
ORIGINAL ARTICLE

Derivation of a clinical prediction rule to determine fall
risk in community-dwelling individuals with knee osteoarthritis:
a cross-sectional study

Tetsuya Amano1
& Nobuharu Suzuki1

Received: 1 April 2019 /Accepted: 6 August 2019
# International Osteoporosis Foundation and National Osteoporosis Foundation 2019

Abstract
Summary We derived a clinical prediction rule (CPR) to determine fall risk. The probability of falls increased, with positive
likelihood ratio being 17.8 and post-test probability (positive predictive value) being 88.2%, in cases where the CPR score was 2
points. Our CPR could be a useful screening test to detect fall risk probability.
Purpose We aimed to examine the risk factors for falls in individuals with knee osteoarthritis (OA) and derive a clinical
prediction rule (CPR) to determine fall risk.
Methods Eighty-one individuals with medial compartment knee OAwere included. The outcome was whether the participants
had a self-reported fall within the past 1 year of this study being conducted. The collected data included sex, age, body mass
index, Kellgren-Lawrence grade, lesion type (bilateral or unilateral knee OA), pain (rated using the visual analog scale), muscle
strength test of the quadriceps femoris, one-leg standing test (OLST), five times sit-to-stand test (FTSST), and 5-m walk test,
which were used in binomial logistic regression analysis. The outcomemeasure of the analysis was whether the study participants
belonged to a fall or non-fall group. Receiver operating characteristic (ROC) analysis was performed for the outcome measure-
ments, and the factors were selected by binomial logistic regression analysis. Then, a CPR to determine fall risk was extracted,
and its diagnostic characteristics were calculated.
Results Binomial logistic regression analysis showed that the OLST and FTSSTwere significant. ROC analysis showed that the
cut-off values of the OLST and FTSST were 5.3 s and 7.9 s, respectively. The post-test probability (positive predictive value)
increased to 88.2% (positive likelihood ratio = 17.8) when the OLSTand FTSSTwere both positive (the CPR score was 2 points).
Conclusion The CPR obtained from this study would be useful as a screening test to detect the fall risk probability in individuals
with knee OA.
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Introduction

Fall-related injuries cost the patients a large amount of medical
fees or result in a long-term decline of their quality of life
(QOL) [1]. Rubenstein [2] reported that about 40% of
community-dwelling elderly people had experienced a fall at
least once a year and one out of 40 individuals who experienced

a fall at least once a year had been hospitalized. As the physical
activities and QOL in elderly people are easily affected by fall-
related injuries, rehabilitation medicine should aim to prevent
such falls. Previous studies have reported that muscle strength
tests and dynamic balance measurements are strongly related to
falling in elderly people [3, 4]. While various fall prevention
measures already exist, more precise assessments of individ-
uals, related to falling and multiple component interventions,
based on these more sophisticated assessments are actually in-
dispensable to preventing falls [5]. Studies on fall risk are be-
coming increasingly important to maintain a healthier lifestyle.

Knee osteoarthritis (OA) is a common joint disease that can
affect physical activities and is considered one of the risk fac-
tors for falls [6]. Manlapaz et al. [7] reported that the risk
factors for falls in patients with knee OA were impaired
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balance, muscle weakness in the lower limbs, increasing num-
ber of symptomatic joints, and pain in general. Sex, aging,
obesity, and gait speed are also generally considered risk fac-
tors for falls [8–11]. The cut-off values related to the muscle
strength test for the lower limbs [12], one-leg standing test
(OLST) [13], and five times sit-to-stand test (FTSST) [14]
have been reported to enable differentiation between elderly
fallers and non-fallers. Moreover, it has been shown that phys-
ical therapy, such as balance training and muscle exercises, is
effective as a fall prevention measure in patients with knee OA
[15, 16]. Although detailed clinical features in individuals with
knee OA, such as walking ability or muscle strength, are rather
diverse, previous studies mostly considered knee OA as just
one single factor when they addressed the fall problems.
Therefore, we should address the detailed multiple features of
knee OAwhen individuals with knee OA face fall problems.

The clinical prediction rule (CPR) can be a useful tool for
clinical decision making. For example, McGinn et al. [17]
have reported that the CPR could help differentiate between
patients in whom any interventions would be promising and
those in whom they would not be promising. If the CPR could
determine whether individuals are at a high risk of falling, it
would significantly help in the implementation of interven-
tions for fall prevention. Therefore, the purpose of this study
was to examine the risk factors for falls in individuals with
knee OA and derive a CPR to determine fall risk.

