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Abstract. The present study reported the clinical outcomes of
35 patients with mandibular odontogenic keratocysts (OKCs)
following treatment by radical resection and immediate
defect reconstruction. Amongst 565 patients with OKCs that
were treated between April 2003 and May 2015, 35 patients
underwent segmental or marginal mandibulectomy. The use
of radical resection was based on clinical and/or radiographic
evidence of size, cortical perforation and subsequent soft tissue
involvement, and on the history of previous recurrence of the
same lesion. Recurrence, justifications of the main major factor
for resection, and functional and cosmetic results of the patients
following mandibular reconstruction were systematically eval-
uated. There were 26 OKCs in the mandibular molar-ramus
region, eight in the mandibular anterior-premolar region
and one in the mandibular molar-ramus and anterior-molar
regions. Among the 35 patients, 20 had primary OKCs and
15 had recurrent OKCs. A total of 31 patients underwent
segmental mandibulectomy, of which 28 were immediately
reconstructed with a vascularized flap, whereas four patients
underwent marginal mandibulectomy. The functional and
cosmetic outcomes of patients were evaluated as satisfactory.
The length of the follow-up period ranged from 2 to 17 years
following operation (average, 5.82 years). Recurrence was
identified in one patient who had been treated with marginal
mandibulectomy. In conclusion, the findings from the present
study suggested that radical resection may be recommended
for patients with OKCs and locally aggressive features.
Immediate mandibular reconstruction with a vascularized flap
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may be a crucial part of this aggressive treatment method that
may reduce OKCs-associated morbidity.

Introduction

Keratocystic odontogenic tumor (KOT), which has recently
been renamed as odontogenic keratocyst (OKC), is one of
the most controversial pathologic entities in maxillofacial
pathology (1-3). OKC is characterized by a thin and regular
lining of parakeratinized stratified squamous epithelium with
palisading hyperchromatic basal cells (1). The unique features
of OKCs comprise a locally aggressive behavior with a high
recurrence rate and a tendency to multiply (4,5). Recurrence
occurs following inadequate treatment methods, incomplete
removal of the cyst or epithelial islands appearing after enucle-
ation, a high mitotic index of the epithelial cells, large size of
the cyst and a lesion location associated with difficult surgical
access (4,6,7).

The treatment method for OKCs remains controversial. To
the best of our knowledge, there is no evidence in the litera-
ture that would guide surgeons in selecting the best treatment
options. Clinicians continue to rely on their own experience
when deciding for the most appropriate treatment. Surgical
approaches vary between conservative to more aggressive
treatments (8,9). Enucleation is the most commonly used
treatment method (6) and is associated with a high recurrence
rate (10,11). Decompression and marsupialization has been
used as a conservative treatment of OKCs (12). Some clini-
cians do not approve these techniques because the potential
remnant cystic tissues left behind can facilitate the recur-
rence (13). A more aggressive approach may therefore lower
the risk of recurrence (14). It has been suggested that aggres-
sive resection should be limited to OKCs that have recurred
more than twice or to those that have undergone malignant
transformation (4,15). In addition, Worrall (16) recommended
radical excision as the treatment of choice for OKCs that had
cortically perforated, whereas Gosau et al (17) reported that
enucleation plus curettage with carnoy's solution results in a
recurrence rate statistically comparable to that of resection
excision. Jackson et al (18) highlighted that complete excision
should be performed for OKCs associated with any sign of
soft tissue involvement. There is therefore high variability
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in the decision-making process for the resection of OKCs.
Although radical resection offers the highest cure rate, it
produces significant morbidity, including the loss of jaw conti-
nuity or facial disfigurement. Evaluation of patients following
such aggressive treatment is therefore necessary. The present
study reported the clinical outcomes of 35 patients who were
treated with radical resection followed by immediate defect
reconstruction.

