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Predictors of functional outcome
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Abstract
Objectives: To identify predictors of functional outcomes following treatment of ankle fracture in patients 55 years or older.

Setting: Level 1 Trauma Center.

Patients/participants: Four hundred twenty-nine patients with torsional ankle fractures (44A-C): 233 patients (54%) were ages
55 to 64, 25% were between the ages 65 and 74; 21% were 75 years or older.

Intervention: Operative or nonoperative management of ankle fracture.

Mainoutcomemeasure:Early complications were assessed for all patients after minimum of 6 months, and functional outcome
scores as assessed by the Foot Function Index (FFI; n=166, 39%) and Short Musculoskeletal Function Assessment (SMFA; n=168,
39%) after median 57 months follow-up.

Results:Surgical management was elected in 67% of patients. Nonoperative management becamemore common with advancing
age and was associated with fewer unplanned operations (12% vs 3%, P< .01) and complications (21% vs 13%, P= .07). African
American race was associated with worse pain on the FFI (P= .002) and BMI was associated with worse (higher) scores on all
categories of the FFI and SMFA (all P< .05). Diabetes, neuropathy, andmental illness were also predictive of worse scores on various
categories of both surveys. Assistive device use or nonambulatory status at the time of injury was associated with worse disability/
dysfunction, activity, and mobility scores on both the FFI and SMFA (all P>15, P< .05). Sex, Hispanic ethnicity, tobacco use, open
fracture, dislocation, fracture pattern, and operative management were not independent predictors in this regression model.

Conclusions: Baseline health and ambulatory capacity at injury were more predictive of outcomes following ankle fracture than
were fracture characteristics or type of treatment.
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1. Introduction

Ankle fractures are the third most common fracture among the
elderly.[1] As the population ages, ankle fractures in geriatric
populations will become more widespread, with open injuries as
a result of low-energy mechanisms making up a large
proportion of these.[2–4] Geriatric ankle fractures are associated
with better survivorship and fewer complications than hip
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fractures and other hospital admissions in the elderly.[5–7]

However, fracture management and rehabilitation are often
confounded by several factors in this population. Higher rates
of medical comorbidities place elderly patients at risk for
complications, and older patients often have limited social
support and poor physical health that may be obstacles to
recovery of preinjury function.[6–8]

Fixation of unstable, displaced ankle fractures is well
supported, with some evidence that it may also be the ideal
treatment modality for middle-aged to elderly patients.[9–13]

However, nonoperative management produces acceptable out-
comes as well, with minimal subsequent arthrosis and dysfunc-
tion, if satisfactory closed reduction can be obtained.[14–18] Older
age, and presence of diabetes or peripheral vascular disease are
conditions that may lead to recommendation of nonoperative
management.[19,20] In a few randomized controlled trials
comparing open reduction and internal fixation with nonopera-
tive management, better functional outcomes have not consis-
tently followed 1 treatment modality.[18,21–24]

Although functional outcomes have been well explored in
operatively-managed ankle fracture populations, there has been a
limited investigation of potential determinants of dysfunction
following ankle fracture in elderly populations.[25–31] Age has
been evidenced as a predictor of poor long-term functional
outcomes, but the factors that influence outcomes may change
with aging as middle-aged and elderly patients have different
lifestyles and activity restrictions than their younger counter-
parts.[32] This study will identify factors that contribute to worse

mailto:hvallier@metrohealth.org
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/OI9.0000000000000080


OTAI-D-19-00053; Total nos of Pages: 7;

OTAI-D-19-00053

Simske et al OTA International (2020) e080 www.otainternational.org
functional outcome and will specifically assess whether nonop-
erative management plays a role in this relationship.
2. Patients and methods

