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Existing primary evidence comparing fbular intramedullary fxation (IMF) with traditional plate fxation (PF) for the treatment of
distal fbular fractures remains limited by modest sample sizes. Using a large national database, this study aims to compare use
rates, fracture patterns, patient characteristics, time to surgery, complication rates, and cost between fbular IMF and PF within the
United States. Adults treated with fbular IMF or PF betweenOctober 2015 andOctober 2021 were identifed within the PearlDiver
Database. Te ratio of IMF-treated to PF-treated patients was tracked temporally to compare use rates. Fracture patterns were
determined using fracture diagnoses within one-month preceding surgery. Further comparisons of IMF- and PF-treated groups
only included patients with at least 12months of follow-up, and patients with upper tibia or tibia shaft fractures were excluded. An
analysis of cohorts matched at a 1 : 4 (IMF: PF) ratio to control for risk factors was performed to compare time to surgery,
complication rates (infection, nonunion, malunion, revision, hardware removal, pulmonary embolism, and deep vein throm-
bosis), and cost. 39329 patients (2294 IMF and 37035 PF) were identifed. IMF use trended upwards relative to PF use over time.
Tibia and fbula shaft fractures were the most common injuries in IMF patients versus bimalleolar and trimalleolar fractures in PF
patients. A higher proportion of IMF patients had open fractures. IMF patients were younger, with higher mean ECI, fewer female
patients, and higher rates of CKD. Percutaneous approaches were more common among IMF patients. Tere were no signifcant
diferences in time to surgery or complication rates. IMF was less costly. Te popularity of IMF trended upwards across the study
period. IMF was usedmore commonly in injuries involving higher energy trauma and soft tissue disruption. Overall, IMF patients
were younger with more comorbidities. When used in similar populations, IMF appears to be a cost-efective alternative to PF.

1. Introduction

Globally, ankle fractures are among the most common
fractures and are also among the most burdensome in terms
of years lived with disability [1–3]. Te frequency of these
fractures, particularly those resulting from low-energy
trauma in older adults, is on the rise [4–10]. Te vast ma-
jority of ankle fractures involve the distal fbula [4, 7, 11–14]
and often occur in conjunction with other fractures [15].
Surgery is indicated for distal fbula fractures that are
considered unstable [15]; historically, the most common

operative approach in these cases has been open reduction
with plate and screw internal fxation [16, 17]. As ankle
fractures become more common in older adults and com-
plication rates from standard fxation methods create
challenges in higher-risk populations (e.g., diabetics,
tobacco-users, and older adults) [18–22], continued in-
vestigation of treatment strategies that aim to reduce
complications and improve outcomes is warranted.

Intramedullary fbular fxation devices have been shown
to provide benefts over plate fxation with respect to
complication rates, particularly in patients at higher risk of
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soft tissue or wound healing complications [23–28]. Intra-
medullary fbular fxation includes a variety of devices such
as k-wires, fexible rods/nails, screws, and fbular-specifc
intramedullary nails [23, 29, 30]. Te purported benefts of
fbular intramedullary fxation include the potential for
smaller incisions, earlier surgical intervention, earlier
weight-bearing, and less associated soft tissue injury, in-
fection rates, and hardware prominence [31–33].

Many studies have already reported promising results
from the use of fbular intramedullary devices. A 1986 study
on the Inyo Nail, one of the earliest fbular intramedullary
nails studied in the literature, reported faster recovery times
and better rates of complications, and morbidity for those
treated with nail fxation compared to those treated with
plate fxation [34]. More recent studies comparing intra-
medullary fxation to plate fxation of the fbula have also
reported benefts in the use of intramedullary devices, in-
cluding fewer complications, better functional outcomes,
faster recovery times, and lower costs [24, 35–38]. However,
the results reported within the current body of literature are
not in complete agreement, and there remains a need for
further research to reach consensus on the optimal implant
for distal fbular fractures. Furthermore, little is known
about the current utilization rates of intramedullary fbular
fxation. Using a nation-wide United States administrative
claims database, we aim to compare use rate trends, fracture
patterns, patient characteristics, complication rates, time to
surgery, and cost between plate fxation (PF) and intra-
medullary fxation (IMF) of distal fbular fractures. We
hypothesize that (1) fbular IMF use is increasing relative to
PF use in the United States, that (2) fbular IMF is being used
more often in patients with greater comorbidities and higher
severity injuries compared to PF, and that (3) fbular IMF
allows for similar or lower times to surgery, complication
rates, and overall cost compared to PF.

2. Materials and Methods

2.1. StudyDesignandDatabase. A retrospective cohort study
was conducted using the PearlDiver Mariner Database
(PearlDiver Technologies, Colorado Springs, Colorado,
USA), a national insurance claims database that contains de-
identifed records from nearly 157 million patients. Patients
within the database were selected and fltered for this study
using International Classifcation of Diseases, 10th Revision,
Clinical Modifcation and Procedural Coding System (ICD-
10-CM and ICD-10-PCS) codes and Current Procedural
Terminology (CPT) codes. It is important to note that, while
the Mariner Database allows longitudinal retrospective
study of complication rates through the tracking of docu-
mented billing codes across multiple encounters, it is not
possible to track functional or patient reported-outcomes
using the database, as these are not typically captured using
these codes.

Te study population included adult patients (age
≥18 years) treated with plate or intramedullary fxation of
the distal fbula between October 2015 and October 2021.

