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Abstract.	 [Purpose] This study was performed to examine the effects of subacute physical therapy (PT) on ac-
tivities of daily living (ADL), quality of life, and geriatric aspects of patients who underwent total knee arthroplasty 
(TKA) or total hip arthroplasty (THA). [Subjects] The subjects were TKA (n=56) and THA (n=39) patients who re-
ceived PT on the first day of independent ADL (up to 2 weeks) and just prior to discharge (4 weeks). [Methods] The 
functional independence measure (FIM), grip strength, knee extension strength (KES), timed up and go (TUG) test, 
mini-mental state examination (MMSE), geriatric depression scale short form (GDS-15), fall efficacy scale (FES), 
and medical outcome study 8-item short-form health survey (SF-8) were used as outcome measure, and comorbid-
ity involvement was also investigated. [Results] Improvements in FIM, KES, TUG, GDS-15, FES, and SF-8 scores 
were seen in both groups (effect size, 0.31–0.87). Poor PT effects were found for THA patients aged ≥65 years, for 
TKA and THA patients with an MMSE score ≤28, and for THA patients with two or more comorbidities. [Conclu-
sion] Positive effects were seen in patients who received PT at 2–4 weeks after surgery. Thus, additional PT for 
approximately 2 weeks after the beginning of independent ADL may be beneficial.
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INTRODUCTION

Total knee arthroplasty (TKA) and total hip arthroplasty (THA) are the most commonly performed surgical procedures 
for the lower limbs with orthopedic disease. The aims of surgery are to alleviate pain, and improve activities of daily living 
(ADL) and physical activity1–3). The purpose of post-operative rehabilitation for such patients is to improve physical func-
tion, ADL, and quality of life (QOL), as well as extend healthy life expectancy2–5). However, hospital stays and the time of 
rehabilitation following lower limb arthroplasty have recently been reduced in light of increased medical expenses in Western 
countries, which is different from the situation in Japan6, 7). The Uniform Data System for Medical Rehabilitation (UDSMR) 
Functional Independence Measure (FIM) system (FIM® instrument) is the largest case registration database used in the 
field of rehabilitation in the United States, and Dr. Granger is one of the developers of the system. Using the UDSMR-FIM, 
Granger et al.7) reported that the FIM score at discharge of patients who underwent TKA and THA was 108.4±11.0 points 
in measurements conducted in 2000 compared to 101.7±12.9 points in 2008, showing a tendency for discharge with slightly 
poorer ADL, while the average length of hospital stay in 2008 was found to be 9.0±4.1 days.

Although the numbers of TKA and THA procedures continue to increase each year, and shortened hospital stay is being 
promoted, hospitalization of about 3–4 weeks remains common in Japan. For patients in Western countries who undergo TKA 
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or THA, rehabilitation strategies with high cost-effectiveness in the light of the risk of adverse events for elderly patients 
have been developed8), with long-term clinical results such as physical function and QOL reported2, 9). For rehabilitation 
during the recovery period after the sub-acute stage following TKA and THA, Western patients are generally discharged to 
home. However, in consideration of the aging population in Japan, it is important to evaluate the usefulness of rehabilitation 
during the very early stage, and that performed for a short period, in addition to both physical function and mental health, by 
determining the overall effects, including geriatric aspects.

Elderly patients often have complications of multiple diseases or decreased ADL prior to surgery; thus they, require 
comprehensive medical assistance. As for an effective methodology, it is important to not only perform medical evaluations 
but also comprehensive assessments of three aspects of life function, mental, social, and environmental aspects, in order 
to understand related problems and increase in QOL, in other words, the comprehensive geriatric assessment (CGA). In 
previous studies that utilized CGA, the effects of mortality decline, reduced length of hospitalization, extended stay at home, 
reduced admission rate, maintenance of bodily functions, fall prevention, preservation of cognitive function, management of 
perioperative delirium, reduced medical costs, and coordinated hyper-medication have been reported10–12).

The present study was performed to verify the usefulness and validity of discharge time after four weeks of rehabilitation 
for patients who underwent a TKA or THA procedure. Changes in motor function, cognitive function, mood, and QOL 
were assessed at the time of independent ADL and at discharge. From those findings, the significance of convalescence for 
rehabilitation of lower limb prosthetic joints was investigated by taking into account the impact of geriatric and comorbid 
conditions in line with the concept of the CGA.

