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Abstract: Purpose: After extracting impacted mandibular third molars (IMM3), the resulting bone loss at the distal
surface of the distal root of mandibular second molars (MM2) is responsible for the poor stability of MM2. This study
aimed to identify the clinical osteogenesis effect of recombinant human bone morphogenetic protein-2 (rhBMP-2)-
loaded calcium phosphate cements (CPCs) and rhBMP-2 delivery systems (rhBMP-2/CPCs, named CPCII) on bone
loss repair at the distal surface of the MM2 distal root after IMM3 extraction. Methods: Written informed consent
was obtained from every participant whose IMM3 needed extraction. The impact of IMM3 on both sides was basi-
cally identical. From April 2014 to March 2016, extraction of IMM3 was performed in 9 patients (5 males/4 females,
26-42 years old). One side was randomly selected as the experimental group, and CPCIl systems were implanted
into the distal surface of the distal root in dental extraction sockets. The wounds on the other side were sutured and
allowed to heal naturally (be treated as the control group). New bone formation in the alveolar fossa was detected
3 and 12 months after the operation by cone-beam computed tomography (CBCT) to measure the distance from
the cementoenamel junction (CEJ) to the crest of the alveolar ridge (CAR). Results: The CAR-CEJ distance on the
test side was less than that on the control side (P<0.5). Conclusion: The quantity of new bone formation in the ex-
perimental group was greater than that in the control group. CPCIl systems have osteogenic potential in the healing
process of tooth extraction sockets.
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Introduction Bone morphogenetic protein-2 (BMP-2) is a
growth factor that affects the transcription of
osteogenesis-related genes that can promote

bone formation, regeneration and repair and

IMM3 may damage the overall periodontal
health distal to MM2, and the extraction of

IMM3 seems to be beneficial for MM2. How-
ever, residual pockets after the surgical extrac-
tion of IMM3 are independent risk factors for
the periodontal health of MM2 [1]. Intraoral
bone defects possess a high self-regenerative
capacity. Factors such as the extent of bone
loss, the presence of bony walls, a closed heal-
ing environment, space provision and mechani-
cal wound stability substantially influence he-
aling/regeneration [2]. Residual bone defects
are common after the surgical removal of IMM3
[3].

has been used clinically [4, 5]. Recombinant
human bone morphogenetic protein-2 (rhBMP-
2) can be loaded into scaffolds and released
from scaffolds for bone tissue regeneration [6].

Scaffolds with osteoinductive/osteoconductive
properties are necessary for bone regeneration
in bone tissue engineering. CPCs possess ex-
cellent biocompatibility and osteogenic induc-
tion ability. These properties make them widely
used as bone graft substitutes in dentistry and
orthopedics, and they have been developed
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Figure 1. The surgical removal of IMM3 and the CPCII system were implanted
into the extraction socket. A: CPCII; B: CPCIl mixed with autologous blood;
C: Implantation of CPCII in the extraction socket; D: Suture of the extraction
socket.

into a controlled release system, releasing BMP
cytokines to mediate osteogenesis [7-10].

The osteogenesis effect of the controlled re-
lease rhBMP-2-loaded CPC system (rhBMP-2/
CPCs, CPCIl) has been generally established in
vivo and in vitro [11]. However, the clinical
effect of CPCII in repairing dental extraction
sockets is not clear. The osteogenesis effect of
CPCIll in repairing dental extraction sockets was
clinically evaluated in this study.

Materials and methods
Materials and reagents
CPCIll systems were purchased from Shang-
hai Rebone Biomaterials Co., Ltd. (Shanghai,

China). Lidocaine hydrochloride for injection
was purchased from Shanghai Hefeng Phar-
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maceutical Co., Ltd. (Shang-
hai, China). The images from
the CBCT scans were obtain-
ed from KaVo 3D exam vi-
sion (Imaging Sciences Inter-
national, PA, USA).

CPCII systems were im-
planted in dental extraction
sockets

The study was approved by
the Department of Science
and Education of Shanghai
East Hospital affiliated with
Tongji  University Hospital,
and all participants signed
the informed consent agree-
ment. Nine patients with bilat-
erally symmetrical IMM3 we-
re enrolled in this study. One
side of each patient was ran-
domly assigned as the control
or test side (9 cases, 9 con-
trols and 9 tests). The inclu-
sion criterion was horizontal
IMM3. Each patient was in-
formed of the surgical pur-
pose, surgical protocol, recov-
ery period, and possible com-
plications, and a consent fo-
rm was signed.

