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ABSTRACT 

Objectives: The objectives of the investigation were to describe changes in mandibular bone 

structure with aging and to compare the usefulness of cortical and trabecular bone for fracture 

prediction.  

Materials and Methods. From 1968 to 1993 1003 women were examined. With the help of 

panoramic radiographs cortex thickness was measured and cortex was categorized as: normal, 

moderately, or severely eroded. The trabeculation was assessed as sparse, mixed or dense.  

Results. Visually, the mandibular compact and trabecular bone transformed gradually during 

the 24 years. The compact bone became more porous, the intertrabecular spaces increased, 

and the radiographic image of the trabeculae seemed less mineralized. Cortex thickness 

increased up to the age of 50 and decreased significantly thereafter. At all examinations, the 

sparse trabeculation group had more fractures (71-78%) than the non-sparse group (27-31%), 

whereas the severely eroded compact group showed more fractures than the less eroded 

groups only in 1992/93, 24 years later. Sparse trabecular pattern was associated with future 

fractures both in perimenopausal and older women (RR: 1.47-4.37) and cortical erosion in 

older women (RR: 1.35-1.55). RR for future fracture associated with a severely eroded cortex 

increased to 4.98 for cohort 1930 in 1992/93. RR for future fracture associated with sparse 

trabeculation increased to 11.43 for cohort 1922 in 1992/93.  

Conclusions. Dental radiographs contain enough information to identify women most at risk 

of future fracture. 

Clinical Relevance. When observing sparse mandibular trabeculation, dentists can identify 

40-69% of women at risk for future fractures, depending on participant age at examination. 

Key words: Bone structure, epidemiology, fracture, mandible, osteoporosis, longitudinal 

cohort, radiography, women. 
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INTRODUCTION 

Bone mineral density (BMD) only partly explains bone quality and strength [1]. As many as 

73% of all fractures occur in women with a negative test for osteoporosis [2]. Easily assessed 

clinical fracture risk factors are age, sex, prior fragility fractures, corticosteroid use, low body 

mass index, and smoking [3]. Several research groups have tried to predict osteoporosis or 

fractures by assessing mandibular bone mass and structure using dental radiographs. It is a 

reasonable approach because dental radiographs are taken anyway for other purposes. 

Previously, mandibular sparse trabeculation, evaluated visually using intra-oral 

radiographs, was shown to be a better indicator of fracture risk than BMD [4]. Furthermore, in 

a longitudinal study, a sparse mandibular trabecular pattern was found to be a predictor of 

future fracture risk both in perimenopausal and in older women: the older the individual, the 

more effective [5]. No longitudinal study has reported age-changes in the mandibular cortex. 

In the present study, radiographs from three examinations (from 1968/69 to 1992/1993) were 

included in order to describe trabecular and compact bone aging and to compare the 

usefulness of trabecular and cortical bone for fracture prediction. 

 

MATERIALS & METHODS 

Subjects 

A total of 1003 women, participating in the Prospective Population Study of Women in 

Gothenburg in the examinations 1968/69, 1980/81 and 1992/93, were included in the present 

investigation (172 born 1914, 447 born 1922, and 384 born 1930).  

The non-participation analysis showed that the women who declined did not differ 

significantly in medical respect from the participants except for long-term survival which was 

lower in the initial refusers [6]. 
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The Ethics Committee of the University of Gothenburg approved the study (T 453-04 and 

T 075-09), and participants gave their informed consent. 

Fracture ascertainment 

Information on fractures occurring before 1980 was collected from questionnaires. Since 1980 

it has been possible to use medical registries to identify incident fractures and this was done 

every year after 1980. Thus: hospital-verified fracture follow-up was from 1980/81 to 2006 

(26 years), and total fracture follow-up (including data from questionnaires) was from 1946 to 

2006 (60 years). Relative risk (RR) was calculated using only “future” fractures: dated 

fractures from examination dates and forward. Women with a fracture in childhood (<20 

years old) were registered as not fractured. Women with one or more fractures were denoted 

“fractured” in all periods, regardless of the fracture number; 31 women had two fractures, 20 

had three and 12 women had more than three fractures; 55% were forearm fractures, 17% hip, 

14% spine, 14% upper-arm and 0.3% pelvis fractures. No fractures of fingers, toes or skull 

were recorded, and no attempt to separate fragility fractures from other fractures was made. 

