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Abstract: Purpose: The objectives of this investigation were to compare the World Health Organization abbreviated instrument for 
quality of life assessment (WHOQOL-bref) scores of osteoporotic and non-osteoporotic Brazilian patients and to evaluate the 
correlation between mandibular cortical index (MCI) and bone densitometry (DXA) results in both groups. Methods: This research 
was conducted with an initial sample of 74 female participants who underwent panoramic radiography and forearm densitometry. 
Participants were divided into two groups: osteoporotic and non-osteoporotic patients. A quality of life assessment questionnaire was 
administered. The scores from the questionnaire were compared between the two groups and the correlation between DXA and MCI 
was analyzed. Results: Psychological and social domains in osteoporotic patients presented lower scores (12.65 and 6.00 respectively) 
when compared to non-osteoporotic patients (14.70 and 13.97 respectively). MCI was inversely correlated with DXA. Conclusions: 
According to WHOQOL-bref, osteoporotic patients may have lower quality of life scores when considering psychological and social 
relationships. MCI is inversely correlated with T-scores but demonstrates greater correlation when considering non-osteoporotic 
patients with higher T-score values.  
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Osteoporosis is defined as systemic disease that 
affects bone metabolism. It is characterized by the 
decrease of bone mineral density (BMD) with bone 
tissue altered microarchitecture, resulting in increased 
bone fragility and fracture risk [1]. Osteoporosis bone 
loss is usually painless, and symptoms will emerge 
only when a fragility fracture occurs [2]. Osteoporosis 
morbidity is essentially caused by hip, vertebrae, and 
radius fractures [3]. Impaired quality of life (QL) 
secondary to fragility fractures is frequently observed 
in osteoporotic patients [4]. 

QL is negatively affected by osteoporosis as well as 
decreased BMD and fragility fractures [5]. Decreased 
QL in osteoporotic patients is predominantly caused 
by spine or hip fractures, which lead to pain as well as 
physical and social function impairment [3]. QL is 
valuable for evaluating the effectiveness of 
osteoporosis treatment and patients’ perspectives [6]. 

To evaluate the QL of a variety of diseases, QL 
questionnaires were developed; one of these is the 
“World Health Organization abbreviated instrument 
for quality of life assessment” (WHOQOL-bref), which 
was validated for 30 languages. WHOQOL-bref has 
24 questions comprising four domains: physical, 
psychological, social relations, and environment [7]. 

The early reduction of BMD can be detected by 
dual-energy X-ray absorptiometry (DXA), which is 
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considered the gold standard for identifying 
osteoporosis due to its high accuracy and precision in 
detecting low bone mass [8]. 

However, the high cost and the scarce availability 
of DXA equipment may be a problem in emerging 
countries and access to the examination is burdensome. 
Therefore, alternative screening tools to detect 
patients at osteoporosis risk have been developed, 
such as radiomorphometric indexes on panoramic 
radiographs. Panoramic radiography relies on a low 
cost, low dose of radiation. It is widely used in dental 
practice and offers excellent visibility of facial 
anatomical structures. Several studies have applied 
this examination in assessing mandibular low BMD 
by analyzing the shape and thickness of the 
mandibular cortex [9-11]. One of the most established 
techniques is the Klemetti index [12], also known as 
Mandibular Cortical Index (MCI). MCI is a 
qualitative assessment of the appearance of the 
inferior cortex of the mandible on panoramic 
radiographs. 

Thus, the objectives of this investigation are: 
(1) To compare WHOQOL-bref scores in 

osteoporotic and non-osteoporotic Brazilian patients; 
(2) To evaluate the MCI correlation with DXA 

results in both groups. 

2. Materials and Methods 
2.1 Study Participants, Inclusion and Exclusion 
Criteria, and Data Collection 

This research was conducted with 79 participants 
referred for dental treatment at the Dentistry School 
between 2010 and 2014 who had undergone 
panoramic radiographic examination (at the beginning 
of dental treatment) and forearm DXA (for screening 
osteoporosis). All patients willing to participate in this 
investigation signed an informed consent form, and 
approval was obtained from the Ethics Committee of 
the university (number FR358902; protocol 145/10). 
The guidelines of Helsinki were followed in this 
investigation. 

Among the initial sample of 79 female participants, 
5 participants who did not undergo panoramic 
radiographic examination and forearm DXA on the 
same day or who had technical failures were excluded. 
Participants were divided into two groups (normal and 
low BMD) according to DXA results; BMD was 
defined as “low” if T-score was smaller than −2.5 SD 
[13].  

The participants completed a form with personal 
information (e.g., gender and age), medical history 
(e.g., menopause, medications, comorbidities, and 
previous fractures). A previously validated life-quality 
questionnaire was applied (WHOQOL-bref, Brazilian 
Portuguese version) [14]. WHOQOL-bref consists of 
a total of 26 questions. Twenty-four questions are 
grouped in four main subjects: physical health, 
psychological health, social relationships, and 
environment [14]. The overall quality of life score is 
determined by the following two questions: “How 
would you rate your quality of life?” and “How 
satisfied are you with your health?” [15, 16]. The 
score of each domain varies from zero to 20, in which 
zero is considered the worst and 20 the best quality of 
life [16]; however, for the first 2 questions, the 
maximum score is 25 points [15]. When the quality of 
life questionnaire was applied, patients were 
instructed by researchers about how to fill the form; 
when asked for help, the researcher was limited to 
re-reading the questions only.  

