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Abstract

The process of bone formation is a crucial component of oral surgery, particularly in instances where bone deficiencies
or defects exist. The success of bone formation in oral surgery depends on different factors, such as the quality and
quantity of the bone graft, the patient’s local and systemic conditions, and surgical techniques. The major aim of this
review is to provide a brief overview of the basics of bone formation and describe the concepts related to the
regeneration of bone in oral surgery. This article also highlighted different factors leading to bone loss and the potential
risks related to dental implant surgery. The article places particular emphasis on osteonecrosis, which occurs due to an
improper supply of blood to the bone tissue. This article concludes that further research is needed to explore different
techniques to encourage efficient and safe formation of bone in oral surgery.
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1. Introduction

The process of bone formation is a crucial component of oral surgery, particularly in instances where bone deficiencies
or defects exist. The capability to promote the growth of new bone is essential for successful results in procedures
including orthognathic surgery, dental implant placement, and bone grafting. Multiple techniques and materials have
been developed to stimulate bone formation; however, a comprehensive understanding of the underlying mechanisms
of bone growth is crucial to improving the efficacy of these procedures [1].

The success of bone regeneration in oral surgery depends on different factors, such as the quality and quantity of the
bone graft, the patient’s local and systemic conditions, and surgical technique. Different sources of bone grafts utilized
in oral surgery are autogenous, xenogeneic, synthetic, and allogeneic (2). Autogenous bone grafts are recognized as the
benchmark material due to their exceptional osteoconductive and osteoinductive properties (3). Nevertheless,
autogenous bone grafts have limitations, including circumscribed availability, donor site morbidity, and enhanced
surgical time (4).

Allografts are sourced from a human benefactor and undergo processing to remove immunogenic elements while
conserving the osteoconductive and osteoinductive features (5). Xenogeneic bone grafts refer to grafts procured from
different animal sources, including porcine or bovine bone, which undergo processing to remove antigenic elements
while maintaining the biological and structural characteristics (6, 7). Artificial bone replacements are made up of a
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variety of materials, including polymers, bioactive glasses, and calcium phosphate, which are designed to replicate the
structure and composition of human bone (7).

Numerous growth factors, including bone vascular endothelial growth factor (VEGF), morphogenetic proteins (BMPs),
transforming growth factor-beta (TGF-), and platelet-derived growth factor (PDG-VEGF), have been found to increase
bone regeneration by facilitating wound healing, angiogenesis, and osteogenesis. Nevertheless, the clinical application
of these growth factors is restricted due to their expensive nature, adverse effects, and short half-life (9). The purpose
of this review is to provide an up-to-date and extensive understanding of bone regeneration in oral surgery, with a
special focus on the mechanism of bone formation.

2. Discussion

2.1. Basics of bone formation

Ossification and osteogenesis refer to the process of bone formation and are often used interchangeably. This process
comprises three major types of cells: osteoclasts, osteoblasts, and osteocytes, which are accountable for bone growth,
remodeling, and development. Specifically, osteoblasts generate bone tissue, whereas osteocytes are highly developed
bone cells. In contrast, osteoclasts are responsible for breaking down and reabsorbing bone. There are two major kinds
of ossification: intramembranous and endochondral.

2.1.1. Intramembranous

Intramembranous ossification is a mechanism that involves the transformation of connective tissue membranes into
bony tissue, leading to the generation of intramembranous bones. This kind of process is responsible for the generation
of specific flat bones in the skull and several irregular bones. Initially, connective tissue membranes develop into future
bones, which are then infiltrated by osteoblasts. These cells form a bony matrix around them, and once they are
completely surrounded by it, they are known as osteocytes.

2.1.2. Endochondral Ossification

Endochondral ossification is the process of replacing hyaline cartilage with bone tissue, which makes endochondral
bones. The majority of the skeletal structure is formed via this mechanism. In this mechanism, the future bones are
initially developed as models made of hyaline cartilage. Around the third month of gestation, the surrounding
perichondrium transforms into periosteum, which subsequently generates a compact bone collar around the diaphysis.
Concurrently, blood vessels and osteoblasts migrate into the area, and the cartilage located in the middle of the diaphysis
initiates the process of deterioration, creating an opportunity for osteoblasts to deposit spongy bone and form a primary
site known as an ossification center. Ossification then progresses towards the extremities of the bone. Subsequently,
newly formed bone tissue is broken down by osteoclasts, which helps form a cavity within the bone called the medullary
cavity.

