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Background. The purpose of this study was to analyze the relationships between

muscular performance in a simple test consisting on a single repetition on the chair squat

exercise (CSQ) and different measures of functional performance, balance, quality of life

and cognitive status in older adults. Methods. 40 participants (N=40; 22 women, 18 men;

Age=72.2±4.9 yrs.) joined the investigation. Muscular performance was assessed by

measuring movement velocity in the CSQ using a validated smartphone application.

Additionally, functional capacity, balance, quality of life and cognitive statues were

evaluated using the hand-grip test (HGS), the Berg-scale, the EuroQol 5D (EQ-5D) and the

Mini mental state examination questionnaire (MMSE). Finally, participants were divided

into two subgroups according to their velocity in the chair squat exercise. Results.

Positive and significant (p<0.05) correlations between movement velocity in the CSQ and

HGS (r=0.763), the Berg-scale (r=0.649), the EQ-5D (r=0.340) and the MMSE (r=0.364).

Participants in the fastest subgroup showed very likely higher scores in the Berg-scale and

the HGS, as well as likely higher scores in the MMSE scale (ES=0.69-1.79). Discussion.

These findings highlight the positive relationship between muscular performance

(measured with a smartphone application) and other measures of functional capacity and

mental cognition in older adults.
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80

81

82 ABSTRACT

83 Background. The purpose of this study was to analyze the relationships between muscular 

84 performance in a simple test consisting on a single repetition on the chair squat exercise (CSQ) 

85 and different measures of functional performance, balance, quality of life and cognitive status in 

86 older adults. 

87 Methods. 40 participants (N=40; 22 women, 18 men; Age=72.24.9 yrs.) joined the investigation. 

88 Muscular performance was assessed by measuring movement velocity in the CSQ using a 

89 validated smartphone application. Additionally, functional capacity, balance, quality of life and 

90 cognitive statues were evaluated using the hand-grip test (HGS), the Berg-scale, the EuroQol 5D 

91 (EQ-5D) and the Mini mental state examination questionnaire (MMSE). Finally, participants were 

92 divided into two subgroups according to their velocity in the chair squat exercise. 

93 Results. Positive and significant (p<0.05) correlations between movement velocity in the CSQ 

94 and HGS (r=0.763), the Berg-scale (r=0.649), the EQ-5D (r=0.340) and the MMSE (r=0.364). 

95 Participants in the fastest subgroup showed very likely higher scores in the Berg-scale and the 

96 HGS, as well as likely higher scores in the MMSE scale (ES=0.69-1.79). 

97 Discussion. These findings highlight the positive relationship between muscular performance 

98 (measured with a smartphone application) and other measures of functional capacity and mental 

99 cognition in older adults.

100 Key words: older adults; performance; testing; health; technology

101

102
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103

104

105

106 INTRODUCTION

107 Aging can produce a remarkable decrement on muscle mass, exercise performance and 

108 bone mineral density, along many other health-related variables 1–3. Specifically, muscular 

109 performance has been associated with the risk of suffering falls, which is a strong factor that leads 

110 to morbidity or mortality in the elderly 4,5. Resistance training has shown to be a very effective 

111 intervention to increase functional capacity, i.e., the ability to perform daily life tasks such as 

112 standing up from a chair or walking with proper balance 5–7 . Specifically, the increases in muscle 

113 strength and power following a resistance training program are believed to be one of the most 

114 important factors that prevent falls and reduces frailty in the elderly 6,8,9. Moreover, studies have 

115 even shown that progressive resistance training can improve cognitive function in older adults with 

116 mild cognitive impairment 10. 

117 Several investigations have used different testing protocols to objectively quantify the 

118 balance, functional and mental capacities in older adults (like the handgrip strength test, the Berg-

119 scale, the 30-s. chair test or the EuroQol questionnaire), in order to develop strategies to prevent 

120 falls, reduce frailty and improve the quality of life 9,11. However, these methodologies are often 

121 time-consuming or require expensive instrumental like dynamometers, which might prevent its 

122 use in less resourceful nursing centers. Solving this limitations, smartphone apps have shown to 

123 provide accurate measures for different health and performance-related variables in comparison 

124 with more expensive laboratory equipment 12–14. Finally, during the last decade, the measurement 

125 of movement velocity in exercises like the squat has been proposed as a reliable method to 
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126 accurately quantify the maximal strength capacities of the subjects; moreover, it is known that, for 

127 a certain mass, higher movement velocity results in greater force production 15,16 . However, to the 

128 best of our knowledge, no studies have analyzed movement velocity in exercises like the chair 

129 squat in older adults, nor have investigated its potential correlations with measures of balance, 

130 functional capacity and cognition.