Local anesthesia with 2% lidocaine was used to
anesthetize the tongue, buccal nerve and infe-
rior alveolar nerve. Surgical extraction of IMM3
was performed, and CPCIlI systems were im-
planted into the tooth extraction fossa closing
the distal surface on the distal root of M2 on
the test side. Natural healing after the extrac-
tion of IMM3 without the use of CPCIl systems
was performed on the negative control (NC)
side. Then, the tooth extraction sockets were
sutured (Figure 1). On the control side, IMM3
were extracted, and extraction wounds were
sutured. The same antibiotic was administered
to both sides. After 10 days, we removed the
sutures on both sides.

After 3 and 12 months, the CEJ-CAR distances
were measured by CBCT scans to evaluate new
bone formation on the distal surface of the dis-
tal root in MM2.
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Figure 2. CBCT image analysis of CPCIlI implantation in the extraction socket
after the extraction of IMM3. A: Panoramic radiograph. B: The coronal image
and 3D reconstruction views of the CBCT image. Al: Before the extraction
of IMM3. A2, B1: Three months post-extraction with/without CPCII implanta-
tion.javascript:void(0). A3, B2: Twelve months post-extraction with/without
CPCIl implantation. Right: negative control (NC); Left: extraction socket post-
extraction with CPCII.

rences within groups in all as-
says were tested by ANOVA
and Dunnett’s t test. P<0.05
was considered statistically
significant.

Results
Clinical observation

The sockets showed no signs
of infection on either the test
or control side 3 and 12
months after the operation
according to the CBCT scans
(Figure 2).

The evaluation of bone loss
in dental extraction sockets

As shown in Figure 3, the dis-
tance from the CEJ to the
alveolar crest was lower on
the test side than on the con-
trol side. This means that
there was less bone defect on
the test side than on the con-
trol side.

Discussion

Surgical extraction of IMM3
is one of the most common
operations in the oral clinic.
Horizontal IMM3 are usually
deeply impacted with large
bone resistance, leading to
extraction difficulty. In addi-
tion, horizontal IMM3 are oc-
casionally located below the
cervical lines of MM2, produc-
ing the risk of adjacent tooth
trauma. Moreover, the extrac-
tion of IMM3 is responsible
for bone defects distal to the
adjacent M2 [1, 12].

To repair bone defects after
extracting IMM3, many graft
materials are used for implan-
tation into the tooth extrac-
tion socket. Of these graft
materials, autogenous bone

Statistical analysis transplantation is still considered the gold stan-

dard for repairing bone defects by biological
Data analysis was carried out with SPSS 20.0 reconstruction. Autogenous bone can promo-
software (SPSS Inc., Chicago, IL, USA). Diffe- te new bone regeneration and mineralization.
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Figure 3. Evaluation of bone loss in dental extraction sockets after the operation. A: Taking CBCT and using the
manual function of the KaVo eXam Vision measurement software system, a three-dimensional image of the man-
dible can be obtained, which can be divided into the transverse, coronal and sagittal planes. The three red, green
and blue datum lines of the three planes are placed in the position of bisector M2. On the coronal plane, the height
of alveolar bone was measured. The meso-distal enamel-cementum boundary of MM2 was taken as the horizontal
datum line, and the meso-alveolar crest junction of MM2 was selected as the measurement of point A, with an
interval of 1 mm in turn. The corresponding alveolar crest’s highest points were selected as measurement points B
and C. The distance from points A, B and C to the horizontal datum line, i.e., the length of line segments a, b and c,
was measured, and the average was taken as the distance between the alveolar crest and the enamel-cementum

boundary. B: Three months after the extraction of IMM3. C: Twelve months after the extraction of IMM3.

