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Abstract

Background: This study aimed to investigate the appropriate timing for the second enucleation surgery to remove
entire cystic odontogenic jaw lesions based on tooth preservation and lesion shrinkage patterns after the marsupial-
ization of jaw lesions.

Material and Methods: This retrospective study included 20 patients who underwent marsupialization between Janu-
ary 2013 and December 2024. Changes in the number of lesions affecting the teeth before and after marsupializa-
tion were investigated, and two-dimensional lesion size changes on panoramic radiographs and three-dimensional
volume changes on computed tomography images over time were measured and analyzed. Statistical analysis was
performed using the Mann-Whitney test for non-normally distributed, continuous variables and the chi-square test
or Fisher’s exact test for nominal variables, as appropriate, with a significance level of p<0.05.

Results: After an average of 62.51+£31.17 weeks of marsupialization, the number of lesion-involved teeth decreased
by 46.48%. An average lesion reduction of 50.85+14.95% and 62.86+17.25% (p<0.05) in two- and three-dimensional
volumetric assessments was observed. Lesion shrinkage was the most significant between 16 and 24 weeks (95%
confidence interval), with a mean of 18+10 weeks.

Conclusions: Definitive enucleation surgery should be delayed by 24 weeks to maximize neo-bone formation in the
cystic odontogenic jaw lesion cavity and maintain the vitality of the affected teeth.

Keywords: Cystic odontogenic jaw lesions, marsupialization, tooth preservation.

Introduction
The management of cysts or cystic lesions of the jaw

and preserve bone and involved teeth through shrinkage
and substantial reduction in lesion size [4]. Substantial

has been widely debated [1,2]. For jaw cystic lesions,
conservative surgical management includes marsupial-
ization, advocated by Partsch in 1892, and decompres-
sion, proposed by Thoma in 1958 [3]. These methods
can reduce damage to adjacent anatomical structures

evidence supports marsupialization/decompression as a
versatile treatment option with low complication rates
for managing odontogenic/non-odontogenic cysts and
unicystic odontogenic jaw tumors [5-7]. Although some
studies have used these conservative techniques as sole
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treatments [8], a second surgery was necessary in most
cases to completely remove pathological tissues [9].
Because conservative approaches depend on releasing
intraluminal pressure, which promotes gradual new
bone formation over time, patient compliance with the
unpredictable and prolonged duration of lesion reduc-
tion is an important factor for successful outcomes
[10,11]. Therefore, surgeons can provide further scien-
tific information regarding the benefits to patients over
time and the optimal timing for a second surgery.

The current study aimed to investigate the outcome of
marsupialization of cystic lesions in the jaw. We hy-
pothesized that marsupialization would preserve the
lesion-involved teeth with a lower complication rate and
that the appropriate timing for a second enucleation sur-
gery could be predicted to remove the entire lesion. To
address the hypotheses, we investigated the reduction
rate of the number of lesion-involved teeth and the pat-
tern of lesion shrinkage in relation to the patient’s age,
histological types, initial size, and sites of the lesion, as
well as the number of involved teeth over time.

Material and Methods

Study design and sample size

To address the research objectives, a retrospective study
was designed and implemented. The study population
included 20 patients who underwent marsupialization
due to large cystic jaw lesions with a potential risk of
inferior alveolar nerve injury, oronasal or oroantral fis-
tula formation, or multiple tooth extractions or loss of
pulp vitality at the Department of Oral and Maxillofa-
cial Surgery, Ulsan University Hospital, between Janu-
ary 2013 and December 2024. The inclusion criteria
for the study were as follows: Availability of medical
records, panoramic radiographs, and multidimensional
or cone-beam computed tomography (CBCT) images,
performance of an incisional biopsy of the cystic lining
during marsupialization to establish a histopathological
diagnosis and rule out malignancy, secondary enucle-
ation with peripheral ostectomy of the remaining lesion
after marsupialization, follow-ups at approximately
1-month intervals to check whether proper oral hygiene
and stromal opening were sustained during the mar-
supialization period. The study protocol was approved
by the Institutional Review Board of Ulsan University
Hospital (UUH IRB 2025-03-027). The study was con-
ducted and reported in accordance with the Declaration
of Helsinki and STROBE guidelines [12]. The require-
ment for informed consent was waived due to the retro-
spective nature of the study.

