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Abstract

Peritumoral bone change in oral
sgquamous cell carcinoma:
Correlation of imaging features with

histopathological findings

Gyu- Dong Jo, DDS
Department of Oral and Maxillofacial Radiology,
Graduate School, Seoul National University

(Directed by Prof. Kyung - Hoe H uh, DDS, MSD, PhD )

Purpose

When oral squamous cell carcinoma (OSCC) invades the jaw bone,
increased attenuation on computed tomography (CT) or pathologic signal
intensity (SI) on magnetic resonance (MR) images is frequently observed in
the remaining margin, which makes it difficult to determine the extent of

tumor invasion.



The aims of the current study were, in OSCC patients with mandibular
bone invasion 1) to assess the prevalence of underlying bone change on
preoperative CT and MR images, 2) to investigate the relationship betwee n
underlying bone change and tumor aggressiveness, and 3) to analyze the
area of underlying bone change on histopathology slides through radiologic -

histopathologic correlation.

Materials and Methods

This study consisted of 137 subjects who underwent mand ibulectomy to
treat OSCC between September 2009 and December 2016. Preoperative CT
and MR images were evaluated by two oral and maxillofacial radiologists to
assess the prevalence of underlying bone change. In addition, correlations of
underlying bone chan ge with each of radiologic findings (type of bone
invasion, depth of bone invasion, tumor size), histopathologic findings (TN
stage, degree of malignant cell differentiation), and clinical finding
(recurrence) were analyzed.

In 18 subjects who underwent m  andibulectomy after January 2016, serial
section slides of resected specimens were prepared and a blinded oral
pathologist analyzed the underlying bone change area on histopathology
slides. Histopathologic features (presence of malignant tumor cell, altera tion
of trabecular bone, fibrosis of marrow space, inflammatory cell infiltration)
were evaluated and pattern of peritumoral bone change was classified based

on these.



Results

In preoperative imaging analysis, 69.6% CT and 90.9% MR showed
underlying bone sclerosis and pathologic Sl in underlying bone marrow.
Those with underlying bone change had a significantly aggressive invasion
type, deeper invasion depth, and bigger tumor si ze.

Histopathologic pattern of peritumoral bone change was grouped into three
patterns: four cases of sclerosis dominant, ten cases of fibrosis dominant,
and four cases of invasion dominant patterns. In the cases classified as
sclerosis dominant and fibro  sis dominant patterns, no malignant tumor cell
infiltration was found on histopathology slides while underlying bone changes

were observed on pr eoperative images.

Conclusion

Underlying bone change is often accompanied by OSCC in forms of
sclerosis or pathologic Sl of bone marrow. It is very important to distinguish
and differentiate between bone invasion by OSCC and resultant surrounding
bone change. This will help to determin e the bone margin of surgical

resection in patients with OSCC.

Keyword s: Carcinoma, Squamous Cell; Mandible; Tomography, X - ray
Computed radiograph, Magnetic Resonance Imaging

Student number: 2015 - 31271
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l. Introduction

Oral squamous cell carcinoma  (OSCC) is one of the most aggressive
malignancies and accounts for more than 90% of all oral and oropharyngeal
caner. OSCC originat ing from gingival mucosa , which is the second most
common site for OSCC after the tongue, frequently invades the mandible due
to close proximity to underlying bone 2% Therefore, it is frequently graded
as stage T4 at presentation and consequently treatment of the lesion
includes resection of underlying bone. In that point, recent study suggested
that gingival OSCC should be looked upon with special attention and be
handled separately from  other subsites in the oral cavity. 4

Composite resection of tumor mass with en bloc resection of underlying
bone is the main treatment modality for gingival OSCC. ®> Obtaining clear
resection margin that included healthy surrounding tissue is the best way to
minimize the risk for local recurrence. ® Even when considering this point,
the current treatment tends to include extensive resection without
histopathological evidence . Segmental resection rather than marginal
resection is preferred when there is a clinical evidence of gingival mucosa
invasion and adhesion to the bone but no radiologic evidence of bone
resorption.

