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- Abstract -

Investigation of Postoperative
Complications of Intrabony Cystic Lesions
in Oral and Maxillofacial Region

Han Bin Lee, D.D.S.

Program in Oral and Maxillofacial Surgery, Department of Dental
Science, Graduate School, Seoul National University
(Directed by Professor Byoung Moo Seo, D.D.S., M.S.D., Ph.D.)

Background and Purpose

Intrabony jaw cysts are the most common benign oral and maxillofacial
findings. The best treatment option is surgical removal, but postoperative
complications are common. The purpose of this study was to identify factors
influencing complications in surgical removal of intrabony cysts and any
significant correlations between them.

Patients and methods

The case records of 249 patients who underwent surgical removal of
intrabony cysts were retrospectively reviewed. Cystic lesions were removed
by enucleation by one surgeon in the Department of Oral and Maxillofacial
Surgery at Seoul National University Dental Hospital from Jan 1%, 2012 to
Dec 31%t, 2016.

Outcome variables included postoperative complications, infection, and
recurrence; the incidence of those complications was calculated. Predictor
variables included patient age, sex, comorbidities, anatomic location,
pathologic diagnosis, preoperative infection history, previous marsupialization
history, and bone graft methods.

Logistic regression analysis was performed to identify risk factors for
postoperative infection and recurrence. The Kruskal-Wallis rank sum test and
Wilcoxon rank sum test were used to assess differences in cyst size
according to bone graft method, pathologic diagnosis, and sex. The Wilcoxon
rank sum test with continuity correction and Bonferroni correction of alpha
was used to evaluate differences in cyst size according to anatomic location.



Results

A total of 249 patients (178 males and 71 females) comprising 262 cases
were included in this study. Mean age at the time of surgery was 37.6 years.
Cystic lesion size increased in the order of no bone graft, xenogeneic bone
graft, and autogenous bone graft, with few exceptions. Paresthesia after
enucleation of the cystic lesion occurred in 38 cases (14.5%). Pathologic
fractures were observed in 4 cases (1.5%), and there were 59 (22.5%)
postoperative infections. The postoperative infection rate was as high as 63.6%
(n=7/11) in those who underwent autogenous bone grafting (n=11), while the
infection rate was as low as 26.8% (n=11/41) in cases of xenogeneic bone
grafting and 19.5% (n=41/210) those who did not undergo bone grafting.

Location of the cystic lesion in the maxilla and mandible affected infection
rate. When cysts were located in the anterior mandible, no postoperative
infection occurred, while infection rate was highest for cysts at the mandibular
ramus, followed by those in the posterior mandible.

Cystic lesion recurrence was observed in 7 (2.6%) cases. Among them, five
cases were diagnosed as odontogenic keratocyst (OKC), one case was a
periapical cyst, and the other was a dentigerous cyst suggesting that cyst
pathological identity affects recurrence rate. Cyst size was significantly
correlated with recurrence rate.

Conclusion

Postoperative infection rate was higher in the autogenous bone graft group
than in the no bone graft group. Cystic lesions located in the anterior mandible
were not associated with postoperative infection, and cystic lesions located in
the anterior and posterior maxilla had a lower infection rate than cystic lesions
located in the posterior mandible. Cystic lesions diagnosed as OKC and
larger cystic lesions had a higher recurrence rate than other cystic lesions.

Key words: benign, infection, recurrence, bone graft, enucleation

Student Number: 2017-28257
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l. Introduction

Intrabony cysts in the jaw are the most common benign findings in the oral
and maxillofacial area. Cystic jaw lesions are best treated with enucleation
and the resultant defects frequently require bone grafts or bone substitutes to
accelerate bony healing in order to minimize the possibility of collapse of
overlying soft tissues. Large cysts encroaching on vital anatomic structures
may need decompression procedures such as marsupialization. The best
treatment option to manage the intrabony cystic lesions is surgical removal
but the sequelae often result in postoperative complications.