2.1. Data collection and variables of interest

Following Institutional Review Board approval, all patients 55
years or older who sustained a torsional ankle fracture (AO/OTA
44A-C) between 2006 and 2015 were identified.[33] Four-
hundred twenty-nine patients met such criteria. Research was
conducted in accordance with the Declaration of the World
Medical Association and informed consent was obtained as
required. Charts and radiographs were reviewed for basic
demographics, presence of medical comorbidities, use of assistive
devices, and ambulatory status prior to injury. Mechanisms of
injury, fracture pattern, and management were also obtained.
Nonoperative fractures were divided into 2 groups: “stable”

patterns including 44A1.2, A1.3, and B1.1, or those with mortise
stability as indicated by the treating surgeon and “unstable”
patterns including those with an associated dislocation, unstable
proximal fibular fracture, syndesmotic injury, and/or posterior
malleolus fracture. Final alignment of unstable, nonoperative
fractures was determined based on radiographs taken after bony
healing. Alignment was categorized as anatomic: anatomic ankle
mortise, less than 2mm of fracture displacement and no
subluxation on radiography; adequate: anatomic ankle mortise,
with ≥2mm of fracture displacement, and no subluxation on
radiography; displaced: talus retained in ankle mortise with
mortise widening and/or angular displacement of the ankle joint
5 or more degrees from the normal mechanical axis; poor: talus
subluxation from the ankle mortise.
Postoperative complications were recorded, including non-

union, malunion, superficial infection, and deep infection.
Infections were either superficial, treated on an outpatient basis
with local wound care and oral antibiotics; or deep, requiring
surgical debridement and irrigation and intravenous antibiotics.
Any wound-healing complications that required additional
wound care were similarly recorded. Malunions were described
as >5° in any plane and/or residual medial clear space or
syndesmotic widening, and nonunions were defined as an
absence of callus formation or other evidence of healing after
6 months. Secondary procedures for complications or otherwise
related to the injured ankle were recorded.
After a minimum of 12 months following injury, functional

outcomes were assessed. The Foot Function Index (FFI) was
utilized for lower extremity-specific outcomes and the Short
Musculoskeletal Function Assessment (SMFA) was used to assess
generalized musculoskeletal outcomes.[34–37] All patients were
contacted on up to 3 occasions to complete surveys, either bymail
or over the phone. Changes to baseline ambulatory status were
documented from the medical record and/or based on survey
responses.
2.2. Treatment

Ankle fractures were either treated surgically or nonoperatively.
Standard techniques of open reduction and internal fixation were
used for all operatively-managed fractures, with surgical timing
and technique at the discretion of the treating surgeon.
Nonoperatively managed fractures were treated with closed
reduction and casting. Timing of weightbearing was determined
by the treating surgeon, depending on the fracture pattern. In the
2

case of nonoperative management, initial reduction quality was
either anatomic or adequate in all cases. Open fractures were
treated with urgent surgical debridement followed by open
reduction and internal fixation using small fragment and/or mini
fragment stainless steel implants. Of the 79 open fractures, there
were 3 cases in which patients were managed with external
fixation (n=2) or closed reduction prior to wound closure (n=1).
All patients were splinted postoperatively, and a period of
nonweightbearing and elevation were initially recommended.
Based on fracture pattern and clinical and radiographic evidence
of healing, weightbearing was deferred for 6 to 12 weeks
following surgery.
2.3. Statistical analysis

Demographics, medical comorbidities, injury characteristics,
postoperative complications, unplanned secondary procedures,
and functional outcomes data were independently compared for
age groups: 55 to 64 years, 65 to 74 years, and 75 or more years,
and between nonoperative and operative populations. Chi-
squared tests (including Fisher exact test, when indicated), one-
way analysis of variance or Student t tests were used to compare
these groups. Multiple regression was performed to investigate
the relationship between patient reported outcomes (as measured
by the FFI and SMFA) and patient demographics (age, sex, race),
medical history (BMI, diabetes, neuropathy, renal disease,
psychiatric history, tobacco use), ankle injury characteristics
(fracture dislocation, open fracture, OTA classification), man-
agement (ankle surgery), and preinjury ambulatory status. In all
instances statistical significance was set to P< .05.
3. Results

