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CORRELATION BETWEEN SOME PHYSICAL 
CHARACTERISTICS AND HAND STRENGTH OF 

HIGH-SCHOOL STUDENTS

by E. S z ö i x ő s i  a n d  M. J ó k a y

(Institute of Hygiene and Epidemiology, Debrecen University Medical School, Debrecen, 
Hungary; Debrecen City Health Department, Debrecen, Hungary)

A b s t r a c t .  The authors investigated the correlation between the arm circum­
ference, mid-upper-arm muscle-circumference, some somatic indices, lean body 
mass and hand strength of 209 (115 boys and 94 girls) high-school students. 
They established that the arm circumference of boys correlated only slightly 
(positive) with the hand strength. The coefficient of correlation (r) of the mid­
upper-arm muscle circumference is a little higher than the above mentioned 
one, however, with the right hand, “r” is only slightly different from that of 
arm circumference ( S t u d e n t ’s  t-tests: significant).

There is no significant correlation between the arm circumference and hand 
strength in the girls. The mid-upper-arm muscle circumference correlated weak- 
moderate positive with the hand strength.

These data are compared with the “r” of 4 constitutional index — hand 
strength and with the “r” of lean body mass (which was calculated from skin­
fold data) — hand strength, where the correlations are closer. The authors 
discute the possible reasons of the difference.
Key words: body measurements, hand strength, university students.

Introduction

I t  is a p rob lem  of c u rre n t in te re s t in  o u r c o u n try  th a t  th e  chest d ev e lopm en t 
of y o u th  has n o t gone in  para lle l w ith  th e  increase of th e  h e igh t m easu rem en ts . 
O ne o f th e  causes fo r th is  m ay  be decreased  physica l a c tiv ity . U nder th e  p resen t 
c ircu m stan ces th is  effect m ay  be com p en sa ted  b y  reg u la r p h ysica l tra in in g  
( R a j k a i  an d  J a n c s ó  1955). R ecen tly  also in  o u r c o u n try  num erous p ap ers  are 
concerned  ab o u t th e  question , n am ely  th e  physica l s ta te  of th e  u n iv e rs ity - 
an d  h igh-schoo l s tu d e n ts  even  w eakens d u rin g  th e  s tu d y  years ( F u c i k  1975, 
F r e n k l  an d  M é s z á r o s  1979). In  th e  p re sen t p a p e r  we strove  to  o b ta in  in fo r­
m a tio n  w ith  sim ple m e th o d s on th e  follow ing q u e s tio n s : 1. W h a t is th e  develop­
m en t an d  th e  p h y sica l cond itio n  o f th e  h igh-school s tu d e n ts  like in  D ebrecen? 
2. C an h a n d  s tre n g th  be b ro u g h t in to  re la tio n  w ith  th e  p a ram e te rs  m easu red  
b y  us an d  w ith  th o se  w hich  can  be ca lcu la ted  from  th e m , respective ly?

Material and Methods

In  sp ring  o f th e  y e a r  1978 an d  1979 we m easu red  th e  m a jo r body  m easu re­
m en ts  o f 115 boys an d  94 girls who w ere s tu d e n ts  of th ree  u n iversities a n d  tw o 
high-schools in  D ebrecen  an d  on w hom  otherw ise a lo n g itu d in a l g ro w th  s tu d y  
is perfo rm ed . T he m easu rem en ts  w ere as follows: b o d y  heig h t, w eig h t, chest
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circum ference in  n o rm a l position , a t  m ax im um  in sp ira tio n , m ax im um  e x p ira ­
tio n , as w ell as arm  circum ference. We to o k  th e  m easu rem en ts  o f th e  sk info ld  
th ickness on th e  tr ic ep s , on th e  su b scap u la r, an d  th e  abdom ina l po in ts  w ith  
a H a rp en d en  caliper, as well as also th e  grip  s tre n g th  of th e  r ig h t an d  th e  le ft 
h an d  w ith  d y n am o m ete r. T he age of th e  m easu red  s tu d e n ts  w as 19— 25 years. 
F rom  th e  above d a ta  v a rious c o n s titu tio n a l ind ices were ca lcu la ted : K a u p ’s, 
R o h r er ’s, P ig n e t ’s indices an d  th e  p ro p o rtio n a l ch est-c ircu m feren tia l ones. 
F rom  th e  arm  circum ference w ith  th e  help  of th e  tric ep s  sk info ld  w ere ca lcu ­
la ted  th e  “ m id -u p p er-a rm  circum ference”  called so b y  J e l l if f e  (1966) (MUAC) 
th e n  th e  bo d y  f a t  c o n te n t an d  th e  lean  bo d y  m ass (LBM ) b y  m eans of P a r iz - 
ková  (1977). T he o b ta in e d  resu lts  were p u t  in  co rre la tio n  w ith  h a n d  s tre n g th  
(H S). W e follow ed w ith  a tte n tio n  w h e th e r th e re  w as an y  difference in  th e  
resu lts  i f  th e  in v e s tig a te d  persons w ere d iv ided  in  to  tw o g roups accord ing  to  
th e  perfo rm ance  in  sp o rts . O th e r k inds of g roup ing  were also m ade, if  th is  
seem ed necessary .

