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Abstract

Background: To evaluate the evidence comparing bone morphogenetic proteins (BMPs) and autogenous bone
grafts (ABGs) for regenerating bone defects from ameloblastoma.

Material and Methods: An electronic search was performed in PubMed and Scopus from October to December 2023,
supplemented by manual searches and review of relevant study reference lists. Cohen’s kappa was calculated to
assess the interrater reliability between two independent investigators. The methodological quality and risk of bias
of the selected articles was assessed using the JBI checklist for case series and the NOS for observational studies.
Results: Nine studies met the inclusion criteria and were selected for the qualitative synthesis. Cohen’s kappa (k)
value resulted in 98.21% agreement. A total of 229 participants were included. The BMPs were evaluated in five
studies, and four evaluated the ABGs. The BMPs has been tested in 25.76% of the patients, while ABGs were
studied in 74.24%. In order to evaluate the final result of regeneration, all the studies based their analysis on
postoperative questionnaires, radiographical (CBCT and/or panoramic) and/or clinical examination. The results
showed a higher regeneration success rate in the studies where the BMPs was used.

Conclusions: Considering the limitations of the studies and the review, it has been shown that BMPs may yield
favorable outcomes in terms of bone regeneration, as compared with ABGs.

Key words: Ameloblastoma, reconstruction, bone defect, graft, autogenous bone, bone morphogenetic protein, BMP.

Introduction

Ameloblastoma is a rare benign epithelial odontogenic
tumor that constitutes about 10% of all tumors that arise
in the jawbones (1). It typically affects individuals aged
30-60 and is more prevalent in Africa, China and India
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compared to the Western world (2). According to the
2022 WHO classification (3), ameloblastoma presents in
five types, all originating from odontogenic epithelium,
such as cell rests of the dental lamina, enamel organ,
the lining of an odontogenic cyst or the basal cells of
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the oral mucosa, and mostly occur in the mandible (4).
These tumors are generally characterized by painless,
progressive growth leading to facial asymmetry, tooth
displacement, and possible fractures.

Diagnosing typically ameloblastoma requires CT im-
aging and biopsy due to the tumor’s intricate presen-
tation (1). Treatment options range from less invasive
procedures such as enucleation and marsupialization,
to more aggressive approaches such as resection with
a safety margin and immediate bone reconstruction to
help speech and swallowing. The latter is the standard
treatment. Notable, radical resection significantly re-
duces recurrence rates compared to more conservative
treatments (5).

The challenge of reconstruction significant resection
defects is appreciable, particularly due to the vari-
ability in bone loss (6). Reconstructive options in-
clude autogenous bone grafts (ABGs) (7), the usage
of bone morphogenetic proteins (BMPs) (8), among
other suitable options such as allografts, combination
of allografts and autografts, alveolar distraction os-
teogenesis, segmental bone transport, customized im-
plants, etc. (9,10). BMPs, especially recombinant types
like hBMP-2, play crucial roles in bone and cartilage
formation and are used with carriers to enhance con-
trolled release and minimize complications like ecto-
pic calcification (8).

Despite ABGs being the traditional gold standard for
reconstructing facial bone defects, it carries risks and
limitations such as donor site pain, increased surgical
time and insufficient bone graft material (11). The de-
velopment of effective reconstruction techniques using
osteoinductive elements, such as growth factors (GFs),
without the need for traditional bone grafting, has the
potential to mitigate surgical morbidity. The objective
of the present systematic review was to analyze the lat-
est scientific evidence to compare the efficacy of BMPs
with traditional autologous bone grafts in regenerating
bone defects caused by ameloblastoma.