3.1. Demographics and medical comorbidities

Four hundred twenty-nine patients age 55 years or older
sustained ankle fractures over a 9-year period. One hundred
sixty-two patients (38%) were male and 75% were Caucasian,
with an average BMI of 32 (Table 1). Eighty-five percent of
patients had at least 1 comorbid medical condition present at the
time of injury, with obesity (BMI>30, 51%), diabetes (34%),
psychiatric illness (21%), and pulmonary conditions (10%) being
most common. Patients who were 75 years or older were more
likely female, hadmore medical comorbidities, and less substance
use (tobacco, alcohol, and illicit drugs) when compared with their
counterparts under age 65.
3.2. Injury details and fracture characteristics

Most injuries (71%) were sustained after a low energy fall
(Table 2). Seventy-nine patients (18%) had open injuries due to
medial wounds occurring at the time of dislocation, and most
were Weber B fractures (74%). No specific fracture classification
or mechanism of injury was associated with a particular age
group. However, patients over age 75 had fewer associated
deltoid ligament injuries (11%) and more medial malleolus
fractures (72%)when compared with patients ages 55 to 64, both
P< .05. A deltoid injury was defined as medial soft tissue injury
with associated displacement evidenced by a wide medial clear
space on plain radiographs. Operative treatment was undertaken
in 67% of patients. Nonoperative management became more
commonwith advanced age (45% in patients over age 75 vs 27%
in patients ages 55–64, P�.005).
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Table 1

Demographic information, medical comorbidities, and substance use.

All elderly
patients (n=429)

Patients ages
55–64 (n=233, 54%)

Patients ages
65–74 (n=107, 25%)

Patients ages
75+ (n=89, 21%) P value

∗

Demographics
Male 162 (37.8%) 109 (46.8%) 33 (30.8%) 20 (22.5%) <.001
Race/ethnicity .009
White 318 (74.5%) 168 (72.1%) 80 (74.8%) 70 (80.5%) .311
Black 92 (21.5%) 60 (25.8%) 18 (16.8%) 14 (16.1%) .068
Hispanic 16 (3.7%) 5 (2.1%) 9 (8.4%) 2 (2.3%) .023
Other 1 (0.2%) 0 (0.0%) 0 (0.0%) 1 (1.1%) .204

BMI 31.9±8.3 32.0±8.7 32.5±6.5 30.9±9.3 .440
Medical comorbidities
≥1 Condition present 364 (84.8%) 187 (80.3%) 97 (90.7%) 80 (89.9%) .015
Diabetes 146 (34%) 71 (30.5%) 41 (38.3%) 34 (38.2%) .237
Neuropathy 33 (7.7%) 13 (5.6%) 11 (10.3%) 9 (10.1%) .201
Obesity (BMI≥30) 202 (51.0%) 109 (50.2%) 60 (58.8%) 33 (42.9%) .101
Psychiatric illness 89 (20.7%) 52 (22.3%) 19 (17.8%) 18 (20.2%) .623
CVA 25 (5.8%) 10 (4.3%) 10 (9.3%) 5 (5.6%) .181
Pulmonary 44 (10.3%) 19 (8.2%) 15 (14.0%) 10 (11.2%) .240
Renal 29 (6.8%) 11 (4.7%) 13 (12.1%) 5 (5.6%) .036
Arrhythmia 30 (7.0%) 8 (3.4%) 13 (12.1%) 9 (10.1%) .006
Cancer 33 (7.7%) 12 (5.2%) 12 (11.2%) 9 (10.1%) .094

Substance use†

Tobacco 212 (52.5%) 131 (59.0%) 50 (49.5%) 31 (38.3%) .005
Alcohol 157 (39.4%) 107 (49.1%) 33 (32.7%) 17 (21.5%) <.001
Alcohol abuse 24 (5.6%) 18 (7.7%) 6 (5.6%) 0 (0.0%) .026
Illicit drugs 32 (8.2%) 31 (14.6%) 1 (1.0%) 0 (0.0%) <.001

BMI = body mass index, CVA = cerebrovascular accident.
∗
All P values represent one-way ANOVA or chi-square tests calculated between age subgroups.