2.2. Data Collection. All adult patients treated with plate or
intramedullary internal fxation of the fbula were identifed
using ICD-10-PCS codes for internal fxation (i.e., plate
fxation) or intramedullary internal fxation of the fbula
(Supplemental Table 1).

2.2.1. Trends in Use Rates and Associated Fracture Patterns.
To determine diferences in the types of fractures associated
with fbular intramedullary and plate fxation, patients with
lower leg or ankle fractures that were treated with internal
fxation within one month following diagnosis were selected
using ICD-10-CM codes for fracture of the lower leg, ankle,
tibia, or fbula (Supplemental Table 2). A trend analysis over
this period was performed to compare changes in monthly
patients treated between the two fxation types.

2.2.2. Comparison of Patient Characteristics. To determine
diferences in patient characteristics, 90-day total costs,
complication rates, and time to surgery between fxation
types, only patients with documented fbula fractures who
could be tracked for at least 12months following surgery
were included for analysis, and any patients with con-
comitant upper tibia or tibia shaft fractures were excluded to
ensure that only patients with isolated lower leg and ankle
injuries were included (Figure 1). Both ankle and fbula shaft
fractures were included to capture all distal fbula fractures
treated with internal fxation. Data gathered on patient
characteristics included age, gender, US region, operative
approach (open or percutaneous), diabetes mellitus (DM),
chronic kidney disease (CKD), obesity, tobacco use, oste-
oporosis, and Elixhauser Comorbidity Index (ECI). ECI is
a measure of comorbidity burden, designed to predict risks
of in-hospital mortality and 30-day readmission [39].

2.2.3. Analysis of Postoperative Complications and Cost Using
Matched Cohorts. Patients with open fractures of the lower
leg or ankle were additionally excluded in the analysis of
cost, time to surgery, and complication rates to optimize the
comparability of groups and ensure that only patients with
closed distal fbular fractures were being compared between
fxation types. Patients from each treatment group were then
sampled randomly and matched at a 1 : 4 (IMF: PF) ratio
(Figure 1). Te matching process was performed using an
exact match methodology to control for the following risk
factors: age, gender, DM, obesity, tobacco use, CKD, and
associated high-energy fracture (i.e., pilon, lower tibia, and
trimalleolar fractures). According to exact match method-
ology, each PF-treated patient was matched to four IMF-
treated patients that fulflled all the exact same matching
criteria. Time to surgery was measured in days spanning
from the date of the initial diagnosis to the date of index
surgery. Complications of interest included infection,
nonunion, malunion, revision, hardware removal, pulmo-
nary embolism (PE), and deep vein thrombosis (DVT).
Infection, PE, and DVT were assessed within the 90 days
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following surgery; revision and hardware removal within
one year following surgery; and nonunion and malunion
between fve weeks and one year following surgery. Cases of
nonunion or malunion were only counted if patients ad-
ditionally had a record of radiologic imaging of the lower leg
or ankle that preceded any fbula nonunion or malunion
diagnosis within the 5-week to 12-month window. Any cases
of hardware removal were only counted as such if they were
not associated with a revision procedure. Cost analysis was
assessed by totaling all costs across a 90-day period starting
from the date of surgery.

Comorbidities (e.g., CKD, DM, and tobacco use) were
defned using the corresponding ICD-10-CM codes (Sup-
plemental Table 3), and complications were defned using
the corresponding ICD-10-CM codes (infection, nonunion,
malunion, PE, and DVT) and ICD-10-PCS and CPT codes
(revision and hardware removal) (Supplemental Table 4).

2.3. Statistical Analysis. Statistical analyses were aimed at
comparing IMF to PF, as PF is the standard, most widely
used fxation type for distal fbular fractures. To analyze
diferences between the two fxation types, Pearson’s chi-
squared test was used for comparison of categorical
variables and Student’s T-test for comparison of con-
tinuous variables. Linear least-squares regression was
performed to generate a trendline for the trend analysis.

All statistical methods, including the matching process,
were conducted using R Statistical Software (v4.1.2; R
Core Team 2021), and pvalues less than 0.05 were con-
sidered statistically signifcant.

3. Results

3.1. Trends in Use Rates and Associated Fracture Patterns.
39,329 patients treated with intramedullary fxation (IMF) or
plate fxation (PF) of the fbula were identifed: 2,294 re-
ceived IMF and 37,035 received PF (Figure 1). Te monthly
ratio of patients receiving IMF compared to patients re-
ceiving PF trended signifcantly upwards across the study
period, demonstrating a steady increase in IMF use relative
to PF use (Figure 2). Higher proportions of open fractures of
the lower leg or ankle were observed among IMF-treated
patients than PF-treated patients (28.6% [n� 657] vs. 15.9%
[n� 5,907], p< 0.001). Te most prevalent fracture di-
agnoses among IMF-treated patients were fbula shaft
(64.8% [n� 1,487]) and associated tibia shaft (67.4%
[n� 1,547]) fractures, while the most prevalent fracture
diagnoses among PF-treated patients were bimalleolar
(38.3% [n� 14,173]) and trimalleolar fractures (38.4%
[n� 14,233]). Te proportions of these respective fracture
diagnoses, as well as many other associated fracture di-
agnoses, signifcantly difered among IMF-treated and PF-
treated patients (ps< 0.001) (Table 1).