The mandibular cortical index (MCI) and cortex thickness 

The radiographic exposure factors were adjusted according to the size of the women. Larger 

women were exposed with higher kV and mA than smaller ones.  

Longitudinal bone changes (24 years) were studied visually in 517 women examined three 

times. All 1003 women had cortical evaluations; 517 women had radiographs from all three 

examinations, 282 had two, and 204 had one radiograph.  

Cortical bone lying distal to the mental foramen was categorized into three groups (Figure 

1). Normal cortex (MCI-1) had a relatively even endosteal margin; moderately eroded cortex 

(MCI-2) had semilunar defects, severely eroded cortex (MCI-3) had heavy endosteal cortical 

residues, was clearly porous, or extremely thin (1-2 mm), which is an expansion of the 

original criterion [7,8].  
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All cortex thickness measurements were performed by one observer (AH-N). Cortex was 

measured using the “natural size” of the digital panoramic radiograph and a specially 

developed transparent ruler that took the magnification of the panoramic radiograph into 

account. The thickness was measured slightly distal of the mental foramen because often a 

small area (2-4mm) of cortex just below the foramen was clearly thicker than the rest of the 

distal cortex. When relative risk was calculated, the cortex thickness variable was transformed 

to a dichotomous variable: thickness < 3mm ~ risk; thickness>3mm ~ no risk [9]. 

Ordinal classification of the radiographic mandibular alveolar trabecular pattern  

The trabecular patterns were evaluated by one observer (GJ). Not all radiographs were 

evaluated: 78 radiographs showed too little alveolar bone, a consequence of tooth extraction 

and resorption of the alveolar trabecular bone at the extraction sites [10]. With the help of 

reference radiographs (Figure 1) the alveolar trabeculation was classified as either sparse 

(value 1), mixed dense plus sparse (value 2), or dense (value 3) [11, 12]. Sparse trabeculation 

had large intertrabecular spaces in most of the alveolar processes, especially in the crestal, 

dentate, premolar area. Dense trabeculation had small intertrabecular spaces everywhere. 

Mixed dense plus sparse trabeculation was mostly dense crestally and sparse apically. 

The bone surrounding teeth with marginal bone loss due to periodontitis, periapical sclerotic 

bone caused by periapical periodontitis, or bone under bridge pontics was unevaluated 

because of local alterations caused by these conditions. 

Reliability  

Three dentists evaluated thirty panoramics twice at four-week intervals. Their findings were 

evaluated using Kappa-statistics. Intraobserver reliability for trabeculation was lower (0.65-

0.92) than for cortex evaluation (0.80-0.92), and similar for interobserver reliability (0.72-

0.84 versus 0.80-0.85). 

Statistics 



 

 
 

6

6

Differences between fracture rates were tested with ANOVA. Relative risk (RR) was 

calculated both for the pooled cohorts and for the cohorts separately to study the association 

between “exposure” and “outcome”. “Exposure” variables were the three bone variables 

transformed to dichotomous variables: severely eroded cortex versus not severely eroded 

cortex; cortex thickness < 3mm versus cortex thickness > 3mm; sparse trabeculation versus 

non-sparse trabeculation. “Outcome” was incident fracture versus non-fracture. Only “future” 

fractures: dated fractures from examination dates and forward were used for RR calculations. 

Spearman’s regression analyses tested linear correlations between trabecular pattern and 

cortical erosion (both ordinal variables with three values). Epi-Info version 3.5 was used for 

all statistical analyses (Center for Disease Control, Atlanta, GA, USA). 