† Substance-use includes patients with reported current or former use.

Table 2

Injury information including mechanism of injury, fracture patterns, and the presence of open fractures and other injuries.

All elderly patients
(n=429)

Patients ages
55–64 (n=233, 54%)

Patients ages
65–74 (n=107, 25%)

Patients ages
75+ (n=89, 21%) P value

∗

Injury details
Open 79 (18.4%) 38 (16.3%) 20 (18.7%) 21 (23.6%) .369
Left 184 (42.9%) 99 (42.5%) 44 (41.1%) 41 (46.1%) .772

Weber classification .595
A 29 (6.8%) 14 (6.0%) 6 (5.6%) 9 (10.2%) .352
B 316 (74.0%) 170 (73.3%) 81 (75.7%) 65 (73.9%) .894
C 82 (19.2%) 48 (20.7%) 20 (18.7%) 14 (15.9%) .618

OTA classification .660
44A 29 (6.8%) 14 (6.0%) 6 (5.6%) 9 (10.2%) .352
44B 325 (76.1%) 176 (75.9%) 83 (77.6%) 66 (75.0%) .908
44C 73 (17.1%) 42 (18.1%) 18 (16.8%) 13 (14.8%) .776

Anatomic fracture type .253
Isolated malleolar 147 (34.4%) 86 (37.2%) 35 (32.7%) 26 (29.2%) .397
Bimalleolar 152 (35.6%) 82 (35.5%) 35 (32.7%) 35 (39.3%) .624
Trimalleolar 121 (28.3%) 57 (24.7%) 37 (34.6%) 27 (30.3%) .167

Mechanism of injury
Fall 303 (70.6%) 158 (67.8%) 78 (72.9%) 67 (75.3%) .352
MVC or MCC 90 (21.0%) 55 (23.6%) 16 (15.0%) 19 (21.3%) .190
Pedestrian 26 (6.1%) 15 (6.4%) 8 (7.5%) 3 (3.4%) .457
Other 10 (2.3%) 5 (2.1%) 5 (4.7%) 0 (0%) .109

Fracture characteristics
Dislocation 148 (34.5%) 79 (33.9%) 41 (38.3%) 28 (31.5%) .585
Deltoid injury 98 (23.0%) 66 (28.6%) 22 (20.6%) 10 (11.2%) .003
Lateral malleolus fracture 389 (91.1%) 205 (88.7%) 99 (92.5%) 85 (95.5%) .137
Medial malleolus fracture 270 (63.2%) 134 (58.0%) 72 (67.3%) 64 (71.9%) .042
Posterior malleolus fracture 155 (36.3%) 82 (35.5%) 45 (42.1%) 28 (31.5%) .287

Treatment
Operative 288 (67.1%) 171 (73.4%) 68 (63.6%) 49 (55.1%) .005
Nonoperative 141 (32.9%) 62 (26.6%) 39 (36.4%) 40 (44.9%) .005

MVC = motor vehicle crash, MCC = motorcycle crash.
∗
All P values represent chi-square tests calculated between age subgroups.
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Table 3

Ambulatory status and device use prior to and following injury.

