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ABSTRACT

Purpose: This study aimed to investigate the potential factors that could affect the reduction rate of odontogenic
cysts following decompression using cone-beam computed tomography (CBCT) for 3-dimensional volumetric
analysis.

Materials and Methods: The study sample consisted of CBCT images of 41 individuals who underwent decom-
pression of odontogenic cysts at the Department of Oral and Maxillofacial Surgery, Faculty of Dentistry,
Chulalongkorn University, between 2010 and 2022. Preoperative and postoperative CBCT results were collected, and
a volumetric analysis was conducted to evaluate the differences in the reduction rate and the percentage of volume
reduction of cystic lesions based on different parameters. Correlations between these parameters were analyzed to
determine associations.

Results: In this study, the average time of decompression for odontogenic cysts was 316 days. Males demonstrated
a higher reduction rate than females (P <0.05). The reduction rate was directly proportional to initial cyst volume,
with higher reduction rates for cysts with large initial volume than those with small initial volume (P <0.05).
Spearman’s rank correlation coefficient indicated a weak positive correlation between the initial cyst volume and
the duration of decompression. Additionally, a strong positive correlation was observed between the initial volume
and the reduction rate.

Conclusion: Knowledge of the reduction rate of odontogenic cysts is vital for surgeons to evaluate the duration of
decompression before enucleation and to determine a definitive treatment plan. Sex and initial lesion volume had
significant effects on the reduction rate. (Imaging Sci Dent 2023; 53: 313-23)
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alveolar nerve, nasal cavity, and maxillary sinus due to

Introduction increasing intra-cystic pressure, tooth displacement, and

Odontogenic cysts are the most common intraosseous
jaw lesions.' Several types of cystic lesions such as odon-
togenic keratocysts, dentigerous cysts, and radicular cysts
can present with large dimensions, which leads to the in-
volvement of anatomical structures, such as the inferior
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root resorption.z'4 Enucleation is the first-line treatment.
However, for large cysts, this could present an increased
risk of damage to vital structures. Thus, the treatment goal
is to first reduce intracystic pressure using decompression
techniques, such as decompression with a drain or marsu-
pialization, which should be considered to prevent poten-
tial damage 8

Decompression is an effective treatment, involving low
morbidity, for large cystic lesions of the jaw.6’9’10 By reduc-
ing the lesion size, either partially or completely, the risk
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of surgical damage to important anatomical structures can
be minimized; in some cases, a second operation might not
be required.""'? Both marsupialization and decompression
with a drain technique have the same primary principle.
The marsupialization technique involves opening the cavi-
ty to the oral environment and suturing the cystic lining to
the oral mucosa.” In decompression with a drain, however,
a small hole is made in the cystic cavity, and a tube or stent
is anchored for drainage and continuous irrigation.'* Often,
a second operation is needed to completely eliminate the
cystic lesion after these procedures.”” After the cyst size is
reduced to the extent that it does not damage the adjacent
vital structures, the surgeon considers enucleating the cys-
tic lesion. Therefore, knowledge of the reduction rate of
odontogenic cysts is important for determining the duration
of decompression before enucleation. This helps surgeons
determine when to enucleate a cyst following decompres-
sion. Several previous studies have described factors that
influence the reduction rate of odontogenic cysts using
panoramic radiography.*'®!"” However, it can be difficult
to determine the exact boundaries of cystic lesions using
this technique. Cone-beam computed tomography (CBCT)
has become widely employed in dentistry due to its many
applications, which allow customized settings and provide
accurate 3-dimensional (3D) images. These advantages
have resulted in reduced scanning time, easy accessibility,
and clear images of contrasted structures. CBCT can also
be enhanced with other software to generate 3D mathemat-
ical models of teeth, enabling convenient, efficient, and ac-
curate calculations of surface area and volume. As a result,
CBCT can be utilized to precisely determine the volume of
cystic lesions.'*"”

The purpose of this study was to investigate the poten-
tial factors that could affect the reduction rate of odonto-
genic cysts following decompression using CBCT for 3D
volumetric analysis.