2.2 Dual X-Ray Absorptiometry 

Forearm (proximal radius) bone densitometry 
measurements were conducted with peripheral 
dual-energy X-ray absorptiometry (pDEXA,  
Norland, Norland Medical Systems, Inc., White Plains, 
NY, USA). The scanning resolution was 1.00 mm × 
1.00 mm.  

2.3 Panoramic Radiographs and MCI Assessment  

All digital panoramic radiographic images were 
taken using the same device (Kodak 8000, Eastman 
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Kodak Company, Rochester, USA). All images were 
processed on the same software (ImageJ, National 
Institutes of Health, Bethesda, MD, USA).  

The MCI was assessed by evaluating the 
appearance of the cortical bone at the mandibular 
endosteal margin on both sides of the mandible, from 
an anterior limit below the mental foramen to the 
posterior limit at the mandibular angle, using a 
previously described classification [10, 12]. The 
mandibular endosteal margin was classified as follows: 
C1 = normal, when presenting sharp and marked 
continuous endosteal margin; C2 = moderately eroded, 
when presenting evidence of lacunar resorption or 
linear cortical residues; and C3 = severely eroded, 
when evident porosity was noticed or when presenting 
persistent and abundant linear bone gaps, reduced 
thickness, and loss of sharpness of the mandibular 
endosteal margin.  

All panoramic radiomorphometric evaluation was 
performed independently in a random order by three 
trained observers. Intraobserver reliability was 
analyzed between measurements performed one week 
apart to eliminate memory bias. 

2.4 Statistical Analysis 

The WHOQOL-bref scores were transformed and 
presented according to the WHOQOL-bref scoring 
instructions [14].  

All statistical analyses were performed using the 
IBM SPSS Statistics software (SPSS, Inc., Chicago, 
IL, USA), version 24.0, considering a significance 
level of p < 0.05. Normality was assessed for variables 
using the Shapiro-Wilk test. Statistical analysis was 
divided into different stages: 

The WHOQOL-bref domain scores from normal 
and low BMD group were compared, using t-test or 
Mann-Whitney test. 

Correlation between T-scores and MCI of each 
group was determined, using the Spearman correlation 
test. 

Intra- and interobserver agreements were evaluated 

using the Kappa test for MCI.  

3. Results and Discussion 

3.1 Descriptive Data 

A total of 74 patients, divided into 2 groups 
according to BMD (normal: 37 patients; low BMD: 37 
patients) were analyzed. Sample demographic 
characteristics according to the different groups are 
described in Table 1.  

3.2 WHOQOL-Bref Domain Scores 

Median scores of each domain and differences 
between groups are shown in Table 2. Although no 
differences between physical health scores were found, 
psychological health and social relationships scores 
were lower in the low-BMD patient group as 
compared to the normal (non-low) BMD group; 
however, regarding environment, the low BMD group 
presented higher scores. Questions 1 and 2, which 
consider the overall QL, exhibited no score 
differences between the two groups evaluated.  

3.3 Correlation between T-Scores and MCI of Each 
Group; Intra- and Interobserver Agreement Results 

Median T-scores and the correlation between MCI 
and T-scores from the two groups are shown in Table 
3. A moderate correlation was found in the normal 
BMD group; a weak correlation was found in the low 
BMD group.  

Intraobserver agreement according to the Kappa test 
was 0.78; interobserver agreement was 0.89.  

3.4 Results Discussion 

Osteoporosis is one of the most common 
osteometabolic diseases worldwide and is the primary 
cause of fragility fractures [17]. In this study, the 
quality of life aspects of osteoporotic patients was 
compared to those of non-osteoporotic patients by 
using a QL questionnaire, as well as by the correlation 
between the T-scores obtained by peripheral DXA and 
panoramic radiographs. The instrument applied to 
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Table 1  Sample characteristics according to: schooling, ethnicity, age, gender, diseases that affects de bone metabolism and 
previous fracture history.  

Category Characteristic Number of participants Number of participants 
  Normal BMD group Low BMD group 
Schooling Graded School 14 17 
 High School 10 09 
 College 13 11 
Ethnicity Caucasian 27 26 
 Afrodescendants 01 02 
 Asian 09 09 
Age 40-50 years 05 05 
 51-60 years 05 02 
 61-70 years 14 16 
 More than 71 years 13 14 
Gender Female 27 33 
 Male 10 04 
Diseases that affects bone metabolism Diabetes 04 03 
 Thyroid disease 03 04 
 Other 04 06 
 None 26 24 
Previous history of fracture Spine 0 01 
 Leg or foot 02 02 
No previous history of fracture  35 34 
Total of participants  37 37 
 

Table 2  Median scores of each group, according to each domain. 

