
INTRODUCTION

Cerebral palsy (CP) is a neurodevelopmental disorder 
that affects the movement and posture of a patient due 
to non-progressive damage of immature brain. It affects 
patients throughout their life [1]. CP is a complex disor-
der with various medical problems, including intellectual 
disability, sensory impairment such as hearing and vision 
loss, epilepsy, and so on [2,3]. Depending on the severity 

of CP and its associated problems, various treatments are 
needed for each patient. In addition, CP is typically diag-
nosed in childhood through a patient’s growth and de-
velopment, although several musculoskeletal problems 
and functional deterioration can also occur. Continuous 
therapy and management are needed to minimize the 
disability related to CP and secondary complications 
throughout the patient’s life. Various therapies for CP 
have been published [4]. Considerable medical and so-
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cial costs are needed for these treatments and special 
care. In the United States, the lifetime cost for patients 
with CP has been reported to be 11.5 billion US dollars 
[5]. In Korea, patients are required to be enrolled in the 
National Health Insurance Service (NHIS). The NHIS is 
the only public medical insurance institution. It is oper-
ated by the Ministry of Health and Welfare in Korea. The 
National Health Information Database (NHID) is a public 
database including data on healthcare utilization, health 
screening, socio-demographic variables, and mortal-
ity for the entire population of Korea. It was formed by 
the NHIS in 2012 [6]. In Korea, healthcare benefits are 
provided for rehabilitation as well as diagnosis, drugs, 
treatments, and surgery. Rehabilitation therapy includes 
physical therapy, occupational therapy, and hydrothera-
py, all of which are necessary for patients with CP. Botu-
linum toxin injection (BTx) for the control of spasticity in 
CP patients is also covered by NHIS if certain criteria are 
met. Healthcare services also include non-benefit items. 
A patient who receives health care treatment pays a cer-
tain portion of the healthcare cost as a ‘co-payment’. The 
co-payment rate is determined separately from the cost 
incurred by the inpatient or outpatient service according 
to the healthcare institution level and type. Typical co-
payment amounts are 20% of inpatient hospital care and 
30%–50% of outpatient care. Although an option is avail-
able to support medical expenses in the case of rare and 
incurable diseases, it does not apply to CP cases. Thus, 
families with a CP patient live with a financial burden 
due to medical expenses incurred during the patient’s 
life. In some other countries such as the United Kingdom 
and Canada, all medical expenses are funded through 
the National Health Service [7-9]. Even in some countries 
such as the United States where private health insurance 
system is operated, the state is responsible for medical 
expenses for children with disabilities [7,10,11]. In the 
case of Japan, individuals also pay a certain amount of 
the entire medical expense while the national health 
insurance funds the remaining expenses. However, it 
should be noted that disabled children in Japan are most-
ly supported by the government in the case of inpatient 
rehabilitation therapy [12]. 

The type and amount of management required differ 
depending on the age of patients with CP. During child-
hood, management for CP focuses on achieving maxi-
mum development milestones and preventing future 

complications. In school age and adolescence, treatment 
for CP needs to prevent musculoskeletal problems and 
functional deterioration. Even in adulthood, continuous 
care of these musculoskeletal problems and pain reduc-
tion are essential for CP patients. Management of com-
plications that may occur with aging is also necessary. 
Previous studies have shown that CP patients who are 
able to walk independently during childhood gradually 
become non-ambulatory over time due to various prob-
lems [13,14]. 

Therefore, the purpose of this study was to identify 
rehabilitation treatment cost according to age by using 
NHID for patients with CP and investigate the change 
over time. 

MATERIALS AND METHODS

This study was conducted based on records from the 
NHID for 7 years from January 1, 2007 to December 31, 
2013. We used all records of medical claims for all enroll-
ees. Patients were identified as having CP if their claim 
records included at least two diagnostic codes according 
to the Korean Standard Classification of Diseases (KCD). 
Codes representing CP included spastic CP (G8000, 8001, 
8002, 8008, 8009, 8100-8103, 8109-8113, 8119, 8190-8193, 
8199, 830-833), dyskinetic CP (G803), ataxic CP (G804), 
and unspecified (G808). All patients with CP were divided 
into three groups according to age: 0–6 years correspond-
ing to infants and toddlers; 7–18 years corresponding to 
school age and adolescence; and 19 years or older corre-
sponding to adults. These patients were analyzed based 
on treatment claim data related to CP. 

