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INTRODUCTION
The digestive tract is inhabited by many microorganisms. 
Their number is 10 times greater than the number of the 
cell making up the human body [1]. The inhabitance of the 
digestive tract begins shortly after birth. Before mentioned 
microorganisms coexist in the state of symbiosis with the 
human organism [2]. In the microenvironment of the 
intestines the dominant species is bacteria, which are not 
very specified genetically. The microflora is individual to 
every human [3]. Only one third of the species inhabiting 
the digestive tract is the same between all humans [4]. The 
effect they have is modified by several factors, including: 
age, gender, eating habits, life style etc. Those microorgan-
isms work in different ways, such as: they take effect on me-
tabolism and absorbing minerals, they regulate electrolyte 
balance, they protect the organism against pathogens and 
they take effect on the whole immune system. It is clear to 
see that they play a crucial role in many areas at the same 
time keeping the homeostasis in the whole organism [3]. 
Disturbances in the microenvironment can cause changes 
in absorbing dietary nutrients (which take up to 65% of 
the bone structure) and can also cause inflammation of 
intestines, which can lead to changes regarding remodeling 
and forming of the bone tissue [5, 6]. 

The aim: The purpose of this article is to collect infor-
mation about the effect of the microflora on the skeleton 

system, and whether the changes in the homeostasis of 
the intestines have an effect on the frequency of occurring 
diseases in this system.

REVIEW AND DISSCUSION

IMPACT OF THE MICROBIOME OF DIGESTIVE 
TRACT ON REBUILDING OF BONE TISSUE
Microorganisms inhabiting the digestive tract play a signifi-
cant role on homeostasis and health of the whole organism. 
In recent years many studies have been performed confirm-
ing the hypothesis, that the bacterial flora in the digestive 
tract has an effect on correct metabolism of bone tissue, 
and disturbances in it is contents may lead to changes in 
physiological processes of remodeling of the bone tissue 
[7]. The studies performed on animals deprived of intes-
tinal microflora show, that the lack of digestive tract flora 
lead to the increase of density of the mineral cancellated 
bone and the number of bone trabecula on the surface, 
further causing the increase of volume of bone tissue, which 
in literature is marked as BV/TV (bone volume density). 
The acquired results in this group of individuals are most 
likely connected to the inhibition of osteoclastic processes, 
which is caused by decreasing number of osteoclasts and 
their precursors. The resettlement of digestive tract over 

DISORDERS OF THE INTESTINAL FLORA AND IT IS EFFECT  
ON SKELETAL SYSTEM DISEASES

DOI: 10.36740/WLek202009105  
 
Agnieszka Tomczyk-Warunek1, Anna Dubiel1, Ewa Poleszak2, Rudolf Blicharski1, Maciej Dobrzyński3

1CHAIR AND DEPARTMENT OF REHABILITATION AND ORTHOPAEDICS, MEDICAL UNIVERSITY OF LUBLIN, LUBLIN, POLAND
2DEPARTMENT OF APPLIED AND SOCIAL PHARMACY, LABORATORY OF PRECLINICAL TESTING, MEDICAL UNIVERSITY OF LUBLIN, LUBLIN, POLAND
3DEPARTMENT OF CONSERVATIVE DENTISTRY AND PEDODONTICS, WROCLAW MEDICAL UNIVERSITY, WROCLAW, POLAND

ABSTRACT 
The intestinal microflora plays an important role in the proper functioning of human.  It is complex, diverse and dynamic ecosystem that constantly strives to maintain homeostasis 
throughout the body. The process of acquiring intestinal microflora begins immediately after human birth. Elementary factors that determine the modification of the composition 
of the microflora are age, sex, diet, lifestyle. Determinate individual composition of the microflora. Microorganisms inhabiting the intestine perform various functions, from 
metabolic, immune to trophic. Early changes in the intestinal microflora are reflected in the state of human health. Recently, many studies have been carried out confirming the 
hypothesis that the bacterial flora of the gastrointestinal tract affects the normal metabolism of bone tissue, and disorders in its composition can lead to the appearance of bumps 
in the processes of physiological remodeling of bone tissue and contribute to the formation of many inflammations. Microorganisms that rot in the digestive tract regulate bone 
metabolism through three mechanisms: the impact on the immune system, the hormonal system and the impact on the absorption of minerals. Disorders in the microflora of 
the digestive tract can lead to the development of inflammatory bowel diseases, and as a consequence to the accelerated development of osteoporosis or arthrosis of the joints.
The aim: To collect available publications confirming the impact of microflora on the skeletal system.

