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Abstract: The aim of the present study was to assess the cumulative radiographic periodontal 

attachment loss (CRPAL) and annually radiographic periodontal attachment loss (ARPAL) of 

different disease groups over 5 years or more. A total of 53 subjects, who had taken two sets of full-

mouth standarized paralleling radiographs with separated periods of 5 years or more in teaching 

hospital during 1981-2001, were collected for the past 20 years. The radiographic periodontal 

attachment levels at mesial and distal surfaces of teeth were assessed by measuring the distance 

between cement-enamel junction and the bone crest using an electronic digital caliper (EDC) under 

a 10X magnified radiographs. The results revealed that mean CRPAL was highest in the generalized 

aggressive periodontitis (GAgP) group (-5.523.27 mm), then the chronic periodontitis (CP) group 

(-4.823.47 mm), and the localized aggressive periodontitis (LAgP) group (-4.473.47 mm) followed, 

and lowest in the periodontal healthy (PH) group (-1.050.59 mm). The mean ARPAL was highest 

in the LAgP group (-0.260.25 mm/yr.), then the GAgP group (-0.200.13 mm/yr.), and the CP group 

(-0.120.09 mm/yr.) followed, and lowest in the periodontal healthy group (0.070.06 mm/yr.). 

Conclusions showed that mean CRPAL was highest in the generalized aggressive periodontitis 

group, then the CP group, and the LAgP group followed, and lowest in the periodontal healthy 

group. In addition, there existed a strong statistical significance (p<0.0001) in both CRPAL and 

ARPAL (mm) among individuals affected GAgP, LAgP, CP, and PH groups among mild, moderate, 

and severe periodontitis using paired t-test. 
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1. Introduction 

The accuracy of radiograph measurements involves the chosen taking method, the 

angle of radiographic illumination, the measurement method, and the amount of alveolar 

bone destruction. The bite-wing method (long cone, 16 inches or more target film distance) 

is generally considered more accurate than other methods [1]. In addition, Hou et al. [2] 

randomly sampled eight upper and lower incisors, canine teeth, premolars, and molars, 

and measured them with a parallel periapical radiographs with a magnifying glass 

magnification of 3.5 times with a micrometer, comparing the reliability and 

reproducibility of the measured values of the actual tooth length and the tooth length 

measured on the radiographic image, showing that the two were highly correlated (r = 

0.9817). The standard parallel root tip radiographic irradiation angle should be 

simultaneously perpendicular to the long axis of the tooth and the radiographs. Schei [3] 
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found that when the irradiation angle deviation was 10°, the effect on the bone score in 

the anterior tooth area was small, but the difference was more than 20% on the posterior 

tooth area. In addition, Henrikson's [4] study showed that radiographic-beam angle 

deviations in the range of 10 -15° did not cause a change in the bone score. Hausmann's 

study showed that when the irradiation angle deviation reached 20° [5], it would cause 

radiographic crest changes (especially the molar area), resulting in a 18% difference in 

bone height to root length, or a direct measurement of CEJ-crest distance difference of up 

to 2.35 mm. Pepelassi found that direct measurement is more accurate for smaller amounts 

of alveolar bone destruction.[6] But when Albander & Abbas [7] assessed the changes in 

alveolar bone height over a two-year period, it found that the indirect Schei method was 

better at detecting. Therefore, the appropriate measurement method should be selected 

depending on the purpose of the study, and the direct measurement method is suitable 

for calculating and evaluating the amount of alveolar bone destruction; the law of indirect 

proportions is suitable for assessing future prognosis [6].  

The cross-sectional and longitudinal studies employing techniques, relating to 

measuring the rate of clinical attachment lose in individuals with healthy periodontium 

(HP), aggressive periodontitis (AgP), [7] and chronic periodontitis (CP), were 

documented in the majority of investigators. There is little or no reports regarding studies 

related to the annually radiographic periodontal bone loss rates among the individuals 

with periodontal health, chronic periodontitis and aggressive periodontitis with 

secondary trauma from occlusion using digital scanning radiographic image analysis [8-

12]. The reduction in periodontal bone height with increasing age in healthy, and in those 

CP (Figure 1), GAgP (Figure 2), LAgP (Figure 3), and however, wide variations were noted 

at the different grades of disease stages, and among different types of periodontitis [7, 9-

12]. 

 

Figure 1. Chronic periodontitis (CP) 66yrs 

 

Figure 2. Generalized aggressive periodontitis (GAgP) 36 yrs 
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Figure 3. Localized aggressive periodontitis (LAgP) 42 yrs 

Little or limited data concerning annually alveolar bone loss rates in the long-term 

studies among the individuals with CP, LAgP, and GAgP with mild, moderate, and severe 

cases at the baseline, treatment stage, and final periods. The purpose of this study was to 

analysis the differences of ARABL rates among individuals affected CP, GAgP, and LAgP 

with mild, moderate and severe RPAl after periodontal treatment, respectively. 

