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Assessing the Interdental Septal Thickness in Alveolar Bone Grafting Using
Cone Beam Computed Tomography

Luwei Liu, D.D.S., Lian Ma, D.D.S., M.D., Jiuxiang Lin, D.D.S., M.S., Ph.D., Chunan Zhang, D.D.S., M.D., Yilin Jia,
D.D.S., M.S., Ph.D.

Objective: To assess the interdental septal thickness of grafted bone bridges using cone
beam computed tomography (CBCT).

Patients: Of 71 patients with cleft lip and/or palate having undergone alveolar bone grafting
for the first time at least 6 months previously, 52 patients with 57 grafted sites rated type I or II
based on the Bergland scale using occlusal radiographs were selected.

Interventions: CBCT was performed for each bone-grafted alveolar cleft within 1 week after
the occlusal radiographs were taken.

Main Outcome Measures: The thickness of the grafted bone bridge was evaluated using
CBCT according to the relationship between crest thickness and the root width of cleft-adjacent
teeth, and the results were classified into four categories, with scores of 1 to 4 indicating that the
thickness of the bony bridge was �100%, �75%, �50%, and ,50% of the root width of the cleft-
adjacent teeth, respectively.

Results: Of the 34 grafted sites rated type I on the Bergland scale, 15 (44.12%), 10 (29.41%), 4
(11.76%), and 5 (14.71%) clefts were scored 1 to 4 on interdental septal thickness using CBCT,
respectively. Of the 23 cases of type II, 3 (13.04%), 9 (39.13%), 1 (3.45%), and 10 (43.48%) clefts
were scored 1 to 4, respectively.

Conclusions: The interdental septal thickness of grafted bone bridges with clinically
successful heights based on the Bergland scale (type I or II) using occlusal radiographs varied
significantly in the evaluation using CBCT.

KEY WORDS: alveolar bone grafting, cone beam computed tomography (CBCT), thickness

Alveolar cleft is commonly seen in patients with cleft

lip and/or palate (CL/P). It frequently leads to oronasal

fistulas and failures in tooth development and is often

associated with collapse of the upper arch. Thus, there is

a need to repair such alveolar defects to provide better

outcomes in tooth development, orthodontic and

prosthetic treatment, and oronasal fistula closure (Hall

and Posnick, 1983; Bergland et al., 1986b). Secondary

alveolar bone grafting for repair of the residual alveolar

cleft, first described by Boyne and Sands (1972), has

become an essential step in the management of patients
with CL/P.
Traditionally, the bone bridges constructed have been

evaluated on intraoral radiographs (Abyholm et al., 1981;
Hall and Posnick, 1983; Sindet-Pedersen and Enemark,
1985; Bergland et al., 1986b; Enemark et al., 1987; Paulin et
al., 1988; Amanat and Langdon, 1991; Kalaaji et al., 1994).
The scale described by Bergland et al. (1986b) has gained
worldwide acceptance and remains the gold standard.
However, intraoral radiographs can only provide two-
dimensional (2D) information, failing to present compre-
hensive three-dimensional (3D) views of the object (Dado et
al., 1997; Rosenstein et al., 1997; Santiago et al., 1998).
Rosenstein et al. (1997) found that the dental radiographs
significantly overestimated bony coverage of the roots of
cleft-adjacent teeth after alveolar bone grafting, by up to
25%, compared with computed tomography (CT). Lee et
al. (1995) assessed the diagnostic accuracy of dental
radiographs in determining the success of secondary
alveolar bone grafting by analyzing dental radiographs
and CT in selected cases. They found differences of up to
17% between 2D calculations from dental radiographs and
3D calculations from CT for evaluating the clinical success
of alveolar bone grafting. Moreover, the 2D method can
assess only the height of the alveolar bone bridge, not the
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alveolar thickness. From the standpoint of full dental

