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Abstract: Bone formation below the crown of mandibular horizontal incompletely impacted 

third molar is frequently seen in the middle-aged and elderly. The phenomenon shows lamina 

dura loss without radiolucency and we hypothesized the participation of mature enamel without 

any influence on the environmental oral status. In order to investigate the characteristics of the 

phenomenon based on the presence/absence of the lamina dura and radiolucency below the 

crown, we studied the relationship between 58 men and 43 women with a lamina dura without 

radiolucency, 12 men and 8 women without a lamina dura with radiolucency, 34 men and 

16 women without a lamina dura without radiolucency, and the status of teeth in the ipsilateral 

mandible. Subjects without a lamina dura without radiolucency were significantly older than 

those with a lamina dura without radiolucency in both men (P  0.0001) and women (P  0.01), 

indicating different chronological causes. Men without lamina dura with radiolucency showed 

significantly more tooth loss than those with a lamina dura without radiolucency (P  0.00001) 

and those without a lamina dura without radiolucency (P  0.0001), indicating the influence of 

poor oral health. Thus, the phenomenon without a lamina dura without radiolucency may show 

the clinical importance of bone formation in the elderly.
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Introduction
Bone formation below the crown of mandibular horizontal incompletely impacted 

third molar on radiograph is frequently seen in the middle-aged and elderly. The 

phenomenon shows lamina dura loss without radiolucency below the crown. Tooth 

germ has a thick lamina dura with a broad space between the crown and the surface of 

alveolar bone. Since bone formation is generally seen accompanying bone modeling 

in young individuals, the deposition of bone gradually reduces the space between the 

crypt wall and the tooth to the dimensions of the periodontal ligaments.1 After bone 

growth, remodeling by balancing osteoblasts and osteoclasts is regulated as homeostasis 

in the volume of bone; however, remodeling does not prevent skeletal aging after the 

third decade of life, resulting in decreased bone mass.2 Moreover, bone resorption is 

affected with local factors, including inflammation and mechanical forces, malignant 

tumor, and administration of bisphosphonate and hormones. However, we have identi-

fied bone formation, from which it is difficult to discern the space from the enamel 

surface below the crown of mandibular incompletely impacted third molars in middle-

aged and elderly individuals,3 and discussed the mechanism of occurrence,4 whereas 

an apparent space between the crown and bone with lamina dura was seen in young 

healthy individuals. Local factors in the mouth, except ipsilateral tooth loss, did not 
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in an automatic developing machine (Konica SRX-501; 

Konica, Tokyo, Japan). Incompletely impacted third molars 

were horizontal to the second molar in angulation and were 

not fully covered with bone. Horizontal angulation was mea-

sured using horizontal lines drawn at various heights at the 

occlusal plane of the second molar14 or the first molar when 

the second molar was lost, or the premolar when the second 

and first molars were lost. The inclination of the occlusal 

plane of the third molar was read from the line on a compass. 

Teeth with inclinations of 70° or greater were selected as 

horizontal angulation following Shiller.14 Radiograms were 

measured twice by the same experienced oral surgeon. The 

second measurement was performed after a period of months 

without seeing primary data. Teeth with an inclination of 69° 

or smaller on either measurement were excluded from the 

study. Teeth were classified into three groups based on the 

presence/absence of the radiolucency and the lamina dura 

below the crown of the horizontal incompletely impacted 

third molar, and analyzed by comparing these groups. Out 

of three groups, one was the third molar with lamina dura 

without radiolucency (Figure 1), one without a lamina dura 

with radiolucency (Figure 2), and one without a lamina 

dura without radiolucency (Figure 3). Radiolucency and 

the lamina dura were assessed by visual observation at 

2 × magnification. Measurements of the presence/absence 

of radiolucency and the lamina dura were performed twice 

by an experienced oral surgeon. Radiolucency below 

the crown was defined by a diffuse lucent area due to  

irregular widening of follicular space, ranging in width from 

0 to 3.5 mm in maximum amount below the crown. The 

presence of the lamina dura below the crown was defined 

seem to influence bone formation without the lamina dura 

in the space in elderly men; that is, bone below the crown 

seems to arise from alveolar bone, although the reason why 

the space is filled with bone formation without a lamina dura 

in the middle-aged and elderly is unknown. This phenomenon 

may be crucial for maintaining teeth.