Costs of rehabilitation therapy including physical 
therapy, occupational therapy, and hydrotherapy were 
investigated through NHID data. We analyzed inpatient 
and outpatient rehabilitation costs separately. Costs of 
BTx were investigated using corresponding billing proce-
dure codes or corresponding billing drug codes. Costs of 
orthopedic surgery for correcting musculoskeletal defor-
mity and selective dorsal rhizotomy (SDR) in CP patients 
were also investigated. Speech and language therapy, 
cognitive therapy, and the use of an intrathecal baclofen 
pump were excluded from analysis of treatment costs 
because they were non-benefit items not supported by 
NHIS. Costs of assistive devices and appliances for dis-
ability were also excluded from the analysis. Insurance-
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covered costs included both insurer’s payment and 
patient’s co-payment for medical services. All data were 
analyzed through Statistical Analysis System (SAS) ver-
sion 9.4 (SAS Institute, Cary, NC, USA). 

RESULTS

Number of patients with cerebral palsy 
The number of patients with CP increased from 110,557 

in 2007 to 130,032 in 2013. By age group, it decreased 
from 7,401 in 2007 to 5,979 in 2013 for the 0–6 years age 
group. On the other hand, it increased from 7,293 in 
2007 to 8,585 in 2013 for the 7–18 years age group and in-
creased from 95,863 in 2007 to 115,468 in 2013 for the 19 
years or older age group. 

Rehabilitation therapy of patients with cerebral palsy
The proportion of patients who had received rehabili-

tation therapy on admission or on an outpatient basis 
among all CP patients has increased in recent years. By 
age group, 76.4% of all patients with CP in 2007 were 
treated in the 0–6 years age group. It increased to 77.8% 
in 2013. In the case of the 7–18 years age group, this in-
creased from 46.5% in 2007 to 55.3% in 2013. For the 19 
years or older age group, it increased from 31.5% in 2007 
to 40.5% in 2013.

The number of patients changed over time. The pat-
tern of change also differed among different age groups. 
In the 0–6 and 7–18 years age groups, more patients re-
ceived outpatient rehabilitation therapy than inpatient 
therapy. However, patients aged 19 years or older were 

more likely to undergo inpatient rehabilitation therapy 
than outpatient therapy. In the case of hospitalized pa-
tients, the proportion of patients receiving inpatient re-
habilitation therapy increased in recent years in all age 
groups. The proportion of patients in the 0–6 years age 
group increased from 18.8% in 2007 to 23.4% in 2013. In 
the 7–18 years age group, the proportion increased from 
7.4% in 2007 to 8.2% in 2013. In the 19 years or older age 
group, it increased from 20.8% in 2007 to 32.2% in 2013. 
The proportion of patients receiving outpatient rehabili-
tation therapy in the 0–6 years age group was relatively 
constant. It was 72.8% in 2007 and 73.1% in 2013. The 
proportion increased from 44.1% in 2007 to 52.6% in 2013 
in the 7–18 years age group but decreased from 14.2% in 
2007 to 11.5% in 2013 in the 19 years or older age group 
(Fig. 1).

From 2007 to 2013, the total cost of rehabilitation ther-
apy including inpatient and outpatient increased for all 
age groups. The total cost was significantly higher in the 
0–6 years age group and 19 years or older age group than 
that in the 7–18 years age group (p<0.05). As of 2013, the 
total cost of rehabilitation therapy was KRW 6,229,639 for 
the 0–6 years age group, KRW 5,796,557 for the 7–18 years 
age group, and KRW 6,462,095 for the 19 years or older 
age group. 

