
A Novel and Practical Protocol for Three-
Dimensional Assessment of Alveolar Cleft
Grafting Procedures

Celine C. Stoop, DDS1 , Nard G. Janssen, DDS, MD, PhD1,
Timen C. ten Harkel, MSc1, and Antoine J.W. P. Rosenberg, DDS, MD, PhD1

Abstract

Objective: To evaluate the reproducibility and accuracy of a new, easy-to-use volumetric assessment of the alveolar cleft.

Design: Twelve cone-beam computed tomography (CBCT) datasets of patients with a unilateral cleft lip, alveolus, and palate were

evaluated by two investigators. Residual alveolar cleft calcified volume one year after surgery was analyzed by using standardized

landmarks to determine the borders of the cleft defect and semi-automatically segment the alveolar cleft defect.

Results: The Dice-coefficient between observers for the segmented preoperative alveolar cleft defect was 0.81. Average percent-

age of residual alveolar cleft calcified material was 66.7% one year postoperatively.

Conclusions: This study demonstrates a reliable and practical semi-automatic three-dimensional volumetric assessment method for

unilateral clefts using CBCT.
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Introduction

Cleft lip and palate incidence is rather common and is found in
every 1.5:1000 births.1 The alveolar cleft defect is the most
common congenital bone deformity of the craniofacial skele-
ton. The surgical treatment protocol for patients with cleft
lip, alveolus, and palate in most cleft teams worldwide includes
secondary alveolar bone grafting (SABG).2 This treatment is
usually performed at the end of the mixed dentition stage,
between the ages of nine and twelve years.

The primary outcomes of SABG are fusion of the segments
of the maxillary arch for continuity, closure of the oronasal
fistula, providing a bony construct to facilitate the eruption
of the canine, and lateral incisor, with an uninterrupted arch
and improving nasolabial support and symmetry of facial
esthetics.

Several two- and three-dimensional measurement methods
have been proposed to assess alveolar cleft volume. Mainly,
two-dimensional radiological assessment was carried out
using standardized scales.3–5 However, three-dimensional
measurement methods seem to be more precise than two-di-
mensional methods.6

Different problems in various cleft assessment methods are
encountered. The first problem is establishing cleft defect

landmarks because of the differences in morphology and com-
plexity of the boundaries of the defect. This is especially rele-
vant for the palatal boundary of the alveolar cleft defect. In
most patients with a complete alveolar cleft, the palatal part
is difficult to establish.

Secondly, the growing skeleton in combination with the
eruption of the permanent dentition often poses a problem.7

By comparing preoperative scans with postoperative scans, it
is difficult to accurately match the changing cleft defect and
measure the new required bone volume.

Cone-beam computed tomography (CBCT) can be a precise
and effective modality for three-dimensional assessment of
alveolar cleft volume.8 A large and increasing number of
studies report on different methods using CBCT scans to
assess this bone defect. However, in many cases the bony
defect is hard to define in both preoperative and postoperative
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scans. These studies do not make use of superimposition of
preoperative and postoperative scans and thereby making it
virtually impossible to distinguish between preexistent and
reconstructed maxillary bone.

The amount of digital image analysis software of semi-
automatic segmentation methods for volumetric assessment
of alveolar clefts rises. A disadvantage of these methods is
that it has been proven difficult to create both a reliable and
practical method to measure and compare alveolar cleft
defects before and after reconstruction. Semi-automated seg-
mentation protocols are often limited due to the different defi-
nition of the borders of the cleft defect. Especially the palatal
bony boundary is not specified in cases with complete alveolar
clefts.7,9

Combining semi-automatic segmentations, with well-
defined borders and precise standardized anatomic landmarks
might improve the reproducibility of the assessment method.

The aim of this study was to evaluate the reproducibility and
accuracy of a new, easy-to-use volumetric assessment of the
alveolar cleft.

Methods

Subjects
Twelve randomly selected patients with a unilateral cleft lip,
alveolus, and palate were selected that underwent SABG. All
patients included were operated on between June 2018 and
July 2020 and were operated on at the Utrecht University
Medical Center by a single surgeon.

Preoperative CBCT scans were taken 1 to 4 weeks prior to
surgery and 12 months postoperatively (range 10-15 months)
to evaluate the volume of the cleft area. Scans of all patients
were taken according to a standard CBCT scanning procedure
(NewTom VGi evo). The image acquisition parameters
included settings of 89.9 or 110 kV with a range of 7.2 to
28.35 mAs (pulsed mode). The field of view was 78, 82.8 or
149.8 cm and the voxel size was 0.3 to 0.35 mm.

The CBCT scans were processed with BrainLab Elements
software (BrainLab AG).