131

132 For this, the aim of this study was to analyze if a time-efficient test, consisting on the 

133 measurement of the movement velocity of a single repetition on the chair squat exercise using a 

134 validated smartphone app, is related to other widespread balance, functional and cognitive tests. 

135 Our hypothesis is that movement velocity in the chair squat will be related with several measures 

136 of strength, balance and cognition.

137

138 MATHERIAL & METHODS

139 Experimental approach to the problem

140 This investigation is a correlational study with parallel groups comparison. Performance in 

141 functional capacity tests (i.e., the Berg-scale and the hand grip test) as well as scores in cognition 

142 and mental questionnaires were correlated with movement velocity in the chair squat exercise. 

143 Also, participants were divided into two groups based on their performance in the chair squat test 

144 for comparison purposes.

145

146 Subjects

147 We recruited forty participants (N = 40; 22 women, 18 men; Age = 72.2  4.9 yrs.; Body mass 

148 index = 27.8  3.3 kg/m2) from a nursing home for this study. The Spanish version of the Yale 
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149 Physical Activity Questionnaire –Y-PAQ–  17 was administered to evaluate participant’s levels of 

150 physical activity, who scored 52.7  23.2 points. According to this questionnaire, participants with 

151 a score of 51 points or less are categorized as sedentary. 

152 The study protocol complied with the Declaration of Helsinki for Human Experimentation and 

153 was approved by the ethics committee at the institutional review board (CSEULS-PI-059/2015). 

154 Written informed consent was obtained from each subject before participation.

155

156  

157 Procedures

158 During a single morning of testing conducted in their nursing home, participants performed 

159 several tasks to test their balance and functional capacities. First, the hand grip strength (HGS, in 

160 kg) was tested with a dynamometer (Lafayette Instrument Evaluation, USA) as reported in the 

161 literature 18. Two attempts were conducted with each hand, and the final score was calculated as 

162 the average value of the best attempt of each hand. Second, the Berg-scale was calculated as the 

163 sum of scores of 14 different balance and functional tasks as described elsewhere 19,20. Scores in 

164 the Berg-scale were categorized as follows: high risk of falling (0-20, moderate risk (21-40) and 

165 low risk (>41) 19. 

166

167 Third, we asked the participants to perform a chair squat (CSQ), i.e., a variant of the squat 

168 exercise which starts with the participant sat in a chair. We instructed the participants to keep their 

169 arms crossed in their chest and to stand up as fast as possible until the knees were fully extended 

170 and the trunk was in an upright position. We measured mean velocity (in m/s) of 4 attempts 

171 (separated by 10 seconds of passive rest) using a validated app (PowerLift for iOS, v.5.4) 14 
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172 installed on an iPhone 6 running iOS 10.3.3 (Apple Inc., USA). To measure mean velocity, 

173 PowerLift uses the well-known Newtonian equation (1): 

174

175 v = d/t                            (1)

176

177 where v is the mean velocity (in m/s), d (in m.) the range of motion of the movement (in this case, 

178 the difference between the height of the participants standing and sitting on a chair) and t the time 

179 (in ms.) of the lift, which was calculated by the app as the time between two frames selected by 

180 the user. The beginning of the lift was considered as the first frame in which the participant took-

181 off the chair, and the end of the task was considered as the first frame in which the knees were 

182 completely extended. To record the videos, a researcher held the iPhone on his hand in portrait 

183 position and recorded each lift from the side of the participant at 1.5m from the chair in order to 

184 see the full ROM as close as possible. The height of the participants, both in the standing and 

185 sitting position, was measured using a wall-mounted stadiometer (Seca, Germany). The best of the 

186 four attempts was used for the calculations. 

187

188 Finally, the Yale Physical Activity (Y-PAQ) 17, the EuroQol (EQ-5D component) and the 

189 Mini mental state examination (MMSE) 21 questionnaires were administrated to evaluate levels of 

190 daily physical activity, quality of life and cognitive status, respectively. We divided the 

191 participants in two groups based on their performance in the CSQ: G1 included the half who 

192 reached higher velocities in the test, while G2 included the other half of participants.