SUBJECTS AND METHODS

A total of 111 patients (mean age 69.7±8.7 years; TKA, n=68; THA, n=43) underwent a TKA or THA procedure at the 
Department of Orthopedic Surgery at Shiga University of Medical Science Hospital between June 2013 and April 2014. Each 
patient began physical therapy (PT) from the day after surgery, and were transferred to the convalescence rehabilitation ward 
(CRW) from the orthopedic ward and underwent re-evaluation. Criteria for admission to the study were C-reactive protein 
≤3.0 mg/dl, independent gait with an assistive device, and commencement of stair training. Exclusion criteria were pres-
ence of osteonecrosis or rheumatoid arthritis before surgery, neurological symptoms such as stroke or Parkinson’s disease, 
advanced disuse syndrome, and dementia [mini-mental state examination (MMSE) score ≤23]. Some patients underwent 
TKA with a lateral parapatellar approach, and some patients underwent THA with Dall’s approach. The pre-operative char-
acteristics of the subjects are shown in Table 1. In addition, the critical paths of the PT program at our hospital for TKA and 
THA patients are presented in Fig. 1. This study was performed in accordance with the Declaration of Helsinki. The protocol 
was approved by the medical ethics committees of our university and all participants provided their written informed consent 

Fig. 1.	 Physical therapy program following total knee arthroplasty or total hip arthroplasty
Time line: week 1 (POD, post-operative day 1–7), week 2 (POD 8–14), week 3 (POD 15–21), week 4 (POD 22–28).
Additionally, ankle pumps and walker-gait devices were used to prevent deep vein thrombosis between POD 1 and hospital discharge.
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before enrollment.
The subjects were examined at the time of admission to the study (transfer from orthopedic department to rehabilitation 

unit) and at the time of hospital discharge. The main outcome measure was the FIM, which has 18 items covering 6 domains 
(self-care, sphincter control, transfer, locomotion, communication, social cognition). Each item is rated on a scale from 
1 (complete dependence) to 7 (complete independence), with higher scores representing greater functional independence 
(range 18 to 126) in ADL. In addition, grip and knee extensor strength were measured, and the timed up and go test (TUG) 
conducted to assess motor function. Knee extensor strength was assessed using an IsoForce GT-360 device (OG Giken Co 
Ltd, Okayama, Japan) while the subjects performed isometric contraction for 3 seconds. Torque was calculated by multiply-
ing the strength of the lever arm (distance between position of force sensor and knee extensor strength) and expressed as a 
percentage of body weight (N·m/kg). The TUG test measures the time (in seconds) required by a subject to stand up from 
an armless chair (chair seat height up to 40 cm), walk a distance of 3 meters, then turn, walk back to the chair, and sit down. 

Table 1.  Characteristics of patients who underwent total knee arthroplasty or total hip arthroplasty

Total knee (n = 56) Total hip (n = 39)
mean (SD) mean (SD)

Length of stay, days 29.8 (5.2) 30.8 (8.0)
Onset (from surgery to CRW)  13.9 (4.2)  13.4 (3.9)
CRW  15.8 (4.6)  17.4 (8.1)

Gender, female 46 (82.1%) 35 (89.7%)
Age, years 71.6 (8.3) 67.7 (9.0)

<65  13 (23.2%)  16 (41.0%)
≥65  43 (76.8%)  23 (59.0%)

Height, cm 152.3 (7.3) 152.1 (6.1)
Weight, kg 60.4 (10.9) 54.4 (10.4)
BMI, kg/m2 25.9 (3.7) 23.4 (3.7)
KSS or mHHS score§ 71.2 (25.2) 54.9 (11.7)
Surgical approach medial parapatellar: 32 (57.1%) antero-lateral: 39 (100%)

midvastus: 24 (42.9%)
Surgical side, right 31 (55.4%) 21 (53.8%)
Dominant leg, right 52 (92.9%) 37 (94.9%)
Dominant hand, right 56 (100%) 38 (97.4%)
Total FIM score, performance (adm.) 111.5 (5.2) 108.5 (6.7)
Total MMSE score 28.3 (1.9); median, 29 28.3 (2.8); median, 29
Non-musculoskeletal comorbidities

Hypertension  36 (64.3%)  20 (51.3%)
Chronic heart failure  19 (33.9%)  5 (12.8%)
Diabetes mellitus  12 (21.4%)  2 (5.1%)
Hyperlipidemia  24 (42.9%)  15 (38.5%)
Asthma or COPD  5 (8.9%)  2 (5.1%)
Sensory impairments
Vison impairment  7 (12.5%)  4 (10.3%)
Hearing impairment  5 (8.9%)  2 (5.1%)

Number of comorbidities
0  8 (14.3%)  13 (33.3%)
1 or 2  33 (58.9%)  20 (51.3%)
≥3  15 (26.8%)  6 (15.4)
Number of falls 2 (35.7 ‰)¶ 1 (25.6 ‰)¶

Discharge setting, home 55 (98.2%) 39 (100%)
Living situation, alone or with others 8 (14.3%) or 48 (85.7%) 5 (12.8%) or 34 (87.2%)

