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Abstract

Introduction: It is known that physical exercise can influence the morphometry of bone tissue. This 
influence depends on the intensity, frequency, duration and mode of exercise. However, these aspects are 
not well described in literature. Futhermore, morphometric parameters for the study of bone tissue are more 
suitable to investigate this effect. Given these uncertainties, we intend to investigate the effects of exercise in 
bone morphometry. Materials and methods: For this study, we performed a systematic search of articles in 
PUBMED, MEDLINE, OLD MEDLINE, SciELO and LILACS. We used the keywords: “morphometry”, 
“physical exercise” and “bone”. Results: Initially we found a total of 40 articles. Articles in which animals 
were submitted to pharmacological or surgery intervention as well as those where rats had some disease or 
hormonal alteration were excluded. After selection according to inclusion and exclusion criteria, only three 
articles remained. Discussion: Newhall, Kenneth, Marjoleine et al. (1991) investigated the effects of exercise 
in a non-systematic way, with no definitions of exercise parameters. It is suggested that various features of 
physical exercise, besides intensity, can influence on bone mechanical properties. The results of this research 
show the need to establish defined standards concerning the mode, intensity, frequency and duration of 
exercise. Conclusion: It was not possible to determine which morphometric parameters are the best to 
represent these changes. More studies in this area are suggested in order to comprehend the influence of 
physical exercise on bone tissue.
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1	 Introduction

It is well known that physical exercise promotes several 
individual health benefits. The benefits most commonly 
related in the literature are cardiorrespiratory endurance, 
decrease in the risk for chronic-degenerative diseases and 
increase in the mineral bone density (ANTUNES, SANTOS, 
CASILHAS et al., 2006). The increased bone density caused 
by weight-bearing exercises are observed in studies with 
both human beings (DALSKY, STOCKE, EHSANI et al., 
1988) and animals (CHEN, YEH, ALOIA  et  al., 1994; 
MENDONÇA, FREITAS, RAMALHO et al., 2007).

Changes in bone tissue due to physical exercise are 
related to some characteristics of this tissue. Bone is a highly 
vascular, living and dynamic tissue, giving it a remarkable 
capacity for regeneration and adapting its mechanical 
properties according to mechanical demand (NORDIN and 
FRANKEL, 2003). For the growth and strengthening of 
bone mass, there must be minimum mechanical stress placed 
on it to guarantee proper bone grown and skeletal health 
(HAMILL and KNUTZEN, 1999).

Both densitometry and bone biopsy can be used as a way 
to evaluate the effects of exercise on bone tissue, however 
these techniques were considered inadequate to investigate 
the skeletal response to physical stimulus. Therefore, it was 
necessary to study morfometric and histological parameters 

in order to better understand the beneficial effects of physical 
exercise on bone tissue (OCARINO and SERAKIDES, 
2006).

Although the positive influence of physical exercise on 
process of maintenance and gain of bone mass has been 
well defined, there are some questions about this issue. 
Information about ideal mode, intensity, frequency and 
duration of physical exercise due to adequate bone stimulus is 
insufficient (RUSCHEL, HAUPENTHAL and ROESLER, 
2010).

Based on this explanation, the aim of this study is to 
review the available evidence in literature regarding on the 
effects of different type of exercises on bone morphometric 
parameters.

2	 Material and methods

The articles that compose this systematic review 
were obtained from the following databases: SciELO 
(Scientific Eletronic Library Online), LILACS (Latin 
American and Caribbean Health Sciences), PUBMED 
(National Library of Medicine and The National Institute 
of Health), MEDLINE (U.S. National Library of 
Medicine – 1997‑2010) and MEDLINE OLD (US National 
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way, with no definitions of these parameters. By contrast 
Wheeler, Graves, Miller et al. (1995) suggest that intensity 
and frequency can influence highly on gaining bone mass, so 
he proposes a detailed study of physical exercise.

According to Cunha, Pontes-Junior, Bacurau  et  al. 
(2007), high-impact exercise can lead to a loss of bone 
mass. Wheeler, Graves, Miller  et  al. (1995) have observed 
in their experiments that animals submitted to this intensity 
of exercise had a significantly less medullary area and in 
the cross-sectional area of marrow and cortical bone and 
cortical thickness. McDonald, Hegenauer and Saltman 
(1986) suggest that various features of physical exercise, 
besides intensity, can influence bone mechanical properties. 
This reflects complex interactions between bone remodeling 
and exercise intensity, exercise duration, animal species and 
skeletal age. Up until now, there is no registration of an ideal 
duration of exercise in order to maintaining or increase bone 
density. Duration exercise had no influence on either of the 
morphometric parameters evaluated by Wheeler, Graves, 
Miller et al. (1995). In the other two articles (NEWHALL, 
KENNETH, MARJOLEINE  et  al., 1991; WARNER, 
SHEA, MILLER  et  al., 2006) found in this review, the 
parameters of exercise were not taken into account which 
demonstrates the lack of studies and the need for further 
research into the effect of exercise on bone morphometry.

In study of Wheeler, Graves, Miller  et  al. (1995), it 
was showed that effects on bone morphometry depend 
on intensity of physical training, according to decrease 
on marrow area due to high intensity exercise. However, 
Joo, Sone, Fukunaga et al. (2003) observed no significant 
difference evaluating the same morphometric parameter of 
animals that were submitted to moderate exercise. Then, 
the definition of the protocol of exercise, concerning to 
intensity, should be better investigated.

