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Abstract 

Background This study aimed to evaluate the effectiveness of β-tricalcium phosphate (β-TCP) and platelet-rich fibrin 
(PRF) in unilateral alveolar bone graft, involving the percentage of residual calcified material and the average labio-
palatal thickness of the grafts on cone beam computed tomography at 6 months after surgery, comparing two age 
groups 12 years and under and over 12 years old.

Results The mean preoperative defect volume was 0.93 ± 0.20  cm3, with no significant difference between the two 
groups (p = 0.652). In the postoperative period, we did not record any abnormal bleeding and no infection 
was observed. Six months after surgery, the mean percentage of residual calcified material was 63.53 ± 16.48% 
with a significantly higher difference in the age group 12 and under (p < 0.001), and the mean average labiopala-
tal thickness of the grafted bone was 5.72 ± 1.09 mm with a significantly higher difference in the age group 12 
and under (p = 0.011).

Conclusion Using β-TCP and PRF in alveolar bone graft surgery has acceptable effectiveness clinically and on CBCT 
images, with significantly higher differences of the percentage of residual calcified material and the average labiopala-
tal thickness of the grafted bone in the group 12 years old and younger than in the older group.

Keywords β-tricalcium phosphate, Platelet-rich fibrin, Alveolar bone graft, Cone beam computed tomography, 
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Background
Clefts lip and palate are the most common major con-
genital craniofacial abnomality [1], with an incidence of 
1:700 births, of which 75% of individuals present with 
alveolar cleft [2]. In essence, alveolar cleft is a congeni-
tal maxillary defect localized in the anterior tooth region. 

Untreated alveolar clefts often lead to oronasal fistulae, 
affecting pronunciation, causing hypoplasia of the max-
illary bone, crowding of teeth, and facial asymmetry [3]. 
Since the 1970s, the first studies on alveolar graft surgery 
have been reported in the literature and fought becom-
ing a popular method for the treatment of alveolar cleft 
[3]. Up to now, the autologous iliac crest is still the gold 
standard graft material in alveolar bone graft surgery [4, 
5]. However, the use of autologous bone still has some 
limitations such as the ability to limit bone volume, dif-
ficulty to control the rate of bone resorption. Besides, the 
patient has to endure an additional surgical area that is 
painful and invasive, increasing the rate of complications 
and the cost of treatment for patients [6].

β-tricalcium phosphate (β-TCP) is a bio-ceramic mate-
rial with the osteoinductive and osteoconductive ability 
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not only does not interfere with physiological teething 
but also is completely converted into autologous bone 
after 6 to 24 months. It is a safe, economical and promis-
ing solution in alveolar bone graft surgery [6–9]. In addi-
tion, the healing efficiency was improved and the rate of 
bone regeneration was increased when β-TCP was com-
bined with platelet-rich fibrin (PRF) [10, 11]. However, 
so far, to the knowledge of our research team, there have 
been no reports on the application of β-TCP and PRF as a 
graft material in alveolar bone graft. Therefore, this study 
was conducted to evaluate the effectiveness of β-TCP 
and PRF in unilateral alveolar bone graft, involving the 
percentage of residual calcified material and the average 
labiopalatal thickness of the grafts at 6 months after sur-
gery, comparing two age groups 12 years and under and 
over 12 years old.

Methods
Patients
Twenty-four consecutive patients with unilateral alveolar 
clefts received alveolar bone graft surgery using β-TCP 
and PRF at My Thien Odonto-Stomatology Hospital from 
November 2021 to September 2022. All patients were 8 
years or older, were divided into two groups over 12 years 
old and 12 years old or younger, had primary cheilo-
plasty, palatoplasty and orthodontic treatment before 
surgery. Patients with systemic syndromes, craniofacial 
syndromes, bilateral clefts and previous alveolar grafts 
were excluded from the study. All patients had informed 
consent from their parents/guardians to participate this 
study.

This study was approved by the Ethics Committee in 
Biomedical Research of University of Medicine and Phar-
macy at Ho Chi Minh City on November 19, 2021, No. 
619/HDDD-DHYD.

Design
Prospective, descriptive clinical study.