CRW: convalescence rehabilitation ward; BMI: body mass index; FIM: functional independence measure (at 
admission); MMSE: mini-mental state examination; SD: standard deviation
§Pre-operative score; total knee society score (KSS) for TKA, and total modified Harris hip score (mHHS) for 
THA.
¶Permil (‰); number of falls/total inpatient number × 1,000 = sum during study period
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In this study, it was used to assess ambulatory ability. Cognitive function was assessed with using the MMSE (score range, 
0 to 30; lower scores indicate worse performance). Depression mood was assessed using the geriatric depression scale short 
form (GDS-15; score range, 0 to 15; higher scores indicate worse performance). Health-related QOL (HRQOL) was assessed 
using the MOS 8-item short-form health survey (SF-8; norm-based score, 50; lower scores indicate worse performance). In 
order to evaluate the fear of falling and self-efficacy, the fall efficacy scale (FES) developed by Takenaka et al.13) was used to 
examine 15 activities associated with ADL. The FES rates self-confidence in avoiding falls on a 10-point scale (1: absolutely 
no confidence, 10: extremely confident), and higher scores show strong confidence of avoiding falls. In the present study, the 
value of 0 was added to represent “do not know” or “have never been” to the possible answers.

Additionally, gender, age, height, weight, dominant hand14) and leg15), presence or absence of a comorbidity such as 
hypertension, chronic heart failure due to ischemic heart disease or others, diabetes mellitus, hyperlipidemia, respiratory 
disease (chronic obstructive pulmonary disease, asthma), visual impairment (waiting for cataract surgery or glaucoma dur-
ing treatment), hearing impairment (hypacusia), discharge destination, family structure, and occurrence of a fall during 
hospitalization were all investigated.

For the assessment of physical function, the better score of 2 trials was used. Statistical analysis was performed for all 
of the data of the TKA and THA patients using non-parametric tests. The Wilcoxon signed-rank test was used to examine 
differences between admission and discharge, and the size of the effect was calculated. The Mann-Whitney U test was used 
to examine the relationships among geriatric factors, such as age, MMSE, number of comorbidities, and surgical side. For 
this purpose, the patients were divided into two age groups, with 65 years as the dividing point. The CRW is an intermediary 
facility used prior to discharge to home, and some inpatients after discharge from the hospital are certified for long-term 
nursing-care insurance according to need. The present subjects were divided into high-scoring (High) and low-scoring (Low) 
groups based on the MMSE median. All statistical analyses were performed using SPSS for Windows (version 22.0, IBM, 
Tokyo, Japan) and values of p<0.05 were considered to indicate statistical significance.

Table 2.	Results of outcome measures before and after surgery for patients who underwent total knee arthroplasty or total hip arthro-
plasty

Total knee (n = 56)
ES

Total hip (n = 39)
ESmean (SD) mean (SD)

Admission Discharge Admission Discharge
Total FIM score, capability 113.9 (5.5) 121.7 (3.8)* 0.86 111.9 (6.5) 119.9 (5.5)* 0.87

transfer, tub 4.5 (2.0) 6.1 (0.5)* 0.72 4.8 (1.7) 5.9 (0.6)* 0.69
walk 6.1 (0.8) 6.5 (0.5)* 0.58 6.1 (0.2) 6.3 (0.5)* 0.46
stairs 3.0 (2.3) 6.0 (0.3)* 0.78 3.0 (2.2) 5.8 (0.6)* 0.81

Grip, right (kg) 20.9 (7.8) 20.7 (7.9) 21.2 (7.3) 21.4 (7.1)
Grip, left (kg) 19.8 (7.4) 20.1 (7.9) 20.5 (6.8) 20.8 (6.9)
Knee extension, right (Nm/kg) 0.8 (0.5) 1.0 (0.4)* 0.74 1.0 (0.4) 1.1 (0.4)* 0.52
Knee extension, left (Nm/kg) 0.8 (0.4) 0.9 (0.4)* 0.69 1.0 (0.4) 1.1 (0.4)* 0.46
TUG (sec) 13.7 (5.7) 10.0 (2.9)* 0.84 15.5 (6.0) 11.5 (4.7)* 0.8
Total MMSE score 28.3 (1.9) 28.1 (2.1) 28.3 (2.8) 28.2 (2.5)
Total GDS-15 score 4.2 (3.2) 2.6 (2.5)* 0.55 3.6 (3.0) 3.1 (3.2)* 0.34
SF-8 score

