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A B S T R A C T

Introduction: Despite fractures of the ankle being very common, there is a lack of clarity regarding the
relative effectiveness of conservative versus surgical treatment.
The purpose of this systematic review and meta-analysis was to investigate the clinical effects, benefits,
and harms of surgical versus conservative treatment of ankle fractures in adults.
Methods: A systematic search strategy was conducted in the databases: Pubmed, Embase, Web of Science,
and Cochrane up until the 16th of August 2017. Eight available randomized controlled trials, regardless of
fracture type, reported on patient-reported ankle-specific functional outcome and were included.
Analyses were based on random effects models.
Results: The 8 included studies randomly allocated 1237 patients to either surgical or conservative
treatment. Mean age of patients ranged from 38.1 to 71.4 years. Five studies evaluated short-term
patient-reported ankle function, with no significant difference between surgery and conservative
treatment (SMD = �0.14, 95%CI = �0.57 to 0.29, P = 0.51, I2 = 84%). Three studies evaluated health-related
quality of life, with no significant difference in treatment effect between surgery or conservative
treatment (SMD = 0.13, 95%CI = �0.01 to 0.27, P = 0.06, I2 = 0%).
Conclusions: The best available current evidence supports that clinicians can manage ankle fractures by
both surgical and conservative means with equal short-term results in selected patient groups with
stable and unstable nondisplaced ankle fractures. However, more research is needed including high-
quality RCTs investigating the long-term effects. This is especially the case in younger patients, before
making significant interpretations about clinical practice.

© 2018 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Ankle fractures are often the result of a fall from a standing
height or from participating in sports [1]. These fractures are
common and represent one out of every 10 bone injuries with an
overall incidence of 169 per 100,000 person-years [1,2]. During the
past decades, the number of ankle fractures has increased steadily
which is thought to be caused by an increase in the number of
people participating in sports and a shift in demographics toward
an elderly population [2–4].

The patients who most commonly sustain ankle fractures are
between 41 and 49 years old, and the highest incidence is observed
among younger males and older females [1,2,4]. The primary goal
when treating ankle fractures is to restore normal function of the
ankle joint. Both surgical and conservative (non-surgical) treat-
ment can be used to restore normal function in selected patient
groups [5,6]. Surgical treatment involves repositioning and
surgical fixation of the fracture with screws, plates, or pins. The
aim is to provide anatomical restoration and stability of the
fractured bones and facilitate early mobilization.

Both surgical and conservative treatment options are associated
with risk of complications [6]. Both conservative and surgical
treatment involves immobilization for several weeks and may lead
to muscle atrophy, stiffness, and swelling of the ankle joint and
cartilage degeneration [6]. Moreover, increased risk of malalign-
ment, nonunion, and prolonged immobilization are all complica-
tions reported in connection with conservative treatment [6,7].
Surgical interventions are associated with the risk of infection,
deep vein thrombosis, reoperation, failure of hardware, amputa-
tion, and mortality [6,8].

Despite fractures of the ankle being very common, consensus
regarding treatment with surgery or by conservative means lacks
evidence in patients with nondisplaced unstable ankle fractures.
The latest Cochrane review from 2012 concluded there is
insufficient evidence to conclude on the effects of surgical versus
conservative treatment of ankle fractures in adults [6]. Since that
review, multiple large randomized trials have been conducted, and
an updated review to guide clinical practice is needed.

The purpose of this systematic review and meta-analysis was to
investigate the clinical effects, benefits, and harms of surgical
versus conservative treatment of ankle fractures in adults.

2. Methods

The design for this systematic review was developed using the
PRISMA-P statement, and the review is reported following the
PRISMA statement [9]. This review was registered in PROSPERO
(ID: 42017059395), and the full study protocol was published
online at the time of registration [10,11].

The literature review was performed based on a systematic
search in the following bibliographic databases: Medline via
Pubmed, Embase, Web of Science, and Cochrane Central Register of
Controlled Trials. The search strategy was developed using the
previous Cochrane systematic review and conducted by a research
librarian to ensure a complete and transparent search [6]. The
review includes all available randomized trials up to August 16,
2017. A hand-search of reference lists of relevant articles was also
conducted for other potential relevant references. Only trials
written in English were included.

