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Abstract
Purpose This study aimed to evaluate odontogenic keratocysts associated with basal cell nevus syndrome (BCNS) using 
computed tomography (CT) and magnetic resornance imaging (MRI) including diffusion-weighted imaging (DWI) and 
compare them with sporadic cases.
Materials and methods This study investigated 17 outpatients who underwent panoramic radiography, CT, and MRI between 
August 2012 and January 2021. Five of these patients had BCNS had 16 odontogenic keratocysts, for which the authors 
recorded detailed findings. DWI analysis compared the apparent diffusion coefficient (ADC) values of odontogenic kerato-
cysts in patients with BCNS and sporadic cases. The Mann–Whitney test was used to analyse bivariate statistics.
Results Patients with BCNS had an average of 3.2 lesions in the jaw. On DWI, the ADC value ranged from 0.58 to 2.66 ×  10–3 
 mm2/s. The values for sporadic odontogenic keratocysts ranged from 0.67 to 1.11 ×  10–3  mm2/s. The median values were 
0.94 and 0.89 for BCNS-associated and sporadic odontogenic keratocysts cases, respectively (P = .478).
Conclusion This study presented detailed imaging findings of odontogenic keratocysts in patients with BCNS. Furthermore, 
the authors revealed a wide range of ADC values for BCNS-associated odontogenic keratocysts.

Keywords Basal cell nevus syndrome · Sporadic odontogenic keratocysts · CT · MRI · DWI

Abbreviations
BCNS  Basal cell nevus syndrome
BCCs  Basal cell carcinomas
OKCs  Odontogenic keratocysts
CT  Computed tomography
MRI  Magnetic resonance imaging
DWI  Diffusion-weighted imaging
FOV  Field of view
HU  Hounsfield unit
STIR  Short-tau inversion recovery
TR  Repetition time
TE  Echo time
TI  Inversion time
ADC  Apparent diffusion coefficient

Introduction

Basal cell nevus syndrome (BCNS), also known as Gorlin 
syndrome, is a rare autosomal dominant disorder character-
ized by the development of multiple basal cell carcinomas 
(BCCs) and other features, such as palmar and plantar pits, 
odontogenic keratocysts (OKCs), and skeletal abnormalities 
[1, 2]. This syndrome is caused by mutations in the pro-
tein patched homolog gene [3]. BCNS is passed down in an 
autosomal dominant pattern with high penetrance and vari-
able expression, and its estimated prevalence is 1 per 60,000 
persons [4–7]. OKCs are early manifestations of BCNS; 
however, some patients with BCNS with multiple OKCs 
may remain undiagnosed [8, 9]. Furthermore, patients with 
BCNS are at high risk of developing malignant lesions such 
as BCCs and medulloblastoma, necessitating early diagnosis 
and regular medical surveillance.

Distinguishing BCNS-associated OKCs from sporadic 
OKCs can be aided by clinical features such as multiple 
cysts, location in the posterior maxilla, the patient's age, and 
a higher recurrence rate [9]. Microscopic features indicative 
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of BCNS-associated OKCs include a greater incidence of 
epithelial budding, epithelial islands, daughter cysts, and 
odontogenic rests [10, 11]. Computed tomography (CT) and 
magnetic resonance imaging (MRI) are valuable imaging 
modalities for evaluating odontogenic cysts and tumors, 
including OKCs, and their usefulness has been widely 
reported in previous studies [12–19]. These imaging tech-
niques can provide detailed information on the size, location, 
and morphology of lesions, which is crucial for diagnosis 
and treatment planning. Furthermore, many studies have 
employed diffusion-weighted imaging (DWI) for the quan-
tification and differential diagnosis of lesions, by measuring 
the random movement of water molecules within biological 
tissues [20, 21]. However, to our knowledge, few study has 
yet reported the characteristic imaging findings of BCNS-
associated OKCs using multiple imaging modalities across 
multiple patients, nor has any study compared the apparent 
diffusion coefficient (ADC) values of OKC in patients with 
BCNS with those in patients with sporadic OKCs.

This study aimed to evaluate OKCs associated with 
BCNS using CT and MRI including DWI and to compare 
them with sporadic cases.

Materials and methods

Patients

This retrospective study was approved by our univer-
sity's ethics committee, and the requirement for obtaining 
informed consent was waived (EC22-012). The authors 
investigated five patients (three boys, one girl, and one man; 
mean age: 12.4 years, range: 9–20 years) with OKCs in the 
jaw, all of whom had confirmed BCNS between August 
2012 and January 2021. Furthermore, 12 patients (10 men, 
2 women; mean age: 43.75 years, range: 22–73 years) with 
sporadic OKCs, including some previously reported patients 
who underwent MRI examination at our university hospi-
tal outpatient clinic between November 2017 and February 
2019, were included in the study [13]. Histopathological 
diagnoses were obtained after surgery for all lesions [22].