For improved quality of life, preserving the inferior border  of the mandible
is very important, if oncologically safe. Preserving the mandibular continuity
using marginal mandibulectomy has two advantages . First, it minimizes

morphological changes in terms of esthetic and resultant psychological



aspects. Second, it avoids dislocat ion of the temporomandibular joint (TMJ)
in terms of functional aspects.

Computed tomography (CT) and magnetic resonance (MR) images are
commonly used to evaluate the presence and the extent of mandibular
invasion in patients with OSCC.  Based on the extent of mandibular invasion,
either a marginal or a segmental mandibulectomy is determined. "8 n clinical
setting, u nderlying bone change on CT and MR images has been observed
for a number of OSCC cases. It results in indistinct tumor margins and
overestimation of mandibular invasion (Figure 1). D etermining the margin of
surgical resection becomes difficult because radiologists are not cert ain
about the presence of malignant tumor cells in the area of underlying bone
change. It leaves a question whether the change was caused by tumor cell
infiltration, or it is just reactive change and there is no tumor cell in the
underlying bone.

There h ave been few studies on the bone change adjacent to tumor mass.

A study revealed that nearly 60% of nasopharyngeal carcinoma patients had
developed sclerosis in pterygoid process adjacent to tumor mass. ° Although
the cause of pterygoid process sclerosis wa S uncertain, they suggest that
this change would reflect the bone & response to the presence of nearby
tumor. Another study showed that the presence of sclerosis in the mandible

might be an early indication of microscopic disease and should increase
suspic ion of mandibular invasion of OSCC.  *°

Considering these previous findings, we hypothesized that bone

destruction by OSCC would always be accompanied by underlying bone



change associated with tumor - bone interactions, but there would be no
malignant tumor ¢ ells in the area of the underlying bone change.

The aims of the current study were, in OSCC patients with mandibular
bone invasion 1) to assess the prevalence of underlying bone change on
preoperative CT and MR image, 2) to investigate the relationship be tween
underlying bone change and tumor aggressiveness and 3) to analyzethe area
of underlying bone change on histopathology slides through radiologic -

histo patho logic correlation.



Figure 1. Underlying bone change ( A) CT image with bone setting shows

underlying bone sclerosis (arrow). (B) CT image with soft tissue setting
shows increased attenuation of underlying bone marrow (dashed arrow). (C)
T1WI shows low SI of underlying bone (arrow). (D) fat suppressed T2WI
shows high Sl of underlying bone marrow (dashed arrow). (E) contrast
enhanced T1WI shows enhancement of underlying bone marrow (dashed

arrow).



Il . Materials and Methods

This study was approved by the Institute Review Board of Seoul National
Dental Hospital (IRB007/01 - 15).

To verify the hypothesis, we 1) evaluated the prevalence of underlying
bone sclerosis on CT images and pathologic signal intensity (SI) of
underlying bone marrow  on MR images, and 2) assessed the correlation
between underlying bone change a nd other radiologic, histopathologic,
clinical variables considered as a predictor of tumor aggressiveness. Also
we 3) analyzed the area of underlying bone change on histopathology slides
through radiologic - histopathologic correlation.

This study consisted of 213 subjects who underwent mandibulectomy to
treat OSCC between September 2009 and December 2016 . Subjects with
recurrence, a lesion arising fromthe area other than the gingiva (e.g., buccal
mucosa, lip, tongue, floor of mouth, or pharynx), or who received
preoperative radiotherapy or chemotherapy were excluded. In addition,
subjects were excluded when their images had severe artifact and unable to

evaluate underlying bone.  Finally, 76 subjects were excluded.



1. Prevalence of und erlying bone change

Total 137 subjects preoperative CT and MR images  were analyzed. All
images were evaluated by consensus of two experienced oral and
maxillofacial radiologists using the picture archiving and communication

system (Infinitt PACS, Infinitt Healthcare, Seoul, Korea).

1.1. Preoperative CT image analysis

Underlying bone was defined as  the bone marrow space directly beneath
the deepest bone margin infiltrated by tumor mass. Sclerosis was defined as
increased attenuation of medullary cavity on bone window CT images. The
presence of underlying bone sclerosis was evaluated as either present or
absent and the prevalence of underlying bone sclerosis was calculated.
Underlying bone sclerosis was evaluated fu rther in terms of the degree and
extent .