2.1. Study selection

This study included randomized trials comparing surgical and
conservative treatment of ankle fractures in adults. All included
studies had to fulfill the following criteria: (1) a full-text English-
language paper published in a peer-reviewed journal, (2) contain
original data from a randomized or a cluster randomized trial, (3)
compare surgical and conservative treatment interventions
following an ankle fracture, and (4) investigate patient-reported
outcomes and/or functional outcomes and/or radiological out-
comes.

Two authors (PL and RE) independently performed the
selection of studies based on the full references and abstract
screening. A full-text evaluation of the selected studies followed
this. Disagreement between the two reviewers was solved by
consensus or by the inclusion of a third reviewer (MSR).

2.2. Data extraction and risk of bias

Two independent reviewers (PL and RE) extracted data using a
specifically designed standardized data extracting form. After data
extraction, the independent reviewers checked for consistency
between the extracted data. All inconsistencies between the two
forms were resolved by discussion between the two data
extractors and checking with the original publication. Any
disagreement between the data extractors after the initial
discussion was solved by involving a third person (MSR).

General study information, participants and intervention
characteristics, compliance, adverse events, withdrawals, and
outcome measures were extracted. Whenever possible, results
from the intention-to-treat population were used.

Included randomized studies were assessed for risk of bias by
two independent reviewers (PL and RE) using the Cochrane
Collaboration's tool for assessing risk of bias in randomized trials
[12]. Each trial was evaluated across seven domains of bias. The risk
of bias assessment was classified as high, low, or unclear.

2.3. Primary outcome

The primary outcome measurement was ankle specific function
scores reported with a minimum of six-month follow-up and a
maximum of three years, defined as short-term functional
outcome. Endpoints shorter than six months and longer than 10
years were also collected and reported, but the short-term
functional outcome was considered primary.
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Functional outcome scores may include (but are not limited to)
Olerud–Molander score, Foot and Ankle Outcome Score (FAOS),
and Lower Extremity Functional Scale, prioritized in this order.

2.4. Secondary outcome

Secondary outcomes include general health questionnaires,
which include (but are not limited to): instruments such as SF-36,
SF-12, and EQ5D, prioritized in this order. Other secondary
outcomes include pain scores, major adverse events and radiolog-
ical outcomes including development of osteoarthritis and joint
congruency. Secondary outcomes include both short-term out-
comes defined as between six months and three years follow-up
and long-term outcomes defined as three to 10 years follow-up.

3. Data synthesis and analyses

3.1. Primary analysis

The primary analysis compares the functional outcomes
between surgical and conservative treatment of ankle fractures
Fig. 1. Flow of study inc
in adults. Difference between groups was expressed as the
standardized mean difference (SMD). The SMD was estimated
individually for all included trials. The SMD was estimated as the
mean difference between surgical intervention and conservative
treatment divided by the pooled standard deviations (SD). If the SD
was not available, it was estimated from the standard error (SE) or
confidence interval (CI) as recommended by the Cochrane
Handbook for Systematic Reviews of Interventions [12]. Data from
the trials were pooled as appropriate using a random-effects
model.

3.2. Secondary analyses

The secondary analyses included a comparison between
surgical and conservative treatment of ankle fractures on general
health questionnaire, pain, adverse events, and radiological
outcomes. All continuous variables were expressed as SMD
between surgical and conservative interventions. Binary outcomes
for each trial were expressed as odds ratios and 95% confidence
intervals. If possible, data from the trials were pooled as
appropriate using a random-effects model.
lusion. n = number.
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3.3. Predefined subgroup analyses

A subgroup analysis explored the risk of major adverse events
after surgical and conservative treatment, including infection,
deep vein thrombosis, delayed- or malunion, death, unplanned
surgery, neurovascular injury, removal of internal fixation and
other adverse events deemed of clinical importance.

All analyses used RevMan, version 4.2 (Wintertree Software
Inc., Oxford, United Kingdom) software.

4. Results

The literature search included 2304 studies after removal of
duplicates. After review of title and abstract, 48 studies were
selected for full-text review. Following the full-text review,
40 studies were excluded, leaving eight studies [5,7,13–18]
comparing conservative and surgical treatments of patients with
ankle fracture in an RCT (randomized controlled trial) design
(Fig. 1).