Infection, recurrence, paresthesia, and pathologic fractures occur more
frequently than other postoperative complications, however it is still
challenging for surgeons to predict various preoperative factors affecting
complications rates. These complications may be related to the surgical
procedure itself and/or graft materials.

There has been controversy over the need for bone grafting after
enucleation of cystic lesions. According to some studies, even if the defect is
huge, the cavity after enucleation may heal well without additional treatment. '
3 Other studies suggested that a defect exceeding a certain size or with a
particular configuration cannot heal spontaneously therefore bone grafting
should be considered.*® They also insist that grafted bone may reduce the
chance of infection, accelerate bone regeneration, and prevent soft tissue
collapse into the defect.? * Autogenous bone has been used as an ideal graft
material to reconstruct the defect area,” with some disadvantages such as
donor site morbidity, additional surgical procedures, and limited availability of
donor bone.® Although autogenous bone grafting was considered the gold
standard for a long time, opting against grafting for relatively small surgical
defects has actually been associated with a lower infection rate." With
increased popularity of the dental implant, various bone graft substitutes
including allogeneic, xenogeneic, or alloplastic materials, are now available.”
Xenogeneic bone is an osteoconductive material that facilitates bone
regeneration by providing a supportive scaffold.

Among the troublesome complications, cyst recurrence must be closely
monitored over time. Some aggressive pathologic cysts such as odontogenic
keratocyst (OKC) or glandular odontogenic cysts have a high recurrence
rate.%

The purpose of this study is to investigate factors related to postoperative
infection and risk factors for cystic lesion recurrence. More specifically the
infection risk was evaluated with regard to graft materials, and autogenous
bone and xenogeneic bone grafts were compared with no graft cases.



. Patients and Methods
Study design & sample

The case records of 249 patients who underwent surgical removal of
intrabony cysts were retrospectively reviewed. Cystic lesions were removed
by enucleation by one surgeon at the Department of Oral and Maxillofacial
Surgery at Seoul National University Dental Hospital from Jan 1%, 2012 to
Dec 31, 2016. All 249 patients were Korean, had at least one pathologically
diagnosed true cystic lesion that was treated surgically, and attended at least
one follow-up visit. A cystic lesion without an epithelial lining (pseudocyst) and
soft tissue cysts were excluded. The incidence of major complications was
evaluated (postoperative infection, paresthesia, recurrence, and pathologic
fractures), and risk factors for postoperative infection and recurrence were
evaluated.

Study variables

The primary outcome variable was postoperative infections. The presence
of infection was determined by record review. Lesions needing incision and
drainage (I&D) procedures postoperatively and/or long term antibiotics were
considered postoperative infections. The secondary outcome variable was
lesion recurrence, which was detected by follow-up radiographs and finally
confirmed by pathologic diagnosis following re-excision. Paresthesia and
postoperative pathologic fractures were also investigated as additional
outcome variables. Predictor variables included demographic data (age, sex),
comorbidities (diabetes, osteoporosis), anatomic factors (cyst location and
size), pathologic diagnosis, perioperative conditions (preoperative infection
history, previous marsupialization, and bone graft methods).

The anatomic locations of the lesions were categorized as anterior mandible,
posterior mandible, ramus, anterior maxilla, or posterior maxilla. The canine
and 1%t premolar were the border and anterior/posterior limit. The lesion’s
center was used to define location if it was located in more than two regions.
Lesion size was determined by measuring the long axis of the cystic lesion
on preoperative CT imaging. Bone graft materials were either xenogeneic
(Bio-Oss ®, Geistlich, Wolhusen, Switzerland) or autogenous iliac bone.

Surgical protocol



If the cystic lesion was larger than one third of the maxilla or hemimandible
(more than 5 cm in length), marsupialization was considered before
enucleation. All cyst enucleation procedures were performed under general
anesthesia.

Cysts were enucleated with a surgical curette. The biopsy specimen was
then sent to the Department of Oral Pathology for pathologic diagnosis. After
enucleation of the cyst, the cyst cavity was thoroughly debrided to remove
any remnant cystic lining.