Anatomical Landmarks
A total of eight landmarks were defined to determine the
cranial, caudal, and palatal limits of the alveolar cleft.
Figure 1A-C shows the landmarks in the cleft alveolus and
palate defect in a schematic overview.

The most cranial part of the cleft was defined as the lowest
part of the piriform aperture at the nonaffected side viewed
from the coronal CBCT-slice, showing the mesial side of the
first upper molar at the nonaffected side. Four landmarks
were manually placed in the axial CBCT-slice of this point.
The buccal outline of the cleft defect is a clearly defined ana-
tomical landmark in the axial plane of the lowest part of the
piriform aperture of the unaffected side. For this reason, land-
mark SMB was placed at the most medial-buccal point and

landmark SLB was placed at the most lateral-buccal point of
the alveolar cleft.

In earlier volumetric research on alveolar cleft grafting, the
palatal part of the bone defect showed the largest interobserver
variability.7,9 This might be due to the fact that the bony boun-
dary of the cleft defect on the palatal side is not defined if the
defect is ending in the hard palate. However, bony restoration
of the palate in patients with cleft lip and palate has clinical rel-
evance. Therefore, this study only used the relevant part of the
palatal portion, that is, the palatal part of the defect belonging
to the alveolar process. In the current literature, this part is not
defined yet.

Since the palatal boundary of the alveolar cleft defect is
hardest to assess, this method choses a more pragmatic
approach to establish reliable and reproducible results.
Previous research showed a minimal maxillary alveolar ridge
width of 8 mm at the location of the canine.10 Therefore, the
region of interest in this study used the first 8 mm of the alve-
olar process and leaves the palatal surface located dorsally of
this 8 mm out of the region of interest. As such, landmarks
SMP and SLP were manually placed 8 mm in palatal direction
from landmark SMB and SLB, respectively, perpendicular to
the axial plane of landmark SMB and SLB (Figure 1A).

The most caudal part of the cleft was defined as the
cement-enamel-junction of the central incisor located medially
of the cleft defect. In this axial CBCT slice, four landmarks
were manually placed. Landmark IMB was placed at the
most medial-buccal point of the defect and landmark ILB
was placed at the most lateral-buccal point. Landmark IMP
and ILP were manually placed 8 mm in palatal direction
from landmark IMB and ILP, respectively (Figure 1B).

Volume Calculation
The process of volume calculation consists of the following
steps: landmark placement and segmentation, processing of
the 3D segmentations, and the calculation of the cleft
volume. For a schematic representation of the cleft volume cal-
culation process, see Figure 2.

Landmark Placement and Segmentation. The eight landmarks
were manually placed in the preoperative CBCT scan using
BrainLab Elements (Figure 3A). Additionally, the cleft
defect in this preoperative CBCT scan was segmented using
the smartbrush tool (Figure 3B). This tool was able to semi-
automatically define the medial and lateral outline by follow-
ing threshold values of alveolar bone. The segmentation of
the palatal outline was initially performed by using the smart-
brush tool beyond the palatal limits of the defect.
Subsequently, subtraction of the overfilled area was executed
after calculation of the palatal landmarks. The buccal outline
was manually segmented. In order to determine the interob-
server reliability, both the landmark placement and segmenta-
tion were performed by two independent observers (CS and
NJ).
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Processing of the 3D Segmentations. The landmarks and 3D seg-
mentations of the alveolar cleft were exported for each
observer. Further processing of the 3D was performed in
Matlab (MATLAB 2020a, The MathWorks, Inc.), where the
eight landmarks were used to define the cranial, caudal, and
dorsal limits of the cleft defect.

Cranial limits were defined by a plane of the most cranial
four landmarks of the defect (landmarks SMB, SLB, SMP,
and SLP). Caudal limits were defined by a plane of the most
caudal four landmarks of the defect (landmarks IMB, ILB,
IMP, and ILP). The dorsal plane was defined by the mean
plane of the most dorsal four landmarks of the defect (landmarks
SMP, SLP, IMP, and ILP). These three planes were used to crop
the 3D segmentations of the cleft defect. No cutting planes were
defined on the buccal, medial, and lateral sides of the defect.

Calculation Cleft Volume. In the postoperative CBCT scans, the
maxilla and the cleft defect was semi-automatically segmented

using BrainLab smartbrush tool (Figure 3C). Thereafter, the
preoperative and postoperative CBCT scans were fused in
BrainLab Elements. The preoperative CBCT includes the
unsegmented preoperative cleft defects of each observer.
Subsequently, fused scans were used to automatically subtract
the unsegmented preoperative cleft defect from the maxilla of
the postoperative scan (Figure 3D). In this subtraction, the
eight landmarks to crop the 3D segmentations of the cleft
were used. The bony region within the preoperative alveolar
defect was defined as residual alveolar cleft calcified material
(Figure 3E).

