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Tobacco smoking is associated with more pain
and worse functional outcomes after torsional

ankle fracture
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Abstract
Objective: The purpose of this study was to assess the impact of current and remote tobacco smoking on clinical and functional |
outcomes after torsional ankle fracture.

Methods: Nine hundred thirty-five patients treated surgically for torsional ankle fracture over 9 years were reviewed. Tobacco
smoking status at the time of injury was defined as current (48.3%), former (11.7%), and nonsmoker (40.0%). Complications,
unplanned secondary procedures, pain medication use, and functional outcome scores, as measured by Foot Function Index and
Short Musculoskeletal Function Assessment (SMFA) surveys.

Results: Mean age was 44.8years, with 50.3% male. More than 6 months following injury current smokers were more likely than
former smokers and nonsmokers to report ankle pain (67.8% vs 45.8% vs 47.5%) and to use prescription pain medicines (23.0% vs
10.4% vs 6.3%), all P <.05. Multiple logistic regression found current tobacco use to be an independent predictor for prescription
pain medication use, and worse scores for the Foot Function Index, SMFA Dysfunction, and SMFA Bothersome scores, all P < .05.
Complications occurred in 15.5% of all patients, and 10.7% underwent unplanned secondary operations. Tobacco smoking was not
associated with more complications or secondary procedures.

Conclusion: Current smokers are more likely to use prescription pain medications several months after injury and have worse
patient-reported functional outcome scores after surgical treatment of torsional ankle fractures than former smokers and

nonsmokers.
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1. Introduction

The United States has 42.1 million cigarette smokers, and
tobacco use is considered the leading cause of preventable
death.!"* Perioperative tobacco use is associated with serious
adverse effects including greater risk of infection, longer length
of stay, and prolonged healing times following orthopaedic
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surgery.®! Furthermore, tobacco use is more prevalent in the
orthopaedic trauma population than the general public.['03!

Although tobacco smoking has been associated with poor soft
tissue and bone healing, prior work to our knowledge has not
comprehensively characterized the impact of tobacco use on
outcomes following ankle fracture. Additionally, many studies
fail to differentiate between active and former smokers. This
study will examine the impact of current and former cigarette
smoking on clinical and functional outcomes following torsional
ankle fracture. We hypothesize that tobacco use will be
associated with more infectious and healing complications and
will have a negative impact on functional outcomes.

2. Methods

Institutional Review Board approval was obtained for this
project. The records of 935 skeletally mature patients who
underwent fixation for torsional ankle fracture (OTA/AO 44) ata
single Level-I urban trauma center between 2006 and 2015 were
reviewed. Tobacco smoking history at the time of the injury was
categorized as current (n=452), former (n=109), and nonsmok-
er (n=374). Patients with >6 months abstinence from tobacco
use were categorized as former smokers. Alcohol and recreational
drug use was similarly defined by use within 6 months of injury.
Patients without tobacco smoking or recreational substance
utilization data were not included in this study. Specific types of
recreational drugs and other forms of tobacco use were not
studied. Fractures were classified according to the OTA/AO
system.!'¥]
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Definitive treatment consisted of open reduction and internal
fixation of displaced malleoli and syndesmotic structures, using
conventional techniques and small fragment implants at the
discretion of treating orthopaedic surgeons. Open injuries were
urgently debrided and irrigated in the operating room, and
intravenous antibiotics were administered upon arrival and for
24 hours postoperatively. Timing of treatment for closed injuries
was at the discretion of treating surgeons, depending on the status
of the injured soft tissues. Nonweightbearing was recommended
for all patients postoperatively for a period of 6 to 12 weeks,
depending on patient and injury factors and clinician judgment.

Secondary operations and complications throughout treatment
course were noted. Wound infection was considered superficial,
requiring oral antibiotics and wound care, or deep, requiring
surgical debridement, and intravenous antibiotics. Patients with
at least 6 weeks of clinical follow-up were included in assessment
of these early complications. Failure to achieve radiographic
union 6 months after treatment was defined as nonunion, which
was subclassified as symptomatic or asymptomatic. Malunions
were defined as more than 5 degrees of angulation in any plane in
a healed fracture. All unplanned secondary operations following
initial fracture fixation were documented and included implant
removal, revision fixation, total ankle arthroplasty, or arthrode-
sis, and amputation.

In patients with clinical follow-up greater than 6 months (n=
307, 32.8%), reports of continued ankle pain or use of any pain
medications for the ankle were documented. Patients with any
reports of pain in the injured ankle more than 6 months following
injury were defined as having chronic pain in that ankle. Type of
pain medication was described as non-prescription, prescription
narcotics, and other prescription pain medications. Return to
work in previously employed individuals and new permanent use
of ambulatory aids including walker or cane were also recorded.

