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Can early rehabilitation a
fter osteoarthritis reduce
knee and hip arthroplasty risk?
A national representative cohort study
Wei-Heng Chen, MSa, Wen-Ching Tsai, MSb, Hsing-Ting Wang, MSc, Chun-Hsiang Wang, PhDd,
Yuan-Tsung Tseng, MSe,∗

Abstract
This retrospective cohort study evaluated the effects of different frequencies of physical therapy intervention on the total knee
arthroplasty (TKA) and total hip arthroplasty (THA) risk of osteoarthritis (OA) patients.
We sampled 438,833 insurants from Taiwan National Health Insurance Research Database for patients diagnosed as having OA

during 2000 to 2013. OA who received physical therapy within in the first year of OA diagnosis were divided based on the number of
sessions they received in that first year: >24, 13–23, and <12 sessions.
The results revealed that the TKA and THA incidence rates among patients aged 60 to 80 years were respectively 3.5% and 0.9%

in the>24 cohort and 4.9% and 1.4% (all P< .001) in the comparison cohort. Moreover, the HRs of TKA and THA in the>24 cohort
were 0.77 (0.67–0.87, P< .001) and 0.71 (0.53–0.96, P = .024), respectively. By contrast, no significant differences were noted
between the 13–23 and <12 cohorts and their respective comparison cohorts.
In conclusion, our study results indicated that elderly patients aged 60 to 80 years who underwent>24 physical therapy sessions

within 1 year of receiving an OA diagnosis exhibited reduced of TKA and THA risks.

Abbreviations: CKD = chronic kidney disease, DM = diabetes mellitus, FTA = foot and toe joint arthroplasty, HPL =
hyperlipidemia, HR = hazard ratio, HTN = hypertension, NHIRD = National Health Insurance Research Database, PHA = partial hip
arthroplasty, PSA = partial shoulder arthroplasty, TAA = total ankle arthroplasty, TEA = total elbow arthroplasty, THA = total hip
arthroplasty, TKA = total knee arthroplasty, TSA = total shoulder arthroplasty.
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1. Introduction

The rapid aging of the global population has become a national
concern in Taiwan. With the increase in the elderly population
every year, several aging-related diseases are being clinically
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reported. Among the diseases of the skeletal muscular system in
this population, osteoarthritis (OA) of the knee joint is the most
common. The prevalence rate of knee OA among the elderly
population (aged >65 years) is approximately 30–40%.[1]

Moreover, with the increase in age, the degree of knee joint
deterioration increases.[2] In addition to medical treatment,
physical therapy intervention is most commonly used as a
conservative treatment of degenerative knee OA. OA is
characterized by cartilage wear and erosion,[3] and repairing
and remodeling the related cartilage destruction is impossible.[4]

The literature highlight that exercise can improve OA symp-
toms[5]; however, patients may not be easily able to develop a
normal exercise habit if the pain is severe. Therefore, physical
therapy with the use of instruments and exercise is a more
effective alternative for most patients. Physical therapy delays
disease progression and improves the time course of the joint
arthroplasty.[6] Primary OA is the most common condition,
particularly in middle-aged and elderly people aged >55 years.[7]

OA treatment includes surgery, drug intervention, and
exercise.[8] Because repair and remodeling of the cartilage is
impossible, the treatment mainly aims to eliminate pain, improve
mobility, and avoid body deterioration caused by aging. Limited
function leads to disability, in turn affecting the patients’ quality
of life.[9] Engaging in the conservative exercise treatment can not
only alleviate OA but also delay the deterioration of articular
cartilage and stabilize the disease in patients with initial OA;
moreover, the side effects of exercise therapy are fewer than those
of other treatments.[10] Therefore, many physicians often
encourage patients to actively engage in physical therapy.
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Clinical trials on physical therapy in patients with initial OA have
evidenced its short-term effectiveness in symptom relief.
However, whether it is effective in the long term and the
appropriate time to start treatment so as to effectively delay the
time course of artificial joint arthroplasty remain unclear.[10–12]

Therefore, this study mainly explored whether the use of
frequent physical therapy during the early stages of OA delays
joint deterioration, thus reducing the risk of joint arthroplasty.
2. Materials and methods

2.1. Data sources

With a longitudinal retrospective design, this study analyzed data
of a random sample of 3 million among 23 million people from
the National Health Insurance Research Database (NHIRD) in
Taiwan. The study period was from 2000 to 2013. The
Institutional Review Board of Show Chwan Memorial Hospital
approved this study (IRB-No. 1050305) and waived the
requirement of informed consent because the datasets in the
NHIRD have no identifiable personal information.
2.2. Study design