2. Materials and Methods 

The 53 patients collected were reclassified according to the classification criteria for 

periodontal diseases and Periodontology 1999 (Annals of Periodontology 1999), which 

was established by the International workshop for a classification of periodontal diseases 

and conditions. Characteristics such as patient age, alveolar bone loss, type of bone loss, 

number of teeth involved, location of teeth involved, etc., are diagnosed in patients with 

generalized aggressive periodontitis (GAgP), chronic periodontitis (CP), and periodontal 

health (HP). A total of 53 individuals (29 males and 24 females) who reported or referred 

to the Periodontal Clinics of Dental School, Kaohsiung Medical University from 1981 to 

2001. A total 29 patients who were diagnosed with GAgP group in the study population 

and had received two routine full-mouth periapical radiographs with an interval of more 

than five years, except for periodontitis, were clinically healthy, had no systemic diseases, 

and had periodontal tissue destruction, including periodontal attachment loss and 

alveolar bone destruction.  

According to the type and number of teeth affected, it is further divided into: a total 

of 9 LAgP (at least 2 permanent teeth on the first molar and incisors with attached loss, 

one of which is the first molar. and no more than 2 teeth were violated except for the first 

molars and incisors); and the total 20 individuals affected GAgP (loss of at least 3 non-first 

molars and permanent teeth of the incisors). A total 14 patients were diagnosed with CP 

were selected from the study parent population who had received two routine full-mouth 

periapical radiographs with an interval of more than five years. According to the 

treatment plan periods, the treatment stages were classified into stage A (baseline data), 

stage B (treatment follow-up stage), and stage C (the end of study), respectively.    

After measurement and analysis, the patients in the experimental group were 

classified into three types of damage according to the percentage (%) of radiographic 

periodontal attachment loss (RABL) to tooth root length, mild: RABL is less than <30%, 

moderate: RABL is between 30%~50%, severe: RABLis more than 50%, and the average 

radiographic periodontal attachment loss and rate of each disease classification were 

calculated.  

Point A: The cementoenamel junction (CEJ) of the tooth bone is designated as point 

A.  

2) Point B: Periapical radiographic bone level.  
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3) Point C: Root apex, designated as point C. The molars need to select the proximal 

root and the root tip of the distal tooth respectively, which are point CM and point CD. 

Set the AB distance as CRPAL; Set the AC distance to radiographic root length. 

3. Results 

Table 1 indicated the CRPAL (mm) and ARPAL (mm) with the mean (SD) at the 

treatment stages A, B, and C, respectively. The mean (SD) of CRPAL and ARPAL at the 

stage A (baseline, before periodontal therapy) was -5.06(3.40) mm and -0.19(0.16) mm. 

There is a mean (SD) of -0.37(1.58) mm and -0.06(0.24) mm at the stage B in both of CRPAL 

and ARPAL. The mean (SD) of CRPAL and ARPAL at the stage C was -4.24(2.48) mm and 

-0.12(0.08) mm, respectively. The results demonstrated a significant difference (p<0.0001) 

in CRPAL and ARPAL following periodontal treatment and at the conclusion of the study, 

as determined by statistical analysis. 

Table 1. Cumulative radiographic periodontal attachment loss (CRPAL) and annual 

radiographic periodontal attachment loss (ARPAL) among stages A, B and C. 

Stages N 
CRPAL (mm) ARPAL (mm/yr.) 

Mean (SD) Mean (SD) 

A 1228 - 5.06 (3.40) - 0.19 (0.16) 

B 1015 - 0.37 (1.58) - 0.06 (0.24) 

C 1015 - 4.24 (2.48) - 0.12 (0.08) 

Significance **** **** 

N: number of tooth sites; NS: not significant (p >0.05); Significant: *p <0.05, **p < 0.01, ***p <0.001, 

****p<0.0001; Stage A: baseline, before periodontal therapy; Stage B: follow-up after treatment; 

Stage C: the end of study. 

Table 2. The difference of mean ARPAL (mm/yr.) in different periodontal disease type of CP by 

disease severity. 