  KEY WORDS:  intestinal microflora, osteoporosis, arthrosis

Wiad Lek. 2020;73(9 p. I):1835-1839

REVIEW ARTICLE 



Agnieszka Tomczyk-Warunek et al. 

1836

the course of three weeks caused the BMD (bone mineral 
density) in these animals to level out. The cause of this, 
most likely is that the intestinal microflora increased the 
activity of osteoclasts and therefore caused an increased 
rate of osteoclastic processes [8].

A study conducted in 2016 shows slightly different results 
[9]. It proves that control group that had the intestinal 
microflora in comparison to the other group, which did 
not possess the bacterial flora proved to have a significantly 
longer femur and better quality of cortical bone. No dif-
ferences in the density of bone tissue could be spotted in 
neither group [9]. The acquired results in aforementioned 
experiments may differ, because they were conducted on 
different genders and different species. This fact proves the 
hypothesis, that the impact of microflora on bone structure 
is dependent on gender and the genes of a host because 
those two factors influence which microorganisms build 
the microenvironment of the digestive tract. The studies on 
mice deprived of the microorganisms inhabiting the diges-
tive tract into which bacterial flora from donors in different 
ages and genders were transplanted  showed a difference 
in the metabolism of bone tissue. Those differences were 
observed in the case of trabecular bone in these animals. 
This shows, that age and supplementation has a great im-
pact on the way the microflora interacts with metabolism 
of the skeletal system [10]. The study was also conducted 
on animals, in which to influence the microenvironment of 
the digestive tract scientists used multitargeted antibiotics. 
In the group where animals received treatment there was a 
significant change in the density of the cortical bone, and 
its geometrical parameters [11]. All of the results show how 
the microflora of the digestive tract impacts the metabolic 
processes happening inside the bone tissue. There’s hardly 
any research conducted on this flora on the organism of a 
human, but the results of the animal studies can be linked 
to the human organism and can be used as a base to fu-
ture studies. The subject of the impact of the microflora 
has become more and more popular over the last years. 
Nowadays, research which study the impact of pathology 
of the microenvironment of the intestines only cover the 
inflammation of the digestive tract on the appearance of 
diseases of the cartilage tissue.

REGULATION OF REBUILDING THE BONE TISSUE 
THROUGH MICROORGANISMS INHABITING THE 
DIGESTIVE TRACT
Microorganisms inhabiting the digestive tract regulate 
the metabolism of the bone tissue using 3 mechanisms: 
impacting the immune system, hormonal system of the 
host and absorbing minerals [7]:

IMPACTING THE IMMUNE SYSTEM
The microflora inhabiting the digestive tract stimulates the 
immune system through  speeding up the production of 
antibodies. In the last few years studies have shown, that the 
immune system has a great impact on rebuilding the bone 

tissue through the impact on the RANKL-RANK-OPG 
system. Thanks to that, we can safely associate changes 
in the microflora of the digestive tract with pathological 
mechanism of the bone tissue using the immune system [7]. 
Recently conducted studies on mice without the intestinal 
microflora showed, that the lack of the ecosystem in the 
light of the intestines has impact on the immune system of 
the host. In comparison to control group, the animals had 
lower level of proinflammatory cytokines and less helper 
T cells, which directly impacted the RANKL-RANK-OPG 
system, limiting the action of osteoclasts through directly 
lowering their precursors in the bone marrow [6, 8].