Study variables

The outcome variables included 1) the reduction in the
number of lesion-involved teeth and complications, and
2) pattern of lesion shrinkage over time. The number
of teeth involved over time was determined using pan-
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oramic and computed tomography images. The recur-
rence rate was evaluated at the final visit after at least 1
year of follow-up. Two-dimensional lesion size changes
over time were observed on serial panoramic radio-
graphs using the Sketch-Up software (Trimble Inc.,
Sunnyvale, CA, USA), and their three-dimensional vol-
ume changes over time were measured on multidimen-
sional computed tomography or CBCT images using
the OnDemand3D software (Cybermed, Seoul, South
Korea). The same observer investigated lesion size and
volume on the radiographs thrice, and the mean value
was used for analysis. The reliability of repeated mea-
surements was assessed by calculating the intraclass
correlation coefficient (ICC). The ICC values indicated
excellent reliability (ICC= 0.990 and 0.971 for two- and
three-dimensional measurements, respectively; 95%
CI: 0.980-0.996 and 0.926-0.991, respectively). The in-
terval speed of shrinkage, defined as the lesion cavity
change between every visiting interval, and the trend
of lesion change were calculated and represented in
graphs. To assess the predictors influencing bone di-
mensional changes, the patient’s age, pathology of the
lesion, site of the lesion, initial two-dimensional size
and three-dimensional volume of the lesion, and num-
ber of teeth involved were analyzed.

Statistical analysis

Treatment data were evaluated using descriptive sta-
tistics, including the mean + standard deviation and
frequency. Panoramic and computed tomography im-
ages were compared using the Mann-Whitney test for
non-normally distributed continuous variables and the
chi-square test or Fisher’s exact test for nominal vari-
ables, as appropriate. Lesion changes at 24 weeks were
analyzed using the Wilcoxon signed-rank test. The pro-
portion of patients exhibiting peak lesion shrinkage be-
tween 16 and 24 weeks was assessed using the exact
binomial test. Additionally, longitudinal changes in the
lesion volume over time were analyzed using a general-
ized linear mixed model to account for repeated mea-
sures. Data manipulation and statistical analyses were
performed using IBM SPSS Statistics for Windows ver-
sion 28 (IBM Corp., Armonk, NY) and the R software
version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria; www.r-project.org). The significance
level was set at p<0.05.

Results

This study included a total of 20 patients (15 men and five
women), with ages ranging from 31 to 77 years (mean,
47.40411.74). Histological diagnoses included radicular
cysts (n=8), dentigerous cysts (n=8), odontogenic kera-
tocysts (OKC, n=2), and unicystic ameloblastoma (n=2).
The mean duration of marsupialization was 62.514+31.17
weeks, after which all patients underwent enucleation as
the definitive surgical procedure (Table 1).
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Tooth preservation rates were assessed based on pulp
vitality and extraction status before and after marsu-
pialization. Approximately 12, 24, and 36 weeks after
marsupialization, the number of teeth within the le-
sions decreased by 13.44, 26.69, and 30.93%, respec-
tively, and ultimately by 46.48% throughout the mean
total treatment period. No invasion or injury to adjacent
anatomical structures, including neurovascular compo-
nents, was observed after definitive surgery (Figure 1).

*
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Changes in lesion size and volume were monitored at
each follow-up visit to analyze shrinkage patterns and
identify the periods of the most pronounced shrinkage.
Based on the interval speed of lesion change, lesion
shrinkage was the most significant between 16 and
24 weeks (95% confidence interval; mean, 18+10) af-
ter marsupialization. Moreover, two distinct patterns
were identified: An early peak pattern (n=11), charac-
terized by rapid initial shrinkage (mean, 14.64+8.43

Figure 1: Series of radiographs of lesion-involved teeth before and after marsupialization.

Left: Cystic lesion with affected teeth from the mandibular right canine to the second molar and inferior alveolar nerve

Middle: Three months after marsupialization, a 17x10-mm window was created. Right: Immediately before definitive enucleation after 118
weeks, the affected neurovascular component and teeth were outside the lesion, except the second molar.