The inpatient rehabilitation therapy cost per person 
increased 1.9 times from KRW 2,466,698 in 2007 to KRW 
4,776,701 in 2013 for the 0–6 years age group. For the 
7–18 years age group, it increased 2.4 times from KRW 
1,587,026 in 2007 to KRW 3,773,249 in 2013. In the 19 
years or older age group, the inpatient rehabilitation 
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Fig. 1. Proportion of patients receiving inpatient (A) and outpatient (B) rehabilitation therapy. 
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therapy cost increased 1.9 times from KRW 2,738,917 in 
2007 to KRW 5,232,401 in 2013. In the case of outpatient 
rehabilitation therapy for the 0–6 years age group, the 
cost increased 1.2 times from KRW 1,185,188 in 2007 to 
KRW 1,452,938 in 2013. For the 7–18 years age group, 
the cost increased 1.5 times from KRW 1,344,596 in 2007 
to KRW 2,023,308 in 2013. For the 19 years or older age 
group, it increased 1.3 times from KRW 930,028 in 2007 to 
KRW 1,229,694 in 2013 (Fig. 2). 

Botulinum toxin injection treatment of cerebral palsy 
patients

BTx injection treatment was most frequently performed 
for the 0–6 years age group. From 2007 to 2013, the pro-
portion of patients undergoing BTx treatment did not 
change significantly over time in the 0–6 or 7–18 years 
age group. However, the proportion increased in the 19 
years or older age group (Fig. 3). On the other hand, the 
injection cost per person increased in all age groups. The 
cost per person increased 6.7 times from KRW 62,619 in 
2007 to KRW 420,687 in 2013 in the 0–6 years age group. 
For the 7–18 years age group, the cost increased 5.1 times 
from KRW 59,687 in 2007 to KRW 303,775 in 2013. For the 
19 years or older age group, it increased 9.0 times from 
KRW 62,350 in 2007 to KRW 561,736 in 2103. 

Orthopedic surgery for cerebral palsy patients
Observing orthopedic surgery patterns according to age 

groups revealed that more orthopedic surgeries were per-
formed for the 7–18 years age group of CP patients. The 
proportion of patients who underwent orthopedic sur-

gery among all patients with CP decreased over time for 
all age groups: from 1.9% in 2007 to 1.1% in 2013 for the 
0–6 years age group, from 5.7% in 2007 to 4.0% in 2013 for 
the 7–18 years age group, and from 0.15% in 2007 to 0.1% 
in 2013 for the 19 years or older age group (Fig. 4). The 
cost of orthopedic surgery was increased rapidly for the 
19 years or older age group. The cost of surgery per per-
son was similar from 2007 to 2013 for both 0–6 and 7–18 
years age groups However, the cost per person aged 19 
years or older increased by 6.3 times from KRW 649,049 
in 2007 to KRW 4,081,413 in 2013. 

Selective dorsal rhizotomy for cerebral palsy patients
When we observed SDR data, we found that this op-

eration was performed very rarely in all age groups. It 
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was most commonly performed for the 7–18 years age 
group. For the 0–6 years age group, the number of SDRs 
performed was decreased. The average cost of surgery 
per person was KRW 338,058–413,190. This has remained 
constant without any increase or decrease over time from 
2007 to 2013. 

Total cost of treatment for cerebral palsy patients
Total cost of treatment per person for each age group 

combined with rehabilitation therapy, BTx, orthopedic 
surgery, and SDR is as follows: (1) for the 0–6 years age 
group, the cost of treatment per person increased 1.7 
times from KRW 4,697,811 in 2007 to KRW 8,066,013 in 
2013; (2) for the 7–18 years age group, it increased 1.9 
times from KRW 4,023,713 in 2007 to KRW 7,448,412 in 
2013; (3) for the 19 years or older age group, it increased 
2.6 times from KRW 11,518,434 in 2007 to KRW 4,380,344 
in 2013. On average, over the 7 years of treatment, ex-
penditure of treatment was higher in the following order: 
aged 19 years or older > aged 0–6 > aged 7–18 (Fig. 5).

DISCUSSION

The present study was conducted to investigate reha-
bilitation treatment expenditures for patients with CP 
according to NHID data. Results of this study revealed 
that annual physical therapy, occupational therapy, 
hydrotherapy, and botulinum toxin injection cost per 
person were increased over time. On the other hand, the 
number of orthopedic surgery and SDR was reduced. The 
total cost of treatment per person showed a tendency of 

increase for all age groups.
While CP is a disease that occurs in childhood, it af-

fects patients throughout their life. In CP, brain damage 
is static while functional status and abilities will change. 
To reduce the rate and prevent these functional impair-
ments, ongoing comprehensive care and management 
are needed [15]. Conservative and/or surgical treatments 
of multiple musculoskeletal problems and pain that may 
occur with age are also required. Results of this study 
confirmed that many treatment costs might incur even 
after the patient reached adulthood. 

