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ABSTRACT

ter TKA, which was different from the results obtained
in the healthy elderly.

Background

It is possible that patients who have undergone total knee arthroplasty (TKA) are at a high risk
of falling. However, there are insufficient data to confirm
the incidence and risk factors for falling in patients after
TKA compared with healthy elderly counterparts. The
purpose of this study was to elucidate the incidence and
risk factors for falling in patients after TKA compared
to the age- and gender-matched healthy elderly.
Methods Subjects who underwent TKA consisted
of 252 patients over 60 years of age. Controls were 150
healthy elderly individuals over 60 years of age living
independently in the community. A self-administered
questionnaire was mailed to patients after TKA and a
similar questionnaire was distributed to the controls by
investigators during the town-sponsored healthy aging
program. The questionnaire included questions for ambulatory ability, functional status in daily living, knee
pain, other joint pain and information on falls.
Results
Self-administered questionnares were returned by 192 of the 252 patients (76.1%) and 146 of
the 150 controls (97.3%). Age and gender matching was
performed for respondents between 70 and 80 years of
age. There were 81 patients and 80 controls who fulfilled
the inclusion criteria, and all of them agreed to participate. In the previous year, 34 of the 81 patients (38.2%)
fell. The incidence of falls was significantly higher in
patients than controls (23.8%, P = 0.041). In controls,
ability to stand up from a chair without using the arms
and restriction from joining social activities due to knee
pain showed the strongest association with recent falls.
In patients, self-reported kyphosis showed the strongest
association with recent falls.
Conclusion Patients after TKA are more likely to fall
than the general Japanese population. Kyphosis showed
the strongest association with recent falls in patients af-
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Fragility fracture in the elderly has become a substantial
societal problem because fractures reduce physical function and the ability to perform activities of daily living
(ADLs). In particular, hip fracture is usually regarded
as the most devastating fragility fracture with regards to
morbidity, mortality and cost. Approximately 20 to 40%
of individuals with a hip fracture who live independently
without a walking device prior to the fracture require a
walking device 1 year after fracture.1–3 Since most fragility fractures are associated with falls, it is necessary
to identify the elderly who have a high intrinsic fall risk
and prevent them from falling.
Osteoarthritis (OA) of the knee, in particular, causes
deformities of the joint and pain during walking. It has
been reported to increase the risk of falls and fractures:
the annual falling rate among the patients with end-stage
knee OA was 48%.4 Patients diagnosed as with knee OA
have a greater risk of all non-vertebral and hip fractures
than patients with knee pain alone.5 Furthermore, 50%
of patients with rheumatoid arthritis (RA) fall each year.
Their health assessment questionnaire (HAQ) disability scores, tender joint counts and balance impairment
scores are associated with an increased risk of falls.6-8
Thus, it is important to treat joint disease in order to prevent falls in this population.
Total knee arthroplasty (TKA) is a common surgery
for the management of severe pain in knee OA. TKA is
a surgical intervention that eliminates pain and knee deformity and improves patient quality of life (QOL). Furthermore, TKA not only reduces pain in knee OA patients, but improves their gait performance and balance
function.9, 10 Thus, TKA may reduce falls, as well as fallrelated fractures. However, previous studies have found
that patients undergoing TKA have a higher prevalence
of osteoporosis than the healthy elderly,11 and postoperative increases in bone resorption and decreases in patient
motor activity lead to a decrease in bone mineral density
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Table 1. Questions on ambulatory ability, functional status, knee pain and other joint pain
Domain

Questions

Ambulatory ability

Do you use a walking device? (without an assistive device, one cane or walker)
How much do you walk in a day? (1: almost no walking, 2: walking in only one room, 3: walking mainly in the
house, 4: walking outside, 5: walking over 1 km)
Can you put on socks while standing?
Can you climb up and down stairs?
Can you stand up from a chair without using your arms?
Are you very worried about falling?
Do you have a regular exercise routine?
Do you have stiffness in your knees on a regular basis?
Do you have knee pain while walking?
Do you have knee pain while climbing up or down stairs?
Do you have knee pain while standing up from a chair?
Do you restrict from joining social activities due to knee pain in your daily life?
Can you bend your knees in a sitting position? (1: excellent, 2: good, 3: average, 4: poor, 5: bad)
Do you have joint pain in any other joints besides the knees?

