilizing using walker: n =

L Different treatment initiated by surgeon*: n | ——

Randomized
n=50

Allocated to
Walker group
n=26

Drop out:n=1
Lost to follow-up: n=4

Allocated to cast

group
n=24

Lost to follow-up: n=35

Completed 12 week follow-up
n=21

Completed 12 week follow-up
n=19

Fig. 1 Flow diagram describing patient enrollment and randomization during this trial. *Different treatment initiated by surgeon: 3 weeks non-
mobilization in a below-the-knee cast, followed by 3 weeks of mobilization using a below-the-knee cast

groups. There was a statistical significant decrease in calf
circumference after six weeks, both the intervention as
control group in comparison with baseline measurement
(Table 2). There was no difference between both groups
after 12 weeks.
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Fracture healing

Radiologic follow-up after six weeks showed no fracture
displacement in any patients. All fractures showed signs
of callus bridging of the fracture site after 6 weeks. For
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Table 1 Baseline characteristics

Overall (n=49) Cast (n=24) Walker (n=25)
Sex
Male (n (%)) 24 (48%) 7 (29.2%) 17 (68%)
Female (n (%) 25 (52%) 17 (70.8%) 8 (32%)
Age (mean (*SD)) 52 (x17) 51 (x£15) 52(x19)
Smoker (n (%)) 11 (22%) 5 (20.8%) 6 (23.1%)
Retired (n (%)) 23 (47%) 9 (37.5%) 14 (53.8%)

illustration: Figure 2 shows radiographs taken two days after
trauma and after six weeks of permissive weightbearing. No
delayed union was observed in any patient after 12 weeks.
Five patients (12%) reported severe pain during treatment
(Visual Analog Scale for pain> 7). Cast (n = 4) or walking
boot (n =1) was removed between week 3 and 4 of the study,
and control radiographs were obtained. In none of these cases
fracture displacement was observed, and pain was regarded
as pressure pain due to the cast. For the patient appointed to
the intervention group, no obvious reason was found, and
the patient requested change of therapy to cast. In these five
patients, new casts were fitted, and all completed the 5-week
initial therapy. The patient switching from walking boot to
cast was analyzed according to intention-to-treat principle.

SF-36

No statistical differences between both treatment groups
were observed at baseline. There was however a statistical
significant difference after six week in the intervention group
compared to the control group (Table 2). This difference was
observed in both the mental (78.5 vs 58.2, p=0.034) and
physical (60.3 vs 46.3, p=0.017) domains. No differences
were found between both groups after 12 weeks.

Harms

No serious adverse events where observed. In five patients,
unintended events were registered. Four events were related to
contingency hospitalization due to pre-existent medical con-
ditions. In one case, a patient randomized to the cast group
developed posttraumatic complex regional pain syndrome.
No delay of fracture union was observed in this patient. This
patient was referred to our specialized pain clinic and treated
with amitriptyline after which she reached a pain-free state
approximately one month after completion of follow-up.

Discussion

Permissive weightbearing using a walking boot resulted in
both better ankle function and health-related quality of life
after six weeks when compared to non-weightbearing immo-
bilization using a below-the-knee cast.

This study is not the first to compare mobilization and
weightbearing to immobilization and non-weightbearing
[8, 13, 15, 17]. Most recent studies investigating alternative
treatment options in stable type B ankle fractures compare
functional bracing to casting, demonstrating functional brac-
ing to be non-inferior to casting [13, 15]. Only few studies
have described the use of a walking boot for this type of frac-
ture. Brink et al. described the difference between functional
bracing and walking boot for stable ankle fractures, whereas
both treatments showed good fracture healing, although the
walking boot provided better pain relief, increased range of
motion, and earlier return to work[26]. Our study's results
are consistent with those reported in multiple studies,
including the research of Zeegers et al. in 1989, which dem-
onstrated the safety of mobilizing Weber B fractures [27].
Despite the recent publications of evidence supporting the
safety of early mobilization in patients with stable Weber B
fractures, cast immobilization for a period six weeks remains
the official treatment as indicated by the AO [7, 13, 15].
Financial reasons may be a possible explanation as to why
the AO foundation still recommends a cast, as the price of
cast is significantly lower than a walking boot or another
form of orthosis. An alternative explanation could be that
orthopedic and trauma surgeons prefer minimizing the risk
of fracture displacement over the potential adverse effects
related to prolonged immobilization, including skin irrita-
tion, joint stiffness, and thromboembolisms [28]. Although
not actively investigated in this study, potential advantages
of the walking boot consist of increased patient satisfaction,
fewer problems with self-care, and reduced dependence on
help services and faster return to work. These advantages
will be of interest for future studies.

