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RADIOGRAPHIC ASSESSMENT OF ALVEOLAR BONE GRAFT IN
PATIENTS WITH CLEFT LIP AND PALATE: A REVIEW                                                           

The prevalence of cleft lip and palate is 1.09 per thousand in In-
dia; secondary alveolar grafting is an integral part of treatment 
planning for patients with cleft lip and palate. Post operative as-
sessment of the outcome of the grafting procedure is required 
to be evaluated early as the age for secondary alveolar grafting 
is limited. Although there are various methods documented in 
the literature to evaluate the success/failure of graft, commonly 
employed method is radiographic assessment.  Present article 
summarize the various scales/methods used for assessing the 
outcome of grafting procedure using different radiographs. 
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Introduction  

Alveolar bone grafting is an integral part of the 

surgical procedure in the management of 

alveolar cleft in patients with cleft lip and palate. 

The alveolar bone grafting procedure has 

several objectives and benefits for the cleft 

patients: (a) to obtain continuity in the maxillary 

arch and maximize bone support for the dentition 

or prosthodontic rehabilitation in the cleft region 

[1, 2] (b) to establish better alveolar morphology 

[3] (c) to prevent nasal regurgitation by closure 

of oronasal fistulae [4] (d) to improve nasal alar 

support [5].  

All these objectives can be achieved only if a 

sufficient height and width (volume) of bone is 

provided at the cleft site. Hence, a complete 

evaluation of alveolar graft site is required prior 

to grafting procedure and also after grafting 

procedure to assess the success/ failure of the 

procedure. A three dimensional assessment of 

the defect is required in order to make the all 

objectives fulfilled [6].  

Several criteria have been recommended in the 

literature to audit the success of grafted bone in 

the cleft region, which include guidance of  tooth 

through grafted bone, periodontal status of the 

erupted tooth [7], height of alveolar bone around 

the guided tooth [8], improvement in the alar 

base support [5], and the radiographic 

confirmation of bony bridge [9, 10]. Numerous 

radiographic methods have been developed for 

evaluation of the alveolar graft but different 

methods have different limitations in their use. 

Radiographs as a method to assess the 

outcome of the graft has been highlighted by the 

Clinical standards Advisory Group Cleft lip and 

Palate audit of cleft services in the United 

Kingdom [11].   

Present article summarizes the various methods 

of radiographic assessment of the alveolar bone 

graft in patients with cleft lip and palate.  

Radiographic assessment  

Various radiographs have been employed to 

evaluate the success of uptake of bone graft, 

which includes 2-dimensional radiographs [10] 

(OPG, Lateral Cephalogram, Occlusal 

radiograph and IOPA) and 3-dimensional 

radiographs (CT, and CBCT). There are several 

methods described by researchers to determine 

the success/ failure of grafted bone in the 

alveolar cleft. It was Abyholm [4] who first 

proposed a grading system to determine the 

success of bone grafting procedure on 2D 

radiographs (IOPA), the height of interalveolar 

septum was assessed, compared with the 

contralateral side of the patient and a four point 

scale was proposed: grade I = septum height 

approximately normal, grade II = septum height 

at least ¾ of normal height, grade III = septum 

height less than ¾ of normal height and Failure 

= no continuous bone bridge identified. 

However, this grading system was popularized 

by Bergland et al [9] as Oslo grading system. 

The scale is considered to be used after 

eruption/ guidance of tooth in the cleft region, 

hence cannot be applicable to assess the 

success/failure of graft in mixed dentition or 

cases where tooth in the cleft region is missing 

[12], also the amount of bone at the most apical 

region of the cleft is not measured.  

This Oslo grading system was further modified 

by Kindelan [13] and proposed a 4 – point scale 

that measured the degree of bone filling in the 

cleft area in percentage on comparison to its 

initial bone graft site. Grade I = more than 75% 

bony filling, grade II = 50 – 75% bony filling, 

grade III = less than 50% bone filling, grade IV = 

no complete bony bridge. This method of 

assessing the bone graft does not describe the 

position of bone in the cleft.  

A further modification for the Oslo grading 

system was proposed by Hynes and Earley [14] 

in 2003, where in addition to the occlusal level 

comparison with the normal side authors used 

basal levels of bone grafts also.  The Bergland 

scale was extended to categorise these heights 

by comparing them with the contralatetal normal 

non cleft interdental alveolar bone.  

One of the shortcomings of all these grading 

systems is the subjective nature of the 

assessment of the acceptance or success of 
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bone grafting. It was Helms who attempted to 

develop an objective assessment method to 

determine the position of alveolar bone post 

surgically [15]. Bone support along with 

presence or absence of bony bridge is assessed 

on periapical radiographs. Most coronal 

attachment of bone on proximal surface 

adjacent to the cleft along with length of 

anatomical root is measured. Most apical 

position of alveolar ridge relative to line 

perpendicular to long axis of the central incisor 

is also measured. These measurements are 

expressed as percentage of the level of the bone 

attachment on the proximal root surface of 

central incisor adjacent to cleft, relative to the 

length of the anatomic root. 

