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CORRELATION BETWEEN SOME PHYSICAL
CHARACTERISTICS AND HAND STRENGTH OF
HIGH-SCHOOL STUDENTS

by E. Sz6rr6s1 and M. JORAY

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

Abstract The authors investigated the correlation between the arm circam-
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 circomference is a little higher than the above mentioned
one, however, with the right hand, “r” is only slightly different from that of
arm circumference (STUDENT’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.

669

These data are compared with the “r” of 4 constitutional index — hand
strength and with the 7" 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.
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Introduction

It is a problem of current interest in our country that the chest development
of youth has not gone in parallel with the increase of the height measurements.
One of the causes for this may be decreased physical activity. Under the present
circumstances this effect may be compensated by regular physical training
(RaJkA1 and Jancs6 1955). Recently also in our country numerous papers are
concerned about the question, namely the physical state of the university-
and high-school students even weakens during the study years (Fucik 1975,
FreNKL and MEszAros 1979). In the present paper we strove to obtain infor-
mation with simple methods on the following questions: 1. What is the develop-
ment and the physical condition of the high-school students like in Debrecen?
2. Can hand strength be brought into relation with the parameters measured
by us and with those which can be calculated from them, respectively?

Material and Methods

In spring of the year 1978 and 1979 we measured the major body measure-
ments of 115 boys and 94 girls who were students of three universities and two
high-schools in Debrecen and on whom otherwise a longitudinal growth study
is performed. The measurements were as follows: body height, weight, chest
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circumference in normal position, at maximum inspiration, maximum expira-
tion, as well as arm circumference. We took the measurements of the skinfold
thickness on the triceps, on the subscapular, and the abdominal points with
a Harpenden caliper, as well as also the grip strength of the right and the left
hand with dynamometer. The age of the measured students was 19—25 years.
From the above data various constitutional indices were calculated: Kaup’s,
RoHRER’s, PIGNET’s indices and the proportional chest-circumferential ones.
From the arm circumference with the help of the triceps skinfold were calcu-
lated the ““mid-upper-arm circumference’ called so by JELLIFFE (1966) (MUAC)
then the body fat content and the lean body mass (LBM) by means of Paiiz-
KOVA (1977). The obtained results were put in correlation with hand strength
(HS). We followed with attention whether there was any difference in the
results if the investigated persons were divided in to two groups according to
the performance in sports. Other kinds of grouping were also made, if this
seemed necessary.

Results

The body measurements are demonstrated in Table 1. The stature and the
weight of the boys are higher than showed by the data of Debrecen 30—40
years ago (JENEY 1938—39, 1939—40, 1940—41, 1941—42) but the chest
and arm circumference are not (BArLocH 1942, Rajkar 1952). Among the girls
only the stature increased, the chest circumference remained the same, simi-
larly, also body weight is the same or lower, arm circumference decreased
(JeNEY 1940—41, 194142, Rajrar 1952, 1957). Out of the recent publica-
tions, our data are most similar to those conducted in the students of the Novi
Sad University (GAvRiLoVIE 1974) as well as Budapest Technical University
(TiLL and GYENIS 1977). In every measurement the boys observed by us
surpass the means of the Hungarian male population of the age of 18—20
years as published by KApAR and VELI (1971, 1977) measurement.

Table 1

Body measurements of the students

Chest circumference |

Arm
Group Stature Weight N 25 | circumference
o kg [ Bt ek S =l em
normal | inspiration | expiration |
Boys x 176.86 68.81 89.30 95.17 87.38 26.68
SD +6.28 +8.78 4+5.73 +5.63 +5.57 +2.18
o
Girls x 163.29 54.98 82.84 l 88.14 80.78 23.61
SD | £573 | £7.33 | +5.40 ‘ L5.51 | 4554 ‘ +1.95

Hand strength (HS) is shown in Table 2. The right hand is stronger than
the left in both sexes. The means calculated by us are higher than the data
generally published for this age-group and for university students in this
country (ArropiaToris 1952, EiBen 1956, Rajkar 1969, NimeTm 1969,
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Farmost 1972). It is true that the stature and body weight averages are higher
now than those measured before. The girls are exceptions to this: the body
weight and arm circumference averages measured by ALLODIATORIS exceed
ours. The weight, chest circumference and HS of the girls reported by NEMETH,

Table 2

Hand strength of the students

Boys Hand strength Girls
= 1 = (kpond) % ] s
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

however, are almost the same as those measured by us, whereas the arm circum-
ference is larger than that of the girls of Debrecen. The boys’ HS is about the
same as that of the third-course students found by BELcHENKO and co-workers
(1979) and their stature and weight are similarly identical with those of the
students in Debrecen. The body measurements of our girls are less; but their
HS is greater than the one described in the paper mentioned before. The
arithmetic mean of the HS of the right and left hand is mean hand strength
(MHS). This was also calculated for the activity produced in sports. MHS was
found to detect an increase particularly among the sporting girls.