Inclusion: fibula fractures (fibular shaft, lateral malleolus, bimalleolar,
trimalleolar, lower fibula, ankle stress/pathologic, fibula stress/pathologic)

Exclusion: concomitant upper tibia or tibia shaft fractures
(IMF n = 627, PF n= 29,703)

(Total n = 30,330)

All Lower-Leg and Ankle Fracture Patients treated with Fibular IMF
(n=2,294) and PF (n=37,035)

(Total n = 39,329)

Analysis of US Trends
and Associated

Fracture Patterns

Analysis of Patient
Characteristics

Additional Exclusion: open fractures
Matched Cohorts (1:4)

(IMF n = 316, PF n = 1,254)
(Total n = 1,570)

Analysis of
Complication Rates,
Time to Surgery, and

90-day costs

Figure 1: Inclusion and exclusion criteria used to defne cohorts for each analysis. In total, 39,329 patients were identifed (2,294 IMF and
37,035 PF) and used for analyses of US use rate trends and associated fracture diagnoses. 627 IMF and 29,703 PF patients were further
eligible for analysis of patient characteristics. After matching, 316 IMF and 1,254 PF patients were eligible for analysis of complication rates,
time to surgery, and 90-day costs.
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3.2. Comparison of Patient Characteristics. 30,330 patients
were included in the unmatched analysis of patient char-
acteristics: 627 patients received IMF and 29,703 received PF
for treatment of distal fbular fractures (Figure 1). Te
majority of patients receiving IMF and PF were female;
however, a lower proportion of patients receiving IMF were
female compared to those receiving PF (64.9% [n� 407] vs.
69.7% [n� 20,699], p � 0.010). Te median ages of patients
receiving IMF and PF were 63.0 (IQR 48–74) and 65.0 (IQR
53–75), respectively, and patients receiving IMF were

signifcantly younger on average compared to those re-
ceiving PF (59.4± 17.5 years vs. 62.0± 15.9 years, p< 0.001).
Although the majority of patients in both IMF- and PF-
treated groups fell into the ages greater than 60 deciles,
a signifcantly lower proportion of patients receiving IMF
compared to PF were over 70 years of age (34.8% [n� 218]
vs. 39.4% [n� 11,711], p � 0.018) and a signifcantly higher
proportion of patients receiving IMF compared to PF were
ages 20–29 (7.2% [n� 45] vs. 4.5% [n� 1,328], p � 0.001) or
30–39 (8.8% [n� 55] vs. 6.6% [n� 6.6%], p � 0.030). Te
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Figure 2: Monthly ratio of patients receiving IMF to patients receiving PF. Te rate of IMF use relative to that of PF trended signifcantly
upwards between October 2015 and October 2021 (R2 � 0.23, F[1, 71]� 21.01, p< 0.01; β� 0.00041, p< 0.01).

Table 1: Fracture types associated with fbular intramedullary fxation (IMF) versus plate fxation (PF) between October 2015 and
April 2021.

Fracture type IMF (N� 2294)1 PF (N� 37035)1 p value

Fracture diagnoses more common among IMF patients

Open fracture (lower leg/ankle) 657 (28.6%) 5907 (15.9%) <0.00 
Tibia shaft 1547 (67.4%) 5418 (14.6%) <0.00 
Fibula shaft 1487 (64.8%) 8430 (22.8%) <0.00 

Other upper and lower fbula 779 (34.0%) 7871 (21.3%) <0.00 
Lower tibia 752 (32.8%) 4432 (12.0%) <0.00 
Upper tibia 213 (9.3%) 1440 (3.9%) <0.00 

Pilon 204 (8.9%) 2611 (7.1%) 0.00 
Lower fbula physeal 35 (1.5%) 393 (1.1%) 0.035
Lower tibia physeal 30 (1.3%) 136 (0.4%) <0.00 

Tibia stress/pathological 20 (0.9%) 85 (0.2%) <0.00 
Other lower leg stress/pathologic 17 (0.7%) 125 (0.3%) 0.002

Fibula stress/pathologic 16 (0.7%) 96 (0.3%) <0.00 
Upper fbula physeal 14 (0.6%) 44 (0.1%) <0.00 

Fracture diagnoses more common among PF patients

Other/unspecifed lower leg 354 (15.4%) 10179 (27.5%) <0.00 
Bimalleolar 238 (10.4%) 14173 (38.3%) <0.00 
Trimalleolar 223 (9.7%) 14233 (38.4%) <0.00 

Lateral malleolus 184 (8.0%) 5435 (14.7%) <0.00 
Medial malleolus 143 (6.2%) 4079 (11.0%) <0.00 

Ankle stress/pathological 14 (0.6%) 566 (1.5%) <0.00 
No diference Maisonneuve 14 (0.6%) 304 (0.8%) 0.276
1n (%). Diagnoses identifed and defned using International Classifcation of Diseases 10th revision (ICD-10) codes and descriptions. Bold p values are those
considered statistically signifcant (i.e. p< 0.05).
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IMF-treated group also had a signifcantly higher mean
Elixhauser Comorbidity Index (ECI) score (7.11± 4.77 vs.
6.62± 4.34, p � 0.005) and a signifcantly higher proportion
of chronic kidney disease (24.2% [n� 152] vs. 20.1%
[n� 5,961], p � 0.010) in comparison to those receiving PF.
Higher percentages of diabetes, complicated diabetes, to-
bacco use, obesity, and osteoporosis were also observed in
IMF-treated patients; however, these diferences were not
signifcant (Table 2). Additionally, a higher proportion of
percutaneous approaches were performed in patients re-
ceiving IMF compared to those receiving PF (28.9%
[n� 181] vs. 1.6% [n� 482], p< 0.001) (Figure 3). Te only
signifcant US regional diferences among IMF and PF
groups was a signifcantly higher proportion of IMF patients
being from the South compared to PF patients (Figure 4).

