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A B S T R A C T   

Objectives: Clinical prediction rules are used to discriminate patients with locomotive syndrome and may enable 
early detection. This study aimed to validate the clinical predictive rules for locomotive syndrome in community- 
dwelling older adults. 
Methods: We assessed the clinical prediction rules for locomotive syndrome in a cross-sectional setting. The age, 
sex, and body mass index of participants were recorded. Five physical function tests–grip strength, single-leg 
standing time, timed up-and-go test, and preferred and maximum walking speeds–were measured as predic-
tive factors. Three previously developed clinical prediction models for determining the severity of locomotive 
syndrome were assessed using a decision tree analysis. To assess validity, the sensitivity, specificity, likelihood 
ratio, and post-test probability of the clinical prediction rules were calculated using receiver operating charac-
teristic curve analysis for each model. 
Results: Overall, 280 older adults were included (240 women; mean age, 74.8 ± 5.2 years), and 232 (82.9%), 68 
(24.3%), and 28 (10.0%) participants had locomotive syndrome stages ≥ 1, ≥ 2, and = 3, respectively. The areas 
under the receiver operating characteristics curves were 0.701, 0.709, and 0.603, in models 1, 2, and 3, 
respectively. The accuracies of models 1 and 2 were moderate. 
Conclusions: These findings indicate that the models are reliable for community-dwelling older adults.   

1. Introduction 

Aging population is a social problem in industrialized countries. The 
National Institute of Population and Social Security Research reported 
that the aging rate in Japan was approximately 28% in 2017 and will 
reach 35% in 2040 [1]; this means that Japan has one of the highest 
aging rates globally. In response, the Japanese Orthopaedic Association 
(JOA) proposed “locomotive syndrome (LS)” to develop simple pretests 
to assess individual locomotive abilities and determine which in-
dividuals would need nursing care [2]. The number of older adults with 
LS is considered high; a previous longitudinal study showed that 69.8% 

of community-dwelling older adults have LS [3]. Moreover, previous 
research studying the association between LS and health issues in older 
adults revealed that LS is linked to chronic pain, osteoporosis, lumbar 
diseases, an increased risk of falling, and a poor quality of life [4,5]. 
Early detection and accurate assessment of LS by healthcare providers 
may be crucial to prevent health problems in older adults. 

Physical function assessments, such as grip strength, single-leg 
standing (SLS) time, timed up-and-go test (TUG), and preferred and 
maximum walking speed, were used as predictive factors for LS. These 
tests are simple, inexpensive, and have a low physical burden on older 
adults; therefore, they are often used in clinical practice. A previous 
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study examined a clinical prediction rule (CPR) to distinguish LS in 186 
community-dwelling older adults and confirmed that SLS time, grip 
strength, and TUG were significant predictors of LS [6]. In addition, the 
accuracy of the prediction model in a previous study was moderate. 
Therefore, CPR may help diagnose LS in older adults and may be 
beneficial to healthcare providers in developing appropriate in-
terventions in clinical practice. 

CPRs are generally used to predict the absolute risk of clinical con-
ditions and future health outcomes. The development of a CPR com-
prises three main stages: derivation, validation, and impact analysis [7]. 
To maximize their clinical usefulness, CPRs must be rigorously devel-
oped and validated, and their impact on clinical practice and patient 
outcomes must be evaluated. In this modeling strategy, a CPR for LS has 
already been derived in a previous study [6]; therefore, the validation 
and impact analysis steps are required before this CPR can be recom-
mended for use in clinical practice. 

Generally, there are three designs for examining CPR validation after 
derivation: temporal, geographic, and domain [8]. These three designs 
can be used to evaluate the generalizability or transportability of CPR 
model performance in patients from different but plausibly related set-
tings. Temporal validation is a common design approach, with only a 
difference in calendar time between the derivation and validation 
datasets. Temporal validation involves assessing the reproducibility of a 
rule in different populations, and this design ensures evidence for clin-
ical practice [9]. To date, CPR for LS has not been validated. This study 
aimed to validate the use of CPR in determining LS in 
community-dwelling older adults. 

