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Abstract
Background: Whether the linear crown-to-root ratio (CRR) decided by 3D and 2D clinical attachment loss
(CAL) can be applied to evaluate the periodontitis severity and tooth prognosis was rarely examined.

Materials: Sixty-six mandibular and maxillary single-rooted human premolars were surveyed by micro-
computed tomography. CRRs at the levels of de�ned mild, moderate and severe periodontitis severity
were analyzed. Statistical signi�cance was con�rmed by t -testes.

Results: Along with the de�nitions, both the �ndings of coronal 25% root surface area (RSA) with
CRR=1:1 corresponded to ≤3.0 mm linear radiographic bone loss (L-RBL) and 20% RSA with CRR=4:5 at
L-RBL=1.6‒1.9 mm signi�ed ≤15% L-RBL were categorized as mild periodontitis. Similarly, the results of
coronal RSA≤52% with CRR≤3:2 at L-RBL≤5.0 mm and RSA=40% with CRR=5:4 at 4.0 mm L-RBL
denoted 30% L-RBL were characterized moderate periodontitis. Additionally, relying on whether a 1.0mm
connective tissue attachment (CTA) was included, CRR=1:1 at 25% L-RBL or CRR=4:3 at 35% L-RBL
corresponded to a 25% clinical attachment loss (CAL), which could be used to distinguish a fair
prognosis from a good prognosis. Either the level with 50% L-RBL at CRR=2:1, or the level with 50% CAL
and 60% L-RBL at CRR=5:2 could be applied to differentiate a poor prognosis from a questionable
prognosis.

Conclusions: The periodontitis severity and tooth prognosis de�ned by 2015 academic classi�cation
could be evaluated according to a range of corresponding RSAs and CRRs. The length and morphology
of the tapered roots and decreasing CTA enclosure partially explained the �ndings.

Background
The measurement of linear radiographic bone loss (L-RBL) was adopted to evaluate the severity of
periodontitis. One study decided the severity of periodontal disease based on the location of the alveolar
crest categorized as within 1/3 of the total root length (RL), between 1/3 and 2/3 or more than 2/3 of the
total RL[1]. According to the guidelines of American Academy of Periodontology (AAP) for determining
severity of periodontitis, bone loss of up to 15% of the RL or ≥2.0 mm and ≤3.0 mm RBL is characterized
as mild periodontitis, 16% to 30% of RL or >3.0mm and ≤5.0mm RBL is classi�ed as moderate
periodontitis, and 30% of RL or >5.0mm RBL indicates severe periodontitis[2]. Despite the limitations of
conventional radiographic techniques and the evidence provided[3], most studies have offered valuable
information on periodontal RBL based on two-dimensional (2D) calculation[4–6]. The application of
three-dimensional (3D) radiographic examinations in the dental clinic for routine periodontal assessment
was previously impractical, but recently 3D radiographic examinations have become feasible and popular
for dental treatment[7]. The amount of root surface area (RSA) of permanent dentition has been
appraised from both 2D and 3D perspectives[8, 9]. A dental laser scanner examination suggested that the
amount of RBL in single-rooted human premolars was under-assessed from the 2D view point[10].
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Crown-to-root ratio (CRR) has been extensively applied to assess the linear ratio of the tooth root retained
in alveolar bone to estimate the severity of periodontitis and to assign tooth prognosis[11, 12]. Currently,
periodontists have used a CRR value of 1:1 to differentiate a periodontitis tooth with a favorable
prognosis from one with an unfavorable prognosis[13]. One CRR value is not only discordant with
appraising the teeth for mild, moderate or severe periodontitis but is also inadequate for distinguishing
the prognosis of periodontitis teeth as good, fair, poor, questionable or hopeless[14, 15]. Dental �elds
have utilized micro-computed tomography (micro-CT) to explore the micro structure of alveolar bone,
dental pulp and RSA[9, 12, 16–20]. After tooth scanning, the restored 3D data of the test edit ems can be
translated into 2D output by the use of an associated software program for RSA calculation. The RSA
and CRR information at the evaluated levels can be analyzed thereafter.