3.3. Postoperative Complications and Cost between Matched
Cohorts. 1,570 patients were included in the 1 : 4 (IMF-
treated:PF-treated) matched analysis: 316 patients received
IMF and 1,254 received PF for closed lower leg fractures
involving the distal fbula (Figure 1). No signifcant difer-
ences in relevant patient characteristics were observed be-
tween these matched cohorts (Supplemental Table 5). In our
analysis of this study group, no signifcant diferences were
observed in proportions of postoperative complications of
interest, including infection, nonunion, malunion, revision,
hardware removal, pulmonary embolism, and deep vein
thrombosis (Table 3). Moreover, no signifcant diferences
were observed in mean days to surgery (Table 3). However,
mean total 90-day cost (in USD) of IMF-treated patients was
about $2,600 lower compared to PF-treated patients
($6585.58± $10908.50 vs. $9217.24± $17772.32, p � 0.012)
(Table 3).

 . Discussion

Te optimal construct and fxation technique for injuries
involving the fbula continues to evolve as surgical tech-
niques and technology improve. Fibular nail technology
potentially ofers advantages over conventional plate and
screw fxation, but this technology remains nascent with
only small series reporting outcomes and usage. Our study
showed that the rates of patients receiving IMF compared to
patients receiving PF have trended upwards. Overall,
combined tibia and fbula shaft, lower tibial, and open
fractures were more common among IMF-treated patients,
while bimalleolar and trimalleolar fractures were more
common among PF-treated patients. Intramedullary fxa-
tion was also more commonly utilized in those with a greater
burden of comorbidities. Te high percentage of open and
tibia shaft fractures associated with IMF use suggests that
IMF is more likely to be used in complex, higher energy
injuries, where injury to the fbula may not be the dominant
feature of the trauma sustained or when soft tissue concerns
necessitate a less invasive approach. Alternatively, it may
also be that surgeons treating Weber-C or other high distal
fbula fractures (i.e., fbula shaft) may fnd or believe that an
intramedullary implant provides a more stable construct

than plating. It is interesting to note that fbular IMF was
most used not for isolated ankle fractures, but rather
in situations when there was a higher energy injury to the
limb, especially in association with tibial shaft fractures.
Importantly, despite the diferent clinical use cases that
appear to exist between these two fxation types, the current
study does not clearly isolate trends in the treatment of ankle
fractures, but rather more broadly identifes how intra-
medullary fxation of fbula fractures is applied by ortho-
pedic surgeons.

To our knowledge, this study is the frst to examine
trends in the use rates of fbular intramedullary fxation
within the United States. Te increasing popularity observed
may be explained by the advent of novel intramedullary nail
devices for the fbula. Te growing amount of literature
supporting the purported benefts of these devices, most
specifcally, fbula-specifc intramedullary nails, may be
resulting in their increased use as an innovative treatment
strategy in high-risk patients, including those with complex
injuries [40, 41]. Analogous to our study, which focuses on
United States trends, a 2021 study that analyzed trends in the
operative treatment strategies for distal fbula fractures in
Germany found that the rate of intramedullary nail use for
distal fbular fxation increased from 0.1% to 1.0% between
2005 and 2019 [42].

Te present study is also the frst to our knowledge to
comprehensively examine the fracture patterns IMF is as-
sociated with treating. Stake et al. investigated the use of
fbular intramedullary nails in a hospital where intra-
medullary nails were primarily indicated for patients with
compromised soft tissue, including those with open frac-
tures or preoperative wounds or blisters at the surgical site
[43]. In concordance with Stake et al. [43], our study found
that IMF was more highly associated with treating open
fractures of the lower leg and ankle when compared to PF. In
a prospective study of patients with fbular fractures asso-
ciated with distal tibia and tibia shaft fractures, Stewart et al.
stated that the indications for use of a distally locked fbular
intramedullary nail include complex injuries or compro-
mised soft tissue [44]. Like the injuries described in that
study [44], our study found that complex, high-energy
fracture patterns were highly associated with IMF use.
Compared to PF-treated patients, IMF-treated patients in
our study were much more likely to have associated distal
tibia and tibia shaft fractures, the same patterns studied by
Stewart et al. [44]. Furthermore, Stewart et al. concluded that
using a fbular nail to treat fbula shaft fractures associated
with pilon or tibia shaft fractures allowed for minimally
invasive approaches and low complication rates while also
providing stable fxation [44]. Along with tibia shaft frac-
tures, fbula shaft fractures were seen at a markedly high
frequency among IMF-treated patients in our study, and
a less invasive percutaneous approach was also more
common among IMF-treated patients in our study. Tis
suggests that the motivations for using an intramedullary
nail, as described by Stewart et al. [44], may be common
among surgeons utilizing fbular IMF for this complex injury
pattern. Of note, the percentage of IMF-treated patients
treated via a less invasive percutaneous approach in our

Advances in Orthopedics 5
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study (28.9%) is similar to the 30% of fbular intramedullary
nail patients treated with a percutaneous reduction in a se-
ries of 10 patients reported by Tonks [45].

