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Background: The primary aim of this study was to present the incidence of clinically significant end stage
osteoarthritis (cOA) after syndesmotic fixation of ankle fractures. The secondary aim was to and identify
independent predictors of cOA.

Methods: A retrospective review of consecutive patients presenting to a single University affiliated
institution between March 2008 and May 2010 was undertaken. Inclusion criteria were ankle fractures

5:95;("1"02‘15: with syndesmotic stabilisation. Patients were excluded if pre or postoperative radiographs were missing
S;n di:srl:;?ilsre or were lost to follow up. Data were gathered regarding demographics, fracture pattern, fixation

methods, reduction parameters, screw removal, revision surgery, complications and cOA up to seven
years post injury.

Results: Data were available for 120 patients (86%). In total, 13 patients (11%) developed cOA. Univariate
analysis showed that increasing age, open fracture, malreduction of the syndesmosis, removal of
symptomatic screws, revision surgery and complications were predictors of developing cOA. Cox
regression analysis revealed increasing age (hazard ratio (HR) 1.09, p=0.006), and malreduction (HR 45.5,
p=0.001) were independent predictors of developing cOA.

Conclusions: Ankle fractures with syndesmotic stabilisation represent a severe injury with a high rate of
cOA. The only modifiable risk factor for developing cOA in this large series of patients was radiological
malalignment. When syndesmotic stabilisation is required, careful intraoperative assessment should be
undertaken to ensure the syndesmosis is reduced.

Osteoarthritis
Ankle arthritis

© 2017 Published by Elsevier Ltd on behalf of European Foot and Ankle Society.

1. Introduction

Ankle fractures are amongst the most common injuries treated
by orthopaedic surgeons [1], accounting for 9% of all fractures [2].
Unstable tibiofibular syndesmotic injuries presenting alongside
ankle fracture arise in 10-15% of cases [3,4]. Ankle fractures with
an associated syndesmotic injury represent a more severe injury
pattern with poorer functional outcomes when compared to
injuries that required malleolar fixation alone [5].

Biomechanical studies previously indicated that syndesmosis
fixation would be required if there was a fibular fracture 3.5cm
above the syndesmosis with an irreparable deep deltoid injury [6].
However, the level of fracture does not always predict the level of
tear in the interosseous ligament [7] and clinical studies have
shown unstable syndesmotic injuries requiring fixation in 20-40%
of transyndesmotic fibular fractures [4,8].
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Radiographic post-operative malalignment of the syndesmo-
sis has been demonstrated to result in inferior functional
outcomes at 2 years post fracture [4]|. There are concerns
regarding the reproducibility of AP radiographic measurements
due to rotational alignment [8], and recent studies have looked
at criteria for radiological alignment in the sagittal plane
[9,10]. Croft et al. showed good reproducibility of the measure-
ment of the anterior tibiofibular ratio on the lateral view in
normal radiographs, however this has not yet been validated
for use in syndesmotic disruption [10]. Radiographic measure-
ments on coronal radiographs are currently still the foundation
for assessment and a recent study has indicated that plain
coronal radiographs are sufficient to assess syndesmotic reduc-
tion and postoperative CT scanning does not change manage-
ment [11].

Studies of end stage ankle arthritis have demonstrated that 65-
80% of cases are post traumatic [12-14]. However, there are far
fewer studies observing the long term risk of developing
osteoarthritis after ankle fracture and these studies include only
small numbers of syndesmotic injuries [15,16].
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The primary aim of this study was to quantify the incidence of
clinically significant end stage osteoarthritis (cOA) in a large group
of patients who sustained ankle fractures with syndesmotic injury
and to identify independent risk factors for developing cOA. The
secondary aim of this study was to evaluate a large consecutive
group of ankle fracture with syndesmotic injuries and provide
information on demographics, fracture pattern, fixation methods
and outcomes related to revision surgery and complications.

2. Methods

The study was conducted with the approval of the South East
Scotland research ethics service. All patients presenting to a single
university-affiliated trauma centre between March 2008 and May
2010 who had an ankle fracture with syndesmotic fixation were
eligible for the study. The study centre is the only hospital receiving
adult trauma for a defined population of 834,648 [ 17] and managed
663 ankle fractures per year at the time of initial patient
presentations [2].