After enucleation, bone grafting with xenogeneic bone material or
autogenous iliac bone was considered based on the size and configuration of
the defect area. If the resultant defects were small or preoperative infection
persisted at the time of operation, bone grafting was usually not performed.
Autogenous bone was grafted in particle form using a bone crusher (Bone
crusher®, Schwert, Seitingen/Oberflacht, Germany) or bone mill (Leibinger
TOM Tessier Osseous Microtome Kit®, Leibinger, Stetten/Tuttlingen,
Germany)

Statistical analysis

Multiple logistic regression analysis was performed to analyze risk factors
for postoperative infection and recurrence. The Kruskal-Wallis rank sum test
and Wilcoxon rank sum test were used assess differences in cyst size
according to bone graft method, pathologic diagnosis, and sex. The
Wilcoxon rank sum test with Bonferroni correction of alpha was used to
evaluate differences in cyst size according to anatomic location. P-values
less than 0.05 were considered statistically significant.



[l Results
Demographic data

A total of 249 patients (178 males and 71 females) comprising 262 cases
were included in this study. Their mean age was 37.6 years at the time of the
surgery (Table 1). Cystic lesions were detected in the posterior mandible (132
cases) most frequently, followed by the anterior maxilla (74 cases), posterior
maxilla (29 cases), and ramus (16 cases). The most frequent lesion was a
dentigerous cyst (135 cases), followed by periapical cyst (57 cases),
odontogenic keratocyst (OKC) (37 cases), and nasopalatine duct cyst (26
cases). There were few cases of glandular odontogenic cyst (2 cases),
inflamed cyst (1 case), residual cyst (1 case), and lateral radicular cyst (1
case). Marsupialization was performed in 20 cases, the average size of which
was a maximum dimension of 43.4 mm. The mean marsupialization period
was 4 months 23 days. At the time of definite cyst enucleation, the average
marsupialized cyst size had decreased to 33.85 mm in maximum dimension.
Autogenous bone grafting was performed in 11 (4.2%) cases, xenogeneic
bone grafting was performed in 41 (15.6%) cases, and primary closure
without filling material was performed in 210 (80.2%) cases. Eleven patients
had diabetes and four had osteoporosis.

Infection

Postoperative infection occurred in 59 (22.5%) cases. Autogenous bone
grafting was a meaningful predictor of postoperative infection. Autogenous
iliac bone grafting showed a significantly higher postoperative infection rate
than no bone grafting (OR=7.56, P=0.008). Although not statistically
significant, xenogeneic bone grafting was associated with a higher infection
rate compared with no bone grafting (Table 2) (OR=2.13, P=0.094). The
postoperative infection rate was 63.6% (n=7/11) when autogenous bone was
grafted (n=11), 26.8% (n=11/41) in xenogeneic bone graft cases, and 19.5%
(n=41/210) in no bone graft cases.

Location of the cystic lesion in the maxilla and mandible was a meaningful
predictor of infection rate. There were no postoperative infections when cysts
were located in the anterior mandible, other regions with low post-op infection
rates were the anterior maxilla (9.5%, OR=0.17, P<0.001) and posterior
maxilla (10.3%, OR=0.26, P=0.0035). On the other hand, the infection rate
was highest in those located at the mandibular ramus followed by the
posterior mandible (Table 2). In our study, smaller cysts tended to be located
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in the anterior mandible and anterior maxilla. Differences in infection rate
according to anatomic location are presented in Table 3. Interestingly, the
presence of a preoperative infection was not statistically associated with the
incidence of postoperative infection (Table 2). Although not statistically
significant, the preoperative infection group had a lower postoperative
infection rate than those without a preoperative infection (OR=0.49, P=0.056).
Preoperative infections were identified in 92 cases, among which there were
13 (14.1%) postoperative infections. Among the 170 cases free of
preoperative infection, 46 cases (27.1%) developed a postoperative infection.

