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Abstract
Aims and objectives: The reconstruction of the alveolar cleft is usually achieved through an autologous bone 

graft and associated with unpredictable results. We sought to analyse the efficacy of platelet-rich plasma in reduction 
of the resorption of the alveolar cleft bone graft.

Patients and methods: 20 nonsyndromic patients with unilateral alveolar clefts treated with alveolar bone grafting 
during the period between June 2005 and December 2008 were included in this study. The patients were randomly 
assigned to two groups: In Group 1: the patients treated by autogenous bone graft with Platelet-Rich Plasma. In Group 
2: the patient treated by autogenous bone graft only. Clinical and radiological follow-up examinations were carried out 
at 1, 6 and 12 months. The osseous resorption method was evaluated with the use of digital panoramic radiograph.

Results:  After 1 month, all cases in the two groups showed Grade I bone resorption. After 6 and 12 months, Group 
1 showed higher prevalence of Grade I but with no statistically significant difference compared to Group 2. Of the 10 
patients in Group 2, three patients with Grade III bone resorption underwent subsequent alveolar bone graft from 
intraoral sites (mandibular symphysis, lateral cortex of the mandibular ramus or combination of the previous sites), 
while one case with Grade IV bone resorption (failed bone graft) was treated by intraoral distraction osteogenesis. 

Conclusion: Based on the results presented in this study, it is possible to conclude that a more favourable result 
can be achieved with application of PRP to the alveolar bone graft.
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Introduction
Secondary bone grafting in the cleft area was first reported by Boyne 

and Sands in the 1970s [1,2]. This procedure is an essential step in the 
overall management of patients with cleft lip and palate (CLP), and has 
been accepted as a means of stabilizing the segments of the maxilla, 
achieving continuity of the dental arch, guiding permanent teeth 
towards the cleft area, obliterating oronasal fistulae, and enhancing 
nasal base and facial appearance. Fresh autogenous cancellous bone is 
ideal for secondary bone grafting due to the supply of living bone cells 
that integrate fully with the maxilla and are essential for osteogenesis 
[3-5].

Autologous iliac bone graft is used preferably because of its sufficient 
quantity and high osteoinductive potential. However, even with iliac 
bone, insufficient osteo regeneration may occur due to several factors 
such as the patient’s age, cleft width, influence of functional stress, 
or as a result of bone resorption and others. Different methods for 
accelerating the speed of bone formation and reducing bone resorption 
in alveolar cleft bone grafting has been sought for sometime [1,6,7].

In 1998, Platelet-Rich Plasma (PRP) was reported by Marx et al. 
[8] to promote new bone formation in mandibular continuity defects
and to cause faster maturation of autologous bone grafts. Platelet-
rich plasma (PRP) extracted from autogenous blood which contains
many growth factors, such as platelet-derived growth factor (PDGF),
Vascular Endothelial Growth Factor (VEGF) and Transforming
Growth Factor beta (TGF-β). PRP can accelerate bone regeneration
and enhance bone formation by accompanying autogenous bone graft 
or bone substitutes. In oral and maxillofacial surgery, PRP effectively
influences wound healing, implant placement, and reconstructive
surgery of maxillofacial defects. PRP is considered to accelerate bone
regeneration, and consequently, it provides a mature and thick bone

bridge following secondary bone graft in the alveolar cleft. Many 
reports [8-15] have confirmed the effectiveness of PRP in enhancing 
bone regeneration when added to autologous bone grafts and other 
bone substitutes, while others have shown no benefit of PRP on bone 
formation [16-26].

The purpose of the present study was to evaluate the effectiveness 
of PRP in reduction of the resorption of the secondary autogenous 
alveolar cleft bone graft.

Patients and Methods
20 nonsyndromic patients with unilateral alveolar clefts treated 

with alveolar bone grafting during the period between June 2005 
and December 2008 were included in this study. All procedures and 
materials were approved by the local Ethics Committee. Informed 
consent was obtained from all patients. The patients were randomly 
assigned to two groups: In Group 1: the patients treated by autogenous 
bone graft with Platelet-Rich Plasma. In Group 2; the patient treated by 
autogenous bone graft only.