Functional status

Knee pain

Other joint pain

(BMD) around the implant.12 It is possible that elderly
patients who have undergone TKA are at a high risk of
periprosthetic fracture associated with falling.
There are relatively few studies on falls and fractures after TKA. At 1 year after TKA, the number of
falls was lower than at 3 months before surgery,13 and
fear of falling had reduced 4 months after surgery.4 In
addition, a 6-month prospective study reported that
TKA may reduce the incidence of falls in patients with
OA or RA because the incidence of falling in patients
after TKA is lower than previously reported rates for
OA or RA patients.14 These previous studies suggested
that TKA reduces the incidence of falling in OA or RA
patients within 1 year of operation. However, there were
insufficient data to confirm the difference in incidence
of falling and risk factors between patients after TKA
and the healthy elderly. The purpose of this study was
to elucidate the incidence and risk factors for falling
in patients after TKA by comparing with the age- and
gender-matched healthy elderly controls.

A self-administered questionnaire was mailed to the
patients in August 2009. A similar questionnaire was
distributed to the controls by investigators during the
healthy aging program between August and November
2009. The voluntary and confidential questionnaire included an informed consent form explaining the purpose
of the study and instructions on how to complete and
return the survey.

MATERIALS AND METHODS

Self-administered questionnaire

Patients and controls

Participants were 252 patients aged over 60 years with
bilateral and unilateral TKA. All surgeries were performed by 3 orthopedists with the standard medial
parapatellar approach. The implants consisted of Scorpio
(Stryker, Kalamazoo, MI) and LCS (DePuy, Warsaw,
IN). Early joint motion and weight bearing were encouraged after surgery. Patients underwent standard inpatient
rehabilitation. Controls consisted of 150 healthy elderly
individuals over 60 years of age who lived independently
in the community.

Study design and overview

The questionnaire included questions on personal characteristics, ambulatory ability, functional status in daily
living, knee pain, other joint pain and fall assessment.
All data were self-reported and subjects were asked to
indicate their responses by choosing Yes or No or using
a 5-point ordinal scale.

The present study was designed as a retrospective casecontrol study with matching by age and gender. We
gained approval from the Ethics Committees of Tottori
University Faculty of Medicine (Approval Number
1264) and the local ethics committees of Hakuai Hospital.
Cases consisted of patients who underwent TKA at
Hakuai Hospital between April 2002 and March 2008.
Data from the postoperative period and TKA laterality
were retrieved from medical records. Controls consisted
of participants to a town-sponsored healthy aging program. They had not received services covered by nursing care insurance.

Personal characteristics of patients and controls

Both groups provided information on basic characteristics including age, sex, body height, body weight, total
number of prescribed medications taken on a regular
basis, use of hypnotic pills, hearing problems, eye
problems, self-reporting kyphosis, self-reporting hallux
valgus, diagnosis of cardiac disease, respiratory disease,
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Patients

Controls

252 patients with TKA

150 healthy elderly

192 patients with TKA
returned
the questionnaires
(78.9 ± 5.4 years)

146 healthy elderly
returned
the questionnaires
(73.7 ± 7.2 years)

divided into 3 age categories

Fig. 1. Study flow chart.
TKA, total knee arthroplasty.

≤ 70 years of age
(n = 9)
> 70–80 years of age (n = 95)
> 80 years of age
(n = 88)

≤ 70 years of age
(n = 44)
> 70–80 years of age (n = 83)
> 80 years of age
(n = 19)

95 patients after TKA

83 healthy elderly

age- and gender-matched possible only in > 70–80 years of age
81 patients after TKA
satisfied
the inclusion criteria

80 healthy elderly
satisfied
the inclusion criteria

diabetes, hypertension and other diseases. Patients were
also asked whether they had previously undergone hip
arthroplasty.

grading scales between patients and controls or nonfallers and fallers from each group.
Both univariate and multivariate analyses were
performed. Variables with a significance level of
P < 0.10 in the univariate analysis were retained in the
multivariate analysis. Multivariate logistic regression
was used to provide estimates of adjusted odds ratios
(ORs) for associations with falls in the patients and
controls. All data were analyzed using PASW statistical software (version 18 for Windows; SPSS, Tokyo,
Japan). For all the analyses, a P value < 0.05 was considered significant.

