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ABSTRACT
Introduction: Peripheral Dual X-Ray Absorptiometry (DXA) has
been recognized as convenient to assess Bone Mass Density
(BMD) and fracture risk. Nevertheless, DXA is not largely
available mainly in developing countries and early diagnosis
in high-risk groups become impaired as the screening is not
usually performed. Meanwhile, panoramic radiographs are
commonly used in routine dentistry practice and mandibular
cortical bone may reflect changes in bony architecture from
other sites of skeleton.
Aim: To assess BMD by peripheral DXA and osteoporotic
alterations in mandibular cortical bone by panoramic
radiographs using Mandibular Cortical Index (MCI) in Brazilian
women, according to age ranges.
Materials and Methods: The T-scores of peripheral DXA were
assessed in 252 female patients considering eight age ranges.
The relationship between age and T-scores were performed

by logistic regression. In addition, non-parametric correlations
between MCI and peripheral DXA (pDXA) results were carried
out with Spearman’s test at a level of significance of 5%.
Results: The age-related bone loss showed to be less significant
at distal site and markedly more evident in proximal sites. The
higher T-score values at proximal radius was observed in 25-39
age range group; in 40-44 age range group for distal forearm
and in 45-49 age range group at the proximal R+U site. For
MCI test, interobserver and intraobserver reproducibility were
confirmed for MCI categorical measurements (kappa=0.81,
p=0.01). It was found different inverse correlations between
MCI and the different forearm sites: stronger for proximal sites
and weaker for the distal site.
Conclusion: Within the limitations of this study, we concluded
that age-related bone loss is more evident in proximal forearm
than in the distal forearm and MCI can express better inverse
correlation with proximal forearm.
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Introduction
Osteoporosis is a silent, slowly progressive systemic metabolic bone
disease that leads to bone mineral microarchitecture deterioration
resulting in Bone Mineral Density (BMD) decrease and in fragility
fracture [1,2]. Although osteoporosis is a frequent disease, it is often
undiagnosed and the consequent fractures are a relevant burden
on societies worldwide. Fracture incidence varies widely among
countries and there is not much information available towards the
epidemiology of osteoporosis in Brazilian population [3].
The disease is more frequent in women, particularly in menopause.
Approximately 30% to 50% of trabecular bone mass and 25%-30%
of cortical bone are lost just before and after menopause [4]. Hence,
age is considered a modification factor to BMD, as fragility fractures
increase and BMD decreases with aging [1]. Due to fracture
complications, patients may experience decreasing in life quality
and increasing in mortality [5]. The most relevant predictive factor of
mortality is poor health prior to osteoporotic fracture.
The main method to measure BMD and diagnose osteoporosis is
spine and hip DXA [6]. It was first introduced commercially in 1987
as the successor of dual photon absorptiometry device [7]. DXA is
a low-radiation examination, with good precision [8], which can be
used to detect clinically unrecognized vertebral fracture [9].
Notwithstanding, peripheral DXA has also been recognized as
convenient to assess BMD and fracture risk [10]. Nevertheless, DXA
is not largely available mainly in developing countries. Therefore,
the prevention of osteoporotic fractures by early diagnosis in highrisk groups is impaired as the screening is not usually performed
[11]. Once diagnosed, pharmacological therapies and lifestyle
modifications can be applied and fracture risk can be substantially
decreased.
34

Meanwhile, panoramic radiographs are commonly used in routine
dentistry practice and requested for new patients at the beginning
of dental treatments [12,13]. Mandibular cortical bone may reflect
changes in bony architecture from other sites of skeleton, [12]
since porosity due to reduction in BMD and shape modifications
can be assessed by radiomorphometric indices on panoramic
radiographs [14], as the MCI [15]. MCI is valuable for screening
patients at osteoporosis risk and it is inversely correlated with
systemic BMD [14,15].
Fracture incidence varies widely among countries and there is
not much information available towards the epidemiology of
osteoporosis in Brazilian population [3,16]. Furthermore, Brazil is a
developing country and population has limited access to DXA; MCI
may be widely applied to screen patients with high risk of low BMD.
Thus, this study aims to assess and compare BMD in a sample
of Brazilian women according to age ranges using peripheral DXA.
Additionally, it aims to analyse the correlation between MCI and
peripheral DXA of each site of the forearm.

