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Long-term outcomes after operative treatment for
tibial pilon fractures
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Abstract

Objectives:Aims of the present study were to establish generalizable outcome data on long-term functional outcomes and health-
related quality of life (HRQoL) after operative treatment of pilon fractures on a large scale. Second, it was aimed to examine factors
associated with these outcomes.

Design: Retrospective cohort study with follow-up by questionnaire.

Setting: Two level 1 trauma centers.

Patients: Two hundred twenty-five of 480 eligible patients completed the survey (response rate 47%).

Intervention: Open reduction internal fixation for tibial pilon fracture.

Mainoutcomemeasurements:Ankle functionmeasured using the Foot and Ankle Ability Measure, physical function using the
Patient-Reported OutcomesMeasurement SystemPhysical Function (PROMIS PF, Short Form 10a) questionnaire and HRQoL using
the EuroQol 5-Dimensions 3-Level (EQ-5D-3L) questionnaire.

Results:At amedium follow-up of 82months (82 (interquartile range (IQR), 45–120), median Foot and Ankle Ability Measure was 74
(IQR, 57–82), median PROMIS PF 49 (IQR, 44–57), median EQ-5D-3L 0.81 (IQR, 0.71–0.84). HRQoL was significantly lower
compared to a reference population (P< .001). In multivariable regression analyses, smoking was associated with poorer HRQoL.
Higher body mass index, deep infection, and lower HRQoL were associated with worse ankle function.

Conclusions: Long-term patient-reported outcomes after operative treatment of pilon fractures reveal impaired functionality and
lower HRQoL compared to an uninjured reference population. As pilon fractures can have significant effects on a patient’s life,
patients should be counseled about the expected long-term outcomes to set realistic expectations. This study emphasizes the
importance of obtaining both general and region-specific measures when evaluating outcomes after injury, in order to evaluate the
injury of interest in the accurate context.

Level of evidence: Prognostic level III.
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1. Introduction of the lower extremity and other body regions. Amongst others,
Pilon fractures are usually the result of high energy and axial
loading.[1–3] These mechanisms often result in associated injuries
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high-energy trauma typically results in significant damage of the
surrounding soft tissues.[3–6] These soft tissue injuries contribute
to the high rate of complications after open reduction internal
fixation of pilon fractures.[2,4] High rates of infectious compli-
cations, posttraumatic arthritis, impaired union, nonunion,
stiffness, and persistent pain after operative treatment of pilon
fractures have been reported.[7–9]

It is believed that associated injuries, postoperative compli-
cations, and severity of the initial injury may influence long-
term functioning of the lower extremity. Previously, the
amount of associated (soft-tissue) injury, development of
posttraumatic arthritis, severity of the pilon fracture, manage-
ment of the surrounding soft tissues, type of operative treatment,
and anatomic restoration of the articular surface have been
described to influence outcomes.[1–3,10] However, long-term
functional outcomes after operative treatment for pilon fractures
have only been described in relatively small cohorts.[7,9,11–14]

Even though it is generally accepted that high-energy mecha-
nisms have negative influence on the eventual outcome of a
pilon fracture, no solid evidence on its true influence is
available.[8]

Therefore, the aims of the present study were to establish
generalizable outcome data on long-term patient-reported
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functional outcomes and health-related quality of life after
operative treatment of pilon fractures on a larger scale. Second, it
was aimed to examine factors associated with these outcomes.
This information will be useful to surgeons and healthcare
providers in expectation management and clinical decision
making regarding pilon fractures.
2. Methods

2.1. Study design and participants

This is a retrospective study with follow-up by questionnaire that
was approved by our hospital institutional review board (IRB).
Adult patients (age >18 years) who underwent open reduction
internal fixation (ORIF) for a tibial pilon fracture between
January 2000 and December 2015 at 2 level 1 trauma centers
were identified using the institution’s research patient data
registry and a combined hospital operative database. Pilon
fractures were defined as Arbeitsgemeinschaft für Osteosynthe-
sefragen/Orthopaedic Trauma Association (AO/OTA) 43-B and
43-C fractures, excluding fractures deemed mainly tibial shaft
with extension into the tibial plafond, and trimalleolar ankle
fractures with the posterior malleolar fragment involving less
than one-third of the articular surface.[3,8,15] Patients who
underwent operative treatment for the pilon fracture at an outside
facility, who had amputation of the operated foot or leg, who
died during follow-up, were mentally impaired, or were unable to
communicate in English, were excluded. All eligible patients were
approached through a recruitment letter. No compensation was
provided for participation in the study. Questionnaires were
administered through telephone interviews or online through a
secured web link, without a clinical visit. In case of nonresponse,
patients were contacted multiple times in order to maximize the
response rate. Responses were collected and managed using
REDCap (Research Electronic Data Capture). REDCap is a
secure, web-based application designed to support data capture
for research studies.[16]