- Abbreviations

ABGs: Autogenous bone grafts; ABP: Autogenous bone
particles; AIC: Anterior iliac crest bone grafts; BMPs:
Bone morphogenetic proteins; CBCT: Cone beam
computed tomography; CS: Case Series; DBM: De-
mineralized bone matrix; F: feminine; FALM: Frozen
autogenous lesioned mandible; FDA: Freeze dried al-
lograft; GFs: growth factors; IC: Iliac crest; M: mascu-
line; NVBGs: Non-vascularized bone grafts; OHRQL:
Oral health related quality of life; PDLLA: poly(D,L-
lactide); PIC: Posterior iliac crest bone grafts; PLLA:
poly(L-lactide); PRP: Platelet-rich plasma; QOL: Qual-
ity of life; rhBMP-2: recombinant bone morphogenetic
protein 2; RS: Retrospective Study; SD: Standard de-
viation; T: Total; TBG: Tibia bone graft; VABT: Vascu-
larized autogenous bone transplant.
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Material and Methods

- Study design and research question

This systematic review was carried out based on the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (12). The follow-
ing PICOS question (Population, Intervention, Compar-
ison, Outcome and Study type) was prepared:
Population: Patients of all ages with a diagnosis of an
ameloblastoma and treated with a maxillary or man-
dibular resection.

Intervention: Bone reconstruction with BMPs carrier.
Comparison: Bone reconstruction with ABGs.

Primary outcome: Radiographical and clinical out-
comes: Bone continuity, preservation and stability us-
ing an objective method (such as CBCT imaging and/
or panoramic radiographs) and adequate healing / com-
plete closure of intraoral and/or extraoral wounds.
Secondary outcome: surgical time, complications dur-
ing surgery and/or in the follow-up period, quality of
life (function and aesthetic), recurrence rate and cost.
Study type: Original, human randomized and non-ran-
domized clinical trials, observational studies (prospec-
tive and retrospective) and case series.

- Eligibility criteria

The inclusion criteria were clinical trials, observational
studies and case series with a minimum 10 patients,
being made on humans which analyse the outcomes
within an interval between 6 months and 10 years of fol-
low-up and published in English or Spanish within the
last 23 years (2000-2023). The exclusion criteria were
systematic reviews and meta-analyses, case reports,
observational and clinical studies and case series with
less than 5 ameloblastoma patients, book chapters, ex-
vivo studies, studies in animals and studies that analyse
other type of reconstruction technique, other purposes,
other type of tumour and other ameloblastoma surgical
techniques.

- Search strategy

An electronic search was conducted in PubMed (MED-
LINE) and Scopus databases between October and
December 2023. The following keywords have been
used in the respective search engines: “ameloblastoma”,
“reconstruction”, “bone defect”, “graft”, “autogenous
bone”, “bone morphogenetic protein” and “BMP”, com-
bined with the Boolean operators “AND” and “OR:
((((ameloblastoma) AND (reconstruction)) AND (bone
defect))) AND (graft)))) AND (((autogenous bone) OR
(bone morphogenetic protein)) OR (BMP))). In addition,
a manual search was performed in Google Scholar and
the most relevant journals: Journal of Craniofacial Sur-
gery, Baylor University Medical Center Proceedings,
Annals of Maxillofacial Surgery, Craniomaxillofacial
Trauma Reconstruction, JAMA Facial Plastic Surgery,
Oral Surgery Oral Medicine Oral Pathology and Oral
Radiology and Journal of Oral and Maxillofacial Sur-
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gery. References of the relevant studies were also ex-
amined to identify other articles. The last search was
performed on December 17, 2023.

- Selection of studies

First, all those duplicate articles have been removed.
Successively, those showing a title and an abstract of
interest have been selected, and the resulting registers
have been evaluated for full text eligibility. Two inde-
pendent investigators (W.P.D & E.B.R), according to
the pre-established inclusion and exclusion criteria,
independently screened the full text of every article
in order to establish its eligibility. A Cohen kappa was
calculated (J.T.S) to determine the interrater reliability.
The three reviewers resolved any disagreements.

- Data extraction and method of analysis

The two reviewers carry out the data extraction of the
selected articles. The characteristics collected from the
studies to perform a qualitative analysis were author
data, year of publication, country, type of study, n° of
ameloblastoma and total patients, age (mean =+ standard
deviation or age range), sex, and characteristics based
on the ameloblastoma tumor such as location, surgical
treatment and size of the defect, type of ABGs, type
and dose of BMPs used, type of BMPs carrier and
graft extender used, method of measuring regeneration
(clinical and/or radiographical), length of follow-up,
complications and morbidity, quality of life, recurrence
rate, surgery time, cost and success rates. Authors were
contacted for clarification of missing or unclear infor-
mation when it was necessary. The main outcomes of
the analysis were the efficacy of bone volume preser-
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vation measured by CBCT imaging and panoramic ra-
diographs, complications, surgery time and cost. The
methods used to present and synthesise the results were
tables, figures and descriptive measures.