physical function 35.2 (10.3) 42.4 (5.5)* 0.56 39.0 (10.0) 44.0 (5.2)* 0.44
role physical 33.7 (11.1) 42.0 (7.5)* 0.57 38.9 (9.0) 45.0 (6.1)* 0.5
bodily pain 36.1 (5.5) 41.2 (6.6)* 0.57 39.4 (7.4) 45.3 (7.8)* 0.51
general health 47.4 (7.4) 51.6 (6.5)* 0.45 48.3 (7.5) 52.2 (5.9)* 0.43
vitality 46.0 (7.5) 49.9 (6.1)* 0.49 48.9 (7.1) 51.3 (5.7)* 0.35
social function 40.0 (8.8) 46.7 (8.1)* 0.56 42.3 (9.9) 42.8 (9.5)
role emotional 39.1 (13.3) 45.8 (7.5)* 0.43 42.3 (10.8) 47.0 (6.3)
mental health 46.8 (6.4) 50.0 (5.5)* 0.36 48.4 (6.7) 50.8 (6.0)* 0.34
PCS 33.7 (7.6) 40.8 (5.6)* 0.74 7.8 (8.4) 43.8 (5.3)* 0.57
MCS 47.3 (9.4) 50.8 (6.6)* 0.37 48.6 (7.3) 49.5 (5.7)

Total FES score 43.6 (29.7) 52.4 (28.9)* 0.31 48.5 (27.6) 60.4 (34.0)* 0.36
*p<0.05: a significant difference, Wilcoxon’s signed-rank test. SD: standard deviation; ES: effect size; r = Z-score/√(N), FES: fall effi-
cacy scale; FIM: functional independence measure; GDS-15: geriatric depression scale short form (15 items); MCS: mental component 
summary; MMSE: mini-mental state examination; PCS: physical component summary; SF-8: 8-item short-form health survey; TUG: 
timed up and go test
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RESULTS

In accordance with the inclusion criteria, patients who were followed after hospital discharge were subjected to analysis. 
The TKA group consisted of 56 patients (46 females, 10 males), with a mean age of 71.6±8.3 years (range 52–86 years) 
and mean body mass index (BMI) of 25.9±3.7 kg/m2 (19.4–35.0 kg/m2), and the THA group consisted of 39 patients (35 
femlaes, 4 males), with a mean age of 67.7±9.0 years (49–81 years) and mean body mass index (BMI) of 23.4±3.7 kg/m2 

(17.5–33.7 kg/m2). As for the operative procedures, in the TKA group, 24 patients underwent a midvastus approach and 32 a 
medial parapatellar approach, while all patients in the THA group underwent an antero-lateral approach.
The evaluation period after entering the CRW for patients in both groups ranged from 2 to 4 weeks after surgery (Table 1). 
The duration of hospitalization was 29.8±5.2 days in the TKA group and 30.8±8.0 days in the THA group. PT was conducted 
during CRW stays of 15.8±4.6 and 17.4±8.1 days for the TKA and THA groups, respectively. Furthermore, the two groups’ 
initial values of FIM were 111.5±5.2 and 108.5±6.7 points, and of MMSE were 28.3±1.9 and 28.3±2.8 points (median 29 
points for both groups), respectively. For the TKA and THA groups, surgery on the right side was performed for 55.4% 
and 53.8% of the subjects, respectively, and the comorbidity prevalences were 85.7% and 66.7%, the falls rates were 3.6% 
and 2.6%, and the home discharge rates were 98.2% and 100%, respectively (Table 1). Hypertension and hyperlipidemia 
coexisted in most patients in both groups, while many also had musculoskeletal disease along with two or more diseases. 
Furthermore, scores for the Waterloo Footedness Questionnaire revealed right-leg dominance in 92.9% of the TKA and 
94.9% of the THA patients (Table 1). Regarding the knee extension strength of the TKA group, there was no significant 
difference between the medial parapatellar (n=32) and midvastus (n=24) approaches, or between the right (p=0.246) and left 
(p=0.141) sides at the time of admission to the CRW, or between the right (p=0.96) and left (p=0.371) sides at discharge.

There were significant differences between the groups with regard to functional improvements at 2 and 4 weeks after the 
surgery. In comparisons of the scores between admission and discharge in the TKA and THA groups, overall good clinical 
results were shown for FIM (ADL), motor function (knee extensor strength, TUG), mood (GDS and FES), and HRQOL 
(SF-8) (Table 2). The clinical effect was moderate to large in both groups, while the physical effects were more intense than 

Table 3.  Differences between admission and discharge based on age

(Δ) = Discharge – Admission Total knee, mean (SD) Total hip, mean (SD)

Age in years †
<65 ≥65 <65 ≥65

(n = 13) (n = 43) (n = 16) (n = 23)
Total FIM score, capability 8.2 (4.5) 7.6 (4.4) 8.0 (2.9) 8.0 (4.2)
FIM efficiency 0.6 (0.4) 0.5 (0.3) 0.5 (0.2) 0.5 (0.3)