We hypothesized that based on the de�nition from the guidelines of AAP; the values of the L-RBL
percentages at the evaluated levels would be consistent with the measured values from the linear L-RBL
millimeter aspect. The aims of this study were to employ a micro-CT to survey extracted human single-
rooted premolars and measure the RSAs at the evaluated L-RBL levels. Whether the amount of RSA and
L-RBL percentages were comparable to each other at the assessed CRR levels was also determined.
Corresponding to linear RL millimeter measurements, the concept of clinical attachment loss (CAL) was
also applied to estimate the effects of CAL on CRR determination. Finally, we discuss the CRR values of
periodontal prognostic appraisals according to the RSA and L-RBL ratios.

Methods
Materials

Thirty-one intact maxillary and 35 intact mandibular premolars were collected from patients who
underwent orthodontic or periodontal treatment in the dental department. All patients provided written
informed consent before extraction. This clinical study followed the Declaration of Helsinki and was
approved by the Medical Ethics Committee. All methods were performed in accordance with the Taiwan
Dental Association guidelines and regulations.

Tooth samples were examined from the crown cusp to the root apex with micro-CT (SkyScan 1076,
Bruker, Kontich, Belgium) using a cone beam method under the following settings: tube voltage, 100 kV;
tube current, 100 µA; pixel matrix, 2,000 × 2,000; slice thickness, 18 μm. The apex of each premolar was
stabilized vertically on a �xture parallel to the long axis of the tooth. Generally, the micro-CT instrument
took 10 minutes to scan a tooth. Subsequently, the instrument exported the digital imaging data to �les,
each 5 GB �le containing 1,300–1,500 sliced images obtained from a single tooth. These exported data
were subsequently analyzed and edited using the DataViewer, CTVol, and CTVox software (Bruker), and
3D images were reconstructed from the 2D images using this software. The 3D geometry �les were
generated for each mask and saved as stereolithography (STL) �les. An STL format model with
approximately 1,500,000–2,000,000 �ne triangle surfaces describing a 3D premolar structure was
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developed. The RSAs of premolars were calculated as the sum of speci�c �ne triangle areas using the
Pro/Engineer software (PTC, Needham, MA, USA).

The 2D RL of a scanned premolar was determined by measuring the distance from the apex to an
average cementoenamel junction (CEJ) point (g–h in Figures 1 C and H). The CEJ point was de�ned as
the midpoint of the two midpoints of the interproximal and buccolingual lines (f and e, respectively, in
Figure 1). The measurement of the L–RBL in millimeters and percentages at coronal 3.0 mm, 5.0 mm,
15%, 25%, 30% and 50% L–RBLs of teeth were considered and evaluated. The amount and percentage of
RSAs and L–RBLs at the evaluated CRRs of 4:5, 1:1, 5:4, 4:3, 3:2, 2:1 and 5:2 were analyzed. The
collected teeth were assigned to the maxillary and mandibular groups. A dental laser scanner
examination was employed to con�rm the macro-structure �ndings of the teeth scanned by micro-CT.

Statistical analyses

Both maxillary and mandibular premolars were analyzed after rationalizing the amounts of L–RBL and
RSA at planned levels to the total amounts of RL and RSA for every individual tooth before intra- or inter-
group analyses to avoid tooth size and root morphology bias. The independent t-tests were conducted to
evaluate the signi�cant differences of general anatomic measurement between the maxillary and
mandibular premolars; and between micro-CT and dental laser scanner. Independent t-tests were also
performed to study the variations in the L–RBL or RSA amount between the maxillary and mandibular
premolars at the corresponding CRRs (p< 0.05). Paired t-tests explored the signi�cance between inter–
and/or intra–groups of the L–RBL measurements in millimeters, L–RBL percentages and RSA at the
evaluated CRRs and L–RBLs coronoapically (p< 0.05).

A one-sample t-test was performed to assess whether the measured amount and ratio were consistent
with those proposed at the evaluated CRRs, RSAs, and L-RBLs, and the test supported the null
hypotheses. The null hypotheses (H0) were as follows:

1st H0: The variation between the measured and proposed ratios of bone support at L-RBLs of 3.0 mm
and 5.0 mm (or L-RBLs of 15%, and 30%) were ≤2% (|mean‒3.0 mm and 5.0 mm (or 15% and 30%)| ≤
2%); and 1st H1 were >2%.

