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Abstract

Background: Ankle fractures are among the most common physeal fractures in children. When surgical management is
warranted, subsequent hardware removal remains controversial. This study was designed to determine rates of hardware
removal in patients with physeal ankle fractures and identify risk factors for removal. Procedure data was utilized to
compare rates of subsequent ankle procedures in patients with hardware removed and hardware retained.

Methods: We conducted a retrospective cohort study utilizing data from the Pediatric Health Information System
(PHIS) for the years 2015 through 2021. We longitudinally followed patients treated for distal tibia physeal fractures to
determine the rates of hardware removal and subsequent ankle procedures. Patients with open fractures or polytrauma
were excluded. We used univariate, multivariate, and descriptive statistics to characterize the rates of hardware removal,
identify factors associated with removal, and assess the rates of subsequent procedures.

Results: This study included 1008 patients who underwent surgical management of a physeal ankle fracture. The mean
age at index surgery was | 2.6 years with an SD of 2.2 years, and 60% of patients identified as male. Two hundred forty-two
patients (24%) had their hardware removed at an average time of 276 days (range, 21-1435 days) following index surgery.
Patients with Salter Harris lll (SH-IIl) or Salter Harris IV (SH-IV) fractures had hardware removed more often than patients
with Salter-Harris Il (SH-II) fractures (28.9% vs 11.7%, P<<.0l). Four-year rates of subsequent ankle procedures are similar
between patients with hardware removed and hardware retained.

Conclusion: The rate of hardware removal in children with physeal ankle fractures is higher than previously reported.
Patients of younger age, higher income, and with fractures involving the epiphysis (SH-IIl and SH-IV) are more likely to
undergo hardware removal.

Level of Evidence: Level lll, retrospective study.
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Physeal fractures of the distal tibia represent between 9%

and 18% of all physeal injuries in children.”!%!1314 These

injuries may be purely physeal (Salter Harris I) or may
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patient age.!! If surgery is indicated for displaced fractures,
management may consist of either closed reduction and
percutaneous pinning (CRPP) or open reduction internal
fixation (ORIF) to achieve anatomic reduction and decrease
the risk of growth arrest or future joint degeneration. These
fractures are commonly fixed with Kirschner wires
(K-wires), screws, or a combination thereof but rarely
require plating. The hardware can be removed later for a
variety of reasons including pain, mechanical dysfunction,
infection, and concern for future arthritis.'?

Currently, asymptomatic hardware removal remains con-
troversial. A scoping review conducted by Prediger et al'
demonstrated a lack of convincing evidence regarding the
removal of asymptomatic hardware. Removal can be costly
for individual patients as well as the health care system. In
fact, Boulos et al’> estimated the typical cost for pediatric
orthopaedic hardware removal to be more than $11000.
However, other clinical studies have suggested hardware
removal may improve function and reduce pain.*%!7-21.22
Cadaveric data has suggested that the removal of hardware
consisting of epiphyseal screws placed in the setting of pedi-
atric ankle fractures may decrease interarticular forces
within the ankle.? Altering these forces may decrease the risk
for subsequent joint degeneration or growth disturbances,
and it is commonly cited as the rationale for elective hard-
ware removal in pediatric ankle fractures.

A recent study found that hardware was removed in
18% of tibia/fibula fractures in the pediatric population.?
However, there are no studies assessing the rate of hard-
ware removal specifically after physeal ankle fractures.
Additionally, previous studies on pediatric ankle fractures
have not evaluated outcomes after hardware removal such
as the rate of subsequent procedures. Determining the rate
of hardware removal after this injury is critical in educat-
ing patients and assessing indications and benefits. In this
study, we aimed to determine the rate of hardware removal
following surgical management of physeal ankle fractures
using a large national database. Furthermore, we analyzed
differences in age, sex, race, payor type, predicted income,
residence, and rates of subsequent ankle procedures
between patients who had hardware removed and hard-
ware retained after index surgery.

Materials and Methods

Data Source

A retrospective cohort study was performed using data
from the Pediatric Health Information System database
(PHIS). The PHIS database is an administrative database
containing data from inpatient, emergency department,
ambulatory surgery, and observation level encounters from
49 hospitals across the United States. All contributing

hospitals are not-for-profit, tertiary pediatric hospitals.
Contributing hospitals work in conjunction with the
Children’s Hospital Association (Lenexa, KS) to maintain
data quality. Data are deidentified and undergo validity and
reliability checks before inclusion in the database.