Image acquisition

Panoramic radiography was performed using the Veraviewe-
pocs system (J. Morita Ltd., Kyoto, Japan), set at 10 mA and 
60 kV. CT scans were performed using an Aquilion 64 scanner 

(Canon Medical Systems, Otawara, Japan) with the parameters 
120 kV and 100 mA. The tube current was adjusted using Real 
EC (Canon Medical Systems, Otawara, Japan), and the recon-
structed slice thickness was 0.5 mm. The field of view (FOV) 
was set at 240 mm × 240 mm, with the gantry angle parallel 
to the occlusal plane. Images were reconstructed using bone 
and soft tissue algorithms without contrast material. The bone 
window had a level of 500 Hounsfield units (HU) and a width 
of 2800 HU, while the soft tissue window had a level of 30 
HU and a width of 300 HU. MRI was performed using a 1.5 T 
superconductive MRI scanner (Intera Achieva® 1.5 T Nova, 
Philips Medical Systems, Best, Netherlands) with a five-chan-
nel phased array coil. T1-weighted images had repetition time 
(TR)/echo time (TE) = 550/15 ms, section thickness = 6.0 mm, 
matrix size = 192 × 256, and FOV = 230 × 260 mm. The param-
eters for T2-weighted images were TR/TE = 3500/120 ms, 
section thickness = 6.0  mm, matrix size = 192 × 256, 
and FOV = 230 × 260  mm. Short-tau inversion recovery 
(STIR) images were acquired using TR/TE/inversion time 
(TI) = 2500/60/180 ms, section thickness = 6.0 mm, matrix 
size = 320 × 256, and FOV = 230 × 195.5 mm. DWI was per-
formed using a single-shot echo-planar sequence with TR/
TE = 5100/70, SENSE factor = 2.0, 1566 Hz/pixel bandwidth, 
section thickness = 6.0 mm, acquisition matrix = 128 × 128, 
reconstruction matrix = 256 × 256, FOV = 250 × 250 mm, inter-
section gap = 1.4 mm, 3 acquisitions, imaging time = 3 min 
29 s, and b-values = 0 and 1000 s/mm2. Apparent diffusion 
coefficient values were calculated using the formula ADC 
value = -ln(SI(b1)/SI(b2))/(b1-b2), and an ADC map was gen-
erated based on the per-voxel ADC values.

Image analysis

In patients with BCNS, the investigated parameters included 
the location, size, nature (unilocular or multilocular), border 
characteristics, jawbone bulging, density (HU on CT), sig-
nal intensity, inflammation of surrounding tissue, and ADC 
values (on MRI) of the lesions. In patients with sporadic 
OKCs, ADC values were measured. All analyses were per-
formed by a board-certified oral radiologist with 11 years 
of experience.

Statistical analysis

First, we checked the normality of the outcome variables 
using the Shapiro–Wilk test. Patient age and ADC values 
for BCNS-related OKCs and sporadic OKCs were compared 
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using the t-test or Mann–Whitney U test. Fisher's exact test 
was used to confirm sex differences between the groups. In 
these analyses, lesions were treated as predictor variables, 
while age, sex, and ADC values were treated as outcome 
variables. Statistical analyses were performed SPSS version 
28 (IBM Japan, Tokyo, Japan). Statistical significance was 
set at P < 0.05.

Results

On average, each patient with BCNS had 3.2 lesions. Most 
lesions (all but one) were unilocular, although the specific 
site and size of the lesions varied among the patients. All the 
lesions exhibited clear borders and, except for two, showed 
jawbone bulging. CT demonstrated low to moderate density 
in all lesions, with CT values ranging from 5.76 to 142.05 
HU. On MRI, nearly all lesions appeared as low signal inten-
sity on T1-weighted images and moderate to high signal 
intensity on T2-weighted images and STIR sequences. Two 
relatively large lesions exhibited signal abnormalities in the 
surrounding soft tissues. DWI provided ADC values ranging 
from 0.58 to 2.66 ×  10–3  mm2/s. Table 1 and Figs. 1,2 and 
3 present the imaging findings and images of patients with 
BCNS investigated in this study. There was no significant 
correlation between ADC values and age (P = 1.0, r = 0.158) 
or CT values (P = 1.0, r = -0.079). No significant associa-
tions were found between ADC values and sex, site, lesion 
type (unilocular or multilocular), or bone bulging (P = 0.6, 
0.758, 0.875, 0.2, respectively).