R esults

T he b o d y  m easu rem en ts  are d e m o n s tra te d  in  T ab le  1. T he s ta tu re  an d  th e  
w eight o f th e  boys are  h igher th a n  show ed b y  th e  d a ta  of D ebrecen  30—-40 
years ago ( J e n e y  1938—39, 1939— 40, 1940—4 1 , 1941—42) b u t  th e  ch es t 
an d  a rm  circum ference are n o t (B alogh  1942, R a jk a i 1952). A m ong th e  girls 
only th e  s ta tu re  increased , th e  chest c ircum ference rem ained  th e  sam e, sim i­
larly , also body  w eig h t is th e  sam e or low er, a rm  circum ference decreased  
( J e n e y  1940—41, 1941— 42, R a jk a i 1952, 1957). O u t of th e  recen t p u b lica ­
tio n s, o u r d a ta  are  m ost sim ilar to  tho se  co n d u c ted  in  th e  s tu d e n ts  of th e  N ovi 
Sad U n iv e rs ity  (G a v r ilo v ié  1974) as w ell as B u d a p e s t T echn ica l U n iv e rs ity  
(T il l  an d  Gy e n is  1977). In  every  m easu rem en t th e  boys observed  b y  us 
su rpass th e  m eans o f th e  H u n g a rian  m ale p o p u la tio n  of th e  age o f 18— 20 
years as p u b lished  b y  K ádár  and  V é l i (1971, 1977) m easu rem en t.

Table 1

Body measurements of the students

C roup S ta tu re
cm

W eight
C hest c ircum ference  

cm A rm
circum ference

cm
n o rm a l in sp ira tio n

.
ex p ira tio n

Boys x 176.86 68.81 89.30 95.17 87.38 26.68
SD ±6.28 ±8.78 ±5.73 ±5.63 ±5.57 ±2.18

Girls x 163.29 54.98 82.84 88.14 80.78 23.61
SD ±5.73 ±7.33 ±5.40 ±5.51 ±5.54 ±1.95

H a n d  s tre n g th  (H S) is show n in T ab le  2. T h e  r ig h t h an d  is s tro n g er th a n  
th e  le f t in  b o th  sexes. T he m eans ca lcu la ted  b y  us are h igher th a n  th e  d a ta  
genera lly  p u b lish ed  fo r th is  age-group an d  fo r u n iv e rs ity  s tu d e n ts  in  th is  
c o u n try  (A llo d ia to ris  1952, E ib e n  1956, R a jk a i 1969, N ém eth  1969,
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Farmosi 1972). I t  is tru e  th a t  th e  s ta tu re  a n d  bo d y  w eigh t averages are  h igher 
now  th a n  th o se  m easured  before. T he girls are excep tions to  th is : th e  bo d y  
w eigh t an d  a rm  circum ference averages m easu red  b y  Allodiatoris exceed 
ours. T he w eigh t, ch est circum ference a n d  H S  of th e  girls rep o rted  b y  NÉM ETH,

Table 2

Hand strength of the students

B oys H a n d  s tr e n g th  
(kpond)

G irls

X S.D . X S.D .

48.21 8.42 right hand 27.08 5.14
44.30 7.63 left hand 25.09 4.67
46.25 7.40 mean 26.08 4.76
46.78 5.46 mean sporting 29.03 4.43
45.98 8.15 mean non-sporting 25.27 4.66

how ever, a re  a lm o st th e  sam e as tho se  m easu red  b y  us, w hereas th e  a rm  c ircum ­
ference is la rg e r th a n  th a t  o f th e  girls o f  D ebrecen . The b o y s’ HS is a b o u t th e  
sam e as t h a t  o f th e  th ird -co u rse  s tu d e n ts  fo u n d  b y  Belchenko an d  co-w orkers 
(1979) an d  th e ir  s ta tu re  an d  w eigh t are s im ila rly  id en tica l w ith  th o se  o f th e  
s tu d e n ts  in  D ebrecen . T he b o d y  m easu rem en ts  of our girls are less; b u t  th e ir  
H S is g re a te r  th a n  th e  one described  in  th e  p ap er m en tio n ed  befo re . T he 
a r ith m e tic  m ean  of th e  H S of th e  r ig h t an d  le ft h an d  is m ean  h a n d  s tre n g th  
(M H S). T h is w as also ca lcu la ted  fo r th e  a c tiv ity  p roduced  in  spo rts . M H S w as 
fo u n d  to  d e te c t an  increase p a r tic u la r ly  am ong th e  spo rtin g  girls.

