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Abstract 

Introduction 

Stress fractures are injuries produced by the overuse of certain extremities, generat-
ing repetitive fatigue in the bone with insufficient rest periods and hormonal disor-
ders, among others. High osteoclastic activity and lower activity of the osteoblasts 
at the cortical level occurs.  

Objective 

To determine the factors associated with a stress fracture in a single medical center 

of the Peruvian navy.  

Methods 

We conducted an observational, analytical case-control study. The dependent vari-
able was stress fracture confirmed by magnetic resonance imaging of the patients; 
the independent variables were age, sex, calcemia, socioeconomic status, and time 
of daily physical activity. All data were extracted from the medical records. Crude 

and adjusted odds ratios were calculated with 95% confidence intervals.  

Results 

The sample was comprised of 238 patients (119 cases and 119 controls), of which 
79.8% were male, and 20.2% were female; the average age was 20.25. In the bivari-
ate analysis, stress fractures were associated with male sex (odds ratio 3.00; 95% 
confidence interval 1.51 to 5.95), hypocalcemia (2.83; 2.32 to 3.44), more than two 
hours of daily physical activity (24.7; 12.51 to 48.95) and socioeconomic level C 

(6.66; 2.82 to 15.74). Time dedicated to physical activity (adjusted odds ratio 44.46; 95% confidence interval 17.93 to 110.22) and socioeconomic 

level C (adjusted odds ratio 22.57; 95% confidence interval 7.03 to 72.74) were associated in the multivariate analysis.  

Conclusion 

We found that stress fractures were associated with physical activity time and a lower socioeconomic level. Further studies are needed to evaluate 
the relationship with other factors in the military population of Peru. 
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Introduction 

Stress fractures are injuries that generally occur when overusing cer-
tain extremities or when applying excessive high-intensity training 
with heavy loads to the bone without adequate resting periods. This 
process can cause an increase in the activity of osteoclasts, generat-
ing microtraumas and microfractures, and finally producing a stress 
fracture1. The continuous stress produces microfractures that could 
subsequently be aggravated in a cortical rupture, or stress fracture1. 
This type of fracture is responsible for 0.7 to 20% of all injuries in 
the clinical sports medicine practice2, and they represent approxi-
mately 10% of all overuse injuries in athletes, dancers, and military 
recruits3,4. 

Typically, the bone adapts to mechanical loads through a remodeling 
process in which osteoclasts reabsorb the laminar bone, creating re-
sorption cavities that are subsequently replaced by denser bones by 
osteoblasts1. However, because there is a delay between the increase 
in osteoclast activity and osteoblastic activity, the bone weakens dur-
ing this time, increasing the risk of microfractures5. Furthermore, 
there is evidence to suggest that these stress fractures may appear as 
a consequence of pure cyclic overload without the bone remodeling 
process6. 

Risk factors for stress fracture can be classified as extrinsic (external) 
or intrinsic (internal). Injuries occur as a result of a convergence of 
several factors at a given point in time. The type of exercise, we find, 
is among the possible extrinsic factors for stress fracture, the most 
frequent being running or jogging7. Some intrinsic factors can be 
mechanical, such as malformations in the lower limbs or muscle fa-
tigue8. There can also be disturbances in sex hormones or other hor-
mones that affect the balance between bone resorption and for-
mation9,10, or nutritional factors, such as diets with calorie restriction, 
alcohol, calcium, or vitamin D deficiency9. A meta-analysis com-
pared the serum level of this fat-soluble vitamin and the incidence 
of stress fracture in nine observational studies and the results suggest 
an association between these variables15 because calcium and vitamin 
D can have a positive influence on bone health since vitamin D con-
tributes to bone resorption and the absorption of calcium and phos-
phorus from the intestine23. In addition to the independent effects 
of a given risk factor and its mechanism for contributing to bone 
injury, interactions between risk factors are possible. 

Stress fractures usually occur in young people who are active or un-
dergoing training, such as athletes, dancers, or military recruits5. 
However, most studies conducted on this subject focus on the ath-
lete population, while fewer studies focus on the military population. 
Of the studies carried out on the military population, almost all of 
them are American or European. For example, in the US armed 
forces, the cumulative incidence of stress fracture over four years 
was 5.7% for male cadets and 19.1% for female cadets4, contributing 
to a substantial loss of training time. Similarly, stress fractures in mil-
itary recruits typically occur in the tibia, femur, metatarsals, and pel-
vis, and present with the insidious onset of localized pain that wors-
ens with activity11. 

However, there are very few studies on stress fractures in the Latin 
American military population. As such, the present study aims to 
determine the factors associated with stress fractures in a medical 
center of the Peruvian Navy (in Spanish, Marina de Guerra del Perú). 