The average cystic lesion size was 23.0 mm. In xenogeneic bone graft
cases, average cystic lesion size was 24.9 mm, whereas it was 38.7 mm in
autogenous bone graft cases, and 21.5 mm in no bone graft cases. The
Kruskal-Wallis rank sum test showed a statistically significant difference in
lesion size between various bone graft groups (P<0.0001). Though there
were a few exceptions, cystic lesion size was in the order of autogenous bone,
xenogeneic bone, and no bone graft (Figure 1). The dentigerous cyst group
and OKC group had similar cyst sizes while nasopalatine duct cysts and
periapical cysts were similar in size. The differences in size between other
groups was significant (Figure 2). Large cystic lesions were more prevalent in
males (P=0.006226) (Figure 3), and small cystic lesions were more prevalent
in the anterior maxilla and anterior mandible (Figure 4).

Recurrences

Recurrence was observed in 7 (2.6%) cases. Five of them were diagnosed
as OKC, one was a periapical cyst, and one was a dentigerous cyst,
suggesting that the pathological identity of the cyst indeed affects recurrence
rate (Table 4). Cyst size was significantly correlated with recurrence rate
(Table 4). A higher recurrence rate was observed in large cysts (OR=1.11,
P=0.028) and OKC cases (OR=11.21, P=0.046).

Paresthesia and pathologic fractures

Paresthesia after enucleation occurred in 38 (14.5%) cases. Among them,
11 cases were associated with sacrifice or damage of the nasopalatine nerve
after enucleation of a cystic lesion located in the anterior maxilla, and 27
cases occurred after enucleation of cystic lesions encroaching into the
mandibular canal. There were four (1.5%) pathologic fractures. The mean age
of patients with a pathologic fracture was 50.8 years, and all fractures were
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at the angle of the mandible. In patients who suffered from pathologic
fractures, the mean thickness of the remaining bone on panoramic
radiographs was 7.3 mm. Pathologic fractures were identified 33 days, 40
days, 96 days and 102 days after surgery in each case.



V. Discussion

Autogenous bone graft material has all the desired properties of a bone
graft material, including osteogenesis, osteoconduction, and osteoinduction
capabilities.? For this reason it is still considered the gold standard among
bone graft materials.” It is generally accepted that autogenous bone graft
material results in more favorable postoperative conditions and less frequent
adverse immunological response.® According to many previous reports,
autogenous iliac bone grafting after cyst enucleation is a favorable treatment
modality associated with good prognosis. Prade reported that no infections
occurred in 11 autogenous bone graft transplants.'® Carlo et al. reported an
infection rate of 15.7% in 56 patients who underwent autogenous grafting for
mandibular defects.’ Contrary to the general belief that autogenous bone
graft material has a lower infection risk than xenogeneic bone graft material,
our results showed a significantly higher postoperative infection rate in the
autogenous iliac bone graft group. In a recently published paper, Lim et al.
also reported a similarly higher infection risk in autogenous bone graft
cases. ' The general belief that autogenous bone grafting has a lower
infection rate therefore may not be true. In our study, cysts that underwent
autogenous bone grafting were on average larger than those that were not
grafted and those for which xenogeneic bone grafting was performed
(Figure 1). This implies that the higher infection rate in autogenous iliac
bone graft cases may be related to central dead space, which is vulnerable
to opportunistic infection by oral bacterial flora:! '8 Furthermore, patients
might have been prone to infection because of the increased morbidity and
surgical time associated with donor site harvesting. 8

Xenogeneic bone grafting was not associated with a significantly higher
infection rate than no bone grafting. The postoperative infection rate in the
xenogeneic bone graft cases was 26.8% (n=11/41), which is similar to that
reported in previous studies. Weiss reported a 21% infection rate and
Horowitz and Bodner reported a 20% infection rate using Kiel bone as a
filling material. 1& 1°

In our study, the incidence of postoperative infection was lowest in cases
who did not undergo bone grafting (n = 41/210; 19.5%). Similar results were
found in the literature with infection rates ranging from 0% to 23.1%. 2 This
wide range in reported infection rates may arise from the different criteria
used to define postoperative infection. In our study, no complete graft loss
occurred, even in cases with postoperative infection. ?