Group Physical health 
(domain 1) 

Psychological health 
(domain 2) 

Social relationships 
(domain 3) 

Environment 
(domain 4) Question 1 Question 2 

Normal BMD 15.41 (IR4) 14.70 (IR3)* 13.97 (IR4)* 13.00 (IR3)* 18.92 (IR5) 17.03 (IR5) 
Low BMD 15.41 (IR4) 12.65 (IR8)* 06.00 (IR2)* 15.16 (IR4)* 18.78 (IR5) 17.97 (IR5) 
Abbreviations: IR: interquartile range.  
* indicates difference between groups considering a significance.  
 

Table 3  Median T-scores and correlation test results. 

Group T-score Correlation MCI X T-score* 
Normal BMD -1.57 -0.411 
Low BMD -3.83 -0.266 

* According to Spearman correlation test. 
 

assess the QL was the WHOQOL-bref questionnaire, 
an instrument that shows good performance and 
reliability and is validated to the Brazilian population 
[16]. 

The results of this study suggest that 
non-osteoporotic patients have higher scores in some 
QL assessments, particularly regarding psychological 
health (domain 2) and social relationships (domain 3). 
These results are in concordance with previous studies, 

which mentioned that osteoporosis can lead to socially 
and psychologically unfavorable alterations in patients 
with the disease [18].  

Regarding the lower scores in the psychological 
domain, it is well known that there is an association 
between osteoporosis and depression [19]. Low 
physical functioning related to low BMD and role 
limitations may lead to poor emotional status [20]. In 
postmenopausal women, who comprised the majority 
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of participants in the low BMD group of the present 
study, the relationship between depression and 
osteoporosis is not clear. It is not well known if 
osteoporosis is a causal factor of depression or if 
depression is an outcome of osteoporosis [21].  

In the present study, a greater difference between 
osteoporotic patients and non-osteoporotic patients 
was observed in the social relation domain. A patient 
with osteoporosis, with low BMD and higher fracture 
risk, may have a decrease in mobility, muscular 
strength, balance, and physical activity [22], which 
will certainly have a great impact on his or her 
behavior and societal interactions. These may affect 
both individual and family social roles, resulting in 
social non-reciprocity and social deprivation or 
isolation [18]. 

Low scores regarding physical health in 
osteoporotic patients were expected but, surprisingly, 
no differences between osteoporotic and normal 
patients’ scores were found. Statistically significant 
differences were found in questions 1 and 2, which 
may be related to the fact that there is controversy 
about whether osteoporosis is a painful disease [2, 23]. 
Pain occurs essentially when a low-energy fracture 
occurs [2]. Although osteoporosis is often a painless 
disease, with pain usually related to major fragility 
fractures, patients may present chronic back pain due 
to microfractures in vertebrae caused by mechanical 
pressure, which leads to compression of spinal nerves 
[24]. In the present study, only a few patients had 
experienced previous fractures. One of the questions 
evaluated in the physical domain (domain 1) was “In 
what measure do you think your physical pain 
impedes you from doing what you need?” In both 
groups, the most common answer chosen was 
“nothing.” 

Regarding the environment (domain 4), in which 
domain scores were higher for osteoporotic patients 
than for non-osteoporotic, a different result was 
expected, mainly when considering the quality of and 
access to health services in Brazil, which is influenced 

by demographic and socioeconomic factors [25] 
including inequalities in the utilization of health 
services. The scores found in this domain may not be 
associated with the presence or absence of the 
osteoporosis itself, but with the locality in which the 
patient lives, and factors such as security, financial 
resources, or transportation. 

Some self-assessment questions about patients’ 
quality of life, personal satisfaction, and others, had 
predominantly favorable answers for both 
osteoporotic and non-osteoporotic patients. This 
similarity may be related to the fact that most of the 
osteoporotic patients already knew that they had the 
disease.  

When considering the correlation between MCI and 
T-score, it was noticed that there is an inverse 
negative correlation, which showed that the higher the 
MCI classification, the lower the T-score. 
Notwithstanding, a greater correlation was observed 
among individuals with normal BMD when compared 
to those with low BMD. This dissimilarity may be 
because C1 classifications, frequently related to 
normal BMD patients, are much easier to identify than 
C2 or C3 classifications. 

The limitations of the present study were the small 
number of patients and its retrospective design. 
Further larger sample studies should be performed to 
confirm the results. Some domains had somewhat 
unexpected differences or similarities. After all, the 
concept of quality of life is tied to the subjectivity of 
feelings, such as happiness or pleasure, inherent to the 
individual itself, and economic and social expectations 
within the environmental media whose individual is 
inserted. 

4. Conclusion 

In conclusion, according to WHOQOL-bref, 
osteoporotic patients may have lower QL scores when 
considering psychological and social relationships. 
Low-BMD patients had higher QL assessment scores 
than non-osteoporotic patients, but these results may 
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be associated with the locality in which the patient 
lives and factors such as security, financial resources, 
or transportation. MCI is inversely correlated with 
T-scores, but demonstrates greater correlation when 
considering non-osteoporotic patients with higher 
T-scores values.  
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