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ABSTRACT

Objective: Widening surgical indications and advances in technology have facilitated an increased number of total hip arthro-
plasty (THA) procedures among the adolescent population. The purpose of this study is to improve the understanding of inpatient
and hospital demographics of adolescent THA patients as well as to compare these demographics with that of their more prevalent
adult counterparts.
Methods: Data from the Kids’ Inpatient Database and the Nationwide Inpatient Sample from 1997-2009 with a total of 1,652
adolescent and 603,968 adult THA patients were analyzed.
Results: Trends among the adolescent THA population included significant increases in procedures, total charges, and complica-
tion rates, while length of stay significantly decreased.
Conclusions: The comparison between adult and adolescent demographics found differences in diagnosis, ethnicity, insurance
type, discharge status, and total charges.
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1. INTRODUCTION
Primary total hip arthroplasty (THA) in the adult population
is well known in the medical field for its high functional
outcomes and low complication rates. Although the majority
of THA procedures are performed on adults 65 years and
older, improvements in prosthetic design, fixation techniques,
and bearing surfaces have resulted in an increased number
of procedures among the adolescent population.[1–4]

The complexity of performing THA in adolescent patients is
increased due to skeletal immaturity, poor bone quality asso-
ciated with systemic disease or medications, and technical
difficulties associated with previous surgeries.[5, 6] Adoles-

cent patients have an increased likelihood of multiple revi-
sions due to their life expectancy being longer than that of
the hip implant.[7] Additionally, the lifespan of the implant
itself is shorter in adolescents as compared to adults. Factors
contributing to accelerated implant failure in adolescent pa-
tients include higher post-operative activity level, history of
multiple procedures, and presence of comorbid disease.[3, 8]

Due to the difficulty of the procedure and the resultant need
of multiple revision surgeries, it is important to carefully con-
sider when it is appropriate to pursue THA in an adolescent
patient.

While there have been many studies investigating differing
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implants and surgical techniques in adolescent patients, there
has been a lack of literature regarding the epidemiology of
adolescent THA. Previous studies have shown that patient
and hospital demographics affect outcomes in adult THA pa-
tients, yet despite the well-known differences between these
patients and their adolescent counterparts, there is little in-
formation on adolescent THA demographics available. The
purpose of this study is to (1) analyze year-to-year demo-
graphic trends occurring in the adolescent THA population,
(2) to compare the demographics of adolescent THA patients
to adult THA patients, and (3) to review how previous stud-
ies have demonstrated the effect of demographics on THA
outcomes in adults.

2. METHODS
Institutional review board exemption was obtained for this
study from the Springfield Committee for Research Involving
Human Subjects. Data was obtained from the Kids’ Inpatient
Database (KID) and the Nationwide Inpatient Sample (NIS).
The NIS, which contains information on all inpatient stays,
is released annually. The KID, which includes only patients
0 to 20 years of age, is released every three years and began
in 1997. This study utilized data collected from adolescent
patients 13-20 years of age (KID) and adults 65 years of
age and older (NIS) from the years 1997, 2000, 2003, 2006,
and 2009. This included information from 2,500 to 4,000
hospitals in 22 to 44 states.

Using International Classification of Disease-9 (ICD-9) code
81.51, information for all patients undergoing a primary THA
was obtained for inclusion in this study. Variables which
were analyzed included age, primary diagnosis, gender, eth-
nicity, primary payer, mean length of stay, total charges,
hospital teaching status, and in-patient complications (see
Table 1). Adolescent diagnoses were divided into avascular
necrosis of the femur, osteoarthritis, juvenile rheumatoid
arthritis, and other. Other included congenital deformity,
juvenile osteochondrosis, traumatic arthropathy, adult-onset
rheumatoid arthritis, and malignant neoplasm. Adult-onset
rheumatoid arthritis is distinguished from juvenile rheuma-
toid arthritis by a diagnosis at age 16 or later.[9] Adult
diagnoses were separated into osteoarthritis, fracture, and
other. Other diagnoses for adults included avascular necrosis,
rheumatoid arthritis, and mechanical complication of internal
orthopaedic device. A diagnosis of osteoarthritis for both
adolescent and adult patients included generalized or local-
ized and primary or secondary variants. Due to the small
sample size, the ethnicity of adolescent patients was divided
into Caucasian and non-Caucasian groups. Non-Caucasians
included African Americans, Hispanics, Asian/Pacific Is-
landers, and Native Americans. Adult patients were divided

into Caucasian, African American, Hispanic, and Other,
which included Asian/Pacific Islanders and Native Amer-
icans.