Te existing literature on the applications of fbular IMF
has revolved around its use in high-risk patients, including
older adults [37, 46–49] as well as those with multiple

Table 2: Demographics (nonmatched) of patients with distal fbula fractures undergoing surgical fxation.

Characteristic IMF (N� 627)1 PF (N� 29703)1 p value
Age mean± SD 59.4± 17.5 62.0± 15.9 <0.00 
Age median (IQR) 63.0 (48.74) 65.0 (53.75)
Age
18–19 8 (1.3%) 163 (0.5%) 0.02 
20–29 45 (7.2%) 1328 (4.5%) 0.00 
30–39 55 (8.8%) 1957 (6.6%) 0.030
40–49 61 (9.7%) 2650 (8.9%) 0.483
50–59 102 (16.3%) 4974 (16.7%) 0.751
60–69 138 (22.0%) 6920 (23.3%) 0.450
70+ 218 (34.8%) 11711 (39.4%) 0.0 8

Female 407 (64.9%) 20699 (69.7%) 0.0 0
ECI score 7.11± 4.77 6.62± 4.34 0.005
Diabetes 287 (45.8%) 13171 (44.3%) 0.475
Diabetes (complicated) 175 (27.9%) 7465 (25.1%) 0.113
Tobacco use 220 (35.1%) 9711 (32.7%) 0.206
Obesity 181 (28.9%) 7969 (26.8%) 0.254
Chronic kidney disease 152 (24.2%) 5961 (20.1%) 0.0 0
Osteoporosis 89 (14.2%) 3621 (12.2%) 0.130
Surgical approach
Open 446 (71.1%) 29221 (98.4%) <0.00 
Percutaneous 181 (28.9%) 482 (1.6%) <0.00 

Region
West 107 (17.1%) 5920 (19.9%) 0.075
Midwest 110 (17.5%) 6078 (20.5%) 0.073
South 298 (47.5%) 12420 (41.8%) 0.004
Northeast 108 (17.2%) 5116 (17.2%) 0.999
Unknown 4 (0.6%) 169 (0.6%) 0.820

1n (%). IMF: intramedullary fxation. PF: plate fxation. ECI: Elixhauser Comorbidity Index. SD: standard deviation. IQR: interquartile range. Bold p values
are those considered statistically signifcant (i.e. p< 0.05).
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Figure 3: Operative approach (open vs. percutaneous) by fxation type. IMF and PF groups difered signifcantly with respect to operative
approach, with IMF-treated patients more commonly undergoing fxation via percutaneous approaches compared to PF patients, and PF
patients more commonly undergoing fxation via open approaches compared to IMF patients (∗p< 0.001).
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comorbidities or risk factors, such as diabetes [48, 50, 51],
chronic kidney disease [40], tobacco use [52], obesity [52],
and osteoporosis [47]. In these patients, IMF may both
minimize soft tissue damage [25, 26] and improve local

blood fow control necessary for secondary healing by de-
creasing disruption to periosteal blood supply and in-
creasing periosteal circulation from canal reaming [53, 54].
In agreement with the current literature, our study found

107 
(17.1%)

110 (17.5%)

298 (47.5%)*

108 
(17.2%)

4 (0.6%)

IMF (n = 627)

5920 (19.9%)

6078 (20.5%)

12420 
(41.8%)*

5116 
(17.2%)

169 (0.6%)

PF (n = 29703)

Region Unknown
Northeast
South
Midwest
West

Figure 4: United States regions of IMF and PF patients by fxation type. A signifcantly higher proportion of IMF patients were treated in the
South compared to PF patients (47.5% of IMF patients vs. 41.8% of PF patients, ∗p � 0.004). No other signifcant diferences with respect to
US regions among patients were observed.
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higher percentages of all comorbidities and an overall sig-
nifcantly higher mean Elixhauser Comorbidity Index
among IMF-treated patients compared to patients receiving
PF for distal fbular fractures. However, the average ECI for
both groups were relatively low, and the statistically sig-
nifcant diference of 0.49 between average ECI scores (i.e.,
on average, an IMF patient had 0.49 more comorbidities
than a PF patient) may not be clinically signifcant. Our
study also showed that patients receiving IMF for distal
fbular fractures were signifcantly younger on average than
patients receiving PF even after considering a narrower
subset of associated fracture patterns (i.e., excluding con-
comitant tibia shaft and upper tibia fractures). Since younger
patients are more likely to have high-energy trauma com-
pared to older patients who are more likely to sufer from
low-energy fragility injury [4, 6, 55] the comparatively
younger age of IMF-treated patients to PF-treated patients
may refect our fndings that IMF-treated injuries were more
complex, with a higher degree of wound disruption and
anatomic associations indicative of higher energy trauma.
Despite the IMF group being younger on average than the
PF group, most of both cohorts still fell into the ages 60 and
over age groups rather than younger age deciles. Patients
constituting older age groups are expected to have higher
comorbidity burdens, and since comorbidities were assessed
between IMF- and PF-treated patients via bivariate analyses
(i.e., unadjusted for age), the relatively lower age of IMF-
treated patients compared to PF-treated patients may have
even defated the levels comorbidities across the IMF-treated
cohort. Hence, it may be the case that older patients re-
ceiving IMF compared to older patients receiving PF had
even higher average comorbidity burdens than were ap-
parent from our data, which would align with indications for
IMF in elderly patients with impaired wound healing
[37, 46–49].