However, autogenous bone grafts may contin-
ue to be reabsorbed during healing, and the
amount of bone available is limited. Therefore,
the development of bone substitutes is urgent
to reduce or even replace autologous bone as
grafting material. Although CPCs have a low
degradation rate and lack macroporosity, they
are commonly used as bone substitute materi-
als [13-15].

rhBMP-2 and CPCs can better fuse with a rare
complication when a lower dose of rhBMP-2 is
used [14]. Moreover, rhBMP-2 has osteoinduc-
tive capacity and has been used in clinical prac-
tice. The use of rhBMP-2 does not enhance
residual graft resorption in vertical bone aug-
mentation procedures and can augment bone
height [15]. According to imaging and clinical
observations, CPC-loaded rhBMP-2 implanted
into tooth extraction sockets to repair the bone
defects of extracted IMM3 is feasible. However,
we do not have histological or quantitative
assessments because it is impossible for pa-
tients to receive specimens for reoperation.
Surgical removal of IMM3 often results in infec-
tion in the mandible, and rhBMP2 administra-
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tion may lead to inflammation and clinical fail-
ure [12, 16, 17]. However, in our study, all
patients showed good healing results without
infection, which may be associated with the
use of antibiotics after surgery. Collectively, th-
ese results corroborated our clinical observa-
tion that delivery systems (RhBMP-2/CPCs) pro-
vide an effective strategy for repairing bone
defects after the extraction of IMM3. However,
how to control the BMP-2 clinical dose and
improve the osteogenesis ability of CPCs are
major challenges in bone regeneration for the
local use of RhBMP-2/CPCs in bone tissue
engineering to obtain better clinical outcomes
[18, 19]. Regarding the extensive use of rh-
BMP-2/CPCs in oral clinics, further studies with
more participants and long-term follow-up dura-
tions are necessary.

Acknowledgements

The research was financially supported by
the following project: (O the Shanghai Pudong
New Area Science and Technology Develop-
ment Fund Innovation Fund Project (Number:
PKJ2013-Y12) and @ the Natural Science

Am J Transl Res 2022;14(10):7172-7177



rhBMP2-loaded calcium phosphate cements for osteogenesis

Foundation of Yunnan Province (Number:
202001AY070001-248).

This study was approved by the ethics commit-
tee of Shanghai East Hospital Affiliated with
Tongji University (No. PKJ2013-Y12). Notices
about automatic opt-in consent for the study
for data collection and methods for opting-out
were posted in the hospital, as approved by the
Ethics Committee of the university. Partici-
pants were informed that there was an option
for an opt-out of this retrospective research at
any time by documenting the refusal of consent
using the forms available.

Disclosure of conflict of interest

None.

Address correspondence to: Feifei Gu, Department
of Stomatology, Shanghai East Hospital Affiliated
to Tongji University, No. 150 Jimo Road, Shanghai
200120, China. Tel: +86-13817945340; Fax: +86-
21-58765119; E-mail: Feyfeygu@yeah.net

References

[1] Passarelli PC, Lajolo C, Pasquantonio G,
D’Amato G, Docimo R, Verdugo F and D’Addona
A. Influence of mandibular third molar surgical
extraction on the periodontal status of adja-
cent second molars. J Periodontol 2019; 90:
847.

[2] Sculean A, Stavropoulos A and Bosshardt DD.
Self-regenerative capacity of intra-oral bone
defects. J Clin Periodontol 2019; 46: 70-81.

[3] Jeyaraj PE and Chakranarayan A. Soft tissue
healing and bony regeneration of impacted
mandibular third molar extraction sockets, fol-
lowing postoperative incorporation of platelet-
rich fibrin. Ann Maxillofac Surg 2018; 8: 10-18.

[4]  Queiroz LN, Maldaner FR, Mendes EA, Sousa
AR, D’Allastta RC, Mendonca G, Mendonca
DBS and Aragao FJL. Evaluation of lettuce
chloroplast and soybean cotyledon as plat-
forms for production of functional bone mor-
phogenetic protein 2. Transgenic Res 2019;
28:213-224.

[5] Hashimi SM. Exogenous noggin binds the
BMP-2 receptor and induces alkaline phos-
phatase activity in osteoblasts. J Cell Biochem
2019; 120: 13237-13242.

[6] Echave MC, Pimenta-Lopes C, Pedraz JL, Meh-
rali M, Dolatshahi-Pirouz A, Ventura F and
Orive G. Enzymatic crosslinked gelatin 3D scaf-
folds for bone tissue engineering. Int J Pharm
2019; 562: 151-161.