The experimental models used in the most articles were 
Sprague Dawley rats, only Joo, Sone, Fukunaga et al. (2003) 
studied a different lineage of rats. However, in the literature 
it is not defined what species of animals are more suitable for 
investigating the effects of physical exercise on bone tissue. 
Due to this fact, it would be interesting to find a more 
suitable  experimental model for this purpose (HUANG, 
LIN, CHANG  et  al., 2003). Comparative studies using 
different experimental models that represent humans well 
should be used as a way of finding an appropriate model. 
These experimental models mimic the human organism as 
some invasive methods are hard or impossible to study in 
human subjects (WHEELER, GRAVES, MILLER  et  al., 
1995).

Regarding the age of experiment models, the articles 
which compose this review investigate the following animal 
ages: 28, 40, 90 and 120 days from birth. It is known that 
bone tissue structure of humans varies with age. In the first 
two decades of life (childhood until early adulthood), there 
is a progressive and massive increase of bone mass. But 
from the second decade there is a progressive and absolute 
loss of bone mass (ROSSI, 2008). According to bone age, 
there could be different effects of physical exercise on bone 
mechanical properties, so it is extremely important to take 
age into account when studying bone tissue.

The article by Warner, Shea, Miller et al. (2006) brings 
an innovation when comparing this with the other articles, 
because it investigates effects of exercise with (running) and 

Library of Medicine - 1966‑1996). This research was carried 
out during the period from October, 2010 to November, 
2010. The searching strategy involved for exploring all 
databases was with these search terms: “physical exercise”, 
“morphometry” and “bone”.

In this Review, original articles involving all rat lineages 
submitted to all kind of physical exercise were included. 
Articles in which animals were submitted to pharmacological 
or surgery intervention as well as those where rats had some 
disease or hormonal alteration were excluded. Also, articles 
which were not wholly available on databases were excluded. 
There were no temporal limits in selecting the articles.

3	 Results

Concerning the cross terms previously described, a total of 
40 articles, were found: 23 on PUBMED, 11 on MEDLINE, 
6 on MEDLINE OLD, 0 on LILACS and 0  on SciELO. 
After that, according to inclusion and exclusion criteria, 
8 articles were selected. From these, 5 were further excluded: 
4 repeated and 1 unavailable, leaving only 4 articles.

After applying the inclusion and exclusion criteria, the 
4  selected articles were summarized on a table  (Table  1). 
In this table, the following criteria were established: author 
and year of publication of the article, an experimental model, 
its model age, type, intensity, duration and frequency of 
exercise to which the animals were subjected, morphometric 
parameter evaluated and the result of this assessment.

The results of this survey indicate an incipient interest 
in studying morphology of bone tissue in the world. The 
only country where the relation between morphometry and 
physical exercise, according to criteria established, is studied 
is in United States of America (USA). In the results table, it 
can be observed that only three articles investigate this issue. 
Moreover, the oldest one is from the 1990s (NEWHALL, 
KENNETH, MARJOLEINE et al., 1991).

4	 Discussion

In Brazil, there are some studies on bone morphometry 
whose aims are to analyze various influences on bone tissue, 
such as implanting bone grafts (YAEDÚ, BRIGHENTTI, 
CESTARI  et  al., 2004) and process of bone repair 
(MENDONÇA, FREITAS, RAMALHO  et  al., 2007). 
However, according to inclusion criteria of this study, it was 
not found studies about the influence of physical exercise on 
bone morphometry  without inducing  pharmacological, 
hormonal or  surgical changes.  This data  demonstrates the 
great need to develop studies in this area.

In Newhall, Kenneth, Marjoleine et al. (1991), the oldest 
one found in this review, only two morphometric parameters 
were evaluated, whereas in the most recent study more 
parameters were added that demonstrate greater interest 
in approaching this issue in further detail. A technological 
progress associated with increased interest in investigating 
new morphometric parameters (MENEZES and SFORZA, 
2010) can be therefore be noticed, in order to produce 
further studies on the morphometry of the bone.

The results of this research show the need to establish 
defined standards concerning mode, intensity, frequency and 
duration of exercise. Newhall, Kenneth, Marjoleine  et  al. 
(1991) investigated the effects of exercise in a non-systematic 
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without weight bearing (swimming), as well as comparing 
them. The exercise with weight bearing can lead to bone 
mechanical alterations (RUEFF-BARROSO, MILAGRES, 
VALLE et al., 2008). Despite several studies having shown 
some benefits of swimming to both humans and animals they 
are still insufficient to prove its effects on bone morphometry.

Three quarters of the articles analyzed the effect of 
exercise of bone provided by aerobic exercise on treadmill. 
This is relevant, because, nowadays treadmill is widely 
used as program of physical training for people of all ages 
(CAMARGO  FILHO, VANDERLEI, CAMARGO  et  al., 
2005).

It can be observed on the results table  that depending 
on the mode of exercise, the bone chosen to be studied is 
different. When studying the effects of swimming, the bone 
selected was the femur, but in studying running, the chosen 
bone was the tibia. According to Warner, Shea, Miller et al. 
(2006), both mode exercises lead to the same alteration on 
bone tissue regardless of the bone chosen.

5	 Conclusion

Bone morphometric alterations due to physical exercise 
depend on various factors, such as mode, intensity, frequency 
and duration of physical exercise, besides bone ages. 
However, the current studies are insufficient to ensure what 
parameters are likely to influence properly. It is suggested, 
therefore, that more studies be done in order to fill in the 
gaps.
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