rehabilitation, the thickness of the bone bridge is important

for orthodontic tooth movement and for the application of

dental implants. Insufficient thickness of the grafted bone

bridge is likely to result in failure of orthodontic or

prosthodontic treatment. Lee et al. (1995) stated that

intraoral dental radiography was an inaccurate gauge of

clinical orthodontic decisions because it failed to detail the

depth and volume of the bony bridge. Iino et al. (2005)

indicated that in 41% of cases where, based on intraoral

radiographs, the interdental bone height was regarded as a

successful surgical outcome the labiolingual thicknesses

were actually revealed to be less than the root width of the

cleft-adjacent teeth on CT. Inconsistent findings in patients

after bone grafting, with success in short-term radiographic

examinations and less satisfactory clinical results in later

follow-up, were reported by Enemark et al. (1987), who

found that the successful rate of alveolar bone grafting in

intraoral radiographs was 90%, whereas orthodontic cleft

closure succeeded in fewer than half the patients. Thus, the

3D evaluation of the outcome of alveolar bone grafting is

important for full oral and dental rehabilitation, especially

in terms of the interdental septal thickness.

With the development of computed tomography tech-

nology, especially the emergence of cone beam computed

tomography (CBCT), which provides a lower radiation

dose and higher resolution than spiral computed tomogra-

phy (Arai et al., 1999; Murthy and Lehman, 2005; Ludlow

and Ivanovic, 2008), it is possible to develop a better scale

for grading alveolar bone. Recently, several studies have

assessed the status of bone grafting using CT—including

grafted bone amount or volume, bone resorption, and bone

density or quality (maturation) (Van der Meij et al., 1994;

Lee et al., 1995; Dado et al., 1997; Santiago et al., 1998;

Honma et al., 1999; Tai et al., 2000; Van der Meij et al.,

2001; Feichtinger et al., 2006, 2007). However, the

interdental septal thickness of grafted bone bridge with

ratings of type I or II on the Bergland scale using occlusal

radiographs regarded as a satisfactory result (Bergland et

al., 1986a) has not been specifically evaluated using a 3D

method, particularly using CBCT.

In this study, we assessed the thickness of bone-grafted

alveolar clefts using CBCT, rating the height as type I or II

on the Bergland scale using occlusal radiographs, and

determined the status of the grafted bone bridges.

MATERIALS AND METHODS

Subjects

From May 2014 to December 2014, 71 patients with

cleft lip and/or palate (CL/P) were recruited from the

Department of Orthodontics at Peking University

School and Hospital of Stomatology. All of the patients

had undergone alveolar bone grafting for the first time

using cancellous iliac bone by the same maxillofacial

surgeon at least 6 months earlier (Boyne and Sands,

1972). Additionally, the patients had no history of

chemotherapy or radiotherapy, and also had no

restorations, root canal treatment, evident root resorp-

tion, or any apical surgery. Standardized anterior

maxillary occlusal radiographs were taken through the

cleft line in these patients, and the postoperative

interdental septal height was evaluated using the Berg-

land scale (Bergland et al., 1986b).

Of 92 grafted sites in the 71 patients who underwent

alveolar bone grafting, 57 grafted sites in 52 patients

were rated type I or II based on the Bergland scale using

occlusal radiographs. In the other 19 patients, 35 grafted

sites were rated type III or IV. According to the

Bergland scale (Bergland et al., 1986b), type I indicated

that the septal height was approximately normal, and

type II indicated that it was at least three-quarters

normal height. Occlusal radiographs rated type I or II

on the Bergland scale are shown in Figure 1. From a

clinical point of view, both types I and II were regarded

as clinical success. These 52 patients (36 males, 16

females) with sites rated type I or type II were recruited

FIGURE 1 Bergland grading scale used in the radiographic assessment of bone-grafted alveolar clefts. Type I¼ septal height approximately normal.

Type II ¼ septal height at least three-quarters of normal.
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for further analysis using CBCT. The other 19 patients
with sites rated type III or type IV were excluded.

