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Abstract 
Osteometabolic diseases, especially osteopenia and osteoporosis, are degenerative pathologies caused by excessive loss of bone 
mineral density. The risk factors are diverse: hormonal factors, genetic predisposition, inadequate diet, obesity, sedentary 
lifestyle, diabetes mellitus, kidney disorders, autoimmune diseases, smoking, however, prolonged immobilization plays an 
important role. This study aims to analyze the development of insufficiency fractures secondary to osteometabolic diseases. 
This is a systematic literature review carried out using databases indexed in the Medical Literature Analysis and Retrieval 
System Online (MEDLINE), in accordance with the precepts established by the PRISMA methodology (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses). Five articles were selected to analyze the results, including patients with 
osteopenia taking medication who suffered fractures and patients with osteopenia without adequate treatment who suffered 
fractures. It was possible to observe that the number of fractures due to insufficiency in patients without treatment for 
osteopenia proved to be relatively higher when compared to the group of individuals with insufficiency taking medication. 
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Introduction 

Osteometabolic diseases, especially osteopenia and 
osteoporosis, are degenerative pathologies caused by 
the excessive loss of bone mineral density. 
Historically, in 1960 it became the focus of worldwide 
attention, evolving scientifically into an Osteoporosis 
Consensus in 2001, due to the context of the "21st 
Century epidemic", resulting from changes in the 
world's demographic profile, leading to increased 
longevity and lower birth rates, especially in the 
United States of America and the European 
Community [1]. In the eutrophic skeleton, bone is in 
a continuous state of renewal and resorption. As this 
balance is altered, with a decrease in neoformation 
and an increase in absorption, osteopenia develops, 
depending on the degree, up to osteoporosis.2 This 
second pathology is present in more than 200 million 
adults worldwide, and is multifactorial, characterized 
by low bone mass, poor bone quality and an increased 
risk of fragility fractures.3,4,5 The test used to 
diagnose these diseases is bone densitometry, with T-
Score values for osteopenia showing a decrease in 
BMD of between -1.1 and -2.4 standard deviations 

below the average for the young adult population, 
while in osteoporosis BMD is - 2.5 or more standard 
deviations [2]. 
The risk factors are diverse: hormonal factors, genetic 
predisposition, inadequate diet, obesity, sedentary 
lifestyle, diabetes mellitus, kidney disorders, 
autoimmune diseases, smoking, but prolonged 
immobilization plays a prominent role. In the context 
of prolonged immobilization secondary to fractures, 
both bone loss and sarcopenia are issues of public 
health impact, complications of underlying diseases 
and loss of quality of life for affected patients, limiting 
the development of daily and habitual life activities. 
Another point that stands out among the probable 
etiologies is hormonal dysfunction: estrogen 
deficiency in the female population from the peri-
menopausal period onwards is associated with 
reduced bone calcium absorption, as well as 
significant changes in the fracture healing cascade in 
women with osteoporosis [3,4,6]. After the age of 50, 
approximately half of the population will have 
osteopenia or osteoporosis, of which 50% will suffer 
at least one fracture as a result of minor trauma. 
Osteoporotic fractures occur every three seconds 
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worldwide, and this number tends to increase as the 
population ages [7,8,9,10]. The aim of this study is to 
analyze the development of insufficiency fractures 
secondary to osteometabolic diseases. It was carried 
out by means of a systematic literature review with 
meta-analysis, contributing to the scientific 
environment and medical management for diagnosis 
and therapeutic conduct. Taking into account the 
growth in the field of integrative medicine and the 
increase in life expectancy, more and more research is 
needed to help maintain quality of life. 
 

Methodology  

The search for complete articles was carried out 
through the PubMed, Scielo and Lilacs databases, 
using the following descriptors according to the 
Descriptors in Health Sciences (DeCS): 
"osteoporosis", "osteoporotic fractures" and 
"metabolic bone diseases". The selection criteria were 
free articles published in the last ten years, in 
Portuguese and English. After reading these, certain 
articles were excluded because they did not 
correspond to the theme. Keywords and Boolean 
operators were used as a search strategy: "osteoporosis" 
AND "osteoporotic fractures" OR "metabolic bone 
diseases". As this is a meta-analysis of published 
studies, approval by the ethics committee or 
institutional scientific review board was waived. This 
systematic review and meta-analysis study used the 
Preferred Reporting Items for Systematic Reviews and 
Metaanalyses (PRISMA) guideline as a guide for its 
development [11]. 
The PICOS principle (Population, Intervention, 
Comparator, Outcomes and Experimental Design) 
was used as an eligibility criterion.  
1) Population: patients with osteopenia  
2) Intervention: drug treatment 
3) Comparator: patients with osteopenia taking 
medication who suffered fractures and patients with 

osteopenia without adequate treatment who suffered 
fractures.  
4) Outcome: drug treatment efficacy rate.   
5) Experimental design: Randomized controlled trial.  
Studies were included if they included: [1] studies 
with humans [2] studies with a sample of osteopenia 
patients being treated or not [3] osteopenia patients 
who have suffered fractures [4] age over 59 years [5] 
studies published between 2013-2023 [5] original 
studies, primarily randomized clinical trials.  