Materials and Methods
Study Participants
In this retrospective study, a total of 252 women were selected and
divided in eight groups, according to age ranges, as described in
[Table/Fig-1] (ages from 25 to 83 years). Age range was selected
according to the convenience sample available, but excluding
women younger than 25-year-old. All patients willing to participate
in this study signed an informed consent form. This research was
conducted with female patients referred for dental treatment at
the Dentistry School in the University of São Paulo, Brazil, during
the period from October 2010 to December 2014. This study was
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approved by the Ethics Committe on Research of the Faculty of
Dentistry, University of São Paulo (FR358902). The guidelines of
Helsinki Declaration of 1975 (revised in 2000) were followed in this
investigation.

second inferior molar region, using Klemetti E et al., classification
on both sides of mandible (right and left) [15]. The appearance of
the endosteal margin in the inferior mandibular cortex was classified
as follows:

Ethics Committee in Research of the Faculty of Dentistry, University
of São Paulo, Brazil.

C1 = Normal, with well-defined endosteal margin without porosity
or lacunar resorption (oval-shaped radiolucency near and above the
margin or in the margin);

Age
Range
(Years)

N

25-39

BMI
(kg/
m2)

Proximal
Radius (T
Score)

Distal
R+U (T
Score)

Proximal
R+U (T
Score)

Age
(Years)

Weight
(kg)

Height
(m)

15

34.06
(3.77)

59.07
(8.89)

1.61
(0.1)

22.87
(2.97)

-1.21
(0.97)

-0.31
(0.84)

-1.33
(0.99)

40-44

27

41.81
(3.33)

64.53
(11.52)

1.59
(0.08)

25.56
(4.16)

-1.3
(0.96)

-0.03
(1.17)

-1.26
(0.93)

45-49

32

47.53
(2.47)

67.78
(9.85)

1.6
(0.07)

26.38
(4.12)

-1.24
(0.95)

-0.22
(0.91)

-1.24
(0.88)

50-54

38

51.84
(2.43)

66.08
(10.99)

1.59
(0.06)

26.22
(4.02)

-1.55
(1.06)

-0.39
(1.09)

-1.66
(0.87)

55-59

38

56.63
(1.82)

68.47
(11.09)

1.58
(0.08)

27.39
(3.91)

-1.8
(1.21)

-0.9
(1.01)

-1.94
(1.13)

60-69

62

61.8
(1.47)

66.63
(15.15)

1.57
(0.07)

26.88
(4.7)

-2.98
(1.34)

-1.54
(1.01)

-3.05
(1.34)

70-83

40

73.7
(3.59)

61.88
(10.18)

1.55
(0.07)

25.79
(4.33)

-3.67
(1.47)

-1.95
(0.95)

-3.79
(1.44)

C2 = Moderately eroded, with lacunar resorption or endosteal linear
cortical residues; multiple lacunar resorptions;
C3 = Severely eroded, with clear lacunae or linear cortical residues
or erosions observed. Endosteal margin is poorly evident.
A schematic drawing, (based on the previous published figure that
illustrates MCI classification) [16] of the aforementioned classification
and its correspondent categories, and an example of each category
of this classification is available on [Table/Fig-2].

[Table/Fig-1]: Anthropometric characteristics of Brazilian women by age strata
and mean T score for each forearm site. The numbers highlighted denote the
higher T-scores found for the different forearm sites.

Inclusion and exclusion criteria
Women from the city of São Paulo who live in the community near
to the university who had undergone panoramic radiographic
examination for initial dental evaluation at the beginning of dental
treatment and peripheral DXA for screening osteoporosis were
included. Patients filled out a form with personal information (such
as age, weight and height), lifestyle habits (alcohol, exercises
practice, tobacco use) and complete medical history (menopause
period, medication intake, comorbidities).
The presence of metabolic diseases or history of medication
intake affecting bone metabolism (for instance: bisphosphonate or
glucocorticoids) as well as tobacco or alcohol chronic use, were
considered as an exclusion criteria.

