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STUDIES IN PHYSICAL CULTURE AND TOURISM
Vol. 18, No. 3, 2011

MARIUSZ NACZK, LUKASZ JAWORSKI, WIOLETTA BRZENCZEK-OWCZARZAK,
JAROSLAW ARLET, ZDZISLAW ADACH
Department of Physiology, Faculty of Physical Culture, Gorzéw Wielkopolski, Poland

MUSCLE STRENGTH IN PHYSICALLY ACTIVE AND INACTIVE PRISONERS

Key words: prisoners, activity, strength, flexors.

ABSTRACT

The aim of this study was to assess maximal voluntary contraction (MVC) of the upper limb in active and
inactive prisoners as compared with physical education students. The study involved 15 prisoners who were physically
active (AP), 15 physically inactive prisoners (IP) and 15 physical education students (ST). Strength measurements were
made in static conditions using a handgrip dynamometer and an elbow flexors dynamometer. Maximal voluntary
contraction of the dominant hand flexors (MVCpy), non-dominant hand flexors (MVCypy) and elbow flexors (MVCg)
were analyzed. The results showed that regardless of the tested muscle, the group of physically active prisoners (AP)
obtained a significantly higher MVC in comparison with their inactive counterparts. Moreover, the active prisoners
achieved significantly higher MVCypy and MV Cgr than the PE students (ST). There were no significant differences in

the MVCpy, MVCypu, MVCgp, between the physically inactive prisoners and physical education students.

INTRODUCTION

The effects of strength training on the human
body and the importance of appropriate muscle
strength in daily life and sport have been analyzed
by numerous researchers and trainers [6, 7, 18, 2, 1,
10, 17, 13, 8]. It has been well-known that regular
physical activity allows maintaining a requisite
level of muscle strength, whereas inadequate
activation of the muscular system leads to
detrimental health changes. After several days of
physical inactivity (regardless of body position)
nitrogen excretion in the urine increases, reflecting
the degradation of muscle proteins and muscle
atrophy [9]. One’s physical activity can be limited
for various reasons, for example, imprisonment.
Because of specific prison rules, it can be supposed
that maximal voluntary contraction (MVC) of

inmates is significantly reduced. It should be noted,
however, that in the majority of penal institutions
strength exercises are allowed. In this situation, it is
worth examining whether prisoners who regularly
perform strength training differ from physically
non-active inmates. Works concerning muscle
strength changes in prisoners have not been found
in literature.

The aim of the present study was to assess
the MVC of the upper limb in physically active and
inactive prisoners in comparison with physical
education students.

METHODS
Subjects

Thirty inmates from a penal institution in
Gorzéw Wielkopolski, Poland, who had served at
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least two years, took part in the study. The prisoners
were divided into two groups. The first group con-
sisted of physically active prisoners (AP, n = 15),
who trained regularly in the prison gym three times
a week for 1 hour, in groups of 2 to 6. The second
group consisted of physically inactive prisoners
(IP, n = 15), who did not perform any strength
exercises. All convicts were able to walk around the
prison yard five days a week, from Monday to
Friday 9.00-13.00. The prisoners were compared
with physical education students (ST, n = 15), who
were highly physically active (participating in
numerous obligatory physical activities), but were
not professional athletes.

Before the study, all subjects were informed
about the purpose and procedures of the
experiment. The study was approved by the
Bioethics Committee in Poznan (decision number
1744/03) and all subjects gave their informed
consent. Biometric characteristics of the subjects
are shown in Table 1.

Table 1. Biometric characteristics of subjects

Age Body height Body mass

Grou n

P (years) (cm) (kg)
AP 15 26.1+2.7 1799+ 6.9 82.5+124
IP 15 255+2.2 176.7+6.2 78.6 £12.7
ST 15 243 +0.8 181.1+6.9 81.1+10.2

Measurements

The measurements were approved by prison
warders, who were responsible for security of the
experiment. A Takei AS5402 Digital Hand Grip
Dynamometer was used to measure the maximal
voluntary contraction of dominant (MVCpy) and
non-dominant hand flexors (MVCypy). Results in
kilograms were converted into newtons. The
subjects’ performance was measured in a standing
position with straightened arms, abducted by about
20 cm from the body. At a signal a subject had to
squeeze the dynamometer with the greatest possible
force. All subjects performed the test three times
with each hand. The intervals between consecutive
attempts were 10 minutes each; the mean value of
three measurements was analyzed. Beside the MVC
of hand flexors, the maximal voluntary contraction
of elbow flexor muscles (MVCgr) was measured.
An original device with a PUE C/31 weighing
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indicator and LCD display connected with a tensometer
(measurement error < 0.02%) was used (Figure 1).
Results were expressed in newtons. Repeatability of
measurements was high (ICC = 0.978). The seated
subjects were to curl and hold a mini barbell (2 kg)
in hands. The barbell was connected to the
measuring device with a wire rope. The length of
the rope was adjustable and just before the
measurement the rope was slightly stretched to
eliminate a jerk. The angle at the elbow was 90°. At
a signal a subject attempted to lift the barbell with
the greatest possible force. The test was performed
three times with 12 min breaks between repetitions;
data from the three measurements were averaged.