4.1. Study characteristics

The eight included studies randomly allocated 1237 patients to
either surgical or conservative treatment. The mean age of patients
ranges from 38.1 to 71.4 years. The mean follow-up time ranged
from five months to 84 months (Table 1).

4.2. Risk of bias

The assessment of risk of bias showed high risk of bias in several
of the included studies. No studies were double-blinded, and the
outcome assessor was blinded in only two studies [7,13]. Cross-
over for surgical treatment is frequently reported; however, only
three studies clearly state the use of intention-to-treat analysis
[5,7,13]. Moreover, randomization procedure or concealment of
allocation was unclear in seven studies [5,14,16–19].

4.3. Primary analysis of short-term functional patient-reported
outcome

Five studies evaluated the primary outcome [7,13–16], short-
term functional patient-reported outcome. Three studies reported
the outcome using the OMAS score, one study used the FAOQ score,
and one study used the American Orthopedic Foot and Ankle
Society (AOFAS) score.
Table 1
Study characteristics.

Study Population Mean age Follow-up 

Willet et al. (2016) 620 71 (SD7.3) 6 months 

Mittal et al. (2017) 160 39 (SD13.4) 12 months 

Sanders et al. (2012) 81 41 (18–85 years) 12 months 

Philips et al. (1985) 96 43 (15–78 years) 42 months 

Salai et al. (2000) 84 78 (65–91 years) 38 months 

Makwana et al. (2001) 43 66 (55–81 years) 27 months 

Bauer et al. (1985) 111 44 (16–77 years) 84 months 

Rowley et al. (1986) 42 (16–70 years) 5 months 

OMAS (Olerud–Molander Ankle Score), FAOQ (American Academy of Orthopaedic Surgeon
Health Survey), AOFAS (American Orthopaedic Foot and Ankle Society score).
Data from the three studies reporting the OMAS score were
successfully pooled, and groups were homogeneous. The data
analysis revealed no significant difference in treatment effect
between surgery or conservative treatment (standard mean
difference = 0.14, 95%CI = �0.09 to 0.38, P = 0.24, I2 = 25% (Fig. 2).

Data from all five studies that evaluated the short-term
functional patient-reported outcome were pooled and showed
substantial heterogeneity and no significant difference in treat-
ment effect between surgery or conservative treatment (standard
mean difference = �0.14, 95%CI = �0.57 to 0.29, P = 0.51, I2 = 84%
(Fig. 2).

4.4. Secondary outcomes

4.4.1. Short-term patient-reported HRQOL
The short-term patient-reported HRQOL was reported in three

studies [7,13,15]. Data from the three studies were pooled. The
analysis showed no significant difference in HRQOL between
surgery or conservative treatment (standard mean difference =
0.13, 95%CI = �0.01 to 0.27, P = 0.06, I2 = 0%) (Fig. 3).

4.4.2. Long-term functional patient-reported outcome and QOL
Long-term outcomes were reported in two studies [5,17] with a

follow-up time of 42 months and 84 months, respectively. Both
studies used non-validated outcome measurements and the data
could not be pooled because they were provided in different
measurement scales. Phillips et al. [17] showed a significant
difference in QOL between surgery or conservative treatment,
favoring conservative treatment (standard mean difference = 2.97,
95%CI = 2.14–3.81, P < 0.01). Bauer et al. [5] showed no significant
difference in QOL between surgery and conservative treatment
(risk ratio = 0.90, 95%CI = 0.46–1.76, P = 0.75).

4.4.3. Pain
Four studies evaluated pain symptoms [5,7,14,16]. Data from

three studies evaluated short-term pain outcome and were pooled.
The analysis showed no significant difference in short-term pain
outcome between surgery or conservative treatment and consid-
erable heterogeneity (standard mean difference = �0.40, 95%CI =
�1.20 to 0.40, P = 0.32, I2 = 87%). Bauer et al. [5] was assessed
separately and reported the long-term outcome and used a
dichotomy outcome measurement for pain assessment. The study
showed no significant difference in pain between surgery or
conservative treatment (risk ratio = 1.06, 95%CI = 0.56–2.0, P = 0.86)
(Fig. 4).
Primary outcome Randomized Analyzed