- Quality and risk of bias assessment

The methodological quality of the selected articles was
assessed by the two reviewers using the Joanna Briggs
Institute critical appraisal tools (JBI) (13) for cases and
case series and the Newcastle-Ottawa scale (NOS) for
observational studies. In case series, a response of ‘no’
to any of the questions negatively impacts the quality of
the case series. These scales were answered by two in-
dependent investigators (W.P.D & E.B.R), and disagree-
ments were resolved by discussion between them.

Results

- Search and study inclusion

According to the PRISMA guidelines, Fig. 1 illustrates
the flow diagram of the study selection process (12).
The initial electronic search yielded 56 articles with 41
remaining after duplicate removal. Titles and abstracts
were reviewed, leading to the selection of 34 articles
for full text evaluation. After applying exclusion crite-
ria, 29 publications were discarded. Finally, and after a
manual search and examination of the relevant studies,
9 studies (7,14-21) met the inclusion criteria and were
selected for the qualitative synthesis. The reliability of
the study selection process was estimated by calculating
an inter-agreement score and Cohen’s kappa (k) value,
resulting in 98.21% agreement and k = 0.9453, indicat-
ing almost perfect agreement.

{ Identification of studies via other methods }

Reports excluded (n = 18), with

[ Identification of studies via databases and registers
Records removed before
£ ont: . screening: Hont :
S Records identified from™: ; Records identified from:
§ Databases: E)u%llcale records removed (n Google Scholar (n = 522)
= PubMed (n =28) = & iy Cluster search
£ Scopus (n = 28) Records mgrked o meﬂglble Relevant journals
o by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
= :
Records screened Records excluded by title and
(n=41) . abstract.
=7
o Reports assessed for eligibility.
. =22)
'—: v Reports excluded, with reasons (n
n =29
g Reports assessed for eligibility. ( - ) Other type of study (n =
7} (n=34) 13) l
- P)aﬁenls with disease (n =
1
- Other purposes (n =3) Studies selected in manual and
- Othertype of cluster search (n = 4)
tumor/disease (n = 3)
Other reconstruction
v technique (n =3)
Other ameloblastoma
Studies included in qualitative treatment (n=2)
synthesis (n = 5) No access (n=4)
—
z |
=
=
2 Studies included in qualitative
- synthesis (n = 9)
Fig. 1: Study selection process summarized in the PRISMA flowchart.
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same (n = 16) and not
indexed in PubMed (n = 2)
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- Assessment of methodological quality: risk of bias of
included studies

A critical analysis using NOS and JBI checklist re-
vealed a high quality and low risk of bias in observa-
tional studies (15-17,19,21). For case series, Simon ef al.
(14) showed a high risk, while several studies (7,18,20)
exhibited moderate (7,20) and low risk of bias (18), re-
spectively. See in Table 1 and Table 2.

- Characteristics of included studies

The included studies, published between 2006 and
2024, originated from five different countries and in-
volved a total of 229 ameloblastoma participants, with
case sizes ranging 5 to 136 patients. Due to incomplete
data, mean age and gender percentages were not calcu-
lated. The studies primarily reported ameloblastomas
in body, angle, ramus, symphysis and/or parasymphy-
sis (7,14,15,18-21). All studies described ameloblastoma
resections and various reconstruction techniques, with
defect sizes ranging from 1 to 14 cm. Follow-up varied
from a minimum 1 month to a maximum 80 months,
with only cases having at least 6 months of monitoring
selected.

The main results of the included studies are described in
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Table 3 and Table 4.

- Efficacy of regeneration with BMPs grafts vs autog-
enous grafts in ameloblastoma bone defects

BMPs were evaluated in 5 studies (17-21) covering
25.76% of the patients, while ABGs were studied in
74.24% across 4 studies (7,14-16). The most frequently
studied BMP was rhBMP-2, employed in various carri-
ers such as ABGs, particulate marrow, allogenic bone,
bioceramics, among others. Melville et al. (18) was the
only study to report specific dosages, ranging from 8.4
to 12.0 mg. Regeneration outcomes were assessed via
postoperative questionnaires, radiographical (CBCT
and/or panoramic) and/or clinical examination, with
implant prosthetic rehabilitation considered a critical
success factor in 6 studies (7,16-18,20,21).