Methods 

Study design and context 

An observational, analytical investigation of age matching in cases-
controls studies was conducted. We define as a case group the mili-
tary personnel in training, diagnosed with stress fracture by medical 
evaluation and confirmed by magnetic resonance (MRI), and hospi-
talized in the traumatology service. The control group was defined 
as military personnel in training hospitalized in the traumatology ser-
vice without a diagnosis of a stress fracture. All patients, both cases 
and control groups, were obtained from the trauma and orthopedic 
service of the Naval Medical Center, with controls being taken sim-
ultaneously in the same study period. 

The dependent variable was stress fracture, which had diagnostic 
confirmation by magnetic resonance imaging, one of the most sen-
sitive and specific methods for the diagnosis of stress fracture. The 
sign considered to diagnose a stress fracture on an MRI was the di-
minished signal visualized in the T1 and T2 sequences, usually in the 
form of a trace that arises from the bone cortex and extends perpen-
dicular to the surface, accompanied by a periosteal reaction12. 

Regarding the independent variables, age, gender and serum calcium 
levels were obtained through the clinical history of the patients; the 
socioeconomic status and the time of daily physical activity were ob-
tained using a survey of the patients, with prior verbal consent during 
their hospital stay or by telephone if they were already discharged. 

The level of calcaemia was classified as hypocalcemia if it was less 
than eight milligrams per deciliter; normocalcemia if it was between 
eight and 10 milligrams per deciliter and hypercalcemia if it was 
greater than 10 milligrams per deciliter. The socioeconomic status 
was categorized according to the monthly average income of the pa-
tient’s family according to the Peruvian Association of Market Re-
search Companies (in Spanish, Asociación Peruana de Empresas de 
Investigación de Mercado)13, being as follows: 

Table 1. Socioeconomic study. 

Socioeconomic status Monthly income 

SES A $ 3800 US dollars 
SES B $2099 US dollars 
SES C $1191 US dollars 
SES D $744 US dollars 
SES E $378 US dollars 
SES: socioeconomic status. 
Source: Peruvian Association of Market Research Companies. 

Population and sample 

The population consisted of patients treated in the traumatology ser-
vice of the Cirujano Mayor Santiago Tavara Naval Medical Center 
(in Spanish, Centro Médico Naval Cirujano Mayor Santiago Távara) 
during 2016. Patients that did not have a history of complete varia-
bles or that did not answer calls for data collection were excluded. 
The sample size was calculated with a formula for case-control stud-
ies, taking an expected frequency of 20%, a predicted odds ratio of 
3.2, a statistical power of 80%, and a confidence level of 95%, re-
sulting in an estimated sample size of 119 cases and 119 controls. 

Before data collection, the corresponding authorizations were re-
quested from the Research Ethics Committee of the Cirujano Mayor 
Santiago Tavara Naval Medical Center. Once granted, the medical 
records of the selected patients were collected by randomizing the 
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sample from the total population in 2016. The data was entered into 
a Microsoft Excel 2016 matrix. 

Statistical analysis  

For statistical analysis, the qualitative variables were described by us-
ing frequencies and percentages. Likewise, for the quantitative vari-
ables, measures of central tendency and dispersion were used after 
evaluating their normality. For the bivariate analysis, a chi-square test 
was used to determine the association between two qualitative vari-
ables and the student’s t-test to determine the association between a 
qualitative variable and a quantitative variable with normal distribu-
tion; or the Mann-Whitney U test if it was not of normal distribution. 
A p < 0.05 was considered statistically significant. 

For the multivariate analysis, logistic regression was used between 
the variables that were associated in the bivariate analysis; those var-
iables of more than two categories and the quantitative ones were 
dichotomized, qualitative variables with very small frequencies that 
make their analysis difficult were excluded from the multivariate 
model. The adjusted odds ratios were found with their respective 
95% confidence intervals. 

Ethical aspects 

This research received institutional approval from the Cirujano 
Mayor Santiago Távara Naval Medical Center and the Institute of 
Research in Biomedical Sciences of the Ricardo Palma University. 
The data were confidential and managed only by the researchers 

through a database without access to third parties. No personal data, 
or any other data that could identify patients in the study, were pub-
lished. 

Results 

A total of 238 people (119 cases and 119 controls) were in the study, 
of whom 79.8% were men, and 20.2% were women; the mean age 
was 20.25 ± 1.5. Regarding the level of calcemia, the most frequent 
was normocalcemia with a total of 58.4%, and, finally, the majority 
belonged to socioeconomic status B with 77.3% (Table 2.). One 
hundred five men with a diagnosis of stress fracture and 85 men who 
did not present this pathology were included in the present study, 
for a total of 190 male patients. Likewise, 14 women with a diagnosis 
of stress fracture and 34 women without this pathology were in-
cluded, for a total of 48 female patients. From the studied group, 54 
patients presented hypocalcemia, 139 normocalcemia, and 45 hyper-
calcemia. Twelve patients belonged to socioeconomic status A, 184 
to socioeconomic status B, and 42 to socioeconomic status C (Table 
3.). 

