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Background: The Short Physical Performance Battery (SPPB) is a well-established functional as-
sessment tool used for the screening and assessment of frailty and sarcopenia. However, the 
SPPB requires trained staff experienced in conducting the standardized protocol, which may limit 
its widespread use in clinical settings. The automated SPPB (eSPPB) was developed to address 
this potential barrier; however, its validity among frail older adults remains to be established. 
Therefore, this exploratory study compared the eSPPB and manual SPPB in patients attending a 
tertiary fall clinic in relation to their construct validity, reliability, and agreement. Methods: We 
studied 37 community-dwelling older adults (mean age, 78.5±6.8 years; mean FRAIL score, 
1.2±1.0; 65% pre-frail) attending a tertiary falls clinic. The participants used the mSPPB and 
eSPPB simultaneously. We evaluated the convergent validity, discriminatory ability, reliability, and 
agreement using partial correlation adjusted for age and sex, an SPPB cutoff of ≤8 to denote sar-
copenia, intraclass correlation coefficients (ICC), and Bland-Altman plots, respectively. Results: 
The eSPPB showed strong correlations with the mSPPB (r=0.933, p<0.01) and Berg Balance Scale 
(r=0.869, p<0.01), good discriminatory ability for frailty and balance, and good to excellent reli-
ability (ICC=0.94; 95% confidence interval, 0.88–0.97). The Bland-Altman plots indicated good 
agreement with the mSPPB (mean difference, -0.2; 95% confidence interval, -3.2–2.9) without 
evidence of systematic or proportional biases. Conclusion: The results of our exploratory study 
corroborated the construct validity, reliability, and agreement of the eSPPB with the mSPPB in a 
small sample of predominantly pre-frail older adults with increased fall risk. Future studies should 
examine the scalability and feasibility of the widespread use of the eSPPB for frailty and sarcope-
nia assessment.  
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INTRODUCTION 

The Short Physical Performance Battery (SPPB) is an established 
tool used to assess lower extremity function.1) Low SPPB scores, 
indicative of poor physical performance, are associated with ad-

verse outcomes such as increased fall risk,2) functional impair-
ment,3,4) cognitive impairment,5) hospital readmission,6) and all-
cause mortality.7) The SPPB also showed good diagnostic accuracy 
for detecting frailty in community-dwelling older persons.8,9) The 
SPPB, which is one of the recommended tests for physical perfor-

Copyright © 2022 by The Korean Geriatrics Society
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.4235/agmr.22.0022&domain=pdf&date_stamp=2022-06-30


mance, forms an integral part of the diagnostic algorithm for sarco-
penia in both the European Working Group on Sarcopenia in Old-
er People 2 (EWGSOP2)10) and Asian Working Group for Sarco-
penia (AWGS) 2019 consensus definitions.11) In a recent study, 
the high sensitivity of the SPPB when using a cutoff score of ≤ 8 
suggests that it may be a favorable screening tool for sarcopenia in 
clinical settings where muscle mass measurements are not avail-
able.12) Additionally, the SPPB has been suggested as a relevant 
tool to measure outcomes for interventions targeting frailty and 
sarcopenia in older adults.4,7,10,13) 

Generally, the SPPB is administered manually by trained per-
sonnel in accordance with the standardized protocol. The tool 
shows good inter-rater and test-retest reliability when conducted 
by trained experienced personnel.14,15) However, training can be re-
source-intensive, and limitations in manpower may limit the scal-
ability and widespread application of the SPPB in clinical set-
tings.7,16) 

To address these potential barriers to clinical application, a 
multi-sensor-based kiosk using modern sensor technologies and 
computer algorithms to use the SPPB in an automated fashion 
(eSPPB) was first developed in Korea.16) A pilot study of a small 
sample comprising older adults attending a rehabilitation clinic 
demonstrated the feasibility of the eSPPB in a clinical setting.16) 
The eSPPB also showed a good correlation with the manual SPPB 
(mSPPB) performed by a physical therapist.16) However, to date, 
no prospective study has examined the reliability and agreement of 
the eSPPB in frailer older adults with poorer physical performance 
and increased risk of falls. Additionally, previous eSPPB studies 
conducted in geriatric clinical settings were of retrospective na-
ture.17,18) 