Studies using ABGs showed a greater variety of compli-
cations and morbidity compared to those using BMPs,
with no tumor recurrences reported in the latter group.
Only three studies (17,18,21) provided data on cost and
surgery time. The success rate for bone regeneration
ranged from 63.6% to 90% with ABGs, and from 80%
to 100% with BMPs, despite, the high heterogeneity of
different grafts and carriers used (Table 4).

Table 1: Assessment of the risk of bias and the methodological quality of the included case series studies according to JBI critical appraisal tool

for Case Series.

Overall risk
Case Series | Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 determined
by authors
Simon et al.
(2006), Tan- | YES | NO | NO | NO NO YES NO YES| YES YES HIGH
zania (14)
Donkor et
al. 2006), | YES| YES | YES | YES |UNCLEAR | YES NO YES| YES |UNCLEAR | MODERATE
Ghana (7)
Melville et al.
(2020), USA | YES | YES [ YES | YES | YES |YES| vYEsS |YES| YES YES LOW
(18)
Clokie &
(Sza(;lgg YES | YES | YES | NO YES | YES [UNCLEAR | YES |UNCLEAR | UNCLEAR | MODERATE
Canada (20)

QI: Were there clear criteria for inclusion in the case series?

Q2: Was the condition measured in a standard, reliable way for all participants included in the case series?
Q3: Were valid methods used for identification of the condition for all participants included in the case series?

Q4: Did the case series have consecutive inclusion of participants?
Q5: Did the case series have complete inclusion of participants?

Q6: Was there clear reporting of the demographics of the participants in the study?

Q7: Was there clear reporting of clinical information of the participants?

Q8: Were the outcomes or follow up results of cases clearly reported?

Q9: Was there clear reporting of the presenting site(s)/clinic(s) demographic information?

Q10: Was statistical analysis appropriate?
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Table 2: Assessment of the risk of bias and the methodological quality of the observational studies according to NOS.

Selection Comparability Outcome Conclusion
Li et al. (2007), China (15) Hokk ** HoAk Low risk of bias
Schlieve et al. (2015), USA (16) ok ok ok Low risk of bias
Marechek et al. (2019), USA (21) ok ** ok Low risk of bias
Marschall ef al. (2020), USA (17) Ak * oAk Low risk of bias
Dastgir et al. (2024), USA (19) ok ** ok Low risk of bias
Table 3: Description of the studies included in the systematic review.
No. of ameloblasto- Size
Author Type ma patlefnts (Total of the Fol](?w-
patients) Type of ameloblas- up in
(year), of Gender . . . defect
toma and location Surgical treatment received . months
country study . in cm
[Mean age in years [Mean] [Mean]
+ SD]/ Age range
Simon et al. m 6 (M) & Multilocular lesion Ablative surgery (segmental
(2006), Tan- CS [27)/17-47 5 (F) Body, angle, sym- | resection) followed by reconstruc- | 5.5-9.0 12-24
zania (14) physis and/or ramus tion of the mandible.
Donkor et i
10 (T:29) 18(M) & Trauma or elective surgery and
al. (2006), CS Angle, body . S - 12
Ghana (7) [35.5]/12-65 11 (F) reconstruction with rib grafts.
Lietal Lateral segment Resection of the lesioned man-
L 136 (T:242) 156 (M) without condyle, . . . 1,3,6
(2007), China . dible and reconstruction with 6-14
RS 9-73 & 86 (F) anterior segment . . &l12
(15) o different techniques.
and combination
Clokie & Body. ramus and Resection of the lesioned man-
Sandor cs 9 (T:10) IM) & anteriyc;r seament of dible and reconstruction with 39 9
(2008), [43.1 + 17.65]/18-73 6 (F) en BMP-7 and DBM and reconstruc- [5.5]
the mandible .
Canada (20) tion plate.
Saclhé%"les)e’ RS 13 (T:20) 11 (M) & B Transoral tumor resection & 3103 | 6-61
USA (16) [28.3]/9-63 9 (F) reconstruction with NVBG. [6.43] [22]
Secondary mandibular re-
construction with autogenous
Marechek et Multilocular lesion NVB.GS (AIC or PIC).’ Autologous 8-53
5(T:29) 17(M) & corticocancellous chips and can- 5-10
al. (2019), RS Body, angle, sym- [26.6]
USA (21) [55]/17-81 12 (F) physis and/or ramus cellous marrow were then crushed [7.2]
and mixed with a BMP-impreg-
nated collagen carrier. Fixation
with reconstruction plate.
Marschall ef Tumor resection & Titanium
al. (2020) RS 16 (T:47) 24 (M) & _ reconstruction plate grafting with | [6.4 + 23
U.SA (17)’ [43 £16]/13-70 23 (F) only a TBG or an AIC and using 1.6]
TBG + PRP + BMP + FDA.
Melville et al. Benign tumor ablation or
19 (T:34) 19 (M) & | Body, ramus and . 1.0-12.5
(2020), USA CS [37.79 £ 20.4]/9-89 15 (F) anterior mandible. trauma & reconstruction of the [5.5] 6
(18) defect.
Dastgir et al. 10 (T:50) Body, angle, con- . .
cobsn | ns | e || Gk | Soeie s | S8
(19) /17-83 and/or midline g : : :