One case of recurrence was identified in a patient with
OKC and nevoid basal cell carcinoma syndrome, occur-
ring 8 years after the final surgical removal of the lesion.
Lesion shrinkage was evaluated using both two-di-
mensional and three-dimensional analyses. Through-
out the entire treatment duration, lesions showed an
average reduction of 50.85+14.95% (p<0.05) in two-
dimensional measurements and an average reduction of
62.86+17.25% (p<0.05) in three-dimensional volumet-
ric assessments, with no statistically significant differ-
ences between panoramic radiographs and computed
tomography images (Figure 2 and Figure 3).

weeks) followed by a gradual decrease with time,
and a delayed peak pattern (n=8), characterized by
an initially minimal response followed by significant
shrinkage at a later time point (mean, 23.50+7.35
weeks) and subsequent deceleration (Figure 4). How-
ever, no significant correlations were found between
the two shrinkage patterns and patient age (p=0.808),
initial two-dimensional lesion size (p=0.342), histo-
logical type (p=0.398), presence or absence of cortical
bone perforation (p=1.000), or initial number of teeth
involved (p=0.511).
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Figure 2: Lesion size changes during marsupialization on panoramic radiographs.
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Figure 3: Lesion volume changes during marsupialization on computed tomography images.
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Figure 4: Interval speed patterns of lesion change. Lesion shrinkage was the most significant between 16 and
24 weeks (95% confidence interval), with a mean of 18+10 weeks.

Discussion

Marsupialization is considered a conservative treatment
option for large cystic jaw lesions that avoids aggres-
sive radical surgery and adjacent anatomical structures
after lesion shrinkage [13,14]. Some studies with larger
sample sizes indicated that marsupialization or decom-
pression is effective in treating medium- or large-sized
cysts [15,16]. In their meta-analysis, Al-Moraissi ef al.
compared recurrence rates across treatment modalities
for OKC and found that marsupialization followed by
secondary enucleation with peripheral ostectomy was
associated with a lower recurrence rate than either enu-
cleation or marsupialization alone [16]. In this study,
although adjacent anatomical structures were not in-

vaded or injured, including neurovascular components
or oroantral communication, recurrence occurred in
one patient with syndromic OKC 8 years after the final
surgical removal of the lesion. Considering the high re-
currence rate of syndromic OKC [17], long-term follow-
up appears to be essential, even after marsupialization.
The optimal timing for the second complete removal
surgery and the benefits of long-lasting marsupializa-
tion periods are still subject to debate [6,14,18]. To as-
certain the benefits of marsupialization during periods
of lesion shrinkage, we investigated the extent to which
involved dental roots could be excluded from the lesion
according to marsupialization periods. This is impor-
tant because, after eliminating the risk of damage to
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adjacent anatomical structures, preserving the vitality
of teeth involved in lesions and minimizing surgical de-
fects is highly advantageous to patients.

The rationale for root canal therapy for standing vital
teeth roots protruding into the cystic lesion is that sur-
gical intervention causes devitalization of all teeth asso-
ciated with the cyst [19,20]. This may lead to persistent
periapical infections or immediate or delayed postopera-
tive infection [20]. Moreover, peripheral ostectomy to
reduce lesion recurrence could cause devitalization of
adjacent teeth, as well as lesions involving the teeth. If
the lesion is an OKC or unicystic ameloblastoma, a more
aggressive peripheral ostectomy is recommended owing
to high recurrence rates [16,21]. Although dentigerous
cysts are the most commonly suspected cystic lesions
associated with impacted third molars, mandibular OKC
and unicystic ameloblastomas are frequently associated
with them [22,23]. Therefore, without a definitive diag-
nosis of the lesion, surgeons tend to choose a somewhat
aggressive peripheral ostectomy, although radiographic
findings and clinical features help make a tentative di-
agnosis. Marsupialization can help maintain the vitality
of involved teeth because the part of the cystic lining re-
moved during the procedure aids in making a definitive
diagnosis of the lesion. When the pathology reveals less
aggressive cysts, such as dentigerous and radicular cysts,
the vitality of the involved teeth can be preserved because
minimum peripheral ostectomy is recommended. Fur-
thermore, lesion shrinkage over time can allow exclusion
of dental roots previously protruded into the cystic cav-
ity from the lesion. We investigated the extent to which
involved dental roots could be excluded from the lesion
during marsupialization. In the literature, only few stud-
ies have evaluated the preservation of tooth vitality after
marsupialization of cystic lesions. Diarra et al. reported
that, during total marsupialization periods ranging from
6 to 62 months, 84.5% of the teeth involved in lesions
were preserved following definitive surgery [24]. In the
present study, after an average marsupialization duration
of 62.51+31.17 weeks, the number of teeth involved in le-
sions was reduced by 46.48%. The reduction rates at 12,
24 and 36 weeks were 13.44, 26.69, and 30.93%, respec-
tively. Despite performing peripheral ostectomy in this
study, 46.48% of the involved teeth ultimately remained
unaffected by lesions over the total mean treatment pe-
riod and had preserved pulp vitality.