2. Methods 

2.1. Ethics 

All measured parameters were essential for assessing functional 
status and were not harmful. All the procedures were performed in 
accordance with the Declaration of Helsinki (1975). Written informed 
consent was obtained from all the participants. This study was approved 
by the ethical review board of this institution (E2022-0086-04). All 
patients agreed to participate in the study and provided written 
informed consent. 

2.2. Study setting 

This was a cross-sectional validation study of CPR for determining 
LS. The data were extracted from the Study for Diagnosis, Early detec-
tion, and Treatment of locomotive syndrome using the Epidemiological 
Cohort “DETECt-L″ database, and participants were recruited using an 
explanatory poster between May 2021 and December 2022. Staff at 
community centers and gymnasiums throughout Hiroshima City, Japan 
as well as exercise instructors who sponsor exercise classes in the com-
munity helped recruit and measure the variables. The participants were 
free of charge. 

2.3. Participants 

The inclusion criteria for this study were community-dwelling per-
sons ≥ 65 years old and those with independent mobility. Participants 
with suspected cognitive impairment or serious illnesses (unstable car-
diovascular disease, stroke, severe respiratory impairment, Parkinson’s 
disease, diabetic peripheral neuropathy, or rheumatoid arthritis) were 
excluded. This was because cognitive impairment could have resulted in 
unreliable or invalid responses to the questionnaire, whereas serious 
diseases could have led to falls or disease exacerbation during 
assessment. 

To examine temporal validation, the criteria for participants were set 
according to a previous study [6]. Both this and our previous studies 
developed the CPRs in the region from which the participants were 

recruited, with similar recruitment methods as well as the selection and 
exclusion criteria for the participants. However, the timing of the as-
sessments was different for examining temporal validation. Another 
participant who had not participated in previous studies was included. 

2.4. Assessments 

Participants’ age, sex, and body mass index (BMI) were recorded. 
Five physical function tests—SLS time, grip strength, preferred and 
maximum walking speeds, and TUG test—were evaluated as predictive 
factors. 

SLS time was measured twice, and the larger value of the two mea-
surements was used in the statistical analyses. After determining the 
supporting leg, the participants assumed a single-leg standing posture 
when instructed by the evaluator to raise one leg. The raised leg was 
maintained at five cm above the ground. The time required to maintain 
this position was measured for a maximum of 60 s. Test trials with 
fractions from the second round were rounded down. The SLS was a 
valid and reliable test in older adults in previous studies [10,11]. 

Grip strength was measured using a grip strength meter (TKK 5401 
Grip-D; Takei, Niigata, Japan). Strength in kilograms was measured for 
each hand, and the average of the two measurements was used for 
subsequent analysis. The participants grasped the grip strength meter 
with its pointer on the outside. The interphalangeal joints of the fingers 
were adjusted such that they were almost at right angles before the 
measurements. A previous study demonstrated the high reliability and 
validity of the grip strength measurement method [12]. 

Preferred and maximum walking speeds were measured. Each test 
was measured once, and the time was recorded in seconds. The partic-
ipants were instructed to walk along a 5-m pathway. Walking time is an 
easy test, and its reliability and validity have been confirmed [13]. 

The TUG test was performed twice, and the smaller value was used 
for subsequent analyses. The TUG test involves rising from a 40 cm-high 
chair and walking 3 m, turning around, walking back to the chair, and 
sitting down. The TUG test was performed using a stopwatch and 
recorded as the time(s) required to complete the task. The participants 
were given the following standard instructions: “Walk to the line, turn 
around, return, and then sit back in a chair. Walk as fast as possible.” 
Previous studies have demonstrated excellent test-retest reliability and 
good validity of the TUG test in older adults [13,14]. 

The stand-up test, 2-step test, and 25-item Geriatric Locomotive 
Function Scale were used to determine LS, as previously described in a 
study that derived the CPR for LS [6]. These 3 tests are valid, reliable, 
and feasible in evaluating the risk of LS [15,16]. LS severity was staged 
from 0 (non-LS) to 3 (most severe) based on these tests. The most severe 
stages were used in the subsequent analyses. 