A growing body of literature supports the early detection and in-
tervention of sarcopenia and frailty in at-risk older adults.19) The 
SPPB is a useful screening and assessment tool as well as a relevant 
outcome measure for interventions that target sarcopenia and frail-
ty. Therefore, it is important to find ways to adapt the SPPB for 
widespread clinical application in frailer older adult populations. 
Thus, we aimed to examine the construct validity, reliability, and 
agreement of the eSPPB in relation to those of mSPPB among pa-
tients attending a tertiary fall clinic. The results of our exploratory 
study in a real-world clinical setting of frailer older adults with an 
increased risk of falls will shed light on the future scalability of the 
eSPPB. 

MATERIALS AND METHODS 

Study Setting 
This study was conducted in community-dwelling older adults re-

cruited from the Falls and Balance Clinic at Tan Tock Seng Hospi-
tal, a tertiary hospital in Singapore. We recruited participants from 
July 2020 to July 2021. The inclusion criteria included patients 
aged ≥ 65 years attending the Falls and Balance Clinic who were 
able to walk ≥ 100 m independently (with or without aid); those 
who scored ≥ 4 on the Abbreviated Mental Test (AMT), which 
corresponded to the cutoff for mild-moderate dementia in a local 
validation study20); and those who could understand instructions 
and adhere to the study protocol. The exclusion criteria were (1) 
chair or bed-bound status, (2) AMT ≤ 3, and (3) inability to un-
derstand simple commands or provide consent. Informed written 
consent was obtained from the participants or their legally ap-
pointed representative, where appropriate, in the presence of a 
trained research assistant. Ethical approval was obtained from the 
Institutional Review Board of the National Healthcare Group (No. 
2020/00038). 

Manually Measured SPPB (mSPPB) 
A trained physiotherapist conducted the mSPPB. In the balance 
test, the participants were asked to maintain three positions (side-
by-side, semi-tandem, and tandem stances) for 10 seconds. To 
measure gait speed, the participants were timed with a stopwatch 
(Casio Model HS-3, with a measurement accuracy of up to 
1/100-seconds) as they walked 4 m from a standing start. For the 
chair-stand test, the participants were timed for five consecutive 
sit-to-stand repetitions with their arms folded across their chest 
and ending with a fifth sit. We employed a sitting stop, as this was 
the prevalent practice for the timing of the chair stand test. This 
also allowed for comparability with the chair sensor of the eSPPB 
kiosk.16) The cutoff points were based on previously published 
norms for SPPB scoring.1) 

The eSPPB Kiosk 
The eSPPB kiosk prototype was developed by Dyphi (Daejeon, 
Korea). We used the eSPPB setup described in the original valida-
tion study.16) In brief, the three SPPB components can be semi-au-
tomatically estimated. Balance was measured with a load cell array 
that could detect the location of the participant’s foot and measure 
the force applied to it. Gait speed was measured with a one-dimen-
sional light detection and ranging (LiDAR) sensor that could mea-
sure the distance between the sensor and the participant.21) The 
chair stand test was performed five times using a combination of 
two sensors: a load cell-embedded chair to measure the weight of 
the participants and a LiDAR sensor to measure the distance be-
tween the participant and the chair. The three components were 
input directly into a program that allowed the conduction of SPPB 
in a standardized manner with graphic and voice instructions. The 
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eSPPB kiosk algorithm was used to calculate the score for each 
component based on previously published cutoff points. 

Data Collection 

Protocol for mSPPB and eSPPB 
The participants performed the mSPPB and eSPPB simultaneous-
ly to optimize the reliability evaluation and avoid the need for re-
peated assessments. While the physical therapist instructed the 
participants and manually recorded timings for individual test sec-
tions of the mSPPB, the research assistant recorded their perfor-
mance using the eSPPB. The research assistant aided with the set-
up of the eSPPB components and operated the eSPPB software 
during the assessment. 