Population and Selection Criteria

Patients receiving care at PHIS centers were identified
through International Classification of Diseases, Tenth
Revision (ICD-10), codes. All patients <18 years old who
had surgery for a distal tibia physeal fracture were included.
We identified these patients by ensuring that each had the
appropriate diagnosis and procedure codes. Eligible
diagnosis codes included the S89.1 codes for distal tibia
physeal fractures. Eligible procedure codes included codes
for CRPP or ORIF: 0QSG04Z, 0QSG06Z, 0QSG34Z,
0QSH04Z, 0QSH06Z, 0QSH34Z, 0SSF04Z, and 0SSG04Z.
Patients with open fractures and polytrauma were excluded.
The main cohort consisted of all patients with index surgery
between October 1, 2015, and May 31, 2019, within the
PHIS database and included 2 years of follow-up data
through May 2021. This cohort was used to assess hardware
removal rates and demographics. We also analyzed a sub-
group of patients with at least 4years of follow-up, who
were treated between October 1, 2015, and May 31, 2017,
to calculate the rate of subsequent procedures following
hardware removal. Individual patients are deidentified and
assigned record numbers in the PHIS database, which
allows for longitudinal analysis of specific patients and the
analysis of subsequent procedures.

Variables and Statistical Analysis

The primary outcome measure of this study was the rate of
hardware removal following operative management of
pediatric distal tibia physeal fractures. Patient demograph-
ics included age, sex, race, payor type, predicted income,
and geography. Income data provided by PHIS was based
on patient zip codes and US Census Bureau data. Bivariate
analyses were performed to assess differences related to
age, sex, race, payor type, predicted income, geography,
and fracture type. Analyses were conducted using %2, Fisher
exact, and ¢ tests. After identifying significant variables in
the bivariate analysis, multivariate logistic regression was
performed to identify predictors of hardware removal. For
the multivariate analysis, age was grouped into categorical
bins by age groups <8years, 8-12years, and =12years.
Income was also grouped into income less than $25000,
$25000 to $50000, $50000 to $75000, and $75000 and
above. P<.05 was considered statistically significant. All
analysis was conducted in Excel (Microsoft, Redmond,
WA) and Stata (StataCorp, College Station, TX).
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Table I. Cohort Demographics (N = 1008).

Characteristic Mean = SD or n (%)

Age, y, mean * SD 12.6 = 2.2
Sex

Male 607 (60)

Female 401 (40)
Ethnicity

White 620 (62)

Black 218 (22)

Other/unknown 170 (17)
Payor type

Medicaid 437 (43)

Private insurance 472 (47)

Other 99 (10)
Predicted income, $, mean = SD 47331+18193
Region

Midwest 260 (26)

Northeast 144 (14)

South 396 (39)

West 208 (21)
Surgery type

ORIF 826 (82)

CRPP 182 (18)

Abbreviations: CRPP, closed reduction and percutaneous pinning; ORIF,
open reduction internal fixation.

Results

Cohort Demographics

Our initial PHIS search resulted in a cohort of 1138 patients.
One hundred twenty-five were excluded for polytrauma and
5 were excluded for open fractures, resulting in a final
cohort of 1008 patients (Table 1). Eighty-two percent under-
went ORIF and 18% underwent CRPP. The average age
at index surgery was 12.6 (SD, 2.2years; range, 3.5-
17.8 years). The majority of the cohort was male (60%), and
62% of patients were White/Caucasian whereas 22% were
Black/African American. Approximately 47% of patients
had commercial insurance whereas 43% had Medicaid
insurance. The geographic distribution was approximately
26% Midwest, 14% Northeast, 39% South, and 21% West.
The average predicted household income provided by the
PHIS database was $47331.91 (SD, $18193.32; range,
$12920-$131088).

Hardware Removal

Of the patients undergoing surgery for all distal tibia phy-
seal fractures, 24.2% had their hardware removed at a mean
of 276 days (SD, 186) following index surgery (Figure 1).
Patients with fractures involving the epiphysis (Salter
Harris IIT and IV) had a higher rate of hardware removal
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Figure |I. Time from index surgery to hardware removal.

compared to patients with fractures not involving the epiph-
ysis (Salter Harris I and II) (28.9% vs 11.7%, P<<.01).
Patients with epiphyseal fractures also underwent hardware
removal earlier than patients with nonepiphyseal fractures
(258 vs 318days, P<.01).

