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Abstract

Purpose To estimate the rate of surgical treatment of paedi-
atric proximal humerus fractures over time utilizing a large,
publicly available national database.

Methods The Healthcare Cost and Utilization Project Kids’
Inpatient Database was evaluated between the years 2000
and 2012. Proximal humerus fractures were identified using
International Classification of Diseases, 9" Revision, Clinical
Modification (ICD-9 CM) diagnosis codes. ICD-9 CM pro-
cedure codes were used to identify patients who received
surgical treatment. Univariable and multivariable logjistic
regression were used to determine variables associated with
greater proportions of surgical treatment. All statistical anal-
yses were performed utilizing SAS statistical software v.9.4.
Statistical significance was set at p < 0.05.

Results A total of 7520 proximal humerus fracture admis-
sions were identified; 3247 (43.2%) were treated surgically.
The percentage of patients receiving surgery increased from
39.3% in 2000 to 46.4% in 2012 (p < 0.001). After adjustment
for potential confounders, increased age, increased ICD-9 de-
rived injury severity scores (ICISS) and more recent year were
associated with an increased proportion of patients receiving
surgical treatment (p < 0.001). Medicaid payer status (p <
0.001) and admission to a children’s hospital (p = 0.045) were
associated with a lower proportion of surgical treatment.
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Conclusion The rate of operative treatment of paediatric
proximal humerus fractures increased over time between
2000 and 2012. Increased surgical rates were independent-
ly associated with older age, increased ICISS, treatment at a
non-children’s hospital and non-Medicaid insurance status.
Further study is needed to provide evidence to support im-
proved outcomes after operative treatment of paediatric
proximal humerus fractures.
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Introduction

Fractures of the proximal humerus account for approxi-
mately 2% of all fractures in paediatric patients."? The
pattern and displacement of these fractures is often influ-
enced by the patient’s age and mechanism of injury.2 The
majority (85%) of paediatric proximal humerus fractures
are nondisplaced or minimally displaced.> Additionally,
the remodelling potential of the proximal humerus is sub-
stantial since the proximal humeral physis accounts for
80% of the longitudinal growth of the humerus. There-
fore, the standard for the management of these nondis-
placed or minimally displaced fractures is non-surgical.
In contrast, the management of significantly displaced
fractures remains controversial, particularly in adolescents
who may have limited remaining growth and remodelling
potential.?

There is a limited amount of literature directly com-
paring the effectiveness of non-operative with operative
treatment for significantly displaced proximal humerus
fractures in children and adolescents. Despite this, there
are increasing reports of good results with operative
management.>1® The purpose of this study was to esti-
mate the rate of surgical treatment of paediatric proximal
humerus fractures over time, utilizing a large, publicly
available national database. We hypothesized that the
rate of operative treatment is increasing and that certain
demographic factors are associated with increased rates
of surgery.
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Table 1 Demographics of proximal humerus fracture patients

Variable Value National estimate of patients Fracture population (%) 95% confidence interval
Sex Male 4828 64.19 62.62 t0 65.77
Female 2693 35.81 34.23 to 37.38
Age (yrs) 0to4 1034 13.75 12.50 to 15.01
5t09 820 10.91 9.89to 11.92
10 to 14 2453 32.62 31.03 to 34.22
15 to 20 3212 42.72 40.65 to 44.78
Hospital type Children’s hospital 1036 13.77 11.57 to 15.97
General hospital 6485 86.23 84.03 to 88.43
Insurance status Medicaid 2142 28.49 26.76 to 30.21
Private/self-pay/other 5378 71.51 69.79 to 73.24
Yr 2000 1909 25.39 23.23to0 27.55
2003 1570 20.87 19.39 to 22.35
2006 1493 19.85 18.33 to 21.36
2009 1385 18.42 17.03 to 19.80
2012 1164 15.48 13.94 to 17.01
Total 7520 100

Materials and methods

The Healthcare Cost and Utilization Project (HCUP) Kids’
Inpatient Database (KID) is the largest publicly-available
all-payer paediatric inpatient database that is compiled,
and is based on two to three million annual hospital stays
within the United States.” The database is a result of data
collected in the 46 states that have partnered with the
Agency for Healthcare Research and Quality and maintain
statewide data collection efforts. The database is a sam-
ple of all discharges at all of the hospitals in participating
states. The large sample size generates data that is gener-
alizable to the national paediatric population.

Paediatric proximal humerus fractures were identified
using International Classification of Diseases, 9th Revi-
sion, Clinical Modification (ICD-9 CM) diagnosis codes;
open fracture codes were excluded. ICD-9 CM procedure
codes were used to identify patients who received surgical
treatment between the years 2000 and 2012. The demo-
graphic characteristics collected included sex, age (strati-
fied into age groups of O to four, five to nine, ten to 14 and
15 to 20 years old), insurance status (Medicaid, private,
self-pay, other) and ICD-9 derived injury severity score
(ICISS)."? Hospital-related data collected included hospital
type (children’s, general). Standard error and 95% confi-
dence limits were calculated for all variables.