Ambulatory ability, functional status, knee pain and other
joint pain

Questions on ambulatory ability, functional status, knee
pain and other joint pain are presented in Table 1. The
questionnaire was based on previous studies.15, 16 Daily
walking distance and range of motion with respect to
flexion of the affected knee were assessed with a 5-point
ordinal scale. In addition, controls were asked whether
they had self-reported varus deformities of the knee and
prior knee arthroplasty, and whether they had received
diagnosis or treatment of knee OA by a doctor at least
once in the past.

RESULTS
Response rate for the self-administered questionnaire

A flow chart of the study is presented in Fig.1. Selfadministered questionnaires were returned by 192
of the 252 patients after TKA (76.1%) and 146 of the
150 controls (97.3%). The mean age was significantly
higher in patients (78.9 ± 5.4 years) than controls (73.7
± 7.2 years) (P < 0.001). Each group was divided into
3 age categories: ≤ 70 years, > 70–80 years and > 80
years. We analyzed only the data from the age category of > 70−80 years in each group, because the age
and gender distributions in other age categories were
significantly different between patients and controls
with the non-paired t test and chi-squared test. In each
group, persons who met the following qualifications

Fall assessment

Both groups were asked about the number of falls, injuries due to falling and fracture due to falling in the 12
months prior to the questionnaire. A fall was defined as
unintentionally coming down to the ground or lower,17
not as the result of a major intrinsic event such as a seizure, fainting or stroke.
Statistical analysis

All data were expressed as means ± SD. Differences
between groups were determined with Pearson’s chisquared test. The non-paired t-test was used to compare
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Table 2. Characteristics of the patients and controls
Patients (n = 81)

Controls (n = 80)

Personal characteristics			
Age, mean ± SD (year)
75.9 ± 2.3
75.7 ± 3.0
Sex ratio (male/female)
(7/74)
(12/68)
Height, mean ± SD (cm)
151.1 ± 6.4
151.0 ± 7.4
Weight, mean ± SD (kg)
57.4 ± 10.0
50.0 ± 8.4
25.3 ± 4.6
22.0 ± 2.9
BMI, mean ± SD (kg/m2)
Total number of prescription medications, mean ± SD
3.2 ± 2.5
2.5 ± 1.9
Use of hypnotic pills (%)
18.4
15.0
Time since surgery (year)
3.8
–
Prior hip arthroplasty (%)
14.8
–
TKA laterality (bilateral/right/left)
(43/18/20)
–
Physical problems
Hearing problems (%)
34.3
25.3
Eye problems (%)
56.8
58.8
Kyphosis (%)
34.4
65.6
Hallux valgus (%)
16.9
28.7
Complication
Cardiac disease (%)
11.1
15.0
Respiratory disease (%)
3.7
5.0
Diabetes (%)
18.5
7.5
Hypertension (%)
42.0
42.5
Ambulatory ability
Walking without assistive device (%)
44.2
85.0
One cane (%)
33.8
13.8
Walker (%)
22.0
1.2
Grading of walking distance
i) Almost no walking (%)
0.0
0.0
ii) Walking in only one room (%)
0.0
0.0
iii) Walking mainly in the house (%)
11.4
6.2
iv) Walking outside (%)
53.2
45.0
v) Walking over 1 km per day (%)
35.4
48.8
Functional status
Putting on socks while standing (%)
32.1
66.3
Climbing up and down stairs (%)
67.5
86.3
Standing up from a chair without using the arms (%)
59.2
86.3
Fear of falling (%)
45.3
22.5
Regular exercise (%)
67.5
66.3

P value
0.622
0.211
0.494
< 0.001
< 0.001
0.060
0.567
–
–
–
0.231
0.802
0.017
0.085
0.464
0.687
0.038
0.946
< 0.001

0.182

< 0.001
0.005
< 0.001
0.003
0.864

BMI, body mass index; TKA, total knee arthroplasty.

were excluded from the study: i) whether they received
services covered by nursing care insurance (because
they were suspected of having dementia or frailty); ii)
whether they were unable to walk and iii) whether they
had RA or Parkinson’s disease. Persons treated with
TKA were excluded from the control group. Ultimately, 81 patients (mean age, 75.9 ± 2.3 years; 7 males, 74
females) and 80 controls (mean age, 75.7 ± 3.0 years;
12 males, 68 females) satisfied the inclusion criteria.