Another interesting finding is that postoperative infection rate was lower in
cases with a preoperative infection. This means that the long term use of
antibiotics (usually two to four weeks until resolution of infection) may reduce
postoperative infections. We may cautiously suggest that, if a known infection
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is well controlled and being actively treated at the time of the surgery, then
this should not be a contraindication to a bone graft procedure.

Interestingly, there were no postoperative infections in patients with cysts
located in the anterior mandible. Low post-op infection rates were observed
in the anterior maxilla and posterior maxilla. The highest infection rate was at
the mandibular ramus and the posterior mandible. In our study, smaller cysts
tended to be located in the anterior mandible and anterior maxilla. Only two
cases in the posterior maxillary region underwent bone grafting (Figure 4,
Table 5). The confounding effect of cyst size and location and tendency to opt
against bone grafting in the posterior maxillary region may be reasons
underlying the lower infection rate in the anterior mandible and maxilla in this
study. Lim et al. suggested that cysts in the posterior mandibular or ramus
area usually include partially erupted wisdom teeth, which hinder watertight
primary closure of lesions after enucleation.' The lower infection rates in the
maxilla may be due to the rich vascular network in this region.

Approximately 14.5% of patients complained about paresthesia after
enucleation, but most symptoms resolved over time. Pathologic fractures
after cyst enucleation were rare (1.5%). They occurred mostly in the mandible
and usually did not happen right after surgery. We therefore recommend that
patients be warned about the possible risk of pathologic fracture during the
follow-up period. The incidence of fractures in our study was similar to that
reported in the literature (0.5% - 3.1%).2 The highest risk is for lesions
affecting the angle of the mandible.

Recurrence was infrequently observed at a rate of 2.6% (n=7/262), which is
lower than in the literature (10 — 15%).222 Among the seven recurrent cases,
five were diagnosed as OKC (OKC recurrence rate: 13.5%). The lower
recurrence rate in our study may be due to the relatively short follow-up period
(average of approximately two years). Some aggressive cystic lesions such
as OKC or glandular odontogenic cysts can recur even after seven years;® 2>
24 therefore the recurrence rate in our study may be an underestimate. There
are conflicting opinions about the effect of size on cyst recurrence after
surgery. Some studies reported a similar recurrence rate between large and
small lesions.?>-2¢ On the other hand, some studies insist that larger lesions
are more prone to recurrence, which is consistent with our findings.?®
Furthermore, OKC has a high reported recurrence rate (0 to 62%) as shown
in our study.*°

Factors affecting major postoperative complications after intrabony cyst
resection (infection and recurrence) were bone grafting, bone graft material,
lesion location and pathological identity of the cyst. Clinicians can use this
information to better predict treatment outcomes and complication rates.

This study is limited by its retrospective design and the confounding effect
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of bone grafting method and lesion size (Figure 1). 3" The advantage of this
study is that surgeries were performed by one surgeon and the effect of
bone graft method on the infection rate was investigated in many cases.



V. Conclusion

Postoperative infection rate was higher in the autogenous bone graft group
than in the no bone graft group. Preoperative infection did not have a
statistically significant effect on postoperative infection. There were no
postoperative infections in patients with cystic lesions of the anterior mandible,
and cystic lesions located in the anterior and posterior maxilla had a lower
infection rate than those located in the posterior mandible. Cystic lesions
diagnosed as OKC and larger lesions had a higher recurrence rate than other
cystic lesions.
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Tables