Table 1. Independent variables
 

 

Age Ethnicity: Adolescent Hospital Status 

13-20 (Adolescent) 
> 65 (Adult) 

Caucasian 

Non-Caucasian+ 
Teaching 
Non-Teaching 

Diagnosis: Adolescent Ethnicity: Adult Complications 

Avascular Necrosis 
Osteoarthritis 
Juvenile Rheumatoid 
Arthritis 

Other* 

Caucasian 
African American 
Hispanic 

Other++ 

General 
Orthopaedic 

 

Mean Length of 

Stay  

Diagnosis: Adult Primary Payer Charges 

Osteoarthritis 
Fracture 

Other** 

Medicare 
Medicaid 

Private 

 

 

 

Gender Disposition  

Male  
Female 

Routine 
Transfer to another 
facility 
Home health care 

 

 

  

* Includes congenital deformity, juvenile osteochondosis, traumatic arthropathy, 
adult-onset rheumatoid arthritis, and malignant neoplasm; ** Includes avascular 
necrosis, rheumatoid arthritis, and mechanical complication of internal orthopedic 
device; + Includes African American, Hispanic, Asian/Pacific Islander, and Native 
American; ++ Includes Asian/Pacific Islander and Native American 

 
 The data were analyzed using SAS (North Carolina, USA)
9.2 with the FREQ procedure, which produces frequency
and cross tabulation tables and computes statistics for con-
tingency. The output from this procedure was the source
of the p-value and trend statistics presented in this paper.
P-values less than .05 were considered significant. Results
were weighted in order to facilitate accurate comparison of
statistics across the different time points.

3. RESULTS

A total of 1,652 adolescent and 603,968 adult patients who
underwent THA were analyzed. There were nearly 3 times
as many adolescent procedures in 2009 as compared to 1997
(see Figure 1). Most adolescent patients were diagnosed with
avascular necrosis (45%), while most adult patients were di-
agnosed with osteoarthritis (88%) (see Figure 2). Across all
years of data, 64% of adult patients and 59% of adolescent
patients were female. The percentage of male adolescent pa-
tients increased from 24% in 1997 to 45% in 2009. Caucasian
patients comprised 63% of adolescents who underwent THA,
with no significant difference between Caucasians and non-
Caucasians. There was a significant difference between
both Caucasian and African American patients and Cau-
casian and Hispanic patients in the adult population. In 2009,
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91% of adult patients undergoing THA were Caucasian (see
Figure 3). Significantly more adolescent patients used pri-
vate insurance than all other insurance types combined. From
1997 to 2009, there was a significant decrease in use of pri-
vate insurance and an increase in other primary payers, with
the shift being primarily towards Medicaid (see Figure 4).
Significantly more adult patients reported Medicare as their
primary payer (see Figure 5).

Figure 1. Number of THA procedures per year

Figure 2. Primary diagnosis by percentage (all years)

Figure 3. Ethnicity (all years)

Figure 4. Adolescent primary payer by year

Figure 5. Primary payer (2009 only)

The majority of adolescent patients were discharged rou-
tinely in 1997, 2000, and 2003. Patients discharged to
their home with self-care only were considered routine. In
2006 and 2009, the majority of adolescent patients were
transferred to another facility or home health care (see
Figure 6). The difference between adolescent and adult
patients undergoing routine discharge was significant. In
2009, 45% of adolescent patients were discharged routinely,
43% were discharged to home health care, and 11% were
transferred to another facility. In adults, 15% of patients
were discharged routinely, 32% were discharged to home
health care, and 52% were transferred to another facility (see
Figure 7). A significant decrease in length of stay was ob-
served for adolescent patients from 7.23 days in 2000 to 4.09
days in 2009. The length of stay for adult patients decreased
from 5.09 days in 1997 to 3.75 days in 2009. In 2009, there
was no significant difference in length of stay between ado-
lescent and adult patients. There were significant increases in
total charges for adolescent patients from 1997 to 2003, 2003
to 2006, and 2006 to 2009 (see Figure 8). In 2009, mean
total charges were $65,154 for adolescent patients compared
to $48,608 for adults.
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Figure 6. Adolescent disposition

Figure 7. Adult disposition

Figure 8. Mean total charges

Significantly more adolescent THA procedures were per-
formed in teaching hospitals versus non-teaching hospitals,
with the percentage of adolescent procedures performed in
teaching hospitals increasing from 57% in 1997 to 81% in
2009. Overall, 60% of adult procedures were performed in
a non-teaching hospital (see Figure 9). The overall com-
plication rate was 8% in the KID and 6% in the NIS. The
adolescent population had a significant increase in compli-
cation rates from 1997 to 2009 (see Figure 10). There was

no significant trend across years in the percentage of com-
plications in the adult population. There was no significant
relationship between complication rate and hospital teaching
status.