A prospectively collected radiographic database was retrospec-
tively reviewed to ensure that patients met the inclusion criteria.
Exclusion criteria were missing pre or postoperative radiographs
and follow-up of less than 2 months.

A comprehensive data collection proforma was developed and
baseline data were collected from electronic institutional records.
These included gender, age at time of injury, presence of open
fracture, time from injury to surgery, surgeon grade and
documentation of stress testing at time of surgery.

One of us reviewed pre and postoperative radiographs reviewed
for initial dislocation, fracture pattern using the Lauge-Hansen and
AO classification systems, radiological reduction parameters
(tibiofibular overlap on AP, tibiofibular clear space on AP, medial
clear space on AP, talo-crural angle, recreation of fibular length
using “Shentons line” of the ankle), method of fixation, hardware
used and distance of syndesmotic screws from the articular
surface.

True syndesmotic injury was defined as either a fracture pattern
that met Boden’s criteria [6]; a fracture of the fibula extending
>3.5 cm above joint line with a concomitant unrepairable deltoid
ligament injury or if intraoperative stress testing was mentioned in
the operative record or an intraoperative stress radiograph was
saved.

Criteria for an acceptable syndesmotic reduction was defined as
tibiofibular overlap on the AP of more than 5 mm, tibiofibular clear
space on the AP of less than 5 mm and medial clear space on the AP
of less than 4 mm [4,7,11].

All patients were kept non weight bearing for 8 weeks and
standard follow up was 8-12 weeks depending on the treating
consultants choice. If screw removal was performed due to
surgeon/patient choice, it was booked for 12 weeks post fixation.

Institutional electronic records and the national radiographic
database [18] were used to gather outcome data including
complications, revision surgery, syndesmosis screw removal and
reason for removal and clinically significant end stage osteoarthri-
tis (cOA) at final radiographic review. cOA was defined as
symptomatic patients presenting with Kelgren and Lawrence
stage 3-4 osteoarthritis of the ankle [19]. The written definition
provided by Lawrence was used [20] and only such patients with at
least 50% joint space narrowing were included.

Radiographic assessments were all performed using Care-
stream picture archiving and communication system (PACS) [18].
By using the known core diameter of the 3.5mm or 4.5mm
syndesmosis screws all numerical measurements were adjusted to
ensure standardised reporting of results. The medial clear space
was measured as the distance from the medial border of the talus
to the lateral border of the medial malleolus on a line parallel to the

distal tibial articular surface halfway between medial distal tibial
articular surface and the talar dome [21]. Tibiofibular overlap and
clear space were both measured on a line parallel to the distal tibial
articular surface 1 cm above the joint line [4]. Talocrural angle was
measured as the angle between the intermalleolar line and a line
parallel to the distal tibial articular surface [22,23]. “Shenton’s line”
of the ankle was a visual assessment using freehand drawing tools
on PACS to assess if the “Shenton’s line” was broken [23].

2.1. Statistical analysis

Statistical package for social sciences version 20 (SPSS Inc.,
Chicago Illinois) was used for data analysis. Dichotomous variables
were assessed using a Chi square test or a Fishers exact test if one of
the variables was less than ten. Continuous variables were
measured using an independent t-test.

After initial univariate analysis, independent predictors of
clinically significant end stage arthritis were identified using cox
regression analysis and entering all significant factors into the
model using the enter method.

3. Results

The study cohort consisted of 139 patients. 19 were excluded
from the study, due to missing pre or postop radiographs [6] or
follow up less than two months [15]. 120 patients were, therefore,
included in the study. 54% of patients were male and the mean age
was 43. 55% of patients had a dislocation on initial radiographs and
6.7% of fractures were associated with an open injury. The mean
time to surgery was two days. 76% of fractures were pronation type
injuries, the remaining 24% were supination external rotation
injuries (Table 1). Of the 29 patients with supination external

Table 1
Baseline characteristics for the study cohort.

