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Abstract
Objective: The purpose of present study was to evaluate the differences of teeth using annually radiographic alveolar bone loss in cases involved 
severe advanced periodontitis with secondary occlusal traumatism among at the baseline of periodontal evaluation.

Materials and methods: A total 1013 tooth of 53 individuals affected severe advanced periodontitis with secondary occlusal traumatism was 
examined annually radiographical periodontal bone loss for maxillary and mandibular molars and non-molars teeth with and without secondary 
occlusal traumatism. The annually radiographical periodontal bone loss of teeth affected severe advanced periodontitis with secondary occlusal 
traumatism were calculated using the digital scanning radiographic image analysis.

Results: Results showed 1) that he reliability coefficient of interexaminer and intraexaminer measurements of ARABL of teeth for maxillary, mandibular 
and both arches of teeth with SAP using DSRIA indicated a statistically significant difference (p<0.001) using two-sample t-test; 2) that differences 
of ARABL (mm/yr.) in maxillary and mandibular teeth with SOT and without SOT in Individuals, respectively, and showed a statistically significance 
(p<0.0001) using two-sample t-test; 3) that the differences of ARABL (mm/yr.) on molars and non-molars with and without SOT in maxillary and 
mandibular arches, respectively, and showed a statistically significant difference (p<0.001) using two-sample t-test; 4) that the differences of ARABL 
(mm/yr.) on non-molars with and without SOT in both the maxillary and mandibular arches, respectively, and presented a significant difference 
(p<0.0001) using two-sample t-test.

Conclusion: We concluded that the means of annually radiographic alveolar bone loss on teeth affected severe advanced periodontitis with 
secondary occlusal traumatism were significantly greater losses than the teeth without secondary occlusal traumatism, irrespective of maxillary and 
mandibular molars or non-molars.

Clinical relevance: This is the first report to address the periodontal bone lose rate per year of naturally progressing severe advanced periodontitis 
affected secondary occlusal traumatism using the digital scanning radiographic image analysis in Taiwanese subjects at the baseline data.
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Introduction
The majority of the cross-sectional and longitudinal studies 

employing techniques relating to measuring the rate of periodontal 
attachment loss in individuals affected healthy periodontal, and 
different disease types, such as chronic periodontitis (CP), early-onset 
periodontitis (EOP), and aggressive periodontitis [1].

It is well known that there is little or no documents regarding 
studies were presented that the reduction in alveolar bone crest height 
with increasing age in healthy and in those with periodontal disease 
[2-6]. However, wide variations were found at the different degrees of 

proximal bone loss within the same mouth of the patients and among 
different types of periodontitis [1,2,7,8]. Normally, most studies 
employed periodontal probing and radiographic measurements to 
investigate the rate of periodontal attachment levels and radiographic 
bone loss. 

Secondary occlusal trauma (SOT) (Figure 1) is injury resulting in 
tissue changes from normal or excessive occlusal forces applied to 
a tooth or teeth with reduced periodontal support. It occurs in the 
presence of attachment loss, bone loss, and normal/recessive occlusal 
force(s). The most common clinical sign of SOT to the periodontium 
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is increased tooth mobility. In the injury stage of SOT there is 
destruction of periodontal fibers, which will increase the mobility of 
the tooth. In the final stage the accommodation of the periodontium to 
increased forces entails a widening of the periodontal ligament, which 
also leads to increased tooth mobility. When it becomes progressively 
worse, it can be considered pathologic. Other causes of increased 
tooth mobility include advanced bone loss, inflammation of the PDL 
of periodontal or periapical origin [9].

Little or limited information concerning yearly bone loss rates in the 
long-term studies of periodontal treatment outcomes in individuals 
with severe advanced periodontitis (SAP) with secondary occlusal 
traumatism (SOT) on the tooth at the baseline.

The purpose of this study was to investigate the rates of annually 
radiographic alveolar bone loss (ARABL) on the teeth affected SAP 
with SOT at the baseline of periodontal evaluation.

Materials and Methods
In addition, the radiographic signs of SOT (Figure 1) include: 

1) An increased width of periodontal space, often with thickness 
of lamina dura along the lateral aspect of the root, in the apical lesion, 
and in buccal furcation areas; 

2) a “vertical” or angular bony defects, rather than a “horizontal” 
destruction of the interdental septum; 

3) radiolucence and condensation of the alveolar bone; and 4) root 
resorption. 5). tooth mobility [9].

The criteria of present specimens selected on the tooth of individuals 
affected SAP with SOT is according to the both of clinical signs and 
radiographic signs [9].