IMPACTING THE HORMONAL SYSTEM
The hormonal system has a great impact on the metabo-
lism of supporting tissues. One of the greatest impacting 
factors is insulin-like growth factor type I (IGF-1), which 
synthesis is stimulated by the growth hormone (GH). IGF-1 
(insulin-like growth factor type I) boosts the differentiation 
and growth of osteoclasts, osteocytes and chondrocytes. It 
is also responsible for maintaining the correct interaction 
between bone tissues and cartilage tissues. Homeostasis 
is also greatly impacted by sex hormones, estrogens and 
androgens [7].

Research conducted in the last few years consider the di-
gestive tract bacterial flora as a new „hormonal organ”, which 
impacts the whole organism. Microorganisms inhabiting the 
light of intestines synthesize hormones or products similar 
in composition to hormones and impact the synthesis of 
hosts hormones, impacting the homeostasis of the organism. 
Among other things, the y impact the synthesis of IGF-1 
[12, 13]. A decrease of IGF-1 can also be observed in mice 
without the bacterial microflora with additional loss of bone 
tissue [8]. Resettlement of the digestive tract with the mi-
croflora caused the increase of IGF-1 additionally boosting 
the bone density and bone growth [13].

The intestinal microbiome also impacts the sex hor-
mones. In mice, who were given antibiotics the level of 
estrogens was lower. Lower level of sex hormones increases 
the permeability of the intestinal barrier at the same time 
contributing to appearance of inflammatory states of the di-
gestive tract, which also negatively impacts the metabolism 
of bone tissue [13]. Research conducted on mice without 
the bacterial microflora also showed, that until achieving 
sexual maturity in both genders the results were similar. 
Differences can be spotted only in later life [6].

IMPACTING THE ABSORPTION OF MINERALS
Correct diet plays a vital role in formation and maintaining 
the correct bone mass, especially the adequate number 
of minerals. One of the most important minerals in this 
case is calcium, which makes the majority in building 
the skeletal system. Another very important mineral is 
vitamin D, which is responsible for absorption of calcium. 
Phosphorus is another important element, but more im-
portant is maintaining the balance between these minerals. 
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Besides the correct minerals, we must focus our attention 
to absorption, which is controlled by the microorganisms 
inhabiting the digestive tract. They impact, among other 
things, the absorption of calcium and vitamin D. The mi-
croflora impacts the absorption of calcium through short 
chain fatty acids which are being made in the process of 
fermentation, which lower the pH of the intestines. Low pH 
helps the absorption of calcium [14]. The microorganisms 
inhabiting the light of the intestines impact the metabolism 
of the bone tissue. The positive impact of the fatty acids is 
not only connected to lowering the pH of the intestines, 
but their impact of boosting the process of rebuilding of 
intestinal epithelial cells [13].

A special impact of micro-flora in correct absorption of 
minerals was confirmed by studies involving prebiotics, 
probiotics and their combination in form of symbiotics. 
The usage of these substances positively impacted the 
absorption of calcium. Lactobacillus salivarus in form of 
probiotics increased the absorption of calcium by entero-
cytes in cell culture. Studies performed on rats growing 
and mature, which were given prebiotics proved to have 
an impact on increasing the absorption of calcium and 
increased the participation of calcium in skeletons of these 
animals. Supplementation of prebiotics in young women 
and teens increased the absorption of calcium [13, 15].

RELATIONSHIP OF DISORDERS IN DIGESTIVE 
TRACT MICROFLORA AND OSTEOPOROSIS
Osteoporosis is a metabolic sickness of bone tissue, which 
is responsible for weakening the bones. In result, low ener-
getic fraction may appear. It is a disease which is caused by 
pathological changes in the process of rebuilding the bone 
tissue which is connected to a disbalance of osteogenesis 
and osteolysis processes. Contributing to the appearance 
of this disease are mostly genetic and environmental fac-
tors [16].

One of the factors impacting the metabolism of the bone 
tissue in the females is the level of estrogens, which lowers 
in the later ages of life. It is connected to lower secretion of 
these hormones by gonads [17]. The impact of estrogens 
on metabolism of bone tissue is proven by studies on an-
imals, which had the female gonads removed or had the 
sex hormones impact blocked which lead to increased loss 
of bone mass [12]. Acquired results from woman during 
menopause, in which physiologically there is a restriction 
of action of gonads and lowered secretion of estrogens 
also confirm the impact of those hormones on rebuilding 
the bone tissue. Loss of bone mass and lowering of the 
mineral density can be observed, which is the direct cause 
of osteoporosis [18].

