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Abstract
Objectives: To assess the patient and injury characteristics that impact functional outcomes after ankle fracture.

Design: Retrospective study.

Setting: Urban level I trauma center.

Patients/Participants:One thousand patients underwent fixation of ankle fracture (AO/OTA 44) between 2006 and 2015. Four
hundred sixteen completed functional outcome surveys by telephone or mail at a mean of 5.9years after injury.

Intervention: Open reduction internal fixation.

Main outcome measure: Foot Function Index (FFI) and Short Musculoskeletal Function Assessment (SMFA).

Results: Mean age was 46.7years, with 46.2% male. Higher (worse) FFI scores were seen in tobacco users (38.9 vs 30.1),
recreational drug users (45.9 vs 32.7), and the morbidly obese (52.0 vs 30.6), all P< .005. Higher (worse) SMFA dysfunction and
bothersome scores were also seen in these groups, and in females and alcohol users. Multiple regression analysis identified female
gender, obesity, tobacco and alcohol use, complications, secondary procedures, and multiple additional injuries as independent
predictors of higher scores (all P< .04). Fracture patterns, open fracture, and development of arthritis had no impact on FFI or SMFA
scores.

Conclusion: Patient characteristics, not under surgeon-control, such as female sex, obesity, and substance use, appear to
contribute to patient-reported functional outcome scores more than injury characteristics.

Level of Evidence: Level 3, prognostic

Keywords: ankle, ankle fracture, complications, FFI, outcomes, SMFA, substance abuse, torsional
1. Introduction

Ankle fractures are one of the most common fractures of the
lower extremity, with an incidence of 187 per 100,000 patients
each year.[1–3] Most are considered to be relatively mild injuries,
with good to excellent clinical outcomes expected for a majority
of patients following reduction and fixation of displaced
torsional ankle fractures.[4–12] However, many patients report
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continued pain and functional limitations.[11,13–21] Several
studies have identified patient and injury characteristics associ-
ated with worse short-term functional outcomes, including
smoking history, female sex, increased age, fracture dislocation,
syndesmotic injury, bimalleolar or trimalleolar fracture pattern,
and postoperative articular incongruity.[8,19,22–27] However,
few studies examine the long-term functional consequences of
displaced ankle fracture.
This study will evaluate demographic variables, injury and

treatment characteristics, and social factors potentially associated
with poor patient-reported functional outcomes. We propose to
provide prognostic information to improve surgeon ability to
manage patient expectations following displaced torsional ankle
fracture. We hypothesized that socioeconomic factors may be
associated with patient reported outcomes.
2. Patients and methods

One thousand consecutive skeletally mature patients who
underwent operative treatment of ankle fracture (OTA/AO
44A, 44B, or 44C) within a Level 1 trauma system between 2006
and 2015 were identified.[28] IRB approval was obtained for this
study, and any information from human subjects was obtained as
required. Medical records and radiographs were retrospectively
reviewed for patient demographic, comorbidity, injury, and
treatment data. Comorbidities included history of cerebrovascu-
lar disease, pulmonary disease, renal disease, diabetes, neuropa-
thy, and psychiatric illness. Tobacco use was defined as any
history of tobacco smoking within 6months of the injury.
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Alcohol use was defined as any reported alcohol consumption.
Recreational drug use was defined as use of any other recreational
substance, including marijuana. Complications were recorded,
including infection, wound-healing problems such as dehiscence,
malunion, or nonunion. Infections were noted to be either
superficial, requiring local wound care and oral antibiotics, or
deep, requiring surgical irrigation and debridement and intrave-
nous antibiotics. Nonunions were defined as incomplete fracture
union 6months after surgery and were further noted to be either
symptomatic or asymptomatic. Malunions were defined as
angular deformity 5 or more degrees on plain radiograph.
In patients with radiographic follow-up for greater than 12

months, development of posttraumatic arthrosis (PTA) was
defined as the presence of any joint space narrowing, subchondral
sclerosis or cysts, and/or formation of osteophytes. In patients
with evidence of ankle arthrosis at the time of initial injury,
development of PTA was defined as progression of underlying
arthrosis. Trained researchers not involved in the patients’ care
performed data collection.
Patient-reported functional outcomes were assessed using Foot