Figure 1.

Statistical methods
The following statistical methods were used
in the analysis:

— Shapiro-Wilk test to check the normal
distribution of strength test results and Bartlet
test to check the homogeneity of variance;

— Mean values and standard deviations;

— One-way Anova test and Tukey test to calculate
the significance of differences between groups.

The differences were identified as statistically

significant at p < 0.05.
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RESULTS

The results showed that regardless of the
study group the mean muscle MVC was always the
highest in the AP group. The force level obtained
by the AP during the isometric contraction of the
dominant hand was significantly higher than that
obtained by the IP. Also in comparison with the PE
students the physically active prisoners achieved a
higher MVCpy, but the difference was non-
significant (Figure 2). Furthermore, the level of this
parameter obtained by the inactive prisoners and
students also did not differ significantly.
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Figure 2.

The MVC of the non-dominant hand
obtained by the AP was also significantly higher
than the one achieved by the IP. Moreover, between
the AP and ST a significant difference in this
parameter was also observed. However, the
MVCnpy achieved by IP and ST was not
significantly different (Figure 3).
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Figure 3.

The MVC level obtained by active prisoners
during the isometric voluntary contraction of the
elbow flexor muscles was significantly higher as
compared to the IP and ST. However, the MVCkg
achieved by IP and ST did not differ significantly
(Figure 4).
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Figure 4.
DISCUSSION

Literature lacks data concerning changes in
the level of muscle strength in prison inmates. The
reduction of physical activity has been known to
induce muscle atrophy [3, 5], which results mainly
from atrophy of type Il fibers recruited during very
intensive efforts [11]. The rate of atrophy is not
uniform in all muscles, and for the lower limb it can
be 2-12% after 5 weeks of bed rest [4]. In many
muscles, but not in all, atrophy can be reduced by
resistance training alone and by resistance training
combined with vibration stimulation (during 60-day
immobilization in bed) [14]. The prisoners’ activity
is obviously higher than people lying in bed.
However, fewer opportunities to undertake physical
activity and small prison cell areas are factors
which may affect muscle atrophy and reduce the
MVC level. Nevertheless, our study revealed the
highest MVC values in the group of physically
active prisoners, which may indicate that the
relatively low physical activity of active prisoners
(strength exercises 3x1 hour/week) was sufficient to
maintain or increase muscle strength in these
subjects (unfortunately, the initial MVC level was
unknown). The higher MVC displayed by
physically active inmates as compared with non-
active ones is not surprising, but significant
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differences in MVC between the AP and ST groups

are interesting. On the one hand, we realized that

strength training performed by AP could positively
affect muscle strength, but on the other hand, we

had expected that the lack of normal activity had a

negative influence on health [16] and on MVC.

Active prisoners also obtained higher MVC values

of the dominant and non-dominant hand than young

men studied by Mathiowetz et al. [12] (about 43

and 108 N higher, respectively). Moreover, the

MVC achieved by the AP using the dominant hand

was only about 8 N higher than the one achieved by

the non-dominant hand (in Mathiowetz et al. the
difference was 73 N). It may indicate that strength
exercises performed by the AP could affect the
reduction of strength deficit between hands.

The results of our study also showed that the

MVC in physically inactive prisoners did not differ

significantly from the MVC in students,

irrespective of the tested muscles. It was interesting
because we had assumed lower values of maximal
voluntary contraction in the convicts due to their
lower physical activity (students exercised regularly
for 4-5 years) and a negative impact of a long-term
imprisonment. Because the initial level of MVC in
the IP is not known we can only assume two causes
of this fact. The first one is that a relatively high
strength level in the IP group is genetically
determined, and the other one is that low physical
activity declared by the inactive inmates did not
have to be consistent with the truth (data was
obtained from inmates during the interview). But
even if we assume that the initial level of MVC of
these inmates was higher than that of physical
education students, imprisonment and lack of
physical activity should have a significant impact
on MVC reduction. One of the factors which could

affect strength capacity of prisoners could be a

rational, balanced diet of 2800 kcal/24h [15].

The obtained results allowed us to draw the
following conclusions:

1. Maximal voluntary contraction of dominant and
non-dominant hand flexors and elbow flexor
muscles achieved by physically active prisoners
is significantly higher than MVC of physically
inactive prisoners.