We conducted a nationwide cohort study by recruiting OA
patients from the NHIRD. The large sample size of the NHIRD
facilitated the investigation of the effects of early treatment on
patients with OA. We screened for individuals who received the
first diagnosis of degenerative OA on the basis of International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code 715, and the comparison cohort was matched
to the physical therapy cohorts by age, sex, and index year. All
OA patients had at least three outpatient records of OA; we
considered any diagnosis after at least 1 year without an OA
outpatient visit to be new. Early treatment was defined as physical
therapy treatment in the first year after OA diagnosis.
Patients with a past history of OA were excluded, followed by

patients who had undergone joint arthroplasty. Patients aged
<18 or >80 years were also excluded. Subsequently, patients
with no history of OA for at least 1 year before the index year
were only considered to ensure consistency in disease severity and
duration among the OA patients. The baseline measurement time
points for all cohorts were based on the same index year.
According to the time of initial treatment and duration of

physical therapy, the patients with OA were divided into several
cohorts. The patients who received physical therapy within the
first year of OA diagnosis were divided into 3 treatment cohorts:
>24, 13–23, and <12 sessions. Consequently, each treatment
cohort was age, sex, and index year matched with a comparison
cohort comprising people who received the physical therapy 1
year after the diagnosis; the pairing was in the ratios of 1:4, 1:4,
and 1:1 for >24, 13–23, and <12 cohorts, respectively. For
risk assessment, the ethnic cohorts obtained after matching
were divided into the following age groups: 18–39, 40–59, and
60–80 years (Fig. 1).

2.3. Definition section

We subgrouped the patients on the basis of when they began
rehabilitation (treatment codes: 42001–42016, 43001–43008,
and 43026) into the early rehabilitation (>24 times in the
first year; n = 7987) and delayed rehabilitation (physical
2

therapy after 1 year; n=128,608) cohorts. The following
comorbidities presenting before the date of the initial total
hip arthroplasty (THA) and total knee arthroplasty (TKA)
were considered: OA (ICD-9-CM: 715), hyperlipidemia (ICD-
9-CM: 272), hypertension (HTN; ICD-9-CM: 401–405),
diabetes mellitus (DM; ICD-9-CM: 250), and chronic kidney
disease (ICD-9-CM: 250.4, 274.1,283.11,403.∗1, 404.∗2,
404.∗3,440.1,442.1,447.3,572.4,580–588, 642.1, 646.2).
2.4. Statistical analysis

The study conducted patient demographic data statistics and then
with 1:4 and 1:1 pairing for sampled patients through propensity
score tendency stratification, by matching controls the con-
founding factor to reduce possible bias. Propensity score
matching (PSM) was performed using sex, age, and index year.
The baseline characteristics and comorbidities did not differ
between the treatment and comparison cohorts after PSM[13].
According to the data type, risk assessment statistics and

statistical values, such as hazard ratios (HRs) and their 95%
confidence intervals (95%CIs), were obtained using the t test, Chi-
square test or Fisher exact test, and Cox regression analysis. All
analyseswere performed on SAS (version 9.1), R (version 3.1), and
SPSS (version 21). A 2-tailed P of<.05 was considered significant.
3. Results

3.1. Cohort characteristics

In total, 438,833patientswere diagnosed as havingOA from2000
to2013. Both the study and comparison cohortswere age, sex, and
index yearmatched. The>24, 13–23, and<12 cohorts comprised
7987, 13,692, and 105,717 patients (Table 1), respectively, with
their comparison cohorts including 31,948, 54,768, and 105,717
people, respectively. In the>24 cohort, average agewas 62.1 years
(P= .686); the proportion of patients with HTN, hyperlipidemia,
and DM was 68.1%, 42.7%, and 34.0%, respectively (all
P< .001); and the mean follow-up periods of the treatment and
comparison cohortswere 6.95and7.23person-years, respectively.
In the 13–23 cohort, average age was 60.4 years (P= .711) and the
mean follow-up periods of the treatment and comparison cohorts
were 7.19 and 7.29 person-years, respectively. Finally, in the<12
treatment cohort, average age was 59.7 years (P= .879); no
significant differences were observed in the proportions of HTN,
hyperlipidemia, DM, and chronic kidney disease; and the mean
follow-up periods of the treatment and comparison cohorts were
8.00 and 8.05 person-years, respectively.