A total of 1013 teeth (83 maxillary molars and 367 non-molars) 
and 563 (114 mandibular molars and 449 non-molars) were randomly 
selected from a total of 53 individuals, (29 males and 24 females), 
who reporting or referred to the Periodontal Clinics of Dental 
School, Kaohsiung Medical University from 1981 to 2001. Those 
individuals ranging in age from 24 to 66 years (mean age 37.7 ± 11.6 
years), affected severe advanced periodontitis (SAP) with SOT as the 
experimental group, whereas the SAP without SOT as the control 
group. Clinical examination of periodontal charting comprised the 

Figure 1: Shows that Radiographic images features of SOT included: 
angular bone defect, reduced periodontal support, increased tooth 
mobility, widening of PDL.

age, sex, and a questionnaire of dental history including causes of 
missing tooth, gingival index (GI) [10], plaque index (PI) [11], initial 
probing pocket depths (PPD) and clinical attachment level (CAL). 
Routine 14-18 periapical radiographs including tooth distortion, poor 
radiographic qualitative, restoration obliterating the cement-enamel 
junction (CEJ), and overlapping in either teeth or CEJ measurements, 
which produced unreadable measurement points, were excluded from 
the study samples.

Measurement of ARABL

The proximal ARABL of mesial and distal tooth surfaces were 
examined at 10X magnification for alveolar bone loss using the digital 
scanning radiographic image analysis (DSRIA) [12]. Proximal ARABL 
was defined as bone defects of at least 2 mm distance between the 
CEJ and the alveolar crest. The radiographic CEJ, alveolar crest and 
root apex were used as three reference points for calculating ARABL 
(Figure 2). 

Data analysis: The means and standard deviations of each tooth 
from the cases involved SAP with and without SOT, were calculated. 
The two-sample t-test for paired data was used to analyze the 
differences between different disease types, tooth with and without 
SOT, and ARABL at the baseline of periodontal charting.

Reliability of the DSRIA

The reliability was established by double reading of 20 teeth from 10 
individuals randomly selected from a total 53 cases. All measurements 
were performed by the principal examiner and by a post graduate 
student, with 3 weeks between readings. The means and standard 
deviations of ARABL measured by DSRIA for each tooth were 
compared using reliability coefficients. Statistical significance was 
defined at p<0.05.

Data analysis: The means and standards deviations of each tooth of 
both arches from the cases affected SAP with and without SOT were 
calculated. The two sample t-test for pair data was used to analyze the 

Figure 2: Proximal digital radiographic alveolar bone loss (DRABL) 
was defined as bone defects of at least 2 mm distance between the 
CEJ and the alveolar crest (2 mm under CEJ=A). The radiographic CEJ, 
alveolar crest (B) and root apex (C) were used as three reference 
points for calculating RABL. 
 # 47: AB=5.53 mm/AC=13.63mm; #46: AB=6.58mm/AC=12.39mm
AB/AC=40.57%                 AB/AC=53.11%
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differences between teeth with and without SOT in both maxillary and 
mandibular arches (p<0.001) at the baseline (Table 1), respectively.

Results
The interexaminer reliability coefficients using DSRIA [12] were 

0.992, 0.995, and 0.986 for the maxillary arch, the mandibular arch, 
and both arches, respectively (Table 1). A similar finding was noted for 
intraexaminer reliability coefficients, where the reliability coefficients, 
with repeated measurements undertaken at a 3-week interval, in the 
maxillary, mandibular and both teeth were 0.992, 0.994 and 0.986, 
respectively (Table 1).

Similar results were noted for intraclass and interclass reliability 
coefficients of maxillary, mandibular and both teeth and indicated that 
p-value <0.001 (Table 1).

Table 2 demonstrated that the differences between the ARABL 
(mm/yr.) of teeth with and without SOT in both the maxillary and 
mandibular teeth. Results indicated that the ARABL on both the 
maxillary and mandibular teeth with SOT (-0.26 ± 0.14 mm/yr.) and 
(-0.20 ± 0.10 mm/yr.) were greater loss than teeth without SOT (-0.14 
± 0.09 mm/yr) and (-0.12 ± 0.06 mm/yr.), respectively. The means 
(SD) of ARABL (mm/yr.) was -0.26 ± 0.14 mm/yr. (66 teeth) and -0.14 
± 0.09 mm/yr. (384 teeth), respectively, on the teeth with and without 
SOT in the maxillary teeth. The differences of means of ARABL on 
the maxillary teeth with SOT was significantly greater (p<0.0001) than 
teeth without SOTs (Table 2). Similarly, the comparison of differences 
the means (SD) of ARABL (mm/yr.) on the mandibular teeth with 
SOT (-0.20 ± 0.10 mm/yr.) was significantly greater (p<0.0001) those 
teeth without SOT (-0.12 ± 0.06 mm/yr), respectively.

