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ABSTRACT

Background/Objective: An increasing prevalence of total knee arthroplasty (TKA) procedures among the adolescent population
makes it critical to establish a greater understanding of the patient and hospital demographics of this population. The purpose
of this study is to compare inpatient demographics between the adolescent and adult populations as well as assess patient and
hospital demographics at which adolescent TKA procedures are performed.
Methods: Kids’ Inpatient Database (KID) and Nationwide Inpatient Sample (NIS) database were used to retrieve data for all
TKA patients under 20 years and over the age of 65, respectively. Variables analyzed included patient age, gender, ethnicity,
primary diagnosis, length of stay, primary payer status, total hospital charges, complication rates, and hospital status.
Results: The study found a significant increase in procedure frequency (156 to 448), complication rates (3.51% to 17.61%), and
total charges ($38,776 to $128,811) for adolescent TKA patients. Some trends in demographics and outcomes for adolescent
TKAs differed from their adult counterparts, as the primary diagnosis, hospital status, gender, and payer status. Additionally, the
number of procedures, complication rates, length of stay, and charges were all significantly higher in adolescent than in adult
TKAs.
Conclusions: Although the TKA procedure rates are rising in the adolescent population, the lack of available demographic
information limits the efficacy of the procedure in the younger population, presenting a challenge for health-care providers.
Further studies should focus on whether epidemiological disparities, which have been noted in adults, also exist in the adolescent
patient population.
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1. INTRODUCTION
Total knee arthroplasty (TKA) is a common procedure used
to treat disorders that impair the joint’s mobility including

arthritis, joint deformity, and traumatic knee injury.[1–5] Al-
though TKA is typically performed on adult patients, it is
also utilized to treat pediatric diseases affecting the knee joint
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such as childhood osteosarcoma, advanced juvenile rheuma-
toid arthritis (JRA), and osteoarthritis.[6–12] Despite high
rates of complications and increased likelihood of revision in
the younger population, the procedure has high success rates
in providing pain relief, increasing joint function and improv-
ing quality of life for those who suffer from degenerative
knee disorders.[9, 13–16]

The incidence of primary TKA in the US population has in-
creased between 1990 and 2002 from 129,000 to 381,000.[14]

TKA procedures in the United States are estimated to rise
by 673% or more by 2030.[14, 17] In the past, there have been
numerous studies on the epidemiology and efficacy of TKA
in the elderly population (patients over 65 years); however,
few studies looked at the epidemiology and use of TKA in
the young adult or pediatric populations.[5, 9, 11, 15, 18, 19]

Although TKA procedure frequency has been increasing in
the adolescent population, information regarding this pop-
ulation’s primary indications and demographics is still lim-
ited.[9] The purpose of this study is to explore trends in the
patient and hospital demographics of adolescent patients un-
dergoing TKA procedures and to compare them to inpatient
characteristics of elderly TKA patients. These findings will
be important in delineating patient and hospital demographic
factors and trends in procedure utilization rates.

2. METHODS

Institutional Review Board exemption was obtained for this
study from the Springfield Committee for Research Involv-
ing Human Subjects (SCHRIS). Weighted data was obtained
from the Kids’ Inpatient Database (KID) and the Nation-
wide Inpatient Sample (NIS). The KID is the only all-payer
national inpatient database for children 20 years of age and
younger, and the NIS is the largest all-payer national inpatient
database that contains information from over eight million
patients of 46 states. KID data, which has been available
every three years since 1997, is extracted through discharge
information from 2,500 to 4,000 hospitals and covers 2 to 3
million patients. Data used for the study was obtained from
the years 1997, 2000, 2003, 2006, and 2009 from KID and
the year 2009 from NIS. The comparison between the KID
and NIS was performed using the 2009 databases. The popu-
lation examined in this study consisted of patients younger
than 20 years of age (KID) and over the age of 65 (NIS) who
underwent TKA.

Using the International Classification of Diseases-9
(ICD 9) code for TKA (81.54) information such as patient
age, gender, ethnicity, primary diagnosis, length of stay,
primary payer status, hospital discharge, and hospital total
charges was extracted (see Table 1).

The data was analyzed using SAS 9.2 with the FREQ pro-
cedure. The FREQ procedure produces frequency and cross
tabulation tables and computes statistics for contingency ta-
bles which include chi-square tests. P values less than .05
were considered to be statistically significant. Results were
weighted to obtain accurate comparison of statistics at differ-
ent time points.