2nd H0: The variation between the measured and proposed amount of bone support at CRRs of 4:5, 1:1,
5:4, 4:3, 3:2, 2:1 and 5:2 based on the RSA or L-RBL measurements were ≤2% (|mean‒15% (or 20%, 25%,
30%, 35%, 40%, 45%, 50%, 60% and 70%)| ≤ 2%); and 2nd H1 were >2%.

Results
A total of 66 maxillary and mandibular premolars were cleaned and scanned. The attained raw data of
the tooth structures were obtained as 2D images, which were assembled and converted into 3D
reconstructions (Figure 1). When the 3D RSAs at the evaluated L–RBLs and CRRs levels were analyzed,
the examined parameters, including RSA, L–RBL, and CRR, demonstrated an extensive distribution
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pattern for both maxillary and mandibular premolars. However, only the total RSA parameter exhibited a
signi�cant variation between the maxillary and mandibular premolars (Table 1, p = 0.002).

To differentiate mild from moderate periodontitis, a coronal L–RBL value of 23.91 ± 0.36% for maxillary
premolars and 22.90 ± 0.46% for mandibular premolar re�ected a level of 3.0 mm L–RBL (Table 1).
However, a value of 1.89 ± 0.03 mm L–RBL for maxillary premolars and 1.99 ± 0.04 mm L–RBL for
mandibular premolars corresponded to a 15% L–RBL (Table 2). To distinguish moderate from severe
periodontitis, a value of 39.86 ± 0.60% coronal L–RBL for maxillary premolars and 38.17 ± 0.77% coronal
L–RBL for mandibular premolars corresponded to a value of 5.0 mm L–RBL (Table 1). Nevertheless, a
value of 3.79 ± 0.06 mm L–RBL for maxillary premolars and 3.98 ± 0.08 mm L–RBL for mandibular
premolars matched with a 30% L–RBL (Table 2).

From the perspective of the CRR, the 12.68 ± 1.07% L-RBL level for maxillary premolars and 13.58 ±
1.11% L-RBL level for mandibular premolars at a CRR of 4:5; and the 2.72 ± 0.14 mm L-RBL level for
maxillary premolars and 3.02 ± 0.18 mm L-RBL level for mandibular premolars at a CRR of 1:1
corresponded closely to the differentiating levels used to distinguish mild and moderate
periodontitis(15% and 3.0mm L-RBL, Table 3, Figures 1:D and I). Furthermore, the 30.15 ± 0.86% L-RBL
level for maxillary premolars and 30.86 ± 0.89% L-RBL level for mandibular premolars at a CRR of 5:4; or
the 4.71 ± 0.14 mm L-RBL level for maxillary premolars and 5.07 ± 0.19 mm L-RBL level for mandibular
premolars at a CRR of 3:2 corresponded well to the levels used for 15% and 3.0 mm L-RBL moderate and
severe periodontitis(30% and 5.0 mm L-RBL, Table 3, Figures 1: D and I). No signi�cant deviation was
perceived in comparing maxillary and mandibular premolars (Table 1‒3).

The macro-structure analyses of the tested teeth according to the dental laser scanner were similar to
those �ndings examined by micro-CT (Table 4).

Discussion
In this micro-CT survey, mandibular premolars presented with a smaller amount of RSA. A more
complicated root morphology, wider buccolingual dimension and remarkable interproximal concavity of
the maxillary premolars might partially explain the �ndings[21]. Therefore, mandibular and maxillary
teeth were considered separately. Additionally, the RSAs and CRRs were analyzed by percentages and
ratios after calibrating the data of individual teeth to reduce the bias of tooth size, root length and root
morphology. Despite the limitations of traditional and current radiographic techniques, the biologically
signi�cant information acquired from linear radiographic parameters is critical in deciding severity of
periodontitis, proposing a treatment plan and estimating disease prognosis[7, 22].

Connective tissue attachment (CTA) and L-RBL

A vertical bitewing survey reported a range of 0 to 2.0 mm in physiological distance between the CEJ and
the alveolar crest in adolescents with clinically healthy gingiva[23]. Another bitewing study presented
similar results in 13–14-year-old adolescents with no clinical attachment loss at the �rst molars[24].