2.2. Outcome measures and explanatory variables

Data on demographics, body mass index (BMI), smoking status,
diabetes, American Society of Anesthesiologists (ASA) score,
mechanism of injury, fracture and treatment characteristics, and
postoperative infections were extracted from electronic patient
documentation. BMI was only considered when reported within
a range of 6 months prior to or after ORIF. Smoking was
considered positive if a patient was a current smoker at the time of
surgery or quit smoking less than 2 weeks prior to the fixation.
Energy of trauma was subdivided into low- and high-energy and
was classified according to the Advanced Trauma Life Support
guidelines, with high-energy trauma mechanisms including
motor vehicle and motorcycle accidents, falls from height, and
crush injuries.[17,18] Fractures were classified by 4 orthopaedic
surgeons according to the AO/OTA classification and in case of
uncertainty, consensus was reached by group discussion. Deep
infectionwasdefinedas any typeof infection at the surgical site that
demanded operative treatment, according to the treating surgeon
based on clinical signs with or without positive cultures.[19] All
surgical site infections that required nonoperative treatments only
(e.g., antibiotics, wound treatments), were considered superficial.
The primary outcome measure, patient-reported functional

outcome, was measured using the Foot and Ankle Ability
Measure (FAAM) and the PROMIS Physical Function (PROMIS
PF) Short Form 10a questionnaires. HRQoL, the secondary
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outcome measure, was assessed using the EuroQol 5-Dimensions
3-Levels (EQ-5D-3L) questionnaire. The FAAM questionnaire
consists of 29 questions assessing physical function in patients
with musculoskeletal disorders of the leg, ankle, and foot; 21
questions on activities of daily living with an additional sports
subscale containing 8 questions.[20] Scores range from 0 to 100
with higher scores representing higher physical function. The
PROMIS PF questionnaire can be used to measure general
physical functioning for both research and clinical practice
purposes, with a mean score of 50 being representative of the
general population of the United States.[21,22] The EQ-5D-3L
questionnaire is a standardized instrument to measure generic
health based on the level of experienced problems (no problems/
some or moderate problems/extreme problems) at the 5
dimensions of mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression.[23] EQ-5D-3L scores for the study
populationwere calculated using a scoring algorithm appropriate
for a population of North-American patients, with higher scores
representing better HRQoL.[23,24]
2.3. Statistical analyses

Distribution of continuous explanatory and outcome variables
was assessed using the Shapiro–Wilk test. Frequencies and
percentages were used to present categorical variables, medians,
and IQR to display continuous variables. Baseline characteristics
between responders and nonresponders were compared using
Chi-squared and Mann–Whitney tests. The Student t test was
used to compare EQ-5D-3L and PROMIS PF scores of the study
population to the norms for a general North-American
population of 0.88 and 50, respectively.[21,25] The strength of
correlations between the 3 different outcome measures was
assessed using Pearson’s correlation coefficient. Associations
between individual predictors and the patient-reported outcomes
of interest were first determined by simple bivariate linear
regression (Supplementary Table 1, http://links.lww.com/OTAI/
A6). The final models were selected by forward stepwise
regression modeling to avoid overfitting. In this approach,
predictors associated with the outcome by bivariate analysis were
included in the multivariable regression model. Predictors no
longer associated with the outcome were omitted only if doing so
did not increase the deviance of the model. Predictors excluded at
the bivariate analysis state were reincorporated only if doing so
reduced the overall deviance of the model.[26] A 2-tailed P value
of< .05 was considered statistically significant. STATA 13.1
(StataCorp LP, TX) was used for the conduct of all statistical
analyses.
3. Results

Inclusion criteria were met by 480 patients, of whom 225
completed the survey for a total of 229 tibial pilon fractures (4
patients sustained bilateral injuries), leading to a response rate of
47%. Responders were significantly older, consisted of signifi-
cantly fewer males and active smokers when compared with
nonresponders. Themain reason for nonresponse to follow-up by
questionnaire was inability to contact the patients. There were no
differences with respect to age, gender, race, and ethnicity for
those completing the survey online versus by phone.
Median age at injury for the population of responders was 48

(IQR, 37–58) years; the majority of patients were male. Baseline
characteristics are depicted in Table 1 and Table 2 shows the
fracture and treatment characteristics.
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Table 1

Baseline characteristics (n=225)

Median IQR

Age at injury (years) 48 37–58
Body mass index (kg/m2)

∗
27 24–30

n %

Male gender 137 61
Active smoking 40 18
Diabetes 13 6
ASA score

∗

1 63 29
2 137 64
3 15 7

Mechanism
Fall 147 65
Motorcycle crash 49 22
Sports-related 15 7
Other 14 6

High-energy trauma 127 56

n=number.
∗
Body Mass Index was available for 198 patients (88%), ASA score for 215 (96%).