In events during enamel maturation, death of ameloblasts 

occurs during the maturation stage of amelogenesis,5,6 and is 

defined as apoptotic death,7,8 which lasts until eruption, when 

the epithelium of the enamel organ fuses with the oral epithe-

lium.9 Maturing enamel loses organic content,10 accompanied 

with a decrease in the function of proteinases and degradation 

of proteins secreted into enamel,11 the peak of which occurs 

in the maturation stage.12 Thus, ameloblasts may be a source 

of the proteinases digesting matrix protein in enamel.13 We 

hypothesized that mature enamel after protein loss might not 

reject bone and fills the space below the crown rather than a 

high activity of bone tissue in the elderly, whereas proteins 

secreted from ameloblasts may inhibit bone formation during 

eruption. We then studied the third molar with radiolucency 

without a lamina dura below the crown comparing with that 

with a lamina dura without radiolucency and that without 

a lamina dura without radiolucency to assess these char-

acteristics and the effects of local factors. This provides a 

foundation for understanding the cause of bone formation in 

the third molar independently of the oral environment. We 

report the clinical importance of this bone formation, which 

is probably derived from mesenchymal tissue in the absence 

of cement and periodontium, especially in the middle-aged 

and elderly.

Methods
Orthopantomographs were examined in 104 teeth from 

88 men and 67 teeth from 58 women who had horizontal 

incompletely impacted third molars at the initial examina-

tion for diagnosis and treatment between January 1988 

and December 1995 at Matsumoto Dental University 

Hospital, Oral and Maxillofacial Surgery (Table 1). The mean 

age ± ­standard deviation (SD) of 88 men was 48.93 ± 13.59 

(range, 31–89 years), and that of 58 women was 41.93 ± 9.46 

(range, 31–75 years). Horizontal incompletely impacted 

third molars, in which the crown is partly at the level of the 

alveolar bone ridge, were monitored regarding the lamina 

dura and radiolucency below the crown of the tooth to the 

cementoenamel junction. The status of a horizontal incom-

pletely impacted third molar was confirmed with orthopan-

tomographs taken with a Panoramax Auto 20 mA, 80–84 

kVp (Asahi, Kyoto, Japan) and the films were processed 

Table 1 Number of teeth with and without a lamina dura and 
radiolucency

Age (y.) 
 
 
 

No of teeth  
with lamina  
dura  
without 
 radiolucency

No of teeth  
without  
lamina dura  
with  
radiolucency

No of teeth 
 without  
lamina dura 
without 
 radiolucency

Total 
 
 
 

Men

31–40 33 6 4 43

41–50 13 1 15 29

51 12 5 15 32

Total 58 12 34 104

Women

31–40 29 6 4 39

41–50 11 0 6 17

51 3 2 6 11

Total 43 8 16 67
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by a fully or partly uniform line as still present, even if the 

line was partly irregularly ruptured. Absence of the lamina 

dura was defined as no detection of a white line below the 

crown. On the other hand, the degree of bone resorption at the 

mesial surface of the canine and the first molar was assessed 

for aging or periodontal disease. Exposure of the root surface 

of the teeth was measured from the cementoenamel junc-

tion to the alveolar crest at the mesial site of the teeth, and 

exposure of the root surface was calculated as a fraction of 

the root length as determined radiographically. The mean ± ­
SD rate of bone resorption between the first and second 

measurements in the canine and first molar was calculated, 

with the mean ± ­SD in those teeth in relation to the ipsilateral 

third molar, and grouped into categories with or without the 

lamina dura and the radiolucency below the crown of the 

third molar. Imperfect views of the root because of imbrica-

tion of individual roots due to curvature of the dental arch 

were excluded from the assessment. When assessment of 

Figure 1 Right horizontal incompletely impacted third molar with lamina dura without radiolucency below the crown in a 38-year-old woman.

Figure 2 Left horizontal incompletely impacted third molar without lamina dura with radiolucency below the crown in a 51-year-old man.
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the presence or absence of radiolucency or lamina dura was 

different between the first and second measurements, this 

was also excluded from the study. Patients with an apical 

lesion at the root of the mandibular second or third molar, a 

radiographically true cyst or tumor in the mandible, diffuse 

radiolucency below the crown, a completely impacted third 

molar, vertical impaction or distoangular impaction, and a 

restoration ending below the cementoenamel junction of the 

second molar were excluded from analysis.