Demographic Descriptive Cohort (n=120)

Gender (n, % of group) Male 65 (54.2)
Female 55 (45.8)
Age (mean, SD, range) Years 42.7+£17.5 (16-85)
Open fracture (n, % of group) Yes 8 (6.7)
No 112 (93.3)
Dislocation (n, % of group) Yes 54 (45)
No 66 (55)
Lauge-Hansen classification (n, % of group) PER3 33 (27.5)
PER4 22 (18.3)
PAB3 36 (30)
SER4 29 (24.2)
AO classification (n, % of group) 44B1 14 (11.7)
44B2 13 (10.8)
44B3 2(1.7)
44C1 24 (20)
44C2 36 (30)
44C3 31 (25.8)
Medial malleolus fracture (n, % of group) Yes 59 (49.2)
No 61 (50.8)
Posterior malleolus fracture (n, % of group) Yes 35(29.2)
No 85 (70.8)
Time to surgery (mean, SD, range) Days 2+15(0-9)
Follow up (mean, SD, range) Months 17 £23 (2-100)
Follow up over one year (n, % of group) Yes 43 (35.8)
No 77 (64.2)
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rotation injuries 24 had a documented stress test thus at least 20%
of syndesmotic injuries occurred with supination fracture pat-
terns.

Data collection was performed in May and June 2016 giving a
maximum possible follow up of 73-99 months. Mean follow up
was for 17 months (SD 23.4), 51 (42.5%) patients were discharged at
the end of routine follow up at 12 weeks and 43 (35.8%) patients
required follow up for over one year.

Lateral fixation was with a plate and screws or screws alone
depending on fracture pattern and surgeon preference. 10% of
fractures were treated with two syndesmosis screws. The most
common method of sysndesmotic fixation was a single 3.5 mm
sysdesmosis screw through three cortices used in 50 (42%) cases. A
4.5 screw was used in 32 (26.6%) cases due to surgeon preference.
The mean distance of syndesmosis fixation from the joint line was
20.4 mm (Table 2).

The mean medial clear space was 3 mm (standard deviation
(SD) 1.3). The mean tibio fibular overlap was 4.1 mm (SD 1.8) and
the mean tibiofibular clear space was 3.8 mm (SD 1.7). Reduction of
the syndesmosis was achieved in 75% of cases. The mean talocrural
angle was 12 degrees (SD 3.4) and the “shenton’s line” of the fibula
was recreated in 66% of cases.

Screws were removed in 45 (37.5%)cases. 17 were for surgeon/
patient choice and 28 were for clinical reasons (Table 2). These

Table 2
Technical aspects of surgery and clinical outcomes.

were pain [11], a block to dorsiflexion [11], malalignment of the
syndesmosis [3] or persistent infection [3].

There were 18 complications. Seven cases required early
revision surgery for malalignment and one case required revision
surgery for deep infection. The decision for revision for malalign-
ment was made by the treating consultant and was based on
syndesmotic widening and fibular shortening. Six cases were
revised for excessive syndesmotic widening and fibular shortening
and one case was revised for fibular shortening alone. Five cases
had superficial infections treated conservatively. Three patients
developed superficial infection following screw removal. There
was one case of foot drop following common peroneal nerve palsy
of unexplained origin and one case of syndesmotic synostosis seen
at four months after injury. Of note, this patients syndesmosis
screw was placed 42.6 mm above the joint line, the highest in the
series.

Clinically significant end stage osteoarthritis (cOA) was seen in
13 patients at a mean of 45 months. Five patients have had ankle
arthrodesis and 8 are being treated conservatively. Initial univari-
ate analysis was performed to look for significant associations.
Radiological malalighment was a significant association, however
talocrural angle and recreation of fibular “shenton’s line” were not.
Increasing age, open fracture, revision surgery, screw removal for

clinical reasons and complications were also significantly

Demographic

Internal fixation

Lateral side (n, % of total)

Syndesmosis screw construct (n, % of total)

Distance from joint line (mean, SD, range)

Syndesmosis reduction (n, % of total)

Talocrural angle (mean, SD, range)

Screw removal (n, % of total)

Reason for removal (n, % of group)

Revision (n, % of total)

Reason for revision (n, % of total)

Complications (n, % of total)

Coa (n, % of total)