All elderly
patients (n=429)

Patients ages
55–64 (n=233, 54%)

Patients ages
65–74 (n=107, 25%)

Patients ages
75+ (n=89, 21%) P value

∗

Ambulatory status prior to injury
Ambulatory 295 (70.0%) 183 (76.9%) 70 (65.4%) 42 (47.2%) <.001
Assistive device for ambulation 99 (22.8%) 35 (14.7%) 30 (28%) 34 (38.2%) <.001
Nonambulatory 7 (1.6%) 3 (1.3%) 2 (1.9%) 2 (2.2%) .811
Unknown 28 (6.5%) 11 (4.6%) 5 (4.7%) 11 (12.4%) .03

Long-term use of ambulatory device <.001
Yes 177 (41.3%) 76 (32.6%) 53 (49.5%) 48 (53.9%) <.001
No 182 (42.4%) 125 (53.6%) 42 (39.3%) 15 (16.9%) <.001
Unknown 70 (16.3%) 32 (13.7%) 12 (11.2%) 26 (29.2%) .001

Devices used <.001
Cane 58 (13.5%) 33 (14.2%) 16 (15.0%) 9 (10.1%) .561
Walker 73 (17.0%) 23 (9.9%) 21 (19.6%) 29 (32.6%) <.001
Wheelchair 28 (6.5%) 12 (5.2%) 10 (9.3%) 6 (6.7%) .346
Other† 18 (4.2%) 8 (3.4%) 6 (5.6%) 4 (4.5%) .587

Change in ambulatory status after injury
Yes 91 (21.0%) 42 (17.6%) 32 (29.9%) 17 (19.1%) .039
No 265 (61.1%) 158 (66.4%) 63 (58.9%) 44 (49.4%) .008
Unknown 72 (16.6%) 33 (13.9%) 12 (11.2%) 28 (31.5%) <.001

∗
All P values represent chi-square or Fisher exact tests calculated between age subgroups where appropriate.

†
“Other” devices consist of 14 patients who used canes or walkers interchangeably and 4 patients who used functional bracing for support when ambulating.
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3.3. Ambulatory status and use of assistive devices

The majority of patients (n=295, 70%) were ambulatory at the
time of injury, with no consistent use of assistive devices for
ambulation (Table 3). Rates of preinjury assistive devices for
ambulation were significantly higher with advancing age (15%
among patients 55–64 years; 28% among patients 65–74 years,
and 38% among patients 75+, P< .01). After full recovery, 91
patients (21%) had a change in their ambulatory status, with new
use of assistive devices or becoming nonambulatory. More often,
the older patients required permanent postinjury use of an
assistive device (54% for those over age 74, and 50% in those
ages 65–74 years vs 33% in patients 55–64 years old), P< .001.

3.4. Operative vs nonoperative management

There were 80 postinjury complications (19%) and 39 patients
who required secondary operations (9%) (Table 4), mostly
Table 4

Rates of complications and unplanned operations among the geriatric
nonoperative/closed treatment.

Surgical population
(all fractures) (n=289, 67.4%)

Su
(closed fra

Secondary procedures
Rate 35 (12.1%)
Implant removal 19 (6.6%)
Debridement 6 (2.1%)
Fixation revision 6 (3.1%)
Arthrodesis 0 (0%)
Amputation 3 (1.0%)

Complications
Rate 61 (21.1%)
Superficial infection 16 (5.5%)
Deep infection 7 (2.4%)
Wound problem 22 (7.6%)
Malunion 5 (1.7%)
Nonunion 10 (3.5%)

∗
All P values represent chi-square or Fisher exact tests calculated between the surgical population (inc

4

implant removal. Patients who underwent nonoperative man-
agement had fewer subsequent procedures (12% vs 3%, P< .01).
Although the surgical population had a trend for an overall
higher rate of complications (21% vs 13%, P= .065), no
difference was seen after removing open fractures (14% vs
13%). More superficial infections and wound-healing problems
associated with operatively managed fractures were largely
attributed to open fracture etiology. Considering only malunions
and nonunions to make a more direct comparison between
surgical and nonsurgical patients regarding complications, with
the numbers available no significant differences were identified,
only a trend for more malunion in nonoperative patients (4.8%
vs 1.7%, P= .065).
Of the 140 patients with nonoperative ankle fractures, 64

patients (46%) had mechanically stable fracture patterns (all
44A1 or 44B1). The remaining patients had unstable fracture
patterns managed nonoperatively following satisfactory closed
population based on treatment modality: surgical management vs

rgical population
ctures) (n=209, 48.7%)