Function Index (FFI) and Short Musculoskeletal Function
Assessment (SMFA) surveys, representing both injury-specific
and generalized functional outcomes.[29–33] These measurements
were collected as a questionnaire that was administered over the
phone or by mail. The FFI is a lower extremity-specific outcome
index which consists of subscores for pain (81 points), disability
(81 points), and activity (45 points).[29] The FFI total score is an
average of these 3 subscores, with higher scores indicating worse
outcomes. The SMFA is a generalized musculoskeletal outcome
questionnaire consisting of 46 questions with subscores for daily
activities, emotional status, arm and hand function, mobility,
function, and bothersome, each with a maximum of 100 points,
with worse outcomes indicated by a higher score.[34] It is a
shortened version of the Musculoskeletal Function Assessment,
which consists of 100yes/no questions divided into 10 categories
regarding daily activities, physical function, and emotion. The
creators of the SMFA chose items from the original Musculo-
skeletal Function Assessment that were considered clinically
important and well supported. The SMFA contains a 34-question
dysfunction index and a 12-item bothersome index, which are
each individually scored by the patient using a 5-point Likert
scale. Both the FFI and the SMFA have consistently proven to be
valid, reliable, and reproducible.[29,32,33,35,36]

Independent samples Student t tests were conducted to
compare means of continuous variables between patients lost
to follow-up and those who completed outcome surveys. One-
way analysis of variance was performed to compare means of
continuous variables with more than 2 groups. Pearson Chi-
square tests, and Fisher exact tests where appropriate, were
performed to compare frequencies of categorical variables. For
univariate tests, the significance threshold was set to P< .05.
Linear regression analysis was performed to identify significant
independent predictors of worse functional outcome scores.
Given the large number of possible predictors, a 2-step regression
method was used to reduce the number of variables used in
multiple linear regression analysis, thereby avoiding multi-
collinearity and over-fitting the model. A screening step using
simple linear regression was initially performed with each
predictor entered into the model individually to predict the
functional outcome score of interest. Predictors found to have a
P< .20 in the simple linear regression model were then entered
simultaneously into the multiple linear regression analysis. At this
stage, any predictor with P< .05 in the multiple linear regression
2

model was determined to be a significant independent predictor
of the given outcome score.
3. Results

Four hundred sixteen patients (42%) completed the FFI and
SMFA surveys a mean of 5.9years after their injury (range 1.7-
13.2years). Their mean age was 46.7years, and 224 were female
(53.8%). Mean body mass index (BMI) was 32.0. Two most
common mechanisms of injury were fall from standing (n=282
(67.8%)), followed by motor vehicle or motorcycle collision (n=
87 (20.9%)). Fracture patterns included 7 (0.7%) 44A, 300
(72.3%) 44B, and 108 (26.0%) 44C fractures. Sixty-six patients
(15.9%) had an open fracture, and 176 (42.3%) had an
associated dislocation. One hundred forty-three patients (34.4%)
had at least 1 medical comorbidity. One hundred seventy-three
patients (43.7%) reported tobacco use, 200 (51.0%) reported
alcohol use, and 44 (11.4%) reported illicit drug use. Compari-
son of demographic, injury, and treatment data with patients
who did not complete surveys is shown in Table 1. Differences
were noted between the 2 groups with respect to mean age (43.6
years), sex (46.6%), and tobacco use (51.8%). Ground level falls
were less common among the nonresponders (56.6%).
Mean total FFI score for all patients was 33.7. Reference values

for FFI scores for patients without foot or ankle pathology have
been previously published.[30,31] Comparison of themeanFFI total
score for our patients with the reference value (33.7 vs 13.0)
demonstrates impairment of function following ankle fracture.
Mean SMFA scores for the entire groupwere 27.9 for dysfunction
and 28.0 for bothersome. Similar to the FFI, our mean SMFA
dysfunction and bothersome subscores were higher (worse) than
those reported for patients without prior orthopaedic issue
(dysfunction: 27.9 vs 12.7, bothersome: 28.0 vs 13.8).[30,33]