Materials and methods

Patients. A retrospective review of well-documented cases of
OKCs that were treated between April 2003 and May 2015
at the Department of Oral and Maxillofacial Surgery of the
School and Hospital of Stomatology, Wuhan University was
conducted. The involvement sites of the lesions were divided
into the mandibular anterior-premolar and the mandibular
molar-ramus regions. Data were obtained from the patho-
logical department and comprised the orthopantomogram
radiographs or CT scans performed prior to and following the
treatment, and medical record notes. Patients were excluded if
the data records were incomplete, if the follow-up period was
<12 months or if they had multiple cysts that were associated
with nevoid basal cell nevus syndrome.

Treatment procedures. The treatment plans were based on
clinical or radiographic evidence of cortical perforation of the
inferior or posterior mandibular borders and subsequent soft
tissue involvement, multilocular large cysts and a history of
previous recurrence of the same lesion. All cases associated
with any of these features were considered to have a more
aggressive behavior and were therefore treated with radical
resection, followed by immediate reconstruction of the defect
with autogenous bone grafts (Fig. 1). In contrast, marginal
mandibulectomy was used with ~1 cm margin around the
lesion, whereas the lower border of the mandible and/or the
posterior border of the ramus was maintained intact (Fig. 2).
When the soft tissue adjacent to the cyst was involved, exci-
sion of the soft tissue up to the next anatomical boundary was
recommended and the excised tissue was frozen and observed
to determine adequacy of surgical margins. Resection and
reconstruction procedures were performed via transmandib-
ular approach with general anesthesia and naso-endotracheal
intubation. Two surgical teams simultaneously operated on
these patients, for whom immediate defect reconstruction was
performed. One team performed the mandible resection and
prepared the recipient site for flap transfer, whereas the other
team handled the vascularized flap. The length of the follow-up
period for patients that underwent radical resection followed
by reconstruction ranged from 2 to 17 years following surgery
(average, 5.82 years).

The justifications for resection were systematically and
carefully analyzed to identify the common major factor. The
functional results of patients with mandibular reconstruction
were evaluated using a self-assessment questionnaire that was
completed 6 months after surgery. The questionnaire consisted
in questions regarding social activities, diet, speech, oral
continence and facial appearance. The cosmetic appearance
following reconstruction was assessed by the patients (patients
perception) using their own pre and post-reconstruction
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photographs (frontal and/or profile views) and also by two
experienced doctors. Postoperative complications, including
plate breakage, plate exposure, failure of the flap, infection
and recurrence were also evaluated. The judgement criteria
were the presence or absence of recurrence, jaw function and
cosmetic outcome.

Statistical analysis. Descriptive statistics, including frequency
distribution and percentage, measures of central tendency
(average, median) and measures of dispersion (range) were
used to report the data. The questionnaire was approved by
the Medical Ethic Committee of the School and Hospital of
Stomatology, Wuhan University, and written informed consent
was obtained from all patients.

Results

Clinical characteristics of patients. The present retrospective
study evaluated 565 patients with OKCs. A total of 43 patients
treated with a radical approach were selected. Among them,
two patients diagnosed with basal cell nevus syndrome, one
patient with a primary OKC and <12 months follow-up, and
five patients with OKCs that occurred in the maxilla were
excluded. The remaining 35 patients (6.19%) underwent
OKGCs resection. Table I presents the patient demographics,
lesion characteristics, treatments and outcomes. The age of
the patients ranged from 20 to 77 years old, with a median
age of 39.6 years. There were 27 men (77.14%) and eight
women (22.86%). Among the 35 patients, 26 had OKCs in the
mandibular molar-ramus region (74.29%), eight had OKC's
in the mandibular anterior-premolar area (22.86%) and one
had OKCs in the mandibular molar-ramus and anterior-molar
regions (2.9%). A total of 18 patients experienced cortical
perforation with subsequent soft tissue involvement or exten-
sion into the adjacent tissues. Furthermore, 20 patients had
primary OKCs (57.14%) and 15 patients experienced recurrent
OKCs (42.86%). Patients suffered from recurrent OKCs for
1-34 years prior to resection (average, 8.8 years). The size of
the OKCs varied from 7 to 15 cm, with an average size of
9.40 cm.

