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Introduction
Oral squamous cell carcinoma (OSCC) frequently inva

des the adjacent jaw bone in about 12% to 56% of cases.13 
It is important to determine the appropriate margin of sur
gical resection by precisely analyzing the extent of bone 
invasion with preoperative computed tomographic (CT) 
images.4 

Sclerosis in the remaining margin of the alveolar bone 
has been considered a primary means to differentiate in

flammatory bone loss due to periodontal disease from 
bone invasion by gingival cancer.5 However, underlying 
bone sclerosis is frequently observed in clinical settings 
when OSCC invades the jaw bone. As a result, the extent 
of the tumor invasion is difficult to determine and is often 
overestimated by radiologists.

There have been few studies regarding sclerosis adja
cent to a tumor mass. One study revealed that nearly half 
of nasopharyngeal carcinoma patients had developed scle
rosis in the pterygoid process adjacent to a tumor mass.6 
Another study showed that the presence of sclerosis in the 
cricoid and arytenoid cartilage might be an early indica
tion of microscopic disease and should increase the suspi
cion of cartilaginous invasion by laryngeal carcinoma.7

Recently, it has become increasingly evident that the 
microenvironment surrounding a tumor plays a significant 
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role in the progression of OSCC.8 A better understanding 
of the underlying bone change will increase our knowledge 
of the mechanism of bone invasion and hopefully lead to 
the development of minimally invasive surgical procedures.

The aim of this study was to assess the prevalence and 
characteristics of underlying bone sclerosis in patients 
with OSCC.

Materials and Methods
This retrospective study was approved by the Institu

tional Review Board of Seoul National Dental Hospital 

(IRB007/0115).
Between January 2012 and December 2015, 131 pa

tients who underwent mandibulectomy to treat OSCC that 
was confirmed by histopathology to have invaded bone 
were enrolled. Subjects with recurrence, a lesion in any 
area other than the gingiva (e.g., the cheek, lip, tongue, 
mouth floor, or pharynx), or who received preoperative 
radiotherapy or chemotherapy were excluded. In total, 81 
subjects were included in the final analysis, including 56 
males and 25 females. The mean age was 64.6 years.

All patients underwent a contrastenhanced CT scan; 
multiplanar CT images were reconstructed with a contig
uous 2 to 3mm slice thickness and interval. The CT im
ages were evaluated through consensus by 2 experienced 
oral and maxillofacial radiologists in a picture archiving 
and communication system (Infinitt PACS, Infinitt Health

care, Seoul, Korea).
Underlying bone was defined as the region directly 

beneath the deepest bone destroyed by OSCC. The pres
ence, degree, and extent of underlying bone sclerosis, de
fined as an increased attenuation of the medullary cavity, 
were assessed on the CT images and correlated with the 
imaging patterns of bone invasion.

The degree of sclerosis in the underlying bone was 
assessed as being either absent, subtle, or prominent in 
comparison with the contralateral side of the mandible. 
The extent of sclerosis was recorded as follows: 0, no 
sclerosis; 1, sclerosis was present but did not extend over 
the mandibular canal; 2, sclerosis was present and extend
ed over the mandibular canal.

The imaging pattern of the mandibular invasion was 
also evaluated and categorized as either cortical invasion, 
medullary invasion with a smooth margin, or medullary 
invasion with an irregular margin. A smooth margin was 
defined as a welldefined border with a narrow transition 
zone and no residual bone behind the border. An irregular 
margin was defined as an illdefined border with a wide 
transition zone and a fingerlike extension into the sur
rounding bone.9

Chisquare tests were used to determine the relationship 
between the variables. A P value of <.05 was considered  
statistically significant. All statistical analyses were per
formed using SPSS version 22 (IBM Corporation, Armonk, 
NY, USA). 

Table 1. Degree of underlying bone sclerosis according to bone invasion pattern

Cortical bone invasion
              Medullary bone invasion

Total
Smooth margin Irregular margin

Underlying bone sclerosis   5 (27.8%) 11 (68.8%) 31 (93.9%) 47 (70.1%)
Prominent   0 (0.0%)   3 (18.8%) 13 (39.4%) 16 (23.9%)

Subtle   5 (27.8%)   8 (50.0%) 18 (54.5%) 31 (46.3%)
No underlying bone sclerosis 13 (72.2%)   5 (31.3%)   2 (6.1%) 20 (29.9%)
                    Total 18 (100.0%) 16 (100.0%) 33 (100.0%) 67 (100.0%)

Table 2. Extent of underlying bone sclerosis according to bone invasion pattern

Cortical bone invasion
              Medullary bone invasion

Total
Smooth margin Irregular margin

Underlying bone sclerosis   5 (27.8%) 11 (68.8%) 31 (93.9%) 47 (70.1%)
Over Mn canal   0 (0.0%)   2 (12.5%) 14 (42.4%) 16 (23.9%)

Under Mn canal   5 (27.8%)   9 (56.3%) 17 (51.5%) 31 (46.3%)
No underlying bone sclerosis 13 (72.2%)   5 (31.3%)   2 (6.1%) 20 (29.9%)
                    Total 18 (100.0%) 16 (100.0%) 33 (100.0%) 67 (100.0%)

Over Mn canal, sclerosis that extends over the mandibular canal; Under Mn canal, sclerosis that does not extend over the mandibular canal.
Abbreviations: Mn, mandibular.
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results
Of the 81 cases in this study, 14 had bone destruction 

up to the inferior cortex of the mandible. It was not possi
ble to further analyze these 14 cases because no underly
ing bone remained.