Women had worse SMFA dysfunction (30.0 vs 25.4, P= .045)
and bothersome scores (30.8 vs 24.7, P= .02), and trended
toward worse FFI scores (35.7 vs 31.4, P= .12, Table 2). Younger
patients had worse mean scores. Those less than age 60years
reported worse SMFA dysfunction (29.0 vs 23.0, P= .04) and
bothersome scores (29.9 vs 20.2, P= .002), with a trend toward
worse FFI scores (34.8 vs 29.0, P= .09). Morbid obesity
(BMI≥40) was associated with some of the worse outcome
scores for any individual subset of patients, with the highest FFI
52.0 versus 30.6, P< .001, SMFA dysfunction (41.4 vs 25.7,
P< .001), and SMFA bothersome scores (39.5 vs 26.2, P< .001).
Similarly, tobacco users hadworse FFI (38.9 vs 30.7, P< .001),

SMFA dysfunction (32.8 vs 25.2, P= .001), and SMFA
bothersome scores (33.3 vs 24.8, P= .002) than nonsmokers.
Alcohol consumption was also associated with worse SMFA
scores (dysfunction: 31.7 vs 25.1, P= .005; bothersome: 32.7 vs
24.1, P= .001), and trended toward worse FFI scores (36.8 vs
31.5, P= .06). Recreational drug users had particularly high FFI
(45.9 vs 32.7, P= .003), SMFA dysfunction (37.4 vs 27.5,
P= .01), and SMFA bothersome scores (38.1 vs 27.5, P= .015).
Fracture pattern and presence of open fracture were not
associated with worse scores.
One hundred twenty-two patients (29.3%) experienced 148

complications (Table 3), with PTA occurring in 18%. Develop-
ment of any complication during the course of treatment was
associated with worse FFI (43.7 vs 29.6), SMFA dysfunction
(35.1 vs 24.9), and bothersome scores (36.1 vs 24.7), all P< .001.
Fifty-one patients (12.3%) underwent at least 1 secondary
procedure, the majority of which were for removal of implants
(n=33 (65%)). Patients who underwent a secondary procedure
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Table 1

Comparison of demographics, comorbidities, and injury features for all patients, patients lost to follow-up, and patients who completed
surveys.

All patients (N=1000) Lost to follow-up (N=584) Complete survey (N=416) P value

Demographics
Age, years, mean (range) 44.9 (16–98) 43.58 (16–98) 46.7 (18–89) .002
Female, n (%) 496 (49.6%) 272 (46.6%) 224 (53.8%) .023
BMI, mean (range) 31.2 (16.4–73.9) 30.6 (16.4–73.9) 32.0 (18.5–66.0) .006

Comorbidities
Any comorbidity 340 (34.0%) 197 (33.7%) 143 (34.4%) .83
Tobacco use 452 (48.3%) 279 (51.8%) 173 (43.7%) .015
Alcohol use 458 (49.6%) 258 (48.6%) 200 (51.0%) .47
Alcohol abuse 60 (6.0%) 37 (6.3%) 23 (5.5%) .59
Recreational drug use 106 (11.7%) 62 (11.9%) 44 (11.4%) .81

Mechanism of injury
Fall (ground level) 612 (61.3%) 330 (56.6%) 282 (67.8%) <.001
MCC/MVC 242 (24.2%) 155 (26.6%) 87 (20.9%) .039
Pedestrian struck 49 (4.9%) 26 (4.5%) 23 (5.5%) .44
Fall (from height) 41 (4.1%) 31 (5.3%) 10 (2.4%) .022
Altercation 38 (3.8%) 32 (5.5%) 6 (1.4%) .001
Crush 17 (1.7%) 9 (1.5%) 8 (1.9%) .65

Injury features
Open fracture 161 (16.1%) 95 (16.3%) 66 (15.9%) .87
44A 12 (1.2%) 5 (0.5%) 7 (0.7%) .25
44B 725 (72.7%) 425 (73.0%) 300 (72.3%) .80
44C 260 (26.1%) 152 (26.1%) 108 (26.0%) .97

Bold value denotes statistical significance.
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had significantly worse FFI (43.6 vs 32.4, P= .006), SMFA
dysfunction (35.2 vs 26.9, P= .017), and bothersome scores (37.7
vs 26.6, P= .005). Of note, no differences in outcome scores were
identified when comparing patients with and without PTA.
Multiple linear regression analysis for worse outcomes scores

identified several patient factors as predictors of worse
Table 2

Comparison of patient-reported outcomes scores based on various p
measured by the mean scores for Foot Function Index and Short Mu