Treatment. Segmental mandibulectomy was completed in
31 patients (88.57%). Following resection, 28 patients (90.32%)
were immediately reconstructed with a vascularized fibula
flap (11 patients), a vascularized iliac crest flap (16 patients) or
frozen autogenous bone replantation (one patient). No recon-
struction was completed in three patients due to economic
constraints. Marginal mandibulectomy was performed in
four patients (11.43%), and one patient underwent immediate
reconstruction with an alloplastic plate to prevent postopera-
tive pathological fracture. In total, 18 patients had 7-9 cm in
length of bone harvested, whereas 10 patients had 10-15 cm in
length of bone harvested.

Functional outcomes. The functional outcomes of patients
were evaluated and the results revealed that diet and oral
continence were normal, speech was easily understood for
all patients, but social activities were diminished for three
patients. Following mandibular reconstruction, no patients
experienced complications of flap failure, plate exposure or
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Figure 1. Features of odontogenic keratocyst determined the treatment regimen. (A) A preoperative panoramic radiograph of a large lesion with multiple radio-
lucencies extending from the left third molar to the contralateral ascending branch of the mandible. Intraoperative views of (B) a segmental mandibulectomy
and (C) the fibula flap. (D) An image of the reconstructed mandible following surgery.

Figure 2. Marginal mandibulectomy of recurrent keratocysts of the right mandible. (A) Panoramic radiograph of multiple radiolucencies with a thin sclerotic
line on the alveolar bone of the right mandibular anterior teeth, the second premolar and the first molar extraction sites, indicating recurrences. (B) Panoramic

radiograph captured 18 months following marginal mandibulectomy.

plate breakage. Three patients experienced moderate infec-
tions that were treated with local wound care and antibiotic
(Table II). The facial appearance of all patients following
surgical intervention was evaluated as good by the surgeons,
and six of the patients rated their facial appearance as accept-
able (Fig. 3). There was one recurrence in a patient treated with
marginal mandibulectomy after a period of 5 years follow-up.

Discussion

The understanding of OKCs treatment modalities has
increased over the past few decades; however, the outcome
remains controversial. Enucleation is the most commonly used
method for surgical treatment of OKCs, although it presents a
significantly higher recurrence rate compared with other treat-
ment options (4,6,19). Since OKCs lining is typically thin and

friable, cyst removal in one piece can therefore be difficult, in
particular for large OKCs with multilocular lesions. The use of
adjunctive therapies usually follows enucleation and reduces
the recurrence rate to <10% (20). Decompression and marsu-
pialization have been also used as a conservative treatment
method and both are beneficial in certain cases (13). These
two techniques offer the advantages of considerably reducing
the cyst volume and diminishing the risks of injuries to
certain structures, including teeth or inferior dental nerve (12).
The OKC wall after marsupialization commonly undergoes
histological and immunohistochemical changes and may
transform into normal oral mucosa without inherent aggres-
sive features (21), which could explain the lower recurrence
rates in patients with OKCs treated by this approach (22).
However, both methods require a longer treatment period
with multiple-staged procedures. The high degree of OKCs
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Z o Table II. Complication, functional and esthetic outcomes of
= ; < patients following treatment.
sEg .
3L Mandibular
~ Variables reconstruction (n=28) Percentage
2| .8 Diet
E % g § % Normal 28 100
5] = B =2 @&
&0 § 5 2 é Soft - -
§ é % g B Speech
> | g S o % Easily understood 28 100
| E 37 = g Understood with effort - -
ZH 5’ g8 Unintelligible - -
b= Social activities
g Normal 25 89.29
a Diminished 3 10.71
> g g ré Oral continence
£ *::3 2 2 Norma 28 100
z § %" E‘ % Slight/severe drooling - -
'5 8 g“ % % Facial appearance
% S| 53 E Excellent/good
el s 2 Patient 24 85.71
2 3 g Surgeon team 28 100
Sa[= 3 A
g cceptable
= % Patient 6 2143
a éﬁ § Surgeon team - -
3 2= ° Poor
o ? % Patient - -
g § % Surgeon team - -
c§ 5 = Complications
& § Flap failure 0 0
_q;) Plate exposure 0 0
= Plate breakage 0 0
g Infection 3 7.7
g
2
- e recurrence explains the inclination of certain surgeons to elim-
2 2 g inate the disease through a single radical surgical approach;
§ % 50 however the morbidity associated with this radical approach
—~ o § guides other clinicians to select more conservative tech-
= s niques. Well-conducted randomized controlled clinical trials
g g analyzing the management of OKCs are therefore required. To
% s the best of our knowledge, no conclusions on the effective-
"é % ness of the treatments for OKCs have yet been made (23) and
§ £ there is no strong evidence that can guide surgeons to select
:’ the best treatment option. In the present study of 565 patients
o with OKCs, only 35 patients (6.19%) underwent segmental
2 ’g _ ? or marginal resection, and immediate reconstruction was
<9 | % performed in 28 of them (93.32%). Based on the aforemen-
= E tioned results, a protocol for managing OKCs was established
—8' 8 (Fig. 4). Segmental resection should be considered in the
2 y s = following situations: i) Primary OKC with any radiologic
k= « &:3 appearance, exhibiting aggressive clinical behavior such as
S = multiple perforations of the jaws cortical plates or extension
T)' % % into adjacent tissues, the involvement of any location (particu-
:% 25| w < larly in the mandibular molar-ramus region), and multilocular
= A S o m
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Figure 3. Postoperative outcome evaluation of facial appearance. (A) Profile photographs before and (B) after surgery. (C) An image of the reconstructed