Grip, right (kg) –0.3 (2.3) –0.1 (2.6) –0.1 (2.7) 0.4 (2.4)
Grip, left (kg) 0.9 (2.6) 0.1 (2.1) 0.4 (2.7) 0.2 (2.4)
Knee extension, right (Nm/kg) 0.2 (0.2) 0.2 (0.2) 0.1 (0.2) 0.1 (0.2)
Knee extension, left (Nm/kg) 0.2 (0.2) 0.1 (0.2) 0.0 (0.2) 0.2 (0.2)
TUG (sec) –4.1 (3.4) –3.6 (4.1) –2.9 (2.7) –4.7 (4.8)
Total MMSE score 0.2 (1.3) –0.2 (1.7) –0.1 (1.1) –0.1 (1.8)
Total GDS-15 score –2.5 (2.3) –1.2 (2.4) –0.9 (1.8) –0.3 (2.4)
SF-8 score

physical function 8.3 (10.0) 7.0 (10.7) 6.7 (12.2) 3.7 (9.7)
role physical 7.9 (11.1) 8.5 (12.2) 8.6 (10.8) 4.3 (11.0)
bodily pain 7.0 (9.4) 4.6 (6.0) 9.9 (7.5) 3.1 (9.2)*
general health 4.2 (8.0) 4.2 (8.3) 5.3 (8.2) 2.9 (7.3)
vitality 4.4 (5.7) 3.8 (7.3) 3.9 (6.7) 1.5 (7.2)
social function 5.5 (7.0) 7.1 (10.1) 1.9 (6.2) –0.5 (10.0)
role emotional 9.1 (15.2) 6.0 (14.1) 6.2 (12.7) 3.6 (10.5)
mental health 3.2 (6.3) 3.2 (7.2) 2.8 (4.7) 2.1 (7.1)
PCS 7.6 (7.4) 6.9 (7.2) 9.1 (7.7) 3.8 (10.4)
MCS 3.8 (8.1) 3.4 (10.2) 1.0 (6.3) 0.9 (7.1)

Total FES score 5.9 (43.7) 9.7 (28.5) 26.0 (33.4) 2.1 (46.3)*
†The groups were divided based on age, with 65 years old as the cut-off.
*p<0.05: a significant difference, Mann-Whitney’s U test. SD: standard deviation; FES: fall efficacy scale; FIM: functional 
independence measure; GDS-15: geriatric depression scale short form (15 items); MCS: mental component summary; MMSE: 
mini-mental state examination; PCS: physical component summary; SF-8: 8-item short-form health survey; TUG: timed up 
and go test
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mental (effect size shown in Table 2). In addition, grip strength and MMSE were maintained, and there were no negative 
effects on general condition or cognitive function during the hospitalization period of about 1 month. Ambulatory status 
with use of an assistive device in the TKA and THA groups at admission showed that 10 (18%) and 1 (2%) had independent 
ambulation, 36 (64%) and 26 (67%) used cane-assisted ambulation, and 10 (18%) and 12 (31%) used walker-assisted ambu-
lation, respectively, while those values at discharge were 27 (48%) and 4 (10%), 29 (52%) and 33 (85%), and 0 (0%) and 2 
(10%), respectively.

Using 65 years old as the cut-off, the effects of rehabilitation were examined with a delta score by subtracting the findings 
at admission from those at discharge. Patients in the THA group who were ≥65 years of age had worse improvements in QOL 
with regard to bodily pain and self-efficacy in avoiding falls, whereas there were no significant differences in the TKA group 
(Table 3). When grouped on the basis of 29 points as the median MMSE score for cognitive function, patients in the TKA 
group with a score of ≤28 showed a worse effect of rehabilitation on knee extension strength on the left side (many patients 
had surgery on the non-dominant leg) (Table 4), while those in the THA group with a low score had worse improvement 
in the FES score (Table 5). When grouped on the basis of the number of comorbidities, patients with 2 or more in the THA 
group showed a significantly lower rehabilitation effect of vitality on HRQOL and FES scores, while there was no significant 
difference in the TKA group (Table 6).