Statistical analysis
Rates of teeth with and/or without a lamina dura and/or 

radiolucency and the ages of patients were calculated and 

analyzed statistically using Student’s t-test, Fisher’s t-test, 

or χ2 analysis among these groups.

Results
Fifty-eight teeth with a lamina dura without radiolucency, 

12 teeth without a lamina dura with radiolucency, and 

34 teeth without a lamina dura without radiolucency in 

men, and 43 teeth with a lamina dura without radiolucency, 

8 without a lamina dura with radiolucency, and 16 without 

a lamina dura without radiolucency in women were seen 

in subjects with a mandibular horizontal incompletely 

impacted third molar (Table 1). We observed that the group 

with a lamina dura without radiolucency was significantly 

younger than the group without a lamina dura without 

radiolucency in men (P  0.0001) and women (P  0.01), 

and younger than the group without a lamina dura with 

radiolucency in men (P  0.05) (Table 2). Alveolar bone 

resorption in the canine and first molar region could be 

assessed in 49 teeth with a lamina dura without radiolu-

cency in men, 8 without a lamina dura with radiolucency 

in men, 28 without a lamina dura without radiolucency in 

men, 39 teeth with a lamina dura without radiolucency in 

women, 7 without a lamina dura with radiolucency, and 

16 without a lamina dura without radiolucency. Alveolar 

bone resorption in the canine and first molar regions in 

subjects was not different between these groups. Tooth 

loss in men was significantly higher in the group without 

a lamina dura with radiolucency than with a lamina dura 

without radiolucency (P  0.00001), and without a lamina 

dura without radiolucency (P  0.0001). For other mea-

sures of tooth loss in women, the number of teeth treated 

with metal repair, and the number of decayed teeth in the 

ipsilateral mandible, there were no significant associations 

between these three groups.

Discussion
Our results show that men with a lamina dura without 

 radiolucency were younger than those without a lamina 

dura with radiolucency and without a lamina dura with-

out radiolucency, and women with a lamina dura without 

radiolucency were younger than women without a lamina 

Figure 3 Left horizontal incompletely impacted third molar without lamina dura without radiolucency below the crown in a 53-year-old woman.
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dura without radiolucency. Tooth loss was higher in men 

without a lamina dura with radiolucency than in men with 

a lamina dura without radiolucency, and without a lamina 

dura without radiolucency. This indicates that the presence 

of probable chronic inflammation, shown in men without 

a lamina dura with radiolucency, may be discerned from 

sound radiographic findings in men with a lamina dura 

without radiolucency and without a lamina dura without 

 radiolucency, and teeth without a lamina dura without 

radiolucency may remain relatively constant until middle 

and older age, whereas teeth with a lamina dura without 

radiolucency are seen in young subjects. In subjects with 

chronic inflammation without a lamina dura with radiolu-

cency, SD in age was greater than in the other two groups 

in both genders. This may strengthen the thought that teeth 

without a lamina dura without radiolucency can arise inde-

pendently of the conditions around the third molar in men 

and probably women. Moreover, increased teeth loss in men 

may be possibly related to poor oral health,15,16 although this 

could not be assessed in this study.

Thus, bone formation without a lamina dura below the 

crown is independent of the oral status in ipsilateral teeth, and 

arises from alveolar bone. The third molar may, as the occasion 

demands, maintain the status of a lamina dura without radio-

lucency, or become with radiolucency without a lamina dura, 

and develop to the status with bone formation without lamina 

dura with aging. Although the progress is unclear, this may be 

based on homeostasis, local stimuli, such as inflammation, or 

apoptosis of enamel below the crown in the third molar.

The finding that bone formation reduces the space 

between the alveolar bone and the crown below the third 

molar in the middle-aged and elderly, although it is unclear 

whether specifically coupled enamel/bone exchange is seen, 

radiographically differed from bone resorption normally 

regulating eruption in the young and bone resorption in 

aging. This suggests that new bone forms after homeostastic 

mechanisms fail.

Bone production is suppressed during enamel formation, 

resulting in burgeoning accompanied by bone resorption. 