Table 2

Fracture and treatment characteristics (n=229).

Median IQR

Interval between injury and ORIF (days) 6 1–16

n %

AO type 43-C 171 75
Left side fracture 118 52
Open fracture 51 22
Temporizing external fixation 116 51
Deep infection 28 12
Superficial infection 26 11

n=number.

Table 3

Outcome measures

Questionnaire Median IQR

FAAM (n=223) 74 57–82
FAAM Sports Subscale (n=211) 14 8–22

PROMIS PF (n=211) 49 44–57
EQ-5D-3L (n=219) 0.81 0.71–0.84

n=number.
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Patient-reported outcome questionnaires were completed after
a median duration of 82 (IQR, 45–120) months from injury.
Median FAAM score was 74 (IQR, 57–82) and 14 (IQR, 8–22)
for the sports subscale (Table 3). PROMIS Physical Function
scores had a median of 49 (IQR, 44–57), mean PROMIS PF score
was 50 (standard deviation 7.8). HRQoL, measured using the
EQ-5D-3L, was reported to be 0.81 (IQR, 0.71–0.84),
significantly lower when compared to the 0.88 reference
population score (P< .001).[25] For the EQ-5D-3L mobility
dimension, nearly half of the patients reported problems in
walking about. However, physical function mobility measured
using the PROMIS PF was comparable to the general uninjured
American population (P .90). All 3 outcome metrics were
correlated; FAAM and PROMIS PF (correlation coefficient =
0.79, P< .001), FAAM and EQ-5D-3L (correlation coefficient =
0.69, P< .001), and PROMIS PF and EQ-5D-3L (correlation
Table 4

Multivariable regression analyses

FAAM

b regression
coefficient

∗
95% CI P value

b regressio
coefficient

∗

Interval between injury
and follow-up

�0.03 �0.07 to 0.02 .22 —

Body Mass Index �0.4 �0.7 to �0.1 .01 �0.2
Active smoking �4.4 �9.3 to 0.5 .08 �0.5
Diabetes �3.4 �10.4 to 3.6 .34 �3.5
ASA score
1 0.4 �3.5 to 4.4 .83 1.3
2 Reference value
3 0.7 �5.9 to 7.2 .84 �4.0

High-energy trauma — — — �1.7
Deep infection �6.4 �11.7 to �1.0 .02 �3.0
EQ-5D-3L 56.6 47.4 to 65.7 <.001 19.2
Model Multivariable linear

Bold indicates statistically significant difference.
CI= confidence interval.
∗
Positive regression coefficients denote higher outcome scores (indicating better ankle functioning accor

quality of life according to the EQ-5D-3L).
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coefficient=0.50, P< .001). In general, worse HRQoL metrics
(EQ-5D-3L scores) were proportional to FAAMand PROMIS PF
scores.
In multivariable regression analyses, higher BMI, deep

infection, and lower HRQoL (assessed using the EQ-5D-3L)
were found to be independently associated with worse ankle
function measured with the FAAM (Table 4). Factors associated
with lower PROMIS PF scores were higher BMI, ASA 3 score,
and lower HRQoL. Active smoking status was independently
associated with lower HRQoL assessed using the EQ-5D-3L. As
there was an association between smoking and EQ-5D-3L scores,
the effects of smoking were less apparent when including EQ-5D-
3L in the regression analyses.
PROMIS PF EQ-5D-3L

n
95% CI P value

b regression
coefficient

∗
95% CI P value

— — — — —

�0.4 to �0.04 .02 �0.004 �0.01–0.0004 .08
�3.3 to 2.3 .71 �0.19 �0.27 to �0.12 <.001
�7.6 to 0.6 .09 — — —

�0.9 to 3.5 .26 — — —

reference value Reference value
�7.7 to �0.3 .04 — — —

�3.6 to 0.3 .09 �0.04 �0.09 to 0.02 .169
�6.1 to 0.1 .06 �0.0002 �0.08 to 0.08 .995
13.9–24.6 <.001 — — —

Multivariable linear Multivariable linear

ding to the FAAM, better physical functioning according to the PROMIS PF, and better health-related
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4. Discussion

To our knowledge, this is the largest study to report on long-term
outcomes (>2 years) after operative repair of pilon frac-
tures[7,9,11–14,27,28]

Similar to our findings, Cutillas-Ybarra reported significantly
lower HRQoL, measured using the Short Form [29] Health Survey
(SF-36), in their population of patients with tibial plafond
fractures when compared to a reference population.[13] Other
studies investigating long-term health status and functionality
after treatment of pilon fractures showed comparable results,
indicating that pilon fractures can have significant effects on a
patient’s life posttreatment.[7,11,12,14] HRQoL measured in our
study population was in fact similar or even worse when
compared to values described for patients suffering from a variety
of chronic conditions such as malignant breast neoplasms or
asthma.[30]

