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A B S T R A C T

Background
Clin ​i​cal tools for as ​sess​ment of the skele​tal mus ​cle strength are scarce and have rarely been val​i​dated

in chil​dren. The aims of this study were to ver ​ify the con ​struct va​lid ​ity of the one-minute sit-to-stand test
(1-MSTST) to eval​u​ate the quadri​ceps strength in healthy chil​dren be​tween 12 and 18 years old and to cor ​-
re​late these out​comes with the an ​thro ​po​met​ric pa​ra​me​ters.
Methods

Healthy chil​dren were re​cruited and con ​sec​u​tively per ​formed 1-MSTST and max ​i​mal vol​un​tary con ​-
trac​tion of the quadri​ceps (QMVC).
Results

Eighty-three chil​dren (15 ± 2 years old) were an ​a​lyzed. Con​trar ​ily to the QMVC, nei​ther the num​ber of
1-MSTST rep ​e​ti​tions nor the sit-to-stand work (1-MSTST ex ​pressed as the prod ​uct of body weight) dif ​-
fered be​tween gen ​ders. The QMVC was not cor ​re​lated with the num​ber of rep ​e​ti​tions (rho = −0.056;
P = 0.617) but cor ​re​lated with 1-MSTST when ex ​pressed as a prod ​uct of body weight (r = 0.491;
P < 0.001). The QMVC was also cor ​re​lated with age (r = 0.314; P = 0.004), height (r = 0.672; P < 0.001),
weight (r = 0.721; P < 0.001) and BMI (r = 0.451; P < 0.001) whereas 1-MSTST did not cor ​re​late with any
of these pa​ra​me​ters. The leg length was re​lated to the re​sults of both tests.
Conclusion

We demon ​strated that the one-minute sit-to-stand test can be con ​sid​ered as a valid and valu ​able al​ter ​na​-
tive to eval​u​ate the mus ​cle strength when ex ​pressed as the prod ​uct of body weight.

© 2020.

1. Introduction

Skele​tal mus ​cle dys ​func​tion is ob​served in var ​i​ous pae​di​atric dis ​-
eases such as asthma [1], bron ​chopul​monary dys ​pla​sia [2], cys ​tic fi​-
bro ​sis [3], pri​mary cil​iary dysk​i​ne​sia or con ​gen ​i​tal heart dis ​ease [4].
In ad ​di​tion, the mus ​cle strength is an im​por​tant pre​dic​tor of health
out​comes dur ​ing child ​hood [5] and is high ​lighted as an in ​de​pen ​dent
and pow ​er ​ful pre​dic​tor of bet​ter in ​sulin sen​si​tiv ​ity in chil​dren [6].
Mea​sur​ing mus ​cle strength is there​fore im​por ​tant in clin ​i​cal prac​tice.

Man​ual mus ​cle test ​ing was reg ​u​larly used in the past but the sen​-
si​tiv ​ity of this test ​ing is poor as il​lus ​trated by the in ​con ​sis​tent re​la​-
tion ​ship with quadri​ceps iso ​met​ric strength [7]. At pre​sent, the iso ​ki​-
netic dy​namom​e​try has be​come the gold stan​dard tool to quan ​tify
mus ​cle strength [8]. How ​ever, hand-held dy ​namom​e​try ex ​am​i​na​tions ​
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where a re​sis​tance is di​rectly ap ​plied ei​ther by the op​er ​a​tor or by the
use of straps, is a valid and re​pro ​ducible al​ter ​na​tive to mea​sure
quadri​ceps strength [8]. The hand-held dy​namom​e​try is par ​tic​u​larly
use​ful in clin ​i​cal prac​tice when the iso ​ki​netic ex ​am​i​na​tion of the
quadri​ceps is dif ​fi​cult to im​ple​ment. Even if the use of belt-sta​bi​liza​-
tion im​proves the pre​ci​sion [9] and the in ​ter-rater re​li​a​bil​ity of this
lat​ter ex ​am​i​na​tion [10], some prac​ti​cal lim​i​ta​tions were ad ​dressed re​-
lated to the hand-held dy​namom​e​try such as the need of fixed gauge
and the un​der ​es ​ti​ma​tion of forces be​yond 250 N [9]. More​over, the
de​vices to per ​form the eval​u​a​tion are ex ​pen ​sive.