The comparison of calf circumference measurements
between treatment groups did not yield any statistically
significant differences at any of the follow-up intervals. It
should be acknowledged that this study was not designed
with sufficient statistical power to accurately determine the
significance of any differences in calf circumference between
groups. Therefore, it would be premature to draw definitive
conclusions regarding the significance of any observed dif-
ferences in calf circumference. However, when comparing
the baseline and 6-week follow-up, a significant decrease in
calf circumference was observed in the control group. After
12 weeks, patients in the control group no longer showed a
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Table 2 Outcome measures of patients having completed follow-up

Overall (n=49) Cast (n=24) Walker (n=25) P value
Olerud-Molander ankle score*
Baseline (median (IQR)) 100 (100-100) 100 (100-100) 100 (100-100)
6 weeks (median (IQR)) 55 (40-72) 40 (30-50) 70 (65-80) P<0.001
12 weeks (median (IQR)) 80 (60-90) 75 (43-80) 85 (64-95) P=0.015
Range of motion*
Baseline (median (IQR)) 35 (26-42) 36 (27-42) 35 (26-43)
6 weeks (median (IQR)) 43 (30-50) 32 (28-44) 48 (42-52) P <0.001
12 weeks (median (IQR)) 51 (46-56) 50 (46-53) 54 (48-57)
Calf circumference**
Baseline (mean (+SD)) 37.0 (3.0) 36.3 (2.5) 37.6 (3.3) P>0.1
6 weeks (mean (£ SD)) 354 (3.2) 34.7 (2.8) 36.5 (3.5) P>0.1
12 weeks (mean (£ SD)) 36.6 (3.3) 36.6 (2.8) 36.7 (3.8) P>0.1
SF-36 Health outcome score*
Mental component baseline (median (IQR)) 91.9 (10.5) 88.9 (19.1) P>0.1
Physical component baseline (median (IQR)) 86.6 (9.2) 90.9 (17.3) P>0.1
Mental component 6 weeks (median (IQR)) 58.2 (32.1) 78.5(19.2) P=0.034
Physical component 6 weeks (median (IQR)) 46.3 (13.8) 60.3 (34.4) P=0.017
Mental component 12 weeks (median (IQR)) 84.1 (21.2) 91.8 (22.3) P>0.1
Physical component 12 weeks (median (IQR)) 63.8 (36.7) 75.9 (32.3) P>0.1

*Measured using Mann—Whitney U test

**Measured using independent samples 7 test

difference in calf circumference when compared to baseline.
These changes of the calf as observed during the follow-
up were according to the expected outcome, as long-term
immobilization causes adaptive changes including atrophy
and loss of strength, which are reversible after physical train-
ing [29, 30]. The risk of measurement bias were minimal as
every calf circumference was constantly measured by the
same investigator.