Page 6/16

However, a wide prevalence range in the sites with a distance more than 2.0 mm from the CEJ to the
alveolar crest was reported in young adult[25]. Furthermore, the consensus concept of biological width,
including 1.07 mm of connective tissue (CT) plus 0.97 mm of the epithelium[26], has been extensively
cited and is essential in differentiating the inconsistency among CAL and L-RBL. The importance of the
epithelium on periodontal attachment is signi�cant, but its protecting role seems superior to that of
periodontal support. Thus, the considerations of epithelium on CTA were excluded in this prognosis
discussion. Generally, most studies applied a 2D radiographic approach to inspect severity of
periodontitis and assign prognosis. Only a limited number of studies have related severity of periodontitis
to tooth prognosis from a 3D CTA perspective, which was used to characterize the RSA in this study[9,
10]. This study correlated the percentage and length of L-RBL with severity of periodontitis from the
aspects of the CRR and RSA measurements. In this discussion, the roles of RSA(3D CTA) on L-RBL were
excluded to avoid distracting the analysis of L-RBL parameters in determining severity of periodontitis.
However, the characteristics of RSA were taken into account and emphasized during the discussion of
periodontal prognosis.

CRRs at evaluated L–RBL levels (Table3 and Figure 1: D and I)

The coronal 1.6–1.9 mm L–RBL at a CRR of 4:5 corresponded to a 15% L–RBL, and a 21%–22% L–RBL
at a CRR of 1:1 were comparable to 3.0 mm L–RBL for premolars, a value used to differentiate mild
periodontitis from moderate periodontitis. However, the evaluated parameters at 15% L–RBL and 3.0 mm
L–RBL were inconsistent. Similarly, 4.0 mm L–RBL at a CRR of 5:4 corresponded to a 30% L–RBL for
premolars, a value used to indicate moderate periodontitis. Furthermore, a 40% L–RBL at a CRR of 3:2
was comparable to a 5.0 mm L–RBL, which indicates a diagnosis of severe periodontitis. Although the
millimeter data at 30% L–RBL was not in accordance with a 5.0 mm L–RBL of severe periodontitis, the
levels of >5.0 mm L-RBL, >40% L-RBL and >50% RSA at a CRR>3:2 levels could be used to differentiate
severe periodontitis for premolars. Mandibular and maxillary premolars demonstrated a non-signi�cant
comparison at the evaluated L-RBL levels. However, the RSA values were signi�cantly higher than the
hypothesized amount at the equivalent 15% and 30%L-RBL levels for both premolar groups. Root length
derived from the guidelines of AAP should be 16.7 mm‒20.0 mm (these numbers were speculated from
the de�nition that a 3.0mm root length indicated a 15% radiographic bone loss, and a 5mm root length
indicated a 30% radiographic bone loss)[2]. However, the average root length in this premolar study was
12.6 mm‒13.3 mm. A previous study revealed that various tooth types remain dissimilar in supporting
tissues at the same clinical attachment level. For example, when an 8.0 mm CAL was detected for
maxillary canines, it retained approximately 43% of supporting tissues. Nevertheless, a secondary
maxillary premolar might only reserve 27% of supporting tissues at the same attachment level[27].
Theoretically, only a cylinder root without a tapering angle can meet the consistence of 2D and 3D
measurements. A dental laser scan study also provided similar results to support the concept that a more
tapered shaped root presents more RSA distribution at the coronal levels and more discrepancy between
the 2D and 3D measurement[10]. The complexity of the root shape can also affect the inconsistency of
the two measurements. The amount of RSA at the examined L-RBL and CRR levels were included in this
study, although collection of 3D information from the daily dental clinic is not popular. Furthermore, a
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consistent agreement on the concept of applying RSA to relate disease severity and treatment prognosis
is still required.

Applying RSA and CRR to periodontal prognosis (Figure 1: E and J)

The teeth with approximately 25% clinical and radiographic periodontal attachment loss have been
categorized into fair prognosis. The percentage of RSA was di�cult to measure clinically. Therefore,
percentages of L-RBL and linear CAL were applied to confer tooth prognosis. The measurement of a CRR
of 1:1, 3.0 mm L-RBL, and >25% RSA at coronal 25% L-RBL levels for premolars corresponded to the fair
prognosisby the McGuire de�nitions[14]. However, when linear CAL was applied to de�ne tooth prognosis,
at least 1.0mm CTA should be taken into account. A measurement of 1.0 mm linear RL bone support was
comparable to 10% RSA for the coronal half of the RL in this study (Table 3). Values of 35% L-RBL, >4mm
L-RBL and 45% RSA at a CRR of 4:3 correlated with a fair prognosis level. Furthermore, values of 50% L-
RBL, >6.0 mm L-RBL, and 60% RSA at a CRR of 2:1 for premolars without a 1.0 mm CT inclusion could be
applied to differentiate poor prognosis from questionable prognosis. However, when the location of 50%
linear CAL was used to distinguish poor from questionable prognosis, the differentiated level moved
apically to a position of 60% L-RBL, ≥7.0 mm L-RBL, and 70% RSA at a CRR of 5:2.