Figure 9. Hospital teaching status (percentage)

Figure 10. Complication rate

4. DISCUSSION
The most prevalent primary diagnosis in adolescent patients
was avascular necrosis of the femur (AVN) (45%), corre-
sponding with previous findings by Clohisy et al. (44%)
and Patel et al. (69%).[4, 10] Avascular necrosis can have
both traumatic and atraumatic origins. Traumatic cases are
induced by fractures to the proximal femur.[11] The majority
of atraumatic cases are steroid-induced or chemotherapy-
induced.[12, 13] Other diagnoses leading to THA in adolescent
patients include osteoarthritis, juvenile rheumatoid arthritis,
congenital deformity of the hip, juvenile osteochondrosis,
rheumatoid arthritis, and malignant neoplasm.[4, 5, 10, 14–18]

In contrast, 88% of the adult population had a diagnosis of
osteoarthritis due to structural damage to articular cartilage
and the chondrolabral complex.[19] Elderly patients were
less likely than adolescents to have an underlying systemic
disease which contributed to their need for THA. Patients
undergoing THA secondary to a systemic disease typically
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report worse results than those with isolated unilateral or bi-
lateral disease, which could indicate that the adult population
is more suited for THA than the adolescent population in
most cases.[10]

Both the KID and the NIS revealed that more females than
males undergo THA each year, with females making up 64%
of the adult population and 59% of the adolescent population
in 2009. Some studies have confirmed these findings, show-
ing that 60% of THA patients are females while other studies
found that there is no significant association between gender
and the incidence of THA.[20–24] Previous studies in adults
have shown that women have poorer function following THA,
less improvement relative to baseline, less postoperative pain,
and lower in-hospital mortality.[8, 25] This indicates that the
risks and benefits of THA in adolescent patients may differ
between males and females. Though the patients in the KID
showed no significant differences in procedure rates between
Caucasians, African Americans, and Hispanics, there was a
statistically significant difference in utilization rates between
these ethnic groups in the adult population. This confirms
previous findings in the adult population which stated that
African Americans and Hispanics undergo total joint arthro-
plasty procedures at a lower frequency than Caucasians.[26, 27]

In adults, differences in use rates among African Americans
and Hispanics are likely to be related to treatment prefer-
ences.[24] The primary diagnosis associated with THA may
explain the differences in adolescent and adult populations in
use rates among ethnicities. Although non-Caucasian adoles-
cents and their parents may also be hesitant to undergo THA,
the incidence of certain co-morbidities which are risk fac-
tors for avascular necrosis is increased in the non-Caucasian
population, contributing to an increased percentage of THA
procedures needed in non-Caucasian adolescents.[13] Studies
in adults have shown better outcomes in Caucasian patients,
which may be related to differences in preoperative expec-
tations.[26] It is important to consider that this may indicate
a difference in outcomes among different ethnicities in the
adolescent population as well. Data from the KID showed a
significant trending away from private insurance and towards
Medicaid. In contrast, the majority of patients in the NIS
use Medicare as their primary payer. It previously has been
shown that those covered by HMOs or something other than
HMOs or Medicare experienced significantly higher compli-
cation rates.[29] This study found an increase in the use of
Medicaid among adolescent patients with a concurrent rise
in complication rate. While a causal relationship cannot be
determined, one must consider that Medicaid patients may
experience worse outcomes when deciding to pursue THA.

In both the adolescent and adult populations, there has been

a significant decrease of routine discharge and an increase
in transfer to another facility or discharge to home health
care, which is similar to results found be Liu et al.[20] At
the same time, there has been a significant decrease in the
length of stay and a significant increase in total charges, with
the increase in total charges being significantly higher for
adolescent patients than adult patients. Other studies have
confirmed that there has been a decrease in length of stay
over the years, but despite length of stay being a major de-
terminant of medical costs, the cost of THA continues to
rise.[20, 25, 30–32]

Over the last decade, prices of implants have increased by
212% in the United States. Implant costs make up the largest
expense associated with THA and can range from $7,152
to $23,051.[33, 34] Increased age and Medicare as primary
payer were both associated with higher device costs, so this
is unlikely to account for the cost differential between ado-
lescent and adult patients.[33] Charges increased by a factor
of 1.62 from 1997 to 2004 while the inflation factor was only
1.18.[35] Factors that have been associated with increased
charges include being less than 65 years of age, increased
disease severity, increased length of stay, and diagnosis other
than osteoarthritis, rheumatoid arthritis, or avascular necro-
sis.[31] In adult patients, 92% of patients had one of these
three diagnoses, compared to 68% of adolescents. This could
be one contributing factor to increased mean charges in ado-
lescents. In addition to increased cost per procedure for
adolescents compared to adults, limited implant longevity
leads to multiple revisions in adolescent patients.[4] Multiple
revisions coupled with continually rising costs per proce-
dure could result in an extensive financial strain for both the
patient and the healthcare system.