Treatment of cOA (n, % of total)

Descriptive Cohort (n=120)
Single screw 34 (28.3)

Two screws 12 (10)

Plate and screws 74 (61.7)

1 3.5mm screw 3 cortices 50 (41.7)

1 3.5mm screw 4 cotices 26 (21.7)

1 4.5 mm screw 3 cortices 19 (15.8)

1 4.5 mm screw 4 cotices 13 (10.8)

2 3.5mm screw 3 cortices 8 (6.7)

2 3.5mm screws 4 cotices 4 (3.3)

Mm 20.5+7.6 (6-42.6)
Yes 90 (75%)
No 30 (25%)
Degrees 12+3.4 (4-18)
Yes 45 (37.5)
No 75 (62.5)
Clinical 28 (61.4)
Patient/surgeon choice 17 (38.6)
Yes 8 (6.7)

No 112 (93.3)
Malreduction 7 (5.8)
Infection 1(0.8)
Malreduction 7 (5.8)
Infection 6 (5)
Infection > screw removal 3(2.5)
Foot drop 1(0.8)
Synostosis 1(0.8)
Total 18 (15%)
Yes 13 (10.8)
No 107 (89.2)
Arthrodesis 5(4.2)

Conservative

8 (6.7)
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Table 3
Predictors of cOA using univariate analysis.
Demographic Descriptive cOA (13) No cOA (107) 0Odds Ratio 95% ClI P value’
Lower Upper

Gender (n, % of group) Male 7 (10.8) 58 (89.2) 0.99 0.31 3.13 1.00
Female 6 (10.9) 49 (89.1)

Age (mean, SD) Years 55+14 41417 4 23.8 0.006"

Open fracture (n, % of group) Yes 4 (50) 4 (50) 114 244 53.6 0.005
No 9(8) 103 (92)

Dislocation (n, % of group) Yes 9 (16.7) 45 (83.3) 31 0.9 10.7 0.08
No 4(6.1) 62 (93.9)

Lauge-Hansen classification (n, % of group) PAB3 6 (16.7) 30 (83.3) Ref
PER3 2 (6.1) 31(93.9) 0.32 0.06 1.72 0.26
PER4 2(9.1) 20 (91.9) 0.5 0.09 2.73 0.67
SER4 3(10.3) 26 (89.7) 0.5 0.013 2.5 0.6

Lateral fixation (n, % of group) 1 screw 1(2.9) 33(97.1) Ref
2 screws 2 (18.2) 9 (81.8) 7.3 0.59 90.3 0.14
Plate 10 (13.3) 65 (86.7) 5.01 0.62 41.37 0.17

Syndesmosis 1 3.5mm screw 3 cortices 6 (12) 44 (88) Ref

Screw 1 3.5mm screw 4 cotices 3 (11.5) 23 (88.5) 0.9 0.22 4.2 1

Construct (n, % of group) 1 4.5mm screw 3 cortices 0(0) 19 (100) 0.9 0.794 0.98 0.18
14.5mm screw 4 cotices 1(7.7) 12 (92.3) 0.61 0.07 5.58 1
2 3.5mm screw 3 cortices 2 (25) 6 (75) 2.44 0.4 15 0.3
2 3.5 mm screws 4 cotices 1(25) 3 (75) 227 0.2 26.3 0.47

Distance from joint (mean, SD) Mm 24+6.3 20+7.7 -0.4 8.4 0.07"

True (n, % of group) Yes 12 (13.2) 79 (86.8) 4.25 0.53 35.2 0.19
No 1(34) 28 (96.6)

Reduction (n, % of group) No 8 (26.7 22 (73.3) 6.18 1.8 20.8 0.003
Yes 5(5.6) 85 (94.4)

Screw removal (n, % of group) No 4 (5.3) 71 (94.7) Ref
Choice 0 (0) 17 (100) 1.06 1 11 1
Clinical 9 (32.1) 19 (67.9) 9 2.5 32.57 0.001

Revision (n, % of group) Yes 5(62.5) 3(375) 21.7 44 107.5 0.000
No 8(7) 104 (93)

Complications (n, % of group) Yes 6 (33.3) 12 (66.7) 6.79 2 23.56 0.004
No 7 (6.9) 95 (93.1)

Surgeon grade (n, % of group) Consultant 6 (13.3) 39 (86.7) 1.56 0.49 5 0.55
Trainee 7 (9.3) 68 (90.7)

The bold values merely indicate significant findings (significance greater than .05).
" Fisher's exact test unless otherwise indicated.
" Students independent t-test.

associated with cOA (Table 3). Independent predictors of cOA were
identified using Cox regression analysis of the significant factors.
Increasing age and malreduction were identified as independent
predictors of cOA (Table 4).