193

194 Statistical analyses

PeerJ reviewing PDF | (2018:02:24957:0:2:NEW 2 Mar 2018)

Manuscript to be reviewed

delafuentte
Tachado

delafuentte
Nota
L184: RoM was not defined before. Please avoid to use excessive abbreviations. 

delafuentte
Resaltar

delafuentte
Nota
L186: please add evidence to the method.

delafuentte
Resaltar

delafuentte
Nota
L177: which was the sample rate of video acquisition? This sample accomplish the nyquist theorem for the motor task measured?. Did you need image processing techniques? What techniques did you performed: erosion, flittering,...?. 



please provide a section with details about the acquisitions, processing of frames, and any calculation needed to obtain the velocity. Furthermore, separate the principal variable from co-variables.  



When you talk about velocity? what kind of velocity are you talking, linear at what point of the participant?. Describe is you are measure the center of mass velocity, etc. Are you only measure frame by frame? please clarify.  









delafuentte
Nota
L180: Please provide a image where the readers could see all methodological aspect wrote here i.e. beginning and ending of the task.

delafuentte
Nota
L182: did you measure the angle of knee?. How did you measure that?.

Describe the plane of acquisition

 Please, Added. 

delafuentte
Nota
L182: please rewrite the paragraph. Begin with the capture methods and finish with calculations.

delafuentte
Resaltar

delafuentte
Nota
L184: please provide the anthropometrical characteristics of participant in a separated paragraph if this measures are not part of the principal variables of the study. 



delafuentte
Tachado

delafuentte
Tachado

delafuentte
Tachado

delafuentte
Tachado

delafuentte
Nota
L191: please add point and continue with the phrase

delafuentte
Resaltar

delafuentte
Resaltar

delafuentte
Nota
L175: Did you really measure distance? 

if yes, you need to provide how you convert pixel scales to distance, mathematical transforms and other methods related wtih image processing.  



if not, your equation was (delta frames) / (delta time) not d/t, due your app do not measure distance.



please, correct in both cases.



 

delafuentte
Resaltar

delafuentte
Nota
The section:



- not provide the alpha level of error. 



- not provide the normality and homoscedasticity of data to choose the person test. 



Please add this methods. 

delafuentte
Nota
L177: provide how you obtain distance. 

How to measure the distance? 

If you measure the distance, do you performed appropriate calibration and linear/non-linear transformations? Did you use DLT transformation?

Was the camera parallel to the caption? How to guarantee this?

Was the lens convex? how about the lens of camera?.





195 We used the Pearson’s product-moment correlation coefficient with N = 1000 bootstrapping to 

196 calculate the association between movement velocity in the CSQ and the functional measures, with 

197 95% confidence intervals. To compare G1 to G2, we used standardized mean differences (SMD) 

198 with the corresponding 90% confidence interval. The criteria for interpreting the magnitude of the 

199 SMD were: trivial (<0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), and extremely large 

200 (>2.0). Quantitative chances of better or worse scores were assessed qualitatively as follows: <1%, 

201 almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possible; 75–95%, likely; 

202 95–99%, very likely; and >99%, almost certain. If the changes of better or worse were both >5%, 

203 the true difference was assessed as unclear.

204

205

206 RESULTS

207 Correlation between variables

208 The mean velocity in the chair squat was positively and significantly correlated with the HGS (r = 

209 0.763, 95%CI = [0.652,0.853]), the Berg-scale (r = 0.649, 95%CI = [0.483,0.776]), the Y-PAQ (r 

210 = 0.342, 95%CI = [0.052,0.583], p< 0.05), the EQ-5D (r = 0.340, 95%CI = [0.010,0.614], p< 0.05) 

211 and the MMSE scale (r = 0.364, 95%CI = [0.056,0.540], p< 0.05). See Figure 1 for more details.