FFI total (N=414) P value SMFA dysfunction

All patients 33.7 27.9
Sex
Male 31.4 .118 25.4
Female 35.7 30.0

Age
Age <60 34.8 .088 29.0
Age ≥60 29.0 23.0

BMI
BMI <40 30.6 <.001 25.7
BMI ≥40 52.0 41.4

Tobacco Use
No 30.7 .004 25.0
Yes 38.9 32.8

Alcohol Use
No 31.5 .060 25.1
Yes 36.8 31.7

Drug use
No 32.7 .003 27.5
Yes 45.9 37.4

Diabetes
No 32.7 .041 27.5
Yes 40.9 30.9

Bold value denotes statistical significance.
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outcome scores (Table 4). Body mass index, tobacco use,
complications, and multiple additional injuries were found to
be significant independent predictors of higher FFI scores.
Female sex, BMI, tobacco use, and development of a
complication were each significant independent predictors of
worse SMFA scores.
atient demographic, medical, and social history characteristics, as
sculoskeletal Function Assessment.

(N=401) P value SMFA bothersome (N=396) P value

28.0

.045 24.7 .020
30.8

.037 29.9 .002
20.2

<.001 26.2 <.001
39.5

.001 24.8 .002
33.3

.005 24.1 .001
32.7

.010 27.5 .015
38.1

.33 27.9 .81
28.8
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Table 3

Comparison of patient-reported outcomes scores based on various injury features, postoperative complications, and secondary
procedures, as measured by the Foot Function Index (FFI) and Short Musculoskeletal Function Assessment (SMFA).

FFI total (N=414) P value SMFA dysfunction (N=401) P value SMFA bothersome (N=396) P value

Complication
No 29.6 <.001 24.9 <.001 24.7 <.001
Yes 43.7 35.0 36.1

Posttraumatic arthritis
No 43.3 .47 37.9 .60 37.1 .78
Yes 46.4 36.0 38.4

Secondary procedure
No 32.4 .006 26.9 .017 26.6 .005
Yes 43.6 35.2 37.7

Isolated ankle injury
No 38.0 .08 30.9 .13 29.5 .50
Yes 32.4 26.9 27.5

Multiple injuries
No 33.0 .018 27.4 .06 27.6 .11
Yes 48.8 38.1 38.1

Bold value denotes statistical significance.
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4. Discussion
Ankle fractures are extremely common orthopaedic injuries, and
operative treatment of these fractures is well sup-
ported.[5,6,8,9,12,37] However, it has been demonstrated that
50% of patients report substantial pain 5 years following ankle
fracture, and 39% feel that they have not recovered complete-
ly.[21,38] The goal of our study was to characterize the patient
demographics, social factors, and injury characteristics that
contribute to worse functional outcomes following ankle
fracture. We found that female sex, increased BMI, tobacco
use, and alcohol use were significant independent predictors for
worse functional outcomes scores using the FFI and SMFA at a
mean of 5.9years postinjury; these factors not under surgeon-
control had greatest impact on functional outcome scores.
Prior literature has established that certain nonmodifiable

patient characteristics may be associated with worse patient-
reported functional outcomes following ankle fracture.[12,39]

Female sex, increased age, diabetes, smoking history, and higher
ASA score have been associated with worse functional outcomes
in the short-term following ankle fracture.[6,23] Dean et al[15]

assessed the long-term functional outcomes of 142 patients using
the Patient Reported Outcomes Measurement System Physical
Table 4

Results of multiple linear regression using predictors with P<.20 in sim
score, and SMFA bothersome score.