Of the 52 patients included in the study, 39 had

unilateral cleft lip and palate (UCLP), 4 had bilateral

cleft lip and palate (BCLP), 8 had unilateral cleft lip and
alveolus (UCLA), and 1 had bilateral cleft lip and

alveolus (BCLA). The mean age at the time of bone

grafting was 14.07 years (range, 11 to 26).

This study protocol followed the Declaration of

Helsinki on medical protocols and ethics. It was
approved by the Ethics Committee of Peking University

School and Hospital of Stomatology (PKUSSIRB-

201413031).

Evaluation of Interdental Septal Thickness Using CBCT

Cone beam computed tomography was performed for

each bone-grafted alveolar cleft within 1 week after

occlusal radiographs were taken. There was an average

of 8.60 months (range, 6 to 27) from the time of the
operation to the CBCT examination (Appendix Table

1). All CBCT images were obtained by an experienced

technician using a DCT Pro (Vatech, Yongin-Si, South

Korea) with a voxel size of 0.3 mm. Scans were made

from the maxillary occlusal plane to slightly above the
nasal floor with 1-mm slice thicknesses, parallel to the

maxillary occlusal plane. Mimics software (ver. 10.01;

Materialise HQ, Leuven, Belgium) was used to create

the 3D images, which were transformed to digital
imaging and communications in medicine (DICOM)

format.

The thickness of the grafted bone bridge was evaluated

using CBCT (Fig. 2). The minimum labiolingual width of

the grafted bone bridge was defined as the interdental
septal thickness at the height level. Interdental bone

thickness at all height levels along the cleft-adjacent roots
were evaluated by comparing the thickness with the root

width of the cleft-adjacent teeth at the same height level,

and these measurements were classified into four

categories based on scores of 1 to 4: 1, the labiolingual

thickness of the bony bridge was at least equal to the root

width of the teeth adjacent to the cleft (�100%); 2, the

thickness of the bony bridge was at least three-quarters as

great as the root width of the teeth adjacent to the cleft

(�75%); 3, the thickness of the bony bridge was at least

half as great as the root width of the teeth adjacent to the

cleft (�50%); and 4, the thickness of the bony bridge was
less than half the root width of the teeth adjacent to the

cleft (,50%). The score of the minimum thickness at all

of the levels along the whole interdental height was

defined as the final result of interdental bone thickness in

the grafted bone bridge. Additionally, the height of the

grafted sites from the cemento-enamel junction to the

root apex of the cleft-adjacent tooth was divided into

three parts to locate the minimum thickness of the

grafted bone bridge: the top third (close to the cervix of

the neighboring teeth), the middle third, and the bottom

third (close to the apex). Then, we determined in which
part the minimum thickness at all height levels was

found.

To assess inter- and intra-operator agreement and

reliability, two experienced orthodontists evaluated all

of the CBCT images based on the scores of the

interdental bone thickness twice at 2-week intervals.

RESULTS

According to occlusal radiographs, 34 and 23 of the 57

bone-grafted alveolar clefts were rated types I and II,
respectively, based on the Bergland scale. Of the 34 type I

FIGURE 2 The grading scale used to assess the interdental bone thickness on cone beam computed tomography (compared with the root width of the

cleft-adjacent teeth). DICOM images were displayed with window level of 1150 Hu and window width of 2000 Hu. Score 1¼ the labiolingual thickness of

the bony bridge is at least equal to the root width of the teeth adjacent to the cleft (�100%). Score 2¼ the thickness of the bony bridge is at least three-

quarters as great as the root width of the cleft-adjacent teeth (�75%). Score 3¼ the thickness of the bony bridge is at least half as great as the root width

of the cleft-adjacent teeth (�50%). Score 4¼ the thickness of the bony bridge is less than half the root width of the cleft-adjacent teeth (,50%).