7176

(7]

(8]

(10]

(11]

[12]

(13]

(14]

(15]

(16]

[17]

Meng D, Dong L, Yuan Y and Jiang Q. In vitro
and in vivo analysis of the biocompatibility of
two novel and injectable calcium phosphate
cements. Regen Biomater 2019; 6: 13-19.
Oesterle A, Boehm AV and Muller FA. Photolu-
minescent Eu(3+)-doped calcium phosphate
bone cement and its mechanical properties.
Materials (Basel, Switzerland) 2018; 11: 1610.
Zeng J, Lin J, Yao G, Kong K and Wang X. Effect
of modified compound calcium phosphate ce-
ment on the differentiation and osteogenesis
of bone mesenchymal stem cells. J Orthop
Surg Res 2017; 12: 102.

Lee HJ, Kim B, Padalhin AR and Lee BT. Incor-
poration of chitosan-alginate complex into in-
jectable calcium phosphate cement system as
a bone graft material. Mater Sci Eng C Mater
Biol Appl 2018; 94: 385.

Luo G, Huang Y and Gu F. rhBMP2-loaded cal-
cium phosphate cements combined with allo-
genic bone marrow mesenchymal stem cells
for bone formation. Biomed Pharmacother
2017; 92: 536-543.

Al-Khanati NM and Al-Moudallal Y. Effect of in-
trasocket application of manuka honey on
postsurgical pain of impacted mandibular third
molars surgery: split-mouth randomized con-
trolled trial. J Maxillofac Oral Surg 2019; 18:
147-152.

Lodoso-Torrecilla |, van Gestel N, Diaz-Gomez
L, Grosfeld EC, Laperre K, Wolke J, Smith BT,
Arts JJ, Mikos AG, Jansen JA, Hofmann S and
van den Beucken J. Multimodal pore formation
in calcium phosphate cements. J Biomed Ma-
ter Res A 2018; 106: 500-509.

Zaki J, Ainawawy M, Yussif N and Elkhadem A.
The effect of membrane coverage on the re-
sorption of autogenous intraoral block grafts
in horizontal ridge augmentation: a systematic
review of literature and meta-analysis: inevita-
bility or an iatrogenic vulnerability? J Evid
Based Dent Pract 2017; 18: 275-289.
Karadjian M, Essers C, Tsitlakidis S, Reible B,
Moghaddam A, Boccaccini AR and Westhauser
F. Biological properties of calcium phosphate
bioactive glass composite bone substitutes:
current experimental evidence. Int J Mol Sci
2019; 20: 305.

Teng F, Yu D, Wei L, Su N and Liu Y. Preclinical
application of recombinant human bone mor-
phogenetic protein 2 on bone substitutes for
vertical bone augmentation: a systematic re-
view and meta-analysis. J Prosthet Dent 2019;
122: 355-363.

Jo DW, Cho YD, Seol YJ, Lee YM, Lee HJ and
Kim YK. A randomized controlled clinical trial
evaluating efficacy and adverse events of dif-
ferent types of recombinant human bone mor-

Am J Transl Res 2022;14(10):7172-7177



(18]

rhBMP2-loaded calcium phosphate cements for osteogenesis

phogenetic protein-2 delivery systems for al-
veolar ridge preservation. Clin Oral Implants
Res 2019; 30: 396-409.

Sukegawa S, Yokota K, Kanno T, Manabe Y,
Sukegawa-Takahashi Y, Masui M and Furuki Y.
What are the risk factors for postoperative in-
fections of third molar extraction surgery: a
retrospective clinical study? Med Oral Patol
Oral Cir Bucal 2019; 24: e123-e129.

7177

(19]

Grey ZJ, Howie RN, Durham EL, Hall SR, Helke
KL, Steed MB, LaRue AC, Muise-Helmericks RC
and Cray JJ. Sub-clinical dose of bone morpho-
genetic protein-2 does not precipitate ram-
pant, sustained inflammatory response in
bone wound healing. Wound Repair Regen
2019; 27: 335-344.

Am J Transl Res 2022;14(10):7172-7177