mandible at 6 months following operation.

large lesions; and ii) recurrent OKC with or without cortical
perforation, or failure to comply with the interval time
follow-up schedule and with a size either similar or larger than
the primary lesion, particularly the multiple recurrent OKCs
in any location. If the primary lesion or recurrent lesion with
multiple radiolucencies does not grow sizable or without the
thinned inferior border of the mandible) and is located in
the mandible anterior region, marginal mandibulectomy is
preferred.

Previous studies have demonstrated that mandibular
molar-ramus is the most common region with frequent perfo-
ration of the overlying bone by OKCs and with firm cysts
adhesion to the overlying mucosa (19,20,24,25). Excision
of the overlying mucosa with the cysts and curettage with
carnoy's solution or electrocautery has been recommended in
this area (20). However, conservative treatment methods are
inadequate when OKCs have extended and involve muscles
with cortical perforation (18,26). In addition, OKCs that occur
in the mandibular molar-ramus region have significantly
higher recurrence rates (75%) compared with those in other

sites (27). Perforation of the cortical plates and extension of the
lesions from the masseter, as presented in patient no. 35 of the
present study, or extension of the lesions from the pterygoid or
the temporalis muscle to the infratemporal fossa or orbit-skull
base are possible at this stage, and elimination of these OKCs
requires a heavy wide surgery. The thinned inferior border
does not serve any purpose as chances of pathological fracture
occur. Subsequently, it is may be crucial to treat primary OKC
associated with aggressive behaviors more radically in order to
avoid a severe recurrent lesion.

Most studies emphasize that radical resection should
be limited to multiple recurrent OKCs, or to those that have
undergone malignant transformation (4,15,28). Worrall (16)
and Jackson et al (18) recommended radical excision as the
treatment of choice for OKCs with bone perforation or unpre-
dictable lesions with any signs of soft tissue involvement.
Ahlfors et al (29) suggested that in order to reduce the high
recurrence rate of OKCs, surgery should include marginal
resection, including a rim of uninvolved bone, which is similar
to the treatment suggested in cases of unicystic ameloblastoma.
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Odontogenic Keratocysts

Panoramic Radiograph J

Small (<5 cm)
Multi or unilocular lesions

Conservative treatments
Enucleation/Curettage No
Decompression or
Marsupialization

Failure of
conservative treatment

Large ( =5 cm)
Multi or unilocular lesions

f =)

CBCT or CT Scan

J

-Multiple cortical perforations of inferior
or posterior borders of the mandible
-Extension or involvement into adjacent
tissues

-Extensive OKCs with or without history
of multiple recurrences

: [ Radical Resection ]

L Longitudinal follow-up (clinical and radiographic) once a year, for at least 5 years. ]

Figure 4. Clinical protocol managing OKCs of the jaws. CBCT, cone beam CT; CT, computed tomography; OKCs, odontogenic keratocysts.