Exclusion criteria for studies 

Non-randomized clinical trials, cohort studies, meta-
analyses, reference articles and books [2] Studies 
conducted on animals [3] Studies that did not analyze 
osteometabolic diseases as causes of fractures. 
The Cochrane Collaboration tool was used to analyze 
the methodological quality of the selected studies to 
determine the risk of bias.12 Each study was analyzed 
for randomization, blinding of the evaluator, the 
team, selective reporting, incomplete data and 
unknown source of bias [13]. 
The systematic review protocol was registered in the 
International prospective register of systematic 
reviews (PROSPERO) under ID CRD42023473256 
in order to improve the quality and suitability of the 
results to the proposed objectives. 
 

Results 

Initially, 195 articles were selected, excluding those 
that had been published for more than 10 years, 
leaving 70 articles. The titles were analyzed and 6 
articles were removed, leaving 42 articles to be read in 
full. At the end of the process, five articles were 
selected for analysis of the results. Figure 1 shows the 
flowchart used during the selection phases of the 
scientific articles, using the PRISMA methodology as 
a basis (Figure 1).
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Figure 1: Screening for study selection according to the PRISMA methodology. 

 
The 05 studies selected included patients with 
osteopenia who were victims of fractures, whether or 
not they had undergone drug treatment, and the drug 
of choice was not taken into account as a selection 
criterion. A total of 22,953 patients were included, of 
whom 1,934 had fractures due to insufficiency even 
when undergoing treatment for osteopenia, and 
2,268 had not undergone treatment for the condition 

and were victims of fractures. Most of the study 
population (81.6%) had osteometabolic pathology, 
but did not suffer fractures during the period 
analyzed. Table 1 shows the studies selected for 
analysis and a summary of the results obtained (Table 
1) [14,15,16,17,18,19]. Figure 2 shows the analysis of 
fractures by insufficiency (Figure 2) 
[14,15,16,17,18,19].

 

 
Figure 2: Analysis of insufficiency fractures. 
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Table 1: Insufficiency fractures in patients undergoing or not undergoing treatment for the pathology 
Study Sample patients with osteopenia Insufficiency fracture in patients undergoing 

Palacios et al 7,808 311+5.3 
Cosman et al 7,180 646 +10.5 

McClung e col 2.463 177 +-21.5 
Bone et al 4,550 485 +- 11.1 

Nakamura and col 952 315+-23.1 
Source: Own preparation (2023) 

 
Study Sample patients 

with osteopenia 
F+ Insufficiency fractures in patients 
undergoing treatment for osteopenia 

Insufficiency fractures in patients 
without treatment for osteopenia 

Palacios e col 7.808 311 +-5,3 516 +-5.2 
Cosman e col 7.18 646 +- 10.5 672 +- 10.5 
McClung e col 2.463 177 +-21.5 188 +- 22.9 

Bone e col 4.55 485 +- 11.1 573 +- 10.2 
Nakamura col 952 315+- 23.1 319 +-21.9 

Fonte: Elaboração própria (2023) 
 
Discussion 

The number of insufficiency fractures in patients 
without treatment for osteopenia has been shown to 
be relatively higher when compared to the group of 
individuals with insufficiency taking medications 
such as denosumab and romosozumab, for example 
[14,15,16,17,18,19]. The populations most at risk of 
osteoporosis include individuals subjected to 
prolonged disuse and the elderly. Disuse, due to 
prolonged bed rest, immobilization, paralysis and 
spaceflight-induced unloading, is related to low bone 
mass and an increased risk of fractures [20,21,22]. 
Bone is a very dynamic organ that is attuned to the 
mechanical environment, so prolonged periods of 
disuse result in lasting and important changes in bone 
mass, microarchitecture and strength [23,24]. In the 
event of a fracture, treatment is instituted based on 
the principle: it can be conservative or surgical, both 
of which have the potential to have musculoskeletal 
repercussions. Disuse of the limb, mostly secondary to 
immobilization and/or mechanical restriction of 
movement, leads to a decrease in mechanical tension 
on the bones, which results in a decrease in the 
stimulus for bone formation and a disproportionate 
increase in bone resorption (action of osteoclasts), 
favoring osteopenia. Muscle strength in the bone 
stimulates the production of osteoblasts, Wolff's law, 
since there is a direct relationship between muscle 
strength and increased bone density. It is possible to 
state that bone tissue remodels itself in response to 
mechanical stimuli applied to it, adapting to become 
stronger and more resistant to the forces exerted, 

through the processes of bone remodeling and 
resorption [25,26].  