For a long time, to sit-to-stand from a chair was sug​gested as a
quick, easy and in ​ex ​pen ​sive test to as ​sess pe​riph ​eral mus ​cle per ​for ​-
mance of lower limbs [11,12]. The one-minute sit-to-stand test (1-
MSTST) was demon ​strated as a valid and re​li​able tool to quan ​tify the
lower limb mus ​cle strength in el​derly peo ​ple and in var ​i​ous chronic
dis ​ease con ​di​tions [11,13–15]. In ad ​di​tion, the num​ber of rep ​e​ti​tions
ex ​pressed as the prod ​uct of body weight was demon ​strated to be a
bet​ter out​come than the ab ​solute num​ber of rep ​e​ti​tions [16]. Re​-
cently, this test was also val​i​dated in chil​dren to quan ​tify the car ​dio-
res ​pi​ra​tory re​sponse to ex ​er ​cise [17] and pre​dicted val​ues were de​ter
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mined. How ​ever, the re​la​tion ​ship be​tween the 1-MSTST and the
lower limb mus ​cle strength has never been ver ​i​fied in chil​dren.

The hy​poth ​e​sis is that the 1-MSTST could be a good al​ter ​na​tive to
eval​u​ate the lower limb mus ​cle strength in chil​dren. The aims of this
study were to ver ​ify the con ​struct va​lid ​ity of the 1-MSTST ex ​pressed
in ab ​solute value and in prod ​uct of body weight to eval​u​ate the
quadri​ceps strength in healthy chil​dren be​tween 12 and 18 years old
(pri​mary out​come) and to cor ​re​late these out​comes with the an ​thro ​-
po​met​ric pa​ra​me​ters (sec​ondary out​comes).

2. Method

2.1. Subjects

Healthy chil​dren from 12 to 18 years were re​cruited in one high
school from No​vem​ber 2017 to Feb​ru ​ary 2018. The par ​tic​i​pa​tion in
the na​tional phys ​i​cal ed ​u​ca​tion pro ​gram at school was the only in ​clu ​-
sion cri​te​rion. The ex ​clu ​sion cri​te​ria were a di​ag ​no​sis of chronic
lung, car ​diac or neu ​ro ​mus ​cu ​lar dis ​ease or a mo ​tor dis ​abil​ity based on
par ​ents’ an ​swer to stan​dard ​ized ques ​tions, to be over ​weight (BMI
higher than 85th per ​centile for chil​dren of the same age and sex) [18]
or con ​di​tions lim​it​ing the max ​i​mal ex ​ten ​sion of the knees or pro ​hibit​-
ing the closed-glot​tis push​ing. The sub​jects should not have done
phys ​i​cal ac​tiv ​ity for one hour pre​ced ​ing the ex ​per ​i​ments.

The study was ap ​proved by the lo ​cal Ethic Com​mit​tee from Clin ​-
iques uni​ver ​si​taires Saint-Luc in Brus ​sels (2017/​26​JAN/​
046 – B403201731090). It was con ​ducted ac​cord ​ing to the De​c​la​ra​-
tion of Helsinki. Par​ents and chil​dren gave their writ​ten in ​form con ​-
sent prior to the be​gin ​ning of the ex ​per ​i​ment.

2.2. Design of the study

It was a prospec​tive study fol​low ​ing the Stan​dards for Re​port​ing
of Di​ag ​nos ​tic Ac​cu ​racy Stud​ies (STARD). The chil​dren per ​formed
suc​ces ​sively a mea​sure​ment of the quadri​ceps strength with a belt-
sta​bi​lized hand-held dy​namome​ter and a one-minute STST. The or ​der
of the tests was not ran ​dom​ized and both were in ​ter ​spersed by a 10-
min ​utes break based on the high re​sis​tance to fa​tigue of chil​dren [19].
All the tests were per ​formed by the same trained phys ​io ​ther ​a​pist (LP).