Statistical Analysis
All CBCT scans were segmented separately by two authors
(CS and NJ) and evaluated by automated software to determine
the interobserver reliability. Both observers were trained prior
to performing this study. The interobserver reliability of the
segmentation of the cleft was assessed by calculating the

Figure 1. Display of the landmarks in the alveolar cleft. (A) Axial CBCT slice of most cranial (superior) part of the alveolar cleft defect. SMB is

the most medial-buccal border of the alveolar cleft. SLB is the most lateral-buccal border of the alveolar cleft. SMP was placed 8 mm in palatal

direction from landmark SMB. SLP was placed 8 mm in palatal direction from landmark SLB. (B) Axial CBCT slice of the most caudal (inferior)

part of the alveolar cleft defect. IMB is the most medial-buccal border of the alveolar cleft. ILB is the most lateral border of the alveolar cleft. IMP

was placed 8 mm in palatal direction from landmark IMB. ILP was placed 8 mm in palatal direction from landmark ILB. (C) Three-dimensional

model illustrating the segmented cleft defect.

Abbreviations: SMB, superior medial-buccal; SLB, superior lateral-buccal; SMP, superior medial-palatal; SLP, superior lateral-palatal; IMB, inferior

medial-buccal; ILB, inferior lateral-buccal; IMP, inferior medial-palatal; ILP, inferior lateral-palatal.
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Dice-coefficient between the segmentations of the clefts based
on the preoperative scan. The Dice-coefficient values the
quality of image segmentation based on spatial overlap. This
value is valid for reproducibility and accuracy in image seg-
mentation, contrary to kappa statistic which is a chance-
corrected measure of agreement between the segmentations.11

Similarity between the segmentations of the observers was
calculated: a value of 0 represents no overlap of segmentations
and a value of 1 represents complete overlap of segmentations.
A good overlap occurs when the Dice-coefficient is >0.7 to
represent a good interobserver reliability.11,12

Statistical analysis was performed using SPSS software for
Windows (IBM SPSS Statistics, Version 26.0.0.1). The mean
and standard deviation of the preoperative and postoperative
defect sizes were calculated, as well as the residual alveolar
cleft calcified material, given as the percentage of filled bone
in the original cleft.

Results

Subjects
A total of 12 patients with unilateral cleft lip, alveolus, and
palate were investigated. All patients were treated between

June 2018 and July 2020. Mean age at the time of alveolar
bone grafting was 10 years (range 9-11). Population consisted
of 7 males and 5 females.

Three-Dimensional Assessment Method
For reproducibility, standardized landmarks are required to cal-
culate the volume of the alveolar cleft defect. Eight landmarks
were defined: SMB, SLB, SMP, SLP, IMB, ILB, IMP, and
ILP. The buccal landmarks could be appointed manually,
since the buccal outline of the defect is clearly anatomically
defined. The palatal landmarks were placed 8 mm in dorsal
direction of the buccal landmarks. The most cranial plane
was defined by SMB, SLB, SMP, and SLP. The most caudal
plane was defined by IMB, ILB, IMP, and ILP. The palatal
outline was defined by the mean plane of the four dorsal land-
marks: SMP, SLP, IMP, ILP. The analysis was done twice by
independent observers (CS and NJ).

Interobserver Reliability
Mean Dice-coefficient for the segmented preoperative alveolar
cleft defect was 0.81 (sd 0.03). The mean differences in volu-
metric measurements between observers was 0.07 cm3 (sd
0.05 cm3).

Bone Volume
Mean preoperative alveolar defect size was 0.80 cm3 (sd
0.39 cm3). The mean postoperative defect size was 0.26 cm3

(sd 0.16 cm3). The mean percentage of the preoperative
defect filled with grafted bone after surgery was 66.7% (sd
21%).

Discussion

Several studies have evaluated SABG in patients with cleft lip,
alveolus, and palate. Assessment of the volumetric cleft
volume is difficult due to undetermined landmarks in the alve-
olar cleft defect.6,13,14 The most unreliable anatomical land-
mark of the cleft defect is the palatal plane.9,15 To avoid a
standardized definition of the palatal plane, Du et al16 and
Liu et al17 calculated the cleft volume defect by mirroring
the alveolar bone of the nonaffected side using software.
Limitation of these methods is that proper mirroring often is
not possible due to the asymmetry of the maxillary arch
caused by compression of the maxillary fragment lateral of
the alveolar cleft.