Coordinate periodontal and prosthetic prognosis with CRR

Based on prosthodontic research, the survival rate of the abutment teeth for removable partial denture
with CRRs of 5:4–3:2 is reduced signi�cantly in 7 years[28]. A value of 30%‒40% L-RBL at a CRR of 5:4‒
3:2 was in accordance with that which is de�ned by the AAP as severe periodontitis. Therefore, it is
reasonable to assign severe periodontitis diagnosis to the prosthetic abutment teeth that experienced
30%–40% L-RBL or 40%–50% RSA bone detachment at a CRR of 5:4–3:2. Additionally, the teeth with
30%‒40% L-RBL at a CRR of 5:4‒3:2 were characterized as fair–poor periodontal prognosis by
McGuire[14]. Accordingly, it is reasonable to assign a fair–poor periodontal prognosis to the prosthetic
abutment teeth in severe periodontitis and a reduced survival prognosis. In addition to CRR, many other
parameters, including occlusal force, preparation conditions of abutment tooth, pier abutment tooth, and
endodontic treatment and other factors, should be considered before assigning a prognosis to teeth with
compromised periodontal attachment.

Differences between our observations and those of others may be partially explained by inconsistent
de�nitions used to categorize periodontitis severity and prognosis, as well as various other factors,
including the tapering effect of the root shape, root concavities, root morphology, crown length and root
length[27]. Other types of teeth, such as incisors, canine, and molars, may demonstrate various CRR
characters and thus warrant additional studies.

This study is limited to single rooted maxillary and mandibular premolars. The teeth having multiple roots
or teeth having different single-root tooth morphology than premolar teeth will be studied in the future.

Conclusions
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In summary, despite the limitations of the present study, a value of 20%‒30% coronal RSA and a L-RBL of
2.0‒3.0 mm at a CRR of 1:1‒4:5 corresponded to a ≤15% L-RBL, a value that indicates mild
periodontitis. Similarly, a 40‒50% coronal RSA and a L-RBL of 4.0‒5.0 mm at a CRR of 5:4‒3:2
corresponded to a ≤30% L-RBL that indicates moderate periodontitis. Additionally, >50% coronal RSA,
>5.0 mm L-RBL and >3:2 CRR corresponded to a >30% L-RBL that indicates severe periodontitis.
Depending on whether the 1.0 mm connective tissue attachment is included, values of 25%‒35% L-RBL
at a CRR of 1:1‒4:3 corresponded to a 25% CAL, which could be applied to distinguish a fair prognosis
from a good prognosis, and values of 50% to 60% L-RBL at a CRR of 2:1‒5:2 corresponded to a 50% CAL,
which is used to differentiate a poor prognosis from a questionable prognosis.
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Tables
Table 1. The L–RBL percentages at evaluated L–RBL levels. 

  Maxillary premolars (n=31) Mandibular premolars
(n=35)

Maxilla vs.
Mandible

  Mean ± SE Mean ± SE P < 0.05

Total tooth
length

RSA at 0% L–
RBL

Total RL

CRR with 0% L–
RBL

19.81 ± 0.31 mm

226.16 ± 5.99 mm2

12.63 ± 0.19 mm

1:1.83 ± 0.08

20.53 ± 0.28 mm

202.43 ± 4.37 mm2

13.28 ± 0.27 mm

1:1.88 ± 0.07

p = 0.092

p = 0.002**

p = 0.056

p = 0.626

L–RBL % at L–
RBLs

Average ±
SE

(P < 0.05&
H0)

Average ±
SE

(P < 0.05&
H0)

P < 0.05

L–RBL % at

3rd mm L–RBL

23.91 ±
0.36%

vs. 15% L–
RBL

<0.001 (H1)

22.90 ±
0.46%

vs. 15% L–
RBL

<0.001 (H1)

p = 0.095

L–RBL % at

5th mm L–RBL

39.86 ±
0.60%

vs. 30% L–
RBL

<0.001 (H1)

38.17 ±
0.77%

vs. 30% L–
RBL

<0.001 (H1)

p = 0.095

L–RBL: Linear radiographic bone loss measured from CEJ to root apex at 2D perspective

RSA: Root surface area with periodontal attachment determined by a 3–D image.