While a higher degree of comorbidities, including di-
abetes, has been discussed as a potential indication for IMF
in prior literature [48, 50, 51], CKD is not well-discussed as
an indication for fbular IMF; yet, CKD was the only
comorbidity found at signifcantly higher proportions in
IMF-treated patients compared to PF-treated patients in our
study. CKD is a known risk factor for poor bone quality,

both thrombotic and bleeding complications, and impaired
wound healing [56–58] and patients with renal disease are
often highly comorbid [58], which may simultaneously
explain both the higher proportions of CKD and higher
mean Elixhauser Comorbidity Index found among IMF-
treated patients. Tus, the higher proportion of CKD found
among IMF patients in our study may be further evidence
that surgeons are turning to IMF as a strategy to minimize
the burden of postoperative wound healing and risk of
wound-related complications in high-risk patients.

To our knowledge, this is the frst study to use matched
cohorts to systematically control for diferences in risk
factors, including comorbidities and severity of injury, when
comparing fbular IMF and PF. Te use of matching is
particularly important given that our fndings showed dif-
ferences in both patient characteristics and fracture di-
agnoses treated between the IMF and PF cohorts. Given that
our fndings suggest that there is a preference for choosing
IMF over PF in patients with greater comorbidities and
injuries involving greater wound disruption and higher
energy fracture patterns, it is crucial that we controlled and
matched for these factors during our analysis to minimize
the possibility that any diferences observed are attributable
primarily to confounding patient- and fracture-related
factors rather than the fxation type chosen. Despite the
benefts of fbular IMF reported in the current literature, our
study did not fnd IMF to be associated with signifcant
diferences in time to surgery or outcomes except for lower
90-day total costs after adjusting for these risk factors.
Overall, we found low percentages of malunion and non-
union in both groups, which agrees with prior and more
recent systematic reviews/meta-analyses; however, there
were no diferences in percentages between groups
[27, 38, 59]. Additionally, in accordance with existing evi-
dence, there were no signifcant diferences in PE, DVT,
implant removal, or revision between groups [28, 37, 60, 61].
We found that diferences in postoperative rates of infection
were not statistically signifcant between cohorts, which
disagree with recent meta-analyses showing signifcantly
decreased postoperative infection rates and wound-related
complications in IMF-treated patients [28, 62]. Further-
more, higher rates of infection among our matched cohorts

Table 3: Rates of postoperative complications, time to surgery, and cost by fxation method.

Event IMF (N� 316)1 PF (N� 1254)1 p value
Infection 28 (8.9%) 87 (6.9%) 0.241
Nonunion 10 (3.2%) 25 (2.0%) 0.208
Malunion 4 (1.3%) 5 (0.4%) 0.068
Revision 12 (3.8%) 26 (2.1%) 0.075
Hardware removal 25 (7.9%) 91 (7.3%) 0.691
Pulmonary embolism 1 (0.3%) 1 (0.1%) 0.292
Deep vein thrombosis 4 (1.3%) 18 (1.4%) 0.819
Mean days to surgery 3.17± 4.68 3.24± 11.55 0.922
90-day cost (in USD)
Mean± SD $6,585.58± $10,908.50 $9,217.24± $17,772.32 0.0 2
Median (IQR) $3,017.00 ($925.00, $7,348.00) $3,156.00 ($1,014.00, $9,663.00) —

1n (%). IMF: intramedullary fxation. PF: plate fxation. SD: standard deviation. IQR: interquartile range. Bold p-values are those considered statistically
signifcant (i.e. p< 0.05).
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than that reported in relevant meta-analyses [27, 28, 62] may
be explained by our inclusion of superfcial and deep in-
fections in the same analysis as opposed to separate analyses
[27], higher average age [63], and prevalence of diabetes of
almost 50% [51] among our matched cohorts.

While IMF implants encompass a wide range of devices
from simple k-wires and rods to more sophisticated nail
designs that could not be controlled for in our cost analysis,
our fndings align with those of White et al., which did
account for upfront implant costs and still showed a de-
creased overall average cost of healthcare delivery per patient
with fbular IMF compared to PF for ankle fracture fxation
[24]. Reasons for improved cost-efectiveness of fbular IMF
compared to PF may be due to the benefts of lower re-
operation rates [28], decreased need for follow-up hardware
removal [27], or decreased operative time [24], though these
points are debated in the literature [24, 27, 28, 64] and were
not shown by our study. Given that we did not account for
regional diferences with our matching process and that
a signifcantly higher proportion of IMF patients were from
the South compared to PF patients, another possibility for
the diference in cost observed could be due to regional
variations in reimbursement associated with IMF and PF.
However, because regional make-up was not included
within the matching criteria, our matched analysis is not
designed to clarify this possibility. Lastly, we also observed
a wide range in costs in both groups, so interpretation of
these fndings should take that into consideration as well.