FFI total (N=414) SMFA

B P value B

Sex (female) 5.13 .059 5.72
BMI 0.95 <.001 0.76
Diabetes mellitus 4.60 .26 –

Tobacco use 10.43 <.001 8.61
Alcohol use 1.43 .61 4.19
Drug use 7.52 .081 4.74
Any complication 10.30 .001 7.41
Secondary procedure 7.09 .10 5.41
Isolated ankle injury �3.75 .27 -3.39
Multiple injuries 16.21 .022 9.55

B = unstandardized regression coefficient.
Bold value denotes statistical significance.
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Function and Pain Interference scores. They found that increased
age, higher BMI, and higher ASA score were associated with
worse Physical Function scores at a mean of 6.2years follow-up,
and that higher ASA and lower BMI were predictive of worse
pain scores. Our findings differ in that obesity was associated
with worse scores on both generalized and extremity-specific
scores, which encompass pain as one of the areas of survey. Our
results also differ in that younger patients reported worse scores,
which may be consistent with more severe injuries and higher
baseline function in our younger population, resulting in a greater
level of relative late functional impairment.
There has been conflicting literature regarding the impact of

injury and treatment characteristics on functional outcomes
following ankle fracture.[6,15,23,24,39,40] A few studies have found
fracture dislocation, syndesmotic injury, and bi- and tri-malleolar
fracture patterns to be associated with worse outcomes in the
short term.[6,23] However, we were unable to establish
associations between these injury features and outcomes. This
suggests that patient factors such as sex and substance use as well
as postoperative course may play a larger role than injury and
treatment characteristics on functional outcomes following ankle
fracture. Future study should further investigate such factors and
ple linear regression to predict FFI total score, SMFA dysfunction

Dysfunction (N=401) SMFA Bothersome (N=396)

P value B P value

.014 6.93 .009
<.001 0.75 <.001
– – –

<.001 9.09 .001
.078 6.04 .027
.20 4.32 .31
.005 7.92 .009
.14 8.68 .039
.23 – –

.12 16.01 .013
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should also account for differences in patient expectations, which
impact perceived outcomes, including differences in culture,
geography, and patient and surgeon communication.[10,11]

Fracture patterns and energy of injury may also be associated
with risk for early and late complications, including PTA. Of
note, we did not identify association of PTAwith outcome scores.
Although PTA occurred often in our patient population, the rate
may be biased by those patients who elected to follow-up due to
ongoing concerns. Several other studies have reported similarly
high rates of posttraumatic arthritis following ankle frac-
ture.[14,41–43] Functional outcomes were reported in one of these
studies, and no association of PTA with poor scores was seen.[43]

Limitations to our study include the response rate, with only
41% completing the surveys, although this response rate is similar
to other studies.[15] Additionally there were some differences
between responders and nonresponders, which may have intro-
duced nonresponse bias. Patients who completed the survey were
more likely to be female, older, obese, and nonsmokers, with lower
energymechanisms of injury than those lost to follow-up. Another
limitation to the study is the retrospective design in which the
accuracy of data depends upon detail previously placed into the
medical record, and complete abstraction of such data. We also
did not measure the quality of reduction, nor did we include
information about postoperative care such as immobilization
versus early motion or about timing of weight bearing. Despite the
limitations, to our knowledge, this is the largest study to date to
examine patient-reported outcomes following operative treatment
of ankle fracture.
In conclusion, functional outcomes following ankle fracture

demonstrate impairment on both standardized and extremity-
specific scores. This information may afford prognostic value for
providers and patients. Female sex, morbid obesity, tobacco use,
and alcohol use were independent predictors for worse functional
outcomes scores using the FFI and SMFA. Presence of early and
late complications negatively impacted outcomes. Despite this,
most of the noted factors are not modifiable by either the patient
or the surgeon, such as female sex and young age. Some factors
such as BMI, smoking, and recreational drug use are modifiable
by the patient, but attempts to alter behavior may be unlikely to
affect change in the acute setting.
Acknowledgments

The authors acknowledge the assistance of Zachary Olivios and
Joshua Williford in obtaining outcome surveys. The authors also
gratefully acknowledge the expertise of Chang-Yeon Kim, MD,
in analyzing data.
References

1. Daly P, Fitzgerald RJ, Melton L, et al. Epidemiology of ankle fractures in
Rochester, Minnesota. Acta Orthop Scand. 1987;58:539–544.

2. Juto H, Nilsson H, Morberg P. Epidemiology of adult ankle fractures:
1756 cases identified in Norrbotten County during 2009 – 2013 and
classified according to AO/OTA. BMC Musculoskelet Disord. 2018;
19:441.