Abbreviations: SD: Standard deviation. RS: Retrospective Study. CS: Case Series. T: Total. F: feminine, M: masculine. PRP: Platelet-rich plasma.
TBG: Tibia bone graft. AIC: Anterior Iliac bone graft. PIC: Posterior Iliac Crest bone graft. FDA: Freeze dried allograft. DBM: Demineralized bone
matrix. NVBGs: Nonvascularized bone grafts.
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Table 4: Analysis of the outcomes measured in the selected articles.

Applicability of BMP in ameloblastoma bone defects: A systematic review

Type of au- Type Complications Recur- Sur- | Regen-
Author | togenous bone | and dose | Method of percentage & | OHRQL & Morbidity rence Cost gery | eration
(year) graft/ BMP | of BMP | measuring | most common QOL rate timein | Out-
carrier used used complications hours come
Autogenous
Reconstruction
with:
- Autogenous o
irradiated 364%
. Fractures (50%),
cortical scaf- late ¢ _
folds and ABP prate trauma
from anterior Postoperative tizing orz;/l OL: i Success:
. IC and PRP in question- tissues (75%), QOL: im- 7/11
Simon et 6 paticnts naires and recurrence provement in (63.6%)
al. (2006) AI])3P ) . (25%), loss of | appearance - 1(9%) - - P
- taken radiographs . L Failure:
(14) f particulate bone | & diminished
rom the an- at4,6 and 12 chips (50%) and ain 4/11
terior or pos- months. brzak down of pain. (36.4%)
terior IC and the oral mucosa
PRP (without . .
. and infection
cortical scaf- 25%)
folds but with ’
two plates in 5
patients.
Considered to
be successful o
if healing was Woulr?dzd/Zhis- Success:
Free non-vascu- uncomplicat- 6.9%) Improved 26/29
Donkor ez | larized autog- edwithinthe | ¢ Ece 69% appearance | Complained (89.7%)
al. (20006) | enous rib grafts first 6 months wit f‘t:xposure, and easier | of mild donor | 2 (6.9%) - - Failure:
7 (with or without of its place- tii;a(f& rj’i:;?r; q prosthetic site pain. 3/29
cartilage). ment, anq recur'rences rehabilitation. (10.3%)
postoperative N
radiographic 69%).
evaluation.
Free autog-
enous bone Clinical
transplant functional and
(group A), aesthetic (fa-
FALM (group cial symme- 4.1%
B), FALM- try, degree of | Local infection | Good func- Success:
Lietal iliac/rib com- mouth open- | (50%), exposure | tional and Slight disfig- 203/242
(2007)' pound (group ing, occlusal | of'rigid fixation esthetic urement of . B B (83.9%)
(15) C), VABT relationship, | plate (20%), de- | results were | facial contour: Failure:
(group D), and temporo- | hiscence (20%), | obtainedin | 18/242 (7.4%) 39/242
homologous mandibular | and serious pain | most patients. (16.1%)
bone transplant joint symp- (10%).
(group E), and toms) and
hydroxylapatite radiographic
(HA)/ titanium examination.
plate.
Considered to Most patients th?g;?i ::Oof Lesion
Unicortical be successful had main- this report recur- Success:
Schlieve non-vascular- if the bone re- tenance of ad- o commer’lt rence 18/20 '
et al ized block_ of establish_ment 10% equate bone on decreased rate (90%)
201 5') anterior iliac of mandibular Local graft for implant morbidity was not -- -- Failure:
(16) crest bone graft continuity was infection. placement because of included 220 '
and titanium sufficient for and func- this treatment in the (10%)
plate. implant place- tional dental datas-
ment. rehabilitation method can ets
’ ) be made. )
BMP
Clinical Some patients
(manual had dental
Clokie & | BMP-7 with 10 manipulation) implants
Séndor | mL of DBM in jand panoram- rehablll.tatlon. Success:
(2008) | a reverse-phase BMP-7 | ic radiographs 0% Functional - - - - 9/9 (T:10)
20) medium evidence of and aes- (100%)
’ restoration of thetic objec-
mandibular tives were
continuity. achieved.
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Table 4: Cont.