Nonoperative population
(n=140, 32.6%) P value

∗

21 (10%) 4 (2.8%) .001
11 (5.3%) 0 (0%) <.001
4 (1.9%) 1 (0.7%) .435
5 (2.4%) 1 (0.7%) .435
0 (0%) 1 (0.7%) 1.00
1 (0.5%) 1 (0.7%) 1.00

30 (14.4%) 19 (13.1%) .065
10 (4.8%) 0 (0%) .002
3 (1.4%) 0 (0%) .102
8 (3.8%) 4 (2.8%) .055
2 (1.0%) 7 (4.8%) .065
6 (2.9%) 8 (5.7%) .308

luding open fractures) and the nonoperative population.
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Table 5

Patient-reported outcome measures (PROMs) as measured with short Musculoskeletal Function Assessment and Foot Function Index
surveys.

Surgical population
(all fractures) (n=289, 67.1%)

Surgical population
(closed fractures) (n=209, 48.7%)

Nonoperative population
(n=140, 32.9%) P value

∗

Foot Function Index
Response rate 123 (42.7%) 97 (46.4%) 43 (30.5%) .015
Months to Survey (median, range) 57.5 (20–133) 57 (20–123) 56 (19–117) .297
Pain 21.6±26.3 23.7±27.8 19.5±25.7 .644
Disability 33.4±30.9 33.3±30.6 38.2±34.5 .396
Activity 24.0±27.5 23.6±26.4 28.1±28.7 .404
Overall score 26.3±25.2 27.1±25.8 28.6±25.9 .613

SMFA
Response rate 124 (43.1%) 98 (46.9%) 42 (29.8%) .005
Months to survey, (median, range) 58 (20–133) 57 (20–123) 56 (19–117) .212
Daily activity 25.1±28.9 24.0±27.9 29.0±32.1 .469
Emotion 27.6±23.6 28.3±24.2 26.2±24.8 .749
Mobility 33.3±28.0 33.3±27.5 31.4±28.2 .704
Dysfunction 24.4±22.2 24.0±22.1 24.5±22.7 .987
Bothersome 21.9±24.0 22.6±23.3 25.2±24.8 .446

∗
All P values represent one-way ANOVA or Mann–Whitney tests calculated between the surgical population (including open fractures) and the nonoperative population.
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reduction or due to the patient’s health status, possible substance
use or psychiatric disorders, or anticipated noncompliance.
Patients with mechanically stable fractures had no additional
operations and 2 complications (3.1%), both asymptomatic
nonunions, compared with 4 additional procedures (5.1%) and
17 complications (21.8%) among patients with unstable fracture
patterns. Among patients with unstable patterns, 32% had
anatomic final alignment, 24% were adequate, 35% were
displaced, and 10%were poor. Five patients were excluded from
this analysis due to insufficient radiographic follow-up.
3.5. Functional outcomes

After minimum 12 months following injury, 39% of patients
completed outcomes surveys (FFI: n=166; SMFA: n=168).
Twenty-three patients (6%) were known to be deceased and were
unavailable to complete surveys (Table 5). Response rates were
lower for those over age 74 (18% vs 44%, P< .001). Surgically
managed patients were more likely to complete outcome surveys,
with a response rate >10% higher on both surveys (P< .05 for
both). However, there were no differences in mean scores on any
subindices of either the FFI or SMFA. This finding remained
unchanged after removing patients who sustained open fractures.
Median time to survey was 57 months for the FFI and 58 months
for the SMFA (range: 19–133 for both). Time to survey was no
different between age groups. Univariate comparisons showed no
significant differences in outcome scores except for the worse
activity subscore of the FFI in those age 75+ years (41 vs 22 in
patients 55–64 years), P= .03. Patients with unstable patterns
managed nonoperatively also had worse functional outcomes.
Although FFI scores did not differ significantly between groups,
all SMFA subscores were significantly higher for patients with
unstable patterns, excluding the Arm and Hand subscore (all
P< .05).
Multiple linear regression identified several independent