I n  reg ression  ca lcu la tions th e  co rre la tio n  coefficients of th e  g irls’ arm  
circum ference d id  n o t p roduce  a s ig n ifican t re la tio n sh ip  w ith  HS (r =  -|-0.139). 
In  th e  b oys, how ever, a s ig n ifican t po sitiv e  co rre la tion  could  be d e te c te d  al­
th o u g h  th e  value  of V  was low (0.316). W ith  th e  MUAC, th e  positive  co rre la ­
tio n  can  a lread y  be revealed  in b o th  sexes. T h is can  be observed  in  T ab le  3

Table 3

Correlation of hand strength with MUAC and LBM

B oys
C h arac te ris tic s

Girls

i ± S D r P < i  ±  SD r P <

234.66 ±20.99 +0.394 0.001 MUAC mm 195.97 +  15.28 +0.294 0.01
236.48±20.24 +0.337 0.10 MUAC mm sporting 196.68 +  13.58 +0.271 n. s.
234.14±21.30 +0.406 0.001 MUAC mm non- 

sporting 195.93 +  15.74 +0.311 0.01
57.02 ±  5.95 +0.452 0.001 LBM kg 42.89+ 4.34 +0.457 0.001
56.98 ±  6.06 +0.560 0.01 LBM kg sporting 44.91+ 3.40 +  0.315 n. s.
57.04 ±  5.95 +0.437 0.001 LBM kg non-sporting 42.34+ 4.42 +0.432 0.001
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C orrelation  c a n n o t be d e m o n s tra te d  in  p er cen t of b o d y  fa t  an d  LBM . 
A llo d ia to ris  (1952) an d  K r ie s e l  (1977), how ever, re fer to  a re la tio n  betw een  
th e  H S and  th e  b o d y  w eigh t. T herefo re, we s tu d ie d  th e  co rre la tio n  of th e  LBM  
va lu e  expressed  in  kg  w ith  H S. As i t  can  be seen  in  T able 3 th e  LBM  in  kg  is 
g re a te r  only in  th e  girls am ong sp o rtin g  s tu d e n ts  th a n  n o n -sp o rtin g  ones. 
D esp ite  th is , th e  r-value  is h ighest in  sp o rtin g  boys, w hile th e  co rre la tio n  in  
sp o rtin g  girls is n o t  s ign ifican t. A p a rt from  i t  th e  M HS p re sen ts  g en era lly  
h ig h er r-value w ith  th e  LB M  in  kg in  b o th  sexes, th a n  w ith  th e  MUAC.

Table 4

Correlation between mean band strength and Kaup’s index

K au p ’s in d ex x ± S D
H a n d  s tre n g th  

x  ±  SD I P <

Boys
Kaup’s index 2.19±0.27 46.51 ±7.66 ±0.221 0.05
Kaup’s index sporting 2.13±0.20 48.02±6.78 ±0.308 n.s.
Kaup’s index non-sporting 2.21 ±0.28 45.97 ±8.09 ±0.223 0.10
Kaup’s index 2.0—2.4 2.17 ±0.11 46.40±7.70 ±0.368 0.01

Girls
Kaup’s index 2.03 ±0.22 26.08 ±4.84 ±0.237 0.05
Kaup’s index sporting 2.00±0.19 29.03±4.43 ±0.236 n.s.
Kaup’s index non-sporting 2.04±0.22 25.27 ±4.66 ±0.232 0.05
Kaup’s index >2.4 2.53 ±0.09 28.00±3.05 ±0.690 0.10

In  T able 4 we re p re se n t th e  K a u p ’s indices. T h e  average o f th e  boys s lig h tly  
exceeds th e  d a ta  p u b lished  fo r th is  age-group in  th is  c o u n try  b u t i t  is n ea rly  
id en tica l w ith  th e  values re p o rte d  b y  Balogh  (1942) fo r u n iv e rs ity  s tu d e n ts  
of th e  age of 18— 26 y ea rs  in  D ebrecen  40 y e a rs  ago. T he r-values, h ow ever, 
are low . In  ou r op in ion  K a u p ’s index  in  y o u th  th a t  can  be considered  n o rm a l 
is 2 .0— 2.4. W hen  g roup ing  according to  th is , th e re  w as no  sign ifican t co rre la ­
tio n  u n d e r 2.0 a n d  above 2.4 respective ly , w hile  be tw een  2 .0—2.4 th e  va lu e  
w as h igher th a n  th e  “ r ”  o f th e  average. T he v a lu e  of th e  K a u p ’s in d ex  in  th e  
girls is ab o u t th e  sam e as th e  one described  w ith  th e  s tu d e n ts  o f B u d a p e s t 
T echn ica l U n iv e rs ity  b y  T il l  and  Gy e n is  (1977). Also in  th is  case th e  c o rre la ­
tio n  coefficients a re  low . W hen  g rouping  th e  in d e x  accord ing  to  its  va lu e , th e  
co rre la tion  u n d e r  2.3 h as  tu rn e d  o u t to  be w eak  an d  n o t sign ifican t w hereas 
above 2.4 th e  co rre la tio n  w as m uch closer.