CP 
Stage A    n 

Mean (SD)   

Stage B   n 

Mean (SD)   

Stage C   n 

Mean (SD) 
Significance 

Mild 

Moderate 

Severe 

- 0.08 (0.03) 264 

-0.15(0.04) 49 

-0.26(0.09) 81 

- 0.06 (0.14) 264 

+0.02(0.16) 49 

-0.06(0.47) 23 

- 0.07 (0.03) 264 

-0.12(0.04) 49 

-0.19(0.05) 23 

* 

**** 

*** 

Significance      ****     ****     ****  

 

Table 2 illustrated the differences of mean ARPAL in the CP disease type affected 

mild, moderate, and severe cases at the stages A, B, and C. The differences of mild, 

moderate, and severe bone loss of ARPALs affected CP disease type were -0.08±0.03 mm, 

-0.15±0.04 mm, and -0.26±0.09 mm at the stage A.  The differences of mild, moderate, and 

severe bone loss of ARPALs affected CP disease type were -0.06±0.14 mm, +0.02±0.16 mm, 

and -0.06±0.47 mm at the stage B. The differences of mild, moderate, and severe bone loss 

of ARPALs affected CP disease type were -0.07±0.07 mm, -0.12±0.04 mm, and -0.19±0.05 

mm, at the stage C. 

Results also showed that the prominent improvement of the ARPAL from the 

difference of ARPAL indicated a remarkable and revealed statistical significance 

(p<0.0001) in the CP disease type affected with mild, moderate and severe conditions 

irrespective from the stage A, stage B, and stage C. In addition, Result revealed that the 

bone fills of ARPAL of CP group with the moderate condition (+0.02±0.16 mm) was 
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greater than those of mild (-0.06±0.14mm), and severe (-0.06±0.47 mm) disease types after 

periodontal treatment. (Table 2)  

Results also showed the differences of mean ARPAL in the CP disease type affected 

mild condition at the stages A, B, and C were -0.08±0.03, -0.06±0.14, and -0.07±0.03. There 

existed a statistical difference (p<0.05) in the difference of mean APRAL in the CP disease 

type. In addition, the differences of mean ARPAL in the CP disease type indicated a 

remarkable improvement and both also revealed a statistical significance of moderate 

(p<0.0001) and severe (p<0.001) conditions at stages A, B, and C. (Table 2) 

Table 3. The difference of mean ARPAL (mm/yr.) in different periodontal disease type of LAgP 

by disease severity. 

LAgP 
Stage A   n 

Mean (SD)   

Stage B   n 

Mean (SD)   

Stage C   n 

Mean (SD) 
Significance 

Mild 

Moderate 

Severe 

-0.11(0.04)  278 

-0.21(0.06)  125 

-0.36(0.11)   56 

-0.09(0.23)  278 

-0.08(0.39)  125 

+0.02(0.31)  56 

-0.10(0.05)  278 

-0.18(0.09)  125 

-0.25(0.10)   56 

P=0.2266, ns 

**** 

**** 

Significance     **** P=0.0538, ns     ****  

 

Table 3 indicated the differences of mean ARPAL in the LAgP disease type affected 

mild, moderate, and severe cases at the stages A, B, and C. The differences of mild, 

moderate, and severe bone loss of ARPALs affected LAgP disease type were -0.11±0.04 

mm, -0.21±0.06 mm, and -0.36±0.11 mm at the stage A. The differences of mild, moderate, 

and severe bone loss of ARPALs affected LAgP disease type were -0.09±0.23 mm, -

0.08±0.39 mm, and +0.02±0.31 mm at the stage B. The differences of mild, moderate, and 

severe bone loss of ARPALs affected LAgP disease type were -0.10±0.05 mm, -0.18±0.09 

mm, and -0.25±0.10 mm, at the stage C. 

Results also showed that the improvement of the ARPAL from the difference of 

ARPAL indicated a prominent and revealed statistical significance (p<0.0001) in the LAgP 

disease type affected with mild, moderate and severe conditions irrespective at the stage 

A and stage C. There was a statistical non-significance (p= 0.0538) at the stage B of the 

difference of mean ARPAL of the LAgP disease type with mild, moderate and severe 

conditions. The differences of mean ARPAL in the LAgP disease type with moderate and 

severe conditions indicated a remarkable improvement and also revealed a statistical 

significance of moderate (p<0.0001) and severe (p<0.0001) conditions at stages A, B, and 

C. (Table 3) 

Table 4. The difference of mean ARPAL (mm/yr.) in different periodontal disease type of GAgP 

by disease severity. 