Liu et al., CBCT FOR ASSESSING INTERDENTAL SEPTAL THICKNESS 685



grafted sites, 15 (44.12%), 10 (29.41%), 4 (11.76%), and 5
(14.71%) clefts scored 1 to 4, respectively, for interdental
septal thickness using CBCT. Of the 23 cases of type II, 3
(13.04%), 9 (39.13%), 1 (3.45%), and 10 (43.48%) clefts
scored 1 to 4, respectively (Table 1).
Among the 57 sites evaluated, the minimum thickness

was located in the top third in 34 (59.65%) sites (19 cases
scored 2 in the interdental septal thickness, 5 scored 3, and
10 scored 4); in the bottom third in 5 sites (8.77%; all scored
4); and at all height levels in the remaining 18 (31.58%)
sites, all of which scored 1 in interdental septal thickness.
Interoperator reliability, assessed by the kappa value,

was 0.893, while the intra-operator reliability was 0.984
(operatorA) and 0.998 (operator B). These values indicated
that the 3D method of assessing interdental bone thickness
using CBCT was reliable.

DISCUSSION

Secondary alveolar bone grafting is an integral part of the
overall management of patients with CL/P. Its major
objectives include orthodontic closure of the gap in the
dental arch with no prosthesis (Boyne and Sands, 1972;
Paulin et al., 1988; Tai et al., 2000) and endosseous dental
implant(s) embedded in the graft site (LaRossa et al., 1995;
Ronchi et al., 1995; Takahashi et al., 1997). The most
important clinical use of imaging of alveolar bone grafting
is to evaluate whether the bone bridge can support
prosthetic treatment with dental implants, orthodontic
treatment of the cleft-adjacent teeth, or subsequent
eruption of the canine or incisor (Hamada et al., 2005).
Thus, precise evaluation of the bony bridge after secondary
alveolar bone grafting is clinically necessary from the
viewpoint of occlusal reconstruction.
Standard imaging methods for assessing bone bridges

after alveolar bone grafting are routine dental radiographic
techniques, including panoramic, periapical, and occlusal
radiographs (Bergland et al., 1986b; Long et al., 1995;
Kindelan et al., 1997). The 2D scale described by Bergland
et al. (1986b) has been used widely to assess the success or
failure of alveolar bone grafting. Sufficient height of the

postoperative bone bridge is rated type I or II on the
Bergland scale. However, it is not possible to obtain the
labiolingual thickness of the grafted alveolar cleft from
routine dental radiographs.
In this study, we used CBCT to evaluate the interdental

septal thickness of bone-grafted alveolar clefts according to
the relationship between crest thickness and the root width
of cleft-adjacent teeth. Although the interdental septal
height of some cases were rated type I or II on the Bergland
scale using occlusal radiographs, there were obvious
differences of interdental bone thickness on CBCT. Of
the 34 grafted sites rated type I on the Bergland scale,
11.76% and 14.71% of clefts showed interdental septal
thicknesses that were at least half of the root width of cleft-
adjacent teeth and less than half of the root width,
respectively (Table 1).
These findings suggest that it is not sufficient to evaluate

the bone support of adjacent teeth after alveolar bone
grafting in three dimensions using dental radiographs
alone. Lee et al. (1995) argued that dental radiography
alone was inadequate as a basis of clinical orthodontic
decisions because (1) it failed to provide detailed informa-
tion about the thickness and volume of bone deposited in
the cleft, (2) it was inconsistent and often late in showing
graft trabeculation, and (3) it failed to show the buccolin-
gual position of adjacent or erupting teeth relative to the
bone graft.
However, the thickness of the alveolar bone bridge is an

important determinant of the success of full oral and dental
rehabilitation in patients with cleft lips and palates
(Enemark et al., 1987; Lee et al., 1995; Iino et al., 2005).
Studies about dental implant prostheses have indicated that
a minimum thickness of 1.5 mm is necessary at the surface
where dental implants are to be placed so as to provide
additional protection and coverage of implants in bucco-
lingual sites (Abyholm et al., 1981; Kim et al., 2013). As
Tarnow et al. (2000) demonstrated, bone resorption around
implants occurs not only in the vertical direction but also
horizontally, in the range of 1.3 to 1.4 mm. Spray et al.
(2000) also showed that as labial bone thickness approaches
1.8 to 2 mm, bone loss decreases significantly.