Materials

– One hundred percent pure β-TCP (CeraSorb®M 
Ancladen, Barcelona, Spain) with 65% porosity and 
500–1000 μm particle size.

– Membrane platelet-rich fibrin (A-PRF) and liquid 
(S-PRF) were prepared according to the manufactur-
er’s procedure (Process for PRF, Nice, France).

Bone graft preparation
The patient’s venous blood was taken into 2 tubes of 
A-PRF and 2 tubes of S-PRF (about 10 ml of blood/1 
tube) rotated at 1300 rpm for 14 min [12]. When the 
time was up, the blood tubes separated into the red and 
yellow components. The red part containing mainly red 
blood cells was discarded. The liquid yellow aliquot of the 
A-PRF and S-PRF tubes was used to mix with the β-TCP 
to form sticky bone graft (as shown in Fig. 1A). The yel-
low solid part of each A-PRF tube was pressed with a film 
press under suitable pressure to form a PRF membrane of 
uniform thickness.

Surgical progress
All of the patients was performed by a surgeon with over 
20 years of clinical experience.

The patient was generally anesthetized through an oral 
endotracheal tube, in the supine position, with the head 
upright.

The process of flap design and preparation of the trans-
plant recipient area were performed according to the 
procedure of Craven et  al. [13] (as shown in Fig.  1B). 
The sticky bone graft would be packed into the defect in 
the following order: a PRF membrane was lined on the 
base of the nose and palate, the sticky bone graft was 
compressed into the defect after that and a PRF mem-
brane is lined outside the sticky bone graft [14]. The 
volume of sticky bone graft used was 30% more than 

Fig. 1 A Sticky bone graft. B The base of the nose and palate before grafting
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the preoperative defect volume measured on cone beam 
computed tomography (CBCT) data [15], and we used a 
1-cc syringe to measure the amount of material needed. 
Finally, the flap was relieved by a periosteal incision and 
closed with Vicryl 4-0 sutures.

The patient was discharged the same day and took anti-
biotics, anti-inflammatory drugs, and analgesics for 5 
days after surgery.

Data collection
Obtained medical record information of patients after 
obtaining written consent from the patient’s parent/
guardian for participating this research and publication.

All patients underwent CBCT (Orthophos SL 3D–
Densply Sirona) with FOV 11 cm × 10 cm, imaging 
time 13 s, 60–90 kV and 3–16 mA before surgery and 6 
months after surgery. The diagnostic images were recon-
structed into DICOM format file sequences. This series 
of files was analyzed with Mimics 21.0 software to evalu-
ate the preoperative defect volume  (V0) with the stages 
described as follows:

Stage 1: The reference landmarks and planes were 
marked according to Linderup et  al. [16] (as shown 
in Table 1) with the commands “Point”, “Plan” in the 
“Analyze” section. The goal of this stage was to deter-
mine the upper and lower boundaries of the alveolar 
clefts (as shown in Fig. 2A).
Stage 2: The gray scale (pseudo Hounsfield Units) of 
the bone and teeth surrounding the cleft were deter-
mined to create the mesial and distal boundaries of 
the alveolar clefts. This step was done by the com-
mands “Profile line”, “Threshold” in the “Segmen-
tation” section. At the end of this stage, the result 
would be a simulation of the three-dimensional shape 
and slices of the bony area surrounding the cleft.
Stage 3: The inner (palatal) and outer (labial) bound-
aries of the alveolar clefts are marked in horizontal 
slices based on the bony margin of the alveolar cleft. 
Specifically, choose the command “Multiple Slice 
Edit”, “Auto-interpolate”, select the canvas as “Ellipse” 
with the size of 8 mm × 8 mm (as shown in Fig. 2B). 
Then, the outer (labial) boundaríes are drawn by 
hand once every millimeter according to the mesial 
and distal osseous margins. The inner (palatal) 
boundaries shall be defined as parallel and 8 mm 
from the outer boundaries.
Stage 4: Finally, the spatial boundaries established 
from the above stages are combined and created a 
simulation of the defect using the commands “Cut 
with plane” and “Boolean operation” (as shown in 
Fig.  2C). The software would automatically calcu-
late and create a simulation block with a uniform 

labiopalatal dimension of 8 mm from top to bottom 
according to the outer (labial) bone margin bounded 
by the [Y-inf ] and [Y-sup] planes. The defect volume 
is determined by the command “Properties”.