Long et al [16] modified the method of assessing 

success of bone grafting developed by Helms et 

al [15] and traced the bony contour. The 

requirement of modification felt was the potential 

distortion factors associated with the 

radiographic elongation and foreshortening. The 

measurements recorded are in ratio 

measurements with alveolar bone height as 

numerator and root length of the adjacent teeth 

to the cleft as denominator. However, there is a 

requirement of very good quality radiographs 

and the procedure is time consuming. [12] 

An 8 – point scale to describe the position of 

bone graft in relation to the tooth in the cleft 

using 2D radiograph (occlusal radiograph) was 

developed by Witherow et al [12]. The cleft on 

the radiograph is bisected into two vertical half 

and into four horizontal parts, thereby making 

eight quarters. Each quarter is allocated a score 

0, 0.5 or 1 depending upon the amount of bone 

present in the quarter. The advantage of this 

new scale is that any radiograph showing root 

surfaces of the teeth adjoining cleft can be 

employed. Further, this method can be used to 

assess the bone levels in mixed dentition and 

also prior to eruption of tooth in cleft region.  

The reproducibility of three commonly used 

radiographic methods for assessment of 

alveolar graft has been compared [17]; there is 

little difference in repeatability of any of these 

three scales. The reproducibility of these scales 

is found to be equally effective in mixed 

dentition. Also, both occlusal and periapical 

radiographs are equally useful in assessment of 

post operative success of grafting.  

Computed tomography CT was first described 

and used by Van der Meij et al [18] in evaluation 

of early secondary bone grafting and the 

advantage of CT is highlighted as its ability to 

quantify the amount of grafted bone and amount 

of graft survived in follow up. However, only 

change in the area not the volume was noted 

and presented in percentage change. Dado et al 

first evaluated three dimensional survival and 

volume of the graft using CT [19]. Quantity and 

quality of secondary alveolar bone graft with the 

use of computer software containing a 

volumetric analysis function on CT images of the 

maxilla was first evaluated by Tai et al [20]. 

However, while assessing the volumetric 

analysis, the challenge to distinguish graft from 

the surrounding alveolar bone has been 

highlighted.  

 CBCT imaging system for assessing alveolar 

bone grafting was first introduced by Hamada Y 

et al [21]. A 3-step system to evaluate and grade 

the bony bridge achieved was introduced by Iino 

et al [22] using CT images: depending upon the 

level of the bony bridge in relation to adjacent 

erupted tooth, divided into three portions: the 

top, middle and the lower third. Anteroposterior 

depth of the bony bridge further grades it in three 

grades by comparing it with the width of the roots 

of the tooth adjacent to the cleft: sufficient 

anteroposterior depth (Grade A) or inadequate 

bony formation (Grade a) and no obvious bony 

formation (Grade x). The combination of these 

two parameters: grades of the top, middle, and 

lower thirds along with grades of anteroposterior 

depth provide 3D information about bony bridge. 

The height of the nasal floor is also assessed by 

CT and divided into two categories: constructed 

nasal floor at the same height as the unaffected 

side (Grade N) and if it was below that on the 

unaffected side (Grade n)./ 
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Comparison of 2D vs 3D radiographic 

assessment  

Earlier in literature mainly 2D radiographs were 

used to access the success of alveolar grafting 

and the height of grafted bone was correlated to 

determine the amount or percentage of 

resoprtion. However, there are inherent 

shortcomings associated with 2D radiographs. 

To derive 3D information from 2D radiographs 

[20] additional information in horizontal 

dimension is required. Hence, it is always 

desirable to determine the volume of the defect 

and volume of bone graft required to fill the 

defect. This volumetric information is possible 

with the 3D volumetric imaging modalities only. 

Improvements in CBCT technology along with 

specialised reconstruction algorithms for the 

head and neck region has improved the features 

of soft tissue resolution and contrast. CBCT is 

preferred imaging modality for CLP patients as 

there is significantly reduction in radiation 

exposure. In addition, the image quality is 

generally superior to that of conventional CT 

allowing for detailed visualization of the cleft 

region. It provides valuable information on the 

morphology of the bone defect, the proximity of 

adjacent teeth and assessment of the size and 

volume of the bone defect [23].  

A reasonably good agreement has been found 

between 2D method (periapical & occlusal 

radiograph) and 3D method (CAT scans) [22, 24] 

and it has been recommended that these two 

methods can be used interchangeably for 

individual case evaluations.  However, the root 

coverage has been reported overestimated with 

dental radiographs (upto 25% more) when 

compared with CT scans. Hence, for a better 

assessment of the clinical outcome 3D methods 

should be used as an adjunct in difficult cases.  

Conclusion  

The evaluation of success/ failure of the grafted 

bone using only radiographic method have been 

questioned. There are obvious difficulties in 

standardization and interpretation of the 

radiographic methods. Numerous scales have 

been introduced to grade the success/ failure of 

the grafted bone in the alveolar cleft; however 

the ideal scale would be able to recognize graft 

failure much before the eruption of tooth in the 

cleft region, as it is established that repeated 

bone grafting after eruption of the teeth is often 

associated with a higher failure rate. 
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