At the time of the initiation of this study, the weight-
bearing radiograph was not standard practice in [location
blinded]. Ankle joint stability was assessed in a non-weight-
bearing radiograph by measuring medial clear space and
was deemed unstable if this was > 6 mm. With the interven-
tion group mobilizing within 10 days after fracture, there
was need for elimination of possible false positive stable
fractures because of the possibility of dislocation after
weightbearing. In this study, assessment of the stability of
the ankle joint was performed through physical and radio-
logical examination. Notably, a total of 23 patients (com-
prising 16% of the total screened patients) who had been
deemed eligible for conservative treatment based on the
non-weightbearing mortise assessment were subsequently
excluded due to the detection of medial clear space widening
on the weightbearing Mortise assessment. Images depicting
the ankle of a patient were added as supplementary material.
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These images demonstrate the transition from a stable ankle
joint, as observed in non-weightbearing radiographs, to an
unstable joint, as evident in weightbearing radiographs.

This study explores different aspects of fracture care in a
randomized design, not only does it investigate ankle func-
tionality after fracture, but it also aimed to explore qual-
ity of life differences between the intervention and control
group. By using standardized outcome measures, we aimed
to reduce the risk for detection bias.

Unfortunately, the study encountered difficulties with
regard to patient inclusion, as several patients declined to
participate due to various reasons. These reasons included
apprehension about mobilization and weightbearing, con-
cerns about joint instability during mobilization, and general
fears of pain. Furthermore, some patients who were deemed
fit for inclusion by the study's supervising surgeon were ulti-
mately excluded due to pre-existing immobility. Another
limitation pertains to the measurement of ankle functionality
after 6 weeks: while patients in both the control and inter-
vention group were asked to complete the OMAS approxi-
mately 30 min after removal of the cast or walker, patients
in the control group were immobilized for 6 weeks and those
in the intervention group were allowed to remove the walker
from time to time at home and engage in physical exercise.
Although a direct comparison between the two groups may
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Fig.2 Radiographs taken posttraumatic and after six weeks of per-
missive weightbearing. Image la and b were obtained 2 days after
trauma for this patients. Lateral view (image 1a) of ankle shows no
evident signs of fracturing. Mortise (image 1b) view shows an evi-
dent fracture without widening of the medial clear space. Image 2a
& b were obtained 6 weeks after permissive weightbearing. Lateral
view (image 2a) shows no signs of fracture displacement. Mortise
view (image 2b) shows no signs of fracture displacement and show
signs of callus bridging

not be appropriate at this time as the intervention group has
been mobilizing for 6 weeks, while the control group has not
had this opportunity yet, the study was designed to assess the
differences in outcomes after 6 weeks. Cast-related stiffness
is a well-known consequence of immobilization as previous
research has shown that functional recovery after casting
may take up to 10 weeks after immobilization [29]. The
results of this study show that the OMAS of the control
group remained comparable to the intervention group's score
after 6 weeks, even after a 12-week follow-up period. This
suggests that the difference in outcomes between the two
groups would have likely persisted even if the patients in
the control group had filled out the OMAS questionnaire
24 h later.

Conclusion

Permissive weightbearing using a walking boot seems a
safe and viable treatment for patients with stable Weber
B fractures with regard to ankle functionality. This study
highlights the potential advantages of using a walking boot
such as increased patient satisfaction, improved self-care,
and faster return to work.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00590-023-03651-6.

Author contributions Conceptualization was done by SF and RVV;
data curation was done by RCS, SF, and RVV; formal analysis was
carried out by RCS, SF, and RVV; methodology was done by RCS and
SF; supervision was done by RVV, EDL, BB, and BM; writing—origi-
nal draft were done by RCS; writing—review and editing were done
by RVV, BB, BM, and EDL. All authors have read and agreed to the
published version of the manuscript.

Funding No funding was acquired for this study.

Data availability Available upon request.
Declarations
Conflict of interest The authors have no potential conflicts of interest.

Ethical approval This study was approved by the local medical ethical
committee.