Measure the defect volume at 6 months postopera-
tive  (V1) using the same method as preoperative meas-
urements (as shown in Fig.  3A, B). The percentage of 
residual calcified material is the result of the calculation: 
 (V0−V1)/V0

The average labiopalatal thickness of the graft in the 
horizontal plane was evaluated according to the study 
of Suomalainen et al. [17] (as shown in Fig. 3C), with the 
stages described as follows:

Stage 1: Determine the Frankfort plane by the exter-
nal auditory point on both sides and the infraorbital 
point on the cleft side. Set up horizontal slides paral-
lel to the Frankfort plane.
Stage 2: Identify the parts of the root of the perma-
nent central incisor on the cleft side, define three 
points:

– Point of root neck: about 1 mm from the highest 
point of the outer cementum-enamel junction to 
the apex.

– Point of root apex: corresponds to the root apex.
– Midpoint of tooth root: midpoint of two points 

mentioned above.

Stage 3: On the horizontal slides passing through 
these points, measure the labiopalatal thickness at 
the mesial, middle and distal positions of the cleft. In 
the end we have 9 values, and the average labiopalatal 
thickness of the graft is the average of those values.

In our study, measurements were performed by an 
independent evaluator with an intraclass correlation 
coefficient of 0.94.

Statistical analysis
Variables were statistically analyzed and compared using 
independent sample t-test, p < 0.05 was considered stat-
ictical significance.

Results
A total of 24 patients with unilateral alveolar clefts par-
ticipated in this study. The age of the patients varied from 
7 to 18 years, with the mean age being 13.5 ± 4.8 years, 
of which 45.8% (11/24) of the patients were over 12 years 
old. In terms of gender, the percentage of women was 
higher than that of men (54.2% versus 45.8%). The mean 
preoperative defect volume was 0.93 ± 0.20  cm3, with no 
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Fig. 2 A Determination of landmarks and boundary planes. B Drawing of the outer (labial) and inner (palatal) boundaries. C Simulation of an ideal 
alveolar cleft
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significant difference between the two groups (p = 0.652) 
(as shown in Table 2).

In the postoperative period, we did not record any 
abnormal bleeding and no infection was observed, except 
for two cases (one in each group) where a few amount of 
particulate material was dropped through the nose. Anal-
ysis of CBCT data showed that 6 months after surgery, 
the mean percentage of residual calcified material was 
63.53 ± 16.48% with a significantly higher difference in 
the age group 12 and under (73.98 ± 8.77%) than in the 
age group over 12 (51.18 ± 14.92%) (p < 0.001), and the 
mean average labiopalatal thickness of the grafted bone 
was 5.72 ± 1.09 mm with a significantly higher difference 
in the age group 12 and under (7.28 ± 0.98 mm) than in 
the age group over 12 (4.17 ± 0.91 mm) (p = 0.011) (as 
shown in Table 2).

Discussion
In our study, two children (one in each group) were noted 
to have small amounts of particulate leakage after sur-
gery, all of which were in the nasal passages. One case 
over 12 years old appeared 7 days after surgery, one 
case under 12 years old appeared about 2 months after 
surgery. These two cases were reported by the patients 
and parents, and upon re-examination, they were not 
detected. Janssen et  al. also noted this phenomenon in 
some cases but did not affect the final result [6]. How-
ever, alveolar bone graft surgery is a complex technique, 
performed by many authors in different ways. In this 
study, we created a flap as described by Craven et al. to 
maximize the coverage of the periosteum and keratinized 
gingiva on the graft [13]. Another challenge encountered 
during alveolar bone graft surgery is that suturing the 
nasal base flap and the palatal flap was difficult to per-
form. The reason is because the surgical field is very nar-
row, the mucosa of the nasal base is thin, the shape of 
the bone base is very variable in each child, and the high 
technical standards for each stitch, especially the apex 
position of the nasal base and palatal flap [18]. Therefore, 
we placed an additional layer of A-PRF membrane lining 

the nasal and palatal base to increase the coverage of the 
graft.