Enamelysin (matrix metalloproteinase [MMP])13 degrades 

amelogenin,17 eliminates enamel matrix proteins,18 facili-

tates replacement of the organic matrix with minerals,19 and 

processes amelogenin during the secretory stage,20 although 

bone resorption in tooth eruption is seen associated with 

the expression of osteoprotegerin.21 Reduced enamel secre-

tion due to apoptosis may also drive bone production. After 

enamel maturation is complete, the entire enamel organ is 

greatly reduced.22 Thus, apoptosis of enamel is essential 

for eruption, and bone formation below the crown may be 

induced by a decline in enamel activities. This suggests 

that enamel matrix protein (EMD), which is extracted from 

fetal porcine tooth germs and contains enamel proteins 

Table 2 Lamina dura and radiolucency and status of bone and teeth on ipsilateral side

Men With lamina dura without 
 radiolucency (58 teeth)

Without lamina dura with 
 radiolucency (12 teeth)

Without both lamina dura 
and radiolucency (34 teeth)

Age (y.) 42.76 ± ­10.48 (58)a,b 51.92 ± ­19.33 (12)a 53.06 ± ­12.68 (34)b

Bone resorption in the canine  
and first molar

0.08 ± ­0.09 (49) 0.17 ± ­0.28 (8) 0.07 ± ­0.08 (28)

No of teeth loss 25/406 (6.2%)c 20/84 (23.8%)c,d 17/238 (7.1%)d

No of teeth treated with  
metal repair

115/381 (30.2%) 16/68 (23.5%) 65/221 (29.4%)

No of decayed teeth 6/381 (1.6%) 1/68 (1.5%) 4/221 (1.8%)

Women 
 

With lamina dura without 
radiolucency  
(43 teeth)

Without lamina dura with  
radiolucency  
(8 teeth )

Without both lamina dura 
and radiolucency (16 teeth)

Age (y.) 39.49 ± 8.37 (43)e 41.25 ± 10.38 (8) 46.69 ± 9.35 (16)e

Bone resorption in the canine and first 
molar

0.02 ± 0.06 (39) 0.04 ± 0.07 (7) 0.02 ± 0,07 (16)

No of teeth loss 14/301 (4.7%) 1/56 (1.8%) 2/112 (1.8%)

No of teeth treated with  
metal repair

114/287 (39.7%) 19/55 (34.5%) 42/110 (38.2%)

No of decayed teeth 5/287 (1.7%) 1/55 (1.8%) 2/110 (1.8%)

aP  0.05, b, dP  0.0001, cP  0.00001, eP  0.01
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of amelogenin and ameloblastin etc.,23–25 cannot exclude 

the  suppression of bone production. Moreover, EMD may 

 function in ectomesenchymal tissue, whereas apoptotic 

mature enamel may help mesenchymal tissue.

Apoptosis in ameloblasts of the erupting molar tooth 

is temporarily seen as part of the reduced dental epithe-

lium. Accompanying eruption, apoptotic reactions are no 

longer seen in the remainder of the reduced ameloblasts.9 

Progressively decreased enamel secretion can show a sus-

tained increase in bone production. In consequence, the 

border of tooth and bone, which is generally interstratified 

by periodontium or connective tissue, can become closer 

with aging. Delays or prevention of eruption in horizontal 

incompletely impacted third molar may arise from bone 

formation below the crown in the middle-aged and elderly 

as the controlling mechanisms of the final condition with-

out any stimuli, such as inflammation. This may provide a 

clue to comprehend complex signaling in the periodontium 

or periostium, and diseases involving the membranes. Ten 

Cate26 noted that the origin of new bone formed at the time 

of periodontal ligament organization might develop from the 

layer of ectomesenchymal cells investing the tooth germ, and 

the dental follicle is the formative organ for tooth support 

tissues. However, the bone formation in the current study 

may be caused by a different mechanism arising from the 

surface of alveolar bone without periodontium and cement. 

Radiographic findings show that enamel contributes to bone 

formation and that dead enamel can be used to induce bone 

formation by intervening in bone loss. The phenomenon that 

apoptotic enamel loses protein and proteinase activities lead 

to bone formation seems to have an unanticipated role in 

strengthening bone in the elderly. Recently, peak thickness 

in subjects aged 40 to 49 years was reported in mandibular 

cortical bone,27 but data was not identified in the third molar. 

We doubt if the increased thickness of cortical bone may be 

absent of lamina dura.

In conclusion, this concept of close contact with enamel 

due to dead enamel could be extended to clinical applica-

tions using material which shares certain characteristics 

of matured enamel captured by dead amelogenin. Further 

exploration in animal trials should obtain sufficient evidence 

to determine the superiority of mature enamel with respect 

to bone formation. Evaluating the usefulness of enamel is 

therefore a future challenge.
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