Preparation of PRP

PRP was extracted during the operation. After anesthesia induction, 
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50 ml of venous blood was drawn and put into 14 to 16 sterile test tubes 
(Vacutainer System: Green Vac-TubeTM, Green Cross MS) containing 
sodium citrate as anticoagulant in a quantity equal to 10% of the final 
volume. The sterile test tubes were centrifuged at 4000 rpm for 15 
minutes to separate the platelet poor plasma from red blood cell and 
puffy coat. After the first centrifugation, the blood was separated into 
plasma and red blood cells. The red blood cells were removed, and after 
a further centrifugation of the remaining plasma, the bottom layer, 
which was rich in platelets and constituted approximately 10% of the 
total withdrawn blood volume, was collected for use as PRP. To form a 
gel, a mixture was added to the PRP of equal volume of a sterile saline 
solution of 10% calcium chloride and then mixed with the patient’s 
serum as a source of autologous thrombin to become activated .The 
coagulated PRP preparation was achieved in a sticky gel consistency 
and easy handling. 

Surgical procedure

Alveolar bone grafting was performed under general endotracheal 
anaesthesia. Incisions were made and gingival mucoperiosteal flaps were 
elevated in the standard fashion for alveolar bone grafting. Autogenous 
cancellous bone and marrow was harvested from the anterior iliac 
crest (Figure 1). In group 1, the harvested cancellous iliac bone and 
PRP were mixed and placed into an injection syringe and packed into 
the alveolar cleft and the cleft was closed with gingival mucoperiosteal 
flaps (Figures 2-4).While in group 2, the harvested cancellous iliac bone 
was packed alone without PRP into the alveolar cleft and the cleft was 
closed with gingival mucoperiosteal flaps (Figures 5 and 6)

Clinical and radiological evaluation

Clinical and radiological follow-up examinations were carried out 
at 1, 6, and 12 months. The osseous resorption was evaluated using 
the method described by Abyholm et al. [27] with the use of digital 
panoramic radiograph. Here, the extent of the vertical bone height was 
determined in relation to the interdentally bone height and assessed 
on a 4-point scale: Grade I: 0% to 25% bone loss, Grade II: 25% to 50% 

bone loss, Grade III: 50% to 75% bone loss, and Grade IV: 75% to 100% 
bone loss (Figure 7). Radiographic evaluation repeated at 1, 6 and 12 
months postoperatively. 

Statistical analysis

Numerical data were presented as mean and Standard Deviation 
(SD) values. Student’s t-test was used to compare between mean ages 
values in the two groups. Qualitative data were presented as frequencies 
and percentages. Chi-square (x2) test was used to compare between the 
two groups. The significance level was set at P ≤ 0.05. Statistical analysis 
was performed with IBM® SPSS® Statistics Version 20 for Windows.

Results
20 nonsyndromic patients with unilateral alveolar clefts 5 male 

(25%) and 15 female (75%) with age range from 16 to 27 years (mean 
age 21.9 years) were enrolled in the study (Table 1).

Wound healing was uneventful in the postoperative period: neither 
wound dehiscence nor sequestration occurred. All patients had an 
uneventful course postoperatively. The total resorption rate of the bone 

Figure 1: Harvested the cancellous bone and marrow from the anterior iliac 
crest.

Figure 2: Preoperative intraoral view of the alveolar cleft in group 2.

Figure 3: Autogenous cancellous bone and marrow from the anterior iliac crest 
was used for grafting.

Figure 4: Exposure of the cleft by standard mucoperiosteal flap in group 1.

Figure 5: Cancellous iliac bone was harvested, and PRP was mixed with it 
placed into an injection syringe.
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bridge in both groups gradually increased throughout the 12 month 
period. After 1 month, all cases in the two groups showed Grade I 
resorption (Figures 8A and 8B). After 6 and 12 months, Group 1 
showed higher prevalence of Grade I but with no statistically significant 
difference compared to Group 2 (Table 2). 

