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Abstract Background The objective of our study was to derive an objective assessment scale
for three-dimensional (3D) qualitative and quantitative evaluation of secondary alveo-
lar bone grafting (SABG) using cone-bone computed tomography (CBCT) in patients
with unilateral cleft lip and palate (UCLP).
Methods CBCT scans for pre- and 3-month post-SABG were reviewed for bone
volume, height, width, and density of the bony bridge formed in the cleft defect in
20 patients with UCLP. Basic descriptive and principal component analysis was used to
extract the various sub-components of the scale. Spearman’s correlation was used to
check the validity of the scale, and intra-class coefficient (ICC) and Cronbach’s α were
calculated to establish the reliability and retest applicability of the scale.
Results Each CBCT scan was assessed in five areas: cementoenamel junction (CEJ),
root apex, root midpoint, 3 and 6mm below CEJ, and tabulated in percentiles of 20, 25,
40, 50, 60, and 75 for all the parameters (bone volume, density, and width). These
scores were validated when correlated to the scale given by Kamperos et al. Cronbach’s
α for the domains demonstrated acceptable to excellent internal consistency. The ICC
showed good test–retest reliability having a range of scores from 0.89 to 0.94.
Conclusion The proposed scale for the 3D assessment of SABG in patients with UCLP
provides gradation for the objective assessment of the bony bridge. This gradation
enables the qualitative and quantitative assessments of the bony bridge, thus allowing
each clinician to judge SABG more conclusively.
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Introduction

Cleft lip and palate (CLP) is a craniofacial defect arising due to
non-fusion of the developmental processes of the face.1 The
sites most affected are the lip, alveolar process, and the
palate, with the osseous defect of alveolar process compris-
ing the maximum involvements. Children with this anomaly
require multidisciplinary care from birth to adulthood.2–5

Secondary alveolar bone grafting (SABG) has been a
standard treatment as a means of repairing the alveolar
defect, with the main objective being the formation of
bone bridge and making the path for spontaneous tooth
eruption through the grafted bone.6,7 SABG performed
before canine eruption has shown a better dental outcome
with fewer adverse effects than that performed post-canine
eruption.8 Furthermore, it is essential to ascertain the status
and volume of the bony bridge if the orthodontic movement
of the canine into the grafted bonehas been planned.4,9 Thus,
accurate radiological diagnosis and follow-up of SABG is
essential.6,10

Cone-bone computed tomography (CBCT) images provide
information about volumetric details of the area which is
useful in assessing the quantity and quality of the grafted
bone, three-dimensional (3D) morphology of the bony
architecture formed in the cleft defect, and relationships
between the bone bridge and teeth adjacent to the cleft.11–15

Orthodontic tooth movement and implant placement can be
determined and planned by using the post-SABG CBCT scans.
The lower radiation dose to the patients has also been a
considerable factor for clinicians preferring CBCT imaging
over multi-slice CT.12,16,17 Recent systematic reviews and
literature search on 3D radiological evaluation18,19 and
comparison of 2D and 3D radiological evaluation11,20 of
SABG in CLP have highlighted the need to develop a cut-off
score to decide the amount of bone resorption and serve as a
guideline to quantify the outcome of bone graft in a stan-
dardized way. Therefore, there is a need to establish a 3D
radiographic assessment scale, which provides gradation for
the qualitative and quantitative assessments of the bony
bridge and resolves the problems of 2D imaging.

The present study was conducted to formulate a 3D
radiographic assessment scale using CBCT after SABG in
patients with unilateral cleft lip and palate (UCLP), through
volumetric, densitometric, and linear assessment at five
different root levels on the tooth mesial to the cleft defect.

Materials and Methods

Thepresent single-blindedprospective studywas approvedby
the institutional ethical board (I���/I���C/201���1/1�) and was
registered in the Clinical Trials Registry (C���/201�/0�/1���2).
All the participants were provided with a detailed description
of thestudy, andwritten informedconsentpreparedaccording
to the Declaration of Helsinki was obtained prior to their
induction in the study. Patients with UCLP between the age
group of 7 and 10 years without any history of previous
alveolar bone grafting (ABG)were included. Presurgical ortho-
donticswas initiated inpatients requiring theexpansionof the

maxillary arch for the improvementof inter-arch coordination
and for the correct estimation of the volume of the cleft
defect.3,4 All the patients received an autogenous cancellous
bone graft from the anterior iliac crest, and the surgical
procedurewas performed at the hospital by the same surgeon
with vast experience of performing SABG.21 Postoperative
instructions for the maintenance and healing of the surgical
wound were given in a verbal and written form. Post-SABG
CBCT assessment was performed after 3 months to assess the
status of the bone graft.22 Patients with any associated syn-
dromesorwith incompletecleftwereexcluded fromthestudy.