Other variables 
We collected data on demographics, height, weight, and body mass 
index. The functional ability, basic activities of daily living (ADL), 
and physical activity were evaluated using the modified Barthel In-
dex (MBI),22) Lawton and Brody's instrumental ADL (iADL),23) 
and Frenchay Activities Index (FAI),24) respectively. Frailty status 
was measured using the FRAIL (fatigue, resistance, ambulation, 
illness, loss of weight) scale, a self-reported five-item scale that as-
sesses the domains of fatigue, resistance, ambulation, illnesses, and 
loss of weight.25) Individuals who scored 1–2 were considered as 
pre-frail, whereas those who scored 3–5 were classified as frail. Fall 
efficacy and balance performance were measured using the Falls 
Efficacy Scale International (FES-I)26) and Berg Balance Scale 
(BBS),27) respectively.  

Statistical Analysis  
The sample size was calculated based on the evaluation of the in-
traclass correlation coefficient (ICC) between the mSPPB and 
eSPPB. Using an a priori postulated ICC of 0.80, a study power 
(1−β) of 0.80, and a half-width 95% confidence interval (CI) of 
ICC < 0.15, we required 35 participants for the study.28) Based 
on an anticipated dropout rate of 10%, we recruited 39 partici-
pants. 

Descriptive and inferential statistics were analyzed using IBM 
SPSS Statistics for Windows (version 27.0; IBM, Armonk, NY, 
USA) and MedCalc for Windows (version 20.013; MedCalc Soft-
ware, Ostend, Belgium). Two-sided p <  0.05 was considered sta-
tistically significant. 

First, we performed descriptive statistics to assess the demo-
graphic and clinical characteristics of the study participants. Next, 
we examined the construct validity of the mSPPB and the eSPPB 
in two ways. First, for convergent validity, we evaluated the cor-

relations with common geriatric parameters using a partial cor-
relation coefficient adjusted for age and sex. Second, using a cutoff 
of ≤ 8 to denote sarcopenia,12) we performed independent sam-
ples t-tests to ascertain the ability to discriminate physical func-
tion, physical activity, frailty, balance performance, fear of falling, 
and physical performance between the ≤ 8 and > 8 subgroups.12) 
We then assessed the reliability of the mSPPB and eSPPB based 
on the ICCs of the total and component-specific scores. ICC val-
ues were indicated as: poor reliability ( < 0.5), moderate reliability 
(0.5–0.75), good reliability (0.75–0.9), and excellent reliability 
( > 0.9).29) We also performed paired t-tests to compare the mean 
differences between the readings. Lastly, we constructed 
Bland-Altman plots to determine the agreements between the to-
tal and component-specific scores. Systematic bias was calculated 
as the mean difference between readings, and 95% limits of agree-
ment were calculated as the bias ± 2 standard deviation for the 
differences between readings. Proportional bias was ascertained 
by inspecting the regression line and Pearson correlation to quan-
tify the degree of bias. 

RESULTS 

Recruitment Flowchart 
Of the 88 eligible participants, 35 (39.8%) declined further partici-
pation due to fear of technology, lack of time, or the coronavirus 
disease 2019 (COVID-19) situation. Of the 53 recruited partici-
pants, 16 were excluded from the study as they had incomplete 
data owing to technical issues that resulted in their data not being 
properly captured by the computer or them not being recognized 
by the sensors. Thus, the final sample comprised 37 participants 
who underwent both mSPPB and eSPPB assessments. Age, an-
thropometry, physical function, activity, and frailty status did not 
differ significantly between the included (n = 37) and excluded 
(n = 16) participants (Fig. 1). 

Baseline Characteristics 
The participants were predominantly female (62%) with a mean 
age of 78.5 ± 6.8 years. The AMT scores ranged from 6 to 10; while 
one participant had mild cognitive impairment, none had demen-
tia. The mean FRAIL score was 1.2 ± 1.0; thus, most of the partici-
pants were pre-frail (65%). The mean mSPPB score was 6.6 ± 3.3, 
which is lower than the cutoff of ≤ 8 used to denote sarcopenia. 
The female participants were lighter, shorter, and had lower MBI 
and BBS scores. Our participants from the Falls and Balance Clinic 
were slightly older and appeared to be frailer than those of original 
validation study16) derived from a rehabilitation clinic. This is evi-
denced by the lower BBS, mSPPB, and eSPPB and higher FRAIL 
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scores obtained in our study (Table 1).  