2.3. Tests

2.3.1. One- ​minute sit- ​to- ​stand test (1- ​MSTST)
The one-minute STST was per ​formed based on the re​cently val​i​-

dated pro ​to ​col in chil​dren [17]. Chil​dren put their hands on their hips
and they had to stand up and sit down com​pletely and as many times
as pos ​si​ble from a chair (height = 46 cm) with​out arm rests dur ​ing
one minute. A demon ​stra​tion test was pre​vi​ously per ​formed by the
eval​u​a​tor and stan​dard ​ized in ​struc​tions were given to the chil​dren be​-
fore the test. No en ​cour ​age​ments were pro ​vided dur ​ing the test. Chil​-
dren were not al​lowed to use their arms as sup​port. Rest pe​ri​ods were
per ​mit​ted dur ​ing the one minute pe​riod but the count​down timer was
not in ​ter ​rupted.

2.3.2. Quadriceps maximal isometric voluntary contraction (QMVC)
A hand-held dy​namome​ter (Mi​cro ​FET2, Hogan Health In ​dus ​tries,

UT, USA) was used to mea​sure the max ​i​mal iso ​met​ric vol​un​tary con ​-
trac​tion of the quadri​ceps (QMVC) from the dom​i​nant leg for five at​-
tempts [20]. The two first at​tempts were con ​sid​ered as train ​ing. The
pa​tient sat com​fort​ably on the ex ​am​i​na​tion table with a high-den ​sity
tri​an ​gu​lar cor ​ner cush ​ion un​der the knees as a counter-sup​port for the
knees. Hip and knee were po​si​tioned at 90° flex ​ion. The dy​namome

ter was fixed be​tween the leg of the child and the belt-sta​bi​liza​tion to
pre​vent any op​er ​a​tor bias. The belt was po​si​tioned 5 cm above the
me​dial malle​o​lus of the tibia. Af​ter mea​sur​ing the lever dis ​tance
(knee joint – dy​namome​ter) with a tape mea​sure, a knee ex ​ten ​sion
was asked to the chil​dren and a vig ​or ​ous en ​cour ​age​ment was per ​-
formed dur ​ing all the iso ​met​ric con ​trac​tion (con ​trac​tion dur ​ing 4 to 6
sec​onds).

2.4. Outcomes

An​thro ​po​met​ric pa​ra​me​ters were noted. The num​ber of com​pleted
rep ​e​ti​tions was recorded at the end of each 1-MSTST and ex ​pressed
in ab ​solute value. This num​ber was also ex ​pressed as the prod ​uct of
body weight (1-MSTST × weight) to pro ​vide an in ​dex of to ​tal work
(1-MSit-to-standwork) [16].

The best value from the three last at​tempts for each leg ex ​ten ​sion
was re​tained to cal​cu ​late the QMVC ex ​pressed as the max ​i​mum force
mo ​men ​tum (force × lever dis ​tance; [Nm]).

A fin ​ger pulse de​vice (Onyx, Nonin, USA) was used to record
heart rate (HR). It was ex ​pressed in ab ​solute value. The change of
HR was cal​cu ​lated by the dif ​fer ​ence be​tween ini​tial and fi​nal val​ues
di​vided by the ini​tial value.

2.5. Statistical analyses

The sam​ple size de​ter ​mi​na​tion was based on the de​tec​tion of a
0.300 cor ​re​la​tion co ​ef ​fi​cient be​tween the quadri​ceps strength and 1-
MSTST with a power of 80% and an al​pha level of 0.05. The num​ber
of par ​tic​i​pants an ​tic​i​pated for the study was 84.

Data were com​puted us ​ing SPSS 25.0 (IBM soft​ware) for Win ​-
dows. De​scrip ​tive analy ​sis of de​mo ​graphic pa​ra​me​ters and re​sults of
both tests was per ​formed. These data were pre​sented as mean and
stan​dard de​vi​a​tion or me​dian and min ​i​mum and max ​i​mum af ​ter ver ​i​-
fy ​ing the nor ​mal​ity of the dis ​tri​b​u​tion by Kol​mogorov–Smirnov test.
The com​par ​isons of sim​i​lar data be​tween boys and girls were per ​-
formed by Stu​dent t-test to ver ​ify if there were gen ​der dif ​fer ​ences.
The re​la​tion ​ships be​tween dif ​fer ​ent out​comes were ver ​i​fied by the
Pear​son's or Spear ​man's cor ​re​la​tion co ​ef ​fi​cient de​pend ​ing on the dis ​-
tri​b​u​tion of the data. In ​ten ​sity of the re​la​tion ​ship was in ​ter ​preted
from the cor ​re​la​tion co ​ef ​fi​cient as poor (< 0.50), mod ​er ​ate (from 0.50
to 0.75), good (from 0.75 to 0.90) or ex ​cel​lent (> 0.90) [21]. A lower
P-value than 0.05 was con ​sid​ered as sig​nif ​i​cant.