Evaluation Procedure
Preoperativeandpost-SABGhigh-resolutionCBCTscans (New-
Tom GiANO HR, Italy) with the imaging parameters of 80kVp,
5mA, 18 s delivering high-resolution images of 0.3mm slice
thickness with a field of view of 13�16cm were obtained.23

Patient position was standardized using light markers, with
transverse plane parallel to Frankfort horizontal line (mid-
sagittal plane and Frankfort plane) of the machine. To protect
fromscattered radiation, patientsweremade towear a thyroid
collar and lead apron. The Digital Imaging and Communica-
tions in Medicine (DICOM) images of the CBCT scans were
evaluated by importing in New Net Technologies software
(►Fig. 1). The scanswere coordinated in all three planes along
the longaxis of the tooth (coronal, sagittal, andaxialplanes) for
the standardization of assessment and to minimize any error.
The tooth mesial to the cleft area was identified, and the
measurements were taken at the following levels:

• Cervical slice—cementoenamel junction (CEJ).
• Intermediate slice—middle point of the root.
• Apical slice—apex of the root.
• 3mm below CEJ.
• 6mm below CEJ.

Volumetric Evaluation Procedure13,24

Panoramic reconstruction was done from the CBCT images,
and regions of interest were selected. The volume of alveolar
cleft defect in each slicewas calculated (in cubicmillimeter) by
multiplying the alveolar cleft defect area by the slice thickness
(0.3mm) and adding the volume of each section to calculate
the total volume of the alveolar cleft defect. Volume was
calculated at two time intervals: V0—volumeof the cleft defect
beforeSABGandV1—volumeafter3monthsofSABG.Measure-
ments of volume change were measured by taking the differ-
ence between alveolar cleft defect volumes at V0 and V1.

Density Evaluation Procedure25,26

After volumetric evaluation, 2D densitometric measure-
ments were performed for each axial section. The mean
value of density was calculated for all sections and reported
in Hounsfield units (HU). The mean value of density was
calculated to evaluate the quality of alveolar bone graft in
two time intervals: D0—mean value of bone density in the
region of cleft defect before SABG and D1—mean value of
bone density after 3-month SABG. The conversion ratio for
transforming the gray density values of CBCT (voxel values)
into HU was conceivable due to this linear correlation. The
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conversion ratiowas approximately 0.7 (0.7� values of CBCT
¼ values of CT) in the present study.

Width Evaluation Procedure27

The mean value of width was calculated at all the five levels
as defined previously to evaluate the quantity of alveolar
bone graft in two time intervals. Mean difference in the
width of the alveolar bonewas calculated by the difference at
the two time interval (W1�W0) (mean value of the width of
the cleft defect region after 3 months of SABG�mean value
of the width of the cleft defect region before SABG).

The assessment of SABG was done by assigning a score
based on radiographic changes in bone volume, density, and

width of cleft defect, from which an index was formulated
with their respective grades (►Fig. 2).

Statistical Analysis
The sample size was determined with the help of G�Power
software (version 3.1.9.6), the power of the study kept at 95%
with a significance level of 5% (a¼0.05) and effect size at
1.51, calculated based upon themean and standard deviation
(SD) of the previous study (860�350mm3).28 The required
sample sizewas calculated to be 16 patients and, considering
a dropout of 20% in follow-up, the sample sizewas taken to be
20 patients.

All the parameters of the patients were summarized
as mean and SD. The data were collected and tabulated
in Microsoft Excel 365 and statistically analyzed using
the Statistical Package for Social Sciences software
(Version 21.0).