2. Maximal voluntary contraction of the non-
dominant hand flexors and elbow flexor
muscles achieved by physically active prisoners
is significantly higher than MVC of physical
education students.
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Maximal voluntary contraction of the dominant
and non-dominant hand flexors and elbow
flexor muscles of physically inactive prisoners
and physical education students did not differ
significantly.

REFERENCES

Aagaarg P., Simonsen E.B., Andersen J.L.,
Magnusson P., Dyhre-Poulsen P., Increased rate of
force development and neural drive of human
skeletal muscle following resistance training,
Journal of Applied Physiology, 2002, 93: 1318-1326.

Adamson M., MacQuaide N., Helgerud J., Hoff J.,
Kemi O.J.,, Unilateral arm strength training
improves contralateral peak force and rate of force
development, European Journal of Applied
Physiology, 2008, 103: 553-559.

Belavy D.L., Miokovic T., Armbrecht G,
Richardson C.A., Rittweger J., Felsenberg D.,
Differential atrophy of the lower-limb musculature
during prolonged bed-rest, European Journal of
Applied Physiology, 2009, 107: 489-499.

Berg H.E., Eiken O., Miklavcic L., Mekjavic 1.B.,
Hip, thigh and calf muscle atrophy and bone loss
after 5-week bedrest inactivity, European Journal of
Applied Physiology, 2007, 99: 283-289.

Booth F.W.; Weeden S.H., Tseng B.S., Effect of
aging on human skeletal muscle and motor function,
Medicine & Science in Sports & Exercise, 1994, 26:
556-560.

Duchateau J., Hainaut K., Isometric or dynamic
training:  differential effects on mechanical
properties of a human muscle, Journal of Applied
Physiology, 1984, 56: 296-301.

Hékkinen K., Kraemer W.J., Newton R.U., Alen M.,
Changes in electromyographic activity, muscle fibre
and force production characteristics during heavy
resistance/power strength training in middle-aged
and older men and women, Acta Physiologica
Scandinavica, 2001, 171: 1, 51-62.

Haskell W.L., Montoye H.J., Orenstein D., Physical
activity and exercise to achieve health-related
physical fitness components, Public Health Reports,
1985, 100: 202-212.

Kaciuba-Uscitko H., Nazar K., Fizjologiczne
nastgpstwa bezczynno$ci ruchowej 1 dlugotrwatego
pozostawania w pozycji lezacej (Physiological
consequences of physical inactivity and prolonged
stay in a lying position), (in:) Gorski et al. (ed.),
Fizjologiczne  podstawy  wysitku  fizycznego



Muscle strength in physically active and inactive prisoners

(Physiological bases of exercise), PZWL Warszawa,
2006.

[10]Kamen G., Aging, resistance training, and motor unit
discharge behavior, Canadian Journal of Applied
Physiology, 2005, 30: 341-351.

[11]MacDougall J.D., Elder GC.B., Sale D.G,
Moroz J.R., Sutton J.R., Effects of strength training
and immobilization on human muscle fibers,
European Journal of Applied Physiology, 1980, 43:
25-34.

[12]Mathiowetz V., Kashman N., Volland G., Weber K.,
Dowe M., Rogers S., Grip and pinch strength:
normative data for adults, Archives of Physical
Medicine and Rehabilitation, 1985, 66: 69-72.

[13]Melnyk J.A., Rogers M.A., Hurley B.F., Effects of
strength training and detraining on regional muscle
in young and older men and women, European
Journal of Applied Physiology, 2009, 105: 929-938.

[14]Miokovic T., Armbrecht G., Felsenberg D.,
Belavy D.L., Differential atrophy of the postero-
lateral hip musculature during prolonged bed rest
and the influence of exercise countermeasures,
Journal of Applied Physiology, 2011, 110: 926-934.

[15]10lek R.A., Dieta jako czynnik determinujacy
mozliwosci wysitkowe ptywakow (Diet as a factor
of swimmers’ endurance abilities), Sport Wyczy-
nowy, 2005, 11-12: 16-21.

[16] Pérez-Moreno F., Camara-Sanchez M., Tremblay JF.,
Riera-Rubio V.J., Gil-Paisan L., Lucia A., Benefits
of exercise training in Spanish prison inmates,
International Journal Sports Medicine, 2007 28:
1046-1052.

[17]Potier T.G., Alexander C.M., Seynnes O.R., Effects
of eccentric strength training on biceps femoris
muscle architecture and knee joint range of
movement, European Journal of Applied
Physiology, 2009, 105: 939-944.

[18]Toji H., Kaneko M., Effect of multiple-load training
on the force-velocity relationship, Journal of Strength
& Conditioning Research, 2004, 18: 792-795.

223