Table 2 shows the diagnostic data, demographic data, 
and ADC value including patients with sporadic OKCs. 
The ADC values for sporadic OKCs ranged from 0.67 to 
1.11 ×  10–3  mm2/s. The median ADC values [interquartile 
range (IQR)] were 0.94 [0.79–1.27] and 0.89 [0.81–0.94], 
corresponding to BCNS-associated OKCs and sporadic 
OKCs, respectively (P = 0.478) (Fig.  4). Additionally, 
although there was no sex difference between the two groups 
(P = 1.0), the mean age was significantly lower in patients 
with BCNS (P < 0.001).

Discussion

This study has identified several characteristic findings of 
OKCs in patients with BCNS. Notably, this study is the first 
to report the ADC values of OKCs in patients with BCNS, 
revealing a broader range of ADC values compared to those 
associated with sporadic OKCs.
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BCNS is also known by various names, including Gor-
lin–Goltz syndrome, Gorlin syndrome, nevoid basal cell 
carcinoma syndrome, and syndrome of jaw cysts and jaw 

cyst-basal cell nevus-bifid rib syndrome [23, 24]. The syn-
drome can manifest at various ages, with the onset typically 
occurring during childhood or adolescence [23, 24]. The 

Fig. 1  An 11-year-old boy with 
BCNS. a Panoramic X-ray 
image reveals two lesions in the 
mandible and one in the maxilla 
(arrows). b, c Axial CT in bone 
windows reveals a significant 
bulging in the jawbone (arrows). 
d, e Coronal magnetic reso-
nance images demonstrate high 
signal intensity on T2-weighted 
images (arrows). Abbrevia-
tions: BCNS: Basal Cell Nevus 
Syndrome; CT: Computed 
Tomography; MR: Magnetic 
Resonance; T2: T2-weighted 
imaging
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exact age of onset varies among individuals, but it is com-
monly observed and diagnosed within the first 20 years of 
life [1, 2]. BCNS affects both sexes, with no significant pre-
dilection for one sex over the other [25]. It is characterized 
by various clinical features that affect multiple organs and 
systems [26]. Cutaneous manifestations include the pres-
ence of numerous BCCs, which typically appear at an early 
age and tend to recur [26]. In addition to dermatological 
findings, BCNS can involve various other structures. Skel-
etal abnormalities are commonly observed, including bifid 
ribs, frontal bossing, and calcification of the falx cerebri 
[27]. Jaw cysts, particularly OKCs, are a hallmark feature 
of BCNS [9]. These cysts are larger and more aggressive 
and have a higher recurrence rate than sporadic OKCs [9]. 
Other oral manifestations may include dental abnormalities, 
such as missing or supernumerary teeth [26, 28]. Diagno-
sis of BCNS typically involves a combination of clinical 
evaluation, genetic testing, and radiological imaging [26]. 
Early detection and diagnosis of BCNS facilitates timely 

intervention and reduces the risk of complications associated 
with advanced BCC, including local tissue destruction, func-
tional impairment, and disfigurement. However, no study has 
reported the characteristic findings of BCNS-related OKC 
using multiple imaging modalities and compared the ADC 
values of OKC in patients with BCNS with those of sporadic 
OKC.

Our study included five patients with BCNS who had 
OKCs in the jaw. The patients' demographic features were 
consistent with the known tendency of BCNS-associated 
OKCs to be skewed toward younger age groups but differed 
by a higher incidence in males [1, 27]. On average, each 
patient had 3.2 lesions, indicating the multifocal nature of 
OKCs in patients with BCNS. This observation aligns with 
previous research, which has demonstrated a tendency for 
multiple OKCs to develop in individuals with BCNS [29]. 
Most lesions were unilocular (all but one), a finding consist-
ent with the characteristic radiographic appearance of OKC 
showing unilocular radiolucency [30]. The specific size of 

Fig. 2  A 10-year-old boy diagnosed with BCNS. a Panoramic X-ray 
image reveals two lesions in the mandible and one in the maxilla 
(arrows). b, c Axial CT in bone reveals a significant bulging in the 
jawbone (arrows). d, f Axial and coronal MR images demonstrate 
intermediate to high signal intensity on STIR images (arrows). e, g 