Consent for publication Consent for publication was given by the local
medical ethical committee.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Scheer RC, Newman JM, Zhou JJ, Oommen AJ, Naziri Q, Shah
NV et al (2020) Ankle fracture epidemiology in the United States:
patient-related trends and mechanisms of injury. J Foot Ankle
Surg 59(3):479-483

2. Juto H, Nilsson H, Morberg P (2018) Epidemiology of adult
ankle fractures: 1756 cases identified in Norrbotten county during
2009-2013 and classified according to AO/OTA. BMC Musculo-
skelet Disord 19(1):441

3. Michelson JD (1995) Fractures about the ankle. J Bone Joint Surg
Am 77(1):142-152

4. CarrJ (2003) Malleolar fractures and soft tissue injuries of the
ankle. In: Browner B, Jupiter JB, Levine AM, Trafton PG (eds)

@ Springer


https://doi.org/10.1007/s00590-023-03651-6
http://creativecommons.org/licenses/by/4.0/

598

European Journal of Orthopaedic Surgery & Traumatology (2024) 34:591-598

10.

11.

12.

13.

14.

15.

17.

18.

Skeletal trauma: Basic science, management and reconstruction,
3rd edn. Saunders, Philadelphia, p 2326

Schnetzke M, Vetter SY, Beisemann N, Swartman B, Griitzner
PA, Franke J (2016) Management of syndesmotic injuries: What
is the evidence? World J Orthop 7(11):718-725

Pfeifer CG, Grechenig S, Frankewycz B, Ernstberger A, Nerlich
M, Krutsch W (2015) Analysis of 213 currently used rehabilita-
tion protocols in foot and ankle fractures. Injury 46:S51-S57
AO Foundation. Malleoli Transsyndesmotic, lateral isolated sim-
ple fracture [cited 2019 5 nov]. Available from: https://surgeryref
erence.aofoundation.org/orthopedic-trauma/adult-trauma/malle
oli/transsyndesmotic-lateral-isolated-simple-fracture/circular-
cast#reduction

Spierings JF, Nijdam TMP, van der Heijden L, Schuijt HJ, Kokke
MC, van der Velde D et al (2022) Cast versus removable orthosis
for the management of stable type B ankle fractures: a systematic
review and meta-analysis. Eur J of Trauma Emerg Surg. https://
doi.org/10.1007/s00068-022-02169-6

Bergqvist D, Lowe G (2002) Venous thromboembolism in patients
undergoing laparoscopic and arthroscopic surgery and in leg casts.
Arch Intern Med 162(19):2173-2176

Braithwaite I, Healy B, Cameron L, Weatherall M, Beasley R
(2016) Lower limb immobilisation and venous thromboem-
bolism risk: combined case—control studies. Postgrad Med J
93(1100):354-359

Hente R, Fiichtmeier B, Schlegel U, Ernstberger A, Perren S
(2004) The influence of cyclic compression and distraction
on the healing of experimental tibial fractures. J Orthop Res
22(4):709-715

Sigurdsen U, Reikeras O, Utvag SE (2011) The influence of com-
pression on the healing of experimental tibial fractures. Injury
42(10):1152-1156

Kortekangas T, Haapasalo H, Flinkkild T, Ohtonen P, Nortunen S,
Laine H-J et al (2019) Three week versus six week immobilisation
for stable Weber B type ankle fractures: randomised, multicentre,
non-inferiority clinical trial. BMJ 364:k5432

Abdelaal A, Elnikety S (2021) Functional bracing is a safe and
cost effective treatment for isolated Weber B fracture. Foot
49:101839

van den Berg C, Haak T, Weil NL, Hoogendoorn JM (2018) Func-
tional bracing treatment for stable type B ankle fractures. Injury
49(8):1607-1611

. Newcombe RG (2000) Reporting of clinical trials in the JO—the

CONSORT guidelines. J Orthod 27(1):69-70

Dehghan N, McKee MD, Jenkinson RJ, Schemitsch EH, Stas V,
Nauth A et al (2016) Early weightbearing and range of motion
versus non-weightbearing and immobilization after open reduc-
tion and internal fixation of unstable ankle fractures: a randomized
controlled trial. J Orthop Trauma 30(7):345-352