Linderup et al described a method by standardizing the ana-
tomical boundaries of the alveolar bone defect.9 In their
method, the palatal margin was manually segmented on the
basis of the contours of the contralateral alveolar bone. For
intraobserver and interobserver reproducibility, Pearson corre-
lation coefficients were r> 0.9849 and r > 0.8784, respectively,
indicating excellent reproducibility. Despite the good repro-
ducibility, limitation of this method is the inapplicability in

Figure 2. Schematic representation of the cleft volume calculation

process. The process of volume calculation consists of landmark

placement and segmentation, processing of the 3D segmentations,

and calculation of the cleft volume. The letters A, B, C, D, and E

are corresponding with Figure 3A-E.
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Figure 3. Cleft volume calculation process. (A) Landmark placement in the preoperative CBCT scan using BrainLab Elements. (B) Segmenting

the preoperative cleft defect using the smartbrush tool. (C) Segmenting the postoperative maxilla and cleft defect. (D) Subtraction of the unseg-

mented preoperative cleft defect and postoperative maxilla automatically in Matlab. (E) Smoothened area between the lines shows the residual

alveolar cleft calcified material.
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cases of asymmetry of the contralateral maxillary arch. To
overcome this problem, in our study the palatal margin was
automatically defined as the mean plane of the most dorsal
four landmarks of the defect. Our study showed a Dice-coeffi-
cient of 0.81 (sd 0.03 cm3), this value indicated that this three--
dimensional method of assessing the unilateral cleft was
reliable. A Dice-coefficient greater than 0.7 is considered as
a good interobserver reliability.11,12

The placement of the palatal landmarks 8 mm in dorsal
direction of the buccal landmarks was based on the minimal
maxillary alveolar ridge width at the location of the canine.
To reproduce the alveolar cleft defect, a standardized palatal
outline is required. When applying this method in patients
with a maxillary alveolar ridge width larger than 8 mm, the
alveolar defect could be inaccurate and underestimated. This
is a limitation of this assessment method. Further studies
need to be carried out to evaluate the correlation between clin-
ical success and the percentage of the postoperative filled bone
grafting material in the standardized cleft defect.

Chen et al (2018) used a subtraction method in which cus-
tomized boundaries of the alveolar bone defect were drawn
automatically by using the “draw” function of 3D Mimics soft-
ware.18 Reproducibility of these boundaries were not mea-
sured. In the present study, the medial and lateral limits of
the cleft defect could be semi-automatically defined by using
the smartbrush function in BrainLab. Thereby, eight landmarks
were standardized to increase the reproducibility. Only the
buccal border of the defect was manually defined. This may
be a limitation. However, in segmenting the buccal margin
of the maxillary arch no major differences were found
between observers to reproduce this boundary, a Dice-coeffi-
cient of 0.81 (sd 0.03 cm3) was achieved.

Additionally, existing reliable methods seem time consum-
ing and require a significant amount of technical knowledge.
This finding was encountered using the previous semi-
automatic segmentation protocol of our study group.7

Including the standardized landmarks into automated segmen-
tation software could improve the practical use of this assess-
ment method in the future. The current assessment method
shows an easy-to-use, semi-automatic segmentation protocol,
with accurate assessment of the cleft defect.

This study used CBCT scans for both accuracy and the low
radiation dose. Current literature demonstrates that CBCT is
applicable and accurate for volumetric cleft measurement
methods. Despite the variation in field of view and voxel
size, CBCT scans gave an overall high reliability.19,20

Calculating the peroperatively administered amount of bone
grafting material may not be indicative for having a successful
bone grafting treatment. Our study group does not consider it
relevant to assess the amount of grafted volume directly after
surgery. Alveolar cleft defects that are overfilled will generally
show more resorption than defects that do not show overfilling
and probably this is without clinical relevance. Additionally,
there is an intrinsic osteoregenerative potential of the recon-
structed defect that works in favor of alveolar cleft defects in
which too little grafting material has been applied.21 The

residual alveolar cleft calcified material percentage after
SABG is 66.7% in this study. This is in accordance with pre-
vious findings.22,23 However, success of bone grafts was not
within the scope of the present study.

This volumetric assessment method could be used to accu-
rately and easily compare different cleft grafting materials or
quantify operation techniques. However, clinical outcome
parameters, such as eruption of the canine and lateral incisor,
an uninterrupted arch and a closed oronasal communication,
are as important to determine the success of the alveolar
bone grafting treatment.

Conclusion

In conclusion, this study demonstrates a reliable and practical
semi-automatic three-dimensional volumetric assessment
method for unilateral clefts using CBCT. Determination of
cleft volume by using anatomical and standardized landmarks
combined by three-dimensional medical image processing
software provides a practical and reproducible assessment of
the volumetric outcomes after SABG.
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