The growing cartilage in the epiphyses makes the developing bone grow longer. Following birth, secondary ossification
centers emerge in the epiphyses and undergo an ossification process that is comparable to that of the diaphysis.
Nevertheless, in contrast to the diaphysis, the spongy bone present in the epiphyses is not dismantled to form a
medullary cavity. Upon the completion of secondary ossification, bone replaces hyaline cartilage entirely, with the
exception of two regions: the articular cartilage, which surrounds the epiphysis surface, and the epiphyseal plate found
between the diaphysis and epiphysis [10, 11].

2.2. Implant considerations

Dental implants are a very popular way to replace missing teeth, but their success depends on many things. One of the
most crucial factors is the quantity and quality of bone available for the placement of the implant [12]. In accordance
with the study conducted by Mauer, Shadrav, and Dashti (2021), the quality and quantity of bone are critical factors to
observe before the placement of implants. The quality and quantity of the patient’s bone should be evaluated to
determine the most convenient approach to implant placement. In a few circumstances, sinus elevation or bone grafting
may be required for the successful placement of an implant [13, 14].

Fathi et al. (2023) say that clinicians need to think about how different surface changes and implant materials affect

osseointegration. It is crucial to choose implant systems that encourage remodeling and prompt bone formation to
ensure the success of dental implants [15, 16].
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Bone augmentation can also be utilized as an alternative approach for dental practitioners. It was suggested that
different bone augmentation techniques, including growth factors, guided bone regeneration, and bone substitutes, can
be used to improve the quality and quantity of bone [17].

In addition, the quality and quantity of bone can also be affected by different local and systemic factors, including
smoking, health disorders, age, and the use of medication. Hence, dental practitioners should conduct a thorough
observation of the individual’s dental and medical histories as well as their overall health status [17-20].

2.3. Bone loss and osteonecrosis

Jaw osteonecrosis, or ONJ, is characterized as necrotic bone that becomes exposed in the maxillofacial area for a period
of almost eight weeks. In individuals who underwent treatment with antiresorptive therapy for bone-related ailments,
including metastatic non-small cell lung cancer, Paget’s disease, and osteoporosis, without the medical history of
radiation therapy [21, 22],

The oral and maxillofacial area may experience negative outcomes related to bone formation due to osteonecrosis.
Periodontal disorders, which result in bone loss, can lead to a reduction in bone density and jaw mass, causing weaker
bones and an enhanced risk of tooth decay [23]. Osteonecrosis, conversely, can interfere with the circulation of blood
to the affected bone tissue, resulting in compromised bone formation and bone death [21].

2.4. Treatment for bone loss, guided bone regeneration

Guided bone regeneration (GBR) is an approach utilized to address bone loss in the jaw region, which is commonly
related to dental implant placement [24]. This method entails the application of bone graft substances and barrier
membranes to stimulate the production of new bone tissue in the intended region [25]. Employing dynamic navigation
and a static surgical approach in implant placement can facilitate the accurate placement of implants during GBR
interventions, resulting in more predictable outcomes and a decreased risk of complications [24].

3. Conclusion

In conclusion, the process of bone formation is a crucial component of oral surgery, particularly in instances where bone
deficiencies or defects exist. Although guided bone regeneration has shown positive outcomes in the treatment of bone
loss, additional research is needed to optimize its effectiveness.

Compliance with ethical standards

Disclosure of conflict of interest

There is no conflict of interest between the authors.

References

[1]  Peng, H, & Wright, V. (2011). Usages of bone morphogenetic proteins in oral and maxillofacial surgery. Journal
of oral and maxillofacial surgery: official journal of the American Association of Oral and Maxillofacial Surgeons,
69(10), 2653-2665.