Research Manager. My Researchmanager Available from: https://
my-researchmanager.com/

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Zee AA, van Lieshout K, van der Heide M, Janssen L, Janzing HM
(2017) Low molecular weight heparin for prevention of venous
thromboembolism in patients with lower-limb immobilization.
Cochrane Database Syst Rev. https://doi.org/10.1002/14651858.
CD006681.pub4

Olerud C, Molander H (1984) A scoring scale for symptom
evaluation after ankle fracture. Arch Orthop Trauma Surg
103(3):190-194

Schepers T, De Vries MR, Van Lieshout EM, Van der Elst M
(2013) The timing of ankle fracture surgery and the effect on
infectious complications; a case series and systematic review of
the literature. Int Orthop 37(3):489-494

Manjoo A, Sanders DW, Tieszer C, MacLeod MD (2010) Func-
tional and radiographic results of patients with syndesmotic
screw fixation: implications for screw removal. J Orthop Trauma
24(1):2-6

Chong HH, Hau MY, Mishra P, Rai P, Mangwani J (2021) Patient
outcomes following ankle fracture fixation. Foot Ankle Int. https://
doi.org/10.1177/10711007211003073

Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ,
Usherwood T et al (1992) Validating the SF-36 health survey
questionnaire: new outcome measure for primary care. BMJ
305(6846):160-164

Orthotoolkit. SF-36 Calculator Available from: https://www.ortho
toolkit.com/sf-36/

Brink O, Staunstrup H, Sommer J (1996) Stable lateral malleo-
lar fractures treated with aircast ankle brace and DonJoy ROM-
Walker brace: a prospective randomized study. Foot Ankle Int
17(11):679-684

Zeegers AV, van Raay JJ, vander Werken, C. (1989) Ankle
fractures treated with a stabilizing shoe. Acta Orthop Scand
60(5):597-599

Halanski M, Noonan KJ (2008) Cast and splint immobilization:
complications. J Am Acad Orthop Surg 16(1):30-40

Stevens JE, Walter GA, Okereke E, Scarborough MT, Esterhai
JL, George SZ et al (2004) Muscle adaptations with immobiliza-
tion and rehabilitation after ankle fracture. Med Sci Sports Exerc
36(10):1695-1701

Yoshiko A, Yamauchi K, Kato T, Ishida K, Koike T, Oshida Y et al
(2018) Effects of post-fracture non-weight-bearing immobiliza-
tion on muscle atrophy, intramuscular and intermuscular adipose
tissues in the thigh and calf. Skeletal Radiol 47(11):1541-1549

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/malleoli/transsyndesmotic-lateral-isolated-simple-fracture/circular-cast#reduction
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/malleoli/transsyndesmotic-lateral-isolated-simple-fracture/circular-cast#reduction
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/malleoli/transsyndesmotic-lateral-isolated-simple-fracture/circular-cast#reduction
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/malleoli/transsyndesmotic-lateral-isolated-simple-fracture/circular-cast#reduction
https://doi.org/10.1007/s00068-022-02169-6
https://doi.org/10.1007/s00068-022-02169-6
https://my-researchmanager.com/
https://my-researchmanager.com/
https://doi.org/10.1002/14651858.CD006681.pub4
https://doi.org/10.1002/14651858.CD006681.pub4
https://doi.org/10.1177/10711007211003073
https://doi.org/10.1177/10711007211003073
https://www.orthotoolkit.com/sf-36/
https://www.orthotoolkit.com/sf-36/

	Prospective randomized controlled trial: early weight bearing after conservative treatment of Weber B ankle fractures (pancake trial)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Background and objectives

	Patients and methods
	Trial design
	Sample size calculation
	Participants
	Randomization
	Interventions
	Outcome measures
	Follow-up
	Statistical methods

	Results
	Ankle functionality
	Fracture healing
	SF-36
	Harms

	Discussion
	Conclusion
	Anchor 25
	References