In regression calculations the correlation coefficients of the girls’ arm
circumference did not produce a significant relationship with HS (r = +0.139).
In the boys, however, a significant positive correlation could be detected al-
though the value of ‘r’ was low (0.316). With the MUAC, the positive correla-
tion can already be revealed in both sexes. This can be observed in Table 3

Table 3
Correlation of hand strength with MUAC and LBM

Characteristics
x+SD ‘ r l P< x + SD | r | p<

234.66 4+-20.99 | +0.394 | 0.001 | MUAC mm 195.97415.28 | +0.294 | 0.01
236.48 +20.24 | +0.337 | 0.10 MUAC mm sporting 196.68+-13.58 | 4-0.271 | n.s.
234.144+-21.30 | 4+0.406 | 0.001 | MUAC mm non-

sporting 195.934+-15.74 | +0.311 | 0.01
57.02+ 5.95 | 40.452 | 0.001 | LBM kg 42,89+ 4.34 | +0.457 | 0.001
56.984 6.06 | +0.560 | 0.01 LBM kg sporting 4491+ 3.40 | +0.315 | n.s.

57.04+ 5.95 | +40.437 | 0.001 | LBM kg non-sporting 42.34 4+ 4.42 | +0.432 | 0.001
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Correlation cannot be demonstrated in per cent of body fat and LBM.
AvrvopiaToris (1952) and KriesEL (1977), however, refer to a relation between
the HS and the body weight. Therefore, we studied the correlation of the LBM
value expressed in kg with HS. As it can be seen in Table 3 the LBM in kg is
greater only in the girls among sporting students than non-sporting ones.
Despite this, the r-value is highest in sporting boys, while the correlation in
sporting girls is not significant. Apart from it the MHS presents generally
higher r-value with the LBM in kg in both sexes, than with the MUAC.

Table 4

Correlation between mean hand strength and Kaup’s index

Kaup’s index ‘ x+SD Han:—: i-s tsrlt,)nsth r p<
Boys
Kaup’s index 2.194+0.27 46.51+17.66 +0.221 0.05
Kaup’s index sporting 2.134+0.20 48.021-6.78 +0.308 n.s.
Kaup’s index non-sporting 2.2140.28 45.97+8.09 +0.223 0.10
Kaup’s index 2.0—2.4 2.174+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 2.044+0.22 | 25.2714.66 +0.232 0.05
Kaup’s index >2.4 2.53+0.09 ] 28.00--3.05 +0.690 0.10

In Table 4 we represent the Kaup’s indices. The average of the boys slightly
exceeds the data published for this age-group in this country but it is nearly
identical with the values reported by Bavrocu (1942) for university students
of the age of 18—26 years in Debrecen 40 years ago. The r-values, however,
are low. In our opinion Kaup’s index in youth that can be considered normal
is 2.0—2.4. When grouping according to this, there was no significant correla-
tion under 2.0 and above 2.4 respectively, while between 2.0—2.4 the value
was higher than the “r”” of the average. The value of the Kaup’s index in the
girls is about the same as the one described with the students of Budapest
Technical University by TiLL and Gyenis (1977). Also in this case the correla-
tion cocfficients are low. When grouping the index according to its value, the
correlation under 2.3 has turned out to be weak and not significant whereas
above 2.4 the correlation was much closer.

Rohrer’s index of the boys is +1.225; r = +0.165 (p <C 0.10). This low
correlation coefficient results from the fact that when investigating it grouped
according to index value in the leptosome and athlete types the sign of “r”
is negative while in the pyknic type it is positive. Rohrer’s index of the girls
is 41.244. Its tendency in leptosomes is negative, in others positive. Otherwise
the Rohrer’s index found by us is lower than that reported on in the literature
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except for the one of the Slovakian 18 year old boys (Lirkovi and GruNT
1979), whose one agrees with ours. It is lower in sporting students than in non-
sporting ones but does not correlate with HS either. To investigate the correla-
tion of the average index value is not reasonable.

The Pignet’s index of the boys is higher (-{-22.16) than the data of the 18—
20 year old male persons found by KApARr and VEL1 (1971). The correlation
coefficients are generally low negative value. Nevertheless, when grouping
according to the index value, the tendency is of positive direction in the ath-
letic type and a rather high negative “r”” was found in the pyknic ones (—0.860).
HS is by far higher in this group than in the others (52.0 kp).

The average of Pignet’s index of the girls is +-23.03 the distribution is about
the same as in the ones from Novi Sad (GavriLoVIC 1974). The tendency of the
correlation is negative. In the case of those with indices lower than +10 a
relatively high negative r-value (—0.629) manifests itself, and HS of this group
is greater as compared with the leptosomes.

We studied another index: that of the proportional chest circumference
(PCC). The average value indicates very low, not significant positive correla-
tion. When dividing the young people in groups there is no correlation with HS
in the narrow chested youths whereas the “r’” is very high (+0.903) in those
with wide chests. The PCC index of the girls is 50.61. Significant correlation
could not be found.

Founding ourselves on our investigations, we stated that the body develop-
ment and HS of the Debrecen students did not differ to a significant degree
from the literary data issued lately. It can be demonstrated that HS is in
correlation with several indices used by us. But the correlation can be consid-
ered close only rather in wide-chested students, held after the constitutional
indices of pyknic but of more robust constitution anyway (WELHAM and BEHN-
KE 1942, PaRizkovA et al. 1971). HS rather depends on the development of
forearm muscles than on that of the upper-arm, still from it one can get some
information on the state of general body strength.
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