Materials and Methods

Sample

This retrospective study was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2022-012). The
sample size was calculated using G*Power version 3.1.9.2,
with an alpha, power, and effect size (E) of 0.05, 0.95, and
3.54, respectively, based on a previous study conducted by
Consolo et al.’ Based on these assumptions, the minimum
required sample size was estimated to be 16 subjects. This

study included 41 patients who underwent decompression
of odontogenic cysts at the Department of Oral and Maxil-
lofacial Surgery, Faculty of Dentistry, Chulalongkorn Uni-
versity, between 2010 and 2022. Preoperative and postop-
erative CBCT images of these patients were collected for
analysis. The histopathological diagnoses comprised den-
tigerous cysts, orthokeratinized odontogenic cysts, parake-
ratinized odontogenic keratocysts, and radicular cysts. All
cases were categorized as unicystic lesions. The exclusion
criteria consisted of insufficient clinical and radiological
data on patients, the presence of systemic conditions (e.g.,
metabolic bone diseases), and the current use of certain
medications, such as steroids, chemotherapy, antiresorptive
drugs, or antianabolic drugs. The patients were categorized
based on several factors, including sex, age, initial volume
of the lesion, duration of decompression, location of the le-
sion, decompression technique, and pathological diagnosis.

CBCT image analysis

CBCT imaging was performed using a CBCT device (3D
Accuitomo 170 Morita, Osaka, Japan) with a resolution of
0.25 mm and standard mode exposure settings of 90 kVp
and 5 mA. The CBCT images were exported as Digital
Imaging and Communications in Medicine (DICOM) files
and imported into Mimics software. Mimics version 21.0
(Materialise, Leuven, Belgium) was utilized to analyze the
cystic area in the axial, coronal, and sagittal planes. Ad-
ditionally, the use of Hounsfield units (HU) in CBCT can
determine bone density to assess its appropriateness.”' Ac-
cording to Bridge and Tipper,” the appropriate HU value
for bone is 400. Therefore, in this study, the HU value was
set to 400 to establish the margin of cystic lesions. Soft
tissue and fluid were assigned an upper threshold of 399
and a lower threshold of 0 (Fig. 1). A crop mark was placed
around the area that contained features of interest (Fig.
2). The measurement area was marked as the blue region
along the widest portion from the central part of the cys-
tic site to the healthy bone, while the remaining area was
marked as the red region (Fig. 3). This study utilized an
automatic program to create a stereolithography (STL) file,
which was subsequently used in a 3D medical program
to generate a 3D model (Fig. 4). The volume of the cystic
lesion was calculated in cubic millimeters (mm®) and mea-
sured to determine the reduction rate and the percentage of
volume reduction.

The following variables that can affect the impact of
decompression were analyzed: sex (male, female); age
(<30 years, >30 years); the initial volume of the lesion
(<10,000 mm3, >10,000 mm3); the duration of decom-
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Fig. 1. The cystic lesion margin is designated by a Hounsfield unit (HU) value of 400 for bone density, while a range of 0-399 HU is used
for soft tissue and fluid.
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Fig. 2. The crop mask is performed in an area of interest.

pression (120-240 days, 241-360 days, or >360 days); togenic cyst, parakeratinized odontogenic keratocyst, or
location of the lesion (anterior maxilla, anterior mandible, radicular cyst).

posterior maxilla, or posterior mandible); decompression The age criterion was determined based on the results
technique (tube drain or marsupialization); and patholog- of the study conducted by Ihan Hren et al.” The initial
ical diagnosis (dentigerous cyst, orthokeratinized odon- criterion of 10,000 mm?® for the cystic volume was select-
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Fig. 3. The analyzed image reveals the cyst lesion area (blue region) and the area not of interest (red region).
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Fig. 4. A 3-dimensional (3D) medical program automatically designs the 3D lesion, providing an accurate representation of the affected

area.