 

RESULTS 

Longitudinal bone changes 

The mandibular alveolar trabeculation and compact bone changed visibly during 24 years. In 

most cases, the intertrabecular spaces increased, the trabeculae seemed less mineralized, and 

the compact bone became thinner and more porous. Table 1 shows that the “Fracture group” 

in 1992/93 contained a higher percentage of women (64%) with a severely eroded cortex 

(MCI-3) and a less percentage number (5%) with a normal cortex (MCI-1) whereas the 

distribution was opposite 24-years earlier in 1968/69 in the same women (54% for MCI-1 and 

3% for MCI-3 respectively). Table 2 shows that the sparse group increased with age (21% to 

46%, pooled group) but the change between trabecular groups was not as large as the change 

between cortical groups. Mean cortex thickness increased slightly from ages 38 to 50 (3.3mm 

to 3.4mm in cohort 1930); from 50 to 78 years the thickness decreased significantly (3.4mm 

to 2.3mm, Table 3).  

The mandibular cortical index (MCI) and cortex thickness 
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The group with severely eroded cortex increased from 0.5% in the youngest group (38year 

olds) to 75.4% in oldest cohort group (78year olds) (Table 3). The distribution of women in 

the cortex classes changed markedly. In 1968/69 most fractures were found in the group with 

normal eroded cortex (54%), in 1980/81 in moderately eroded (62%), and in 1992/93 in the 

severely eroded cortex group (64%) (Table 1). 

RR calculations (pooled cohorts) showed statistically significant increased risk for 

fracture in women with severely eroded cortex in 1980/81 (RR=1.35, 95% CI: 1.01-1.80) and 

in 1992/93 (RR=1.55, 95% CI: 1.20-2.02, Table 1). When the three cohorts were analyzed 

separately, RR was only significantly for those born 1930 in the last study in 1992/93 

(RR=4.98, 95% CI: 2.27-10.93) (Table 3). 

No significant differences were found for cortex thickness between fractured and non-

fractured groups for any cohort or for all women pooled together.  

Ordinal classification of the radiographic mandibular alveolar trabecular pattern  

RR calculations showed statistically significant increased risk for fracture in women with 

sparse trabeculation for the pooled cohorts (RR: 1.47-4.37; Table 2) and also for the cohorts 

studied separately (RR: 1.60-11.43, Table 3). Cohort born 1922 was the largest group and had 

48.3% of all dated fractures. Approximately 80% of women with sparse trabeculation (cohort 

1922 and 1914) had a fracture at least once during their lifetime (Table 3). In cohort born 

1930 as many as 54-61% of those with sparse trabeculation experienced a fracture (Table 3). 

Cohort born 1914 had less sparse trabeculation at the age of 54 than the other cohorts in 

similar age group but with aging this difference disappeared (Table 3). The sparse fracture 

ratio, meaning fractures in women with sparse trabeculation relative to the total number of 

fractures in all women, also increased as subjects grew older (40%-69%, Table 2). 

Fracture rate for women with sparse trabeculation was significantly higher (71.3-78.0%) 

than for the non-sparse groups (27.0-30.7%).  
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Correlations between trabecular pattern and cortical index 

At all examinations dates, significant correlations were found between trabecular pattern and 

cortical index (r=0.26-0.37, p<0.00001). The older the subjects the better was the correlation 

between trabecular and cortical bone. 

 

DISCUSSION 

The fracture rate was significantly higher in the group with sparse trabeculation in the 

mandible 1968/69 (78%, Table 2) and in the group with severely eroded mandibular inferior 

compact bone from 1992/93 (64%, Table 1), than in the groups with denser trabeculation and 

less eroded compact bone. The percentage of women with severely eroded compact basal 

bone increased with age from 3% in 1968/69 to 54% in 1992/93 and those with sparse 

trabeculation increased from 21% to 46% (Table 2). Also, the ratio of fractures in the sparse 

group of women relative to the total fracture number experienced of all women, increased, 

parallel to the increased number of women in the sparse trabeculation group (40-69%). 

Trabecular pattern index performed better as a fracture risk predictor than compact bone 

index which is not surprising since bone changes are seen earlier in trabecular bone than in 

compact bone. Similarly, it seems natural that in 1968/69 most future fractures were found in 

the group with normal erosion whereby there is less erosion at a younger age. In 1992/93 the 

process of erosion had had 24 years to work so there were fewer subjects with normal erosion. 