Predictors of Hardware Removal

Univariate analyses demonstrated age and income to be sig-
nificant predictors of subsequent hardware removal.
Specifically, patients with hardware removed had a lower
mean age at the time of index procedure compared to
patients who did not have their hardware removed (12.0 vs
12.8years old, P<<.01). Patients with hardware removed
also had a higher mean predicted income than patients with
hardware retained ($49560 vs $46621, P=.027). Other
demographic variables showed no significant relationship
with hardware removal rates (Table 2). In the multivariate
analysis, lower age and higher income were both predictors
of removal of hardware. Patients under the age of 8 (OR
0.50, 95% CI 0.26-0.96, P=.04) and patients aged 8-12
years (OR 0.29, 95% CI 0.15-0.55, P<.01) were more
likely to have hardware removed than patients aged >12
years. Multivariate analysis also showed patients with pre-
dicted income greater than $75000 (OR 3.31, 95% CI 1.41-
7.80, P<.01) were more likely to have hardware removed
than patients with lower income.

Subsequent Ankle Procedures

To calculate the rate of subsequent ankle procedures follow-
ing hardware removal, a subset of patients was identified
that underwent index surgery between October 1, 2015, and
May 31, 2017, to ensure a minimum of 4 years of follow-
up. This resulted in a cohort of 468 patients in which 121
had their hardware removed (25.6%) and 347 had their
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Table 2. Demographic Information and Univariate Analyses for Predictors of Hardware Removal.

Hardware Removed, Mean * SD or n (%)

Hardware Retained, Mean = SD or n (%)

(n=242) (n=766) P Value
Age, y, mean = SD 12.0£2.5 12.8%2.1 <.0l
Sex
Male 142 (58.7) 465 (60.7) NS
Female 100 (41.3) 301 (39.3)
Ethnicity
White 155 (64.0) 465 (60.7)
Black 45 (18.5) 173 (22.6) NS
Other/unknown 42 (17.4) 128 (16.7)
Payor type
Medicaid 105 (43.4) 332 (43.3)
Private insurance 118 (48.8) 354 (46.2) NS
Other 19 (7.9) 80 (10.4)
Predicted income, $, mean = SD 4956019114 46621+ 17564 .03
Region
Midwest 58 (24.0) 202 (26.4)
Northeast 43 (17.8) 101 (13.2) NS
South 96 (39.3) 300 (39.2)
West 45 (18.6) 163 (21.3)

Abbreviation: NS, nonsignificant.

Rate of Subsequent Ankle Procedures
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Figure 2. Comparison of rates of additional procedures in
patients with hardware removed (3.4%) vs hardware retained
(3.7%) (P=.82).

hardware retained. There was no significant difference in
rates of subsequent surgery between patients that did or did
not have their hardware removed (3.4% vs 3.7%, P> .05,
Figure 2). The most common subsequent procedure in each
group was for epiphyseal arrest (Current Procedural
Terminology code 27734).

Discussion

Physeal fractures of the distal tibia are among the most com-
mon physeal fractures in children.®!%!3!* Hardware removal

has the potential to reduce pain and improve patient satisfac-
tion but remains controversial because of cost and complica-
tions associated with additional surgical procedures.
Complications associated with hardware removal include
refracture, infection, hematoma, wound dehiscence, blood
loss, and prolonged operative time.!® The current study dem-
onstrates a rate of hardware removal of 24.2% in pediatric
patients who undergo surgery of physeal ankle fractures.
Patients younger than 12years old or with predicted family
annual income greater than $75 000 were more likely to have
hardware removed than other groups. Patients with fractures
involving the epiphysis were more likely to have their hard-
ware removed than patients with nonepiphyseal fractures.