Convergent Validity  
Not surprisingly, we observed a strong correlation between the 
mSPPB and eSPPB total scores (r = 0.933, p < 0.01). Both mSPPB 
and eSPPB total scores showed strong correlations with the BBS 
(r = 0.900 and r = 0.869, respectively, p < 0.01), moderate correla-
tion with the MBI (r = 0.507 and r = 0.508, p < 0.01) and iADL 
(r = 0.465 and r = 0.530, p < 0.05), and weak to moderate correla-
tions with the FRAIL scale (r = -0.441 and r = -0.383, p < 0.05). 
Neither mSPPB nor eSPPB was correlated with the FAI or FES-I. 

Total screened (n=138)

Eligible (n=88)

Recruited (n=53)

Full dataset (n=37) Partial dataset (n=16)

Screen fail (n=50)
Reasons:
• Health reasons (e.g., breathlessness)
• No scheduled physio session

Declined (n=35)
Reasons:
• Fear of technology
• Lack of time
• Unwilling due to COVID-19 situation

Fig. 1. Recruitment flowchart.

Table 1. Baseline characteristics of the current and original validation studies

Current study Original study (Jung et al.16))
Male (n = 14) Female (n = 23) p-value Male (n = 15) Female (n = 25) p-value

Age (y) 76.9 ± 6.4 79.5 ± 7.0 0.451 75.9 ± 4.5 73.4 ± 6.0 0.198
Weight (kg) 70.1 ± 14.1 53.2 ± 11.6 0.002*
Height (m) 1.6 ± 0.08 1.5 ± 0.1 0.002*
BMI (kg/m2) 26.0 ± 5.0 25.0 ± 6.0 0.552
MBI Total (0–100) 98.0 ± 2.5 93.7 ± 7.1 0.074 96.8 ± 3.2 95.7 ± 4.1 0.377
iADL (0–32) 19.7 ± 3.2 17.6 ± 4.6 0.123
FRAIL total (0–5) 0.8 ± 0.8 1.4 ± 1.1 0.304 0.5 ± 0.8 1.2 ± 1.1 0.035**
 Robust 6 (43) 4 (17)
 Pre-frail 8 (57) 16 (70)
 Frail 0 (0) 3 (13)
FAI total (0–45) 26.4 ± 9.5 26.6 ± 11.8 0.689
BBS total (0–56) 47.2 ± 3.2 39.2 ± 11.8 0.068 53.2 ± 2.5 51.4 ± 4.9 0.356
FES-I total (16–64) 28.8 ± 11.1 29.6 ± 10.2 0.919
mSPPB (0–12) 7.6 ± 2.8 6.0 ± 2.5 0.185 10.8 ± 1.6 9.9 ± 2.4 0.161
eSPPB (0–12) 8.1 ± 3.2 5.7 ± 3.2 0.115 10.4 ± 1.7 9.9 ± 2.3 0.677

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; MBI, modified Barthel Index; iADL, instrumental activities of daily living; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; 
FAI, Frenchay Activities Index; BBS, Berg Balance Scale; FES-I, Falls Efficacy Scale International; mSPPB, manual Short Physical Performance Battery; eSPPB, 
automated Short Physical Performance Battery.
*p<0.01, **p<0.05.

The subdomains of the mSPPB and eSPPB showed similar results 
as the total scores, with a moderate to strong correlation with the 
BBS (lowest r = 0.460 for eSPPB gait speed, and highest r = 0.831 
for eSPPB balance), moderate correlations with the MBI and 
iADL, and weak to moderate correlations with the FRAIL scale. 
The FAI was only moderately correlated with eSPPB gait speed 
but was not correlated with the rest of eSPPB subdomains or with 
mSPPB. None of the subdomains in either the mSPPB or eSPPB 
were correlated with the FES (Table 2). 