3. Lambers K, Ootes D, Ring D. Incidence of patients with lower extremity
injuries presenting to US emergency departments by anatomic region,
disease category, and age. Clin Orthop Relat Res. 2012;470:284–290.

4. Davidovitch RI, Walsh M, Spitzer A, et al. Functional outcome after
operatively treated ankle fractures in the elderly. Foot Ankle Int.
2009;30:728–733.

5. Donken CCMA, Verhofstad MHJ, Edwards MJ, et al. Twenty-two-year
follow-up of pronation external rotation type III–IV (OTA type C) ankle
fractures. J Orthop Trauma. 2012;26:e115–e122.
5

6. Egol K, Tejwani N, Walsh M, et al. Predictors of short-term functional
outcome following ankle fracture surgery. J Bone Jt Surg Am. 2006;
88:974–979.

7. Lindsjo U. Operative treatment of ankle fracture-dislocations. A follow-
up study of 306/321 consecutive cases. Clin Orthop Relat Res. 1985;
28–38.

8. Warner SJ, Schottel PC, Hinds RM, et al. Fracture-dislocations
demonstrate poorer postoperative functional outcomes among prona-
tion external rotation IV ankle fractures. Foot Ankle Int. 2015;36:
641–647.

9. Stufkens SAS, Knupp M, Lampert C, et al. Long-term outcome after
supination-external rotation type-4 fractures of the ankle. J Bone Jt Surg
Br. 2009;91:1607–1611.

10. Suk M, Daigl M, Buckley RE, et al. TEFTOM: a promising general
trauma expectation/outcome measure—results of a validation study on
Pan-American ankle and distal tibia trauma patients. ISRN Orthop.
2013;2013:801784.

11. SukM, DaiglM, Buckley RE, et al. Outcomes after orthoedic truama: are
we meeting patient expectaions? —A prospective, multicenter cohort
study in 203 patients. J Ortho Surg. 2017;25:1–8.

12. Van Schie-Van Der Weert EM, Van Lieshout EMM, De Vries MR, et al.
Determinants of outcome in operatively and non-operatively treated
Weber-B ankle fractures. Arch Orthop Trauma Surg. 2012;132:
257–263.

13. Belcher G, Radomisli T, Abate J, et al. Functional outcome analysis of
operatively treated malleolar fractures. J Orthop Trauma. 1997;11:106–
109.

14. Day GA, Swanson CE, Hulcombe BG. Operative treatment of ankle
fractures: a minimum ten-year follow-up. Foot Ankle Int. 2001;22:
102–106.

15. Dean DM, Ho BS, Lin A, et al. Predictors of patient-reported function
and pain outcomes in operative ankle fractures. Foot Ankle Int.
2017;38:496–501.

16. HancockMJ, Herbert RD, Stewart M. Prediction of outcome after ankle
fracture. J Orthop Sports Phys Ther. 2005;35:786–792.

17. Lash N, Horne G, Fielden J, et al. Ankle fractures: functional and lifestyle
outcomes at 2years. ANZ J Surg. 2002;72:724–730.

18. Nilsson G, Nyberg P, Ekdahl C, et al. Performance after surgical
treatment of patients with ankle fractures-14-month follow-up.
Physiother Res Int. 2003;8:69–82.

19. Nilsson GM, Jonsson K, Ekdahl CS, et al. Unsatisfactory outcome
following surgical intervention of ankle fractures. Foot Ankle Surg.
2005;11:11–16.

20. Ponzer S, Nasell H, Bergman B, et al. Functional outcome and quality of
life in patients with Type B ankle fractures: a two-year follow-up study.
J Orthop Trauma. 1999;13:363–368.

21. Shah NH, Sundaram RO, Velusamy A, et al. Five-year functional
outcome analysis of ankle fracture fixation. Injury. 2007;38:1308–1312.

22. Berkes MB, Little MT, Lazaro LE, et al. Articular congruity is associated
with short-term clinical outcomes of operatively treated SER IV ankle
fractures. J Bone Jt Surgery Am. 2013;95:1769–1775.

23. Bhandari M, Sprague S, Hanson B, et al. Health-related quality of life
following operative treatment of unstable ankle fractures: a prospective
observational study. J Orthop Trauma. 2004;18:338–345.