[2]  Arinzeh, T. L., Peter, S. ], Archambault, M. P., van den Bos, C., Gordon, S., Kraus, K., Smith, A., & Kadiyala, S. (2003).
Allogeneic mesenchymal stem cells regenerate bone in a critical-sized canine segmental defect. The Journal of
bone and joint surgery. American volume, 85(10), 1927-1935. https://doi.org/10.2106/00004623-200310000-
00010

[3] Urist M. R. (1965). Bone: formation by autoinduction. Science (New York, N.Y.), 150(3698), 893-899.
https://doi.org/10.1126/science.150.3698.893

[4] Zhao, R, Yang, R, Cooper, P. R,, Khurshid, Z., Shavandi, A., & Ratnayake, ]. (2021). Bone Grafts and Substitutes in
Dentistry: A Review of Current Trends and Developments. Molecules (Basel, Switzerland), 26(10), 3007.
https://doi.org/10.3390/molecules26103007

[5] Zhao, R, Yang, R,, Cooper, P. R, Khurshid, Z., Shavandi, A., & Ratnayake, ]. (2021). Bone Grafts and Substitutes in
Dentistry: A Review of Current Trends and Developments. Molecules (Basel, Switzerland), 26(10), 3007.
https://doi.org/10.3390/molecules26103007

249


https://doi.org/10.2106/00004623-200310000-00010
https://doi.org/10.2106/00004623-200310000-00010
https://doi.org/10.1126/science.150.3698.893
https://doi.org/10.3390/molecules26103007
https://doi.org/10.3390/molecules26103007

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

World Journal of Biology Pharmacy and Health Sciences, 2023, 14(01), 247-251

Martinez-Zapata, M. ], Marti-Carvajal, A, Sol3, 1., Bolibar, 1., Angel Exp6sito, ]., Rodriguez, L., & Garcia, . (2009).
Efficacy and safety of the use of autologous plasma rich in platelets for tissue regeneration: a systematic review.
Transfusion, 49(1), 44-56. https://doi.org/10.1111/j.1537-2995.2008.01945 x

AlGhamdi, A. S., Shibly, O., & Ciancio, S. G. (2010). Osseous grafting part [: autografts and allografts for periodontal
regeneration—a literature review. Journal of the International Academy of Periodontology, 12(2), 34-38.

Froum, S. ]., Wallace, S. S., Elian, N., Cho, S. C., & Tarnow, D. P. (2006). Comparison of mineralized cancellous bone
allograft (Puros) and anorganic bovine bone matrix (Bio-Oss) for sinus augmentation: histomorphometry at 26
to 32 weeks after grafting. The International journal of periodontics & restorative dentistry, 26(6), 543-551.

Solheim E. (1998). Growth factors in bone. International orthopaedics, 22(6), 410-416.
https://doi.org/10.1007 /5002640050290

Kazemifard, S., Dashti, M. (2021). Molecular and Cellular Basis of Bone. In: Stevens, M.R., Ghasemi, S., Tabrizi, R.
(eds) Innovative Perspectives in Oral and Maxillofacial Surgery. Springer, Cham. https://doi.org/10.1007/978-
3-030-75750-2_2

SEER Training Modules, Module Name. U. S. National Institutes of Health, National Cancer Institute. Retrieved on
2nd April 2023 https://training.seer.cancer.gov/

Elias, Carlos. (2011). Factors Affecting the Success of Dental Implants. 10.5772/18746.

Mauer, R.G., Shadrav, A., Dashti, M. (2021). Predictability of Dental Implants. In: Stevens, M.R., Ghasemi, S., Tabrizi,
R. (eds) [Innovative Perspectives in Oral and Maxillofacial Surgery. Springer, Cham.
https://doi.org/10.1007/978-3-030-75750-2_7

Hong, D. G. K, & Oh, J. H. (2017). Recent advances in dental implants. Maxillofacial plastic and reconstructive
surgery, 39(1), 33. https://doi.org/10.1186/s40902-017-0132-2

Fathi, A, Atash, R, Fardi, E., Ahmadabadi, M. N., & Hashemi, S. (2023). Comparison of the outcomes and
complications of three-unit porcelain-fused-to-metal tooth-implant-supported prostheses with implant-
supported prostheses: A systematic review and meta-analysis. Dental Research Journal, 20(1), 3. Doi:
10.4103/1735-3327.367902

Ebadian, B., Fathi, A., & Tabatabaei, S. (2023). Stress Distribution in 5-Unit Fixed Partial Dentures with a Pier
Abutment and Rigid and Nonrigid Connectors with Two Different Occlusal Schemes: A Three-Dimensional Finite
Element Analysis. In L. Testarelli (Ed.), International Journal of Dentistry (Vol. 2023, pp. 1-15). Hindawi Limited.
https://doi.org/10.1155/2023/3347197