GAgP 
Stage A   n 

Mean(SD)   

Stage B   n 

Mean(SD)   

Stage C   n 

Mean(SD) 
Significance 

Mild 

Moderate 

Severe 

-0.13(0.06) 179 

-0.26(0.10)  29 

-0.63(0.28)  11 

-0.05(0.20)  179 

+0.02(0.13)   29 

-0.25(0.38)   11 

-0.10(0.05)  179 

-0.17(0.07)   29 

-0.33(0.08)   11 

**** 

**** 

**** 

Significance     ****       **     ****  

 

Table 4 revealed the differences of mean ARPAL in the GAgP disease type affected 

mild, moderate, and severe cases at the stages A, B, and C. The differences of mild, 

moderate, and severe bone loss of ARPALs affected GAgP disease type were -0.13±0.06 

mm, -0.26±0.10 mm, and -0.63±0.28 mm at the stage A. The differences of mild, moderate, 

and severe bone loss of ARPALs affected GAgP disease type were -0.05±0.20 mm, 

+0.02±0.13 mm, and -0.25±0.38 mm at the stage B. The differences of mild, moderate, and 
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severe bone loss of ARPALs affected GAgP disease type were -0.10±0.05 mm, -0.17±0.07 

mm, and -0.33±0.08 mm, at the stage C. 

Results also showed that the improvement of the ARPAL revealed statistical 

significance (p<0.0001) in the GAgP disease type affected with mild, moderate and severe 

conditions irrespective at the stages A, B and stage C. In addition, the differences of mean 

ARPAL in the GAgP disease type with mild, moderate and severe conditions indicated a 

remarkable improvement and also revealed a statistical significance of moderate 

(p<0.0001) and severe (p<0.0001) conditions at stages A and C. (Table 4) Only a minor 

improvement of mean ARPAL in the GAgP disease type with mild, moderate, and severe 

condition and indicated a statistical significance (p<0.01) at the stage B. 

4. Discussion 

In this experiment, the micrometer of an electronic digital cursor (EDC) is used, with 

a minimum indication of 0.01 mm and an accuracy of ±0.02 mm, which greatly improves 

the sensitivity of the measurement. Coupled with a concept similar to the Schei ruler was 

also known as image magnification analysis reported by investigators. [13-15] It is an 

indirect proportional method that represents the loss of periodontal attachment height by 

the percentage (%) of the total root length of the alveolar bone loss height, and the root 

length of the tooth as a reference for the loss of the alveolar bone. In this way, the 

continuous change of the proportion of alveolar bone loss can be measured, the accuracy 

of this method is high, and the error is also small, and it is believed that the long-term 

assessment of the height change of the alveolar bone in patients with periodontal disease 

can provide a more objective observation. Therefore, using the radiographic analysis 

method with permanent data source characteristics and using a more accurate EDC and 

digital scanning radiographic image analysis (DSRIA) measurement, [16-18] it is possible 

to record the linear length (mm) of radiographic periodontal attachment loss (RPAL) and 

calculate the ratio of RPAL to root length (%). Due to the high accuracy and small error, 

the long-term assessment of the percentage of periodontal destruction can obtain more 

objective results, and it is believed that long-term epidemiological studies of periodontal 

disease destruction can provide a more accurate method. 

Changes in the loss of periodontal attachments in radiographs from Ramfjord et al. 

studies [19] have shown that patients who receive 3 to 4 recalls per year over a five-year 

observation period have a buccal attachment loss rate of 0.09 to 0.14 mm/yr. Rosling et al. 

[20] pointed out that patients with advanced periodontal disease who had undergone 

periodontal surgery were scheduled to return to preventive treatment every two years 

and found that the loss rate was 1 mm/yr., nearly ten times the general statistical value. 

In the above results, we found that the mean ARPAL of teeth at the radiographic 

Period A> Period C> Period B, and even during Period B, ARPAL sometimes increased 

(bone gain). It is speculated that some patients in this sample were regular return patients 

who had a real improvement in their periodontal condition after diagnosis and treatment, 

and that the alveolar bone fills appeared on the second dental radiograph. The rate of 

ARPAL shown during periodontal treatment (Period B) is small. After reviewing the 

medical records, it was calculated that there were 27 people who were treated regularly 

(about 3 to 4 months), accounting for 62.79% of the total sample size.  

During the Period B, except for no difference in the CP group (p=0.9270), the average 

annual mean in the remaining patients who returned to the clinic was less than that of the 

non-returning patients. Based on the analysis of the above results, we can find that the 

ARPAL in those who returned to the clinic during Period B and Period C was significantly 

(p<0.01) smaller than that of those who did not return, especially in the moderate, and 

severe cases affected with GAgP and LAgP groups was the most obvious (p<0.001), which 

may indicate that those with a more severe degree of radiographic attachment loss in the 

first diagnosis have a better treatment effect after receiving regular treatment. The 

conclusion revealed differences of mean ARPAL in the GAgP disease type with mild, 
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moderate and severe conditions indicated a remarkable improvement and also revealed 

a statistical significance of moderate (p<0.0001) and severe (p<0.0001) conditions at stages 

A and C. (Table 4) Only a minor improvement of mean ARPAL in the GAgP disease type 

with mild, moderate, and severe condition and indicated a statistical significance (p<0.01) 

at the stage B. 
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