The alveolar bone graft surgery procedure in this study 
required 4 tubes of blood, equivalent to about 40 ml of 
blood. According to Balaji, the average amount of blood 
lost of surgical sites of alveolar cleft is about 60 ml [19]. 
Thus, the total blood loss is estimated at about 100 ml. 
When comparing with a conventional alveolar bone 
graft—autologous bone grafting from the iliac crest—the 
average total blood loss was 132 ml [19]. Therefore, it 
represented that alveolar bone grafting with β-TCP and 
PRF is less blood loss and less invasive beacause there is 
no donor site of the iliac crest.

The literature noted that variability in the percentage 
of residual calcified material at 6 months after surgery is 
significant between studies. This difference is attributed 
to the lack of uniformity in study design methods (age, 
graft material) and measurement methods (slice thick-
ness, reference anatomical landmarks, softwares, and 
measuring methods). A systematic review and meta-
analysis reported an average of 63.38% residual calcified 
tisue at 1 year after alveolar bone grafting with cancel-
lous iliac crest [20]. The study using β-TCP reported that 
the percentage of residual calcified material at 6 months 
and 1 year after surgery were 73 ± 6% and 65 ± 14%, 
respectively [4, 6]. In our study, the average percentage of 
residual calcified material at 6 months after surgery was 
63.53%; but when assessing the group of children under 
12 years old, this rate was up to 73.98%. This illustrated 
that the timing of alveolar bone grafting is very impor-
tant. Some authors hypothesized that the pressure cre-
ated by the growing teeth into the graft site is necessary 
to ensure the physiological function of the graft, thereby 
helping to limit the loss of the residual calcified material 
[13]. On the other hand, the growth of periodontal tissue 
around the growing teeth at the graft site also contributes 
to the increase of the graft volume [21].

One of the factors to consider when evaluating alveo-
lar bone grafting is the average labiopalatal thickness 
of the graft. Stoop et  al. reported that the labiopalatal 
thickness should be at least 8 mm to ensure the erup-
tion of canines into the bone grafting area [22]. This 
viewpoint derives from reports of adult alveolar bone 
size at the canine position and the maximum labio-
palatal dimension of canines, usually 8 mm [23, 24]. 
Therefore, we chose 8 mm as the ideal labiopalatal 
thickness to determine the preoperative defect volume. 
However, applying this value as a criterion for alveolar 
bone grafting surgery in children is not really satisfac-
tory because the bone size of children is always smaller 
than that of adults. On the other hand, the movement 
of teeth into the alveolar region creates pressure that 
can increase the labiopalatal dimension up to 1.5 mm 

Table 1 The reference landmarks and planes

Definition

ANS Point of Anterior nasal spine

ANS-3 Point is 3 mm below ANS

CEJ The lowest point of the cemento-enamel junction 
on the labial surface of the cleft side central incisor

GPF-r Right side greater palatine foramen

GPF-l Left side greater palatine foramen

[Y-inf ] Plane passing through CEJ, GPF-r, and GPF-l

[Y-sup] Plane parallel to [Y-inf ] and passing through ANS-3
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[25]. In addition, some authors reported that the labio-
palatal thickness of the graft required to ensure success 
for orthodontic treatment is at least 5 mm [26]. Our 
study recorded this index reaching 5.72 ± 1.09 mm at 
6 months after surgery. This is similar to the studies 
using cancellous bone and granular grafts of Seike et al. 
[26] and Alchalabi et  al. [27]. This result showed that 

the combination of β-TCP and PRF has a good effect in 
alveolar bone graft surgery.

Conclusion
Using β-TCP and PRF in alveolar bone graft surgery 
minimizes invasiveness for patients. This technique has 
acceptable effectiveness clinically and on CBCT images, 

Fig. 3 A Postoperative 3-D reconstructed CBCT image. B Simulation of ideal alveolar cleft. C The labiopalatal thickness of the graft
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with significantly higher differences of the percentage of 
residual calcified material and the average labiopalatal 
thickness of the grafted bone in the group 12 years old 
and younger than in the older group.

Abbreviations
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PRF  Platelet-rich fibrin
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DICOM  Digital Imaging and Communications in Medicine

Acknowledgements
We thank Prof. Jung Young-Soo for his valuable opinions on this manuscript.