In 1980/81 only 12% of the 709 women (85 women) had severely eroded compact bone but 

61% of them (52 women) had suffered a fracture. Twelve years later 54% of the 556 

examined women (300) had severely eroded compact bone and 55% had suffered a fracture 

(165 women). The relative risk in women with sparse trabecular pattern was increased as 

early as 1968/69 whereas RR in women with severely eroded compact bone was so from 

1980/81. 
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The cohort differences may be explained by the age differences, differences in life 

conditions during childhood and/or a random selection effect. The women born in 1914 had 

less sparse trabeculation in 1968/69 but the sparse group increased later in size. It is possible 

that this cohort difference is biased because of the small size of the longitudinal group (the 

healthiest had survived and attended the examination) but the loading of the skeleton had 

perhaps been largest in the oldest cohort.  

Cortical thickness increased slightly until age of 50 years (0.1mm) and decreased 

significantly thereafter (-0.6mm in the 1930 cohort), parallel to change in menopausal status. 

After menopause, deficiency in estrogen induces increases bone turnover, leading to skeletal 

bone loss [13]. No cortical thickness difference was found between fractured and non-

fractured groups in contrast to another study where traumatic fractures were separated from 

osteoporotic fractures [14]. Thus, the cortical thickness seems less relevant for fractures than 

the MCI index. 

Visually, it seemed that the “intertrabecular spaces” increased during the 24 years, the 

trabeculae seemed less mineralized, and the compact bone became thinner and more porous. 

However, some of the older participants had a surprisingly dense trabeculation with distinct 

well-mineralized trabeculae and thick compact bone. Other women with dense trabeculation 

maintained their trabeculation pattern with small intertrabecular spaces but the mineralization 

of the trabeculae visibly decreased. A thick compact bone 1968/69 could transform to 

moderately eroded in 1980/1981 and severely eroded compact bone in 1992/1993.  

Our results are supported by studies showing more pronounced age changes in alveolar 

bone than in basal bone [15]. Reduction in the complexity of the trabecular pattern was found 

in osteoporotic individuals [16, 17]. Increase in distance between adjacent trabeculae 

accounted for more than twice the age-related bone loss compared to the decrease in 

trabecular width [16]. Furthermore, advanced image analyses have shown that changes in 
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radiographic trabecular structure is predictive of hip fracture in elderly women [18], partially 

independent of BMD [19]. 

The vertebral radiographic trabecular pattern is significantly related to compressive 

strength and ash density [20] and our results indicated that even the mandibular trabecular 

pattern is associated with skeletal bone strength. The mandibular central trabeculae are mostly 

thin whereas the trabeculae are thicker in the transitional layers between cortex and trabecular 

bone. Therefore the radiographic trabecular pattern depicts mostly these layers. However, 

even the trabeculae situated in the middle of the bone and the cortical bone contribute, to 

some extent, to the radiographic image of the alveolar trabecular bone [21]. Although not all 

changes occurring in mandibular trabeculae may be visually evident on the radiographic 

image, it seems that sufficient information can be obtained from panoramic radiographs to 

identify most of the subjects with the highest fracture risk (sparse trabeculation), and those 

with the lowest risk (dense trabeculation).  

Cortical erosion as bone fracture predictor has been tested previously. One study [14] has 

reported that subjects with a self-reported history of osteoporotic fractures tend to have 

increased resorption of the mandibular lower cortex. Another study [22] found that cortical 

measurements on panoramic radiographs were not significantly associated with the 

occurrence of fractures.  

The main limitation of this study is the lack of DXA measurements and other 

measurements, such as bone texture measurements on digitized radiographs [4, 23, 24]. 