4. Discussion

In a review of 120 patients with syndesmotic fixation in
association with ankle fractures we report the following
findings; at 7 years after injury cOA occurs in 11% of patients.
Increasing age and malreduction of the syndesmosis are
independent predictors of developing cOA. There is consider-
able variation in the technical aspects of syndesmotic fixation.
At least 20% of syndesmotic injuries are associated with
supination external rotation fractures This in in keeping with
the modern literature [4,8].

Nearly a quarter of patients require screw removal for
continuing symptoms. Revision surgery is most commonly due

to malreduction of the syndesmosis. The only modifiable
independent predictor of cOA is malreduction using the medial
clear space, tibiofibular overlap and tibiofibular clear space as
radiological measures. Talocrural angle and “Shenton’s line” of the
ankle do not predict cOA of the ankle.

In a study of 117 patients with 67% loss to follow up of 18 years
Lambers et al. [24] showed degenerate changes in 49% of patients
with 5% requiring arthrodesis. In our series of 120 patients
similarly 4% have required an ankle arthrodesis but at only 7 years
after injury. Small cohorts and loss to follow up may underestimate
the poor prognosis of these injuries.

We found increasing age to be an independent risk factor for
developing cOA. In a cohort of patients presenting with end stage
post traumatic ankle arthritis at a mean of 20 years post injury,
increasing age was not only found to be a risk factor for developing
cOA but also for a decreased latency time between injury and
presentation [25]. As our follow up was only for a maximum of
7 years a larger proportion of younger patients may go on to
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Table 4
Cox regression analysis for predictors of cOA using enter methodology (including all
significant variables in a single model).

Demographic Descriptive Hazard ratio 95% ClI p value
Lower Upper

Age Years 1.09 1.02 114 0.006
Reduction Yes Ref

No 45.5 4.4 500.0 0.001
Removal No Ref

Choice 0.0 0.0 0.0 1

Clinical 1.5 0.3 6.9 0.59
Revision No Ref

Yes 19 0.14 26.0 0.63
Complications No Ref

Yes 39 0.31 48.4 0.29
Open fracture No Ref

Yes 1.5 0.2 12.5 0.74

The bold values merely indicate significant findings (significance greater than .05).

develop symptomatic arthritis and the eventual disease burden
may be much greater.

The only modifiable risk factor for developing cOA was
malreduction of the syndesmosis using radiological parameters.
CT scanning can be used to accurately measure syndesmotic
reduction [26], however, minor malreduction seen on postopera-
tive CT scanning does not affect outcome [27] and intraoperative
CT scanning does not reduce the rates of malreduction [28,29]. As
malreduction using tibiofibular clear space, overlap and medial
clear space as reduction parameters are associated with both poor
clinical outcome [4] and per our study, risk of developing cOA, it
stands to reason that readily available radiological measurements
should be used to assess reduction. In cases where there is doubt
of syndesmotic reduction intraoperatively, we now routinely use
a 2-3 cm direct incision over the anterior syndesmosis to ensure
that the distal fibula is accurately reduced into the incisura
[26,29].

We acknowledge that there are limitation to our study. This was
a retrospective case series with a heterogenous mix of fracture
patterns, treated with a variety of techniques by a number of
surgeons of different grades and experience. Nevertheless, we feel
that this reflects practice in a large university affiliated teaching
hospital. Although we had research ethics approval for this
retrospective study we were unable to gain approval for
prospective follow up so we could not collect patient reported
outcomes or take up to date radiographs for all patients. Due to this
limitation we are unable to comment on functional outcome or
provide further information on underlying asymptomatic radio-
graphic degeneration in our cohort.