3. Results

Eighty-three chil​dren were an ​a​lyzed (Fig. 1). All re​cruited chil​-
dren com​pleted the tests. De​mo ​graphic pa​ra​me​ters of the chil​dren
and re​sults of both tests are dis ​played in Table 1. The boys were taller
with longer legs and also heav ​ier than the girls. The QMVC was
greater in boys than in girls. How ​ever, nei​ther the num​ber of rep ​e​ti​-
tions nor the one-minute sit-to-stand work dif ​fered be​tween gen ​ders.

The re​la​tion ​ship be​tween 1-MSTST and QMVC was not ver ​i​fied
in our sam​ple of chil​dren (rho = −0.056; P = 0.617) as it is il​lus ​trated
in Fig. 2A. The same re​sult was ob​served for boys (rho = −0.035;
P = 0.827) and girls (rho = 0.003; P = 0.983). How ​ever, the QMVC
was pos ​i​tively cor ​re​lated to 1-MSTST when the lat​ter was ex ​pressed
as a prod ​uct of body weight (r = 0.491; P < 0.001) (Fig. 2B). The
QMVC was also cor ​re​lated with age (r = 0.314; P = 0.004), height
(r = 0.672; P < 0.001), weight (r = 0.721; P < 0.001) and BMI
(r = 0.451; P < 0.001) whereas the 1-MSTST score did not cor ​re​late
with any of these pa​ra​me​ters.
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Fig. 1. Con​sort flow chart of the study.

Table 1
De​mographic data of the chil​dren and their re​sults in both tests.

Parameters All children Boys (n = 42) Girls (n = 41) P-value

Age (y) 14.8 ± 1.7
[14.4;15.1]

14.5 ± 1.7
[13.9;15.0]

15.1 ± 1.6
[14.6;15.6]

0.107

Height (cm) 1.69 ± 0.10
[1.67;1.72]

1.72 ± 0.13
[1.68;1.76]

1.66 ± 0.06
[1.64;1.68]

0.009

Weight (kg) 58.1 ± 10.4
[55.8;60.4]

60.5 ± 12.7
[56.5;64.4]

55.7 ± 6.7
[53.5;57.8]

0.035

BMI (kg.m ) 20.2 ± 2
[19.7;20.6]

20.2 ± 2.6
[19.4;21.0]

20.1 ± 1.8
[19.5;20.7]

0.809

Leg length (cm) 38.8 ± 2.9
[38.2;39.5]

39.8 ± 3.1
[38.9;40.8]

37.8 ± 2.4
[37.1;38.6]

0.001

1-MSTST (repetitions) 50 ± 11
[48;52]

49 ± 11
[45;52]

51 ± 10
[48;54]

0.347

1-MSTST × weight (rep × kg) 2875 ± 762
[2709;3042]

2929 ± 897
[2649;3208]

2820 ± 601
[2631;3010]

0.521

ΔHRi-f (%) 59 ± 27
[53;65]

59 ± 31
[48;68]

59 ± 23
[51;66]

0.973

QMVC (Nm) 152.3 ± 44.4
[142.6;162.0]

163.9 ± 51.6
[147.9;180.0]

140.3 ± 31.9
[130.2;150.4]

0.014

BMI: body mass index; 1-MSTST: one-minute sit-to-stand test; HR: heart rate; i: initial; f: final; r: rest; QMVC: quadriceps strength; Nm: Newton meter. Data are expressed
by mean ± standard deviation and confidence interval between brackets.
a Significant difference.

The leg length was re​lated to the re​sults of both tests. The longer
the leg length, the greater the quadri​ceps strength ex ​pressed in New​-
tons as il​lus ​trated by the mod ​er ​ate and pos ​i​tive cor ​re​la​tion be​tween
these out​comes (r = 0.551; P < 0.001). On the other hand, an in ​verse
but poorer re​la​tion ​ship was found be​tween leg length and 1-MSTST
(rho = −0.318; P = 0.003).