212

213 Difference between groups

214 Participants in G1 showed very likely higher scores in the Berg-scale (99/1/0; SMD = 1.15, 90% 

215 CI = 0.51-1.18) and the HGS (100/0/0; SMD = 1.79, 90% CI = 0.98-2.59), as well as likely higher 

216 scores in the MMSE scale (87/10/3; SMD = 0.69, 90% CI = -0.04-1.42, p < 0.05) and the Y-PAQ 
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217 (93/5/1; SMD = 0.87, 90% CI = 0.13-1.61, p < 0.01). No other variable showed meaningful, 

218 statistically significant differences between G1 and G2. See Figure 2 for more details.

219

220 DISCUSSION

221 Results showed moderate to large positive correlations between mean velocity in the chair 

222 squat and both the hand grip strength and the Berg-scale. These results are in line with previous 

223 research that showed remarkable associations between the 30-s. chair test (i.e., completing as many 

224 chair squat repetitions as possible within 30 s.) and other measures of functional capacity 11,22. 

225 Moreover, we observed moderate to large differences between groups for both the hand grip 

226 strength and the Berg-scale, with participants in the strong group (G1) having likely to very likely 

227 higher scores than their counterparts from G2. Muscular strength seems to be an extremely 

228 important factor to prevent falls and increase functional capacity in the elderly, and recent studies 

229 have even shown that there is an inverse relationship between strength and mortality 4,6,8,9,23. 

230 During the last decade, movement velocity in resistance exercises (such as the back squat) has 

231 been proposed to be a very reliable metric to monitor muscular strength since, for a certain load, 

232 higher movement velocity means having higher maximal strength 16,24,25. However, its use among 

233 elder populations is still poorly investigated. Thus, to the best of our knowledge, this is the first 

234 study analyzing mean velocity in the chair squat exercise as a mean to monitor muscular 

235 performance in a geriatric population. 

236

237 Moreover, our results showed a significant correlation between the MMSE cognition test 

238 and movement velocity in the chair squat exercise, as well as likely moderate higher scores in the 

239 MMSE in the strongest group of participants (G1). Recent research has observed that muscular 
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240 strength has a positive effect on cognition as, for example, it has been showed that a progressive 

241 resistance training program produces a significant improvement in cognitive function in 

242 individuals with mild cognitive impairment 10. Therefore, our results are consistent with previous 

243 research and highlights the relationship between muscular performance and cognition in elders. 

244

245 However, this study has two main limitations that should be considered when trying to 

246 replicate it: first, the average age of the participants was about 72 yrs. and, therefore, conclusions 

247 should not be generalized to older geriatric populations. Finally, participants in our study had a 

248 mean score in the Berg-scale of 53.3 points, which is considered as “low risk” of falling. Again, 

249 conclusions should be taken with precaution as other geriatric populations at higher risks of having 

250 falls were not studied in our investigation. These results might help strength and conditioning 

251 coaches and physical therapists working with elder populations to monitor muscular performance 

252 in a time-efficient, effort-less, affordable way within their fall-prevention protocols.

253

254 CONCLUSIONS

255 This study showed that a simple test (i.e., the chair squat exercise) which can be conducted 

256 with just a smartphone app is related to measures of functional performance, balance and cognition 

257 in elders.

258

259
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346 FIGURES CAPTIONS

347 Figure 1. Correlation between mean velocity (in m/s) in the chair squat exercise and A) the Mini 

348 mental state examination test (MMSE, black dots) and the Yale Physical Activity Questionnaire 

349 (Y-PAQ, white diamonds), and B) the hand grip strength (HGS, black dots) and the Berg-scale 

350 (white diamonds).

351

352 Figure 2. Standardized mean differences (with 90% CI) between scores for the hand grip strength 

353 (HGS), the EQ-5D scale, the Yale Physical Activity Questionnaire (Y-PAQ), the Mini mental state 

354 examination (MMSE) and the Berg scale from the strongest (G1) and weaker (G2) participants.
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Figure 1

Figure 1

Correlation between mean velocity (in m/s) in the chair squat exercise and A) the Mini mental

state examination test (MMSE, black dots) and the Yale Physical Activity Questionnaire (Y-

PAQ, white diamonds), and B) the hand grip strength (HGS, black dots) and the Berg-scale

(white diamonds).
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Figure 2

Figure 2

Standardized mean differences (with 90% CI) between scores for the hand grip strength

(HGS), the EQ-5D scale, the Yale Physical Activity Questionnaire (Y-PAQ), the Mini mental

state examination (MMSE) and the Berg scale from the strongest (G1) and weaker (G2)

participants.
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