Dual X-ray absorptiometry
Bone densitometry measurements were carried out with peripheral
DXA (pDEXA, Norland, Norland Medical Systems, Inc., White Plains,
NY, USA). The radiation dose was less than 0.03 mSv for each
examination. Patients were diagnosed as normal or with low BMD/
osteoporotic based on BMD values of the forearm of non-dominant
hand, according to a criteria report of a World Health Organization
(WHO) study Group for normal (T score > -1.0), osteopenic/low
BMD (T score, -1.0 to -2.5) and for osteoporotic bone (T-score <
-2.5 SD) [17]. Values of three different sites were collected: proximal
radius, proximal radius and ulna (R+U) and distal radius.

Panoramic Radiographs
All digital panoramic radiographic images were obtained using the
same panoramic X-ray unit (Kodak 8000, Eastman Kodak Company,
Rochester, United States of America), with the same exposure
conditions (60 kV, 4 mA, 0.5-mm copper filter). Evaluation of
panoramic radiographs were performed using the software Image J
(National Institute of Health, Bethesda, MD, USA). Radiographs with
technical failures or pathological alterations (such as cystic lesions
or tumors) in the area of interest were not included.

Mandibular Cortical Index
The MCI was evaluated by the appearance of the cortical bone from
the mandibular endosteal margin below the mental foramen to the
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[Table/Fig-2]: squematic drawing of Mandibular Cortical Index Classification. In C1
= even and sharp endosteal margin; C2 = moderated eroded; C3 =severely eroded,
loss of definition of endosteal margin. Teeth presence or absence doesn’t interfere in
the evaluation.
Below, panoramic details to exemplify different MCI classification. From left to right: C1: the
endosteal margin, well demarcated, without erosions or defects; C2: presence of some defects
in endosteal margin; C3: absence of demarcation of endosteal margin and presence of several
radiolucencies (erosions and linear defects).

Correlation between MCI and peripheral DXA
Three observers with expertise in oral radiology and previous
experience in MCI performed the MCI classification. Intraobserver
reliability was assessed between measurements performed seven
days apart to eliminate memory bias. Then, the correlation was
performed considering each site of peripheral DXA individually.

STATISTICAL ANALYSIS
Logistic regression was accomplished regarding the relationship
between age and T-scores. For the MCI test, intraobserver
reproducibility and interobserver reliability were confirmed for MCI
categorical measurements (kappa). In addition, non-parametric
correlations between MCI and T-scores of the proximal and distal
forearms sites were carried out with Spearman’s test. All statistical
analyses were performed at a level of significance of 5%, using IBM
SPSS Statistics version 17.0, SPSS®, Inc, Chicago, IL.

Results
A total of 252 women were evaluated in eight different groups
according to age ranges, as described in [Table/Fig-1]. Assessment
according to age range and mean T-scores is also depicted in
[Table/Fig-1], as well as comparison between groups in different
sites of peripheral DXA.

Demographics
The mean age of the enrolled 252 Brazilian women was 56.42±11.61
years, and their mean Body Mass Index (BMI) was 26.25±4.14
kg/m2. Demographic data divided into different age groups is
demonstrated in [Table/Fig-1].
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Statistical Analysis: Logistic Regression
Regression analysis results performed to assess the relationship
between BMD and age for each forearm site, are demonstrated in
[Table/Fig-3,4].
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Discussion
Osteoporosis diagnosis is primarily based on the detection
of decreased BMD. Peripheral DXA and an adequate clinical
evaluation can be used in the disease diagnosis [18]. Forearm
measurement is the oldest method of bone densitometry, but the
number of publications related to values of peripheral densitometry
is surprisingly low [19]. The prevalence of the disease, as well as the
mortality due to a fragility fracture [20], increase with aging [1].
Osteoporosis is more prevalent in postmenopause women
particularly due to the expressive oestrogen decrease [21],
which plays a significant role in bone remodeling physiology [22].
Women bone mass decreases with aging, mainly after menopause
period [4]. The main factor that contributes to the development of
postmenopausal osteoporosis is the peak of bone mass at younger
ages [4]. The average menopause age is variable between the
populations. Among Brazilian women the average of last menstrual
period is about 47 to 51-year-old [23].
The relationship between age and bone loss was shown by this
study: as women ages, BMD decreases in all forearm sites. The
proportion of trabecular bone increases in the distal direction along
the radius [24], and this fact might explain the lower T-score values
found in proximal sites when compared to the distal forearm, which
is similar to what has been previously noticed in other studies [25].
Pouilles JM et al., aimed to evaluate pDXA measurement of the
forearm to predict low axial BMD in 234 French women, and found
the prevalence of osteoporosis to range from 3.4% (distal forearm)
to 14.1% (proximal) which is comparable to our results and to other
previous studies [25-27].