However, longitudinal data of large groups, with a long follow-up period and the large 

number of fractures perceived in that period, may be the optimal material for studying 

relations between radiographic appearance and future fractures. Probably such a material 

conveys more important information about fracture risk than any bone mineral density 

measurement.  
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No step wedge was included in the panoramic radiographs but the trabeculation index is 

rather robust and independent on differences in the radiographic processing if these 

differences are not extreme. Only high class radiographs were included. Normally a reference 

object is necessary for measuring cortical thickness with a fair reliability. However, all 

panoramic radiographs had a magnification factor of 1.3 and our Department of Oral and 

Maxillofacial Radiology has developed a transparent ruler which can be used for different 

magnifications of the radiographs including this one. Panoramic radiographs are less sharp 

than intraoral radiographs and practice is needed before the trabecular assessment can be 

performed [25]. No periapical radiographs were available and the advanced objective methods 

developed for evaluation of the interdental trabecular pattern [18, 23, 26] are not easily 

adapted to panoramics. Due to cortex erosion we found it difficult to measure accurately the 

thickness of the compact bone of some old participants. An automated measurement of 

cortical thickness has been developed [27], and compared with the FRAX index but not with 

sustained fractures [28]. 

We studied alveolar bone where age changes are different than in basal bone due to 

different development patterns and loading [29]. In the excluded, resorbed, edentulous 

mandibles we observed that the radiographic basal bone was mostly dense and the cortex 

rather thick; the trabeculae are probably reinforced as a result of a biologic compensatory 

reaction to avoid jaw fracture. These observations are supported by other investigators [6, 29, 

30].  

The advantage of this study is the prospective design, the relatively large, representative 

study population, and a high participation rate. Fractures were carefully checked from 

questionnaires and hospitals. Previously, we found that the mandibular trabecular pattern was 

a better correlate of fracture than BMD identifying 48% of all previous fractures compared to 

the 19% identified using BMD [4]. Sparse trabeculation was found as early as in 38-year-old 
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women (21%). In this age group exercise and diet may improve BMD without medication 

[23]. An early identification of pre-menopausal women at high risk for fracture is particularly 

interesting for the dental profession because of the risk of mandibular bone necrosis combined 

with bisphoshonate medication for osteoporosis [31]. 

Conclusion and clinical relevance The mandibular trabecular pattern seems to be a highly 

significant predictor of future fracture risk both in perimenopausal and older women whereas 

cortical erosion, but not thickness, performed well for older women. Sparse trabeculation 

indicated that 71-78% of these women would suffer a bone fracture. By analysing dental 

radiographs, dentists can identify people who are at greater risk of fractures long before the 

first fracture occurs. 
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Table 1. A total of 1003 women evaluated with the mandibular compact index (MCI) on 

panoramic radiographs (172 born 1914, 447 born 1922, and 384 born 1930).  

 

 1968/69 1980/81 1992/93 

Women (n) 894 709 556 

Women in MCI-3 group 3% 12% 54% 

Fractured in MCI-3 group 39% 61% 55% 

RR (95% CI) 0.89 (0.50-1.58) 1.35* (1.01-1.80) 1.55* (1.20-2.02) 

 FRACTURE GROUP1 

Women (n) 351 317 256 

MCI-1 54% 22% 5% 

MCI-2 43% 62% 31% 

MCI-3 3% 16% 64% 

 NON-FRACTURE GROUP 

Women (n) 543 392 300 

MCI-1 72% 43% 11% 

MCI-2 25% 48% 44% 

MCI-3 3% 8% 45% 

1 The subject has perceived a fracture in adult life (dichotomy variable). 

MCI - 1: normal cortex with even and sharp endosteal margin of the cortex. 

MCI - 2: moderately eroded cortex with endosteal margin showing semilunar defects.  

MCI - 3: severely eroded cortex with cortical layer forming heavy endosteal cortical residues, being clearly 

porous or extremely thin. 

* p<0.05. 
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Table 2. Radiographs evaluated for trabecular pattern, trabeculation distribution, fracture 

sparse group, risk ratio1, and trabeculation distribution in fracture and non-fracture group for 

the pooled cohorts. 

 

 1968/69 1980/1981 1992/1993 

Women (n) 816 654 521 

Women with sparse trabeculation 21% 34% 46% 

Women with dense trabeculation 29% 20% 15% 

Fracture sparse group 78% 77% 71% 

Sparse fracture ratio2 40% 57% 69% 

RR (95% CI) 1.47* (1.29-1.69) 3.53* (2.84-4.38) 4.37* (3.19-5.99) 

 FRACTURE GROUP 

Women (n) 330 297 246 

Sparse 40% 57% 69% 

Mixed 50% 36% 25% 

Dense  10% 7% 6% 

 NON-FRACTURE GROUP 

Women (n) 486 357 275 

Sparse 8% 15% 25% 

Mixed 51% 54% 52% 

Dense 41% 31% 23% 

 

1Risk ratio (RR): exposure sparse trabeculation, outcome future fracture. 