4. Discussion

The re​sults of this study pro ​vide in ​ter ​est ​ing in ​for ​ma​tion for re​-
searchers and clin ​i​cians. In ​deed, when 1-MSTST was ex ​pressed as a
prod ​uct of body weight, a sig​nif ​i​cant cor ​re​la​tion was found with the
QMVC. It means that the con ​struct va​lid ​ity of this out​come was ver ​i​-
fied and that can be con ​sid​ered as a valu ​able al​ter ​na​tive to as ​sess and
fol​low the QMVC. How ​ever, the ab ​solute num​ber of rep ​e​ti​tions per
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Fig. 2. Re​la​tion ​ship be​tween the quadri​ceps max ​i​mal vol​un​tary con ​trac​tion (QMVC) and the re​sult of the one-minute sit-to-stand test ex ​pressed as the num​ber of rep ​e​ti​tions
(A) or as the prod ​uct of the body weight (B).

formed dur ​ing 1-MSTST is not suf​fi​cient to es ​ti​mate the quadri​ceps
strength in healthy chil​dren.

The mus ​cle strength is widely quan ​ti​fied among phys ​io ​ther ​a​pists
or physi​cians in daily clin ​i​cal rou ​tine, re​ha​bil​i​ta​tion and re​search.
Firstly, its eval​u​a​tion is jus ​ti​fied in dif ​fer ​ent acute or chronic clin ​i​cal
con ​di​tions. For in ​stance, af ​ter se​vere burns, mus ​cu ​lar losses are ob​-
served early [22] and they per ​sist for a long time af ​ter burn in ​jury
[23]. In cys ​tic fi​bro ​sis, it is also well-known that the mus ​cle strength
can be af ​fected by nu​tri​tional and res ​pi​ra​tory im​pair ​ments which are
a lim​it​ing fac​tor for ac​tiv ​i​ties of daily life [3,24–26]. The fol​low-up
of the mus ​cu ​lar strength is also use​ful in chil​dren due to the pos ​si​ble
changes in mus ​cle mass and mus ​cle fiber size re​lated to var ​i​ous dis ​-
eases, as for kid ​ney trans ​plant re​cip ​i​ents or chil​dren with epilepsy
who were tak ​ing an ​ti​con ​vul​sant ther ​apy [26,27]. Sec​ondly, in re​ha​bil​-
i​ta​tion, mus ​cle strength is also reg ​u​larly used to quan ​tify the ef ​fect of
an ex ​er ​cise pro ​gram [28,29]. Thirdly, in re​search, this eval​u​a​tion of ​-
fers the way to high ​light some im​por ​tant re​la​tion ​ships. In ​deed, grip
strength was as ​so​ci​ated with a wide range of health out​comes and
risk score [30].

De​spite the in ​ter ​est of the as ​sess​ment of mus ​cle strength, it can be
dif ​fi​cult to per ​form. In ​deed, the mus ​cle strength eval​u​a​tion re​quires
costly equip ​ment (iso​ki​netic dy​namome​ters) and strictly stan​dard ​ized
pro ​ce​dures (hand-held or iso ​ki​netic dy​namome​ters). The mea​sure​-
ment changes if the ex ​am​iner holds the hand-held dy​namome​ter in
sta​tion ​ary po​si​tion or pushes it against the ac​tive limb [9,31]. For
these rea​sons, sim​pler and stan​dard ​ized sur​ro ​gates are ap ​pre​ci​ated.
Dif​fer ​ent STSTs which can be eas ​ily per ​formed have been al​ready
cor ​re​lated to the quadri​ceps strength in var ​i​ous pop​u​la​tion as in el​-
derly [32–35]. More​over, mov ​ing from sit​ting to stand ​ing is a com​-
mon ac​tiv ​ity of daily liv ​ing. An ad ​van ​tage of the 1-MSTST com​-
pared to di​rect mea​sure​ment of the mus ​cle strength with hand-held
dy​namome​ter is the com​bi​na​tion of the mus ​cle strength as ​sess​ment
and the eval​u​a​tion of the func​tional sta​tus [36–38].