According to the National Statistical Yearbook of Na-
tional Health Insurance released in 2015, the health 
expenditure per person according to the age group was 
about KRW 1,241,778 for 0-year-old, KRW 1,023,604 
for 1–4 years old, KRW 649,854 for 5–9 years old, KRW 
417,542 for 10–14 years old, and KRW 400,845 for 15–19 
years old. In this study, only CP-related medical expen-
diture was examined. General medical expenses not as-
sociated with CP such as common colds, hypertension, 
and diabetes mellitus were excluded. Nevertheless, it was 
found that costs incurred by patients with CP were signif-
icantly more than the average medical expenditure of the 
entire population. According to unpublished results of 
work undertaken by the authors, about 25%–30% of chil-
dren diagnosed with CP received inpatient rehabilitation 
treatment while about 60%–80% of them received outpa-
tient rehabilitation treatment. According to a study based 
on the Korean Database of Cerebral Palsy [16], more than 
70% of children with CP were classified as levels II–V in 
the Gross Motor Function Classification System. Based 
on these results, while almost all CP patients should 
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have been receiving rehabilitation treatment in child-
hood, the actual rate of treatment was insufficient. This 
suggests that rehabilitation costs included in this study 
might have been underestimated compared to the actual 
rehabilitation costs required by all CP children, implying 
more expenditure may be required for proper treatment 
of CP children. In other countries, according to a report 
released by Centers for Disease Control and Prevention 
(CDC), the average lifetime economic cost per CP patient 
increased from US $503,000 in 1992 to US $921,000 in 
2003 [5,17]. According to a study published in Denmark, 
the average lifetime economic cost per CP patient is esti-
mated to be US $961,000 [18]. 

Observation of the pattern of rehabilitation therapy ac-
cording to age revealed that the 0–6 years age group re-
ceived more inpatient and outpatient rehabilitation than 
the 7–18 years age group. Chiarello et al. [19] have report-
ed that younger children receive regular treatment with a 
frequency of one to five times per week. In contrast, older 
children receive treatment on an episodic basis accord-
ing to their specific needs. In the age group of 19 years or 
older, the proportion of outpatient treatment decreased 
while the rate of hospitalization increased. This may be 
because it is difficult to treat CP patients at home after 
they become adults. In addition, many medical prob-
lems can occur. They may require more hospitalization 
in adulthood than in childhood or adolescence [15,20]. 
In this study, while the analysis did not include treat-
ment cost for general medical problems, the possibility 
that physical therapy and occupational therapy were 
performed together during admission due to other medi-
cal problems might have some impact on the increment 
tendency of hospitalization costs in the 19 years or older 
group. 

In Korea, since 2008, the day hospital system was es-
tablished as a way to provide rehabilitation therapy for 
children with disabilities. It is a type of medical treatment 
that is carried out in the hospital for 6 or more hours per 
day. Patients can participate in various rehabilitation 
programs and then return home in the evening. For this 
method, medical expenses are paid based on hospitaliza-
tion rate. In this study, the increased rate of hospitaliza-
tion for 0–6 years old children was higher than that for 
outpatient treatment. It might be partly attributed to the 
increase in day hospital treatment for intensive rehabili-
tation.

Insurance coverage for BTx treatment was initiated in 
2005. Then in November 2006, the insurance benefit of 
the motor point block (the injection of a certain drug at a 
motor point of a muscle) was established. The upper age 
limit of the insurance policy increased from 5 years old 
to 7 years old in December 2007. The highest amount of 
BTx. administered in the 0–6 years age group would be 
within the limit of the insurance policy describing insur-
ance benefits. Our results showed that the cost of BTx 
injection was increased more than five times from 2007 
to 2013. This seems to be due to an increase in toxin dose 
per person after insurance coverage had been initiated as 
well as the policy change over time which provided com-
pensation for injectable needle and cost of procedures. 