There were 3 cases with Grade II resorption representing 30% of 
the sample in Group 2 but without statistically significant difference 
compared to Group 1which shows no cases with Grade II resorption. 
After 12 months, Group 1 showed higher prevalence of Grade I 
resorption but without statistically significant difference compared to 
Group 2. There were 2 cases (20% of the sample) shows Grade II bone 
resorption in Group 2 opposing 1 case (10% of the sample) in Group 
1 but without statistically significant difference between both groups. 

There was one case with Grade III bone resorption (10% of the sample) 
and one case (10% of the sample) with Grade IV bone resorption in 
Group 2 but without any statistically significant difference compared 
to the Group 1 which showed no cases with Grade III or IV bone 
resorption.

All the patients in Group 1(PRP) and 6 patients in Group 2 
obtained retention of the alveolar arch and stabilization of the teeth 
adjacent to the cleft. All oronasal fistulas were closed. Prosthodontic 
treatments, such as dental implants, bridges, or partial dentures, are 
scheduled subsequently.

Of the 10 patients in Group 2, three patients with Grade III 
underwent subsequent alveolar bone graft from intraoral sites 
(mandibular symphysis, lateral cortex of the mandibular ramus or 
combination of the previous sites), while one case with Grade IV 
(Figures 9A and 9B) bone resorption (failed bone graft) was treated by 
intraoral distraction osteogenesis. The degree of the resorption rate of 

Figure 6: Cancellous iliac bone was harvested, and PRP packed into the 
alveolar cleft in group 1.

Figure 7: 4-point scale for evaluation of alveolar bone resorption described 
by Abyholm et al.

Figure 8a: Preoperative panoramic X-ray of alveolar cleft patient in group 1.

Group
Group 1 (PRP) Group 2   (Control) P-value

Variables

Age (Years)
Mean ± SD 21.8 ± 3.6 21.9 ± 3 0.947

Gender (n, %)
Male

Female
2 (20)
8 (80)

3 (30)
7 (70) 0.606

Table 1: Mean, standard deviation (SD) of age and sex distribution between the 
two groups.

Figure 8b: Panoramic X-ray of alveolar cleft patient in group 1one year 
postoperatively showed grade I bone resorption.  

Group
Group 1 (PRP) Group 2   (Control) P-value

Bone resorption level (n, %)

1 month

Grade I 10 (100) 10 (100)

NC**

Grade II 0 (0) 0 (0)

Grade III 0 (0) 0 (0)

Grade IV 0 (0) 0 (0)

6 months

Grade I 10 (100) 7 (70)

0.060
Grade II 0 (0) 3 (30)

Grade III 0 (0) 0 (0)

Grade IV 0 (0) 0 (0)

12 
months

Grade I 9 (90) 6 (60)

0.402

Grade II 1 (10) 2 (20)

Grade III 0 (0) 1 (10)

Grade IV 0 (0) 1 (10)

Significant at P ≤ 0.05, NC**: Not computed because the variable is constant
Table 2: Difference of bone resorption between both study groups during follow-
up period.
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the bone bridge in both the PRP and the non-PRP groups are shown in 
figure 10. Bone formation was satisfactory in the others patients as no 
other complications were observed.

Discussion
Alveolar bone grafting is a significant treatment for cleft lip and 

palate. It may not only induce the tooth eruption but also stabilize 
the alveolar arch of maxilla. The reconstruction of the alveolar 
process in patients with cleft lip and palate is well established. 
Although autogenous bone, mostly from the hip, is used as standard 
graft material, results of osteoplasty are unpredictable. The current 
study attempted to determine whether PRP is useful for preventing 
postoperative resorption of grafted bone in the alveolar cleft. Various 
evaluation methods for the postoperative course of grafted bone have 
been reported: dental X-rays, occlusal X-rays, panoramic X-rays and 
Computed Tomography (CT). In the current study we used the digital 
panoramic X-rays for measurement of alveolar bone loss. 