In the bivariate analysis, a statistically significant association was 
found between stress fracture and males, hypocalcemia, and socio-
economic status C (Table 3). Likewise, a relationship was found be-
tween the hours of physical activity per day and the stress fracture 
(Figure 1). In the binary logistic regression, an association was found 
with performing a daily physical activity for more than two hours 
and belonging to the socioeconomic status C (Table 4). 

Table 2. General characteristics of the patients included in the study. 

Variable Frequency Percentage 

Gender   
  Male 190 79.8 
  Female 48 20.2 
Pain   
  Yes 113 47.5 
  No 125 52.5 
Calcemia   
  Hypocalcemia 54 22.7 
  Normocalcemia 139 58.4 
  Hypercalcemia 45 18.9 
Socioeconomic status (SES)   
  SES A 12 5.0 
  SES B 184 77.3 
  SES C 42 17.6 
Age (years) 20.25* 1.55** 
Hours of physical activity 2.55* 0.95** 

* Average  
** Standard deviation 
SES: Socioeconomic status 
Source: created by the authors based on the results of the study. 
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Table 3. Factors associated with stress fracture in the patients included in the study. 

Stress fracture Yes n (%) No n (%) N Value p* 

Sex     
  Male 105 (55.3%) 85 (44.7%) 190 

0.001 
  Female 14 (29.2%) 34 (70.8%) 48 
Calcemia     
  Hypocalcemia 54 (100.0 %) 0 (0.0%) 54 

0.000   Normocalcemia 58 (41.7%) 81 (58.3%) 139 
  Hypercalcemia 7 (15.6 %) 38 (84.4 %) 45 
Socioeconomic status (SES)     
  SES A 4 (33.3%) 8 (66.7%) 12 

0.000   SES B 80 (43.5 %) 104 (56. 5%) 184 
  SES C 35 (83.3%) 7 (16.7 %) 42 

*Chi-square test 
Source: created by the authors based on the results of the study. 

Figure 1. Association between age and hours of physical activity in patients with stress fracture. 

 

Left: Age and stress fractures. P-value = 0.103.  
Right: Hours of physical activity and stress fractures. P-value < 0.001. 
Source: created by the authors based on the results of the study. 

Table 4. Logistic regression of bivariate and multivariate analysis of factors associated with stress fracture in patients included in the study. 

 OR CI 95% ORa CI 95% 

Male vs Female 3.00 1.51 5.95 1.11 0.421 2.946 
Age <20 years old (vs older than 20 years old) 1.49 0.88 2.51    
Hypocalcemia (vs. normo and hypercalcemia) 2.83 2.32 3.44    
More than 2 hours of daily activity (vs 1 to 2 hours) 24.74 12.51 48.95 44.46 17.93 110.22 
SES A y B (vs C) 6.66 2.82 15.74 22.57 7.03 72.74 

OR: odds ratio. 
ORa: adjusted odds ratio. 
CI: confidence interval. 
SEL: socioeconomic status. 
Source: created by the authors.

Discussion 

Stress fractures are injuries caused by physical stress, which is a stim-
ulus for bone remodeling, affecting the structure and complex func-
tion through mechanotransduction mechanisms. This continuous 
stress produces microfractures that, eventually, can result in cortical 
rupture, or stress fracture1. These effects are likely to be exerted by 
modulation of the activity of the hypothalamic-pituitary-adrenal axis, 
resulting in an altered release of growth hormones, glucocorticoids, 
and cytokines, as demonstrated in human and animal studies. 

In Latin America, and especially in Peru, there are few studies on 
stress fracture; there are even fewer studies among the military pop-
ulation14. Despite being a relatively common pathology in certain 

population groups, previous local data on risk factors for this condi-
tion are not available. 

In our study, we found no association of stress fracture with gender 
probably because males have a higher frequency than females since 
the study was performed in a military population, and the proportion 
of military personnel is mostly male. Gender, therefore, is not an 
independent risk factor for a stress fracture in our study. 