Our study has a number of strengths. We had preoperative and
postoperative radiographs for 86%(120/139) of consecutively
presenting patients. This allowed for in depth radiological
analysis of both fracture pattern and operative management
and reduction. All included patients had detailed institutional
records which are held indefinitely on electronic databases. This
allowed us to present data regarding reasons for screw removal,
complications and revision surgery. We had access to the national
radiographic database of public hospitals [18] and used this to
review all ankle radiographs up to the time of data collection
including patients who had moved away from our region. All
patients who presented for follow-up with end stage radiographic
changes did so because their ankles were symptomatic so our
results reflect real practice. Less than 10% of the population has

some form of private health insurance [30] and as healthcare is
free at the point of delivery in Scotland, there are no financial
barriers to seeking orthopaedic assessment and management
and data from most symptomatic patients would have been
collected.

In conclusion, ankle fractures requiring syndesmotic fixation
are severe injuries. Less than half of patients are discharged at the
end of routine follow up, over a third of patients require follow up
for over a year and nearly a quarter of patients have ongoing
symptoms requiring removal of metalwork. Syndesmotic injuries
cannot be reliably predicted by fracture pattern alone and
attention to the radiological parameters of syndesmotic reduction
and intraoperative stress testing [31,32] to assess syndesmotic
stability should be utilised. According to the results of this study
the main cause of revision surgery and the only modifiable
independent predictor of cOA is radiological malalignment. Over
10% of patients will have cOA at 7 years post injury. Careful
intraoperative assessment and open reduction of the syndesmosis
in doubtful cases may reduce the risk of longterm complications.

Conflict of interest

The authors declare no conflict of interest.

References

[1] van Staa TP, Dennison EM, Leufkens HG, Cooper C. Epidemiology of fracturesin
England and Wales. Bone 2001;29(6)517-22 PubMed PMID: 11728921.

[2] Court-Brown CM, Aitken SA, Forward D, O'Toole RV. The epidemiology of
fractures. In: Bucholz RW, Court-Brown CM, Heckman ]D, Tornetta P, editors.
Rockwood and Green’s fractures inadults. 7th ed. Philadelphia: Lippincott,
Williams and Wilkins; 2010.

[3] Jensen SL, Andresen BK, Mencke S, Nielsen PT. Epidemiology of ankle fractures:
a prospective population-based study of 212 cases in Aalborg, Denmark. Acta
Orthop Scand 1998;69:48-50.

[4] Weening B, Bhandari M. Predictors of functional outcome following trans-
syndesmotic screw fixation of ankle fractures. ] Orthop Trauma 2005;19
(February(2))102-8 PubMed PMID: 15677926.

[5] Colvin AC, Walsh M, Koval K], McLaurin T, Tejwani N, Egol K. Return to sports
following operatively treated ankle fractures. Foot Ankle Int 2009;30(April(4))
292-6, doi:http://dx.doi.org/10.3113/FAL.2009.0292 PubMed PMID: 19356351.

[6] Boden SD, Labrapoulos A, McCowin P, Lestini WF, Hurwitz SR. Mechanical

considerations for the syndesmosis screw. A cadaveric study. ] Bone Jt Surg Am

1989;71(10)1548-55 PubMed PMID: 2512295.

Nielson JH, Gardner MJ, Peterson MG, Sallis JG, Potter HG, Helfet DL, Lorich DG.

Radiographic measurements do not predict syndesmotic injury in ankle

fractures: an MRI study. Clin Orthop Relat Res 2005;436:216-21 PubMed

PMID: 15995444.

Stark E, Tornetta 3rd P, Creevy WR. Syndesmotic instability in Weber B ankle

fractures: a clinical evaluation. ] Orthop Trauma 2007;21(October(9))643-6

PubMed PMID: 17921840.

Grenier S, Benoit B, Rouleau DM, Leduc S, Laflamme GY, Liew A. APTF:

anteroposterior tibiofibular ratio, a new reliable measure to assess syndes-

motic reduction. ] Orthop Trauma 2013;27(4)207-11, doi:http://dx.doi.org/

10.1097/BOT.0b013e31826623cc PubMed PMID: 22773017.