RL: Radiographic root length measured from CEJ to apex at 2D viewpoint

Independent t test for maxilla vs. mandible: *: p < 0.05, **: p < 0.01, ***: p < 0.001

Paired t tests for the acquired percentages vs. de�ned percentages at examined L–RBL mm levels:*: p <
0.05, **: p < 0.01, ***: p < 0.001
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H1: Signi�cance between the measured and de�ned percentages at evaluated levels by one sample t test

 

Table 2. The L–RBL millimeters at evaluated L–RBL planes. 

  Maxillary premolars (n=31) Mandibular premolars (n=35) Maxilla vs.
Mandible

L–RBL % Average ±
SE

(H 0/1&P <
0.05)

Average ±
SE

(H 0/1&P <
0.05)

P<0.05

RL at 15% L–
RBL

1.89 ± 0.03
mm

vs. 3.0 mm

<0.001 (H1)

1.99 ± 0.04
mm

vs. 3.0 mm

<0.001 (H1)

p = 0.056

RL at 30% L–
RBL

3.79 ± 0.06
mm

vs. 5.0 mm

<0.001 (H1)

3.98 ± 0.08
mm

vs. 5.0 mm

<0.001 (H1)

p = 0.056

RL at 50% L–
RBL

6.28 ± 0.09
mm

vs. 6.0 mm

<0.001 (H1)

6.65 ± 0.13
mm

vs. 6.0 mm

< 0.001 (H1)

p = 0.056

Independent t test for maxilla vs. mandible: *: p < 0.05, **: p < 0.01, ***: p < 0.001

Paired t tests for the acquired millimeters vs. de�ned millimeters at examined L–RBL % levels: *: p < 0.05,
**: p < 0.01, ***: p < 0.001

H1: Signi�cance between the measured and de�ned amount at evaluated percentages by one sample t
test

 

Table3. The amount and percentages of RSA and L–RBL at evaluated CRRs. 
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  Maxillary premolars

 (n=31)

Mandibular premolars

(n=35)

Maxilla
vs.

Mandible

  Mean ± SE Mean ± SE P < 0.05

RSA&L–RBL at CRR =
4:5

     

RSA% (vs.20% RSA) 18.17 ± 1.62% (H0) 19.98 ± 1.57% (H0) p = 0.427

L–RBL mm& % (vs.
15%)

1.62 ± 0.15 mm&12.68 ±
1.07% (H0)

1.88 ± 0.17 mm&13.58 ±
1.11% (H0)

p = 0.567

RSA % vs. L–RBL % p < 0.001 p< 0.001  

RSA&L–RBL at CRR =
1:1

     

RSA% (vs. 25% RSA) 25.62 ± 1.22% (H0) 28.35 ± 1.23% (H0) p = 0.122

L–RBL mm&% (vs. 20%
& 25%)

2.72 ± 0.14 mm&21.41 ±
0.97% (H0)

3.02 ± 0.18 mm&22.22 ±
1.00% (H0)

p = 0.567

RSA % vs. L–RBL % p < 0.001 p< 0.001  

RSA&L–RBL at CRR =
5:4

     

RSA% (vs. 40% RSA) 40.88 ± 1.65% (H0) 42.35 ± 1.53% (H0) p = 0.516

L–RBL mm&% (vs. 30%) 3.82 ± 0.14 mm&30.15 ±
0.86% (H0)

4.16 ± 0.18 mm&30.86 ±
0.89% (H0)

p = 0.567

Lost RSA % vs. L–RBL
%

p < 0.001 p < 0.001  

RSA&L–RBL at CRR =
4:3

     

RSA% (vs. 45% RSA) 44.45 ± 1.55% (H0) 45.27 ± 1.56% (H0) p = 0.710

L–RBL mm& % (vs.
35%)

4.14 ± 0.14 mm&32.64 ±
0.83% (H0)