Iliac cancellous bone is a preferable grafting material because it 
can be harvested easily and sufficiently and has high osteoinductive 
potential compared with the other materials. However, even with 
iliac bone marrow, partial absorption and shortage of reconstructed 
alveolar height or width may develop postoperatively. The effects of 
PRP on bone graft are a controversial issue. It has been reported that 
PRP influences bone regeneration in bone grafting [8,28]. Marx et al. 
have demonstrated that the maturity of grafted bone combined with 
PRP is significantly greater than that without PRP, and that grafted 
bone combined with PRP shows a mature Harversian system and a 
greater proportion of lamellar phase bone [8]. 

Different opinions have been expressed by other authors. Klongnoi 
et al. [22] have reported that PRP application does not have significant 
benefits on sinus augmentation by autogenous bone graft. The clinical 

effects of PRP have not been elucidated, and few well-controlled 
studies have addressed the effects of PRP on autogenous bone graft in 
the alveolar cleft. The present study suggests that PRP may decrease 
the level of bone resorption, and are insufficient to totally prevent 
postoperative bone resorption following secondary bone graft in the 
alveolar cleft.

In this study, the effects of PRP on bone resorption were assessed. 
Regarding the resorption rate of grafted bone, there was no statistically 
significant difference between the PRP and non-PRP groups 
throughout the study, but the resorption rate in Group 2 patients 
tended to be higher than that in patients of Group 1 at 6 and 12 months 
postoperatively. In the wide cleft, the low volume of grafted bone is 
susceptible to failure if filled into the alveolar cleft.

In the current study; failure of bone graft (Grade IV) occurred 
in one patient in Group 2 (without PRP) and Grade III occurred in 
another one patient which support the influence of PRP in decreased 
the level of alveolar bone resorption. Even there was no statistically 
significant difference due to small sample size but there was clinically 
significant difference between the two groups with higher prevalence of 
bone resorption in Group 2.

Various prognostic factors for postoperative bone resorption 
in secondary autogenous bone grafting have been identified [29-
31]. Many authors have indicated that age at operation, width of the 
alveolar cleft, volume of grafted bone, and position of canine teeth, 
are the major factors that affect bone resorption of the bone bridge. 
Several authors have emphasized that continuous mechanical stress by 
the adjacent teeth is the most important factor that influences bone 
resorption of grafted bone [23,31].

The role of Platelet Rich Plasma (PRP) is subject to much debate. 
We supposed that PRP might enhance the osteogenesis of autologous 
bone and lessen post operative bone resorption. Patients in Group 1, 
grafted with PRP, acquired a markedly low rate of bone resorption in 
comparison with Group 2. 

It appears that the resorption of regenerated bone that occurs 
postoperatively may be reduced significantly by using PRP. We 
believe that the fibrin networks of PRP might aid the decrease in 
postoperative bone resorption. The function of fibrin networks is as 
an osteoconductive scaffold [32-37], and thus the fibrin gel would have 
provided a matrix for cell growth and differentiation by enhancing 
three-dimensional intercellular interactions or cell adhesion, both 
of which are thought to be good environments for the maturation of 
osteoblasts [35,37].

Another possible reason why PRP reduces bone resorption is 

Figure 9a: Preoperative panoramic X-ray of alveolar cleft patient in group 2.

Figure 9b: Panoramic X-ray of alveolar cleft patient in group 2, one year 
postoperatively showed grade IV bone resorption.

Figure 10: Bar chart representing bone resorption in the two groups.
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that PRP accelerates wound healing in soft tissue. The PRP gel not 
only provides haemostatic adhesion properties but also supplies the 
wound with valuable growth factors that enhance and promote the 
healing process. The growth factors in the graft sites may also increase 
immunemodulatory activity, which enhances the wound healing 
process. This acceleration of wound healing by PRP may result in a 
reduction in bone resorption [38-41].

Conclusion
Based on the results presented in this study, it is possible to conclude 

that a more favourable result can be achieved with application of PRP 
to the alveolar bone graft. PRP may preserve the height of the graft 
better than control, making autogenous cancellous bone grafting with 
PRP more useful for treatment alveolar cleft patients.
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