One previous study has shown a correlation between general
health function and region-specific patient-reported out-
comes.[31] Our results highlight the importance of obtaining
both general and region specific measures when evaluating
outcomes after injury. This is especially important when
evaluating injuries that typically occur in the context of multiple
trauma, like pilon fractures, where outcomes are likely to be
affected by concomitant injuries and the severity of the initial
trauma.[32,33] Adjusting with general health measures allows the
region-specific injury of interest to be assessed in the right
context.
In our study, the only factor associated with worse long-term

results for all outcome measures was active smoking status at the
time of definitive fixation of the pilon fracture. Due to the
retrospective nature of the study, it was not possible to ascertain if
patients were still smoking at the time of follow-up by
questionnaire. In addition, the retrospective design also limits
the ability to show true causal effects of smoking on outcomes.
Furthermore, nonresponders were significantly more often
smoking at the time of injury and therefore, the effects measured
may even be an underestimation of the impact of tobacco use.
Smoking is known to affect HRQoL and function, and hence, the
lower outcome scores in our cohort may be only partially
attributed to smoking, perhaps even regardless of the pilon
fractures. In addition, low income and low level of education
(both beyond the scope of our study) have been reported to be
associated with HRQoL after pilon fractures negatively and these
factors have also been associated with higher rates of daily
smoking.[7,34,35]

Perioperative smoking is associated with an increased risk of
postoperative complications as well.[36] Therefore, it is assumed
that confounding plays an important role in assessing relation-
ships between smoking and outcomes of pilon fractures, perhaps
providing an opportunity for future research.
Unfortunately, pilon fractures demand acute treatment,

leaving almost no room for smoking cessation. However, even
though no definite conclusions on the relationship between
smoking and outcomes of operatively treated pilon fractures can
be drawn, we believe that the available evidence should be used to
counsel active smokers scheduled to undergo operative repair of
pilon fractures and to offer these patients smoking cessation
interventions.
This study has several limitations. First, the study had a

retrospective design. Due to the retrospective nature of this study,
it was not possible to account for all variables that carry potential
to influence the outcome measures. Amongst others, low income,
4

education level, and insurance status may influence outcomes of
(pilon) fractures but was impossible to evaluate for our cohort
from the available data and surveys.[29,37] Furthermore, it is
possible that operative factors such as the quality of reduction
affect outcomes. Unfortunately, this was beyond the scope of our
study and long-term postoperative imaging was not available for
a sufficient amount of the included patients (as this study was
conducted at 2 tertiary referral centers with many patients not
receiving routine follow-up at these institutions). Factors
associated with our outcome measures, as identified in this
study, should therefore not be seen as the only factors influencing
HRQoL and functionality after operative treatment of a pilon
fracture and may have been confounded by factors. Second, the
response rate was relatively low. We believe this to be due to the
relatively long interval between surgery and follow-up and the
potentially more transient nature of a trauma patient population.
Given the complexity of surgery for these injuries, many patients
are also transferred in from community hospitals for their surgery
and so these patients may have followed up at outside
institutions. In addition, there were differences in baseline
characteristics between responders and nonresponders. Previous
studies also showed important differences between trauma
patients responding to surveys and trauma patients not
responding to surveys. An important difference is that more
severely injured patients are more often responders, possibly
causing worse patient-reported outcomes to be reported.[38,39]

Third, as the survey was relatively long, questionnaire fatigue
may have occurred and influenced the outcomes reported.
Fourth, as included patients were treated over a long period of
time, changes in treatment techniques and surgeon experience
will have taken place. These changes may have affected the
outcomes measured. Therefore, the results of the present study
are not completely generalizable to all patients who suffer pilon
fractures. Nonetheless, to our best knowledge, we still present the
largest retrospective series on long-term outcomes after pilon
fractures to date and believe our data can be used as generalizable
outcome data to counsel a selected group of patients.
Pilon fractures can have significant effects on a patient’s life

and should therefore be seen as potentially disabling injuries.
Long-term ankle functioning was found to be around 75% of full
function, with nearly half of all patients experiencing problems in
walking about. Impaired long-term outcomes may be expected in
patients who report poor HRQoL, are smokers, have a high body
mass index, or developed a deep surgical site infection.
Regardless of associated factors, patients with a history of a
pilon fracture do not enjoy the same health-related quality of life
as individuals in the general population. It is important to counsel
patients about the severity of their injury and potential long-term
outcomes in order to set realistic expectations. This study
emphasizes the importance of obtaining both general and region-
specific measures when evaluating outcomes after injury, in order
to evaluate the injury of interest in the accurate context.
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