According to results of this study, orthopedic surgery 
was performed the most often in the age group of 7–18 
years while the total number of orthopedic surgeries de-
creased each year. A variety of orthopedic surgeries are 
performed to treat multiple musculoskeletal problems, 
including joint contracture that can occur in patients 
with CP. Single-event multilevel surgery (SEMLS) is now 
considered to be one of the standard treatments to im-
prove gait and function of patients with bilateral spastic 
CP whereas single-level surgeries such as isolated gastroc 
soleus lengthening were performed sequentially over 
several events in the past [21,22]. Effects of SEMLS on pa-
tients with CP have been investigated in several studies. 
The average age of patients undergoing surgery is around 
8 to 12 years of age. Results of this study are consistent 
with results of previous studies showing that orthopedic 
surgery is performed most frequently in the 7–18 years 
age group. In young children aged 0–6, treatment with 
BTx accounts for a large portion of treatment for spas-
ticity-related problems caused by CP. However, as age 
increases, the proportion of orthopedic surgery to solve 
musculoskeletal problems increases. 

The number of SDRs performed in patients with CP was 
low in the total number of cases. This rendered it difficult 
to accurately analyze the pattern. SDR was advocated by 
Foerster in 1908. It has been widely used as an effective 
treatment to reduce lower limb spasticity in patients with 
CP [23]. However, serious complications related to SDR 
procedure have been reported and the number of proce-
dures performed has gradually decreased [23]. In recent 
years, the procedure has been supplemented to increase 
its safety. It is now being used as a treatment option for 
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severe spasticity along with an intrathecal baclofen pump 
[24]. 

The total treatment cost associated with CP has been 
increasing steadily. This increasing tendency is more 
pronounced in the 19 years or older group than that in 
the other two age groups. Especially in the adult group, a 
large increase is observed in areas of rehabilitation ther-
apy and orthopedic surgery, suggesting that continuous 
treatment is needed to solve problems such as functional 
deterioration, pain, and arthritis which may occur in pa-
tients with CP during their lifetime.

Only a few studies on the expenditure of medical care 
for patients with CP have been carried out in Korea. In a 
study conducted by Park et al. [25], the health care cost 
of patients with CP was analyzed for 5 years from 2004 to 
2008 using data from the Health Insurance Review and 
Assessment Service (HIRA). The ‘healthcare cost’ in the 
study included surgery, medication, physical therapy, 
orthotics, and hospitalization costs related to CP. The 
authors concluded that medical expenses related to CP 
were higher for younger patients. The lifetime expendi-
ture on CP was about US $26,383 per person, which was 
1.8 times higher than the medical expenditure per person 
for non-CP patients at US $14,579 [25]. However, the life-
time healthcare cost was sourced from discounted rates, 
not from actual expenses. Kim et al. [26] have compared 
treatment expenditures for different ages for children 
aged 1 to 18 years with CP using data from HIRA. They re-
ported that expenditure on rehabilitation was the highest 
in childhood, followed by that in preschool, adolescence, 
and after school age. In the present study, health insur-
ance claim data were used whereas HIRA data were used 
in previous studies. Thus, analyzed medical expenditure 
and age groups differed. These results are somewhat dif-
ficult to compare directly. However, in both current and 
previous studies, results showed greater expenditure 
related to CP for infants and toddlers than that for school 
age and adolescence. 

This study is meaningful as it is the first study to analyze 
expenditure for patients with CP of all age groups using 
actual claim data. One of the limitations of this study is 
that only treatment items covered by NHIS could be in-
cluded in the analysis. Second, the cost of medication, 
assistive devices, and appliances for disability could not 
be included. Third, we did not subdivide age groups any 
further. Lastly, the reliance on diagnostic codes to iden-

tify CP might have induced inaccuracy of the results for 
target patients due to the nature of claims data. 

In conclusion, this study investigated the cost of treat-
ment for patients with CP using NHID data. Results dem-
onstrate that annual physical therapy, occupational ther-
apy, hydrotherapy, and BTx costs per person have been 
increasing rapidly. On the other hand, the number of 
orthopedic surgeries and SDRs performed has decreased. 
Results of this study are expected to be used as a basis for 
establishing insurance policies and support systems for 
medical expenses of patients with CP in the future.
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