[Table/Fig-3]: BMD and age regression analysis results at Proximal radius and at
Proximal radius and Ulna.

[Table/Fig-4]: BMD and age regression analysis results at Distal radius and Ulna.

Age-related bone loss was less significant at distal forearm, as
demonstrated in [Table/Fig-4] and markedly more severe in proximal
sites, as observed in [Table/Fig-3].
The higher T-score values at the proximal radius were observed in
25-39 age range group; in 40-44 age range group for distal forearm
and in 45-49 age range group at the proximal R+U site.

Correlation between MCI and peripheral DXA
Interobserver and intraobserver reproducibility were confirmed for
MCI categorical measurements (kappa=0.81, p=0.01).
Different inverse correlations were found between MCI and the
different forearm sites: stronger for proximal sites and weaker for
the distal site as depicted in [Table/Fig-5].
MCI X T-score
Proximal Radius

Distal Radius

Proximal R+U

r= -0.50
p <0.0001

r= -0.38
p <0.0001

r= -0.50
p <0.0001

[Table/Fig-5]: MCI and T-scores correlation to forearm for each site.
Abbreviations: MCI: Mandibular Cortex Index
R+U: Radius and Ulna
* p value significant if p<0.05
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However, despite these evidences, a previous report found that
age-related bone loss was less severe at the proximal radius when
compared to the distal forearm [24]. In this latter study, Meszaros S
et al., aimed to compare the diagnostic consequences of using either
an international or a local Hungarian reference database in peripheral
densitometry. They concluded that the BMD of the proximal site
was almost twice that at the distal site, and the difference between
the regions increased with age, as the age-related bone loss was
less severe at the proximal radius [24].
The higher T-score values for proximal radius were observed in the
25-39 age range group and for distal forearm in the 45-49 age range
group in the present study; a different age range BMD peak from
30 to 40 years old in all peripheral sites was observed in an another
research [24]. As the BMD is influenced by geographical and social
circumstances [24], a difference among the populations is expected.
Systemic low BMD can lead to alterations in mandible, especially
in the mandibular cortex [28] that can be assessed in panoramic
radiographs by radiomorphometric indices, such as MCI. The negative
correlation between MCI and T-score in proximal sites of peripheral
DXA found in this study evidences the use of panoramic radiography,
which is often requested for new patients at the beginning of dental
treatments [13], as a useful tool for assessing patients at risk for
osteoporosis [15]. This finding is in agreement with previous studies
in different populations and women using central DXA [15,29,30].
Nevertheless, a weak inverse correlation was found between MCI
and T-score in the distal forearm. To our knowledge, this is the first
study that considered the distal site in MCI correlation. The higher
T-scores values at distal R+U observed might explain this weak
inverse correlation; furthermore, the percentage of trabecular bone in
the distal forearm remains approximately constant with age [31].

Limitation
The limitations of the present study are the retrospective design and
the small sample size. Larger population-based prospective studies
are recommended to clarify the difference between Brazilian women
BMD according to age ranges and different sites in peripheral DXA.
Another limitation is that no data on the relationship between the
forearm BMD and the BMD of other skeletal sites were compared.
Journal of Clinical and Diagnostic Research. 2018 May, Vol-12(5): ZC34-ZC37
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Conclusion
Within the limitations of this study, it was concluded that age-related
bone loss is more evident in the proximal forearm than in the distal
forearm. Furthermore, MCI can express a better inverse correlation
with peripheral DXA at the proximal forearm than with the distal
forearm.