These results suggest a slightly higher rate of hardware
removal for physeal ankle fractures than has been previously
shown in the pediatric population. Boulos et al® reported that
the rate of hardware removal across all injuries treated with
surgery in the 10- to 14-year age group was 21% and the rate
of hardware removal for tibia/fibula fractures in all pediatric
patients was 18%. This observed difference may be related
to inherent differences in the databases used for these stud-
ies. The current study used the PHIS database and Boulos
et al used the Kids’ Inpatient Database (KID). Whereas the
KID database includes only inpatient data, the PHIS data-
base includes outpatient data, thereby allowing detection
and recording of outpatient hardware removal. Additionally,
the currently reported rate of hardware removal is lower than
that quoted in the adult literature, which has been reported to
be as high as 27%.'2

The rates of subsequent ankle procedures were not signifi-
cantly different between patients with hardware removed or
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retained at a minimum of 4 years after index surgery. These
findings suggest that leaving hardware in place does not
increase the need for further surgeries. Additionally, the cur-
rent study demonstrates that rates of hardware removal were
higher for patients with Salter Harris III and IV type fracture
as compared to Salter Harris I and II (28.9% vs 11.7%),
which was also consistent with the multivariate analysis. The
data are not able to elucidate the cause of this difference;
however, one hypothesis is that given Salter Harris III and IV
fractures often require more fixation than Salter Harris I and
II fractures, this hardware may be more likely to become
symptomatic.’> Further studies looking into specific patient
factors are required to further investigate this finding.

The current study also demonstrated that hardware was
removed more often in patients with higher predicted
income. The multivariate analysis demonstrated that
patients with a predicted income greater than $75000 were
>3 times as likely to have hardware removed than patients
with lower income. Univariate analysis showed an average
of $3000 income gap between patients with hardware
removed and hardware retained. This difference represented
approximately 6% of the total annual predicted income of
these patients. Both groups’ mean predicted income
($46 621-49 560) was roughly the mean personal income in
the United States during the study period ($44510-
54129)." Although the current study does not allow for the
assessment of causality, it is consistent with prior studies
showing association between low income and lower health
care specialist utilization.” Future work may investigate
whether socioeconomics influence the decision to undergo
hardware removal as well as access to health care.

The findings from this study have important implica-
tions to clinical practice and patient counseling. Specifically,
this study allows surgeons to compare their practice to
national trends and appropriately counsel patients with this
injury. Currently, asymptomatic hardware may occasionally
be removed at the family’s request.>'%?° The current study
does not show any significant difference in rates of subse-
quent procedures involving the surgical extremity irrespec-
tive of hardware removal. However, long-term follow-up
studies are needed to assess for joint degeneration espe-
cially with epiphyseal fixation. Despite the study by
Charlton et al® showing increased intra-articular pressure
with subchondral screws in the distal tibia, additional clini-
cal studies are needed to substantiate these concerns and
appropriately counsel patients.

This study has several strengths. This is the first study in
the literature assessing the rate of hardware removal follow-
ing physeal ankle fractures. We included at least 2 years of
follow-up, allowing for detection of hardware removal pro-
cedures following index surgery. Additionally, the PHIS
database includes both inpatient and outpatient data, allow-
ing for detection of outpatient hardware removal procedures,
as compared to other studies that focus on inpatient

procedures. Lastly, the PHIS database includes data from
multiple children’s hospitals across the United States, allow-
ing for generalizability of the current findings.

There are several limitations of the current study. The
PHIS database is an administrative database and is there-
fore susceptible to coding errors, underreporting, and
incomplete reporting. This study may underreport the rate
of hardware removal and the rate of subsequent procedures
because patients may have their hardware removed at a
nonparticipating hospital or outside the study period.
Additionally, the procedure and diagnosis codes do not
allow for the determination of indications for hardware
removal (infection, pain, or patient preference). The proce-
dure and diagnosis codes only give broad description of
fracture type such as SH-II and SH-III but do not give more
specific fracture details. Finally, although we found no dif-
ference in rate of additional procedures at 4 years, we are
unable to evaluate outcomes at longer time points because
of limitations of the PHIS database. Additional longer-term
studies using patient-specific clinical, demographic, and
radiographic data are needed to better define the risks of
leaving hardware in place for pediatric ankle fractures.

In conclusion, this study found that approximately a
quarter of all children treated with surgery for ankle frac-
tures undergo hardware removal within 2 years of index
surgery. Younger patients, those with higher predicted
income, and fractures that involve the epiphysis are more
likely to have hardware removed. Rates of subsequent pro-
cedures on the operative extremity were not significantly
different between patients with hardware removed and
hardware retained at a minimum of 4 years after index sur-
gery. Additional multicenter studies using pooled radio-
graphic, demographic, and clinical data are needed to
validate the rates of hardware removal, identify indications,
and better inform surgical recommendations and patient
expectations.
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