Furthermore, we hypothesized that the change in speed
of lesion shrinkage over time could help determine the
timing of secondary enucleation surgery. The duration
of marsupialization has been actively debated. Some
authors advocate that sufficient bone formation for enu-
cleation has occurred 6-12 months after marsupializa-
tion [18,25-27]; however, some authors advocate for a
period of 4 to 6 months [15,27,28]. Among the authors
who reported shorter durations, Bodner et al. [29] rec-
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ommended that cysts be enucleated 3 months after mar-
supialization. Zhao et al. [14] reported significant in-
creases in bone apposition and a remarkable decrease in
the cyst cavity 3 months after decompression. However,
in the current study, based on the interval velocity, the
most pronounced lesion shrinkage on the radiographs
occurred 16 to 24 weeks after marsupialization. This
implies that surgery before 16 weeks could be disad-
vantageous in terms of maximizing new bone formation
and preserving tooth vitality through lesion shrinkage.
Moreover, we observed two types of significant lesion
shrinkage: Early significant shrinkage and delayed sig-
nificant shrinkage. In early significant shrinkage, the
difference in lesion size between intervals was the most
evident in the early visiting intervals and then slowed
with extended time. In contrast, in delayed significant
shrinkage, a peak difference occurred slightly later than
in the early type. Moreover, there was no statistical dif-
ference between the two types in terms of age, initial
size of the lesion, presence of the cortex of the bony
wall, and pathological type; these factors are considered
to influence the speed of volume change after marsupi-
alization [6,13,30]. Therefore, delaying the second enu-
cleation surgery after 24 weeks may be a more suitable
approach. This is because significant increases in bone
volume with a remarkable decrease in the lesion cavity
could be obtained by then. Moreover, at least in multiple
vital teeth-affected lesions, tooth vitality could be im-
proved because the involved dental roots can be located
outside of the lesions during these periods.

This study has several limitations, including a small
sample size, irregular radiographic intervals, and a
focus on mostly two-dimensional changes in lesion
shrinkage patterns.

Nevertheless, our results provide evidence for the opti-
mal duration of marsupialization of cystic odontogenic
jaw lesions and the related benefit of preserved teeth vi-
tality. Although marsupialization is an optional treatment
modality for large cystic jaw lesions, it helps preserve le-
sion-involved teeth vitality as well as adjacent anatomical
structures, such as the inferior alveolar and infraorbital
nerves, nasal cavity, and maxillary sinus, and is thus of
potential interest to patients. Furthermore, we assessed
the interval speed of shrinkage and evaluated patterns of
lesion changes to predict the optimal timing of the sec-
ondary definitive surgery. To the best of our knowledge,
this is the first attempt to apply such an approach.

Conclusions

In conclusion, marsupialization is an effective treat-
ment modality for preserving tooth vitality while avoid-
ing damage to adjacent anatomical structures. Lesion
shrinkage was the most significant 16-24 weeks after
marsupialization. Therefore, the second enucleation
surgery should be delayed by 24 weeks to maximize
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neo-bone formation in the cystic odontogenic jaw le-
sion cavity and maintain the vitality of lesion-involved
and adjacent teeth. Prospective controlled studies with
larger sample sizes could help establish the optimal tim-
ing for definitive surgery after marsupialization.
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