Discriminatory Ability for Outcomes 
Using a cutoff of ≤ 8 to denote sarcopenia, both mSPPB and eSP-
PB were associated with significantly higher FRAIL scores (mSP-
PB: 1.5 ± 1.0 vs. 0.4 ± 0.5, p = 0.013; eSPPB: 1.5 ± 1.0 vs. 0.6 ± 0.6, 
p = 0.010), lower BBS scores (mSPPB: 38.2 ± 10.0 vs. 50.8 ± 2.9, 
p = 0.008; eSPPB: 36.6 ± 9.8 vs. 50.2 ± 2.8, p = 0.005), and lower 
SPPB total scores (mSPPB: 5.0 ± 2.4 vs 10.5 ± 1.0, p = 0.003; eSP-
PB: 4.4 ± 2.2 vs. 10.1 ± 1.3, p = 0.001). The domain-specific scores 
for balance, gait speed, and chair stand were also significantly lower 
in the ≤ 8 subgroups for both the mSPPB and eSPPB (Table 3). 

Total/Domain Scores and ICCs 
We observed no significant differences in the mean mSPPB and 
eSPPB total and domain scores. Relative to the mSPPB, the eSPPB 
showed excellent reliability for the total score (ICC = 0.94; 95% 
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CI, 0.88–0.97) and gait speed domain (ICC = 0.94; 95% CI, 0.89–
0.97), and good reliability for the balance and chair stand domains 
(ICC 0.86–0.89). The confidence intervals were wider for the bal-
ance and chair stand domains (95% CI, 0.75–0.93 and 0.81–0.94, 
respectively) than those of the total score and gait speed domain. 
Our reliability results were similar to those of the original study, 
which also showed good to excellent reliability for total SPPB 
scores and its domains16) (Table 4). 

Bland-Altman Plots 
The Bland-Altman plot showed good agreement for the eSPPB 
and mSPPB total scores, with most values within the limits of 
agreement. We observed no evidence of systematic (mean differ-
ence = -0.2; 95% CI, -3.2–2.9) or proportional (r = 0.102, 

p = 0.546) biases. Similarly, the domain-specific scores showed 
good agreement for balance (mean difference = 0.1; 95% CI, -1.3–
1.5; r = -0.225, p = 0.181), gait speed (mean difference = -0.2; 95% 
CI, -1.7–1.3; r = -0.100, p = 0.555), and chair stand (mean differ-
ence = -0.1; 95% CI, -1.6–1.3; r = 0.019, p = 0.912), with most val-
ues within the limits of agreement (91.9%, 97.3%, and 94.6%, re-
spectively). We observed no evidence of systematic or proportion-
al biases in the domain-specific scores (Fig. 2). 

DISCUSSION 

Since the original validation study of the automated multi-sensor-
based kiosk for SPPB, emerging evidence from retrospective anal-
yses of clinical populations supports the application of the eSPPB 

Table 2. Convergent validity of mSPPB versus eSPPB and their subdomains

MBI iADL FES FRAIL FAI BBS
mSPPB total 0.507* 0.465** 0.077 -0.441** 0.305 0.900*
 Balance 0.494* 0.413** -0.082 -0.292 0.253 0.789*
 Gait speed 0.282 0.470** 0.150 -0.505* 0.299 0.662*
 Chair stand 0.430** 0.269 0.121 -0.297 0.201 0.718*
eSPPB total 0.508* 0.530* 0.138 -0.383** 0.362 0.869*
 Balance 0.569* 0.499* 0.100 -0.239 0.380 0.831*
 Gait speed 0.163 0.411** 0.286 -0.430** 0.409** 0.460**
 Chair stand 0.309 0.287 0.068 -0.233 0.132 0.555*

Partial correlation adjusted for age and gender.
mSPPB, manual Short Physical Performance Battery; eSPPB, automated Short Physical Performance Battery; MBI, modified Barthel Index; iADL, instrumental 
activities of daily living; FES, Falls Efficacy Scale; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; FAI, Frenchay Activities Index; BBS, Berg Balance 
Scale.
*p<0.01, **p<0.05.