3.2. Incidence of joint arthroplasty

In the >24, 13–23, and <12 cohorts (Table 2), TKA incidence
rates were 3.5% (4.9% in comparison cohort; P< .001), 3.9%
(4.4% in comparison cohort; P< .001), and 4.4% (4.7% in
comparison cohort; P= .091), respectively. Furthermore, in the
>24, 13–23, and <12 cohorts, THA incidence rates were 0.9%
(1.4% in comparison cohort; P< .001), 1.2% (1.3% in
comparison cohort; P= .311), and 1.3% (1.3% in comparison
cohort; P= .314), respectively.

3.3. Age-wise risk assessment
3.3.1. In patients aged 60 to 80 years. In the >24, 13–23, and
<12 cohorts (Table 3), TKAHRs (95%CIs)were 0.77 (0.67–0.87,



Figure 1. Data Process Flow. Study subjects were identified from a nationwide cohort of 3 million people from 1 January 2000 to 31 December 2013 and were
divided into the Treatment cohort: Number of physical treatments started within 1 year after osteoarthritis. Comparison cohort: physical treatment after 1 year
composed of age-, sex-, index date and propensity score-matched people.
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Table 1

Comparison of demographics and comorbidities.

>24 Comparison P 13∼23 Comparison P <12 Comparison P

Age Mean±SD 62.1±12.6 62.2±12.5 .686 60.4±12.6 60.4±12.5 .71 59.7±12.7 59.7±12.7 .879
Age cohorts 60-80 5868 (73.5) 23425 (73.3) .943 8821 (64.4) 35274 (64.4) .937 64613 (61.1) 64581 (61.1) .950

40∼59 1792 (22.4) 7224 (22.6) 4149 (30.3) 16644 (30.4) 34196 (32.3) 34192 (32.3)
18∼39 327 (4.1) 1299 (4.1) 722 (5.3) 2850 (5.2) 6908 (6.5) 6944 (6.6)

Sex M 3847 (48.2) 15391 (48.2) .988 5828 (42.6) 23332 (42.6) .938 39971 (37.8) 39962 (37.8) .968
F 4140 (51.8) 16557 (51.8) 7864 (57.4) 31436 (57.4) 65746 (62.2) 65755 (62.2)

HTN Y 5441 (68.1) 20631 (64.6) <.001 7937 (58.0) 32208 (58.8) .074 57405 (54.3) 60104 (56.9) <.001
N 2546 (31.9) 11317 (35.4) 5755 (42.0) 22560 (41.2) 48312 (45.7) 45613 (43.1)

HPL Y 3409 (42.7) 14442 (45.2) <.001 6114 (44.7) 24497 (44.7) .875 45938 (43.5) 48238 (45.6) <.001
N 4578 (57.3) 17506 (54.8) 7578 (55.3) 30271 (55.3) 59779 (56.5) 57479 (54.4)

DM Y 2719 (34.0) 10146 (31.8) <.001 4084 (29.8) 16096 (29.4) .315 29043 (27.5) 30836 (29.2) <.001
N 5268 (66.0) 21802 (68.2) 9608 (70.2) 38672 (70.6) 76674 (72.5) 74881 (70.8)

CKD Y 1661 (20.8) 6410 (20.1) .146 2419 (17.7) 9731 (17.8) .783 16760 (15.9) 17797 (16.8) <.001
N 6326 (79.2) 25538 (79.9) 11273 (82.3) 45037 (82.2) 88957 (84.1) 87920 (83.2)

COPD Y 3261 (40.8%) 40.8% (11572) <.001 4553 (33.3%) 33.3% (17630) .018 30814 (29.1%) 29.1% (31926) <.001
N 4726 (59.2%) 59.2% (20376) 9139 (66.7%) 66.7% (37138) 74903 (70.9%) 70.9% (73791)

AF Y 317 (4.0%) 4.0% (1158) .144 408 (3.0%) 3.0% (1705) .439 2722 (2.6%) 2.6% (2755) .661
N 7670 (96.0%) 96.0% (30790) 13284 (97.0%) 97.0% (53063) 102995 (97.4%) 97.4% (102962)

Gout Y 1639 (20.5%) 20.5% (7919) <.001 2627 (19.2%) 19.2% (12382) <.001 20243 (19.1%) 19.1% (23171) <.001
N 6348 (79.5%) 79.5% (24029) 11065 (80.8%) 80.8% (42386) 85474 (80.9%) 80.9% (82546)

Treatment cohort: Number of physical treatments started within 1 year after osteoarthritis. Comparison cohort: Physical therapy started for more than a year.
AF=atrial fibrillation, CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, DM=diabetes mellitus, HPL=Hyperlipidemia, HTN=hypertension.