Applicability of BMP in ameloblastoma bone defects: A systematic review

Success was
defined by
radiographic Infection at
( A?évolfgls 0 e];/idence of S(;lm:; gatierllts the donor
’ ony con- ad denta or recipient
Marechek Cgﬁ?;gfﬁg;_ tinuity and impl?nt's site, seroma, De- Success:
etal lous chips and stability at a 40% rehabilitation. | necessity for creased | 4/5 _(80%)
@ 019') cancellous mar- rhBMP-2 | minimum of 4 | Infection and Functional | hardware re- - - operat- | Failure:
USA (2’1) row mixed with months post- graft failure. and aes- moval, wound ing | 1/5(20%)
BMP-impreg- operatively, as thgtic objec- | dehiscence, time.
nated collagen well as com- tives were and fracture
carrier plete closure achieved. at the donor
of intraoral site.
and extraoral
wounds.
Graft success
was defined uglf) £
as bony union the
Titanium demonstrated Facial and BMP-2
reconstruction on panoramic mandibular hich Success:
Marschall | plate grafting radiographs b & 15/16
etal. | withonlya th- | and mandibu- ony recon- , soss (93.75%)
o -- truction and Swelling. - ($5000 -- Lo
(2020) | TBGoran AIC | BMP-2. | lar stability S & Failure:
(17) | and using TBG demonstrated dental proth- to 1/16
+PRP + BMP on clinical esis rehabili- $6000 (6.35%)
+FDA. examination tation. lf ora .
at 4 months arge
pack-
postopera- 20).
tively.
Clinical
examinations
and computed
tomography
scans were
Tissue-engi- performed at 6
neered com- months p(iSt._ De-
posite grafts operatively: creases
of allogeneic 1-Bone union the
. (homogenous .
bone combined radionadue 10% length | Success:
Melville | with thBMP-2 84-120 atfer(ll‘l Some patients Cost- of the 27/30
etal. and bone mar- | : pa Mucosal dehis- | had dental Decreased op- (90%)
i mg of continuous - | implants re- bidit - effi- eration. | Failure:
(2020) row aspirate HBMP-2 | with native cence, cutane implants re comor y. cient. . :
(18) concentrate. bone) without ous fistulaand | habilitation. Lpss 3/3;0
It\ilt(;rrllriisr?lrzflebslﬁ mandibular fracture. S(I,rrl: (10%)
or resorbable mobility. sum-
PLLA or PDL- 2.Volume of ing.
LA membrane grafted bone
’ adequate
for implant
placement (at
least 1.0 cm
(height) by 0.8
cm (width)).
Autogenous
non-vascu-
larized bone Continu- Success:
grafts: ante- ity of bone 20% (T:34%) 9/10 '
Dastgir et | rior iliac crest, clinically and | Infection and Decreased (90%)
al. (2024) | costochondral -- radiographi- | wound dehis- -- bidit -- -- -- Failure:
(19) | graft, allografts cally (CBCT) cence. comorbIdity. o
in combination at a 4-month (10%)
of BMP-im- follow-up.
pregnated col-
lagen carrier.