In a previous study [6], 3 models were built based on the LS severity: 
Model 1 was used to identify participants with and without LS, using a 
binary dependent variable with LS severity of either 0 or ≥ 1; Model 2 
was used to categorize moderate or high LS severity, with a binary 
dependent variable of LS severity ≤ 1 or ≥ 2; finally, Model 3 used a 
binary dependent variable with LS severity of ≤ 2 or 3. This study used 
the same model classification methods. LS severity was evaluated using 
three tests, including the stand-up test, 2-step test, and 25-item Geriatric 
Locomotive Function Scale, which required instruments, questionnaires, 
and time for measurement. The LS models helped improve the accuracy 
and speed of LS screening in clinical practice. In particular, they are 
useful when performing mass examinations on several participants, such 
as group assessments of older adults. 

2.5. CPR for distinguishing the LS condition 

A previous study [6] developed three CPR models for each LS 
severity using decision tree analysis; these models are referred to as 
L-TreeS in this study. The L-treeS identified the following significant 
variables: SLS time and grip strength in Model 1; SLS time, TUG, and 
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predictive value in Model 2; and maximum walking time in Model 3. 
In this temporal validation study, the validity of CPRs was examined 

by distributing scores in descending order, starting from the terminal 
node with the largest percentage of positive or more severe LS cases (eg, 
in model 1, participants with SLS ≤ 59.4 s were scored 3 points, par-
ticipants with SLS time > 59.4 s and grip strength ≤ 37.8 kg were scored 
2 points, and participants with SLS time > 59.4 s and grip strength >
37.8 kg were scored 1 point) (Table 1). The participants were scored 
based on the CPR criteria for LS. 

2.6. Sample size 

A previous cohort study found that 69.8% of community-dwelling 
older adults in Japan had LS [3]. Therefore, we assumed that the ratio 
of older adults with LS to those without LS would be 2.5:1. The alpha 
value and power were set to 0.05 and 0.80, respectively. The null hy-
pothesis value for the area under the receiver operating characteristic 
(AUROC) was set at 0.70. The target sample size was 84. Therefore, 
additional participants were recruited to ensure an adequate sample 
size. 

2.7. Statistical analysis 

Receiver operating characteristic (ROC) curve analysis was used to 
determine the sensitivity, specificity, likelihood ratio (LR), and post-test 
probability of the CPRs for each model. The cutoff values were set based 
on the results of L-treeS [6]. The optimal cut-off points were > 1 point in 
Model 1, > 3 points in Model 2, and > 2 points in Model 3 (Table 1). The 
area under the ROC curve (AUROC) with a 95% confidence interval (CI) 
was used to assess the accuracy of the models. The AUROC could be 
distinguished from 0 to 1 and was categorized as low (0.5 < AUROC <
0.7), moderate (0.7 < AUROC < 0.9), and high (0.9 < AUROC < 1) [17]. 
Statistical analyses were performed using SPSS version 25 software for 
Windows (IBM Corp., Armonk, NY, USA), and statistical significance 
was set at P < 0.05. 

3. Results 

In total, 280 older adults (240 women, 40 men; mean age, 74.8 ± 5.2 
years) participated in this study. Descriptive statistics are shown in 
Table 2. Overall, 232 (82.9%), 68 (24.3%), and 28 (10.0%) participants 
had LS stages ≥ 1, ≥ 2, and = 3, respectively. 

The AUROC values were 0.701 (95% CI, 0.614–0.788; P < 0.01), 
0.709 (95% CI, 0.635–0.783; P < 0.01), and 0.603 (95% CI, 
0.480–0.727; P = 0.07), in Models 1, 2, and 3, respectively (Table 3). 
The accuracies of Models 1 and 2 were determined to be moderate based 
on the AUROC results. The AUROC value in Model 3 was not significant. 
The post-test probability test revealed positive predictive values (PPV) 
of 83.5%, 78.9%, and 55.6% and negative predictive values (NPV) of 
100%, 79.7%, and 91.5% for Models 1, 2, and 3, respectively. 

4. Discussion 

This study examined the temporal validity of previously derived 
CPRs for identifying LS in community-dwelling older adults. A previous 
study, which included 186 participants, presented CPRs for each LS 
severity, and the AUROC values were 0.737, 0.763, and 0.704, respec-
tively, for Models 1, 2, and 3 [6]. The present study assessed the validity 

Table 1 
Cut-off values of the L-treeS.  