4.1. Limitations. An inherent limitation of this study is its
reliance on the billing codes available for identifying and
properly fltering patients within the database [65, 66]. Most
limiting was the lack of descriptive billing codes available for
identifying intramedullary fbular fxation. While the CPT
code 27759 is available for identifying tibia shaft fractures
treated with intramedullary implants, there is no such CPT
code for the use of intramedullary implants for fxation of
fbular fractures. Tis study instead relied on ICD-10 PCS
codes for identifying intramedullary fxation of fbular
fractures, which limited our sample to an inpatient sample,
prevented us from identifying patients treated prior to
October 2015, and may have failed to capture patients whose
treatment was documented using only CPT codes. An im-
portant consequence of this limitation is that this study may
be selecting for patients requiring hospital admission as-
sociated with their surgery, which may skew the study
sample towards those requiring higher-level care (i.e., sicker
or more severely injured patients). To avoid introducing
possible bias into any comparative analyses due to this
limitation, plate fxation patients were also only identifed
using ICD-10 PCS codes. Furthermore, the codes available
do not distinguish between the various devices that fall
under the umbrella of intramedullary fxation devices
[65, 66], limiting our ability to interpret our fndings more
comprehensively. Billing codes are also limited in their level
of descriptiveness and clinical relevance. Because much of
the recent literature has focused on the use of IMF in treating
ankle fractures of the distal fbula, the high percentage of

fractures documented as fbula shaft fractures observed in
the IMF-treated group was unexpected. Tis was likely re-
lated to the presence of concomitant tibial shaft fractures in
these patients. Without access to direct patient data (e.g.,
patient charts), however, it is not possible to clarify this
fnding further. It is also important to emphasize that, while
longitudinal tracking across extended time-periods is pos-
sible using PearlDiver, functional and patient reported-
outcomes are not tracked in PearlDiver, as these types of
outcomemeasures are not captured using billing codes. Lack
of access to functional and patient reported outcome
measures, ordinarily reported as means and ranges, also
limits this study’s capacity to report on score ranges for
important outcome measures, which might otherwise shed
light on the consistency of results associated with IMF use
compared to PF use. Because of this limitation, this study
was limited to reporting primarily rates and percentages (i.e.,
complication rates). Additionally, given that fbular IMF is
much less commonly utilized than PF, surgeon experience is
an important factor to consider when studying outcomes,
but the database does not provide this information.

Lastly, while we employed a strategic matching process
to control for diferent patient characteristics and the
degree of energy associated with a fracture pattern, the
overall number of cases made it infeasible to fully include
the wide array of fracture diagnoses as separate matching
criteria. Furthermore, the inclusion of additional fracture
classifcation analysis (e.g., Weber or Hansen classifca-
tions) is not only not possible with the limited data pro-
vided by the PearlDiver database, it is also not without
additional inherent bias given the inter-rater variability and
reliability concerns of these classifcations. Our matching
criteria instead were carefully selected to include the most
relevant patient characteristics based on existing literature
(i.e., age, gender, DM, obesity, tobacco use, and CKD) and
a high- vs. low-energy fracture criterion to account for the
difering fracture types found between IMF- and PF-treated
patients in our study. Te number of IMF cases also
precludes meaningful sub-analysis of exclusively higher-
risk cases (i.e., patients with comorbidities or specifc
fracture patterns). Finally, the very small percentage of
percutaneous approaches among PF patients precludes the
possibility of including operative approach (open vs.
percutaneous PF) as a matching criteria, as there are in-
sufcient percutaneously treated PF patients to match to
percutaneously treated IMF patients with our specifed
matching process.

5. Conclusions

Tis study suggests that the use of fbular IMF is steadily
rising. Moreover, we found that IMF and PF were associated
with treating diferent injury patterns. IMF use was more
often associated with treating higher energy injuries, those
with soft tissue disruption, fbular injuries associated with
tibial shaft fractures, and medically complex patients with
comorbidities that may impair wound healing. Cost data
suggests that fbular IMF appears to be a cheaper alternative
to PF that yields comparable outcomes for treatment of
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distal fbular fractures; however, additional cost and efcacy
studies are required.
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[4] C. K. Tur, G. Edgren, K. Å Jansson, and P. Wretenberg,
“Epidemiology of adult ankle fractures in Sweden between
1987 and 2004: a population-based study of 91,410 Swedish
inpatients,” Acta Orthopaedica, vol. 83, no. 3, pp. 276–281,
2012.

[5] M. S. H. Beerekamp, R. J. O. de Muinck Keizer,
N. W. L. Schep, D. T. Ubbink, M. J. M. Panneman, and
J. C. Goslings, “Epidemiology of extremity fractures in Te
Netherlands,” Injury, vol. 48, no. 7, pp. 1355–1362, 2017.

[6] P. Kannus, M. Palvanen, S. Niemi, J. Parkkari, and
M. Järvinen, “Increasing number and incidence of low-

trauma ankle fractures in elderly people: Finnish statistics
during 1970–2000 and projections for the future,” Bone,
vol. 31, no. 3, pp. 430–433, 2002.

[7] C. M. Court-Brown, J. McBirnie, and G. Wilson, “Adult ankle
fractures–an increasing problem?” Acta Orthopaedica Scan-
dinavica, vol. 69, no. 1, pp. 43–47, 1998.

[8] C. M. Court-Brown, N. D. Clement, A. D. Duckworth,
L. C. Biant, and M. M. McQueen, “Te changing epidemi-
ology of fall-related fractures in adults,” Injury, vol. 48, no. 4,
pp. 819–824, 2017.

[9] P. Hemmann, M. Friederich, D. Körner, T. Klopfer, and
C. Bahrs, “Changing epidemiology of lower extremity frac-
tures in adults over a 15-year period–a national hospital
discharge registry study-a national hospital discharge registry
study,” BMCMusculoskelet Disord, vol. 22, no. 1, p. 456, 2021.

[10] C. M. Court-Brown, A. D. Duckworth, N. D. Clement, and
M. M. McQueen, “Fractures in older adults. A view of the
future?” Injury, vol. 49, no. 12, pp. 2161–2166, 2018.