Abbreviations: BMP: Bone morphogenetic protein. thBMP-2: Recombinant bone morphogenetic protein-2. OHRQL: Oral health related quality
of life. QOL: Quality of life. PLLA: poly(L-lactide). PDLLA: poly(D,L-lactide). ABP: Autogenous bone particles. IC: Iliac crest. AIC: Anterior
iliac crest bone grafts. PIC: Posterior iliac crest bone grafts. FALM: Frozen autogenous lesioned mandible. VABT: Vascularized autogenous
bone transplant. DBM: Demineralized bone matrix. CBCT: Cone beam computed tomography. NVBGs: Nonvascularized bone grafts. TBG:
Tibia bone graft. FDA: Freeze dried allograft. PRP: Platelet-rich plasma.
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Discussion

The present systematic review critically evaluates the
comparative efficacy of BMPs and ABGs in regener-
ating bone defects following ameloblastoma resection.
Our findings suggest that BMPs, particularly rhBMP-2,
may offer superior outcomes in terms of bone regen-
eration success rates and fewer postoperative complica-
tions comparted to ABGs.

The potential benefits of GFs such as the BMPs in bone
regeneration can significantly enhance patient quality
of life by achieving similar or better regeneration suc-
cess rates than ABGs, with fewer complications and
comparable opportunities for dental implant prosthesis
rehabilitation. Although ABGs have been the gold stan-
dard for reconstructing mandibular defects, the ability
to achieve successful outcomes while avoiding the co-
morbidity associated with autogenous bone donor sites
is an important consideration.

BMPs, with success rates ranging 80-100%, have prov-
en to be effective osteoinductive agents. These proteins
promote osteoblast differentiation and enhance bone re-
pair, aligning with the literature that supports their use
in managing complex bone defects. Notably, the use of
rhBMP-2 has shown particular promise, although it also
poses risks such as the potential ectopic bone formation
if not properly controlled.

In contrast, the studies involving ABGs have demon-
strated a wider range of success rates (63.6% to 90%)
and a higher incidence of complications. This variabil-
ity is attributed to factors such as donor site morbidity,
limited tissue availability, and the inherent complexities
of grafting procedures. These findings corroborate pre-
vious research indicating that while ABGs are effective,
they carry significant drawbacks (7,14-16).

The lower incidence of complications with BMPs use is
notable, suggesting that BMPs may offer a safer alter-
native to ABGs, specially in complex clinical scenarios
where minimizing patient morbidity is crucial. Further-
more, the economic aspects of BMPs versus ABGs use,
including cost-effectiveness and surgery duration, were
not adequately explored due to insufficient data. This
represents a significant gap in the literature, as cost con-
siderations are crucial in the broader implementation of
new medical technologies.

Only one other systematic review has been identified
that evaluates the use of GFs for mandibular defects,
which reported a slightly lower success rate for BMPs
(86.5%) compared to our findings (11). This discrepan-
cy could be due to different study inclusion criteria or
variations in BMPs formulations and delivery methods
used across studies.

This systematic review encountered several limita-
tions. First, one of the selected articles showed a high
risk of bias or poor quality (14). Second, the compari-
son across studies was limited by a variety of sample
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sizes, types of regenerations, carriers, grafts, the ab-
sence of control groups, and the population scruti-
nized. These confounding variables prevent us from
drawing statistically reliable and robust conclusions
about which BMP carrier is more efficacious in bone
regeneration. Furthermore, the success rate reported
by some studies do not specifically pertain to patients
with ameloblastoma, adding to the uncertainty of the
evidence (7,15,16,18).

In conclusion, while BMPs showed promise in the re-
generation of ameloblastoma-related bone defects, fur-
ther research is needed to optimize their delivery and to
fully understand their long-term outcomes compared to
ABGs. More clinical trials with rigorous methodologies
and longer follow-up periods are required to confirm
these preliminary findings and to establish more defini-
tive guidelines for their use in clinical practice.
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