ed based on the study by Jeong et al..” which classified
the size of the initial lesion as 10 mL. The criterion for the
duration of decompression was set based on the study by
Bodner and Bar-Ziv.**

To determine the mean value of the descriptive data, the
following analysis was performed: the mean value was
defined as equal to the total sum of values in a sample di-
vided by the number of values in that sample. To obtain the
reduction rate of odontogenic cysts, the reduction rate of

cystic lesions (mm®/day) was calculated as the total of the
cystic volume before decompression (mm®) minus the cys-
tic volume after decompression (mm3) divided by time (ex-
pressed in days of observation). To obtain the percentage of
volume reduction, the cystic volume before decompression
(mm3) minus the cystic volume after decompression (mm3)
was divided by the cystic volume before decompression
and multiplied by 100.

— 316 —



Table 1. The reduction rate (mm3/day) according to various parameters
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Independent factor Number Reduction rate (mm3/day)

Sex™*

Male 25 27.93+28.11

Female 16 13.91+10.63
Age(y)'

<30 16 19.84+20.15

>30 25 24.14%+26.06
Initial volume of the lesion (mm®)™*

<10,000 21 10.18+591

>10,000 20 3536+2845
Duration of decompression (Days)"

120-240 12 2940+3522

241-360 15 14.88+10.03

>360 14 246412151
Location of the lesion”

Anterior maxilla 5 8.09+549

Posterior maxilla 3 20.38+10.91

Posterior mandible 33 24.82+25.61
Decompression technique®

Tube drain 22 22.73+£26.72

Marsupialization 19 22.14£20.52
Pathological diagnosis”

Dentigerous cyst 15 17.91+9.89

Orthokeratinized odontogenic cyst 5 52.58+47.15

Parakeratinized odontogenic keratocyst 19 19.76+19.43

Radicular cyst 2 6.96+7.29

*: P<0.05, a: Mann-Whitney U test, b: Kruskal-Wallis test

Statistical analysis

Data on several factors, including sex, age, the initial
volume of the lesion, duration of decompression, the loca-
tion of the lesion, decompression technique, and patholog-
ical diagnosis, were collected and presented using descrip-
tive statistics. The normality of the data distribution was
examined using the Shapiro-Wilk test. Differences between
groups were compared using the Mann-Whitney U test and
the Kruskal-Wallis test. After comparing the differences
between the associated factors, the Spearman rank correla-
tion coefficient was used to analyze the magnitude of asso-
ciations between variables. The magnitude of associations
was determined with a 95% confidence interval (CI), and
the statistical significance was set at P <0.05. All statistical
analyses were performed using SPSS version 28.0 IBM
Corp., Armonk, NY, USA).

Results
The present study included 41 subjects, 25 (61%) males
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and 16 (39%) females, with a mean age of 37.68 years
(range: 10-72 years). The mean initial cyst volume was
12,257.97 mm” (range: 1,466.21-53,675.73 mm®). The av-
erage time of decompression for odontogenic cysts was
316 days (range: 147-740 days). The lesion locations were
the anterior maxilla, posterior maxilla, and posterior man-
dible in 5, 3, and 33 cases, respectively. Decompression
techniques using a tube drain and marsupialization were
used in 22 and 19 cases, respectively. The pathological
diagnoses are shown in Table 1.

There were significant differences in the reduction rate
between sexes and based on the initial volume of the le-
sion (P <0.05). However, there were no statistically sig-
nificant differences in the reduction rate based on age,
duration of decompression, location of the lesion, decom-
pression technique, or pathological diagnosis (Table 1).