OMAS Surgery = 309
Conservative = 311

Surgery = 291
Conservative = 267

FAOQ Surgery = 80
Conservative = 80

Surgery = 71
Conservative = 68

OMAS SF-36 Surgery = 41
Conservative = 40

Not disclosed

Self-developed Not disclosed Surgery = 23
Conservative = 26

AOFAS Surgery = 19
Conservative = 16

Surgery = 49
Conservative = 16

OMAS Surgery = 22
Conservative = 21

Surgery = 19
Conservative = 12

Self-developed Surgery = 51
Conservative = 57

Surgery = 44
Conservative = 56

Time to weight-bearing Surgery = 20
Conservative = 22

Surgery = 20
Conservative = 20

s Foot and Ankle Outcomes Questionnaire), SF36, Short-form 36 (6-Item Short Form



Fig. 2. Short-term functional patient-reported outcome.

Fig. 3. Short-term HRQOL (health-related quality of life).

Fig. 4. Pain outcome.
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Fig. 5. Osteoarthritis outcome (long-term).
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4.4.4. Range of motion (ROM)
Four studies reported on the ROM. However, all used different

measurement methods, and as a consequence, no data pooling was
possible [5,7,14,18]. Makwana et al. [14] showed a statistically
significant difference between conservative and operative treat-
ment favoring surgery. The remaining studies did not report a
significant difference between groups [5,7,18].

4.4.5. Osteoarthritis
Outcome regarding the development of osteoarthritis was

reported in two studies [5,17]. Data from the two studies were
pooled, and the analysis showed no significant difference in the
development of osteoarthritis between surgery or conservative
treatment groups and considerable heterogeneity (standard mean
difference = 0.46, 95%CI = 0.03–8.05, P = 0.60, I2 = 75%) (Fig. 5).

4.4.6. Adverse events
Data regarding adverse events and complications were

reported in all included studies. Data from all studies were
divided into nine different categories of adverse events. Two of the
nine categories showed significant difference and heterogeneous
data in effect between surgery and conservative treatment.
Delayed or malunion favored surgery treatment (risk ratio = 0.08,
95%CI = 0.01–0.96, P = 0.02, I2 = 0%). Removal of internal fixation
favored conservative treatment (risk ratio = 6.03, 95%CI = 1.99–
18.29, P = 0.001, I2 = 0%) (Fig. 6).

5. Discussion

Based on the best available evidence, this systematic review and
meta-analyses suggest that short-term functional patient-
reported outcome after surgical or conservative treatment of
nondisplaced unstable ankle fractures are comparable in a highly
selected patient group. Moreover, no significant difference
between surgical and conservative treatment was found with
regard to HRQOL, pain, or development of osteoarthritis. However,
the results of this systematic review and meta-analyses should be
interpreted with caution as several limitations exist in the
available studies including a lack of long-term follow-up studies
among younger patient groups and a high degree of selection of
included patients in several of the studies. This systematic review
included a total of 1237 patients compared to the last Cochrane
review published in 2012 [6] including 296 patients.

The latest Cochrane review from 2012 concluded there is
insufficient evidence to conclude on the effects of surgical versus
conservative treatment of ankle fractures in adults [6]. The results
on the present study strengthen the notion that selected patient
groups might have equal short-term patient-reported outcome
when managed by either conservative means or by surgery.
Furthermore, several high quality studies have been conducted in
the last years [7,13], increasing the quality of evidence.

Five studies evaluated the primary outcome [7,13–16], short-
term functional patient-reported outcome. The five studies used
three different outcome measurements with considerable varia-
tion in follow-up time, representing an important limitation and a
possible explanation for the high degree of heterogeneity in the
meta-analyses. However, data from the three studies reporting the
OMAS score were successfully pooled, and the data were
homogeneous. The meta-analyses revealed no significant differ-
ence in treatment effect between surgery and conservative
treatment.

The short-term patient-reported HRQOL was reported in three
studies [7,13,15]. Data were homogeneous and showed no
significant difference in treatment effect between surgery or
conservative treatment.