Table 3 showed that the means of ARABL on the maxillary (27 
molars) with SOT (-0.29 ± 0.15 mm/yr.) and molars without SOT (56 

molars) (-0.18 ± 0.10 mm/yr.), respectively. Comparison of the means 
of ARABL on the maxillary molars with SOT was significantly greater 
loss (p<0.001) than those molars without SOT with two-sample t-test 
(Table 3).

The means (SD) of means of ARABL (mm/yr.) on the mandibular 
molar with SOT (20 molars) and those molars without SOT (94 
molars) were -0.18 ± 0.10 mm/yr. and -0.12 ± 0.07 mm/yr., respectively. 
The comparison of means of ARABL on the molars with SOT was 
significantly greater loss (p<0.05) than those molars without SOT 
(p<0.05) with two-sample t-test (Table 3).

Results indicated that the means of ARABL on the maxillary non-
molar (48 non-molars) with SOT and those non-molars (328 non-
molars) without SOT were -0.23 ± 0.12mm/yr. and -0.13 ± 0.08 mm/
yr, respectively. A comparison of means of ARPBL on non-molars with 
SOT was significantly greater loss (p<0.0001) than maxillary non-
molars without SOT using two-sample t-test (Table 4).

The means (SD) of ARABL (mm/yr.) on mandibular non-molar 
with SOT were -0.22 ± 0.09 mm/yr. (46 molars), whereas non-molars 
without SOT (403 molars) were -0.12 ± 0.06 mm/yr., respectively. 
The difference of means of ARABL on the non-molars with SOT was 
significantly greater (p<0.0001) than those molars without SOT. With 
two-sample t-test (Table 4).

Discussion and Conclusion
This pilot study demonstrated that DSRIA resulted in a high 

value of correlation coefficients for both of intraexaminer (r=0.994, 
p<0.001) and interexaminer (r=0.995, p<0.001) reliability tests to 
measure alveolar bone loss. Therefore, this pilot seems to be valuable 
as compare to those reports using traditional methods [9,13].

Primary trauma from occlusion possible be caused by following 
reasons; a) alterations in occlusal forces and/or 2) reduced capacity of 
the periodontium to withstand occlusal forces [13,14]. Majority of the 
experimental animal studies on the effect of trauma from occlusion 
neither change the level of connective tissue attachment no initiation 
of pocket formation. Polson AM, et al. [15] indicated that no change of 
above reasons probably because the supracrestal gingival fibers are not 

Tooth location Reliability coefficients p-value

Interexaminer

Maxillary tooth 0.992 <0.001

Mandibular tooth 0.995 <0.001

Both arch teeth 0.986 <0.001

Intraexaminer

Maxillary tooth 0.992 <0.001

Mandibular tooth 0.994 <0.001

Both arch teeth 0.986 <0.001

Table 1: The reliability coefficient of inter-examiner and intra-examiner 
measurements of ARABL of teeth for maxillary, mandibular and both 
arches of teeth with SAP using DSRIA.

Teeth ARABL (mm/yr.)

SOT n Maxillary Teeth 
Means(± SD) n Mandibular Teeth 

Means(± SD)
Teeth with SOT 66 -0.26(± 0.14) 66 -0.20(± 0.10)
Teeth without 

SOT 384 -0.14(± 0.09) 497 -0.12(± 0.06)

p-value P<0.0001 P<0.0001

Table 2: The differences of ARABL (mm/yr) in maxillary and mandibular 
teeth with SOT and without SOT in Individuals, respectively.

Tooth Types n
Maxillary Teeth 
ARABL(mm/yr.) 

Means(± SD)
n

Mandibular Teeth 
ARABL(mm/yr.) 

Means(± SD)
Molars with SOT 27 -0.29(± 0.15) 20 -0.18(± 0.10)

Molars without SOT 56 -0.18(± 0.14) 94 -0.12(± 0.07)

p-value P<0.001 P<0.05

Table 3: The differences of ARABL (mm/yr.) on molars and non-molars 
with and without SOT in maxillary and mandibular arches.

Tooth Types n
Maxillary Teeth 
ARABL (mm/yr.) 

Means(± SD)
n

Mandibular Teeth 
ARABL (mm/yr.) 

Means(± SD)

Non-molars with SOT 48 -0.23(± 0.12) 46 -0.22(± 0.09)

Non-molars without SOT -0.13(± 0.08) 403 -0.12(± 0.06)

p-value P<0.0001 P<0.0001

Table 4: The differences of ARABL (mm/yr.) on non-molars with and 
without SOT in both the maxillary and mandibular arches.
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affected and therefore prevent the apical migration of the junctional 
epithelium.