The characteristics and knee pain and other joint
pain in patients and controls are presented in Tables 2
and 3. Comparison between both groups showed significantly higher levels for patients in weight (P < 0.001),
body mass index (BMI) (P < 0.001), the prevalence
of diabetes (P = 0.038), fear of falling (P = 0.003) and
ankle pain (P = 0.027).
Comparison between both groups showed significantly lower levels for patients in the percentage
of kyphosis (P = 0.017), walking without assistive
device (P < 0.001), ability to put on socks while standing (P < 0.001), ability to climb up and down stairs
(P = 0.005), ability to stand up from a chair without using the arms (P < 0.001), knee pain while climbing up or
down stairs (P = 0.046), and knee flexion range of motion (P < 0.001).

Characteristics of the patients and controls

Of the 80 (35.0%) controls, 28 reported that they had a
varus knee deformity. Furthermore, 18 of the 80 controls
(22.5%) have received diagnosis or treatment of knee
OA by a doctor at least once in the past.
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Table 3. Knee pain, knee flexion range of motion and other joint pain
Patients (n = 81)

Controls (n = 80)

Knee pain			
Regular stiffness (%)
36.3
47.5
Pain while walking (%)
22.0
35.0
Pain while climbing up or down stairs (%)
22.0
40.0
Pain while standing (%)
19.7
26.2
Restriction from joining social activities due to knee pain (%)
25.0
19.0
Knee flexion range of motion			
i) Excellent (%)
27.6
82.5
ii) Good (%)
36.0
6.3
iii) Average(%)
22.3
5.0
iv) Poor (%)
5.2
3.7
v) Bad (%)
3.9
2.5
Other joint pain
Spine (%)
43.2
46.2
Hip (%)
4.9
2.5
Ankle (%)
13.5
3.7

P value
0.158
0.073
0.046
0.110
0.468
< 0.001

0.698
0.414
0.027

Table 4. Numbers of fallers and fractures in the patients and controls

Number of fallers (%)
Multiple falls (%)
Bruises and minor injuries due to falling (%)
Fracture due to falling (%)

Patients
(n = 81)

Controls
(n = 80)

Chi-squared

Df

P value

38.2
19.8
11.1
6.2

23.8
13.8
7.5
3.8

4.189
1.039
0.621
0.500

1
1
1
1

0.041
0.308
0.431
0.479

Df, degree of freedom.

The rate of persons who had prescribed medications
on a regular basis was higher in patients than controls
(P = 0.060). The percentage of hallux valgus and knee
pain while walking tended to be lower in patients than
controls (P = 0.085 and P = 0.073, respectively). The
other variables showed no significant differences between both groups.

had fear of falling was significantly higher in fallers than
non-fallers (P = 0.041 and P = 0.016, respectively). The
ability to stand up from a chair without using the arms
and the knee flexion range of motion were significantly
worse in fallers (P = 0.001 and P = 0.043, respectively).
The comparison of fallers and non-fallers in both
groups is presented in Tables 5 and 6. Personal characteristics and complications were not significantly different between fallers and non-fallers in both groups. In
patients, the percentage of kyphosis was significantly
higher in fallers than non-fallers (P = 0.030). Knee flexion range of motion was significantly lower in fallers
than non-fallers (P = 0.005). More fallers had a fear of
falling and regular stiffness of the knee than non-fallers
(P = 0.082 and P = 0.069, respectively). The percentage
of the ability to stand up from a chair without using the
arms tended to be lower in fallers (P = 0.061). In controls, the percentage of restriction from joining social
activities due to knee pain was significantly higher in
fallers than non-fallers (P = 0.030). The percentage of
the ability to stand up from a chair without using the
arms was significantly lower in fallers than non-fallers
(P = 0.011).

Numbers of falls and fractures

The numbers of falls and fractures during the previous
year observed in patients and controls are presented in
Table 4. In the patients, 31 of 81 patients (38.2%) fell;
6 patients fell twice, and 10 patients fell 3 times. In the
controls, 19 of 80 subjects (23.8%) fell; 7 subjects fell
twice, and 4 subjects fell 3 times. The incidence of falls
was significantly higher in patients than controls (P =
0.041). Rates of multiple falls, injuries and fractures
due to falling were not significantly different between
both groups. Those who sustained fall-related fractures
within the last year were 5 in patients and 3 in controls.
Non-fallers and fallers