Table 2

Comparison of artificial arthroplasty surgery.

>24 Comparison P 13∼23 Comparison P <12 Comparison P

TKA 277 (3.5) 1564 (4.9) <.001 536 (3.9) 2395 (4.4) .017 4670 (4.4) 4963 (4.7) .002
PSA 8 (0.1) 35 (0.1) .818 13 (0.1) 49 (0.1) .848 75 (0.1) 101 (0.1) .050
TEA 1 (0.1) 14 (0) .145 11 (0.1) 14 (0) .007 26 (0) 46 (0) .018
TSA 0 (0) 4 (0) .182 3 (0) 7 (0) .453 18 (0) 14 (0) .479
TAA 0 (0) 1 (0) .504 0 (0) 2 (0) .345 0 (0) 1 (0) .239
THA 73 (0.9) 435 (1.4) .001 163 (1.2) 711 (1.3) .311 1352 (1.3) 1404 (1.3) .314
FTA 0 (0) 1 (0) .504 0 (0) 4 (0) .182 6 (0) 3 (0) .313
PHA 171 (2.2) 680 (2.1) .889 198 (1.5) 892 (1.6) .125 1406 (1.3) 1573 (1.5) .002

Comparison cohort: Physical therapy started for more than a year. FTA= foot and toe joint arthroplasty, PHA=partial hip arthroplasty, PSA=partial shoulder arthroplasty, TAA= total ankle arthroplasty, TEA=
total elbow arthroplasty, THA= total hip arthroplasty, TKA= total knee arthroplasty, TSA= total shoulder arthroplasty.

Table 3

Hazard ratios for artificial arthroplasty surgery assessment for different age cohorts.

Arthroplasty surgery Age group >24 HR (95%CI) P 12∼23 HR (95%CI) P <12 HR (95%CI) P

New TKA 18∼39 2.06 (0.52–8.24) .307 1.19 (0.33–4.33) .790 0.64 (0.37–1.10) .106
40∼59 0.98 ((0.53–1.79) .945 0.80 (0.52–1.22) .294 0.85 (0.72–1.00) .055
60∼80 0.77 (0.67–0.87) <.001 0.94 (0.85–1.04) .214 0.96 (0.91–1.00) .066

New THA 18∼39 1.53 (0.55–4.30) .418 0.74 (0.31–1.78) .506 0.65 (0.44–0.94) .022
40∼59 0.61 (0.37–1.02) .060 0.62 (0.43–0.90) .011 0.92 (0.80–1.06) .249
60∼80 0.71 (0.53–0.96) .024 1.10 (0.90–1.34) .340 1.00 (0.90–1.11) .977

New PHA 18∼39 0.04 (0.00–28.3) .327 0.44 (0.06–3.46) .435 0.69 (0.36–1.32) .262
40∼59 0.59 (0.23–1.52) .276 0.66 (0.34–1.28) .216 1.03 (0.80–1.31) .842
60∼80 1.16 (0.97–1.37) .097 0.95 (0.81–1.11) .531 0.84 (0.74–0.95) .004

Treatment cohort: Number of physical treatments started within 1 year after osteoarthritis.
Comparison cohort: Physical therapy started for more than a year.
PHA=partial hip arthroplasty, THA= total hip arthroplasty, TKA= total knee arthroplasty.
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Figure 2. Cumulative incidence of total knee arthroplasty (log rank P< .001)
Development by >24 physical therapy sessions in the first year and delay
physical therapy after 1 year cohorts.

Figure 3. Cumulative incidence of total hip arthroplasty (log rank P< .001)
development by >24 physical therapy sessions in the first year and delay
physical therapy after 1 year cohorts.
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P< .001), 0.94 (0.85–1.04, P= .214), and 0.96 (0.91–1.00,
P= .066), respectively. Furthermore, the >24, 13–23, and <12
cohorts, TKA HRs (95%CIs) were 0.71 (0.53–0.96, P= .024),
1.10 (0.90–1.34, P= .340), and 1.00 (0.90–1.11, P= .977),
respectively.