Multivariable logistic regression was used to determine
variables associated with greater proportion of surgical
treatment. All statistical analyses were performed utiliz-
ing SAS statistical software v.9.4 (SAS Institute, Inc. Cary,
North Carolina). Statistical significance was set at p < 0.05.

Results

Table 1 represents the demographic characteristics of
patients who were identified as having sustained a prox-
imal humerus fracture. In all, 7520 proximal humerus
fracture admissions were identified (average 1504 per
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Table 2 Percentage of patients treated surgically by demographic

Variable Value Treated surgically 95% confidence
(%) interval

Sex Male 44.85 42.66 to 47.04
Female 40.17 37.32t0 43.02

Age (yrs) Oto4 7.47 5.46 t0 9.48
5t09 29.34 24.78 t0 33.90
10to 14 51.51 48.59 to 54.44
15to 20 51.84 49.25 to 54.43

Hospital type Children’s hospital 29.33 24.89 to 33.76

General hospital 45.39 43.34 to 47.43
Insurance status Medicaid 32.72 29.94 to 35.51
Private/self-pay/other 47.34 45.13 to 49.54
Yr 2000 39.34 34.83 to 43.84
2003 41.91 38.44 to 45.39
2006 44.15 40.71 to 47.58
2009 46.12 42.94 to 49.30
2012 46.41 42.44 t0 50.39
Overall 43.17 41.29 to 45.06

year queried), with 3247 (43.2%) of these patients treated
surgically (Table 2). The percentage of patients receiving
surgery to treat proximal humerus fractures increased
from 39.3% in 2000 to 46.4% in 2012 (p < 0.001), with
the percentage increasing each year (Fig. 1). Of admitted
patients with proximal humerus fractures, 64.1% were
male and 35.9% were female; 44.9% of male patients
were managed surgically, compared with 40.2% of female
patients. Surgical management of these fractures was per-
formed in 7.5% of O- to four-year-old children, 29.3% of
five- to nine-year-old children, 51.5% of ten- to 14-year-
old children and 51.8% of 15- to 20-year-old children.
Patients insured with Medicaid were managed surgically
32.7% of the time, while 47.3% of patients with private,
self-pay or other insurance were managed surgically. Sur-
gically treated patients had increased injury severity, with
mean ICISS of 0.951 (range 0.001 to 0.999; standard error
0.002), compared with mean ICISS of 0.915 (range 0.001
to 0.999; standard error 0.003) in non-surgically man-
aged patients (p < 0.001). In all, 29.3% of patients admit-
ted to a children’s hospital were managed surgically, while
45.4% of patients receiving care at a general hospital were
managed surgically.

J Child Orthop 2018;12:111-116
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Percentage of Admitted Patients Receiving Surgery 2000-2012
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Fig. 1 Percent of admitted patients treated surgically between 2000 and 2012.

After multivariable logistic regression to correct for
confounding variables, increased age (Fig. 2, Table 2) and
more recentyear (Fig. 1, Table 2) were associated with a sta-
tistically significant increase in the proportion of patients
receiving surgical treatment (p < 0.001). Increased injury
severity was also associated with increased proportion of
surgical treatment (p < 0.001). Medicaid payer status (p <
0.001) and admission to a children’s hospital (p = 0.0345)
were associated with a lower proportion of surgical treat-
ment. Patient sex (p = 0.443) was not associated with
differing rates of surgical treatment.

Discussion

In this study, we found that over a ten-year period, the
annual percentage of surgical management of paediatric
proximal humerus fractures increased significantly from
39.4% in 2000 to 46.3% in 2012 (p < 0.001). This increase
in surgical management corresponds to the time period
in which several publications reported favourable out-
comes after surgical management of paediatric proximal
humerus fractures.>”?13* These investigations may have
expanded the relative indications for surgical intervention,
which may in turn be reflected in national trends of sur-
gical management for paediatric proximal humerus frac-
tures.

| Child Orthop 2018;12:111-116

The Neer-Horwitz classification system is commonly
used to describe paediatric proximal humerus fractures.'2
It divides paediatric proximal humerus fractures into four
grades. Grade | includes fractures with < 5 mm of displace-
ment of the proximal humerus relative to the shaft. Grade
Il includes fractures that are displaced less than one-third
of the width of the shaft. Grade Il fractures are displaced
two-thirds of the width of the shaft. Grade IV fractures are
displaced greater that two-thirds of the width of the shaft.
Neer-Horwitz Grade Ill and IV fractures are associated with
higher energy mechanisms of injury and higher degrees
of fracture instability.>'> Several authors have set variable
thresholds for surgical management of these fractures
and there is a lack of consensus among published stud-
ies.>479131516 Additionally, there are few if any high-quality,
comparative outcomes studies examining operative ver-
sus non-operative management of these injuries in chil-
dren.81°