In the overall analysis of the incidence of falling, the
percentage of persons who underwent TKA and who
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Table 5. Comparison of characteristics of fallers and non-fallers in the patients and controls
Patients			
Non-fallers
Fallers		
(n = 50)
(n = 31)
P value

Controls
Non-fallers
(n = 61)

Fallers
(n = 19)

P value

Surgery information						
Time after surgery (year)
3.7 ± 1.7
4.2 ± 2.1
0.226
–
–
–
Prior hip arthroplasty (%)
14.3
16.7
0.775
–
–
–
TKA laterality (bilateral/right/left)
(27/10/13)
(16/8/7)
0.830
–
–
–
Physical problems						
Hearing problems (%)
33.3
37.0
0.753
36.8
21.7
0.185
Eye problems (%)
56.8
58.6
0.879
57.9
59.0
0.931
Kyphosis (%)
23.8
50.0
0.030
50.8
57.9
0.590
Hallux valgus (%)
15.2
20.8
0.554
31.1
21.1
0.396
Complications						
Cardiac disease (%)
10.2
12.9
0.710
18.0
5.3
0.173
Respiratory disease (%)
0.0
6.1
0.160
6.6
0.0
0.252
Diabetes (%)
18.4
19.4
0.912
6.6
10.5
0.566
Hypertension (%)
42.9
38.7
0.714
44.3
36.8
0.568
Ambulatory ability						
Walking without assistive device (%)
43.8
42.9
0.349
88.5
73.7
0.170
One cane (%)
39.6
25.0		
9.8
26.3
Walker (%)
16.6
32.1		
1.6
0.0
Grading of walking distance						
i) Almost no walking (%)
0.0
0.0		
0.0
0.0
0.746
ii) Walking in only one room (%)
0.0
0.0		
0.0
0.0
iii) Walking mainly in the house (%)
14.3
6.9
0.284
6.6
5.3
iv) Walking outside (%)
57.1
48.3		
42.6
52.6
v) Walking over 1 km per day (%)
28.6
44.8		
50.8
42.1
Functional status						
Putting on socks while standing (%)
34.7
25.0
0.377
68.9
57.9
0.378
Climbing up and down stairs (%)
70.8
60.7
0.365
78.9
88.5
0.290
Standing up from a chair
without using the arms (%)
66.7
44.4
0.061
91.8
68.4
0.011
Fear of falling (%)
38.3
59.3
0.082
19.7
31.6
0.278
Regular exercise (%)
68.8
64.3
0.689
68.9
57.9
0.378
TKA, total knee arthroplasty.

age- and gender-matched healthy controls. Compared
to controls, patients had significantly worse ambulatory
ability and physical function in all ADLs despite a lower
proportion of persons with knee pain while climbing
up or down stairs. Knee pain and functional status improved after TKA, but persons are often plagued with
quadriceps muscle impairment and functional limitations compared to their healthy elderly counterparts.18
Additionally, patients after TKA were significantly
worse at 6 months after surgery in the timed up and go
test, stair climbing test, 6-min walk test and 1-leg standing test compared to the healthy elderly.9 Our assessment included questions about putting on socks while
standing, climbing up and down stairs and standing up
from a chair without using the arms. We speculate that
the questions are associated with extremity muscle function and standing balance, which were assessed in the
previous studies.9 Thus, our study indicated that patients
who have undergone TKA have lower levels of physical

Multivariate logistic regression analysis

In the overall analysis of the incidence of falling, ability
to stand up from a chair without using the arms showed
the strongest association with recent falls [OR = 0.340,
95% confidence interval (CI) = 0.145–0.799, P = 0.013].
Multivariate logistic regression was analyzed with fall
risk factors as the dependent variable in both groups.
In patients, kyphosis showed the strongest association
with recent falls (OR = 3.909, 95% CI = 1.113–13.730,
P = 0.033). In controls, the ability to stand up from a
chair without using the arms (OR = 0.060, 95% CI =
0.009–0.382, P = 0.003) and restriction from joining
social activities due to knee pain (OR = 8.277, 95% CI =
1.527–44.880, P = 0.014) showed the strongest association with recent falls.
DISCUSSION
This is the first study to compare the incidence and risk
factors for falling between patients after TKA and the
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Table 6. Comparison of state of the knee and joint pain of fall and non-fall groups in the patients and controls
Patients			
Non-fallers
Fallers		
(n = 50)
(n = 31)
P value