In ​ter ​est ​ingly, the 1-MSTST has been re​cently val​i​dated to es ​ti​-
mate the car ​dio-res ​pi​ra​tory de​mand dur ​ing ex ​er ​cise in chil​dren [17].
But, un​til now, the va​lid ​ity of this test to eval​u​ate the quadri​ceps
strength had never been ver ​i​fied in this pop​u​la​tion. The re​sults of our
study demon ​strated a re​la​tion ​ship be​tween the num​ber of sit-to-stand
move​ments ex ​pressed as a prod ​uct of body weight (1-
MSTST × weight) and the quadri​ceps strength, mean ​ing that the clin ​i​-
cian can now es ​ti​mate the quadri​ceps strength and fol​low its evo ​lu ​-
tion in the time by us ​ing this out​come.

We also ob​served a re​la​tion ​ship be​tween QMVC and age, weight,
height and BMI. These cor ​re​la​tions were ex ​pected [26,27,4]. Con

versely and as ex ​pected [17], the 1-MSTST did not demon ​strate such
re​la​tion ​ships. The shorter dis ​place​ment of the cen ​ter of grav ​ity when
the leg is shorter can ex ​plain the in ​verse cor ​re​la​tion be​tween 1-
MSTST and leg length. More​over, the lever dis ​tance in ​creased with
the leg length and that can ex ​plain the greater QMVC.

The QMVC mea​sured in our study was close to the ref ​er ​ence val​-
ues ob​tained in chil​dren from 4 to 17 years by Hebert et al. [27].
Like​wise, the num​ber of rep ​e​ti​tions per ​formed dur ​ing the 1-MSTST
by the chil​dren in our study was also sim​i​lar to the me​dian num​ber of
rep ​e​ti​tions from the pop ​u​la​tion based ref ​er ​ence val​ues de​ter ​mined by
Strass ​mann (25–75th per ​centile 41–57) in young men aged from 20
to 24 years [39] and sim​i​lar to the ref ​er ​ence val​ues found in young
chil​dren aged from 6 to 12 years (50 ± 13 (sub​mis ​sion in progress)).
To our knowl​edge, there are no ref ​er ​ence val​ues for the 1-MSTST
more suit​able to our sam​ple of chil​dren. The car ​dio-res ​pi​ra​tory de​-
mand il​lus ​trated by the change in HR dur ​ing the 1-MSTST was in ac​-
cor ​dance with a pre​vi​ous study where chil​dren per ​formed the 1-
MSTST with the same pro ​to ​col [17]. The pos ​si​bil​ity to com​bine the
as ​sess​ment of quadri​ceps strength and car ​dio-res ​pi​ra​tory de​mand in a
sim​ple, easy-to-per ​form test is an im​por ​tant ad ​van ​tage of the 1-
MSTST.

4.1. Study limitations

Some lim​i​ta​tions need to be ad ​dressed for this study. Since we did
not re​cruit chil​dren with very low mus ​cle strength, cau ​tion should be
taken when ex ​trap ​o​lat​ing our re​sults to chil​dren with se​vere mus ​cu ​lar
lim​i​ta​tions. The same com​ment can be done for obese chil​dren. In ​-
deed, they were ex ​cluded in our study but many obese chil​dren can
be found in some coun ​try. In ad ​di​tion, the phys ​i​cal ac​tiv ​ity level of
the chil​dren could be a fac​tor im​plied in this re​la​tion ​ship though not
as ​sessed in this study.

An​other lim​i​ta​tion could be the non-ran ​dom​iza​tion of the tests.
Due to this choice, we can ​not be sure that the first test did not in ​flu ​-
ence the re​sult of the sec​ond one.

In con ​clu ​sion, we demon ​strated an ad ​van ​tage for us ​ing the cal​cu ​-
la​tion of one-minute sit-to-stand work (1-MSTST ex ​pressed as the
prod ​uct of body weight) over sim​ple num​ber of rep ​e​ti​tions dur ​ing the
1-MSTST to es ​ti​mate the quadri​ceps strength in chil​dren. The one-
minute sit-to-stand work can be con ​sid​ered as a valid and valu ​able al​-
ter ​na​tive to as ​sess and fol​low the QMVC in daily clin ​i​cal rou ​tine, re​-
ha​bil​i​ta​tion and re​search. In ad ​di​tion, the 1-MSTST of ​fers mul​ti​ple
in ​di​ca​tions with its pre​vi​ously demon ​strated va​lid ​ity for the as ​sess​-
ment of the car ​dio-res ​pi​ra​tory de​mand in chil​dren.
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