Methods

Participants

Eighty-one individuals (62 women and 19 men, average
age 72.4 ± 8.6 years) participated in this cross-sectional

study (Table 1). Among them, 24 individuals (29.6%)
belonged to the fall group. All study participants involved
in this study had medial compartment knee OA. The in-
clusion criteria for participant selection were as follows:
community-dwelling individuals (1) having a diagnosis of
knee OA; (2) not being hospitalized, but undergoing
physical therapy in clinics; (3) having the ability to stand
from a chair without assistance or the use of upper ex-
tremity support; and (4) having the ability to walk 11 m or
more without assistive devices on a level walkway. The
exclusion criteria were as follows: (1) having had surger-
ies on knee joints prior to the study; (2) having a diagno-
sis of multiple-joint OA other than the knee joint, such as
hip osteoarthritis and spine osteoarthritis; (3) having neu-
rological impairments such as sensory disturbances or
motor paralysis; and (4) having cognitive or psychological
disorders.

Assessments

The outcome was whether the participants had a self-reported
fall within the past 1 year of this study being conducted.
Having a fall was defined as the study participant losing bal-
ance while standing up or walking and touching the floor or
the ground with some body part, except for the feet. The
present study included sex, age, the body mass index (BMI),
the radiological stage of knee OA according to the Kellgren-
Lawrence grade (K-L grade), lesion type (bilateral or unilat-
eral knee OA), pain in the knee joint rated using the visual
analog scale (VAS), the muscle strength test (the maximal
isometric contraction) of the quadriceps femoris, OLST,
FTSST, and the 5-m walk test (5mWT) in the analysis.

Table 1 The characteristics of the participants and the measurement results

Variable All (n = 81) Fall group (n = 24) Non-fall group (n = 57)

Individual factors Sex (%) Women, 62 (76.5) Women, 19 (79.2) Women, 43 (75.4)

Age (years) 72.4 ± 8.6 73.2 ± 8.0 72.1 ± 8.8

BMI (kg/m2) 24.5 ± 3.8 26.3 ± 4.3 23.7 ± 3.4

K-L grade I, 17 (21.0); II, 37 (45.7);
III, 18 (22.2); IV, 9 (11.1)

I, 3 (12.5); II, 9 (37.5);
III, 8 (33.3); IV, 4 (16.7)

I, 14 (24.6); II, 28 (49.1);
III, 10 (17.5); IV, 5 (8.8)

Lesion type Bilateral knee OA, 51 (63.0) Bilateral knee OA, 16 (66.7) Bilateral knee OA, 35 (61.4)

VAS (mm) 26.2 ± 21.8 32.8 ± 18.9 23.5 ± 22.5

Measurement Muscle strength
test (Nm/kg)

1.09 ± 0.42 0.82 ± 0.21 1.21 ± 0.44

OLST (s) 13.59 ± 10.19 6.09 ± 5.66 16.74 ± 10.05

FTSST (s) 8.96 ± 2.44 10.60 ± 2.19 8.27 ± 2.22

5mWT (s) 3.59 ± 1.08 4.31 ± 1.50 3.28 ± 0.65

Data are presented as mean ± standard deviation or n (%)

BMI, bodymass index;K-L grade, Kellgren-Lawrence grade;OA, osteoarthritis; VAS, visual analog scale;OLST, one-leg standing test; FTSST, five times
sit-to-stand test; 5mWT, 5-m walk test
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Themuscle strength test [18] was performed using a handheld
dynamometer (μTas F-1; Anima Corp., Tokyo, Japan). The
study participants extended the knee joint with a maximal effort
while sitting on a chair with their knee joints kept at a 90° flexion.
It required just one measurement of the maximal isometric con-
traction of the quadriceps femoris of the targeted side and was
normalized by bodyweight. TheOLST [19]wasmeasuredwhile
the participants stood on one foot with the opposite foot slightly
but completely elevated from the floor and the eyes open. The
maximal time between the two measurements was adopted or
30 s was adopted if the time was 30 s or more. The FTSST [20]
was measured once while the participant repeated standing up
and sitting down from the chair at a height of about 43–45 cm
five times as quickly as possible. The 5mWT [21] was measured
once while the participant walked on an 11-m-long indoor level
walkway with 3-m margins at both ends as quickly as possible.
The data in the case of bilateral knee OAwere obtained from the
targeted side of the knee joint that was more severely affected
according to the K-L grade, more restricted in the range of mo-
tion, or more painful, as rated using the VAS.