These results differ from the results reported by a study from the 
Defense Medical Epidemiological Database in the United States 
Navy from 2009 to 2012, where they found that the female gender 
had a higher risk of stress fracture compared to males (relative risk 
of 3.11)4. Moreover, another study conducted of the military popu-
lation, of recruits of the Israeli anti-aircraft defense, found that the 
risk of suffering from stress fracture was higher in women, with a 
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relative risk of 2.1316. This was confirmed by a systematic review 
that, in addition to finding a difference by gender, reported the dif-
ference in athletes as well as in the military population17. The differ-
ence in the incidence of stress fracture found in the literature con-
cerning gender can be explained by studies that show that women 
have smaller bone structures and less muscle strength18, a lower bone 
mineral density17,18, and hormonal irregularities characteristic of the 
menstrual cycle compared to men19. Studies involving a larger female 
population in the armed forces would help to elucidate this issue. 

The variable that was associated in the bivariate analysis was the level 
of calcemia, with a higher proportion of stress fracture in the group 
with hypocalcemia, compared to those with normocalcemia and hy-
percalcemia; however, this variable could not be included in the mul-
tivariate model because it did not have the required expected fre-
quencies. Few studies have sought to correlate the level of serum 
calcium with the incidence of stress fracture in the military popula-
tion, so fractures associated with hypocalcemia are usually reported 
as atypical and pathological fractures, as related to other morbid con-
ditions20,21. Although serum calcium acts specifically on other bio-
logical functions, the variable calcemia was considered in the present 
study because of its direct relationship with parathormone. Low se-
rum calcium levels are related to decreased bone density, especially 
in the cortical bone26. 

In adults, approximately 5% of the cortical bone and 30% of the 
trabecular bone is replaced within one year27. Therefore, to replace 
the trabecular bone almost in its entirety will require three years of 
proper nutrition, while replacing the cortical bone would need ap-
proximately 20 years. Adequate nutrition, consequently, is important 
to maintain the appropriate levels, which could intervene in the ap-
pearance of stress fracture. 

It is in these populations that constant monitoring of serum calcium 
and supplementation of calcium and vitamin D in the diet is recom-
mended to prevent this type of fractures21. These recommendations 
are also valid for populations that may be at risk of stress fracture 
due to their physical activity, such as military recruits; some studies 
corroborate that an adequate diet in calcium and vitamin D con-
sumption significantly decreases the risk of stress fracture22. 

Also, an association between socioeconomic status and stress frac-
ture was found, which was maintained in the multivariate analysis as 
an independent association. It shows that people with a lower soci-
oeconomic status, in the present study, are more likely to have a 
stress fracture. The relationship could be explained through the qual-
ity of the diet, understanding that a higher socioeconomic status may 
have a greater likelihood of having better nutrition. 

It has been found that diet quality can influence the incidence of 
stress fractures. A study by Frusztajer et al. in ballet dancers found 
that in the majority (80%) of the ten recent stress fracture, the danc-
ers had weights less than 75% of the ideal (p < 0.05), as well as a 
higher incidence of eating disorders (p < 0.05). Thus, these dancers 
had a lower intake of fats and a higher intake of low-calorie foods (p 
< 0.05)24. 

On the other hand, it is known that less muscle strength in the lower 
limbs is associated with a higher incidence of stress fracture, mainly 
due to mechanical stress that the muscles are unable to contain if 
they do not have the proper strength; this could be worsened by a 
low-protein diet25. This would prevent proper muscle formation, 
which exposes the bone tissue to greater mechanical stress and, 

therefore, a higher rate of stress fracture. It shows that not only is 
the consumption of calcium and vitamin D supplements important, 
but a balanced diet with the right amount of macro and micronutri-
ents to maintain adequate bone health is required18. 

Finally, the multivariate analysis found an association between hours 
of physical activity per day and stress fracture. This is explained by 
the fact that people who expose their bone tissue to mechanical 
stress for a longer time stimulate bone resorption, creating cavities 
within the bone tissue that, when given enough rest, the osteoblasts 
do not get to fill (a process is known as bone remodeling). This pro-
cess generates microfractures from these points of lower bone den-
sity that, when the excessive stress on the bone continues, end up 
worsening and become stress fractures5. In addition, as mentioned 
above, muscular fatigue from a physical activity beyond the limits of 
the person who performs it, generates less protection of the muscle 
against the mechanical load of the sport or activity performed8. 

Some of the limitations of this study are related to the retrospective, 
observational design of a single institution, with a bias in the selec-
tion of study units given the male preference in the Peruvian armed 
forces. We recommend continuing this line of research, including a 
larger female population, quantifying calcium and vitamin D in the 
blood, and developing studies with more statistical power, in multi-
ple sites and prospective to confirm the results of this study. 

Conclusions 

We conclude that stress fracture is associated with the amount of 
daily physical activity, the level of calcemia (hypocalcemia), and 
lower socioeconomic status. 

Further studies are needed to assess the relationship with other fac-
tors in the Peruvian military population, such as the inclusion of a 
female population, the relationship with calcium and vitamin D, and 
the execution of multicenter and prospective investigations, with 
greater statistical power. 
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