Model Point  Optimal cut-off point 

Model 1   > 1 point  
1 point SLS time > 59.4 s and grip strength > 37.8 kg   
2 points SLS time > 59.4 s and grip strength ≤ 37.8 kg   
3 points SLS ≤ 59.4 s  

Model 2   > 3 points  
1 point SLS time > 12.6 s and SLS time > 55.3 s   
2 points SLS time > 12.6 s and SLS time ≤ 55.3 s   
3 points SLS time ≤ 12.6 s and TUG ≤ 7.9 s   
4 points SLS time ≤ 12.6 s and TUG > 7.9 s  

Model 3   > 2 points  
1 point Predictive value in Model 2 = 0   
2 points Predictive value in Model 2 = 1 and maximum walking speed ≤ 3.75 s   
3 points Predictive value in Model 2 = 1 and maximum walking speed > 3.75 s  

SLS, single-leg standing. 

Table 2 
Descriptive statistics of all participants.   

All (N = 280) Women (N = 240) Men (N = 40) 

Age, yrs 74.8 (5.2) 74.6 (5.3) 75.9 (3.8) 
SLS time, s 32.5 (22.3) 33.7 (22.3) 25.1 (21.0) 
Grip strength, kg 23.5 (6.0) 21.7 (4.0) 34.1 (5.1) 
Walking time (preferred), s 3.8 (0.8) 3.8 (0.7) 3.8 (0.9) 
Walking time (max), s 2.9 (0.6) 2.9 (0.6) 2.8 (0.7) 
TUG, s 6.4 (1.4) 6.5 (1.3) 6.1 (2.0) 
Severity of locomotive syndrome, N (%) 
≥ Stage 1 232 (82.9) 198 (82.5) 34 (85.0) 
≥ Stage 2 68 (24.3) 61 (25.4) 7 (17.5) 
＝ Stage 3 28 (10.0) 25 (10.4) 3 (7.5) 

SLS, single-leg standing; TUG, timed up-and-go test. 

Table 3 
Diagnostic characteristics of each model.          

Post-test 

Probability 

Models AUROC 95% CI P-value Sensitivity Specificity LR+ LR- PPV, % NPV, % 

Model 1 0.701 0.614–0.788 < 0.01 1.000 0.042 1.043 0.000 0.835 1.000 
Model 2 0.709 0.635–0.783 < 0.01 0.221 0.981 11.691 0.794 0.789 0.797 
Model 3 0.603 0.480–0.727 P = 0.07 0.179 0.984 11.250 0.835 0.556 0.915 

AUROC, area under the receiver operating characteristic; 95% CI, 95% confidence interval; LR, likelihood ratio; PPV, positive predictive value; NPV, negative pre-
dictive value. 
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of the same models in 280 community-dwelling older adults, with 
AUROC values of 0.701, 0.709, and 0.603 for Models 1, 2, and 3, 
respectively. This study confirms that Models 1 and 2 have moderate 
validity. This study confirmed the temporal validity of CPR for LS and 
demonstrated the reliability of these models in clinical practice. To the 
best of our knowledge, the literature reported no validated CPR for LS. 
This study is the first to validate CPR for LS, and our results will help 
healthcare providers in managing and supporting older adults with 
health problems. 

Temporal validation used only a difference in the assessment timing 
between the derivation and validation datasets. This study included 280 
participants (mean age, 74.8 ± 5.2 years) and 232 (82.9%), 68 (24.3%), 
and 28 (10.0%) participants had LS stages ≥ 1, ≥ 2, and = 3, respec-
tively. A previous study derived a CPR for LS included 186 participants 
(mean age, 75.0 ± 6.5 years) and 150 (80.6%), 44 (23.7%), and 15 
(8.1%) participants had LS stages ≥ 1, ≥ 2, and = 3, respectively; this 
meant participants in the present study were similar to those in a pre-
vious study. Thus, the participants in this study were considered suitable 
for temporal validation, and the results were highly reliable. 

In this study, we examined the temporal validity of L-treeS, which 
was derived using decision tree analysis in a previous study. In general, 
machine learning including decision tree analysis is prone to overfitting 
[18]. Overfitted CPR models may lead to inadequate conclusions, which 
may incorrectly or even harmfully shape clinical decision-making. In 
this temporal validation study, the same levels of AUROC could be 
confirmed using different participants, indicating a low level of over-
fitting in the derived CPR for the LS. Addressing overfitting concerns will 
lead to recommendations for ensuring the usefulness of CPR models for 
LS in clinical practice. 