24. Egol K, Pahk B, Walsh M, et al. Outcome after unstable ankle fracture:
effect of syndesmotic stabilization. J Orthop Trauma. 2010;24:7–11.

25. Leeds H, EhrlichM. Instability of the distal tibiofibular syndesmosis after
bimalleolar and trimalleolar ankle fractures. J Bone Jt Surg Am.
1984;66:490–503.

26. Pettrone F, Gail M, Pee D, et al. Quantitative criteria for prediction of
the results after displaced fracture of the ankle. J Bone Jt Surg Am.
1983;65:667–677.

27. Weening B, Bhandari M. Predictors of functional outcome following
transsyndesmotic screw fixation of ankle fractures. J Orthop Trauma.
2005;19:102–108.

28. Meinberg EG, Agel J, Roberts CS, et al. Fracture and dislocation
classification compendium-2018: International comprehensive classifi-
cation of fractures and dislocations committee. J Orthop Trauma.
2018;32 (suppl 1):S1–S170.

29. Budiman-Mak E, Conrad KJ, Roach KE. The Foot Function Index: a
measure of foot pain and disability. J Clin Epidemiol. 1991;44:561–570.

30. Coester LM, Saltzman CL, Leupold J, et al. Long-term results following
ankle arthrodesis for post-traumatic arthritis. J Bone Jt Surg Am.
2001;83:219–228.

31. Domsic RT, Saltzman CL. Ankle osteoarthritis scale. Foot Ankle Int.
1998;19:466–471.

http://www.otainternational.org


Audet et al. OTA International (2021) e139 www.otainternational.org
32. Engelberg R,Martin D, Agel J, et al.Muscloskeletal Function Assessment
instrument: criterion and construct validity. J Orthop Res. 1996;14:
182–192.

33. Martin D, Engelberg R, Agel J, et al. Development of a musculoskeletal
extremity health status instrument: the Musculoskeletal Function
Assessment instrument. J Orthop Res. 1996;14:173–181.

34. Bouffard J, Bertrand-CharetteM, Roy J-S. Psychometric properties of the
Musculoskeletal Function Assessment and the Short Musculoskeletal
Function Assessment: a systematic review. Clin Rehabil. 2016;30:
393–409.

35. Agel J, Obremsky W, Kregor P, et al. Administration of the Short
Musculoskeletal Function Assessment: impact on office routine and
physician-patient interaction. Orthopedics. 2003;26:783–788.

36. Barei DP, Agel J, Swiontkowski MF. Current utilization, interpretation,
and recommendations: the Musculoskeletal Function Assessments
(MFA/SMFA). J Orthop Trauma. 2007;21:738–742.

37. Thakore R, Hooe B, Considine P, et al. Ankle fractures and employment:
a life-changing event for patients. Disabil Rehabil. 2015;37:417–422.
6

38. Obremskey W, Dirschl D, Crowther J, et al. Change over time of SF-36
functional outcomes for operatively treated unstable ankle fractures. J
Orthop Trauma. 2002;16:30–33.

39. Hohmann E, Foottit F, Tetsworth K. Relationships between radiographic
pre- and postoperative alignment and patient perceived outcomes
following weber B and C ankle fractures. Foot Ankle Int. 2017;38:270–276.

40. Xu H, Liu L, Li X, et al. Multicenter follow-up study of ankle fracture
surgery. Chin Med J. 2012;125:574–578.

41. Bauer M, Bergstrom B, Hemborg A, et al. Malleolar fractures:
nonoperative versus operative treatment. A controlled study. Clin
Orthop Relat Res. 1985;17–27.

42. Lubbeke A, Salvo D, Stern R, et al. Risk factors for post-traumatic
osteoarthritis of the ankle: an eighteen year follow-up study. Int Orthop.
2012;36:1403–1410.

43. Regan DK, Gould S, Manoli AI, et al. Outcomes over a decade after
surgery for unstable ankle fracture: functional recovery seen 1year
postoperatively does not decay with time. J Orthop Trauma. 2016;30:
e236–e241.

http://www.otainternational.org

	Determinants of functional outcome following ankle fracture
	1 Introduction
	2 Patients and methods
	3 Results
	4 Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