This systematic review included studies comparing a large
variation of different ankle fracture patterns ranging from simple
lateral malleolar fractures without talar shift to more complex
ankle fractures where “satisfactory” initial closed reduction was
achieved and maintained in a cast. The studies included in this
systematic review represent a selected group of patients, where
satisfactory initial closed reduction was possible in all patients,
which may exclude some of the more complex fractures.
Furthermore, differentiation between the different patterns of
ankle fractures included was not possible, due to difference in
classification methods between the studies, and consequently,
subgroup analyses were not possible in this systematic review. This
inevitably limits the possibility to make firm clinical conclusions.

The follow-up times of the included studies range from 5 to 84
months and include many different outcome measurements,
representing another important limitation. The incidence of ankle
fractures is described with a peak incidence among adolescents in
both genders and with increasing incidence for females through-
out life [1]. As a consequence of a high incidence of fractures in
younger patients, studies with long-term follow-up are needed.
This systematic review included only two studies with long-term
follow-up reporting conflicting results regarding functional out-
comes [5,17]. The development of osteoarthritis was also reported
in the two studies suggesting no significant difference between
surgery and conservative treatment [5,17]. However, the analyses
showed high degrees of heterogeneity, and considering the low
number of patients included for analyses, the studies may lack the
power to establish any evidence regarding development of
osteoarthritis. Surgical treatment of ankle fractures may lead to
more accurate anatomical reduction compared to conservative
treatment [20]. Several studies suggested that a lack of reduction
may lead to an increased risk of posttraumatic osteoarthritis
[17,20]; however, other studies could not demonstrate this
association [21]. More research including high-quality RCTs with
long-term follow-up is needed to understand the effect of
conservative and surgical treatment of ankle fractures, especially
in the younger patient groups with regards to difference in the
development of posttraumatic osteoarthritis.

Four studies evaluated pain symptoms following ankle
fractures [5,7,14,16]. The analyses showed no significant difference
in short-term outcome between surgical and conservative



Fig. 6. Adverse events.
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treatment. However, the meta-analyses showed considerable
heterogeneity. Different patient groups, follow-up times, and
methodological quality between studies may explain this. Com-
paring the two most recent studies, both with a high degree of
methodical quality, the analyses showed that groups were
homogeneous and no significant difference in pain between
surgery and conservative treatment was observed. Moreover,
Bauer et al. [5] reported the long-term outcome of pain and
showed no significant difference in pain between surgery and
conservative treatment.

The age of patients included in the studies range from 15 to 91
years, representing an important limitation to this systematic
review. In the authors’ opinion, two major concerns regarding
patients’ age need to be addressed. Firstly, long-term effect of the
treatment modalities need to be investigated in the younger
patient groups, and currently no high-quality RCTs address this
important issue. Secondly, older patients may present with
different fracture etiology and with considerable comorbidity,
which is known to influence the outcome of treatment including
bone healing, infection, and other adverse events, which is likely to
affect the outcome of both surgery and conservative treatment
[22]. Furthermore, prolonged periods of immobilization in the
older patients may influence the ability to regain the activity of
daily living. However, subgroup analyses of different age groups
were not possible in this systematic review due to the low number
of available studies and more research is needed to understand the
influence of age on outcome with regard to both conservative and
surgical treatment of ankle fractures.

With regard to adverse events, only delayed union or
malunion and removal of internal fixation showed a significant
difference between the surgical and conservative groups.
However, some clinically important differences between groups
should be addressed. Obviously, shift of treatment favors the
surgery group, as only patients in the conservative group had this
option. Shift of treatment accounts for roughly 15% in the
conservative group, primarily as a result of a loss of reduction at
early follow-up. Moreover, obviously, removal of internal fixation
favors the conservative group. Eight percent of patients had
internal fixation hardware removed. This systematic review lacks
high-quality RCTs with long-term follow-up, and this information
may, therefore, be limited as the incidence of hardware removal
would be expected to increase with time. In general, a low
number of adverse events were observed in both the conservative
and surgical groups, suggesting that both conservative and
surgical treatment of ankle fractures are safe and equal in a
selected group of patients.

5.1. Strength and limitations

The strength of this systematic review is the use of a
standardized method during all steps of the study procedure.
The use of two assessors in study selection, data extraction, and
assessment of risk of bias is a major strength. Only minor
differences between assessors were observed during the study
procedure. Minor disagreements were related to reading errors.
Moreover, a strength was the final literature search performed
immediately before publication, ensuring all available literature
was included.