4.48 ± 0.19 mm&33.33 ±
0.86% (H0)

p = 0.567

Lost RSA % vs. L–RBL
%

p < 0.001 p < 0.001  

RSA&L–RBL at CRR =
3:2

     

RSA% (vs. 50% RSA) 48.67 ± 1.34% (H0) 49.67 ± 1.32% (H0) p = 0.599

L–RBL mm&% (vs. 40%) 4.71 ± 0.14 mm&37.13 ±
0.77% (H0)

5.07 ± 0.19 mm&37.77 ±
0.80% (H0)

p = 0.567

LostRSA % vs. L–RBL % p < 0.001 p < 0.001  



Page 14/16

RSA&L–RBL at CRR =
2:1

     

RSA% (vs. 60% RSA) 60.07 ± 1.06% (H0) 61.15 ± 1.31% (H0) p = 0.532

L–RBL mm&% (vs. 50%) 6.03 ± 0.14 mm&47.61 ±
0.64% (H0)

6.44 ± 0.20 mm&48.15 ±
0.67% (H0)

p = 0.567

Lost RSA % vs. L–RBL
%

p < 0.001 p < 0.001  

RSA& L–RBL at CRR =
5:2

     

RSA% (vs. 70% RSA) 67.59 ± 1.16% (H0) 69.34 ± 1.24% (H0) p = 0.322

L–RBL mm &% (vs.
60%)

6.97 ± 0.14 mm&55.09 ±
0.52% (H0)

7.74 ± 0.30 mm&58.01 ±
1.82% (H0)

p = 0.567

LostRSA % vs. L–RBL % p < 0.001 p < 0.001  

Independent t test for maxilla vs. mandible: *: p < 0.05, **: p < 0.01, ***: p < 0.001

Paired t tests for 2D L–RBL % vs. RSA %: *: p < 0.05, **: p < 0.01, ***: p < 0.001

2nd H0: no signi�cance between the measured and proposed ratios by one sample t test

 

Table4. The evaluated amount of RSA and RL by laser scan and micro-CT. 



Page 15/16

  Maxillary premolars Mandibular premolars

  Laser Scan
(n=36)

Micro-CT
(n=31)

mean ±
SE

 P <
0.05

Laser Scan
(n=35)

Micro-CT
(n=35)

mean ±
SE

 P <
0.05

TTA (mm2) 432.48 ± 8.22 449.17 ±
9.99

0.200 380.46 ± 6.53 394.08 ±
6.75

0.151

TTL (mm) 19.82 ± 0.31 19.81 ±
0.31

0.982 20.60 ± 0.28 20.53 ±
0.28

0.858

Total RSA
(mm2)

220.78 ± 5.52 226.16 ±
5.99

0.516 199.51 ± 4.45 202.43 ±
4.37

0.641

Total RL
(mm)

12.60 ± 0.25 12.63 ±
0.19

0.925 13.45 ± 0.25 13.28 ±
0.27

0.651

RSA with
25% RL

150.64 ± 3.83 148.82 ±
4.56

0.761 134.37 ± 3.17 132.97 ±
2.96

0.747

RSA with
50% RL

90.80 ± 2.48 83.98 ±
3.22

0.094 78.13 ± 2.04 74.55 ±
1.93

0.208

RL with 25%
RSA

9.93 ± 0.21 10.08 ±
0.18

0.595 10.72 ± 0.21 10.58 ±
0.27

0.518

RL with 50%
RSA

7.47 ± 0.17 7.59 ± 0.15 0.594 8.07 ± 0.17 8.24 ± 0.19 0.502

Independent t test for laser scan vs. micro-CT.: *: p< 0.05

TTA: Total tooth area (mm2)

TTL: Total tooth length (mm)

 

Figures
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Figure 1

Views and estimated levels of a micro-CT scanned maxillary premolar (A‒E) and mandibular premolar
(F‒J). Sagittal section of premolar (B and G). STL format model, a–b: line connecting the buccal and
lingual CEJ, c–d: line connecting the mesial and distal CEJ, e: midpoint of a–b, f: midpoint of c–d, g:
midpoint of e–f, representing the CEJ from a 2D perspective, and g–h: representing the 2D RL (C and H);
Corresponding CRRs to periodontal severity (D and I); Corresponding CRRs to periodontal prognosis (E
and J).