TABLE 1 Interdental Septal Thickness of Grafted-Bone Alveolar Clefts Assessed From Cone Beam Computed Tomography (CBCT)

Occlusal Radiography
(Bergland Scale)

CBCT
(Internal Bone Thickness)

Cleft Type*

Grafted Sites Ratio (%)UCLP BCLP UCLA BCLA

Type I Score 1 5 3 5 2 15 44.12
Score 2 9 0 1 0 10 29.41
Score 3 3 1 0 0 4 11.76
Score 4 3 2 0 0 5 14.71
Total 20 6 6 2 34 100

Type II Score 1 3 0 0 0 3 13.04
Score 2 7 2 0 0 9 39.13
Score 3 1 0 0 0 1 3.45
Score 4 8 0 2 0 10 43.48
Total 19 2 2 0 23 100

Total 39 8 8 2 57 100%

* Cleft type: UCLP¼ unilateral cleft lip and palate; BCLP¼ bilateral cleft lip and palate; UCLA¼ unilateral cleft lip and alveolus; BCLA¼ bilateral cleft lip and alveolus.
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When implants are placed in the esthetic zone, the labial
bone thickness should be at least 2 mm to avoid the loss of
the labial bone plate and the consequent risk of soft-tissue
recession (Grunder et al., 2005). To meet this requirement,
the diameter of dental implants is as small as possible in the
narrow alveolar bone. According to recent reports, the
minimum diameter of implants used in the knife edge ridge
of the anterior zone is 3.3 mm (Rajput et al., 2013). Thus,
the thickness of alveolar bone in which the dental implants
can be inserted is at least 7.3 mm. With regard to
orthodontic tooth movement, Bergland et al. (1986a)
considered the interdental septal height of Bergland types
I and II to be satisfactory results because the bone
responded normally to the movement of teeth in the
grafted area and gave adequate support to the dental roots.
However, Enemark et al. (1987) reported some cases in
which orthodontic closure of the cleft was not achieved in
late follow-up among patients with early dental radio-
graphic results showing apparently successful alveolar bone
graft of type I or II.
To date, there has been no reported study about how

thick a grafted bone bridge must be able to support
orthodontic movement of the cleft-adjacent teeth into
the grafted area. According to previous studies suggest-
ing that orthodontic tooth movement is a stimulating
factor for bone apposition, it may not be necessary for
the thickness of the grafted bone bridge to be at least the
root width of the cleft-adjacent teeth (Vardimon et al.,
2001; Lei et al., 2010). Vardimon et al. (2001) revealed
that the total bony apposition was 6.5-fold larger with
orthodontic tooth movement into surgical bony defects
in rats. It was also shown that enhanced bone healing
occurred following orthodontic movement, where the
defect involved periodontal structures (Nemcovsky et
al., 2004). With proper biomechanics to move the root
slowly toward the centerline, this allowed the bone to
remodel (Lei et al., 2010). Given the interdental septal
thickness, postoperative orthodontic movement of the
teeth and the application of dental implants around the
grafted area must be performed carefully, even if the
interdental septal height is satisfactory.
Although routine dental radiographs have been used to

evaluate secondary alveolar bone grafting for many years,
the obvious shortcoming of this approach is the possible
inaccuracy of extracting 3D information from a 2D record.
This is likely to result in the failure of full oral and dental
rehabilitation due to lack of detailed thickness information
in dental radiographs. Although the assessment methods
using standard dental radiographs have become increas-
ingly objective and sophisticated, none is capable of
circumventing this underlying limitation (Dado et al.,
1997). With the development of CT, the shortcomings of
dental radiographs have been overcome. Feichtinger et al.
(2006) obtained reliable 3D information on alveolar clefts
from CT images and 3D reconstructions that compared
pre- and postoperative CT images of alveolar clefts,