DISCUSSION

In this study, changes in motor function, cognitive function, mood, and HRQOL were assessed in patients who underwent 
a TKA or THA procedure at 2 and 4 weeks after surgery (non-acute stage), and the CGA was used to determine the effects 
of convalescence rehabilitation. Scores for independence in ADL (FIM sub-items ≥5 points) from the time of admission 
showed that both motor function and HRQOL significantly improved in both groups. Therefore, convalescence rehabilitation 
for TKA and THA patients is effective for a wide range of factors, and CGA was found to be useful even for patients with 
lower extremity joint replacement. Moreover, the clinical significance of various measures resulting from extension of the 
short-term PT intervention was confirmed, indicating that extension of the hospitalization period due to rehabilitation medi-

Table 4.  Differences in functions between dominant leg and surgery side

(Δ) = Discharge – Admission Total knee, mean (SD) Total hip, mean (SD)

Dominant leg & surgery side
Ipsilateral Contra Ipsilateral Contra
(n = 32) (n = 24) (n = 21) (n = 18)

Total FIM score, capability 8.3 (4.4) 7.0 (4.4) 8.1 (4.4) 7.8 (2.9)
FIM efficiency 0.5 (0.3) 0.5 (0.3) 0.5 (0.2) 0.5 (0.2)

Grip, right (kg) –0.1 (2.6) –0.3 (2.5) 0.6 (2.4) –0.3 (2.6)
Grip, left (kg) 0.1 (2.3) 0.5 (2.2) 0.6 (2.5) –0.1 (2.4)
Knee extension, right (Nm/kg) 0.3 (0.3) 0.1 (0.1)* 0.1 (0.2) 0.1 (0.2)
Knee extension, left (Nm/kg) 0.1 (0.2) 0.2 (0.2)* 0.1 (0.2) 0.1 (0.2)
TUG (sec) –4.3 (4.1) –3.0 (3.6) –3.1 (3.6) –4.9 (4.7)
Total MMSE score 0.1 (1.8) –0.4 (1.4) –0.1 (1.7) –0.1 (1.3)
Total GDS-15 score –1.2 (2.3) –2.0 (2.6) –0.7 (1.6) –0.4 (2.7)
SF-8 score

physical function 8.2 (11.2) 6.1 (9.5) 4.1 (9.6) 5.9 (12.2)
role physical 7.9 (11.7) 8.9 (12.3) 6.4 (11.5) 5.8 (10.7)
bodily pain 5.4 (6.2) 4.8 (8.0) 7.2 (8.1) 4.3 (10.2)
general health 4.4 (8.2) 3.9 (8.2) 5.1 (8.8) 2.4 (6.2)
vitality 2.6 (6.7) 5.7 (6.9) 3.7 (8.0) 1.0 (5.6)
social function 5.8 (10.7) 7.8 (7.5) –1.3 (8.1) 2.6 (8.9)
role emotional 5.1 (12.6) 9.0 (16.2) 3.3 (13.1) 6.3 (9.0)
mental health 2.0 (7.0) 4.9 (6.6) 2.0 (5.9) 2.8 (6.6)
PCS 7.9 (7.0) 5.9 (7.4) 6.9 (9.7) 4.9 (9.7)
MCS 1.4 (10.1) 6.2 (8.4) –0.3 (6.7) 2.3 (6.6)

Total FES score 9.3 (32.3) 8.2 (32.7) 7.5 (45.6) 17.0 (39.7)
Ipsilateral, ipsilateral side; Contra, contralateral side
*p<0.05: a significant difference, Mann-Whitney’s U test. SD: standard deviation, FES: fall efficacy scale; FIM: functional 
independence measure; GDS-15: geriatric depression scale short form (15 items); MCS: mental component summary; MMSE: 
mini-mental state examination; PCS: physical component summary; SF-8: 8-item short-form health survey; TUG: timed up 
and go test
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cal treatment for about 2 weeks after ADL independence is effective.
Recently, there has been a trend in Japan to reduce the length of hospital stay. However, based on the present results, it 

is our opinion that discharge home after rehabilitation therapy with hospitalization within 2 weeks is insufficient, especially 
for elderly patients, while 4 weeks or more is beneficial. In Japanese cases, CRW plays a role as a bridge to community 
rehabilitation. In the present study, the subjects were divided into 2 groups based on a cut-off of 65 years old, which is the age 
of eligibility for receiving long-term care insurance. This study found that patients ≥65 years of age who underwent THA had 
poor improvement in HRQOL with respect to pain and self-efficacy for preventing falls. In contrast, in the TKA group, there 
was no significant difference seen after that age division; however, there was only a small number of patients under 65 years 
old. Also, a comparison of cognitive function using the median MMSE score showed that improvement of knee extension 
strength in the TKA group, and FES in the THA group, were also poor. Similarly, numerous co-morbidities were related to 
poor improvement in FES in the THA group. Therefore, development of a more effective PT program for geriatric individuals 
undergoing TKA or THA is an important issue to address in the future. In addition, there are concerns regarding housebound 
individuals and locomotive syndrome after discharge, as there are specific problems of elderly patients. It has been reported 
that elderly patients who underwent TKA and received PT for less than 1 month showed decreased gait ability and muscle 
activity compared to healthy elderly subects16). Thus, PT intervention for TKA and THA patients for both body and mind, to 
improve ADL after discharge, is important until they reach a high level of physical activity.