While the majority of adolescent THAs were performed in
teaching hospitals, the opposite was true for adult THAs.
Adolescent THA procedures are typically more difficult than
adult THA procedures. Because of the complexity of the
procedure, THA in adolescent patients is more likely to be
performed in large, urban hospitals, which are often teaching
hospitals.[5, 6] Given the wide use of THA in the adult popula-
tion for many years, smaller, non-teaching hospitals are often
still equipped with the personnel and resources to handle
non-complicated cases. Woolson et al. found that the aver-
age post-operative hip clinical scores were not significantly
different between patients operated on in a teaching hospital
versus private practice.[36] Liu et al. found that performance
in a teaching hospital decreases mortality, complications,
and LOS following THA.[20] In contrast, this study found no
significant relationship between complication rate and hos-
pital teaching status. This disparity could be due to the use
of another nationwide database which included a different
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selection and number of hospitals.

Complication rates were found to be 8% in adolescent pa-
tients and 6% in adult patients, corresponding to other stud-
ies.[4, 10, 29] Girard et al. found that complication rates were
higher in patients younger than 30 years of age.[37] Higher
complication rates in adolescent patients were thought to
be due to retained instrumentation from previous surgeries,
extensive scar tissue, poor bone quality, abductor muscle
insufficiency, and contractures.[2] A study by Thompson et
al. found that older patients were more likely to experience
general complications; however, this study found that the
percentage of general complications in the adolescent popu-
lation was 4% compared to 3% in the adult population.[29] In
addition, the percentage of orthopaedic complications was
4% in the adolescent population compared to 2% in adults.
In general, patients with worse preoperative health experi-
ence increased complication rates.[38] Overall, the adolescent
complication rate increased from 1997 to 2009, despite pre-
sumed advances in the standard of care. This increase in
complication rate is possibly due to improved reporting of
complications. It is also possible that more difficult cases
were performed in later years, leading to the increased com-
plication rate. Further investigation is required to delineate
the causative reasons for this trend.

Despite the efficacy of primary THA, revision surgery re-
mains clinically and economically burdensome, accounting
for nearly 25% of arthroplasties performed in adult patients
in the United States.[39] In comparison to the adult popula-
tion, adolescent patients experience lower implant survival
rates. Torchia et al. found that the probability of failure
after 15 years was 45% in adolescents compared to 13%
in adults, indicating that revision surgery accounts for an
even greater percentage of THA procedures in the adoles-
cent population.[14] Not only is revision THA financially
demanding, but it also has less favorable outcomes than pri-
mary surgery.[40] Studies in adult THA patients have shown
that certain patient and hospital demographics can positively

or negatively affect the outcome of THA. However, most
studies on adolescent THA have focused solely on implant
survival, bearing types, and surgical technique. An under-
standing of adolescent patient and hospital demographics
and how they affect outcomes may help the clinician and
patient decide when it is most appropriate to pursue THA.
Pursuing THA at an optimal time could lead to improved
quality of life for the patient and decreased economic burden
for the healthcare system.

While the KID and NIS provide useful information regarding
inpatient hospital stays, this study is limited based on what
is available in the database. Certain information was unable
to be obtained, including underlying diagnoses leading to
AVN, length of time to complications, and any information
obtained following the inpatient stay. Due to the nature of
the database, it is not possible to analyze data on satisfaction
or surgical outcomes beyond the primary hospital stay. In
addition, there is a very limited number of adolescent pa-
tients with conditions that result in the need for THA or other
related treatment modalities. While it would be beneficial to
compare demographics of adolescent THA to those undergo-
ing alternative treatments, this data is unable to be analyzed
at this time due to the small sample size. In the future, as
adolescent THA becomes more prevalent, such a comparison
could be informative and helpful for clinicians to decide if
THA or an alternative option is the best treatment plan.

Overall, there were significant differences between adoles-
cent and adult patients in primary diagnosis, total charges,
complication rates, and hospital teaching status. Gender
trends were similar between the two groups, but ethnic dif-
ferences were not. Previous studies in adult populations have
shown that patient and hospital demographics impact surgi-
cal outcomes. While only a small percentage of adolescents
undergo THA each year, the number is on the rise, necessi-
tating further studies to investigate how these demographics
may affect outcomes in this patient population.
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