Sample size

According to a previous study that investigated falls in indi-
viduals with knee OA, 22.3% (n = 316) of individuals were in
the fall group, with bad outcomes, and 77.7% (n = 1102) of
individuals were in the non-fall group [22]. On this basis, the
ratio of the positive to negative individuals (i.e., fall group to
non-fall group individuals) was assumed to be 1 (20.0%) to 4
(80.0%), respectively. The alpha value was set at 0.05, and the
power was set at 0.80. The alternate hypothesis and null hy-
pothesis areas under the receiver operating curves were set at
0.75 (moderate power). Consequently, the total number of
required cases in this study was estimated to be 61 (positive,
12 cases; negative, 49 cases).

Statistical analysis

Binomial logistic regression analysis was used to examine the
risk factors for falls in this study. The outcome measure of the
analysis was whether the participants belonged to a fall or non-
fall group (fall group, 1; non-fall group, 0). The confounding
variables were sex (men, 1; women, 0), age, BMI, K-L grade,
bilateral kneeOA (1) or unilateral kneeOA (0), and pain (VAS;
numerical value from 0 to 100), and the explanatory variables
were the muscle strength test, OLST, FTSST, and 5mWT. In
binomial logistic regression analysis, the confounding vari-
ables were entered following the forced entry method, and
the explanatory factors were entered following the backward
elimination method (likelihood ratio), simultaneously.
Binomial logistic regression analysis was followed by receiver
operating characteristic (ROC) analysis that used the outcome
measures and factors selected. The explanatory variables were
binarized at the cut-off value of ROC analysis. The CPR was
obtained using the binarized variables. The CPR would deter-
mine the cut-off value of the tests to increase the likelihood
ratio and the post-test probability by compounding mutually
independent tests with some ability to discriminate between the
fall and non-fall groups. We also calculated the sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR), and post-test probability (positive predictive value
and negative predictive value) of the CPR. The software used
to analyze the collected data was SPSS (version 22.0; IBM
Corp., Tokyo, Japan), and the significance was set at P < 0.05.

Results

The binomial logistic regression analysis revealed that the
OLST (odds ratio [OR], 0.805; 95% confidence interval [CI],
0.700–0.927) and FTSST (OR, 1.743; 95% CI, 1.177–2.580)

Table 2 Related factors of fall
risk in individuals with knee OA Partial regression coefficients P value Odds ratios 95% confidence intervals

Lower Upper

OLST − 0.22 0.003 0.81 0.70 0.93

FTSST 0.56 0.006 1.74 1.18 2.58

Sex − 0.23 0.779 0.79 0.16 4.02

Age − 0.11 0.050 0.90 0.80 1.00

BMI − 0.07 0.517 0.93 0.76 1.15

K-L grade 0.34 0.423 1.40 0.61 3.19

Lesion type 0.15 0.842 1.16 0.28 4.81

VAS − 0.01 0.661 0.99 0.96 1.02

χ2 test, P< 0.001; Hosmer-Lemeshow test, P = 0.934; percentage of correct classifications, 79.0%

OLST, one-leg standing test; FTSST, five times sit-to-stand test; BMI, body mass index; K-L grade, Kellgren-
Lawrence grade; VAS, visual analog scale
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were significantly associated with the outcome (Table 2).
Examination of themulticollinearity by Spearman’s correlation
did not reveal any independent variables that had a correlation
coefficient of 0.80 or more. The ROC analysis showed that the
cut-off values of the OLST and FTSSTwere 5.3 s (area under
the curve [AUC], 0.86; P < 0.001) and 7.9 s (AUC, 0.79;
P < 0.001), respectively (Table 3).

Further, the ROC analysis revealed that the scores of the CPR
maximally 2 points, minimally 0 point were significant to distin-
guish between the outcome measures (AUC, 0.874; P < 0.001)
(Table 4). We called this CPR the “fall risk scale (Table 5).” The
post-test probability (positive predictive value) was 46.0%
(PLR= 2.0) when the OLST or FTSST alone was positive. It
increased to 88.2% (PLR= 17.8) when the OLST and FTSST
were both positive. As the pre-test probability of falls was 29.6%
(24 out of 81 study participants), this indicated that when the total
score of the fall risk scale was 2 points, the individual was likely
to have a fall. On the contrary, the NLR post-test probability
(positive predictive value) were 0.1 and 3.2%, respectively, in
another case where the total score of the fall risk scale was 0
point. Namely, this denoted that when the OLSTwas above 5.3 s
and the FTSSTwas below 7.9 s, the individual was not likely to
have a fall.