To define the success versus failure of SABG, results were
tabulated in percentiles of 20, 25, 40, 50, 60, and 75. After
measuring all the parameters of cleft defect (e.g., bone
volume, density, and width), each patient was assigned their
respective score in five areas: CEJ, root apex, root midpoint,
3mm, and 6mm below CEJ.

Scale Derivation
A sampling adequacy test was performed for all the
parameters, and principal component analysis was applied.
Principal component analysis is an adaptive data analysis
technique where the variants of the technique have been
developed that are tailored to various different data types
and structures. Thus, principal component analysis for
volume, width, and density with and without varimax
rotation classified the patterns of alveolar bone distribu-
tion in cleft patients and derived the sub-components of
the scale.

Fig. 1 Co-ordination of scans in all three planes for standardization in NNT software. NNT, New Net Technologies.

Fig. 2 Flowchart of the methodology.
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Validation
After measuring all the parameters of cleft defect (like bone
volume, density, height, and width), each patient was
assigned their respective score, which was corroborated by
the scale, as suggested by Kamperos et al.30 Spearman’s
correlation was used to calculate the correlation between
the two scales and establish the validity of the new scale.

Scale Reliability
Using the same scale, the readings were repeated after
2 weeks by the same investigator. Intra-class coefficient
(ICC) and Cronbach’s α were calculated to establish the
reliability and test–retest applicability of the new scale.

Results

Bone Volume
The mean volume of bone in the area of cleft defect was
41.28�84.46, 31.91�37.77, 18.49�22.88, 43.06�45.39,
and 29.28�37.08mm3 at CEJ, mid-point, apex, below
3mm CEJ, and below 6mm CEJ at T0 which subsequently
increased to 103.01�49.57, 74.72�55.81, 44.71�33.93,
88.07�70.73, and 82.81�59.15mm3 at CEJ, mid-point,
apex, below 3mm CEJ and below 6mm CEJ at T1 time
interval, respectively (►Table 1). The high variability in the
bone volume noted in the pretreatment stage of the patients
with UCLP indicates the inconsistency with which the cleft
defect is clinically present.

Bone Density
The mean bone density in the unaffected side was
821.66�282.21 HU, and the mean bone density in the cleft
area was 581.33�215.51 HU at T0 (►Table 2). The mean bone
density was found to be 600.23�240.13, 541.96�274.37,
573.966�274.95, 580.53�255.26, and 612.10�277.06 HU,
at CEJ, mid-point, apex, 3mm below CEJ, and 6mm below CEJ,
respectively, at T0. Themeanbonedensitywas791.90�170.43,
782.36�221.50, 759.40�274.95, 815.46�184.94, and
766.20�251.63, at CEJ, mid-point, apex, 3mm below CEJ,
and 6mm below CEJ, respectively, at T1.

Bone Width
The mean value of width was calculated for all sections, and
the mean bone width in cleft defect was 3.89�1.11,
3.07�1.16, 4.18�1.90, 4.24�1.97, and 3.23�0.65mm at
CEJ, mid-point, apex, below 3mm CEJ, and below 6mm CEJ,
respectively, at T0. The mean bone width in the grafted area
was 9.21�0.60, 9.05�0.85, 9.65�0.76, 9.54�1.17, and
9.44�0.93mm at CEJ, mid-point, apex, below 3mm CEJ
and below 6mm CEJ, respectively, at T1 (►Table 1).

Furthermore, evaluating the root coverage with the teeth
mesial to the cleft defect in the present study, initially, five
patients (25%) had more than three-fourth bone bridge at T0,
which improvedin13patients (65%)afterSABG(atT1). Similarly,
nine patients (45%) had less than half bone bridge or no bone
bridge at T0 which improved after SABG with only one patient
(5%) presenting with less than half bone bridge (►Table 3).

Scale derivation results showed a value of 0.745 with the
Kaiser–Meyer–Olkin measure, indicating that the scale
formed in this study was acceptable. Principal component
analysis yieldedfive sub-scales for volume and density: (1) at
CEJ, (2) at apex, (3) at mid-point, (4) 3mm below CEJ, and (5)
6mm below CEJ; and two sub-scales: (1) coronal half and (2)
radicular half for width29 (►Table 4).

Based upon the present study, a new scale (►Table 5) is
proposed for the 3D radiographic assessment of SABG,
preferred in patients of 7 to 10 years with the CBCT scan
after 3 months.