Dashti, M., Nikaein, M. (2021). Options or Alternatives to Sinus Elevation. In: Stevens, M.R., Ghasemi, S., Tabrizi,
R. (eds) [Innovative Perspectives in Oral and Maxillofacial Surgery. Springer, Cham.
https://doi.org/10.1007/978-3-030-75750-2_13

Raikar, S., Talukdar, P., Kumari, S., Panda, S. K., Oommen, V. M., & Prasad, A. (2017). Factors Affecting the Survival
Rate of Dental Implants: A Retrospective Study. Journal of International Society of Preventive & Community
Dentistry, 7(6), 351-355. https://doi.org/10.4103 /jispcd.JISPCD_380_17

Ghodsi, S., Arzani, S., Shekarian, M., & Aghamohseni, M. (2021). Cement selection criteria for full coverage
restorations: A comprehensive review of literature. Journal of clinical and experimental dentistry, 13(11),
el1154-e1161. https://doi.org/10.4317 /jced.58671

Hashemi, S., Tabatabaei, S., Fathi, A., Asadinejad, S. M., & Atash, R. (2023). Tooth Graft: An Umbrella Overview.
European Journal of Dentistry.

Khan, A. A, Morrison, A, Hanley, D. A, Felsenberg, D., McCauley, L. K., O'Ryan, F., Reid, L. R,, Ruggiero, S. L., Taguchi,
A, Tetradis, S., Watts, N. B., Brandi, M. L., Peters, E., Guise, T., Eastell, R., Cheung, A. M., Morin, S. N., Masri, B,,
Cooper, C., Morgan, S. L., ... International Task Force on Osteonecrosis of the Jaw (2015). Diagnosis and
management of osteonecrosis of the jaw: a systematic review and international consensus. Journal of bone and
mineral research : the official journal of the American Society for Bone and Mineral Research, 30(1), 3-23.
https://doi.org/10.1002/jbmr.2405

Ruggiero, S. L., Dodson, T. B, Assael, L. A., Landesberg, R.,, Marx, R. E., Mehrotra, B., & American Association of Oral
and Maxillofacial Surgeons (2009). American Association of Oral and Maxillofacial Surgeons position paper on
bisphosphonate-related osteonecrosis of the jaws—2009 update. Journal of oral and maxillofacial surgery :
official journal of the American Association of Oral and Maxillofacial Surgeons, 67(5 Suppl), 2-12.
https://doi.org/10.1016/j.joms.2009.01.009

250


https://doi.org/10.1111/j.1537-2995.2008.01945.x
https://doi.org/10.1007/s002640050290
https://doi.org/10.1007/978-3-030-75750-2_2
https://doi.org/10.1007/978-3-030-75750-2_2
https://training.seer.cancer.gov/
https://doi.org/10.1007/978-3-030-75750-2_7
https://doi.org/10.1186/s40902-017-0132-2
https://doi.org/10.1007/978-3-030-75750-2_13
https://doi.org/10.4103/jispcd.JISPCD_380_17
https://doi.org/10.4317/jced.58671
https://doi.org/10.1002/jbmr.2405
https://doi.org/10.1016/j.joms.2009.01.009

World Journal of Biology Pharmacy and Health Sciences, 2023, 14(01), 247-251

[23] Chapple, I. L., & Matthews, ]. B. (2007). The role of reactive oxygen and antioxidant species in periodontal tissue
destruction. Periodontology 2000, 43, 160-232. https://doi.org/10.1111/j.1600-0757.2006.00178.x

[24] Mauer, R.G., Shadrav, A, Dashti, M. (2022). Static Surgical Guides and Dynamic Navigation in Implant Surgery. In:
Parhiz, S.A,, James, ].N., Ghasemi, S., Amirzade-Iranaq, M.H. (eds) Navigation in Oral and Maxillofacial Surgery.
Springer, Cham. https://doi.org/10.1007/978-3-031-06223-0_6

[25] Buser, D., Dula, K, Belser, U. C., Hirt, H. P., & Berthold, H. (1995). Localized ridge augmentation using guided bone

regeneration. II. Surgical procedure in the mandible. The International journal of periodontics & restorative
dentistry, 15(1), 10-29.

251


https://doi.org/10.1111/j.1600-0757.2006.00178.x
https://doi.org/10.1007/978-3-031-06223-0_6