Functional outcomes were assessed using Short Musculoskele-
tal Function Assessment (SMFA) and Foot Function Index (FFI)
surveys. Patients were contacted via telephone or mail after
minimum 12 months postinjury for survey completion and for
additional assessment of ankle pain and related medications. The
FFlis a lower extremity-specific score which consists of subscores
for pain, disability, and activity,™"*! which are normalized by the
number of questions answered by the patient. The FFI total score
is an average of these 3 subscores. Higher scores indicate worse
function. The SMFA is a generalized musculoskeletal outcomes
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questionnaire consisting of 46 questions scored by the patient
using a S-point Likert scale. The 6 SMFA subscores include daily
activity, emotional status, arm and hand function, mobility,
dysfunction, and bothersome, each with a maximum of 100
points, with worse outcomes indicated by a higher score.™®! Both
the FFI and the SMFA have been consistently shown to be valid,
reliable, and reproducible.!'>17-20!

Independent samples student ¢ tests and one-way analysis of
variance were performed to compare means of continuous
variables. Pearson chi-square tests and Fisher exact tests were
performed to compare frequencies of categorical variables.
Multiple logistic regression analysis was performed to identify
significant independent predictors of wound infection and
chronic pain medication use >6months following fracture. All
analyses were 2-tailed and significance was defined as P <.05.

3. Results

Mean age was 44.8 years and mean body mass index was 31.2.
Half of all patients were male (n=470). One hundred forty-eight
patients (15.8%) had open fractures, and 374 had dislocations
(40%). Mean ages for current, former, and nonsmokers were
40.9, 57.0, and 45.9 years, respectively (P < .001) and mean body
mass index was lowest for current tobacco smokers: 29.6 vs 34.4
and 32.2 for former and nonsmokers (P<.001, Table 1).
Diabetes mellitus was less common among current smokers
(9.1%, vs 24.8% and 14.7%, P<.001). However, current
smokers were more likely to report concomitant alcohol abuse
(9.5% vs 3.2%, P<.001) and recreational drug use, including
marijuana (19.1% vs 4.1%, P<.001) when compared with
nonsmokers.

One hundred forty-five patients (15.5%) experienced 153
complications. Superficial infection was the most common
complication (4.9%, Table 2). Nonunions occurred in 5.3%
of all patients. Infectious complications and nonunions were no
more frequent in current or former smokers (Table 3). On
multiple logistic regression analysis, open fracture (odds ratio
(OR): 3.14, P=.001) and recreational drug use (OR: 2.42,
P=.013) were independent predictors for any wound infection,
and diabetes mellitus was associated with deep wound infection
(OR: 6.87, P=.025) (Table 4). One hundred patients (10.7%)
had 127 unplanned secondary operations, with no differences in
rates based on smoking history.

Demographics, medical comorbidities, and injury characteristics based on tobacco smoking status at the time of injury

Current smoker (N=452) Former smoker (N=109) Nonsmoker (N=374) P value

Demographics

Male sex 252 (55.8%) 52 (47.7%) 166 (44.4%) P=.004

Age, years, mean (SD) 40.9 (13.19) 57.0 (15.9) 45,9 (18.0) P <.001

BMI, mean (SD) 29.6 (7.23) 34.4 (8.0) 32.2 (8.4) P <.001
Comorbidities

Alcohol abuse 43 (9.5%) 4 (3.7%) 12 (3.2%) P <.001

Recreational drug use 83 (19.1%) 5 (4.7%) 15 (4.1%) P <.001

Diabetes mellitus 41 (9.1%) 27 (24.8%) 55 (14.7%) P <.001
Injury characteristics

Weber A 6 (1.3%) 0 (0.0%) 5 (1.3%) P=.70

Weber B 309 (68.7%) 80 (74.1%) 248 (66.3%) P=.31

Weber C 135 (30.0%) 8 (25.9%) 121 (32.4%) P=.42

Open fracture 65 (14.4%) 6 (14.7%) 67 (17.9%) P=.36

Dislocation 162 (35.8%) 45 (41.3%) 167 (44.7%) P=.035

BMI = body mass index; SD = standard deviation.
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Clinical outcomes including complication rates, secondary operations, and use of pain medications more than 6 months after injury based