R o h re r’s in d ex  o f th e  boys is + 1 .2 2 5 ; r =  + 0 .1 6 5  (p +  0.10). T his low  
co rre la tion  coeffic ien t re su lts  from  th e  fa c t t h a t  w hen  in v es tig a tin g  i t  g rouped  
accord ing  to  in d e x  value  in  th e  lep tosom e a n d  a th le te  ty p e s  th e  sign of “ r ”  
is n eg a tiv e  w hile in  th e  py k n ic  ty p e  i t  is po sitiv e . R o h re r’s index  of th e  girls 
is + 1 .2 4 4 . I ts  te n d e n c y  in  lep tosom es is n e g a tiv e , in  o thers positive . O therw ise 
th e  R o h re r’s in d e x  found  b y  us is low er th a n  t h a t  rep o rted  on in  th e  l i te ra tu re
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excep t fo r th e  one o f th e  S lovakian  18 y e a r old boys (L ipk o v Á an d  Gr u n t  
1979), w hose one agrees w ith  ours. I t  is low er in  sp o rtin g  s tu d e n ts  th a n  in  n o n ­
spo rtin g  ones b u t  does n o t  co rre la te  w ith  HS e ith e r. To in v es tig a te  th e  co rre la­
tio n  of th e  average  index  value is n o t reasonable .

The P ig n e t’s in d ex  of th e  boys is h ig h er (-j-22.16) th a n  th e  d a ta  o f th e  18— 
20 y e a r  old m ale  persons found  by  K ádár  an d  V é l i  (1971). T he co rre la tion  
coefficients are  genera lly  low n eg a tiv e  value. N evertheless, w hen  grouping  
accord ing  to  th e  in d ex  va lue , th e  ten d en cy  is o f p o sitiv e  d irec tion  in  th e  a th ­
le tic  ty p e  and  a r a th e r  h igh  nega tive  “ r ”  w as fo u n d  in  th e  pykn ic  ones (— 0.860). 
H S is b y  fa r  h ig h er in  th is  group th a n  in  th e  o th e rs  (52.0 kp).

T he average o f P ig n e t’s in d ex  of th e  girls is + 2 3 .0 3  th e  d is tr ib u tio n  is ab o u t 
th e  sam e as in  th e  ones from  N ovi S ad  (Ga v rilo v ic  1974). T he ten d e n c y  of th e  
co rre la tion  is n eg a tiv e . In  th e  case o f those  w ith  ind ices low er th a n  + 1 0  a 
re la tiv e ly  h igh  n eg a tiv e  r-value  (— 0.629) m an ifests  itse lf, an d  HS o f th is  group 
is g rea te r  as co m p ared  w ith  th e  leptosom es.

W e stu d ied  a n o th e r  in d ex : th a t  o f th e  p ro p o rtio n a l chest circum ference 
(PCC). T he average  v alue  ind ica tes v e ry  low, n o t sig n ifican t p ositive  correla­
tio n . W hen  d iv id ing  th e  y o ung  people in  groups th e re  is no co rre la tio n  w ith  H S 
in  th e  n arro w  ch ested  y o u th s  w hereas th e  “ r”  is v e ry  h igh  (+ 0 .9 0 3 )  in  those  
w ith  w ide chests. T he PCC index  of th e  girls is 50.61. S ign ifican t co rre la tion  
could n o t be fo und .

F ound ing  ourselves on ou r inv estig a tio n s, we s ta te d  th a t  th e  bo d y  develop­
m en t an d  HS o f th e  D ebrecen  s tu d en ts  d id  n o t d iffer to  a sig n ifican t degree 
from  th e  lite ra ry  d a ta  issued  la te ly . I t  can  be d e m o n s tra te d  th a t  H S is in  
co rre la tio n  w ith  severa l indices used by  us. B u t th e  co rre la tion  can  be consid­
ered  close only  ra th e r  in  w ide-chested  s tu d e n ts , he ld  a fte r  th e  co n s titu tio n a l 
indices o f py k n ic  b u t  of m ore ro b u s t co n stitu tio n  an y w ay  (W elham  an d  B e h n - 
k e  1942, P arÍzkovÁ e t al. 1971). HS ra th e r  depends on th e  d evelopm en t of 
fo rearm  m uscles th a n  on th a t  of th e  u p p er-a rm , s till from  it  one can ge t some 
in fo rm atio n  on th e  s ta te  of general bo d y  s tren g th .
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