Discussion

We successfully derived a CPR that consisted of two tests in
this study: the OLST, with a cut-off value of ≤ 5.3 s, and the
FTSST, with a cut-off value of ≥ 7.9 s. Our results showed that
the precision to predict the probability of falls would improve
when two or more tests provided positive binarized variable
values, whereas similar results were reported in other fields of
study [23]. As shown in the present study, it was obvious that

just one test would not be enough to predict the probability of
falls in individuals with knee OA. Since the CPR in this study
used two or more tests to improve the likelihood ratio and
predictability of the probability of falls, it could be a more
useful tool than previous ones to discriminate between individ-
uals who fall and those who do not. This CPR could be espe-
cially useful as a screening test to detect the fall risk probability
in individuals with knee OA.

A Cochrane systematic review showed that a somewhat arbi-
trary intervention alone could not prevent falling effectivelywith-
out precise assessment of the individuals and multiple compo-
nent interventions [24]. Therefore, it is essential to make precise
assessments for individuals with knee OA regarding the proba-
bility of falling and to plan multiple component interventions to
prevent them from falling. Although the cut-off values for the
muscle strength test [12], OLST [13], and FTSST [14] have been
reported in previous studies, the influences of other characteris-
tics of the individuals (sex, age, BMI, K-L grade, lesion type, and
VAS) on having a fall have never been examined. As a result, our
present study showed that only the OLST and FTSSTwere sig-
nificantly related to have a fall independently compared with the
individual factors, such as sex, age, and K-L stage.

Our fall risk scale is novel because it predicts fall risks in
individuals with knee OA, whereas other studies derived differ-
ent kinds of CRPs that evaluated the validity of the physical
therapy programs in individuals with knee OA [25, 26]. There
has been noCPR to determine fall risks in individuals with knee
OA to date. As knee OA is a common joint disease and con-
sidered one of the risk factors for falls [6], the CPR that we
developed in this study will be a great help for the clinicians to
determine which individual with knee OA definitely has a high
risk of fall. This CPR, consisting of the OLST and FTSST,
would show the high probability of falls (positive predictive
value of 88.2%) in individuals with knee OAwhen the OLST

Table 3 Cut-off values and the
inspection characteristics of each
measurement in the fall risks

Cut-off value AUC P value Sensitivity Specificity PLR NLR

OLST ≤ 5.3 s 0.86 < 0.001 0.91 0.71 3.13 0.12

FTSST ≥ 7.9 s 0.79 < 0.001 0.92 0.58 2.18 0.14

AUC, area under the curve; PLR, positive likelihood ratio;NLR, negative likelihood ratio;OLST, one-leg standing
test; FTSST, five times sit-to-stand test

Table 4 Diagnostic characteristics at each score of the CPR

Total score
of the CPR

Fall group
(n = 24)

Non-fall group
(n = 57)

Sensitivity Specificity PLR NLR Post-test probability

Positive
predictive value

Negative
predictive value

≥ 1 point n = 23 n = 27 0.96 0.53 2.02 0.08 46.0% 96.8%

= 2 points n = 15 n = 2 0.63 0.97 17.81 0.39 88.2% 85.9%

AUC = 0.874, P < 0.001

PLR, positive likelihood ratio; NLR, negative likelihood ratio
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was 5.3 s or less and FTSSTwas 7.9 s or more. Since both the
OLST and FTSST are routinely used tests in physical therapy,
our CPR would be useful and helpful for the clinicians to take
measures to prevent falls in individuals with knee OA.

Several limitations in the present study should be consid-
ered. Firstly, whether the participants had a fall or not was
determined by the participants’ self-reports. Since the accura-
cy of self-report might affect the study results, we excluded at
least those individuals with cognitive diseases. Secondly, as
we excluded individuals with hip osteoarthritis, spine osteoar-
thritis, and neurologic and cognitive diseases, the fall risk
scale cannot be generalized to these individuals. Thirdly, we
could not include the onset of knee OA, the time of com-
mencement of rehabilitation, medication use, and cardiac or
pulmonary diseases, which might affect the results of our
present study. Fourthly, as our fall risk scale consisted of only
the OLST and FTSST, it might not be very specific for indi-
viduals with knee OA. This implies that the CPR to determine
fall risk among individuals with knee OA might be applicable
to the other elderly populations with different diseases, al-
though this needs to be confirmed in future studies.
Considering the previouslymentioned limitations, future stud-
ies should aim at developing a better fall risk scale to predict
the fall risks in individuals with knee OA. Thus, we need to
examine the external validity of the CPR and the outcome of
holistic intervention using the CPR in future studies.

In conclusion, the CPR obtained from this study can be
used as a screening test to detect the fall risk in individuals
with knee OA. As the fall risk scale would make more precise
assessments of the probability of falling in the individuals with
knee OA than previous scales, it would be possible to plan
holistic interventions to prevent individuals with knee OA
from falling.
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