Table 3. Characteristics and comparisons of the means of SPPB scores of ≤8 and >8

mSPPB eSPPB
mSPPB ≤ 8 (n = 26) mSPPB > 8 (n = 11) p-value eSPPB ≤ 8 (n = 23) eSPPB > 8 (n = 14) p-value

MBI total 93.9 ± 6.8 98.6 ± 1.8 0.091 93.3 ± 7.0 98.2 ± 2.1 0.033**
iADL 17.2 ± 4.4 21.1 ± 1.8 0.13 17.2 ± 4.4 20.1 ± 3.2 0.115
FRAIL total 1.5 ± 1.0 0.4 ± 0.5 0.013** 1.5 ± 1.0 0.6 ± 0.6 0.010**
FAI total 24.5 ± 10.8 31.2 ± 9.6 0.756 24.6 ± 11.3 27.5 ± 9.1 0.972
BBS total 38.2 ± 10.0 50.8 ± 2.9 0.008* 36.6 ± 9.8 50.2 ± 2.8 0.005*
FES-I total 27.3 ± 9.4 34.6 ± 11.6 0.343 27.4 ± 9.5 30.3 ± 9.7 0.919
SPPB total (0–12) 5.0 ± 2.4 10.5 ± 1.0 0.003* 4.4 ± 2.2 10.1 ± 1.3 0.001*
 Balance (0–4) 1.7 ± 1.1 3.2 ± 1.0 0.003* 1.5 ± 1.1 3.4 ± 0.8 0.001*
 Gait speed (0–4) 1.8 ± 0.9 3.6 ± 0.7 0.007* 1.6 ± 0.8 3.4 ± 0.8 0.002*
 Chair stand (0–4) 1.5 ± 1.5 3.6 ± 0.5 0.003* 1.3 ± 1.4 3.4 ± 1.1 0.003*

Values are presented as mean±standard deviation.
mSPPB, manual Short Physical Performance Battery; eSPPB, automated Short Physical Performance Battery; MBI, modified Barthel Index; iADL, instrumental 
activities of daily living; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; FAI, Frenchay Activities Index; BBS, Berg Balance Scale; FES-I, Falls Effi-
cacy Scale International.
*p<0.01, **p<0.05.
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in real-world clinical settings.16-18) To our knowledge, this explor-
atory study is the first to compare the validity, reliability, and agree-
ment of the eSPPB with those of the mSPPB among predominant-
ly pre-frail older adults attending a fall and balance clinic. Similar to 
the original validation study involving a less frail population, we 
observed no significant differences in the total and domain scores 
of the eSPPB and mSPPB. In addition, our study builds upon the 
body of evidence by corroborating the construct validity, good-to-ex-
cellent reliability, and good agreement without systematic or pro-

portional biases between the eSPPB and mSPPB readings for total 
and domain scores. 

As the criteria for referral to our Falls and Balance Clinic is recur-
rent falls and/or unsteady gait, it was unsurprising that the overall 
mean score for both the eSPPB and mSPPB was < 8, suggesting 
that a significant number of our participants were already in the 
sarcopenia category. This was consistent with the results of studies 
that reported an association between sarcopenia and an increased 
risk of falls.29,30) In contrast, the higher SPPB scores (mean, 9.9–

Table 4. Comparisons of total/domain SPPB scores and ICCs

Current study Original study (Jung et al.16))
mSPPB eSPPB p-value ICC (95% CI) mSPPB eSPPB ICC

Total score (0–12) 6.62 ± 3.26 6.57 ± 3.38 0.782 0.94 (0.88–0.97) 10.2 ± 2.1 10.1 ± 2.1 0.97
 Balance (0–4) 2.14 ± 1.25 2.24 ± 1.40 0.353 0.86 (0.75–0.93) 3.3 ± 1.0 3.4 ± 0.7 0.77
 Gait speed (0–4) 2.38 ± 1.16 2.32 ± 1.20 0.422 0.94 (0.89–0.97) 3.4 ± 0.8 3.2 ± 0.9 0.84
 RCST (0–4) 2.11 ± 1.61 2.00 ± 1.60 0.378 0.89 (0.81–0.94) 3.5 ± 1.2 3.5 ± 1.2 0.99

Values are presented as mean±standard deviation.
SPPB, Short Physical Performance Battery; ICC, intraclass correlation coefficient; eSPPB, automated Short Physical Performance Battery; mSPPB, manual Short 
Physical Performance Battery; RCST, repeated chair stand test; CI, confidence interval.
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10.8) in the original validation study16) suggested a more robust 
population with a lower prevalence of sarcopenia. 