Controls
Non-fallers
(n = 61)

Fallers
(n = 19)

Knee pain						
Regular stiffness (%)
29.2
50.0
0.069
47.7
47.4
Pain while walking (%)
22.9
21.4
0.881
34.4
36.8
Pain while climbing up or down stairs (%)
27.1
22.2
0.642
39.3
42.1
Pain while standing (%)
14.9
17.9
0.735
26.2
26.3
Restriction from joining social activities
due to knee pain (%)
25.0
25.9
0.929
13.6
41.7
Knee flexion range of motion						
i) Excellent (%)
41.7
3.7
0.005
80.3
84.2
ii) Good (%)
37.5
48.1		
4.9
10.5
iii) Average (%)
14.6
33.3		
6.6
0.0
iv) Poor (%)
2.1
11.1		
4.9
0.0
v) Bad (%)
4.2
3.7		
1.6
5.3
Other joint pain						
Spine (%)
40.8
48.3
0.506
45.9
47.3
Hip (%)
8.1
0.0
0.103
3.2
0.0
Ankle (%)
12.1
16.1
0.623
4.9
0.0
Varus deformity of the knee (%)
–
–
–
31.7
47.4

functioning than healthy elderly controls, consistently
with the previous reports.9, 18
The fall incidence among the general Japanese
population aged 65 years and over is between 10% and
20%.19 In comparison, the incidence of falls among the
controls in the present study was considerably higher.
Among the present controls, 35% had a varus deformity
and 22.5% of them had received diagnosis or treatment
of knee OA by a doctor at least once in the past. The
present controls showed a higher morbidity of knee OA
and musculoskeletal pain, which are risk factors for falling.5, 21 This fact may evidence higher prevalence of falling in them, but the prevalence of knee OA showed no
significant difference between the present controls and
Japanese general population.20 In contrast, 31 of 81 patients (38.2%) had falls during the previous 12 months.
The incidence of injuries and fractures due to falling in
patients were not significantly different from controls,
but the incidence of falling was significantly higher.
Previous prospective studies13, 14 reported that the annual postoperative fall rate was 24.2% to 32.9% among
patients after TKA. These rates of falling are lower than
those previously reported for OA or RA patients. Thus,
although TKA may reduce the incidence of falls in OA
or RA patients, OA patients who undergo TKA are
considered more likely to fall than the age- and gendermatched general Japanese.
We compared the risk factors for falling between
patients after TKA and age- and gender-matched
healthy controls. The overall analysis showed that TKA
was not an independent risk factor for falling. However,