ADC maps show diffusion restriction in each lesion (arrows). Abbre-
viations: ADC: Apparent Diffusion Coefficient; BCNS: Basal Cell 
Nevus Syndrome; CT: Computed Tomography; MR: Magnetic Reso-
nance; STIR: Short-Tau Inversion Recovery
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Fig. 3  A 9-year-old boy diag-
nosed with BCNS. a, b Axial 
CT in bone windows reveals a 
bulging in the jawbone (arrows). 
c, e Axial MR images dem-
onstrate intermediate to high 
signal intensity on STIR images 
(arrows). d, f ADC maps show 
diffusion restriction in each 
lesion (arrows). Abbreviations: 
ADC: Apparent Diffusion 
Coefficient; BCNS: Basal 
Cell Nevus Syndrome; CT: 
Computed Tomography; MR: 
Magnetic Resonance; STIR: 
Short-Tau Inversion Recovery
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lesions varied among patients. Generally, the OKCs ranged 
in size from small to large lesions [30]. The ratio of the 
maxilla to the mandible was 1:1.3. OKCs occurred in dif-
ferent locations within the jaw, including the mandible and 
maxilla, although previous reports indicated that they were 
slightly more common in the mandible, consistent with the 
present report's findings [30]. All the lesions exhibited clear 
borders, which is a common feature of OKCs. This finding is 
consistent with that of previous studies that have described 
well-clear borders as a typical radiographic characteristic 
of OKCs [30]. Previous studies reported bone swelling in 
approximately 67% of OKCs, whereas in the present report, 
bone swelling was observed in all but two (87.5%) lesions. 
This may be a hallmark of OKC in patients with BCNS 
[31]. CT imaging demonstrated low to moderate density 
in all lesions, with CT values ranging from 5.76 to 142.05 
HU. On MRI, ADC values ranged from 0.58 to 2.66 ×  10–3 
 mm2/s. CT and DWI findings were consistent with those 
of previously reported sporadic OKCs [16, 31]. The den-
sity and ADC values likely reflect keratin and fluid within 

the cyst contents [32.33]. Previous studies reported that the 
average ADCs for OKC was 0.954 ×  10–3  mm2/s, and the 
ADC value for a unicystic ameloblastoma and dentigerous 
cyst was ≥ 2.150 ×  10–3  mm2/s [14, 34]. In the present study, 
the ADC values in most cases were similar to previously 
reported ADC values for OKC [13, 32, 33]. However, sev-
eral cases showed ADC values similar to those of unicystic 
ameloblastomas and dentigerous cysts, and facilitated diffu-
sion was confirmed. This increase in diffusivity was thought 
to be due to the low keratin content in a specific lesion [32, 
33]. Almost all lesions appeared as low signal intensity on 
T1-weighted images and moderate to high signal intensity 
on T2-weighted and STIR images. Two of the larger lesions 
showed signal abnormalities in the surrounding soft tissue. 
This finding suggests that the size of the lesion may have 
affected the surrounding tissue.

ADC values tended to be slightly higher for BCNS-
related OKCs than for sporadic OKCs, but there was no 
clear significant difference between each group. Moreover, 
the range of values was larger for the ADC values of BCNS-
related OKCs than for those of sporadic OKCs. In most 
sporadic OKCs, ADC values are consistently low owing to 
keratinisation [14, 32, 34], but in BCNS-related OKCs, there 
is likely to be significant lesion-to-lesion variation in the 
amount of keratinisation.

A limitation of our study is the retrospective design, 
which did not allow for an analysis of the keratin content 
of each lesion.

In conclusion, this study investigated the characteristic 
findings of OKCs in patients with BCNS, revealed previ-
ously unreported ADC values, and confirmed a wide range 
of ADC values. These findings provide valuable insights into 
the radiological features of BCNS-associated OKCs.

Table 2  The diagnostic data, demographic data, and ADC value

ADC Apparent diffusion coefficient; BCNS: Basal cell nevus syn-
drome; IQR: Interquartile range
*  t-test, ** Fisher's exact test, *** Mann–Whitney U test

BCNS patient 
with OKCs 
(n = 5)

Patient with 
sporadic OKCs 
(n = 12)

P-value

Mean Age (years) 12.4 43.75  < .001*
Sex 1.0**
Male (n = 14) 4 10
Female (n = 3) 1 2
Median ADC [IQR] 0.94 [0.79–1.27] 0.89 [0.81–0.94] .478***

Fig. 4  ADC map indicates the 
region of interest on the lesion 
(outline) with the ADC and SD 
calculated for the region (a: 
sporadic OKCs, b: BCNS-
associated OKC). Abbrevia-
tions: ADC: Apparent Diffusion 
Coefficient; BCNS: Basal 
Cell Nevus Syndrome; OKC: 
Odontogenic Keratocyst; SD: 
Standard Deviation
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