Table 1. Variables extracted from KID and NIS databases
 

 

Independent Variables 

Age Total Charges 
< 20 
> 65 Complication Rate 

Gender Length of Stay 
Male 
Female Primary Diagnosis# 

Race* Hospital Teaching Status 
Caucasian/Non-Caucasian Teaching 
African American Non-teaching 
Hispanic 
Asian/Pacific Islander Disposition 
Native American Routine 
Other Transfer to short-term hospital 

Other Transfer 

Primary Payer Type Home Health Care 
Medicare 
Medicaid 
Private 
Self-Pay 
Other 

Note. * In adolescents, ethnicity was reported as Caucasian and 
non-Caucasian groups due to small patient populations limiting 
reportable data. The non-Caucasian group included African 
Americans, Hispanics, Asian/Pacific Islanders, Native Americans, and 
other. # In adolescents, primary diagnosis was classified according to 
whether it was a malignant neoplasm or other due to small patient 
populations limiting reportable data. Other diagnoses included 
secondary or unknown neoplasm, osteoarthritis, juvenile chronic 
polyarthritis, rheumatoid arthritis, mechanical complication of an 
internal device/implant, and aseptic necrosis of the bone. 

3. RESULTS

The number of TKA procedures reported in the KID database
increased from 156 cases in 1997 to 448 procedures in 2009
(see Figure 1). In this population, TKA procedures were
most often performed in the age-group 12 and 20 years. The
top diagnosis throughout this period was malignant neoplasm
of long bones of the lower limb, and the procedure was most
often performed at teaching hospitals. Complication rates sig-
nificantly increased from 3.51% in the 1997 KID to 17.61%
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in the 2009 KID (p = .0007; see Figure 1). Length of stay
in the hospital following the procedure decreased overall
between 1997 and 2009, however this difference was not
statistically significant (see Figure 2).

In our population, 61.5% of the patients reported their eth-
nicity as Caucasian (see Figure 3). In 1997, 45% of KID
TKA patients were male while 55% were female. The num-
ber of male patients increased to greater than 50% for all
other years included in this study (see Figure 4). In 1997,
primary payer status was dominated by patients in the pri-
vate (including HMO) category at 74.56% (see Figure 5).
This percentage significantly decreased to 55.68% of KID
TKA patients by 2009 (p < .0001). Total charge increased
significantly between the 1997 and 2009, from $38,776 to
$128,811 (p < .0001), respectively. Procedure charges also
increased significantly between 2003 and 2006 and again
between 2006 and 2009 (p < .05) (see Figure 6).

Figure 1. TKA procedures in KID

Figure 2. Mean pediatric length of hospital stay

Data comparison of TKA procedures between the 2009 KID
and NIS databases revealed significant demographic shifts
(see Table 2). More procedures were performed in the adult
population than the pediatric population (see Table 2). The
top primary diagnosis for the procedures in the 2009 KID was
malignant neoplasm of long bones of the lower limb while

osteoarthritis was the top diagnosis for TKA in the 2009
NIS. A majority of KID TKA procedures were performed
in teaching hospitals during 2009, while the majority of NIS
TKA procedures were performed in non-teaching hospitals
(see Table 2). Complication rates were significantly higher
in the adolescent population than adult patients in 2009
(p < .0001). Length of stay was also significantly higher
in the pediatric group, with adolescent patients remaining
hospitalized nearly twice as long as adult patients (p < .0001).
In terms of disposition, a significantly higher number of TKA
patients in the KID sample received routine discharges than
those in the NIS group (p < .0001).

Table 2. KID vs. NIS demographics
 

 

 2009 KID 2009 NIS 

Frequency 448 354,952 

Top Primary Diagnosis 
Malignant 
Neoplasm 

Osteoarthritis 

% Caucasian Patients 62.83% 85.43% 

% Male Patients 52.29% 36.35% 

Total Charges $128,811  $46,180  

Complication Rate 17.84% 6.39% 

Mean Length of Stay (days) 6.41 3.46 

Primary Payer Status 
Private 
including HMO 

Medicare 

Primary Hospital Teaching 
Status 

Teaching Non-teaching 

% Routine Dispositions 64.20% 19.56% 

 

Figure 3. Pediatric ethnicity trends in TKA. The blue line
with stars represents Caucasian patients while the red line
with squares shows the Non-Caucasian group.