Authors’ contributions
The authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Data and material are available on request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee in Biomedical Research of 
University of Medicine and Pharmacy at Ho Chi Minh City on November 19, 
2021, No. 619/HDDD-DHYD. All patients had informed consent from their 
parents/guardians to participate this study.

Consent for publication
This study received informed consent from the patients’ parents/guardians for 
publication.

Competing interests
The authors declare that they have no competing interests.

Received: 2 January 2024   Accepted: 21 February 2024

References
 1. Miloro M, Ghali G, Larsen PE, Waite P (2022) Peterson’s principles of oral and 

maxillofacial surgery. Springer Nature
 2. Fonseca RJ, T T., Costello BJ, Oral and maxillofacial surgery. 3rd ed. Vol. III. 

2018: Saunders.

 3. Guo J, Li C, Zhang Q, Wu G, Deacon SA, Chen J et al (2011) Secondary 
bone grafting for alveolar cleft in children with cleft lip or cleft lip and 
palate. Cochrane Database Syst Rev 6

 4. De Ruiter A, Janssen N, Van Es R, Frank M, Meijer G, Koole R et al (2015) 
Micro-structured beta-tricalcium phosphate for repair of the alveolar 
cleft in cleft lip and palate patients: a pilot study. The Cleft Palate-
Craniofacial Journal 52(3):336–340

 5. Janssen NG, Weijs WLJ, Koole R, Rosenberg AJWP, Meijer GJ (2014) 
Tissue engineering strategies for alveolar cleft reconstruction: a sys-
tematic review of the literature. Clin Oral Investig 18:219–226

 6. Janssen NG, Schreurs R, De Ruiter AP, Sylvester-Jensen HC, Blindheim 
G, Meijer GJ et al (2019) Microstructured beta-tricalcium phosphate 
for alveolar cleft repair: a two-centre study. Int J Oral Maxillofac Surg 
48(6):708–711

 7. Tang Z, Li X, Tan Y, Fan H, Zhang X (2018) The material and biological 
characteristics of osteoinductive calcium phosphate ceramics. Regen-
erative biomaterials 5(1):43–59

 8. Feinberg SE, Vitt M (1988) Effect of calcium phosphate ceramic 
implants on tooth eruption. J Oral Maxillofac Surg 46(2):124–127

 9. Artzi Z, Weinreb M, Givol N, Rohrer MD, Nemcovsky CE, Prasad HS et al 
(2004) Biomaterial resorption rate and healing site morphology of 
inorganic bovine bone and β-tricalcium phosphate in the canine: a 
24-month longitudinal histologic study and morphometric analysis. Int 
J Oral Maxillofac Implants 19(3)

 10. Bonazza V, Hajistilly C, Patel D, Patel J, Woo R, Cocchi MA et al (2018) 
Growth factors release from concentrated growth factors: effect of 
β-tricalcium phosphate addition. Journal of Craniofacial Surgery 
29(8):2291–2295

 11. Yilmaz D, Dogan N, Ozkan A, Sencimen M, Ora BE, Mutlu I (2014) Effect 
of platelet rich fibrin and beta tricalcium phosphate on bone healing. 
A histological study in pigs. Acta Cir Bras 29:59–65

 12. Fujioka-Kobayashi M, Miron RJ, Hernandez M, Kandalam U, Zhang Y, 
Choukroun J (2017) Optimized platelet-rich fibrin with the low-speed 
concept: growth factor release, biocompatibility, and cellular response. 
J Periodontol 88(1):112–121

 13. Craven C, Cole P, Hollier L Jr, Stal S (2007) Ensuring success in alveolar 
bone grafting: a three-dimensional approach. Journal of Craniofacial 
Surgery 18(4):855–859

 14. Dias BDB, Schneider T, Cintra HL (2018) Platelet-rich fibrin in the Alveo-
lar Bone graft in cleft lip and palate patient. International Journal of 
Growth Factors and Stem Cells in Dentistry 1:27

 15. Kumar V, Rattan V, Rai S, Singh SP, Mahajan JK (2022) Comparative 
assessment of autogenous cancellous bone graft and bovine-derived 
demineralized bone matrix for secondary alveolar bone grafting in 
patients with unilateral cleft lip and palate. The Cleft Palate-Craniofacial 
Journal 59(7):833–840