Scale Validation30

The Spearman coefficient ranged from 0.58 for the width
component to 0.72 for the height component. The respective
correlations were statistically significant (p<0.05), indicat-
ing good criterion validity and discriminant validity.

Scale Reliability
The range for Cronbach’s α31 for the domains was from 0.84
for density to 0.89 for width measurements, thereby dem-
onstrating acceptable to excellent internal consistency. The
ICC showed good test–retest reliability having a range of
scores from 0.89 to 0.94.

Table 1 Pretreatment (T0) and post-SABG (T1)mean, standard deviation (SD), percentile, and range values of volume of bone, bone
density, and bone width of the area of cleft defect

Time
interval

At CEJ At mid-point At apex At 3mm
below CEJ

At 6mm
below CEJ

Volume of bone in the area of cleft defect (in mm3)

Mean T0 41.28 31.91 18.49 43.06 29.28

T1 103.01 74.72 44.71 88.07 82.81

SD T0 49.57 37.77 22.88 45.39 37.08

T1 84.46 55.81 33.93 70.73 59.15

Median T0 28.65 18.00 11.10 27.45 17.10

T1 81.30 58.05 38.40 71.25 66.15

(Continued)
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Table 1 (Continued)

Time
interval

At CEJ At mid-point At apex At 3mm
below CEJ

At 6mm
below CEJ

Percentile T0 20 6.36 6.18 1.50 9.06 4.26

25 10.20 9.37 1.72 10.65 4.72

40 23.46 15.06 5.82 21.60 10.56

50 28.65 18.00 11.10 27.45 17.10

60 33.60 25.98 14.70 36.18 19.98

75 48.75 35.77 25.65 57.82 39.52

80 56.76 49.56 32.28 69.36 48.54

100 238.50 159.90 100.80 198.00 170.10

T1 20 37.56 23.82 13.68 29.52 31.80

25 39.45 38.92 18.00 33.07 41.32

40 68.34 48.30 28.62 46.38 53.94

50 81.30 58.05 38.40 71.25 66.15

60 94.98 69.18 50.94 89.64 90.24

75 158.02 107.25 65.17 119.10 112.05

80 173.22 130.02 73.50 169.56 126.12

100 369.00 216.00 142.80 252.90 254.10

Range T0 367.80 206.70 141.60 249.90 248.70

T1 975.00 966.00 972.00 960.00 972.00

Bone density in the area of cleft defect (in HU)

Mean T0 600.23 541.96 573.96 580.53 612.10

T1 791.90 782.36 759.40 815.46 766.20

SD T0 240.13 274.37 274.95 255.26 277.06

T1 170.43 221.50 223.82 184.94 251.63

Median T0 674.00 607.50 666.00 651.50 724.50

T1 824.50 866.50 819.50 875.00 862.50

Percentile T0 20 425.60 196.20 287.40 297.40 303.40

25 451.50 245.25 322.75 411.00 469.25

40 536.80 573.20 540.00 545.60 705.60

50 674.00 607.50 666.00 651.50 724.50

60 728.00 641.60 745.00 731.00 763.20

75 807.00 779.50 805.25 809.25 799.25

80 818.20 793.60 815.40 819.60 800.00

100 891.00 942.00 910.00 886.00 969.00

T1 20 729.20 720.80 682.80 775.80 718.60

25 731.50 764.50 711.75 807.25 751.50

40 810.20 842.60 784.80 856.40 843.60

50 824.50 866.50 819.50 875.00 862.50

60 852.40 883.00 863.80 891.00 874.60

75 874.25 910.50 896.75 925.25 917.75

80 883.00 920.40 915.00 930.60 923.80

100 975.00 966.00 972.00 960.00 972.00

Range T0 826.00 920.00 898.00 846.00 960.00

T1 962.00 927.00 939.00 857.00 963.00
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Discussion