As shown in Table 2, a significantly higher proportion of
Caucasian patients was reported in the adult population com-
pared to those in the KID sample (p < .0001). The majority
of adult patients undergoing TKA were female, while most
adolescent patients undergoing the same procedure were
male (p < .0001). A significantly higher number of private
payer was reported in the KID database when compared to
the NIS sample (p < .0001). In addition, the total charge for
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procedures performed in adolescents was nearly three times
that of the adults (p < .0001).

Figure 4. Pediatric gender trends in TKA. In blue are males
and red represents females.

Figure 5. Primary Payer Status in Pediatric TKA. The
Private group is represented in red and squares, while the
green line and triangles represent the Other category.

Figure 6. Mean pediatric total hospital charges

4. DISCUSSION
Very few studies have reported the demographic distribution
of the adolescent TKA population. To the authors’ knowl-
edge, this is the first study examining patient and hospital

demographics of adolescent patients undergoing total knee
replacements and comparing them to similar demographics
in the adult population.

Osteosarcoma is an extremely aggressive type of malignant
bone tumor that is most often seen in the metaphysis of long
bones of the lower limbs.[10, 20, 21] About half of the cases
involve the knee as the site of disease, among which 40% in-
volve the metaphysis of the distal femur and 21% are located
in the proximal tibia.[1, 7] Osteosarcoma has a bimodal age
distribution, with 40%-60% of cases diagnosed around the
adolescent growth spurt phase, at approximately the age of
15 years for females and 18 years for males.[10, 21, 22] Though
the peak age of diagnosis is younger in females than males,
the prevalence of osteosarcoma is actually 1.4 times higher in
males, with rates being higher in African-American children
compared to Caucasians.[10, 20–22]

Because malignant neoplasms are currently the top primary
diagnosis indicating TKA procedure, demographics of os-
teosarcoma may help explain some of the trends reported
in the KID database. However, since the database does not
allow the analysis of prior admissions, it is difficult to eluci-
date the decision-making behind these procedures. Since the
year 2000, the majority of patients undergoing TKA in the
KID have been males, which is consistent with the gender
distribution of osteosarcoma.[10, 20–22] The higher incidence
of disease during the growth spurt age-range led some studies
to indicate a correlation between rapid bone growth and the
development of the disease.[10] In addition, the majority of
adolescents undergoing the procedure are between the ages
of 12 and 20 years, which is centralized around the adoles-
cent growth spurt age-range.[10, 20, 21] No correlation could be
found between primary payer status and mean total charges,
suggesting that increasing costs are not due to a lack of cover-
age by private insurances. Therefore, another factor outside
of those previously hypothesized is influencing the change
in primary status and mean total charges. Factors such as
the type of implant-components used in adolescent TKA
procedures, in relation with increased total charges could be
examined in future studies. Since the first procedure in the
late 1970s, total knee replacements have undergone techno-
logical improvements and become the standard of care for
osteosarcomas.[10] New developments, such as expandable
prostheses, are also allowing TKA, which is typically not
considered as an option until teenage years due to skeletal
immaturity, to be performed in even younger osteosarcoma
patients.[10] Due to these technological advances and the
high cost associated with these implants, the cost of knee
replacements have increased by more than 100% in the last
decade.[23, 24] Though the KID database reports total charges,
it does not report on the type of prostheses used in total knee
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replacements, making it difficult to determine a correlation
between cost and implant-type.

High rates of complications remain a significant cause of
morbidity and mortality, as seen in the KID dataset, which
showed an increase in complication rates from 3.51% in 1997
to 17.61% in 2009 (p < .0007).[10, 12] One factor that could
be contributing to this increase is the technology-advances
which has allowed total knee replacements to be performed
in younger children.[10] Skeletal immaturity in younger pa-
tients increases rates of complications, impairing their future
growth and treatment.[7, 10] Another factor that could be in-
fluencing complication rates is the teaching status of the
hospital where TKA is being performed and the complexity
of the procedure. Since 2000, over 80% of TKA procedures
in the KID have been performed in teaching hospitals and
approximately 93% of complications have occurred in those
same locations (p < .02).