However, some limitations should be addressed. Substantial
heterogeneity was observed in both primary and secondary
outcomes, and consequently, conclusions from this systematic
review and meta-analysis may be limited. Due to the low number
of studies included in the meta-analysis, a statistical test (funnel
plots) for publication bias was not used. Methodological literature
recommended at least 10 studies to be included in meta-analysis
to perform statistical tests [12]. Moreover, the assessment of risk
of bias showed several studies presented with methodological
limitations. However, other studies included in the analysis
had a high methodological quality score. Due to the nature of the
studies, blinding of participants and physicians is very difficult
and was not performed in any of the studies. Nonetheless,
the high risk of bias for some of the included studies may limit
the conclusion, and interpretation should be viewed with
caution.

6. Conclusion

The best available current evidence supports that clinicians
can manage ankle fractures by both surgical and conservative
means with equal short-term results in selected patient groups
with stable and unstable nondisplaced ankle fractures. However,
more research is needed including high-quality RCTs investigat-
ing the long-term effects. This is especially the case in younger
patients, before making significant interpretations about clinical
practice.

Conflict of interest

None declared.

References

[1] Elsoe R, Ostgaard SE, Larsen P. Population-based epidemiology of 9767
ankle fractures. Foot Ankle Surg 2016, doi:http://dx.doi.org/10.1016/j.
fas.2016.11.002.

[2] Court-Brown CM. Rockwood and Green's fractures in adults, vol. 8. USA:
Walters Kluwer; 2015.

[3] Bengnér U, Johnell O, Redlund-Johnell I. Epidemiology of ankle fracture 1950
and 1980. Increasing incidence in elderly women. Acta Orthop Scand
1986;57:35–7.

[4] Court-Brown CM, McBirnie J, Wilson G. Adult ankle fractures – an increasing
problem? Acta Orthop Scand 1998;69:43–7.

[5] Bauer M, Bergström B, Hemborg A, Sandegård J. Malleolar fractures:
nonoperative versus operative treatment. A controlled study. Clin Orthop
Relat Res 1985;17–27.

[6] Donken CCMA, Al-Khateeb H, Verhofstad MHJ, van Laarhoven CJHM. Surgical
versus conservative interventions for treating ankle fractures in adults.
Cochrane Database Syst Rev 2012;CD008470, doi:http://dx.doi.org/10.1002/
14651858.CD008470.pub2.

[7] Willett K, Keene DJ, Mistry D, Nam J, Tutton E, Handley R, et al. Close contact
casting vs surgery for initial treatment of unstable ankle fractures in older
adults: a randomized clinical trial. JAMA 2016;316:1455–63, doi:http://dx.doi.
org/10.1001/jama.2016.14719.

[8] SooHoo NF, Krenek L, Eagan MJ, Gurbani B, Ko CY, Zingmond DS.
Complication rates following open reduction and internal fixation of ankle
fractures. J Bone Joint Surg Am 2009;91:1042–9, doi:http://dx.doi.org/
10.2106/JBJS.H.00653.

[9] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. J Clin Epidemiol 2009;62:1006–12, doi:http://dx.doi.org/10.1016/j.
jclinepi.2009.06.005.

[10] PROSPERO – International Prospective Register of Systematic Reviews (n.d.).
[11] Aalborg University VBN-Profile (n.d.). http://vbn.aau.dk [accessed 16.02.17].
[12] Higgins JPT, Green S. Cochrane handbook for systematic reviews of

interventions version 5.1.0 [updated March 2011]. The Cochrane Collaboration;
2011 (n.d.).

[13] Mittal R, Harris IA, Adie S, Naylor JM, CROSSBAT Study Group. Surgery for type
B ankle fracture treatment: a Combined Randomised and Observational Study
(CROSSBAT). BMJ Open 2017;7:e013298, doi:http://dx.doi.org/10.1136/
bmjopen-2016-013298.

[14] Makwana NK, Bhowal B, Harper WM, Hui AW. Conservative versus operative
treatment for displaced ankle fractures in patients over 55 years of age. A
prospective, randomised study. J Bone Joint Surg Br 2001;83:525–9.