References

[1] Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture.
Osteoporos Int. 1997;7(5):407-13.
[2] Edwards MH, Dennison EM, Aihie Sayer A, Fielding R, Cooper C. Osteoporosis
and sarcopenia in older age. Bone. 2015;80:126-30.
[3] Pinheiro Mde M, Eis SR. Epidemiology of osteoporotic fractures in Brazil: What
we have and what we need. Arq Bras Endocrinol Metabol. 2010;54(2):164-70.
[4] Riggs BL, Melton LJ. Involutional osteoporosis. N Engl J Med. 1986;314(26):167686.
[5] Liem IS, Kammerlander C, Raas C, Gosch M, Blauth M. Is there a difference in
timing and cause of death after fractures in the elderly? Clin Orthop Relat Res.
2013;471(9):2846-51.
[6] Choi YJ. Dual-energy x-ray absorptiometry: Beyond bone mineral density
determination. Endocrinol Metab (Seoul). 2016;31(1):25-30.
[7] Sim LH, van Doorn T. Radiographic measurement of bone mineral: Reviewing
dual energy x-ray absorptiometry. Australas Phys Eng Sci Med. 1995;18(2):6580.
[8] Zengin A, Prentice A, Ward KA. Ethnic differences in bone health. Front Endocrinol
(Lausanne). 2015;6:24.
[9] Muszkat P, Camargo MB, Peters BS, Kunii LS, Lazaretti-Castro M. Digital
vertebral morphometry performed by DXA: A valuable opportunity for identifying
fractures during bone mass assessment. Arch Endocrinol Metab. 2015;59(2):98104.
[10] Hans DB, Shepherd JA, Schwartz EN, Reid DM, Blake GM, Fordham JN, et al.
Peripheral dual-energy X-ray absorptiometry in the management of osteoporosis:
The 2007 ISCD Official Positions. J Clin Densitom. 2008;11(1):188-206.
[11] Gillespie CW, Morin PE. Trends and disparities in osteoporosis screening among
women in the United States, 2008-2014. Am J Med. 2017;130(3):306-16.
[12] Taguchi A. Triage screening for osteoporosis in dental clinics using panoramic
radiographs. Oral Dis. 2010;16(4):316-27.
[13] The Selection of Patients for Dental Radiographic Examinations: American Dental
Association / U.S. Department of Health and Human Services; 2012 [cited 2017
March 31st]. Available from: https://www.fda.gov/Radiation-EmittingProducts/
RadiationEmittingProductsandProcedures/MedicalImaging/MedicalX-Rays/
ucm116504.htm.
[14] Taguchi A, Sanada M, Krall E, Nakamoto T, Ohtsuka M, Suei Y, et al. Relationship
between dental panoramic radiographic findings and biochemical markers of
bone turnover. J Bone Miner Res. 2003;18(9):1689-94.
[15] Klemetti E, Kolmakov S, Kroger H. Pantomography in assessment of the
osteoporosis risk group. Scand J Dent Res. 1994;102(1):68-72.
[16] Munhoz L, Aoki EM, Cortes ARG, de Freitas CF, Arita ES. Osteoporotic
alterations in a group of different ethnicity Brazilian postmenopausal women: An
observational study. Gerodontology. 2018.

