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Abstract

BACKGROUND

Bone grafts have been applied for many years in orthopedic surgery to assist with bone
repair for defects or bone discontinuity caused by trauma and tumors as well as
periodontal defects. Jaw cysts are another common benign disease of the maxillofacial
region which may lead to pathological bone fracture, loss of teeth, and infection.
However, whether bone grafts are beneficial for bone regeneration in jaw cystic lesions

and when bone grafts should be used remains unclear.

AIM
To study the efficacy of bone grafts compared to spontaneous healing in the treatment

of jaw cystic lesions.

METHODS
A literature search was performed in Medline, Cochrane Library and Embase to identify

related articles published in English in the last ten years. The following key words and
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MeSH terms were used: “jaw cyst”, “cystic lesion”, “odontogenic cyst”, “periapical
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cyst”, “dentigerous cyst”, “follicular cyst”, “keratocyst”, “treatment”, “surgery”, “bone

graft”, “enucleation”, “cystectomy”, and “bone regeneration”. Case reports, clinical




trials, clinical studies, observational studies and randomized controlled trials were

included. Study quality was evaluated.

RESULTS

Ten studies (n = 10) met the inclusion criteria. Five studies reported spontaneous bone
healing after enucleation, three studies investigated the efficacy of various bone grafts,
and two randomized comparative studies focused on the comparison between
spontaneous healing and bone grafting. Over 90% of bone regeneration occurred within
6 mo after bone grafting. The bone regeneration rate after cystectomy showed great

variation, ranging from 50% to 100% after 6 mo, but reaching over 90% after 12 mo.

CONCLUSION
While the long-term superiority of bone grafting compared with spontaneous healing
after cystectomy is unclear, bone grafts accelerate the process of healing and

significantly increase bone quality.

Key Words: Jaw cysts; Odontogenic cysts; Enucleation; Bone grafting; Bone

regeneration; Bone substitute.
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Core Tip: Bone grafts have been widely applied to assist in bone repair in defects.
However, whether and when to apply bone grafts in jaw cystic lesions is controversial.
In this review, systematic research on the efficacy of bone grafts confirmed the role of
bone grafts in accelerating bone regeneration and helping bone formation, but data on
long-term outcomes were lacking. Further studies with better variable control and

experimental design are needed.







INTRODUCTION

Jaw cysts are a common benign disease of the maxillofacial region, and odontogenic
cysts represent the majority of casesl!l. The most common types of cystic lesions include
radicular cysts, dentigerous cysts (follicular cysts), and keratocystic odontogenic tumors
(keratocysts), collectively accounting for more than 80% of odontogenic cystsi2l. These
cysts usually appear as defects in the epithelial lining in the mandible or maxilla and
gradually increase in volume but do not invade surrounding bone or damage nervesl3l.
However, bone defects can lead to pathological bone fracture, loss of teeth, infection,
and other symptomskl.

There are three main treatments for bone cysts: cystectomy, decompression
followed by cystectomy, and cystectomy followed by bone graftingl®.. The most
common treatment is cystectomy. During surgery, the whole cyst is removed, and the
surface of the bone containing the cyst is scraped if required. Peripheral ostectomy is
required to remove any daughter cysts in keratocystic odontogenic tumors.
Spontaneous bone healing also repairs bone defectsl®l. For larger defects, some studies
have shown that decompression before enucleation has a good effectl”,

Decompression and cystectomy are not always sufficient to achieve complete bone
regeneration, and the healing process can be lengthy. Therefore, the cavities are often
filled with bone grafts or other bone regeneration materials to improve outcomes in the
treatment of jaw cysts. Some researchers suggest that when the size of the defect reaches
1-2 em or 50% of the circumference of the bone, filling materials are needed!®l.
Nevertheless, there are quite a few reports of complete spontaneous bone healing of
large jaw cystsl?l. Defects as large as 10 cm can achieve complete spontaneous bone
healing when given one year according to reportsl®l. The indications for bone grafts in
jaw cystic lesions and the need for bone grafting after enucleation remain
controversiall1011],

Therefore, in this review, we performed a systematic search and analysis focusing

on the efficacy of bone grafts compared to spontaneous healing in the treatment of jaw




cystic lesions, providing guidance for further research and clinical work. Randomized

clinical trials, controlled clinical trials, and before-and-after studies were included.

MATERIALS AND METHODS

Study design
This systematic review focuses on the bone regeneration rate after bone grafting

compared to spontaneous healing in the treatment of jaw cystic lesions.

Literature search

Relevant studies were sought using Medline, Cochrane Library, and Embase. The
period was restricted to the last ten years. The following key words and MeSH terms
were used for the searches: jaw cyst, cystic lesion, odontogenic cyst, periapical cyst,
dentigerous cyst, follicular cyst, keratocyst, treatment, surgery, bone graft, enucleation,
cystectomy, and bone regeneration. The article type was restricted to case reports,
clinical trials, clinical studies, observational studies and randomized controlled trials.
Searches were performed according to PRISMA systematic review guidelines(!2l.
Literature searches and study screenings were performed by two researchers

independently.