Table 1. Descriptive summary of study samples

Study Variables

Descriptive statistics

(%)
Sample size 262 (100)
Female gender 76 (29.0)
Age (years) 37.6+17.0
Anatomic location Anterior mandible 11(4.2)
Posterior mandible 132 (50.4)
Ramus 16 (6.1)
Anterior maxilla 74 (28.2)
Posterior maxilla 29 (11.1)
Pathologic diagnosis Dentigerous cyst 135 (51.3)
Periapical cyst 57 (21.8)
Odontogenic keratocyst 37 (14.1)
Nasopalatine duct cyst 26 (9.9
Glandular odontogenic cyst 2(0.8)
Inflamed cyst 1(0.4)
Residual cyst 1(0.4)
Lateral radicular cyst 1(0.4)
Paradental cyst 2(0.8)
Cyst size (mm) 23.0+£8.0
Bone graft method None 210 (80.2)
Xenogenic bone graft 41 (15.6)
Autogenic bone graft 11(4.2)
Previous marsupialization
(Yes) 20 (7.6)
Co-morbidities Diabetes (yes) 13 (5.0)
Osteoporosis (yes) 6(2.3)
Fracture (yes) 4(1.5)
Paresthesia (yes) 38 (14.5)
Pre-operative infection
(Yes) 92 (35.1)
Post-operative infection
(Yes) 59 (22.5)
Post-operative recurrence (Yes) 7(2.7)

Data presented as n (%) or mean + standard deviation
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Table 2. Results of the logistic regression analysis on the postoperative

infection
Study Variables Odds 95% Confidence
) P Value
(reference) ratio Interval

Gender

(Male) Female 2.08 (0.94 — 4.59) 0.070

Age (1-year increments) 0.99 (0.97 - 1.02) 0.0591

Anatomic location

(Posterior mandible) Ramus 0.70 (0.18 — 2.66) 0.599
Anterior 017  (0.07-0.42) 0.001
maxilla
Posterior 026  (0.07-0.91) 0.035
maxilla

Bone graft method Xenogeneic

(No bone graft) bone graft 213 (0.88-5.16) 0.094
Autogenic 756  (1.69 — 33.77) 0.008
bone graft

Pre-operative

infection No 0.49 (0.23-1.04) 0.056

(Yes)
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Table3. Postoperative infection rate based on anatomic location

Anatomic location No infection Infection Infection

(N) (N) rate (%)
Anterior mandible 11 0 0
Posterior mandible 89 46 341
Ramus 10 6 375
Anterior maxilla 67 7 9.5
Posterior maxilla 26 3 10.3
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Table4. Results of the logistic regression analysis on the postoperative
recurrence

Study Variables Odds 95% Confidence

(reference) ratio Interval P Value
Gender
(Male) Female 0.54 (0.09 —3.16) 0.496
Age
(1-year increments) 0.97  (0.92-1.03) 0.289
Z’-at“""’g"’ Periapical 368 (0.19-70.32) 0.386
lagnosis cyst

(Dentigerous cyst)

Odontogenic

keratocyst 11.21 (1.05-119.73) 0.046
Cyst size 111 (1.01-121) 0.028

(1 mm increment)
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Table 5. Bone graft methods based on anatomic location

Anatomic location No graft Xenogeneic graft Autogenous graft
(N) (N) (N)
Anterior mandible (11) 9 2 0
Posterior mandible (132) 113 16 3
Ramus (16) 8 3 5
Anterior maxilla (74) 53 18 3
Posterior maxilla  (29) 27 2 0
- 15 -



Figure Legends

Figure 1. The distribution of cyst size based on graft method. With a few
exceptions, the median cystic lesion size decreased in the order of
autogenous bone, xenogeneic bone, and no bone graft. The Kruskal-Wallis
rank sum test revealed a significant association between cyst size and bone
grafting method (P<0.0001).

Figure 2. The distribution of cyst size based on pathologic diagnosis. The
odontogenic keratocyst and dentigerous cyst were similar in size, and the
periapical cyst and nasopalatine duct cyst showed similar size distributions.

Figure 3. Cyst size based on sex. Lesions were significantly larger in males
than females.

Figure 4. Cyst size based on anatomic location. Small lesions were more
frequently observed in the anterior mandible and anterior maxilla.

The Kruskal-Wallis rank sum test demonstrated that cyst size distribution
was significantly associated with anatomic location (P<0.0000001).
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