Isabela Goulart Gil Choi et al., Osteoporotic Alterations by DEXA and MCI
[17] Assessment of fracture risk and its application to screening for postmenopausal
osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser.
1994;843:01-129.
[18] Ekman A, Michaëlsson K, Petrén-Mallmin M, Ljunghall S, Mallmin H. DXA of
the hip and heel ultrasound but not densitometry of the fingers can discriminate
female hip fracture patients from controls: A comparison between four different
methods. Osteoporos Int. 2001;12(3):185-91.
[19] Wu XP, Liao EY, Zhang H, Shan PF, Cao XZ, Liu SP. Establishment of BMD
reference plots and determination of peak BMD at multiple skeletal regions in
mainland Chinese women and the diagnosis of osteoporosis. Osteoporos Int.
2004;15(1):71-79.
[20] Klop C, van Staa TP, Cooper C, Harvey NC, de Vries F. The epidemiology
of mortality after fracture in England: variation by age, sex, time, geographic
location, and ethnicity. Osteoporos Int. 2016;28(1):161-68.
[21] Braidman IP, Davenport LK, Carter DH, Selby PL, Mawer EB, Freemont AJ.
Preliminary in situ identification of estrogen target cells in bone. J Bone Miner
Res. 1995;10(1):74-80.
[22] Lindsay R, Hart DM, Forrest C, Baird C. Prevention of spinal osteoporosis in
oophorectomised women. Lancet. 1980;2(8205):1151-54.
[23] Pinheiro MM, Ciconelli RM, Jacques NeO, Genaro PS, Martini LA, Ferraz MB.
The burden of osteoporosis in Brazil: Regional data from fractures in adult men
and women--the Brazilian Osteoporosis Study (BRAZOS). Rev Bras Reumatol.
2010;50(2):113-27.
[24] Mészáros S, Berko P, Genti G, Hosszú E, Keszthelyi B, Krasznai I, et al.
Comparative evaluation of local and international reference databases for forearm
densitometry: Different impacts on diagnostic decisions. J Clin Densitom.
2006;9(4):445-53.
[25] Pouilles JM, Tremollieres FA, Martinez S, Delsol M, Ribot C. Ability of peripheral
DXA measurements of the forearm to predict low axial bone mineral density at
menopause. Osteoporosis Int. 2001;12(1):71-76.
[26] Arlot ME, Sornay-Rendu E, Garnero P, Vey-Marty B, Delmas PD. Apparent preand postmenopausal bone loss evaluated by DXA at different skeletal sites in
women: The OFELY cohort. Journal of bone and mineral research : The official
journal of the American Society for Bone and Mineral Research. 1997;12(4):68390.
[27] Abrahamsen B, Hansen TB, Jensen LB, Hermann AP, Eiken P. Site of
osteodensitometry in perimenopausal women: correlation and limits of
agreement between anatomic regions. Journal of Bone and Mineral Research.
1997;12(9):1471-79.
[28] Dutra V, Devlin H, Susin C, Yang J, Horner K, Fernandes AR. Mandibular
morphological changes in low bone mass edentulous females: Evaluation of
panoramic radiographs. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2006;102(5):663-68.
[29] Singh SV, Aggarwal H, Gupta V, Kumar P, Tripathi A. Measurements in Mandibular
Pantomographic X-rays and Relation to Skeletal Mineral Densitometric Values. J
Clin Densitom. 2016;19(2):255-61.
[30] Taguchi A, Tsuda M, Ohtsuka M, Kodama I, Sanada M, Nakamoto T, et al. Use
of dental panoramic radiographs in identifying younger postmenopausal women
with osteoporosis. Osteoporos Int. 2006;17(3):387-94.
[31] Schlenker RA, VonSeggen WW. The distribution of cortical and trabecular bone
mass along the lengths of the radius and ulna and the implications for in vivo
bone mass measurements. Calcif Tissue Res. 1976;20(1):41-52.

PARTICULARS OF CONTRIBUTORS:
1. MSc, Department of Radiology, Dentistry School of the University of São Paulo, São Paulo, Brazil.
2. DDS, Department of Radiology, Dentistry School of the University of São Paulo, São Paulo, Brazil.
3. Associate Professor, Department of Radiology, Dentistry School of the University of São Paulo, São Paulo, Brazil.
NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Isabela Goulart Gil Choi,
2227 Lineu Prestes Avenue, Zip Code: 05508-000, São Paulo, Brazil.
E-mail: isabelaggilchoi@gmail.com
Financial OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2018 May, Vol-12(5): ZC34-ZC37

Date of Submission: Oct 24, 2017
Date of Peer Review: Jan 25, 2018
Date of Acceptance: Mar 05, 2018
Date of Publishing: May 01, 2018

37