Eligibility criteria
Studies were included according to the following criteria: (1) Published in English; (2)
Maxillofacial bone cystic lesions treated by cystectomy or bone grafting; (3) Published
within the time range (last ten years: 2011.12.1-2021.12.1); (4) Randomized clinical trials,
controlled clinical trials, and before-and-after studies; (5) Sample size greater than 5 in
each treatment group; and (6) Radiology assessment of bone regeneration pre- and
post-contrast.

Studies were excluded according to the following criteria: (1) No assessment of

bone regeneration; and (2) No uniform follow-up time.




Study selection

The articles obtained from the search were imported into Endnote X9 for further
selection. During the first stage, articles were screened by title and abstract. Then, full
texts were evaluated to identify articles that met the criteria. Study selection was

performed by two reviewers independently.

Quality assessment
The quality of uncontrolled studies was evaluated using the ROBINS-I (“Risk Of Bias In
Nonrandomized Studies - of Interventions”) tool’¥} whereas randomized comparative

studies were evaluated with RoB 2[14],

Data extraction and analysis

The following information from the included articles was summarized and analyzed:
study type, treatment, number of patients, cyst type, diameter (largest), follow-up time,
assessment methods, bone regeneration rate, and factors related to effectiveness. Risk of
bias across studies was assessed according to the above information. The data were
analyzed based on previous research. The defect was assumed to be spherical if
calculation of values was needed. The bone regeneration rate data were grouped and

compared between the cystectomy-alone group and the bone grafting group.

RESULTS

Study characteristics

As shown in the flow diagram in Figure 1, 10 of the 117 articles met the inclusion
criteria. These studies included many types of jaw cysts, such as radicular cysts,
keratocysts, and dentigerous cysts. Five studies reported spontaneous bone healing
after enucleation!!>1?], three studies investigated the efficacy of various bone grafts(20-22],
and two randomized comparative studies focused on the comparison between

spontaneous healing and bone graftingl224l, The article type, treatment, bone




regeneration rate, quantitative assessment method of bone regeneration and overall

quality of each study are summarized in Table 1.

Bias across studies and data processing
In the included studies, researchers chose before-and-after size and volume as the main
indicators, but the studies adopted different methods to assess bone regeneration.
Panoramic X-rays were applied in nine studies, of which six reported the change in the
diameter or area of defects. The other three studies used the radiographic changes in the
margin and interior of the surgical site to indicate the level of bone regeneration after
grafting. In the last study, researchers calculated the volume of defects through cone
beam computed tomography (CBCT) scans and reported the volume reduction ratel?4,
In addition to size, Nakkeeran et all®! also used a radiopacity scoring scale to further
assess bone healing.

Heterogeneity was also noted regarding the size of the initial defect and the follow-
up time. Averages were given in five studies, but the other four studies only provided a
range and one study gave no information about the initial defect size. Therefore,
statistical analysis of the efficacy of bone regeneration rate of bone grafting and
cystectomy was not available. For a more direct comparison, we performed calculations
and chose the bone regeneration rate in the area as the indicator for comparison. Errors

occurred during calculations since the actual defect was usually irregular.

Main findings

In the included articles, over 80% of bone healing occurred within 12 mo after bone
grafting, regardless of the type of grafting material. In the three studies which evaluated
the efficacy of bone grafting, over 90% of bone regeneration occurred in 6 mol20-22,
Meanwhile, in the two randomized comparative trials, bone grafting after cystectomy
showed significant superiority over cystectomy alone, with bone regeneration rates of

greater than 80% and 90% after 5 mo and 12 mo, respectivelyl2324].




However, the bone regeneration rate after cystectomy showed great variation,
ranging from 50% to 100% after 6 mo. In three studies, the bone regeneration rate
reached over 90% after 12 moll7-19l. The averages of initial defect diameter were all
larger than 2 cm when only cystectomy was conducted. In the study which reported
complete healing after 6 mo, the patients were all under 18 years old and diagnosed
with idiopathic bone cavities!™l. In the other six studies, including the two comparative
trials, the age of patients ranged from adolescence to middle age.

Due to the high heterogeneity across studies, we could not confirm the efficacy of
bone grafting compared with spontaneous healing. Bone grafting may have some
advantage in early bone regeneration within 6 mo, but spontaneous healing could
achieve satisfactory results in 1-2 years. In addition, since it was difficult for us to
compare the initial size of defects due to the high heterogeneity, we could not analyze
the relationship between bone regeneration rate and initial size.