predictors of worse functional outcome scores, most notably
BMI on all subindices of both surveys (Table 6). Prior use of
assistive devices and nonambulatory status at the time of injury
were also associated with worse outcomes. Age was only linked
withworse outcomes on the daily activity subindices of the SMFA
(P= .036). Other significant predictors on at least one category of
5

either the FFI or SMFA included African American race, diabetes
mellitus, neuropathy, and a positive psychiatric history.
Interestingly, renal disease (chronic kidney disease or end stage
renal disease) was associated with better (lower) scores on the
activity category of the FFI (P= .024). Open fracture, fracture
dislocation, fracture pattern, or operative management were not
predictive of better or worse scores on any subindices of either
survey.
4. Discussion

This retrospective study indicated that higher BMI, various
medical comorbidities (diabetes, neuropathy, and mental illness),
as well as hindered ambulation at the time of injury were all
predictive of worse outcomes (higher scores) on at least 1 category
of either the FFI or SMFA. However, fracture characteristics
including open injury, dislocation, fracture pattern, as well as
surgical management were not associated with either better or
worse reported outcomes. To the author’s knowledge, this is the
largest study of operatively and nonoperatively managed ankle
fractures in middle-aged and geriatric populations to assess for
possible determiners of poor functional outcomes.
Nonoperative management of ankle fractures vs operative

treatment has long been a point of debate, with most surgeons
opting for definitive fixation for unstable or displaced fractures.
Evidence shows that surgical treatment leads to optimal results
and several randomized controlled trials have observed improved
or noninferior functional outcomes when compared with
nonoperative management.[9–12,21–24] Still, nonoperative treat-
ment appears satisfactory and potentially appropriate for some
patients and may achieve outcomes that are consistent over
time.[14–18] However, in a large study looking at Part A inpatient
claims from aMedicare database, nonoperative management was
associated with a higher odds ratio of death within 1-year of
injury and a mortality rate >10% higher than operatively
managed fractures.[5] Given that predictors of nonoperative
management include older age, higher Charlson Comorbidity
Index scores, and presence of diabetes or peripheral vascular
disease, this high mortality rate may be more a function of poor
health at baseline vs the elected treatment option.[13,19] It is clear
that baseline health and ability to restore preinjury function are
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Table 6

Results of multiple linear stepwise regression using patient demographics, medical history, and injury characteristics to predict patient
reported outcome scores, as measured by the Foot Function Index and Short Musculoskeletal Function Assessment surveys.

∗

Age
African
American race BMI

Diabetes
mellitus Neuropathy

Psychiatric
history

Renal
disease

Prior assistive
device use

Nonambulatory
at injury

Model
summary

Foot Function Index R2 P value
Pain B 15.05 0.64 12.33 0.133 <.001

P 0.002 0.024 0.019
Disability B 1.35 29.42 47.90 0.280 <.001

P <0.001 <0.001 0.017
Activity B 1.11 16.04 �22.03 32.24 0.423 <.001

P <0.001 <0.001 0.024 <0.001
Total B 0.99 9.15 22.19 0.295 <.001

P <0.001 0.031 <0.001
Short Musculoskeletal

Function Assessment
R2 P value

Daily activity B 0.58 1.38 26.86 21.98 43.66 0.392 <.001
P 0.036 <0.001 0.002 <0.001 0.015