Studies show that the highest prevalence of hospital 
immobility is due to fractures. Osteopenia and 
osteoporosis are bone disorders characterized by 
decreased bone mass and compromised structural 
strength, resulting in a structural bone deficit and 
increasing susceptibility to insufficiency fractures. 
After the age of 40, alterations in inflammatory 
mediators such as neutrophils, the cytokine Midkine 
(Mdk) and IL-6 can compromise the entire bone 
healing cascade in osteoporotic women. If they are 
elevated, they significantly reduce cell renewal activity, 
promoting poor bone remodeling [27,28]. Bone 
trophism is associated with the mechanical stresses 
that the skeleton receives. In cases of immobilization 
or decreased function, the organism realizes that to 
maintain structural integrity, all bone mass is not 
necessary, resulting in a decrease in both bone mass 
and BMD [29]. Most fractures that affect skeletally 
immature individuals with open physes are treated 
conventionally with plaster immobilization [30]. Due 
to the restriction of load and immobilization, there is 
loss of bone mineral tissue, functional limitations and 
muscular atrophy.31,32 Patients with mineral loss after 
a fracture can take years to recover or have a partial 
recovery [33,34,35,36,37]. This transient bone 
mineral deficit can delay rehabilitation and return to 
activities of daily living [38]. 

In the process of fracture consolidation, the impact of 
mechanical load is a complicated issue, which needs 
to be considered separately from aspects of changes in 
bone remodeling induced by disuse [39]. However, it 
is known that the compromise of the mechanical 
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environment associated with immobilization and 
restrictions load in the conservative or surgical 
treatment of fractures and followed by consolidation 
problems and fractures induced by disuse [40]. 
Immobilization stimulates resorption and reduces 
bone formation [41].  Even though orthopedics has 
evolved towards immobilizing patients less and 
providing early action of physiotherapy, yet many 
individuals suffer from hypoactivity for long periods.42 
Therefore, it is recommended to restrict it to the 
smallest possible segment and use it over a shorter 
period of days [43,44,45,46]. Bone healing is divided 
into two: direct and indirect. While direct occurs 
through high stability and low interfragmentary 
movement, for example with compression plates, 
indirect occurs through the formation of bone callus 
and is induced by a low degree of stability and 
considerable interfragmentary movement, for 
example the use of internal or external splints [47]. 
Thus, the appropriate balance between mobilization 
or load bearing and fracture stability is influenced by 
the anatomical location of the fracture and the 
surgical concept [48]. 
Bone mass recovery in response to physical exercise 
and pharmacotherapy has been studied in several 
models of disuse and unloading. Therefore, the most 
natural treatment for osteoporosis due to disuse is 
physical exercise, even if some of the disuse 
conditions do not allow remobilization. This 
combined therapy of specific medications and 
physical activity appears to be effective in combating, 
even partially, the bone loss observed. It should be 
noted that bone loss induced by bed rest continues in 
the first weeks after ambulation [49,50]. In relation to 
the drugs used, there are two classes of drugs for 
osteoporosis, anti-resorptive or anti-catabolic drugs 
and bone formation stimulators or anabolic drugs. 
The first class acts by inhibiting osteoclasts, 
responsible for initiating bone remodeling, being 
subdivided into hormonal drugs, bisphosphonates. 
and biological. Anabolic drugs, on the other hand, 
exert the function of stimulating bone formation, 
through osteoblasts, and are therefore stimulators of 
bone metabolism [51]. All patients with bone loss, or 
those at risk of bone loss, should be advised to 
supplement or increase their dietary intake of calcium 
and vitamin D. Since approximately 50% of the 
calcium ingested by the adult population is absorbed 
by the intestine and there is a decrease in with age, 
with vitamin D being responsible for the absorption 
of intestinal calcium, making supplementation 

necessary in elderly, hospitalized and sedentary people 
[52,53,54,55,56]. The treatment of osteoporosis 
prevents high mortality rates after fractures due to 
frailty in the first year after fracture (30%) and also 
leads to a reduction in mortality and an improvement 
in the ability to carry out activities of daily living 
(90%) [57,58,59,60,61,62]. 

 

Conclusion 

It is already known that immobilization or disuse are 
conditions that may be associated with a decrease in 
bone mass. Bone deposition is regulated by the 
amount of tension applied, which means that people 
immobilized after fractures can suffer from 
osteopenia, even over a short period. As bone 
biomechanics is sensitive to physical stimuli, altering 
its mass, it is important to highlight the importance 
of a postoperative period with greater mobility and 
overload as early as possible. Furthermore, the higher 
prevalence in women is due to the reduction in 
estrogen levels in the peri-menopausal period, which 
can reduce bone absorption of calcium, increasing the 
predisposition to fractures as a result of low-energy 
trauma and delayed bone healing. Bone is a living 
tissue that is continually renewed. 
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