Two articles grouped cases according to clinical characteristics and analyzed
factors that affect bone healing. The location of the defect in the mandible represents
another important factor, and better bone regeneration was noted in the mandible
compared with the maxillal’®l. On the other hand, follow-up time and initial size were
evidently relevant factors, whereas histological lesion type and patient age were
recognized as nonrelevant factors!'7l. However, the sample size was small in both

articles.

DISCUSSION

Cystectomy is the basic treatment for bone cysts and may be combined with
decompression®l. After cystectomy, spontaneous bone healing occurs to repair the bone
defectltl. However, decompression and enucleation are not always sufficient to achieve
complete bone regeneration, and the process of healing can be long. The extended

healing time increases the risks of bone fracture and infection.

The efficacy of bone grafting compared to spontaneous healing in jaw cystic lesions




Bone regeneration occurs spontaneously in a suitable environment that includes good
blood supply and mesenchymal cells. However, due to the lack of mechanical support,
defects of a critical size cannot heal completelyl®?l. Under these conditions, external
materials are needed to help bone regeneration/2¢l.

Many types of bone grafts, including autografts such as iliac bone, xenografts, and
other materials facilitating bone regeneration, have been used with good results/?7]l.
Bovine-derived hydroxyapatite and synthetic hydroxyapatite help achieve maximum
bone healing within 6 mol?!l. Other materials, such as plasma-rich gels, have also
proven to be effectivel2sl.

Based on previous literature and analysis described above, we noted that the
superiority of bone grafting is unclear. High heterogeneity and lack of relevant studies
made meta-analysis difficult. This finding corresponds with the conclusion in two
previous systematic reviews. Ettl et al'%l summarized the application of different bone
grafts in jaw cysts and concluded that the use of bone grafts remains “state of the art”.
Buchbender et all2] conducted a literature search up to 2016, but they also failed to
propose treatment recommendations. In a retrospective 3D analysis of bone
regeneration after cystectomy with or without iliac bone grafting, which was excluded
from our research because of non-uniform follow-up time, filling therapy did not affect
bone regeneration significantly.

On the other hand, the role of grafts in promoting bone formation was verified. In
randomized trials in which variables were controlled, bone grafting showed a definite
advantage over cystectomy within one year(2324l. Other investigations on bone grafting
showed complete bone healing three months after grafting, indicating the role of
grafting in early bone formation(2-22l,

The efficacy of bone grafts is difficult to define due to a shortage of literature. There
are several clinical trials studying the usefulness of bone grafts in jaw lesions, but the
results have not yet been published[331l. In addition, research involving defects smaller

than 2 cm or follow-up times greater than 12 mo is lacking.




Factors associated with effective bone formation and treatment considerations for jaw
cystic lesions

Reconstructive therapy is recommended for critical-size defects that are likely to persist,
recur, or cause infection or bone fracturel®32. However, due to the complex morphology
of the jaw, the different types of cysts and the influence of teeth or inflammation, the
indications for bone grafts are difficult to specify in maxillofacial bonel3334l. In addition,
these confounding factors are difficult to control in research, accounting for the high
heterogeneity across the articles we included.

According to our research and previous systematic reviews focusing on the effect of
bone grafting after enucleation, the superiority of bone grafts is still not evident(1%!1]. On
the other hand, the role of bone grafting in accelerating bone regeneration is absolute,
making it suitable for rapid recovery of bone quality. Therefore, we proposed to analyze
each case independently according to the basic biological factors for bone regeneration.
The following are some considerations when treating jaw cystic lesions.

Some researchers have proposed that preservation of the periosteum and bone wall,
adequate blood supply, and a solid basis for bone regeneration are the most significant
criteria for bone healing®>3l. The preservation of periosteum during cystectomy is
essential for bone regenerationl¥l. With the existence of bone plates, spontaneous
healing occurred regardless of cyst type, initial size, or agel’l. In general, after
enucleation, jaw cystic lesions are characterized as intrabony cavities. The surrounding
bone walls usually maintain the contour of bone and provide solid support for blood
clots, which can create a suitable physical environment for bone regeneration.
Therefore, bone grafts can maximize the effect when the contour of bone needs to be
reconstructed; for example, when the height or width of bone is lostl3l. Similarly, bone
grafts can be applied when the periosteum is lost, which can occur during surgery and
cause a lack of osteogenesis-related cells and molecules.

Defect size is also a consideration. A large cavity increases the risk of infection and
hematomalfl. Some researchers suggest that when the size of the defect reaches 1-2 cm

or 50% of the circumference of the bone, complete healing cannot happen




spontaneouslyl®l. However, we learn from previous studies that jaw bone has high
regenerative capacity. Ihan et al assessed bone defects smaller than 3 cm and reported
97% bone density for the surrounding healthy bone after 12 mol®l. For lesions
exceeding 4 cm, the reduction of residual defects was over 90% after 24 mol#l. On the
other hand, the thickness and structure of the mandible and maxillary limit the size of
cysts to a certain degree. In recent years, decompression has been applied for large cysts
which may cause fracture. Therefore, cysts before enucleation were usually less than 4
cm in diameter. When deciding on the best treatment for jaw cysts, defect size should be
considered in combination with other factors, such as the position of the defect, the
conduction of decompression, and the systematic health condition.