Although there is not one universal displacement or
angulation cutoff for operative intervention, the litera-
ture suggests that operative intervention should be con-
sidered in patients with: 1) Neer-Horwitz Grade Ill or IV
fractures, 2) fractures that are > 60° angulated in patients
less than ten years old, and 3) > 30° angulated in patients
equal to or more than ten years old. As publications in
the last decade have reported good outcomes following
operative intervention for Neer-Horwitz Grade Il or IV
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Fig. 2 Percentage of admitted patients treated surgically by age.

paediatric proximal humerus fractures, this may at least
partly account for the increased rate of operative treat-
ment for paediatric proximal humerus fractures found in
our study, since patients with higher ICISS scores were
more likely to undergo surgical treatment. Presumably,
higher ICISS scores are associated with more severe frac-
tures, although we could not directly comment on frac-
ture severity given the limitations of the dataset studied.
Pahlavan et al® performed a systematic review in an
attempt to determine the optimal indications for surgical
intervention for paediatric proximal humerus fractures.
After applying their inclusion and exclusion criteria, 14
studies were included, and all were uncontrolled cases
series (Level IV). The authors recommended that cases of
paediatric proximal humerus fractures should be divided
into three groups: younger than ten years old, ten to 13
years old and those older than 13 years. They concluded
that children less than ten years old can generally be
treated nonoperatively, except when the fracture is open
or there is neurovascular compromise. Children > 13
years old should be offered surgery to restore anatomical
alignment if the amount of displacement or angulation
of their fracture warrants surgical intervention (although
the threshold amount of displacement and angulation
remains poorly defined). Those between ten and 13 years
old should be managed on a case-by-case basis. These rec-
ommendations correspond to the remodelling capacity of
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the proximal humerus associated with each age group.
The quality of recommendations remains relatively poor
and this stems from the limited evidence in the literature.

Our data show that increased patient age is an inde-
pendent predictor of surgical treatment for proximal
humerus fractures. This is expected since the limited lit-
erature on the topic supports surgical treatment for older
patients. Despite the lack of clear guidelines or compara-
tive outcome studies in paediatric patients with proximal
humerus fractures, however, the rate of surgical interven-
tion is also increasing as a function of time. This finding
is similar to other studies examining paediatric upper
extremity injuries.”-?° Whether surgical treatment results
in better outcomes compared with non-surgical treat-
ment in these injuries is certainly unclear and conduct-
ing high-quality comparative outcomes studies such as
randomized controlled trials (RCT) would be the optimal
method to justify one treatment approach over the other.
Conducting RCTs in this patient population, however,
is logistically difficult and may be ethically questionable
since children represent a vulnerable population. Retro-
spective comparison with matched cohorts is more ethi-
cally justifiable and logistically feasible, however, finding
appropriately matched cohorts is also challenging.

The strengths of our investigation include the large,
national patient sample size, which renders the results
generalizable to the national paediatric population and

J Child Orthop 2018;12:111-116



TREATMENT OF PAEDIATRIC PROXIMAL HUMERUS FRACTURES

JOURNAL OF
CHILDREN’S ORTHOPAEDICS

the multivariable regression modelling we conducted to
eliminate potential confounding factors that may have
influenced our results. The HCUP-KID has been used in
multiple other publications representing a variety of med-
ical and surgical disciplines.?’> There are, however, sev-
eral limitations to this investigation. First, like any large
national database, the HCUP-KID depends on the quality
of data entered and is at risk of coding misclassification.
Secondly, we were not able to extract particular fracture
characteristics, which limits our ability to fully understand
how many of the annual admitted paediatric proximal
humerus fractures warranted surgical intervention. For
example, it is impossible to determine what proportion
of fractures were epiphyseal nor was it possible to deter-
mine fracture pattern or severity because of the inherent
limitations of the coded data in the database. Thirdly, no
outcome data was available and therefore we cannot con-
clude whether surgical treatment for these injuries results
in better outcomes. Fourthly, our multivariable logistic
regression model is limited by the variables recorded and
available for analysis. Finally, the database used in this
study only accounts for hospital admissions/discharges.
Patients with injuries that did not necessitate admission
would not have been captured in this sample which may
represent a significant volume since most paediatric prox-
imal humerus fractures can be treated in an outpatient
setting.

In conclusion, this investigation found that the rate of
operative treatment of paediatric proximal humerus frac-
tures increased over time between 2000 and 2012. Increased
surgical rates were associated with older age, treatment at
a non-children’s hospital, higher ICISS and non-Medicaid
insurance status. Further study is needed to provide evi-
dence to support improved outcomes after operative treat-
ment of paediatric proximal humerus fractures.
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