No statistically significant differences were found in the
percentage of volume reduction based on sex, age, initial
volume of the lesion, duration of decompression, location
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Table 2. The percentage of volume reduction (according to parameters)

Independent factor Number Percentage of volume reduction (%)

Sex®

Male 25 533111685

Female 16 56.06 £20.37
Age(y)'

<30 16 58.39+14.71

>30 25 51.82+19.84

Initial volume of the lesion (mm")*

<10000 21 52.78+19.34

> 10000 20 56.07+17.04
Duration of decompression (Days)b

120-240 12 485211991

241-360 15 50.97+19.70

>360 14 63.07x+11.35
Location of the lesion”

Anterior maxilla 5 51.57+21.67

Posterior maxilla 3 57.72+£7.086

Posterior mandible 33 54.51+£18.59
Decompression technique®

Tube drain 22 53.45+16.59

Marsupialization 19 55.46+20.13
Pathological diagnosis”

Dentigerous cyst 15 56.27+18.84

Orthokeratinized odontogenic cyst 5 48.18+17.00

Parakeratinized odontogenic keratocyst 19 5543+18.17

Radicular cyst 2 45.73+25.08

a: Mann-Whitney U test, b: Kruskal-Wallis test
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Fig. 5. Chart shows the reduction rate of the decompression tech-
nique according to the duration of decompression.
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of the lesion, decompression technique, and pathological
diagnosis (P >0.05, Table 2).
The reduction rate for a given duration of decompres-
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Fig. 6. Chart shows the percentage of volume reduction of the
decompression technique according to the duration of decompres-
sion.

sion did not show any statistically significant difference
between the tube drain and the marsupialization group
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Fig. 7. Chart shows the reduction rate of the pathologic diagnosis corresponding to the duration of decompression (*: P <0.05).
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Fig. 8. Chart shows the percentage of volume reduction of the pathologic diagnosis corresponding to the duration of decompression.

(P>0.05, Fig. 5). Similarly, the percentage of volume re-
duction also did not demonstrate a statistically significant
difference between the tube drain and marsupialization
group (P>0.05, Fig. 6).

The reduction rate for a given duration of decompression
did not show any statistically significant difference among
different pathological diagnoses, including dentigerous
cysts, orthokeratinized odontogenic cysts, and odontogenic
keratocysts (P>0.05, Fig. 7). Similarly, the percentage of
volume reduction based on the duration of decompression
showed no statistically significant difference within each
diagnosis group (dentigerous cysts, orthokeratinized odon-
togenic cysts, and parakeratinized odontogenic keratocysts)
(P>0.05, Fig. 8).

Using the Spearman rank correlation coefficient, a weak
positive correlation was found between the duration of de-
compression and the initial cyst volume (r=0.320), which
was statistically significant (P <0.05). A strong positive
correlation was observed between the reduction rate and
the initial volume (r=0.855), which was also statistically
significant (P <0.05, Table 3).

Discussion

The conservative treatment of odontogenic cysts often
involves decompression, which has been reported to have a
high success rate in various studies.'®!” As this technique is
a long-term treatment, the duration of decompression is an
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Table 3. Spearman correlation coefficients for the relationships between the reduction rate and the percentage of volume reduction with

age, duration of decompression, and initial volume

Age Duration of decompression (days) Initial volume (mm®)
Reduction rate Coefficient 0.12 0.06 0.86%*
Percentage Coefficient -0.29 0.35* 0.14

of volume reduction

* P<0.05

important consideration, which surgeons will often assess
before proceeding with enucleation.” Therefore, studying
the factors that affect the reduction rate of odontogenic
cysts can be useful for achieving clinical success. In this
study, the authors evaluated the effects of sex, age, initial
volume of the lesion, duration of decompression, location
of the lesion, decompression technique, and pathological
diagnosis on the success of decompression. After a statisti-
cal evaluation, it was found that sex and initial volume ex-
hibited statistically significant associations (P <0.05).

This study found that sex was a significant factor influ-
encing the reduction rate of cystic lesion decompression,
with males showing a higher reduction rate than females.
However, no significant differences in the percentage of
volume reduction were observed between males and fe-
males. These results are consistent with the study by Jeong
et al..* which reported that males have a higher reduction
rate than females, although this difference was not sta-
tistically significant in their study. The higher reduction
rate observed in males may be attributed to the larger ini-
tial volume of odontogenic cysts, such as parakeratinized
odontogenic keratocysts, and dentigerous cysts, which are
more prevalent in males than females.”® Therefore, the sub-
stantial reduction in volume observed in males may be in-
fluenced by the large initial cystic volume.