The pre-test probability of participants with LS was 82.9%, the PPV 
in Model 1 was 83.5%, similar to the pre-test probability. These results 
indicated that Model 1 was inappropriate for identifying older adults 
with LS. However, the NPV was 100% for Model 1. Therefore, Model 1 
was useful for distinguishing older adults without LS. A previous study 
by Kobayashi et al. [19] in 2022 indicated that SLS time was a significant 
predictive factor for identifying LS, with an AUROC of 0.66. In this 
study, the AUROC for Model 1 was 0.701. This validation study provides 
additional evidence for a more accurate distinction between LS 
severities. 

Moreover, the pre-test probability of participants with LS stage ≥ 2 
was 24.3% in this study, and Model 2 has a PPV of 78.9%. Model 2 set as 
the dependent variable binary LS severity of ≤ 1 or ≥ 2; this model was 
used to identify whether the severity of LS was moderate or high. LS 
stage 2 is treated as progressive LS with possible musculoskeletal 
degeneration that requires clinical consultation [20]. Therefore, Model 
2 is useful for identifying older adults with advanced LS and will aid 
healthcare providers in selecting appropriate treatment plans in clinical 
practice. 

This study validated the L-treeS by combining two tests: SLS time and 
grip strength in Model 1 and SLS time and TUG in Model 2, which 
provided statistical accuracy. In clinical practice, SLS time should first 
be selected to distinguish LS, as SLS time was a significant predictive 
factor in both Models 1 and 2. If older adults show an SLS time of > 59.5 
s, healthcare providers can include a grip strength test for greater 
diagnostic accuracy. However, if older adults show an SLS time ≤ 12.6 s, 
healthcare providers can include TUG to determine whether the indi-
vidual has progressive LS. A previous study indicated that SLS time was a 
significant predictive factor for LS [21], and the present study showed 
that these simple combinations of tests were useful for detecting the 
severity of LS with moderate predictive accuracy, validating the LS 
models. These findings contribute to the evidence-based care of older 
adults with LS in clinical practice. 

To maximize the potential clinical usefulness of CPR, impact analysis 
should be performed. Impact analyses are the most efficient methods for 
assessing whether incorporating CPRs into the decision-making process 
improves clinical practice. Although there is no perfectly established 

methodology for the study design of impact analysis, Wallace et al. [22] 
provided a framework for impact analysis. In addition, a previous study 
showed that locomotive training (LOCO-Tre), consisting of squats and 
single-leg standing exercises, is an effective intervention for older adults 
with LS [4]. Future studies should evaluate whether the use of L-treeS in 
clinical practice facilitates the transition to more effective interventions 
for LS. 

This study has several limitations. First, although the AUROCs in 
Models 1 and 2 were significant, those in Model 3 were not. One reason 
that the AUROC value of Model 3 was not significant is the insufficient 
number of participants in it. Model 3 investigated a binary LS severity of 
≤ 2 or 3. Thus, accurately predicting the most severe LS was limited. 
Health providers need to pay attention to this point in clinical practice. 
Additionally, this study only examined temporal validation, although 
there have been some study designs for validation. Therefore, further 
validation studies, including those for Model 3, are required. Secondly, 
the proportion of men in this study was 14.3%. This may have influ-
enced the distinction of LS among male participants. Third, although 
this study focused on older adults, approximately 20% of young and 
middle-aged individuals have LS [23]. Therefore, to develop an appro-
priate prevention program, L-treeS should be validated for domain 
validation, which means validation in other populations (eg, young and 
middle-aged populations) [8]. Fourth, models were not created sepa-
rately for males and females. Grip strength differs between males and 
females, thus modeling them separately may be more accurate. Further 
studies are required to overcome these limitations. 

5. Conclusions 

This study examined the temporal validity of the CPRs for identifying 
LS in community-dwelling older adults. This study revealed that Models 
1 and 2 have moderate validity. This study is the first to validate CPR for 
LS, and our results will help healthcare providers in managing and 
supporting older adults with health problems. 
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