The prevalence of underlying bone sclerosis on CT  
images was 70.1% (47 of 67). The prevalence was 85.7% 

(42 of 49) in patients with medullary invasion, but was 
27.8% (5 of 18) in patients with only cortical invasion, in
dicating a significant increase in the prevalence of under
lying bone sclerosis in patients with medullary invasion 

(P<.05).
Aggressive patterns of bone invasion were associated 

with increases in the degree and extent of the underlying 
bone sclerosis (P<.05) (Tables 1 and 2).

Of the 18 cases in the cortical invasion group, 13 had 
no underlying bone sclerosis. Subtle sclerosis that was 
limited to the alveolar bone was observed in the remain
ing 5 cases (Fig. 1).

Of the 16 cases in the medullary invasion with a smooth 
margin group, 11 had underlying bone sclerosis. There 
were 6 cases of subtle sclerosis that was limited to the  
alveolar bone, 2 cases of subtle sclerosis that included the  
basal bone, and 3 cases of prominent sclerosis that was 
limited to the alveolar bone. None of the cases in this 
group had prominent sclerosis that included the basal bone.

Of the 33 cases in the medullary invasion with an ir
regular margin group, 31 had underlying bone sclerosis. 
There were 13 cases of subtle sclerosis that was limited to 
the alveolar bone, 5 cases of subtle sclerosis that includ
ed the basal bone, 4 cases of prominent sclerosis that was 
limited to the alveolar bone, and 9 cases of prominent 
sclerosis that included the basal bone.

Regarding the extent of sclerosis, the medullary invasion 
with a smooth margin group tended to have sclerosis that 
was limited to the alveolar bone (Fig. 2). In contrast, the 
medullary invasion with an irregular margin group tended 
to have widespread sclerosis that included the basal bone 

(Fig. 3).

Fig. 1. Coronal computed tomographic images using the bone window setting (A) and softtissue window setting (B) showing subtle un
derlying bone sclerosis that is confined to the alveolar bone portion (arrow) and has a cortical invasion pattern. 

A B

Fig. 2. Coronal computed tomographic images using the bone window setting (A) and softtissue window setting (B) showing prominent 
underlying bone sclerosis that is confined to the alveolar bone portion (arrow) and has a smooth medullary invasion pattern.

A B
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discussion
Alveolar bone loss from OSCC may appear very simi

lar to periodontal disease.9 Reactive sclerosis in surround
ing bone is usually observed in inflammatory lesions 
such as periodontitis. Previous studies have demonstrat
ed that, due to rapid bone destruction, reactive sclerosis 
around malignant lesions, including OSCC, is not visible 
on conventional radiographs. Therefore, the presence of 
sclerosis adjacent to an osteolytic lesion is considered an 
important imaging finding that distinguishes periodontitis 
from OSCC.5

However, in the current study, underlying bone sclerosis 
was found on as many as 70% of the CT images. In such 
cases, the underlying sclerosis can make it difficult to dis
tinguish inflammatory disease from a malignant lesion. 
Compared to plain radiographs, CT images can show sub
tle trabecular structures in 3 dimensions and detect chang
es in the attenuation of the medullary space.10 As a result, 
there may be a discrepancy between the prevalence of un
derlying sclerosis determined from CT images and plain 
radiographs. For the majority of subtle sclerosis cases, it 
may be difficult to observe a significant underlying bone 
change on panoramic radiographs.

When analyzing preoperative CT images of OSCC pa
tients, it is important to precisely evaluate the extent of 
bone involvement. However, the presence of underlying 
bone sclerosis adjacent to the tumor mass can make it dif
ficult for radiologists to determine the margin of surgical 
resection, because the sclerosis may have been caused by 
tumor cells that invaded the underlying bone or by a reac
tive change not involving tumor cells.

OSCC bone invasion is not a simple bone resorption 
by osteoclasts alone. Rather, it is a complicated process 
involving numerous fibroblasts, osteoblasts, and cyto

kines.11 Tumor cells produce several cytokines, such as 
interleukin6 and the parathyroid hormonerelated protein 

(PTHrP). It induces fibroblasts and osteoblasts to synthe
size receptor activator of NFκB ligand (RANKL), and 
it subsequently induces osteoclast formation.12 In addi
tion, osteoclasts release various growth factors, such as 
fibroblast growth factor, during bone destruction.13 This 
mechanism suggests that osteoblasts and fibroblasts can 
change in response to tumor cell stimulation. Therefore, 
underlying bone sclerosis may be the result of reactive 
bone change rather than tumor cell infiltration.

Further research is needed to examine changes to the 
underlying bone marrow using magnetic resonance imag
ing and positron emission tomographyCT images and to 
analyze these changes according to histopathologic cor
relations.

In the current study, more than twothirds of OSCC cases 
with bone involvement showed underlying bone sclerosis. 
On CT images, reactive sclerosis in the remaining margin 
of the jaw bone should not be used as a primary means to 
differentiate periodontal inflammatory lesions from those 
resulting from OSCC.
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