P value
0.990
0.847
0.830
0.994
0.030
0.548

0.911
0.424
0.324
0.212

the percentage of patients after TKA was significantly
higher in fallers than non-fallers in univariate analysis.
It is possible that functional decline and lower extremity
muscle weakness after TKA are associated with falling.
In controls, standing up from a chair without using the
arms and restriction from joining social activities due to
knee pain showed the strongest association with recent
falls. These are common risk factors for falling among
the elderly in general.22, 23 Inability to stand up from a
chair without using the arms is statistically significantly
associated with poor physical function.22 As a result,
pain and poor physical function leads to restricted from
joining social activities.23
In contrast, kyphosis showed the strongest association with recent falls among elderly individuals who
underwent TKA. Previous studies4, 13, 14 reported several risk factors for falling in patients after TKA. It is
interesting that risk factors differed in healthy elderly
individuals. Postoperative falling in patients after TKA
was predicted by depression symptomatology and, knee
pain, stiffness, function scores in The Western Ontario
and McMaster Universities Osteoarthritis Index and balance confidence scores did not show the strongest correlation with recent falls.13 Besides this, the postoperative
limited range of knee flexion and ankle plantarflexion
were significant risk factors, and knee muscle strength
and the duration of 1-leg standing were similar between
fallers and non-fallers.14 We speculate that common risk
factors for falls may not be suitable to stratify the risk of
falling in patients after TKA, because they have worse
motor function of lower extremity muscle strength and
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balance than the healthy elderly. The hyperkyphotic posture is an easily identifiable independent risk factor for
falls in the general population.24, 25 Despite the fact that
the incidence of kyphosis in the controls was higher, the
present study showed a relationship between falling and
kyphosis in the patients. According to a previous study,26
a meaningful increase was observed in the sacral slope
in patients after TKA who achieved an increase in the
range of knee extension greater than 10˚. We speculated
that a change in sagittal spinal alignment after TKA
may lead to decreased awareness of kyphosis. In contrast, even if TKA eliminated knee pain, patients who
had a spinal problem after surgery may be likely to fall.
However, we are unable to determine the likely direction
of the relationship between TKA and kyphosis from our
data.
Our study had several limitations. First, there is the
possibility of selection bias. The response rate for the
questionnaire was low in patients. In the present study,
it was probable that patients, who were on the average
much older than controls, could not answer and send the
questionnaire, and so analysis was limited to respondents between 70 and 80 years of age. Second, physical
function in both groups was only assessed through the
self-administered questionnaire, which lacks objectivity.
The present study could not assess cognitive impairment; however, we thought that our subjects had enough
comprehension to answer our questions. Third, controls
in the present study may have had better physical function, and the incidence rates of falls reported here should
be compared to those in OA or RA patients who have
equivalent levels of physical function. However, we used
age- and gender-matched controls, and the incidence of
falls in patients after TKA seemed to be substantially
higher than that in the general population. Fourth, we
could not objectively assess kyphosis and range of motion of the knee. Further prospective studies will need
to assess the relationship between kyphosis and falling
with objective methods. We should identify the period of
time after surgery when the tendency to fall and sustain
a fracture is elevated. The details of falls, the situation,
location and season, should be assessed, as well.
In conclusion, patients after TKA have worse motor
function, such as lower extremity muscle strength and
balance, than the healthy elderly. They are considered
more likely to fall than the general Japanese population.
Kyphosis showed the strongest association with recent
falls in patients after TKA, which was different from the
findings in healthy elderly controls. For patients with kyphosis, improvement of physical function with exercise
and patient education on fall prevention is necessary.

References
1 Michel JP, Hoffmeyer P, Klopfenstein C, Bruchez M, Grab
B, d’Epinay CL. Prognosis of functional recovery 1 year after
hip fracture: typical patient profiles through cluster analysis.
J Gerontol A Biol Sci Med Sci. 2000;55:M508-15. PMID:
10995048.
2 Koot VC, Peeters PH, de Jong JR, Clevers GJ, van der
Werken C.Functional results after treatment of hip fracture:
a multicentre, prospective study in 215 patients. Eur J Surg.
2000;166:480-5. PMID: 10890545.
3 Heikkinen T, Jalovaara P. Four or twelve months’ follow-up
in the evaluation of functional outcome after hip fracture surgery? Scand J Surg. 2005;94:59-66. PMID: 15865120.
4 Levinger P, Menz HB, Wee E, Feller JA, Bartlett JR, Bergman
NR. Physiological risk factors for falls in people with knee
osteoarthritis before and early after knee replacement surgery.
Knee Surg Sports Traumatol Arthrosc. 2011;19:1082-9. PMID:
21107530.
5 Arden NK, Crozier S, Smith H, Anderson F, Edwards C,
Raphael H, et al. Knee pain, knee osteoarthritis, and the
risk of fracture. Arthritis Rheum. 2006;55:610-5. PMID:
16874784.
6 Hayashibara M, Hagino H, Katagiri H, Okano T, Okada J,
Teshima R. Incidence and risk factors of falling in ambulatory
patients with rheumatoid arthritis: a prospective 1-year study.
Osteoporos Int. 2010;21:1825-33. PMID: 20119662.
7 Furuya T, Yamagiwa K, Ikai T, Inoue E, Taniguchi A,
Momohara S, et al. Associated factors for falls and fear of
falling in Japanese patients with rheumatoid arthritis. Clin
Rheumatol. 2009;28:1325-30. PMID: 22801953.
8 Kaz Kaz H, Johnson D, Kerry S, Chinappen U, Tweed
K, Patel S. Fall-related risk factors and osteoporosis in
women with rheumatoid arthritis. Rheumatology (Oxford).
2004;43:1267-71. PMID: 15252210.
9 Bade MJ, Kohrt WM, Stevens-Lapsley JE. Outcomes before
and after total knee arthroplasty compared to healthy adults. J
Orthop Sports Phys Ther. 2010;40:559-67. PMID: 20710093.
10 Cho SD, Hwang CH. Improved single-limb balance after total
knee arthroplasty. Knee Surg Sports Traumatol Arthrosc.
2012;21:2744-50. PMID: 22847246.
11 Labuda A, Papaioannou A, Pritchard J, Kennedy C, DeBeer
J, Adachi JD. Prevalence of osteoporosis in osteoarthritic
patients undergoing total hip or total knee arthroplasty. Arch
Phys Med Rehabil. 2008;89:2373-4. PMID: 18976978.
12 Gazdzik TS, Gajda T, Kaleta M. Bone mineral density changes after total knee arthroplasty: one-year follow-up. J Clin
Densitom. 2008;11:345-50. PMID: 18619880.
13 Swinkels A, Newman JH, Allain TJ. A prospective observational study of falling before and after knee replacement surgery. Age Ageing. 2009;38:175-81. PMID: 19029071.
14 Matsumoto H, Okuno M, Nakamura T, Yamamoto K, Hagino
H. Fall incidence and risk factors in patients after total knee
arthroplasty. Arch Orthop Trauma Surg. 2012;132:555-63.
PMID: 22089514.
15 Hayashibara M, Hagino H, Katagiri H, Teshima R. Study of
incidence and risk factor of falling in patients with rheumatoid
arthritis. Osteoporosis Japan. 2007;15:314-16. Japanese.
16 Yamada M, Arai H, Sonoda T, Aoyama T. Community-based
exercise program is cost-effective by preventing care and disability in Japanese frail older adults. J Am Med Dir Assoc.
2012;13:507-11. PMID: 22572554.
17 Tromp AM, Smit JH, Deeg DJ, Bouter LM, Lips P. Predic-