In the present study, the pathological sign that influenced
the decision to perform radical resection was primary and
recurrent OKCs that had clinically aggressive behavior and
that mostly occurred in the mandible molar-ramus region.
Segmental or marginal mandibulectomy was performed for
those OKCs, which was in agreement with previous studies
that demonstrated that ~100% of recurrent OKCs contain
epithelial islands and microcysts in the overlying mucosa
areas (20,30). The absence of microcysts has been demon-
strated in the surrounding bone following block resections of
recurrent OKCs (30).

OKGCs recurrence within the bone graft following segmental
resection has also been reported (6,24,26). The involvement
of the surrounding soft tissues is common in mandibular
molar-ramus OKCs, and the bone perforation caused by OKCs
ranges from 39 to 50.8% (6), which was also demonstrated in
the present study. This may be considered as the main cause
of recurrence in patients following marginal mandibulectomy

observed in the present study. The presence of multifocal cysts
disease may also explain the recurrence rate. Stoelinga (20)
reported 3/80 patients and Boyne er al (31) reported seven
cases with multiple recurrent OKCs, of which six underwent
segmental mandibulectomy over 10-21 years. Their histologic
examination revealed cyst formation at distant sites from the
original cyst in all cases, which suggest that the lesions were
multifocal. There are numerous confounding factors associ-
ated with the recurrence and clinicopathologic behavior of
OKC:s (13). Surgical management is the most influential factor
on recurrence. In the present study, one patient with OKC that
involved deep surface of the masseter muscle after segmental
mandibulectomy had also been reported in our previous
study (24).

The major sequelae of radical resection affect the cosmetic
and functional outcomes. Recently, the development of free
vascularized bone graft has facilitated the decision-making
process for surgical ablation in oral and maxillofacial surgery,
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and has led to a high success rate of ~100% (32). In the present
study, a large number of patients who underwent segmental
mandibulectomy were immediately reconstructed with a
vascularized flap, which was not the case in our previous
study (19). Immediate reconstruction with a vascularized flap
allowed good healing and reduced the risk of bone resorption.
Free fibula and iliac crest flaps were the most widely used
techniques in the present study, as also reported in a previous
study (33). The fibula flap is the only donor site that allows
reconstruction of entire mandibular defects. The free iliac
crest flap offers more choices for mandible reconstruction
when the length of bone harvested is <8 cm, in particular when
used for reconstruction of the mandibular body. In the present
study, most patients were greatly satisfied by their treatment,
with regards to resumption of normal diet, good speech, oral
continence and good facial appearance.

Conservative treatment methods of OKC are still preferred
by most surgeons. There is ongoing debate over the preserva-
tion structure and reduction of the recurrence, and numerous
surgical approaches have been applied to OKCs. The under-
standing of OKC treatment is clear to some extent; the overall
recurrence rate of <20% is not discouraging and there is a low
recurrence rate following resection.

The present study demonstrated that radical resection
was only suitable for OKCs with locally aggressive features.
Immediate reconstruction of the defect with vascularized
fibula or crest iliac flaps allowed positive functional and
cosmetic outcomes for patients who underwent an aggressive
treatment. Multiples recurrent lesions and primary OKCs
with aggressive clinical behavior, including perforation of the
cortical plates of the jaws or extension into the adjacent tissues,
extensive lesions, and presence in the mandibular molar-ramus
region were the main factors in the decision-making process
for radical resection. When possible, it was acceptable to start
with a conservative approach, including marsupialization
followed by enucleation, in particular in young patients or
elderly patients who are medically compromised. Long-term
follow-up remains important to monitor possible disease
recurrence.
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