Inconsistent findings have been reported regarding the
effects of age on decompression. Kwon et al.” reported
that younger patients demonstrated a significantly higher
reduction rate than older patients, while another studyz’(”7
reported that age was not associated with the reduction
rate. In this study, the age criterion was established accord-
ing to Than Hren et al..” who suggested that bone healing
is significantly reduced among patients aged over 30 years
after large defects. However, the present study found no
significant difference in the rate of reduction and the per-
centage of volume reduction based on age. These findings
were consistent with those of Lee et al.,'® who reported that
age did not influence the reduction rate. Therefore, for old-
er patients with large cystic lesions in the jaw, decompres-

sion could be used to reduce the size of the cyst.

According to Jeong et al.? the rate of decrease in lesion
volume was positively associated with the initial volume.
Gao et al.”’ examined the correlation between relative
shrinkage speed and the primary radiolucent area before
decompression and discovered that large cystic lesions ex-
hibited a faster rate of shrinkage than smaller lesions after
decompression. However, Anavi et al."” found that the ini-
tial size did not affect the outcome of decompression. In
this study, the initial volume of the lesion was categorized
based on the criterion (< 10,000 mm’ and > 10,000 mm3)
suggested by Jeong et al.® That study indicated that large
initial cysts (>10 mL) showed a statistically significant
greater rate of reduction than that of small initial cysts
(<10 mL). Likewise, this study revealed a significant dif-
ference in the reduction rate based on the initial volume of
the cystic lesion, with cysts having a large initial volume
demonstrating a higher reduction rate than those with a
small initial volume. This suggests that a large initial vol-
ume may be attributed to the cyst’s ability to absorb fluid
from its surroundings and the development of its epithe-
lial cells, leading to increased volumetric pressure within
the cystic cavity due to osmotic pressure. Consequently,
large cystic lesions tend to shrink more rapidly than small
lesions do.

The duration of decompression in this study was catego-
rized as 120-240 days, 241-360 days, or >360 days, ac-
cording to the study of Bodner and Bar-Ziv,** who suggest-
ed that bone regeneration could be observed 3-4 months
after the marsupialization of odontogenic cysts. This study
revealed that the volume reduction rate was higher during
the initial duration of decompression (120 to 240 days).
However, this result was not statistically significant. This
observation is consistent with Zhao et al.,” who suggested
that the initial duration of decompression was character-
ized by a high reduction rate and that enucleation can be
conducted 6 to 12 months following marsupialization when
enough bone growth has taken place. Additionally, Kwon
et al.” recommended that the ideal duration of decom-
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pression should be 3-14 months and that there should be a
50-60% reduction in cyst size before commencing enucle-
ation. They also observed a similar percentage of volume
reduction to that in this study. However, no statistically sig-
nificant differences in the percentage of volume reduction
and duration of decompression were found.

Jeong et al.® showed that cystic lesions in the maxilla
had higher mean reduction rates than those in the mandi-
ble. In contrast, Oliveros-Lopez et al.* obtained statistical-
ly significant results that showed a higher reduction rate
for odontogenic cysts in the mandible than in the maxilla.
However, in this study, no significant differences were
observed in reduction rates based on the location of the
lesion. These findings are consistent with those of Anavi
et al.,'”” who suggested a comparable reduction rate for
odontogenic cysts in both the maxilla and the mandible.
Additionally, the authors of this study believe that enucle-
ation, including the complete removal of the lesion, is the
primary treatment option.