The authors declare no conflict of interest.

144

Falling after total knee arthroplasty

18

19

20

21

22 Kado DM, Huang MH, Barrett-Connor E, Greendale GA.
Hyperkyphotic posture and poor physical functional ability
in older community-dwelling men and women: the Rancho
Bernardo study. J Gerontol A Biol Sci Med Sci. 2005;60:6337. PMID: 1360196.
23 Vellas BJ, Wayne SJ, Romero LJ, Baumgartner RN, Garry PJ.
Fear of falling and restriction of mobility in elderly fallers.
Age Ageing. 1997;26:189-93. PMID: 9223714.
24 Arnold CM, Busch AJ, Schachter CL, Harrison L, Olszynski
W. The relationship of intrinsic fall risk factors to a recent
history of falling in older women with osteoporosis. J Orthop
Sports Phys Ther. 2005;35:452-60. PMID: 16108586.
25 Kado DM, Huang MH, Nguyen CB, Barrett-Connor E,
Greendale GA. Hyperkyphotic posture and risk of injurious
falls in older persons: the Rancho Bernardo Study. J Gerontol
A Biol Sci Med Sci. 2007;62:652-7. PMID: 17595423.
26 Lee SM, Yoon MG, Moon MS, Lee BJ, Lee SR, Seo YH.
Effect of correction of the contractured flexed osteoarthritic
knee on the sagittal alignment by total replacement. Asian
Spine J. 2013;7:204-11. PMID: 3779772.

tors for falls and fractures in the Longitudinal Aging Study
Amsterdam. J Bone Miner Res. 1998;13:1932-9. PMID:
11470394.
Meier W, Mizner RL, Marcus RL, Dibble LE, Peters C,
Lastayo PC. Total knee arthroplasty: muscle impairments,
functional limitations, and recommended rehabilitation approaches. J Orthop Sports Phys Ther. 2008;38:246-56. PMID:
18448878.
Yasumura S, Haga H, Nagai H, Suzuki T, Amano H, Shibata
H. Rate of falls and the correlates among elderly people living
in an urban community in Japan. Age Ageing. 1994;23:323-7.
PMID: 7976782.
Yoshimura N, Muraki S, Oka H, Mabuchi A, En-Yo Y,
Yoshida M, et al. Prevalence of knee osteoarthritis, lumbar
spondylosis, and osteoporosis in Japanese men and women:
the research on osteoarthritis/osteoporosis against disability
study. J Bone Miner Metab. 2009;27:620-8. PMID: 19568689.
Leveille SG, Bean J, Bandeen-Roche K, Jones R, Hochberg M,
Guralnik JM. Musculoskeletal pain and risk for falls in older
disabled women living in the community. J Am Geriatr Soc.
2002;50:671-8. PMID: 11982667.

145