3.3.2. In patients aged 40 to 59 years. In the >24, 13–23, and
<12 cohorts (Table 3), TKA HRs (95%CIs) were 0.98 (0.53–
1.79, P< .945), 0.80 (0.52–1.22, P= .294), and 0.85 (0.72–1.00,
P= .066), respectively. the >24, 13–23, and <12 cohorts, TKA
HRs (95%CIs) were 0.71 (0.53–0.96, P= .024), 0.62 (0.43–0.90,
P= .011), and 0.92 (0.8–1.06, P= .249).

3.3.3. In patients aged 18 to 39 years. In the >24, 13–23, and
<12 cohorts (Table 3), TKA HRs (95%CIs) were 2.06 (0.52–
8.24, P= .307), 1.19 (0.33–4.33, P= .790), and 0.64 (0.37–1.1,
P= .106), respectively. Furthermore, the >24, 13–23, and <12
cohorts, THA HRs (95%CIs) were 1.53 (0.55–4.30, P= .418),
0.74 (0.31–1.78, P= .506), and 0.65 (0.44–0.94, P= .022),
respectively.

4. Discussion

Few studies have reported the effects of specific timings of
physical therapy intervention in recent years.[14,15] Several studies
have evaluated suitable timings for physical therapy intervention
after joint arthroplasty[16–19]; however, such studies on physical
therapy intervention before joint arthroplasty are lacking. On
comparison, we noted that patients who received physical
therapy >24 sessions in the first year after OA diagnosis had a
significantly lower TKA incidence rate than did those who
received physical therapy after 1 year of the diagnosis (3.5% vs
4.9%, P< .001); similar results were noted for THA incidence
rates (0.9% vs 1.4%, P< .001). The present study revealed that
frequent and early physical therapy significantly reduces THA
and TKA risk in patients with OA. The three patient cohorts were
compared with propensity score-, sex-, age-, and index year-
matched comparison cohorts. Thus, in the>24 cohort, the risk of
TKA and THA were low [0.77 (P< .001) and 0.74 (P= .001),
respectively].
By contrast, no differences in the incidence rates of TKA or

THA were noted between the 13–23 and <12 cohorts and their
respective comparison cohorts. In our study, undergoing >24
physical therapy sessions within 1 year of receiving an OA
diagnosis can significantly reduce the risk of joint arthroplasty.
Our study demonstrated that the TKA and THA risk was

relatively low only in >60-year-old patients who received >24
physical therapy sessions in thefirst year afterOAdiagnosis (Figs. 2
and 3). However, when the number of sessions was<24, no such
significant effect was noted. Among the patients aged <60 years,
no significant differences in TKA and THA incidence rates were
observed between the treatment and comparison cohorts—even
after early or more number of physical therapy sessions were
conducted.

Because the time course of arthritis is slow, at the therapeutic

level, patients are always expected to be treated early for a more
favorable prognosis; however, most patients may not be able to
receive regular treatment or may receive insufficient treatment.
The world population is rapidly aging; consequently, the number
of elderly people is increasing at a fast pace. OA is a common
skeletal muscular disease in the elderly population. As age
advances, the incidence of skeletal muscular diseases increases.
Repairing the degenerated joints is impossible; nevertheless,
5

through early and frequent physical therapy, the deterioration of
the joints can be delayed, and patient activity can be improved.
4.1. Study limitation

This study used the NHIRD as the source to analyze the data of
OA patients from 2000 to 2013. First, the NHIRD does not
comprise data on the patients’ place of residence, socioeconomic
background, lifestyle habits, and immediate treatment evaluation
(e.g., smoking, MI, and family history). Second, because of
certain factors other than OA, the patient may have actually
received physical therapy; however, no treatment code registra-
tion status is available in the NHIRD, which may cause an
underestimation of the rate of physical therapy after OA

http://www.md-journal.com
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diagnosis. Third, during diagnosis on the basis of ICD-9
diagnostic codes, the physician may make a classification error.
Fourth, this observation study precluded the assumption of a
causal relationship.
4.2. Future directions

Clinicians could be aware of the association between physical
therapy and risks of TKA and THA and provide optimal
treatments.
5. Conclusion

Our study indicated that patients aged 60 to 80 years who
underwent >24 physical therapy sessions within 1 year of
receiving an OA diagnosis exhibited reduced risks of TKA and
THA. Elderly patients with degenerative joints should be
provided early and frequent physical therapy in addition to
conventional treatment.
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