In our study, improvements in depressive mood and locomotive function over a short period were observed, and the 
amount of activity other than PT is expected to rapidly increase in post-operative patients. If patients are discharged after 
achieving full functional improvement, a higher level of physical activity is also assured, indicating that ADL/QOL and 
healthy life expectancy will continue on a natural course. In previous studies of physical activity and clinical outcomes, as 
opposed to pre-operative findings17), post-operative findings were reported to correlate with functional improvements and 
amount of walking shortly after surgery18–20) in patients who underwent a TKA or THA procedure. Thus, improvement to 
achieve sufficiency gait function during hospitalization is important. In cases of early hospital discharge, it is also important 

Table 5.  Differences between admission and discharge based on cognitive function

(Δ) = Discharge – Admission Total knee, mean (SD) Total hip, mean (SD)

MMSE †
High, ≥29 Low, <29 High, ≥29 Low, <29
(n = 34) (n = 22) (n = 24) (n = 15)

Total FIM score, capability 7.4 (4.5) 8.3 (4.3) 7.5 (3.1) 9.3 (4.8)
FIM efficiency 0.5 (0.3) 0.5 (0.2) 0.5 (0.2) 0.5 (0.3)

Grip, right (kg) 0.2 (2.5) –0.7 (2.5) 0.2 (2.4) 0.4 (2.8)
Grip, left (kg) 0.4 (2.2) 0.2 (2.4) 0.4 (2.7) 0.1 (1.7)
Knee extension, right (Nm/kg) 0.2 (0.2) 0.2 (0.2) 0.1 (0.2) 0.2 (0.1)
Knee extension, left (Nm/kg) 0.2 (0.2) 0.1 (0.2)* 0.1 (0.2) 0.2 (0.1)
TUG (sec) –3.7 (4.3) –3.7 (3.3) –3.9 (4.1) –4.0 (4.6)
Total MMSE score –0.3 (1.1) 0.2 (2.2) –0.3 (1.3) 0.5 (1.9)
Total GDS-15 score –1.2 (2.2) –2.0 (2.8) –1.0 (1.7) 0.5 (2.8)
SF-8 score

physical function 4.9 (9.4) 11.0 (11.1)* 4.4 (9.8) 6.4 (13.2)
role physical 8.6 (12.7) 7.9 (10.7) 6.4 (10.0) 5.4 (13.6)
bodily pain 5.1 (7.6) 5.2 (6.0) 6.9 (8.8) 3.3 (9.8)
general health 3.8 (7.8) 4.8 (8.8) 5.2 (8.3) 0.3 (4.8)
vitality 5.1 (6.8) 2.2 (6.8) 3.0 (7.1) 1.2 (7.2)
social function 7.0 (10.2) 6.2 (8.3) 1.2 (8.1) –1.3 (10.0)
role emotional 6.6 (14.6) 6.9 (14.1) 6.6 (11.6) –0.3 (9.3)
mental health 3.8 (7.2) 2.3 (6.4) 1.6 (6.3) 4.3 (5.6)
PCS 6.0 (7.0) 8.7 (7.2) 6.5 (8.9) 4,7 (11.6)
MCS 4.5 (10.2) 1.9 (8.8) 1.4 (7.1) –0.5 (5.7)

Total FES score 10.1 (29.2) 7.0 (37.1) 24.9 (32.0) –21.1 (49.9)*
†The high- and low-scoring groups (High, Low) were distinguished using the median MMSE score (29 points for both TKA 
and THA groups).
*p<0.05: a significant difference, Mann-Whitney s̓ U test. SD: standard deviation; FES: fall efficacy scale; FIM: functional 
independence measure; GDS-15: geriatric depression scale short form (15 items); MCS: mental component summary; MMSE: 
mini-mental state examination; PCS: physical component summary; SF-8: 8-item short-form health survey; TUG: timed up 
and go test
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for physical therapists to advise patients to find opportunities to walk and perform a rehabilitation program at home, without 
having to continue with aggressive PT21).

This study had several limitations, including the lack of a control group and no multicentric characteristics. Future large-
scale studies would be helpful to establish the usefulness of post-operative rehabilitation for TKA and THA patients in CRW. 
Despite these limitations, the present findings indicate that patients who undergo TKA or THA should show improved motor 
function and HRQOL during the very early weeks of hospitalization. Although we suggest that the hospitalization period be 
commensurate with the aging society in Japan, for younger working patients, a fast-track course is recommended. Compared 
to UDSMR-FIM, the ADL scores of our patients were high; thus, it will be necessary to conduct further analyses with long-
term follow-up as well as assessments of cost-effectiveness after discharge. Visser et al.22) reported that functional ability 
was maintained and showed an improving trend at 6 months after surgery, and the level of functional ability was maintained 
at approximately 4 years later in patients who underwent TKA or THA, while their amounts of physical activity did not 
increase. Brandes et al.3) also reported that physical activity parameters did not correlate with clinical outcomes during the 
first year after TKA, while Nilsdotter et al. found that the peak of physical functioning was observed at 1 year after surgery, 
and then declined thereafter up to 5 years post-TKA and 7 years post-THA23, 24). In a future study, it will be necessary to 
verify the impact of a hospitalization period extension of about 2 weeks on medium- and long-term clinical results.