Emotion B 0.81 12.72 10.80 0.174 <.001
P 0.002 0.008 0.020

Mobility B 1.39 10.55 15.83 34.91 0.278 <.001
P <0.001 0.045 0.002 0.048

Dysfunction B 1.09 14.36 18.20 27.85 0.331 <.001
P <0.001 0.035 <0.001 0.046

Bothersome B 1.03 12.17 0.158 <.001
P <0.001 0.014

Bold type denotes statistical significance (P<0.05).
∗
Variables not listed including sex, Hispanic ethnicity, tobacco use, open fracture, fracture dislocation, OTA fracture classification, and operative management are not included here, as they were not significant

predictors in this regression model.
P: P value.
B: unstandardized regression coefficient.
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important to consider when discussing options with patients and
family members.
Several studies have found younger age,[20,25–31] male sex,[26,27]

American Society of Anesthesiologists score of 1 or 2[26,28] absence
of diabetes,[26,38] and syndesmosis reduction[27,30,32] to be linked
with better functional outcomes scores on questionnaires both
extremity-specific and generalized measures. Although some
studies have documentedmore baseline dysfunction among elderly
patients, most acknowledge that once these differences are
accounted for, younger and older patients have similar out-
comes.[25,31] Our findings agree with some existing studies
evaluating patients of all ages. For example, we found that
patients who were unhealthier at baseline, with higher BMI,
diabetes mellitus, or neuropathy had worse outcomes. Psychiatric
illness was also associated with worse scores on the pain category
of the FFI andon the emotion,mobility, andbothersome categories
of the SMFA, consistent with prior work.[39]

At time of injury, our population had a high frequency of
ambulatory limitations. Furthermore, use of a walker to
ambulate in the community postinjury became more widespread
with advanced age. Not surprisingly, use of assistive devices at
time of injury was associated with worse outcomes scores on the
FFI and the bothersome category of the SMFA. Being non-
ambulatory at time of injury was also linked with greater
disability/dysfunction on both the FFI and SMFA, as well as
worse mobility and daily activity scores on the SMFA. Although
these findings are to be expected, it is important that they were
controlled for in our regression model. All other variables that
were found to be predictive of worse functional outcomes were
independent of ambulatory status or assistive device use.
Strengths of this study include analysis of a large sample of

patients with common injuries and a group that is increasing over
time due to population growth and longer life span. The
6

retrospectivedesignof this study introduces anumberof limitations.
Medical comorbidities and ambulatory deficiencies may have been
underreported. Another limitation was the inability to collect
questionnaires from all patients. However, a large number of
patients (39%) still completed surveys, though there was a clear
pattern toward younger patients (<75 years) more likely to
respond.This is consistentwith adult lifespanandgreater likelihood
of some patients deceasedwithin the follow-up period, unrelated to
the ankle fracture per se. In general, only capturing a fraction of the
total number of patients in the study introduces sampling bias, in
which patients with worse function, mobility, or pain may bemore
or even less likely to complete questionnaires. Our study is further
limited by lack of indications for treatment, which was at surgeon
and patient discretion. Additionally, better reduction of the
syndesmosis and earlier weightbearing have been associated with
improved outcomes after operative and nonoperative treatment for
ankle fracture.[9,27,30,32] We further did not determine quality of
reduction andfinal alignment by computed tomography scans.One
could argue that surgically managed fractures probably achieved
better quality reductions. Assuming this to be true, surgical
treatment was not an independent predictor of better or worse
functional outcome scores. Therefore, the authors posit that in
elderly patients, baseline health and activitymay bemore indicative
of long-term outcomes, vs achieving superior reduction quality.
Patients 55 years or older with higher BMI, concomitant

diabetes or neuropathy, mental illness and use of assistive devices
for ambulation are at increased risk for poor functional outcomes
following ankle fracture regardless of type of treatment. Details
related to injury including open fracture, dislocation, fracture
pattern, and operative management were not significant
predictors in our regression model. It is important to consider
a patient’s baseline quality of life and activity capacity prior to
treatment, seeing as these factors have more influence over

http://www.otainternational.org
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functional outcomes than operative versus nonoperative treat-
ment in patients with baseline debility.
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