2Sparse fracture ratio: fractures in the sparse group at the examination date relative to the total number of 

fractures (all women). 

* p<0.05 
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Table 3. Fracture rate, cortical thickness, severely eroded mandibular cortex, and sparse trabeculation in 517 women examined all three times: in 

1968/69, 1980/81, and 1992/93.  

 
Birth year 

 
1930 

 
1930 

 
1930 

 
1922 

 
1922 

 
1922 

 
1914 

 
1914 

 
1914 

 
Examination year 

 
1968/69 

 
1980/81 

 
1992/93 

 
1968/69 

 
1980/81 

 
1992/93 

 
1968/69 

 
1980/81 

 
1992/93 

 
Age (years) 

 
38 

 
50 

 
62 

 
46 

 
58 

 
70 

 
54 

 
66 

 
78 

 
N 

 
221 

 
221 

 
221 

 
231 

 
231 

 
231 

 
65 

 
65 

 
65 

 
Total fracture rate1 

 
39.8% 

 
39.8% 

 
39.8%% 

 
50.6% 

 
50.6% 

 
50.6% 

 
69.2% 

 
69.2.0% 

 
69.2% 

 
Cortical bone 

         
 

Cortical thickness (mm) 
Range of thickness 

3.3+0.59 
(1.9-5.2) 

3.4+0.66 
(1.0-5.8) 

2.8+0.79* 
(0.9-5.0) 

3.5+0.69 
(2.1-7.0) 

3.2+0.88 
0.9-6.4) 

2.6+0.98 
(0.9-5.3) 

3.3+0.69 
(1.8-5.2) 

2.9+0.93 
(1.1-5.2) 

2.3+0.90 
(0.9-4.3) 

Severely eroded cortex  
Severely eroded fracture rate2  
RR3 
95% CI 

0.5% 
0% 
0 

0-NaN 

1.0% 
50% 
2.22 

0.54-9.12 

39.6% 
57.5% 
4.98* 

2.27-10.93 

1.3% 
0.9% 
0.75 

0.15-3.74 

13.9% 
67.7% 
1.59 

0.92-2.74 

63.0% 
52.9% 
0.86 

0.49-1.49 

11.1% 
85.7% 
1.46 

0.95-2.23 

35.0% 
61.9% 
1.16 

0.69-1.94. 

75.4% 
69.8% 
1.16 

0.52-2.58. 

 
Trabecular bone 

         

Sparse trabeculation 
Sparse group fracture rate4 
RR3  
95% CI 

21.6% 
54.3% 
1.60* 

1.11-2.30 

35.6% 
61.1% 
3.27* 

1.86-5.74 

42.2% 
60.5% 
3.86* 

1.89-7.90 

27.5% 
94.8% 
2.80* 

2.19-3.57 

41.2% 
92.9% 
7.00* 

4.03-12.16 

51.0% 
80.2% 
11.43* 

4.29-30.47 

15.7% 
100% 
1.95* 

1.46-2.62 

40.4% 
78.9% 
1.89* 

1.03-3.43 

50.0% 
90.9% 
3.72* 

1.55-8.94 
1 One or more fractures during whole adult life. 2 Fractures in whole adult life in severely eroded compact group. 3 Future fractures from examination date and forward 
4 Fractures in whole adult life in sparse trabeculation group. * p<0.05. 
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Figure legend 

Figure 1. Reference images (panoramic radiographs) presenting dense trabeculation and a 

normal mandibular cortex with even and sharp endosteal margin (left), mixed trabeculation 

and a moderately eroded cortex with endosteal margin showing semilunar defects (middle), 

sparse trabeculation and severely eroded cortex with cortical layer being clearly porous 

(right). 
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Figure 1. 
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