[10] Croft S, Furey A, Stone C, Moores C, Wilson R. Radiographic evaluation of the
ankle syndesmosis. Can ] Surg 2015;58(1):58-62, doi:http://dx.doi.org/
10.1503/cjs.004214.

[11] Rasi AM, Kazemian G, Omidian MM, Nemati A. Syndesmotic malreduction
after ankle ORIF; is radiography sufficient? Arch Bone Jt Surg 2013;1(2):98-
102.

[12] Brown TD, Johnston RC, Saltzman CL, Marsh JL, Buckwalter JA. Posttraumatic
osteoarthritis: a first estimate of incidence, prevalence, and burden of disease.
J Orthop Trauma 2006;20(10)739-44 PubMed PMID: 17106388.

[13] Hintermann B, Valderrabano V, Dereymaeker G, Dick W. The HINTEGRA ankle:
rationale and short-term results of 122 consecutive ankles. Clin Orthop Relat
Res 2004;424:57-68 PubMed PMID: 15241144.

[14] Thomas RH, Daniels TR. Current concepts review: ankle arthritis. ] Bone Jt Surg
Am 2003;85-A:923-36.

[15] Libbeke A, Salvo D, Stern R, Hoffmeyer P, Holzer N, Assal M. Risk factors for
post-traumatic osteoarthritis of the ankle: an eighteen year follow-up study.
Int Orthop 2012;36(7):1403-10, doi:http://dx.doi.org/10.1007/s00264-011-
1472-7.

[16] van Vlijmen N, Denk K, van Kampen A, Jaarsma RL. Long-term results after
ankle syndesmosis injuries. Orthopedics 2015;38(November(11))e1001-6,
doi:http://dx.doi.org/10.3928/01477447-20151020-09 PubMed PMID:
26558664.

[7

8

[9



http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0005
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0005
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0010
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0010
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0010
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0010
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0015
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0015
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0015
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0020
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0020
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0020
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0025
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0025
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0025
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0030
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0030
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0030
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0035
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0035
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0035
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0035
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0040
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0040
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0040
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0045
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0045
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0045
http://dx.doi.org/10.1097/BOT.0b013e31826623cc
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0045
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0050
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0050
http://dx.doi.org/10.1503/cjs.004214
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0050
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0055
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0055
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0055
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0060
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0060
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0060
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0065
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0065
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0065
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0070
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0070
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0075
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0075
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0075
http://dx.doi.org/10.1007/s00264-011-1472-7
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0075
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0080
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0080
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0080
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0080

R. Ray et al./Foot and Ankle Surgery 25 (2019) 180-185 185

[17] Ray R, Clement ND, Aitken SA, McQueen MM, Court-Brown CM, Ralston SH.
High mortality in younger patients with major osteoporotic fractures.
Osteoporos Int 2016 [Epub ahead of print] PubMed PMID: 27844134,

[18] National radiology system and archive www.carestream.com/scotlandNatio-
nalRadiology-PACS.pdf [Accessed 3 December 2016].

[19] John Ball, Maurice Rutherford Jeffrey, Jonas Henrik Kellgren, Council for
International Organizations of Medical Sciences, University of Manchester.
Department of Rheumatology.

[20] Lawrence JS. Rheumatism in populations. London: W.M. Heinemann Medical
Books; 1977.

[21] Murphy JM, Kadakia AR, Irwin TA. Variability in radiographic medial
clearspace measurement of the normal weight-bearing ankle. Foot
Ankle Int 2012;33(November(11))956-63, doi:http://dx.doi.org/10.3113/
FAL2012.0956 Erratum in: Foot Ankle Int. 2012 Dec;33(12):vi. PubMed PMID:
23131441.

[22] Rolfe B, Nordt W, Sallis JG, Distefano M. Assessing fibular length using
bimalleolar angular measurements. Foot Ankle 1989;10(October(2))104-9
PubMed PMID: 2807106.

[23] Marsh JL, Saltzman Charles L. Ankle fractures. In: Bucholz RW, Court-Brown
CM, Heckman JD, Tornetta P, editors. Rockwood and Green’s fractures inadults.
7th ed. Philadelphia: Lippincott, Williams and Wilkins; 2010.