Although an increase has been observed in complication rates
and mean total charges, length of stay and routine disposition
have not followed that same trend. A significant correla-
tion was found between total charges and length of stay
(p < .0001), but not between total charges and complication
rates (p = .7384). Future research is needed to determine
how routine disposition and length of stay have remained
consistent, despite significant and independent increases in
total charges and complication rates.

Our study found that, consistent with other studies, the top
diagnosis for patients over 65 receiving TKA was osteoarthri-
tis.[25–27] Osteoarthritis prevalence is significantly higher and
often more debilitating in women than men, thus resulting in
higher incidence of TKA procedures among women.[28] This
is confirmed with our findings of only 36% of adult TKA
patients being male in 2009.

Table 2 displays the significant differences in demographic
trends between adult and adolescent patients undergoing
TKA. We hypothesized that the differences in gender and
ethnicity between the two groups were related to the char-
acteristics of each group’s top diagnosis. Osteosarcoma is
typically found in adolescent males, while osteoarthritis is
primarily seen in adult females.[28, 29] This is consistent with
the 62% of adolescent males versus 36% of adult male pa-
tients undergoing TKA in our KID and NIS database reviews,
respectively.[10, 20–22] Though both diseases have a higher in-
cidence in ethnicities other than Caucasian, in this study
the majority of TKA patients in both groups are Caucasian.
Further review is needed to determine why both age groups
of patients are so predominantly Caucasian despite disease
predilections.[30–32]

Significant differences between the adolescent and adult pa-
tients in categories such as primary payer, length of stay, and
disposition type, are hypothesized to be influenced by patient
age. In 2009, nearly 56% of KID patients reported private
payer status while only 11% of NIS patients reported private
insurance as their primary payer. Matlock et al. found that
prior to age 65, most TKA procedures were paid by private
insurance carriers, while more than 80% of procedures for
patients older than 65 were paid for by Medicare.[33] This is
consistent with our finding of a significantly lower percent-
age of private payer status in the NIS than in the KID datasets
(p < .0001). There is also a noticeable increase in procedure
utilization at age 65, most likely a result of Medicare benefits
going into effect for all patients over 65, including those who
were previously uninsured.[33, 34]

The analysis of the NIS database showed a correlation be-
tween private primary payer status and both length of stay
and total charge (p < .0001). This relation was not seen in the
KID analysis, where total charge only was correlated with
length of stay in adolescents. The difference between the
two populations could be due to the significant difference in
private insurance utilization; however, private payer primary
status was not found to be correlated with either length of
stay or total charge in adolescents. The length of stay for
adult populations (p < .0001) was almost half of the average
length of stay for adolescents. This may be explained by
looking at the difference in disposition type between the two
populations: 64.2% of KID patients compared to the 19.6%
of NIS patients received routine dispositions (p < .0001).
One study found that many adult patients were being dis-
charged to other rehabilitation or short-term stay facilities,
thus reducing the amount of time spent in the hospital fol-
lowing TKA, and decreasing total charges incurred while
in-hospital.[35] Though length of stay would contribute to the
significantly lower total charge for adult patients compared
to adolescents (p < .0001), an additional effect can be caused
by the type of prosthesis used. The newer implants needed
in younger patients might be more expensive than older or
less complex models used in the adults.

This study was limited by the reporting capacity of the KID
and NIS databases. Though these datasets have grown to
include a majority of hospitals, not all 50 states are included
in these databases. Additionally, hospitals reporting data may
not consistently provide information for every variable that
is listed in each respective database. There is also a paucity
of literature discussing epidemiology of total knee replace-
ments in adolescents and none comparing the demographics
between the adolescent patient population and typical adult
patient population. This makes it more difficult to confirm
that correlations and statistical significance have been estab-
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lished elsewhere.

With utilization rates of TKA increasing dramatically, an un-
derstanding of which population subgroups are at the highest
risk of requiring TKA is needed. TKA utilization in pedi-
atric patients is less than in adults, but the lack of available
demographic information presents a challenge for health-
care providers wanting to know about procedure efficacy in

the younger population. Epidemiological disparities have
been noted within the adults, and it is important to determine
whether they also exist in the adolescent patient population.
Further studies should focus on how demographics between
the two populations may differ as well as the changing epi-
demiology of adolescent patients undergoing total knee re-
placements.
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