Our study results supported the construct validity of the eSPPB 
in at-risk older adults by demonstrating its convergent validity in 
terms of balance performance, physical function, and physical ac-
tivity. Notably, the correlation coefficient with the BBS score was 
higher in our study than that in the original validation study. Al-
though the exact reason remains to be elucidated, one possibility is 
the closer relationship between the balance sub-domain and BBS 
in frailer older adults at increased risk of falls, which further affirms 
the convergent validity of the eSPPB in this at-risk population. Our 
results also corroborated the discriminatory ability of frailty, bal-
ance performance, and SPPB scores using a cutoff of ≤ 8 to denote 
sarcopenia. In support of this, participants scoring ≤ 8 on both the 
eSPPB and mSPPB were also in the pre-frail range, based on the 
FRAIL scale. This was consistent with previous studies that 
showed that SPPB score of ≤ 8 was a useful measure for identify-
ing sarcopenia10) and physical frailty phenotype9) in communi-
ty-dwelling older adults. 

Our study also demonstrated excellent reliability for total scores 
and good to excellent reliability for domain scores between the 
eSPPB and the mSPPB. In relation to the original validation study, 
it was reassuring that the ICC in our study was comparable to that 
of the total score and higher for the balance and gait speed domain 
scores, albeit lower for the chair stand despite the frailer popula-
tion. However, caution is needed when interpreting ICCs, as the 
values can be affected by samples heterogeneity, which exemplifies 
the concept of signal-to-noise ratio, wherein the proportion of vari-
ance is due to differences between subjects instead of the assess-
ments performed.31) Despite the good reliability, balance and chair 
stand showed the lowest ICC and widest confidence intervals 
among the domains, suggesting the need to address technical is-
sues related to sensors in frailer older adult populations. 

In addition, we observed good agreement between the SPPB to-
tal score, with almost all data points lying within the 95% limits of 
agreement. The absolute difference in mean scores of 0.2 for SPPB 
total score in our study was lower than the minimally significant 
change of 0.3–0.8 points reported in the LIFE-P study.32) We also 
observed no evidence of systematic or proportional biases. Exam-
ination of the domain scores showed the highest number of outli-
ers in the balance and chair stand assessments, with 8.1% and 5.4% 
of data points, respectively, beyond the limits of agreement. These 
outliers could have resulted from technical challenges in the sens-
ing of balance and chair pads. 

Our study has several limitations. Due to the cross-sectional de-
sign, we were unable to assess the test-retest reliability of the eSP-
PB or evaluate its predictive validity via longitudinal outcomes. As 

an exploratory study, our sample size was small, precluding com-
parisons between sexes or other subgroups. In addition, our results 
pertain to a predominantly pre-frail at-risk patient group attending 
the Falls and Balance Clinic and may not be generalizable to a wid-
er population of frail older persons. As our study sample included 
no individuals with dementia, our results cannot be extrapolated 
to patients with dementia. We employed the sitting stop for the 
chair-stand test to allow comparability with the chair sensor of the 
SPPB. A recent study indicated that the timings for standing versus 
sitting stop in the chair stand test may not be comparable; there-
fore, our results may not be generalizable to settings where a stand-
ing stop is the prevalent practice.33) We also did not collect data 
pertaining to the feasibility and user acceptability of the eSPPB 
from the participants’ perspective. Future studies in larger popula-
tions with greater proportions of frail older adults are needed to 
examine the feasibility and acceptability of the eSPPB for wide-
spread use in clinical settings.  

In summary, the results of our exploratory study corroborated 
the construct validity, reliability, and agreement of the eSPPB with 
the mSPPB in a small sample of predominantly pre-frail older 
adults with increased fall risk. In addition, the balance and chair 
stand domains were associated with potential technical issues that 
need to be addressed to improve the reliability and agreement of 
the readings. This study paves the way for future studies examining 
the scalability and feasibility of the widespread use of eSPPB for 
frailty and sarcopenia detection in the clinical setting.  
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