on tobacco smoking status

Current smoker Former smoker Nonsmoker P value
All Complications 71 (15.7%) 24 (22.0%) 50 (13.4%) P=.09
Superficial infection 24 (5.3%) 7 (6.4%) 5 (4.0%) P=.50
Wound healing 6 (3.5%) 0 (9.2%) 6 (4.3%) P=.04
Deep infection 0 (2.2%) 3 (2.8%) 6 (1.6%) P=.70
Malunion 2 (0.4%) 1 (0.9%) 4 (1.1%) P=.46
Nonunion 24 (5.3%) 4 (3.7%) 11 (2.9%) P=.25
Secondary Operations 46 (10.2%) 17 (15.6%) 37 (9.9%) pP=.21
Implant removal 32 (7.1%) 11 (10.1%) 24 (6.4%) P=.42
Arthrodesis/TAA 5 (1.1%) 0 6 (1.6%) P=.42
Amputation 2 (0.8%) 0 2 (1.8%) P=.02
Revision fixation 10 (2.2%) 3 (2.8%) 6 (1.6%) P=.70
Pain >6 mo 101 (67.8%) 22 (45.8%) 56 (47.5%) P=.001
Any pain medications 59 (39.9%) 9 (18.8%) 22 (19.8%) P <.001
Prescription medications 34 (23.0%) 5 (10.4%) 7 (6.3%) P=.001
Opioids 11 (7.4%) 2 (4.2%) 3 (2.7%) P=.22

TAA = total ankle arthroplasty.

149 current smokers, 48 former smokers, and 118 nonsmokers
had clinical follow-up for more than 6 months (n=315, 33.7%).
Within this group, current smokers were significantly more likely
than former smokers and nonsmokers to report chronic ankle

(27.6%) patients used any pain medication for their ankle for
longer than 6 months after their injury, and 16 patients had long-
term opioid prescriptions (5.1%). Current smokers were most
likely to use any pain medications for their ankle, longer than 6

pain (67.8% vs 45.8% vs 47.5%, P=.001).

Eighty-seven

months after their injury (39.9% vs 18.8% vs 19.8%, P<.001)

Multiple logistic regression using patient demographics, medical history, social history, and injury characteristics to predict infectious

complications

All wound infections (N =65)

Superficial wound infection (N=45)

Deep wound infection (N=19)

OR P OR P OR P
Age 1.00 .83 1.01 .61 0.99 .59
Sex (female) 0.61 .08 0.43 .012 1.51 44
Obesity 1.20 53 1.02 .96 1.90 .26
Comorbidities 0.99 .97 1.08 .85 0.71 .68
Diabetes mellitus 217 .07 1.22 .69 6.87 .025
Current smoker 117 61 112 .76 1.32 .63
Former smoker 1.12 .81 1.43 48 0.52 .56
Alcohol abuse 1.35 52 1.32 61 1.23 .81
Drug use 2.42 .013 1.98 10 3.35 .06
Open fracture 3.14 .001 2.53 .015 424 .015
Dislocation 0.83 53 0.86 .65 0.84 .75

OR = odds ratio.

Multiple logistic regression using patient demographics, comorbidities, and injury characteristics to predict pain medication use 6 months

after fixation

Any pain medication Prescription pain medication Opioids

OR P OR P OR P
Age 0.96 <.001 0.97 .023 0.97 19
Sex (female) 1.20 54 0.71 .33 0.81 72
Obesity 1.46 19 0.86 .68 1.01 .98
Diabetes mellitus 0.50 a7 0.55 .38 0.44 48
Current smoker 2.61 .004 4.58 .002 3.85 10
Former smoker 1.54 .38 3.47 .07 4.52 a7
Alcohol use 2.01 .26 4.04 .03 1212 .002
Drug use 1.63 21 1.00 1.0 0.51 42
Open fracture 0.85 .66 1.57 31 1.59 51
Dislocation 1.35 31 1.02 .96 1.42 .56

OR = odds ratio.
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Mean patient-reported functional outcomes scores based on tobacco smoking status

FFl total SMFA dysfunction SMFA bothersome
Smoking history (n=219) 373 31.2 31.6
Nonsmoker (n=175) 30.4 P=.014 25.0 P=.009 24.5 P=.009
Current smoker (n=171) 38.9 32.8 33.3
Former smoker (n=48) 31.6 25.3 25.6
Nonsmoker (n=175) 304 P=.014 25.0 P=.005 245 P=.007

FFl = foot function index; SMFA = Short Musculoskeletal Function Assessment.

and to use any prescription pain medication (23.0% vs 10.4% vs
6.3%, P=.001). However, there were no differences in long-term
opioid use among tobacco smoking groups. Multiple logistic
regression found current tobacco use to be an independent
predictor for long-term pain medication use and prescription
pain medication use (Table 4). There were no differences in
ability to return to work or long-term use of supportive devices,
such as a walker or cane, between these groups.

After mean of 5.9years following injury (range: 1.7 — 13.2
years), 394 patients (42.1%) completed the FFI and SMFA,
including 171 current smokers (37.8%), 48 former smokers
(44.0%), and 175 non-smokers (46.8%). Patients with lifetime
smoking history had worse FFI (37.3 vs 30.4, P=.014), SMFA
Dysfunction (31.2 vs 25.0, P=.009), and SMFA Bothersome
(31.6 vs 24.5, P=.009) scores than non-smokers (Table 5).
Current tobacco smokers had the highest FFI (38.9 vs 31.6 vs
30.4, P=.01), SMFA Dysfunction (32.8 vs 25.3 vs 25.0,
P=.005), and SMFA Bothersome (33.3 vs 25.6 vs 24.5,
P=.007) scores compared to former smokers and nonsmokers,
respectively. Multiple linear regression found current tobacco use
to be an independent predictor of worse scores for FFI (P=.04),
SMFA Dysfunction (P=.024), and SMFA Bothersome (P=.041)
tests.