Cognitive decline in the elderly after a TKA or THA procedure is a concern. A previous study reported slightly reduced 
cognitive function at discharge compared to before surgery in total joint arthroplasty (TJA) patients, though evidence of 
decline for the period at 3–6 months after surgery was not clear25). Although our study included a large percentage of elderly 
individuals, we found no cognitive decline during hospitalization, as shown by MMSE scores. It is known that exercise 
has a positive impact on both movement and cognitive function26), and is a factor related to mental health27); thus, our 
patients might have gained motor and cognitive function improvements through PT. Also, though the number of falls during 
hospitalization in our cohort was small, a relationship between hip fracture caused by falls and cataracts in elderly individuals 
has been shown28); thus, patient guidance that takes into account falls in advance of surgery is important. In addition, it is 
not uncommon for postoperative delirium to occur in elderly patients after a TKA or THA procedure29–31). Therefore, routine 
screening for postoperative delirium and cognitive impairment using the MMSE or another device is important for elderly 
cases.

Table 6.  Differences in functional improvement based on number of comorbidities

(Δ) = Discharge – Admission Total knee, mean (SD) Total hip, mean (SD)

Comorbidities
0 or 1 ≥2 0 or 1 ≥2

(n = 24) (n = 32) (n = 25) (n = 14)
Total FIM score, capability 7.0 (4.7) 8.3 (4.2) 7.7 (3.2) 8.6 (4.5)
 FIM efficiency 0.5 (0.3) 0.5 (0.3) 0.5 (0.2) 0.5 (0.2)
Grip, right (kg) –0.4 (2.4) 0.0 (2.6) –0.2 (2.7) 0.9 (2.0)
Grip, left (kg) 0.2 (2.6) 0.3 (2.0) 0.5 (2.7) –0.1 (2.0)
Knee extension, right (Nm/kg) 0.2 (0.3) 0.2 (0.2) 0.1 (0.2) 0.1 (0.2)
Knee extension, left (Nm/kg) 0.2 (0.2) 0.1 (2.0) 0.1 (0.2) 0.2 (0.2)
TUG (sec) –3.1 (3.4) –4.2 (4.3) –3.8 (3.8) –4.3 (4.8)
Total MMSE score 0.3 (1.7) –0.4 (1.5) –0.2 (1.5) 0.1 (1.7)
Total GDS-15 score –1.5 (2.5) –1.6 (2.5) –0.8 (1.6) –0.1 (2.9)
SF-8 score
 physical function 8.5 (11.5) 6.4 (9.7) 4.9 (12.0) 5.0 (8.6)
 role physical 7.3 (12.2) 9.1 (11.7) 7.0 (10.5) 4.6 (12.1)
 bodily pain 5.2 (7.6) 5.1 (6.6) 7.1 (8.8) 3.7 (9.5)
 general health 3.5 (8.9) 4.7 (7.6) 4.9 (7.3) 2.0 (8.3)
 vitality 2.7 (7.4) 4.9 (6.4) 4.5 (6.7) –1.2 (6.3)*
 social function 6.9 (10.5) 6.5 (8.7) 1.3 (8.3) –0.9 (9.3)
 role emotional 6.3 (15.3) 7.1 (13.6) 4.4 (13.5) 5.2 (6.2)
 mental health 4.0 (5.6) 2.6 (7.8) 2.0 (4.4) 3.0 (8.6)
 PCS 6.7 (7.3) 7.3 (7.2) 7.2 (9.9) 3.7 (9.1)
 MCS 3.5 (9.6) 3.5 (9.8) 0.8 (7.1) 1.1 (6.1)
Total FES score 4.8 (32.1) 11.9 (32.5) 21.5 (28.8) –5.3 (57.5)*
*p<0.05: a significant difference, Mann-Whitney’s U test. SD: standard deviation; FES: fall efficacy scale; FIM: functional 
independence measure; GDS-15: geriatric depression scale short form (15 items); MCS: mental component summary; MMSE: 
mini-mental state examination; PCS: physical component summary; SF-8: 8-item short-form health survey; TUG: timed up 
and go test
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