This study did not find any statistically significant impact
of the type of decompression technique on reduction rates.
However, the initial duration of decompression (120 to 240
days) was associated with a high reduction rate when us-
ing the tube drain technique. Conversely, during the later
duration of decompression (>360 days), the highest reduc-
tion rate was found when the marsupialization technique
was utilized. Therefore, the authors suggest the possibility
of switching to the marsupialization technique in cases of
large cystic lesions that slowly and persistently drain for
more than 360 days. Because marsupialization removes
the surrounding bone surface tension, which inhibits the
proliferation and differentiation of osteogenic precursors, it
activates signaling pathways to promote osteogenesis and
modifies the expression of osteonectin and collagen type
1,” which help promote bone formation while also reliev-
ing cyst pressure. In this study, no statistically significant
differences were found in the reduction rates for various
pathological diagnoses, thereby aligning with the findings
reported by Jeong et al. and Anavi et al.>'7 However, the
authors observed a higher reduction rate in orthokeratinized
odontogenic cysts than in other types, specifically during
the initial duration of decompression. This observation may
be attributed to the large initial volume of orthokeratinized
odontogenic cysts, which can lead to a higher reduction
rate than observed for other cyst types.

Most comparative studies on the reduction rates and the
percentage of volume reduction in preoperative and post-
operative cystic lesions have used panoramic radiographs
for the .'c1nalysis.4’16’17 Panoramic radiography has some
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advantages over CBCT, as it has a lower radiation expo-
sure requirement and is less expensive. However, due to
the limitations of 2-dimensional analysis, it lacks the abil-
ity to determine the distinct boundaries of cystic lesions,
especially when their positioning overlaps with the spine.
In contrast, CBCT allows measurements of the volume
of a cystic lesion and exhibits high accuracy in precisely
defining the cyst boundaries.®”® The authors of this study
utilized CBCT to examine the boundary and shape of cys-
tic lesions in the axial, coronal, and sagittal planes in the
form of a DICOM file and created an STL file for cystic
volume analysis. The difference between volumetric anal-
ysis using a DICOM file and that using an STL file is that
volumetric measurement using DICOM files involves a
time-consuming process of manually marking images to
localize the cyst outline on each CBCT slice. This method
is prone to errors, especially when working with numerous
slices. Additionally, DICOM measurements have limita-
tions in assessing certain areas, such as the surface areas
of tooth roots involved in the cyst and the irregular bone
regeneration on the inner walls of the cyst volume after de-
compression.29 Therefore, this study used STL files, which
tend to provide more information about the surface of the
volume, in conjunction with the determination of cystic
lesion boundaries using HU. This method accurately pre-
dicts both the surface and volume of the cyst and is less
time-consuming than making measurements with DICOM
files. The volumetric assessment of the cysts in this study
was conducted using Mimics software.

Mimics software is straightforward to use. Martin et al.”'
suggested that the program’s user-friendly interface and the
wide range of segmentation capabilities contributed to its
high 3D modeling performance. These conclusions were
supported by Tuan and Hutmacher,” who found that Mim-
ics software enabled better image manipulation, visualiza-
tion, and function. However, a limitation of this retrospec-
tive study was the non-normality of the data, which can
be attributed to the limited sample size used to determine
the effects on the outcome variable. A reason for this small
sample size is that only patients who had undergone CBCT
were considered in this study. Additionally, there were dif-
ficulties in determining certain boundaries of cystic lesions
that were in unclear positions.

In conclusion, decompression treatment for cysts was
found to be more effective in males and for lesions with
large initial volumes. Thereby, the variables of sex and ini-
tial volume demonstrated a statistically significant impact
on the reduction rate, although no statistically significant
impact was observed on the percentage of volume reduc-

— 321 —



Factors affecting the reduction rate of odontogenic cysts after decompression based on 3-dimensional volumetric analysis

tion. Additionally, factors such as age, duration of decom-
pression, location of the lesion, decompression technique,
and pathological diagnosis showed no statistically signifi-
cant impact on the reduction rate or the percentage of vol-
ume reduction. Knowledge of the reduction rates of odon-
togenic cysts is vital for surgeons to evaluate the duration
of decompression before enucleation and to determine a
definitive treatment plan. Additionally, CBCT was found to
be beneficial for measuring changes in cystic volume after
decompression.
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