[15] Sanders DW, Tieszer C, Corbett B. Operative versus nonoperative treatment
of unstable lateral malleolar fractures: a randomized multicenter
trial. J Orthop Trauma 2012;26:129–34, doi:http://dx.doi.org/10.1097/
BOT.0b013e3182460837.

[16] Salai M, Dudkiewicz I, Novikov I, Amit Y, Chechick A. The epidemic of ankle
fractures in the elderly – is surgical treatment warranted? Arch Orthop Trauma
Surg 2000;120:511–3.

http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0005
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0005
http://dx.doi.org/10.1016/j.fas.2016.11.002
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0005
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0010
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0010
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0015
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0015
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0015
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0020
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0020
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0030
http://dx.doi.org/10.1002/14651858.CD008470.pub2
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0035
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0035
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0035
http://dx.doi.org/10.1001/jama.2016.14719
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0035
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0040
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0040
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0040
http://dx.doi.org/10.2106/JBJS.H.00653
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0040
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0045
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0045
http://vbn.aau.dk
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0060
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0060
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0060
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0065
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0065
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0065
http://dx.doi.org/10.1136/bmjopen-2016-013298
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0065
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0075
http://dx.doi.org/10.1097/BOT.0b013e3182460837
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0080
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0080
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0080


P. Larsen et al. / Foot and Ankle Surgery 25 (2019) 409–417 417
[17] Phillips WA, Schwartz HS, Keller CS, Woodward HR, Rudd WS, Spiegel PG, et al.
A prospective, randomized study of the management of severe ankle fractures.
J Bone Joint Surg Am 1985;67:67–78.

[18] Rowley DI, Norris SH, Duckworth T. A prospective trial comparing operative
and manipulative treatment of ankle fractures. J Bone Jt Surg Ser B
1986;68:610–3.

[19] Pelliccioni AAA, Bittar CK, Zabeu JLA. Surgical treatment of intraarticular
calcaneous fractures of Sanders’ types II and III. Systematic review. Acta
Ortop Bras 2012;20:39–42, doi:http://dx.doi.org/10.1590/S1413-
78522012000100008.
[20] Michelson JD, Magid D, McHale K. Clinical utility of a stability-based ankle
fracture classification system. J Orthop Trauma 2007;21:307–15, doi:http://dx.
doi.org/10.1097/BOT.0b013e318059aea3.

[21] Marsh JL, Buckwalter J, Gelberman R, Dirschl D, Olson S, Brown T, et al.
Articular fractures: does an anatomic reduction really change the result? J
Bone Jt Surg Am 2002;84-A:1259–71.

[22] Mangwani J, Mehta S, Rees K, Cutler L. Understanding risks and complications
in the management of ankle fractures. Indian J Orthop 2014;48:445, doi:http://
dx.doi.org/10.4103/0019-5413.139829.

http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0090
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0090
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0090
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0095
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0095
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0095
http://dx.doi.org/10.1590/S1413-78522012000100008
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0095
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0100
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0100
http://dx.doi.org/10.1097/BOT.0b013e318059aea3
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0100
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0110
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0110
http://dx.doi.org/10.4103/0019-5413.139829
http://refhub.elsevier.com/S1268-7731(18)30035-3/sbref0110

	Surgical versus conservative treatment for ankle fractures in adults – A systematic review and meta-analysis of the benefi...
	1 Introduction
	2 Methods
	2.1 Study selection
	2.2 Data extraction and risk of bias
	2.3 Primary outcome
	2.4 Secondary outcome

	3 Data synthesis and analyses
	3.1 Primary analysis
	3.2 Secondary analyses
	3.3 Predefined subgroup analyses

	4 Results
	4.1 Study characteristics
	4.2 Risk of bias
	4.3 Primary analysis of short-term functional patient-reported outcome
	4.4 Secondary outcomes
	4.4.1 Short-term patient-reported HRQOL
	4.4.2 Long-term functional patient-reported outcome and QOL
	4.4.3 Pain
	4.4.4 Range of motion (ROM)
	4.4.5 Osteoarthritis
	4.4.6 Adverse events


	5 Discussion
	5.1 Strength and limitations

	6 Conclusion
	Conflict of interest
	References