4. Discussion

Tobacco smoking is a major cause of morbidity and mortality.
However, the impact of tobacco use on recovery after ankle
fracture has not been well characterized. The goal of our study
was to assess potential impact of tobacco use on clinical and
functional outcomes following ankle fracture. Patients with >6
months abstinence from tobacco use were categorized as former
smokers. We developed this definition for this project. Current
smokers were more likely to report chronic pain (more than 6
months after injury) and to be prescribed pain medications more
than 6 months following injury. Lifetime smokers also had
significantly worse patient-reported functional outcomes scores
using the FFI and SMFA, highlighting the need for attention to
tobacco smoking cessation initiatives. Our institution now has a
referral program for smoking cessation, which includes individ-
ual and group counseling strategies and medications. Our
practice is to offer referral to the program and to offer medication
potentially helpful for cessation to mitigate some of these
concerns.

Nicotine decreases blood flow, reduces collagen production,
and causes tissue hypoxia, resulting in poor bone and wound
healing./”?'2°! Tobacco smoking has been associated with
higher rates of overall complications and wound complications
following spine, knee, hip, tibia, and clavicle fractures, as well as
total hip arthroplasty.[®»*1:23:2427:30-331 gimoking has also been
associated with more nonunions following fractures of the tibia,

hip, cervical spine, and lumbar spine.?”*37! Other work has
shown tobacco use to be associated with a significant increase in
time to fracture union.*®*3*! Our results were limited by loss of
patients to follow-up. It is likely that the majority of those patients
experienced fracture union, as nonunion is very uncommon
following ankle fracture, even in the setting of tobacco usage. Our
study may be underpowered for this outcome.

Multiple studies have demonstrated higher pain intensity
scores among smokers.**¢! Flanagan et al*”! reported that
tobacco users required significantly more opioid pain medication
while inpatient following orthopaedic injury. Furthermore, the
endogenous opioid system is involved in the reward system of
nicotine, and smokers appear to have upregulation of w opioid
receptors when compared with nonsmokers.*¥2! Current
tobacco use was an independent predictor for prolonged
prescription pain medication use. This adds to the existing body
of literature suggesting perception of pain and recovery after
traumatic injury is altered in tobacco users.

Variable findings have been reported regarding potential
impact of tobacco on functional outcomes following ankle
fracture. Bhanderi et al found that smoking was associated with
worse SF-36 scores 3 months after operative ankle fracture, but
Dean et al found no association with smoking and physical
function (PF) and pain interference (PI) PROMIS scores after a
minimum of 2 years.>>>* Although our current smokers had the
worst FFI and SMFA scores, former smokers also had worse
scores than nonsmokers. Differences in SMFA between current
smokers and nonsmokers coincide with the minimally important
clinical difference previously published for the SMFA.**! It may
be that smokers and former smokers have less functional capacity
prior to their injury, resulting in more difficulty with physical
functions reflected in worse generalized and extremity-specific
functional outcome scores. Both of the surveys we used also
indicate pain, and both are consistent with current and former
smokers experiencing a greater level of pain for a longer period of
time following ankle fracture.

Limitations of this study largely stem from its retrospective
nature. Pack years were not reliably reported, which limits our
ability to examine the relationship between quantity of tobacco
use and patient outcomes. Furthermore, reporting bias may
influence the validity of patient’s self-reported tobacco use history
at the time of their ankle injury. Other forms of tobacco use and
vaping habits were also not included in this study, which is
another limitation. The largest limitation of this study was the
loss of patients to follow-up and unavailable for later clinical
assessment or outcomes surveys. A prospective study design in
the future would be a useful addition to the current body of
literature regarding the impact of tobacco use on clinical and
functional outcomes and ankle fracture. Another limitation of
our outcomes assessment is the possibility of a ceiling effect for
FFI scores, in other words, limited ability to distinguish between
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various higher functioning patients. Despite this, the current
study presents one of the largest series of torsional ankle fractures
to date, and our findings may benefit the orthopaedic community
caring for patients with these common injuries.

In conclusion, current tobacco smokers had a higher frequency
of alcohol abuse and recreational drug use than nonsmokers.
Although no differences were identified in rates of complications
and secondary operations, current or former tobacco smoking
was associated with more chronic pain and with worse FFI and
SMFA scores following torsional ankle fracture. Provider
awareness of this may improve our ability to counsel and treat
patients more effectively.
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