In the last few years studies were performed, linking the 
digestive tract micro-flora to the appearance of osteopo-
rosis. These studies were performed on animal models, in 
which in order to bring up osteoporosis ovariectomy is 
performed or the sex hormones action is inhibited, which 
causes the resorption of bone to slow down and osteopo-
rosis to appear.

Study performed by Li et al. conducted on 3 groups of 
mice: control group, which had the bacterial flora, mice 
without the bacterial flora, and mice without the bacterial 
flora, which were resettled with the bacterial flora, in order 
to regulate disturbances which this species had (immu-
nological problems, involving less helper T cells). In all 
researched groups in order for the osteoporosis to appear a 
GnRH (gonadotropin-releasing hormone) agonist leuprolide 
was used. Supplementation of this substance which blocks 
the action of steroid hormones contributed to the increase 
in resorption of bone tissue in the control group and the 
resettled group, but not in the group without the bacterial 
flora [19]. This proves, that the digestive tract micro-flora 
has an impact on the metabolism on bone tissue.

In order to control if the microorganisms inhabiting the 
digestive tract have an effect on this disease (osteoporosis) in 
the experimental group infused with osteoporosis probiotic 
bacteria were used such as: Lactobacillus reuteri. Acquired 
results  in this study show, that the usage of probiotics in the 
course of osteoporosis lowers the resorption of bone tissue 
through lowering the activity of osteoclasts [20].

RELATIONSHIP BETWEEN INFLAMMATORY 
BOWEL DISEASES AND OSTEOPOROSIS
Disturbances in the micro-environment can be caused 
by inflammatory diseases, which can lead to increasing 
the danger of osteoporosis to appear, which weakens the 
bone tissue causing the low-energetic fractures to appear 
[12]. Changes in bones during nonspecific inflammatory 
bowel diseases is connected to disturbances of absorption 
of calcium and vitamin D.

The inflammatory bowel diseases involve: ulcerative 
colitis and Chron’s disease. In patients with aforementioned 
diseases the risk of osteoporosis to appear is, respectfully, 
16-77% and 5-40%. Also the frequency of fractures is 
increased and is 40-60%. During the diseases the risk of 
osteoporosis to appear in women and men balances itself 
[21]. Greater risk of osteoporosis to appear is connected 
to the decrease of bone mineral density, which causes the 
osteopenia to appear and osteoporosis to develop [22].

The process of losing bone mass in patients with inflam-
matory bowel diseases is not fully known. First studies 
suggested, that the medicine used in the diseases of the 
digestive tract, such as corticosteroids have an impact on 
losing the bone mass. The appearance of metabolic diseases 
of bone tissue in patients with inflammatory bowel diseas-
es may result from disturbances in absorption of dietary 
nutrients [22]. Studies performed on patients with IBD 
(inflammatory bowel diseases), who were not given medi-
cine showed, that in these patients the mineral density of 
bone tissue is decreased. However, in blood plasma of those 
patients, a higher level of proinflammatory inteleukines 
(IL) as: IL 1, IL 6, IL 11, IL 15, IL 17, which are recognized 
as stimulating agents of the osteoclastogenesis process. The 
mentioned results show, that not only medicine used in 
treatment of IBD or disturbances in absorption of dietary 
nutrients cause the decrease of BMD, but the inflammatory 
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process itself which stimulates the activity of osteoclasts, 
which are responsible for the resorption processes in bone 
tissue [22].