Apart from defect size, controversies have been noted regarding the histological
type of lesions, and their age and locationl'64ll. One study included in this review
reported better bone regeneration in the mandible compared with the maxillal®l, This
conclusion also concurred with previous studies on decompressionl4243],

In particular, unlike defects in other bones, jaw defects often require complete
healing within a certain time period to offer good bone conditions for implantation and
tooth construction/*l. Under this condition, bone grafting has an obvious advantage
with regard to short-term efficacyl264].

Bone grafting failure can occur when preoperative infection exists, the third
mandibular molar is located in the cyst cavity, non-autogenous and autogenous bone
grafts are used in combination, or the patient has perilesional osteosclerosisl*l. Notably,
researchers have opposite opinions on the incidence of postoperative infection after
bone grafting!47481,

In summary, bone grafts can be applied only after taking into consideration the
following factors: (1) Whether the periosteum is lost or the contour of bone is detracted
by the cyst; (2) Whether the cyst is relatively large; (3) Whether rapid bone formation or
implantation is emergent; and (4) Whether any factors associated with failure are

present, for example, infection before surgery.




Limitations and future research directions

The differences in the methods used for bone regeneration assessment were the most
significant limitation in this review. Due to the incompleteness of data from each study,
errors occurred during speculation and conversion in terms of diameter, area and
volume. Theoretically, the reduction of defect volume is the most accurate indicator for
bone regeneration. However, CBCT and other techniques were not widely applied in
the studies. In addition, when bone grafts are used, the volume of the defect, which is
determined using CBCT or X-rays, can be interfered by graft density. To address the
limitations of CBCT, some other criteria have been suggested. Kattimani et all?2l
proposed criteria based on the outline of bone defects and bone density changes, but the
criteria were slightly different from those proposed by Nakkeeran. Therefore, general
and well-recognized criteria for bone healing should be agreed upon and applied in
future studies.

Another source of uncertainty is the difference in experimental design. Most
articles are retrospective before-and-after studies; thus, the follow-up time differs across
studies. However, in defects, bone regeneration changes over time. Therefore, it is
impossible to perform precise estimations and meta-analyses. In addition, not all
research teams performed group analysis based on the initial size of defects, creating
more limitations to analysis. Other variables, such as histology type and age, were also
not controlled for. A randomized clinical trial, which is rare, is the ideal method to
investigate the efficacy of bone grafts. Further studies with better variable control and

experimental design are needed to investigate these issues.

CONCLUSION

The results of this systematic review show that the advantage of bone grafting after
cystectomy for bone regeneration is not proven in jaw cystic lesions. However,
combined with previous studies, this review also strengthens the idea that bone grafts

accelerate the process of healing and significantly increase bone quality. There is a need




for future studies with better assessment methods, variable control and strict

randomized design.

ARTICLE HIGHLIGHTS

Research background
Bone grafts have been widely applied in orthopedic surgery, but their efficacy in

relation to bone regeneration in jaw cystic lesions remains unclear.

Research motivation
To identify whether bone grafts are beneficial for bone regeneration in jaw cystic lesions

and when bone grafts should be used.

Research objectives
To study the level of bone regeneration after bone grafting compared to spontaneous

healing in the treatment of jaw cystic lesions.

Research methods

A literature search was performed in Medline, Cochrane Library and Embase to identify
related articles published in English in the last ten years. Articles without assessment of
bone regeneration or uniform follow-up time were excluded. Case reports, clinical
trials, clinical studies, observational studies and randomized controlled trials were

included.

Research results
Ten studies were included. Over 90% of bone regeneration occurred within 6 mo after
bone grafting. The bone regeneration rate after cystectomy ranged from 50% to 100%

after 6 mo, but reached over 90% after 12 mo.

Research conclusions




Bone grafts accelerate the process of healing and significantly increase bone quality, but
the long-term superiority of bone grafting compared with spontaneous healing after

cystectomy is unclear.
Research perspectives
There is a need for future studies with better assessment methods, variable control and

strict randomized design are needed, as well as longer follow-up time.

ACKNOWLEDGEMENTS

This work was supported by the investigator-initiated trial "The observation of bone
healing after filling with bone grafts of cystic lesions in jaws: a single-center prospective

study" at First Affiliated Hospital, School of Medicine, Zhejiang University.




71801_Auto_Edited-Y]M-Webster J.docx

ORIGINALITY REPORT

O

SIMILARITY INDEX

PRIMARY SOURCES