SABG has been the mainstay surgical treatment modality for
the treatment of the alveolar defect in patients with CLP.
Semb32 advocated that the optimal time for alveolar cleft
grafting is between the ages of 9 and 11 years (before the
eruption of the canine when the root is half to two-third
formed). Furthermore, 95% of the anteroposterior and trans-
verse growth is completed by the age of 8 years. In the
present study, SABG was performed on 20 patients between
the ages of 7 and 10 years (mean age 8.1�1.4 years).
However, it is pertinent to note that the correct age of the
SABG is dependent upon the radiographic evaluation of the
lateral incisor and canine associated with the cleft defect,
rather than the chronological age of the patient. Additionally,
amidst no definitive conclusion of early (5–7 years) or late
(8–12 years) SABG providing better treatment outcome, a
mixed age group of patients from 7 to 10 years were taken
depending upon the status of the erupting canine.8,33,34

The radiographic CBCT assessment measured the volume,
density, andwidth of thebony bridge in the region of the cleft

defect at five different root levels of the tooth mesial to the
cleft defect as suggested by Garcia et al33 and Gomes et al.35

CBCT is more precise, reliable, and reproducible as com-
pared with 2D radiographs and, therefore, could be used for
volumetric and densitometric evaluation for the success of
SABG.18,23,24,36 Furthermore, volumetric assessment using
CBCT with a slice thickness of 0.3mm is found to be more
accurate as compared with conventional CT which tends to
overestimate the bony defect with increased radiation
exposure.13,15,26

The postoperative assessment of the grafted bone was
done 3 months (T1) after performing SABG. The assessment
of the bone graft should preferably be performed at this
stage, as the grafted bone transforms into the normal trabec-
ular bone by 3 months, and results indicate that the alveolar
bone density remains stable between 3 and 6 months.22,32

Furthermore, it has been suggested that subsequent ortho-
dontic or prosthetic implants should be placed at this stage
as bone height level starts to decline after 3months of ABG.22

Bone density has been classically described in the gray
values (GV) obtained from classic CT examination and

Table 1 (Continued)

Time
interval

At CEJ At mid-point At apex At 3mm
below CEJ

At 6mm
below CEJ

Bone width of the area of cleft defect (in mm)

Mean T0 3.89 3.07 4.18 4.24 3.23

T1 9.21 9.05 9.65 9.54 9.44

SD T0 1.11 1.16 1.90 1.97 0.65

T1 0.60 0.85 0.76 1.17 0.93

Median T0 3.67 3.04 3.83 4.13 3.34

T1 9.19 9.01 9.52 9.49 9.47

Percentile T0 20 3.14 1.94 2.39 2.34 2.54

25 3.21 2.07 2.44 2.53 2.59

40 3.45 2.92 3.48 3.42 3.14

50 3.67 3.04 3.83 4.13 3.34

60 4.12 3.39 4.36 4.64 3.40

75 4.39 3.74 5.25 5.17 3.71

80 4.75 3.79 6.27 5.60 3.91

100 6.48 5.46 8.33 8.53 4.30

T1 20 8.62 8.25 9.05 8.53 8.89

25 8.68 8.46 9.07 8.73 9.14

40 9.10 8.78 9.28 9.01 9.34

50 9.19 9.01 9.52 9.49 9.47

60 9.34 9.26 9.94 9.59 9.58

75 9.45 9.80 10.32 10.01 10.11

80 9.69 9.99 10.47 10.36 10.40

100 10.78 10.30 10.9 11.46 10.93

Range T0 2.64 3.05 2.66 4.40 3.56

T1 4.93 4.69 6.47 7.02 2.17

Abbreviations: CEJ; cementoenamel junction; HU, Hounsfield units; SABG; secondary alveolar bone grafting.
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Table 3 Frequency and percentage of height and width score
of the cleft defect by Kamperos et al30

Scale Time interval Frequency Percent

Frequency and percentage of height score

No bridge T0 2 10.0

T1 0 0.0

Less than
one-fourth

T0 1 5.0

T1 0 0.0

One-fourth
to half

T0 6 30.0

T1 1 5.0

Half to
three-fourth

T0 6 30.0

T1 6 30.0

More than
three-fourth

T0 5 25.0

T1 13 65.0

Frequency and percentage of width score

No bridge T0 2 10.0

T1 0 0.0

Less than half T0 4 20.0

T1 2 10.0

More than half T0 14 70.0

T1 18 90.0

Table 4 Principal component analysis of volume, width, and density score of the cleft defect