[24] Lambers KT, van den Bekerom MP, Doornberg JN, Stufkens SA, van Dijk CN,
Kloen P. Long-term outcome of pronation-external rotation ankle fractures
treated with syndesmotic screws only. ] Bone Jt Surg Am 2013;95(September
(17))e1221-7, doi:http://dx.doi.org/10.2106/JBJS.L.00426 PubMed PMID:
24005206.

[25] Horisberger M, Valderrabano V, Hintermann B. Posttraumatic ankle
osteoarthritis after ankle-related fractures. ] Orthop Trauma 2009;

23(January(1))60-7,  doi:http://dx.doi.org/10.1097/BOT.0b013e31818915d9
PubMed PMID: 19104305.

[26] Sagi HC, Shah AR, Sanders RW. The functional consequence of syndesmotic
joint malreduction at a minimum 2-year follow-up. ] Orthop Trauma 2012;
26(July(7))439-43, doi:http://dx.doi.org/10.1097/BOT.0b013e31822a526a
PubMed PMID: 22357084.

[27] Warner SJ, Fabricant PD, Garner MR, Schottel PC, Helfet DL, Lorich DG. The
measurement and clinical importance of syndesmotic reduction after
operative fixation of rotational ankle fractures. ] Bone Jt Surg Am 2015;97
(December(23))1935-44, doi:http://dx.doi.org/10.2106/]B]S.0.00016 PubMed
PMID: 26631994.

[28] Davidovitch RI, Weil Y, Karia R, Forman ], Looze C, Liebergall M, et al.
Intraoperative syndesmotic reduction: three-dimensional versus standard
fluoroscopic imaging. ] Bone Jt Surg Am 2013;95(October(20))1838-43, doi:
http://dx.doi.org/10.2106/]BJS.L.00382 PubMed PMID: 24132357. -

[29] Yang Y, Zhou ], Li B, Zhao H, Yu T, Yu G. Operative exploration and reduction of
syndesmosis in Weber type C ankle injury. Acta Ortop Bras 2013;21(2):103-8,
doi:http://dx.doi.org/10.1590/S1413-78522013000200007.

[30] Candal-Couto JJ, Burrow D, Bromage S, Briggs PJ. Instability of tibiofibular syn
desmosis; have we been pulling in wrong direction? Injury 2004;35:814-8.

[31] Rajagopalan S, Upadhyay V, Taylor H, Sangar A. New intra-operative technique
for testing the distal tibiofibular syndesmosis. Ann R Coll Surg Engl 2010;92
(3):258, doi:http://dx.doi.org/10.1308/003588410X12664192075134b.

[32] Steel, D, Cylus, J. United Kingdom (Scotland) Health system review (PDF).
Health systems in transition (report); 2012. http://www.euro.who.int/__data/
assets/pdf_file/0008/177137/E96722-v2.pdf [Accessed 4 December 2016].



http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0085
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0085
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0085
http://www.carestream.com/scotlandNationalRadiology-PACS.pdf
http://www.carestream.com/scotlandNationalRadiology-PACS.pdf
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0100
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0100
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0105
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0105
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0105
http://dx.doi.org/10.3113/FAI.2012.0956
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0105
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0105
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0110
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0110
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0110
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0115
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0115
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0115
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0120
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0120
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0120
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0120
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0120
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0125
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0125
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0125
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0125
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0130
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0130
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0130
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0130
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0135
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0135
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0135
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0135
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0135
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0140
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0140
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0140
http://dx.doi.org/10.2106/JBJS.L.00382
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0140
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0145
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0145
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0145
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0150
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0150
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0155
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0155
http://refhub.elsevier.com/S1268-7731(17)31304-8/sbref0155
http://www.euro.who.int/__data/assets/pdf_file/0008/177137/E96722-v2.pdf
http://www.euro.who.int/__data/assets/pdf_file/0008/177137/E96722-v2.pdf

	Ankle fractures with syndesmotic stabilisation are associated with a high rate of secondary osteoarthritis
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	Conflict of interest
	References