Secondary cause of periodontal destruction of alveolar bone 
loss is the most common cause of SOT because of the burden force 
increasing on the less remaining tissues and heavy leverage on the 
weaken periodontium [16,17]. 

The most common clinical sign of SOT to the periodontium is 
increased tooth mobility. In the injury stage of SOT there is destruction 
of periodontal fibers, which will increase the mobility of the tooth. In 
the final stage the accommodation of the periodontium to increased 
forces entails a widening of the periodontal ligament, which also leads 
to increased tooth mobility. When it becomes progressively worse, it 
can be considered pathologic. Other causes of increased tooth mobility 
include advanced bone loss, inflammation of the PDL of periodontal 
or periapical origin [9].

In addition, the radiographic signs of SOT include 1) An increased 
width of periodontal space, often with thickness of lamina dura 
along the lateral aspect of the root, in the apical lesion, and in buccal 
furcation areas; 2) a “vertical” or angular bony defects, rather than a 
“horizontal” destruction of the interdental septum; 3) radiolucence 
and condensation of the alveolar bone; and 4) root resorption; 5) tooth 
mobility [9].

The criteria of present specimens selected on the tooth of individuals 
affected SAP with SOT is according to the both of clinical signs and 
radiographic signs [9].

Little or limited information regarding the differences between 
the individuals affected SAP with and without SOT was presented. 
Our results indicated that the ARABL on both the maxillary and 
mandibular teeth with SOT was greater loss than teeth without SOT 
with a significant difference, respectively. Results also showed that the 
ARABL on both the maxillary and mandibular non-molars with SOT 
was greater loss than teeth without SOT with a significant difference, 
respectively (Table 3).

This is the first report to address the alveolar bone lose rate per 
year of naturally progressing SAP affected SOT using the DSRIA in 
Taiwanese subjects at the baseline data. Little or limited studies have 
reported measurement differences of annually radiographic alveolar 
bone loss (ARABL) between the teeth affected SAP with SOT and the 
teeth without SOT at the baseline.

The differences of means of ARABL on the teeth with SOT was 
significantly greater (p<0.0001) than teeth without SOTs (Table 2). 
Similarly, the comparison of differences the means (SD) of ARABL 
(mm/yr.) on the mandibular teeth with SOT (-0.20 ± 0.10 mm/yr.) was 
significantly greater (p<0.0001) those teeth without SOT (-0.12 ± 0.06 
mm/yr), respectively. Therefore, result concluded that the means of 
ARABL of both maxillary and mandibular teeth with SOT remarkable 
and significantly greater (p<0.0001) than those teeth without SOT.

In addition, the conclusion also showed that the comparison of 
means of ARABL on the mandibular molars with SOT was significantly 
greater loss (p<0.05) than those molars without SOT (p<0.05) (Table 
3). Similar trend of means of ARABL was also found on both of molars 
and non-molars, irrespective, of maxillary and mandibular arches 
areas (Table 4).

However, there has been little or no literatures regarding the yearly 
periodontal bone loss of severe advanced periodontitis associated 
with secondary trauma from occlusion and related to analysis using 

the DSRIA. Therefore, limited information about SAP with SOT to 
compare with early very few or no literatures.

Lindhe J & Nyman S [18] and Rosling B, et al. [19] reported that 
the employment of proper periodontal therapy did not diminish the 
increased tooth mobility. Teeth affected SOT might still exhibit a 
progressively increased mobility and splinting of these teeth might 
necessary using therapeutic provisional prosthesis either uniterally or 
bilaterally cross arch design.

A recent case series study [20] used simple intentional replantation 
for periodontally compromised or hopeless teeth accompanied by 
extensive bone loss even beyond the root apex, and promising bone 
gain (without bone graft) was observed. An 88.2% overall cumulative 
survival rate of those affected teeth (5.1-13 years follow-up) was noted. 

The other more recent study [21] involves a more long term follow-
up case series regarding the preservation of similarly compromised 
teeth affected SAP with SOT using the strategies of non-surgical 
periodontal therapy (NSPT), therapeutic provisional prosthesis, and 
crown and sleeve-coping telescopic denture (CSCTD) were made to 
resolve SOT and stabilized the teeth affected SAP with SOT. These 
therapies were tried to hopefully achieve, bone fills of intrabony 
osseous defects of the candidate tooth sites. Supportive periodontal 
maintenance therapy was performed once every 2-3 months, 
throughout the end study. Additionally, clinical parameters and 
radiographic follow-up examinations of full mouth once every 1-2 
years to monitor the periodontal bone regeneration of horizontal and 
angular bony defects.
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