IBD also affect the youth and children. Children suffering 
from IBD show dwarfing, which can be present in later life. 
Disturbances in growth and development of such young 
organism are connected to pathophysiological changes in 
metabolic changes of bone tissue, so impairment of both 
processes happening in bone tissue growth (osteolytic pro-
cess and osteogenesis process). Children, in which IBD was 
diagnosed also show reduction of bone tissue remodeling 
process in trabecular bone and lowering the level of bone 
turnover markers. Because of the treatment, the level of 
bone turnover markers returns to normal. However, the 
mineralization of bone tissue still isn’t correct [23]. In 
available literature there is no studies that would show the 
impact of IBD on the metabolism of bone tissue and about 
creation of peak bone mass in children and youth with 
those diseases that are long term. Available information on 
IBD on skeletal system of children and youth is short term. 
Acquired results from these types of studies show, that 
bone mass in children with IBD is lower in comparison to 
healthy children. Disturbances in growth and development 
in children and youth because of the diseases may lead to 
development of incorrect peak bone mass, which in the 
adult life may lead to the appearance of osteoporosis [23].

As it is shown in mentioned literature, the IBD affect 
not only adults with fully developed bone mass, but also 
children and youth during the development, which nega-
tively affects the growth of their skeletons, which may lead 
to appearance of bone tissue diseases.

DISTURBANCES OF DIGESTIVE TRACT 
MICROFLORA AND IT IS EFFECT ON 
DEVELOPMENT OF ARTHROSIS
Arthrosis is a degenerative disease, which is connected to 
degeneration of cartilage. This disease contributes to the 
appearance because of the damage to cartilage. In advanced 
cases it may lead to full disability. A lot of factors may lead 
to arthrosis to appear, and can be split into 2 categories: 
genetic and environmental. It can be safely assumed, that 
the etiology of this disease has a multifactorial character. 
Research conducted over the years prove, that for the ar-
throsis to appear there may be a long term inflammatory 
state of the entire organism [24]. The intestinal microflora 
affects not only the physiology of the intestines, but the 
entire organism of the host. Disturbances of the micro en-
vironment of intestines affect the appearance of IBD which 
are characterized by being long term and maintaining  a 
constant inflammatory state of the organism. Research 
conducted over the years prove, that the disturbances in the 
intestinal microflora affect the appearance of autoimmune 
diseases such as rheumatoid arthritis or celiac disease [22]. 
In the last years we are trying to tie the disturbances of the 
intestinal micro-environment with the development of 
arthrosis, because the changes in the intestinal microflora 
negatively affect the homeostasis of the entire organism. 

Available results of studies conducted on animals, whose 
microflora contents were disturbed by supplementation of 
multi targeted antibiotics, or animals without the micro 
flora. These studies show, that changes in the intestinal 
micro environment negatively affect the metabolism of 
the bone tissue [8, 9, 11].

Basing on the mentioned results it can be assumed, that 
the disturbances in the microflora negatively affect the 
metabolism of the cartilage tissue, which in later life may 
lead to the appearance of arthritis. However in the available 
literature there is no evidence proving this hypothesis. 
Because of that it can be assumed, that the impact of distur-
bances of the intestinal microflora on changes happening 
in cartilage tissue can be a new field for research.

CONCLUSION 
The impact of changes in digestive tract microflora on 
metabolism of the bone tissue is a new field for research. 
In available literature in the last few years the results prove, 
that the disturbances of the microflora of the digestive 
tract impact on the metabolism of bone tissue. These 
studies were conducted on experimental animals. There 
is however a lack of data about humans. Acquired results 
can be transcribed to humans only partially. On the other 
half, disturbances in the microenvironment of the digestive 
tract lead to the appearance of IBD of different character. In 
available literature there is a lot of information of the neg-
ative impact of the IBD on peak bone mass of the patients 
and the growth of frequency of osteoporosis, which leads 
to higher risk of low energy fractures. In the last few years 
there is also information about how important the usage 
of probiotics, prebiotics and symbiotics is, which positively 
impact the microflora of the digestive tract, which indirect-
ly impact the homeostasis of the entire organism, including 
the skeletal system. The impact of the microbiome on the 
metabolism of bone tissue is already confirmed, however 
the mechanism of that is not yet known. The impact of 
changes of the contents of microorganisms inhabiting the 
light of the intestines is also not yet explored. The studies 
involving the changes in the microenvironment of the 
intestines on the metabolism of the supporting tissues is a 
new field for research, which gives the field for new studies 
to be performed in order to better know the interactions 
between the microbiome of the intestines and the metab-
olism of those tissues.
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