particularly the interdental septal thickness. Van der Meij
et al. (2001) successfully used CT to assess whether
sufficient bone, especially in the buccopalatal direction,
was present to facilitate eruption of the permanent canine
into the bone bridge. The thickness and volume of the
grafted bone bridge can be determined only by using a 3D
method of assessment rather than 2D radiography.
The 3Dmethod of assessing alveolar bone thickness used

in this study was based on the relationship between crest
thickness and the root width of cleft-adjacent teeth. Four
categories were defined based on the scale of interdental
septal thickness using CBCT, as shown in Figure 2. As a
semiquantitative evaluation method on 3D radiography, it
can be readily and conveniently used. In addition, this study
used an advanced CBCT technique, which has the
advantage of low radiation compared with multi-slice CT
(Arai et al., 1999; Murthy and Lehman, 2005; Ludlow and
Ivanovic, 2008).
The radiation dose for a single CBCT scan is 3 to 7 times

that of panoramic radiography (Ludlow et al., 2003), and
the effective dose from a standard dental protocol scanwith
multidetector CT is 1.5 to 12.3 times greater than that of
comparable CBCT scans (Ludlow and Ivanovic, 2008). To
reduce the radiation dose without jeopardizing evaluation
of the area of interest, the CBCT field of view and image
resolution need to be considered.
The radiation dose of CBCT is influenced by two major

factors: the field of view (FOV) and the voxel dimension.
The radiation dose increases when the FOV is greater or the
voxel dimension is smaller (Garib et al., 2014). Thus, the
FOV of CBCT should be carefully restricted to cover the
area of interest so as to minimize radiation exposure
following the ‘‘as low as reasonably achievable’’ (ALARA)
principle. Additionally, CBCT scans with high resolution
(0.1 or 0.2 mm voxel size) are appropriate for the diagnosis
of delicate structures, such as mild root resorption and
tooth fractures. Voxel sizes of 0.3 and 0.4 mm should be
used when a high level of detail is not needed (Menezes et
al., 2010). It is recommended that the lowest resolution
possible should be used without jeopardizing evaluation
(American Academy of Oral Maxillofacial Radiology,
2013). Because the 3D method in this study involved only
the grafted alveolar cleft, the area scanned using CBCTwas
only the local alveolar bone in themaxilla. Thus, CBCT can
be requestedwith a small (,10 cm) field of view.Moreover,
for a semiquantitative evaluation of interdental bone
thickness on CBCT, a voxel size of 0.3 mm should be
appropriate. Thus, it is feasible to evaluate the thickness of
grafted bone bridges using CBCT.

CONCLUSIONS

In this study, the interdental septal thickness of grafted
bone bridges with clinically successful heights according to
the Bergland scale (type I or II) based on occlusal
radiographs differed significantly from the evaluation using
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CBCT. Because interdental bone thickness is closely related

to orthodontic and prosthetic treatments, CBCT can

provide a reference and assistance for patients with bone-

grafted alveolar clefts in determining the labiolingual

thickness.
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APPENDIX

APPENDIX TABLE 1 The Time of Cone Beam Computed Tomography (CBCT) Scan After the Alveolar Bone Grafting

Time of CBCT
After Operation (Months)

Sex Cleft Type*

Number of Patients Ratio (%)Male Female UCLP BCLP UCLA BCLA

6 25 13 28 3 6 1 38 73.08
7 1 0 1 0 0 0 1 1.92
8 2 0 2 0 0 0 2 3.85

12 2 2 3 0 1 0 4 7.69
15 1 0 0 0 1 0 1 1.92
17 1 0 1 0 0 0 1 1.92
20 1 0 0 1 0 0 1 1.92
21 1 0 1 0 0 0 1 1.92
24 1 1 2 0 0 0 2 3.85
27 1 0 1 0 0 0 1 1.92

* Cleft type: UCLP¼ unilateral cleft lip and palate; BCLP ¼ bilateral cleft lip and palate; UCLA ¼ unilateral cleft lip and alveolus; BCLA ¼ bilateral cleft lip and alveolus.
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