[11] R. Elsoe, S. E. Ostgaard, and P. Larsen, “Population-based
epidemiology of 9767 ankle fractures,” Foot and Ankle Sur-
gery, vol. 24, no. 1, pp. 34–39, 2018.

[12] B. G. Weber, “Aktuelle probleme in der chirurgie. Band 3. Die
verletzungen des oberen sprunggelenkes,” 1972, https://
books.google.com.au/books?id=22NsAAAAMAAJ.

[13] D. Vieira Cardoso, V. Dubois-Ferrière, A. Gamulin et al.,
“Operatively treated ankle fractures in Switzerland,
2002–2012: epidemiology and associations between baseline
characteristics and fracture types,” BMC Musculoskelet Dis-
ord, vol. 22, no. 1, p. 266, 2021.

[14] S. M. Han, T. H. Wu, J. X. Wen et al., “Radiographic analysis
of adult ankle fractures using combined Danis-Weber and
Lauge-Hansen classifcation systems,” Scientifc Reports,
vol. 10, no. 1, p. 7655, 2020.

[15] J. D. Michelson, “Using decision analysis to assess compar-
ative clinical efcacy of surgical treatment of unstable ankle
fractures,” Journal of Orthopaedic Trauma, vol. 27, no. 11,
pp. 642–648, 2013.

[16] D. J. Wright, J. T. Bariteau, and A. R. Hsu, “Advances in the
surgical management of ankle fractures,” Foot and Ankle
Orthopaedics, vol. 4, Article ID 2473011419888505, 2019.

[17] G. Canton, A. Sborgia, G. Maritan et al., “Fibula fractures
management,” World Journal of Orthopedics, vol. 12, no. 5,
pp. 254–269, 2021.

[18] M. J. Lynde, T. Sautter, G. A. Hamilton, and J. M. Schuberth,
“Complications after open reduction and internal fxation of
ankle fractures in the elderly,” Foot and Ankle Surgery, vol. 18,
no. 2, pp. 103–107, 2012.

[19] M. Vioreanu, S. Brophy, S. Dudeney et al., “Displaced ankle
fractures in the geriatric population: operative or non-
operative treatment,” Foot and Ankle Surgery, vol. 13, no. 1,
pp. 10–14, 2007.

[20] C. M. Srinivasan and C. G. Moran, “Internal fxation of ankle
fractures in the very elderly,” Injury, vol. 32, no. 7, pp. 559–
563, 2001.

[21] D. W. Sanders, C. Tieszer, and B. Corbett, “Operative versus
nonoperative treatment of unstable lateral malleolar fractures:
a randomized multicenter trial,” Journal of Orthopaedic
Trauma, vol. 26, no. 3, pp. 129–134, 2012.

[22] A. Sahin, A. Agar, D. Gulabi, and C. Erturk, “Te surgical
outcomes of unstable ankle fractures in patients aged
>65 years,” Geriatric Orthopaedic Surgery and Rehabilitation,
vol. 12, Article ID 215145932199776, 2021.

10 Advances in Orthopedics

 2638, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2024/7506557 by U

niversity O
f C

hicago L
ibrary, W

iley O
nline L

ibrary on [07/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://pearldiverinc.com
https://downloads.hindawi.com/journals/aorth/2024/7506557.f1.docx
https://books.google.com.au/books?id=22NsAAAAMAAJ
https://books.google.com.au/books?id=22NsAAAAMAAJ


[23] C. M. Beleckas and J. P. Szatkowski, “Nontraditional methods
of fbula fxation,” Orthopedic Clinics of North America,
vol. 52, no. 2, pp. 123–131, 2021.

[24] T. O. White, K. E. Bugler, P. Appleton, E. Will,
M. M. McQueen, and C. M. Court-Brown, “A prospective
randomised controlled trial of the fbular nail versus standard
open reduction and internal fxation for fxation of ankle
fractures in elderly patients,” Te Bone and Joint Journal,
vol. 98, no. 9, pp. 1248–1252, 2016.

[25] C. Kong, L. Kolla, K. Wing, and A. S. Younger, “Arthroscopy-
assisted closed reduction and percutaneous nail fxation of
unstable ankle fractures: description of a minimally invasive
procedure,” Arthroscopy Techniques, vol. 3, no. 1, pp. e181–
e184, 2014.

[26] K. E. Bugler, C. D. Watson, A. R. Hardie et al., “Te treatment
of unstable fractures of the ankle using the acumed fbular
nail: development of a technique,” Journal of Bone and Joint
Surgery British Volume, vol. 94, no. 8, pp. 1107–1112, 2012.

[27] D. B. Tas, D. P. J. Smeeing, B. L. Emmink et al., “Intra-
medullary fxation versus plate fxation of distal fbular
fractures: a systematic review and meta-analysis of ran-
domized controlled trials and observational studies,” Journal
of Foot and Ankle Surgery, vol. 58, no. 1, pp. 119–126, 2019.

[28] A. K. Attia, A. Fayed, K. Mahmoud, S. A. Labib, U. Aydogan,
and P. Juliano, “Locked intramedullary nailing provides su-
perior functional outcomes and lower complication rates than
plate fxation of distal fbula fractures. A systematic review
and meta-analysis of comparative studies,” Foot and Ankle
Surgery, vol. 28, no. 7, pp. 986–994, 2022.
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