Principal component extracted

1 2 3 4 5

Volume score

At CEJ 0.721 �0.230 �0.544 0.135 0.236

At midpoint 0.493 �0.055 0.491 �0.244 0.560

At apex 0.906 �0.087 0.225 �0.053 �0.228

At 3mm below CEJ 0.811 �0.337 �0.315 0.120 0.095

At 6mm below CEJ 0.867 �0.095 0.107 �0.082 �0.299

Width score

At CEJ 0.898 �0.253 – – –

At midpoint 0.941 �0.156 – – –

At apex 0.124 0.957 – – –

At 3mm below CEJ 0.944 �0.216 – – –

At 6mm below CEJ 0.806 0.801 – – –

Density score

At CEJ 0.592 0.518 �0.290 �0.459 0.028

At midpoint 0.597 0.733 �0.017 0.221 �0.018

At apex 0.386 0.691 0.279 0.451 0.139

At 3mm below CEJ 0.575 0.387 �0.231 �0.644 �0.011

At 6mm below CEJ 0.429 0.786 �0.089 0.235 0.047

Abbreviation: CEJ; cementoenamel junction.

Table 2 Bone density of unaffected side and the cleft side
before the alveolar bone grafting

Density of bone at
un-affected side
(control)

Density of bone
at affected
side at T0

N 20 20

Mean (HU) 821.66 581.33

SD 282.21 215.51

Percentile 20 469.40 311.20

25 637.50 422.75

40 907.80 630.60

50 952.00 640.00

60 964.80 701.20

75 1,016.25 731.00

80 1,042.20 737.80

100 1,171.00 875.00

Range Min 203.00 135.00

Max 1,171.00 875.00

Abbreviations: HU, Hounsfield units; SD, standard deviation.
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quantified in HU.16 Development in CBCT imaging, as well as
the use of advanced GV correction techniques, have
increased the potential of applying CBCT-derived GVs, such
as CT-derived HU.37 Themean bone density in the unaffected
side was measured to be 821.66�282.21 HU, whereas the
mean bone density in the grafted area was 581.33�215.51
HU at T1. The minimum density in the unaffected side was
203 HU, and in the grafted area was 135 HU, while the
maximumdensity in the unaffected sidewas 1,171HUand in
the grafted area was 875 HU. The present findings correlate
with the studies of Zhang et al,22who evaluated radiographic
bone density where bone density D3 350 to 850 HU is more
common in maxilla. The mean density of grafted bone at T1
was 581.33�251.51 HU.

In evaluating the bone width in the cleft defect among
the 20 patients, 14 patients (70%) had more than half bone
width at T0, which later improved in 18 patients (90%) after
SABG at T1. Six patients had less than half bone width at T0
which later improved after SABG for four patients (20%) at
T1, where there was more than half of the bone width
present.

Based upon the percentile distribution of the pre- and
post-SABG values of each respective domain, a new grada-
tion-based scale is formulated for a 3D radiographic assess-
ment scale of SABG, preferred in patients of 7 to 10 yearswith
the CBCT scan after 3 months (►Table 5). Few studies have
attempted to set thresholds for characterizing a good post-
surgical outcome; however, these studies do not provide a
single success scale that considers both qualitative and
quantitative aspects of the bony bridge. The respective

gradations would allow for objective-based assessments of
each individual parameter.

In describing the success versus failure, there was a
reasonably good agreement present between the new
CBCT scale and the scale given by Kamperos et al.30 In the
present study, 90% of patients were defined as successful
after the SABG.

The present study sets a success scale for the outcome
evaluation of SABG on an objective gradation-based assess-
ment in all the respective domains (bone volume, bone
density, and bone width). The new scale also provides
accurate, qualitative, and quantitative assessments on the
3D morphology of the repaired alveolar process (bone vol-
ume, bone density, bone height, and bone width).

Limitations and Future Scope
The use of the present scale on a larger treatment group
would provide validation on the scale; furthermore, the
correlation of the gradation post-SABG with the long-term
stability of teeth and clinical success of treatment would
provide the scale a prognostic component as well.

Conclusion

The present scale provides gradation-based qualitative (bone
density) and quantitative (bone volume and width) assess-
ments of the bony bridge formed after SABG for the better
understanding of both orthodontists and surgeons, thus
allowing to judge the prognosis of each SABG case more
conclusively.
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