 16. Linderup BW, Küseler A, Jensen J, Cattaneo PM (2015) A novel semi-
automatic technique for volumetric assessment of the alveolar bone 
defect using cone beam computed tomography. The Cleft Palate-
Craniofacial Journal 52(3):47–55

 17. Suomalainen A, Åberg T, Rautio J, Hurmerinta K (2014) Cone beam 
computed tomography in the assessment of alveolar bone grafting in 
children with unilateral cleft lip and palate. Eur J Orthod 36(5):603–611

Table 2 Results on CBCT data analysis

*Independent sample t-test

Variables Mean ± SD p*

≤ 12 years old
(n = 13)

> 12 years old
(n = 11)

Total

Preoperative defect volume  (cm3) 0.93 ± 0.21 0.93 ± 0.20 0.93 ± 0.20 0.652

Percentage of residual calcified material 6 
months postoperative (%)

73.98 ± 8.77 51.18 ± 14.92 63.53 ± 16.48 < 0.001

Average labiopalatal thickness of the graft 6 
months postoperative (mm)

7.28 ± 0.98 4.17 ± 0.91 5.72 ± 1.09 0.011



Page 8 of 8Ho Nguyen et al. Maxillofacial Plastic and Reconstructive Surgery            (2024) 46:7 

 18. Lonic D, Yamaguchi K, Chien-Jung Pai B, Lo L-J (2017) Reinforcing the 
mucoperiosteal pocket with the scarpa fascia graft in secondary alveolar 
bone grafting: a retrospective controlled outcome study. Plast Reconstr 
Surg 140(4):568e–578e

 19. Balaji SM (2011) Alveolar cleft defect closure with iliac bone graft, 
rhBMP-2 and rhBMP-2 with zygoma shavings: Comparative study. Annals 
of maxillofacial surgery 1(1):8

 20. Jahanbin A, Kamyabnezhad E, Raisolsadat MA, Farzanegan F, Bardideh 
E (2022) Long-term stability of alveolar bone graft in cleft lip and palate 
patients: systematic review and meta-analysis. Journal of Craniofacial 
Surgery 33(2)

 21. Mundra LS, Lowe KM, Khechoyan DY (2022) Alveolar bone graft tim-
ing in patients with cleft lip & palate. Journal of Craniofacial Surgery 
33(1):206–210

 22. Stoop CC, Janssen NG, Ten Harkel TC, Rosenberg AJWP (2023) A novel 
and practical protocol for three-dimensional assessment of alveolar cleft 
grafting procedures. The Cleft Palate Craniofacial Journal 60(5):601–607

 23. Cho H-J, Jeon J-Y, Ahn S-J, Lee S-W, Chung J-R, Park C-J et al (2019) The 
preliminary study for three-dimensional alveolar bone morphologic 
characteristics for alveolar bone restoration. Maxillofacial plastic and 
reconstructive surgery 41:1–7

 24. Yu X, Guo R, Li W (2020) Comparison of 2-and 3-dimensional radiologic 
evaluation of secondary alveolar bone grafting of clefts: a systematic 
review. Oral Surg Oral Med Oral Pathol Oral Radiol 130(4):455–463

 25. Jonasson G, Skoglund I, Rythén M (2018) The rise and fall of the alveolar 
process: Dependency of teeth and metabolic aspects. Arch Oral Biol 
96:195–200

 26. Seike T, Hashimoto I, Matsumoto K, Tanaka E, Nakanishi H (2012) Early 
postoperative evaluation of secondary bone grafting into the alveolar 
cleft and its effects on subsequent orthodontic treatment. J Med Investig 
59(1, 2):152–165

 27. Alchalabi NJ, Falih MO (2022) The efficacy of Osteon II collagen (synthetic 
bone graft with bovine type I collagen) with platelet rich fibrin on bone 
healing process in unilateral alveolar cleft. Bulletin of National Institute of 
Health Sciences 01(140):1097–1103

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Residual calcified material volume of β–tricalcium phosphate with platelet-rich fibrin in unilateral alveolar bone graft
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Patients
	Design
	Materials
	Bone graft preparation
	Surgical progress
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