The degree of underlying bone sclerosis was assessed qualitatively as well
as quantitatively. Qualitatively, the degree of underlying bone sclerosis was
categorized as being either absent, subtle, or prominent in comparison with
the corresponding region on the contralateral side of the mandible.
Quantitatively, 10 mm? circular region of interest (ROI) was set and average
Hounsfield unit (HU) was measured in underlying bone and the
corresponding region on the contralateral side of  the mandible. The
differ ence of HU values between the two sets of measurement was named

fiThe degree of underlying bone sclerosis



The extent of underlying bone sclerosis was evaluated qualitatively as
follows: 0, no sclerosis; 1, sclerosis was present but did not extend over the
mandibular canal; 2, sclerosis was present and extended over the mandibular

canal.

1.2. Preoperative MR image analysis

Pathologic signal intensity (S 1) of underlying bone marrow was defined as
low SI on T1- weighted image ( T1WI ), high SI on fat suppressed T2 -
weighted image ( T2WI ) and enhancement on contrast enhanced T1WI in
comparison with the  corresponding region of the contralateral side of the
mandible. The presence of pathologic Sl was evaluated as either absent or
present and the prevalence of pathologic SI was calculated separately for
each sequence. Pathologic Sl was evaluated fu  rther in terms of the extent.

The extent of pathologic Sl was also recorded as follows: 0, normal Sl ; 1,
pathologic SI was present but did not extend over the mandibular canal; 2,

pathologic SI was present and extended over the mandibular canal.

1.3. Agreement between CT and MR imaging findings

The agreeme nt between CT and MR imaging findings on underlying bone
change was measured with kappa statics (0, agreement is a random effect;
less than 0.20, poor agreement; 0.21  70.40, fair agreement; 0.41 70.60,
moderate agreement; 0.61 10.80, substantial agreement; and 0.8171.00,

excellent agreement).



2. Correlation between underlying bone change and tumor

aggressiveness

Radiologic, histopathologic, clinical variables considered as a predictor of
tumor aggressiveness were analyzed. Correlation between underlying bone
change and theses variables were statistically evaluated . A P value of <.05
was considered statistically significant.

Preoperative CT images were evaluated by two oral and maxillofacial
radiologists.  Pathology reports and electronic medical records were
reviewed by an oral and maxillofacial radiologist who participated in imaging
analysis . All statistical analyses were performed by using SPSS version 22

(IBM Corporation, Armonk, NY, USA)

2.1. Preoperative CT image analysis

The radiol ogic type of bone invasion w as 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 well - defined border with a narrow transition zone and no residual bone
behind the border. An irregular margin was defined as an ill - defined border
with a wide transition zone and finger like extension into the surrounding
bone. ™

In addition, the depth of bone invasion was measured as the actual distance

betwee n alveolar crest and the deepest margin of bone destruction on



coronal view. Thetu mor size was measured by the longest dimension in axial,

coronal, and sagittal views.

2.2. Histopathologic and clinical analysis

Pathology report s were reviewed and degree of differentiation (well,
moderately, poorly differentiated), T stage s (T1,T2,T3,T4), N stage s (NO,
N1, N2), and pathologic TNM stages (I, II, lll, IV)  were recorded

Electronic medical record s were also reviewed for matter of recurrence.

2.3. Correlation between underlying bone change and tumor aggressiveness

Table 1 shows list of all the assessment items in terms of underlying bone
change and tumor aggressiveness.

The difference in prevalence of underlying bone change between cortical
invasion group and medullary invasion group was evaluated using Chi-
square tests for independence and post - hoc analysis.

Association between the qualitatively assessed degree of underling bone
sclerosis and the categorical variables (radiologic type of bone invasion,
degree of differentiation, T stages, N stages, pathologic TNM stages, matter
of recurrence) were evaluated us ing linear by linear association test. In
addition, correlations between the extent of underlying bone sclerosis and
the categorized variables were analyzed.

One- way ANOVA wasusedto estimate the difference in the quantitatively
assessed degree of underl vying bone sclerosis (HU value) among groups

classified by radiologic bone invasion type.



Correlation between the quantitatively assessed degree of underlying bone
sclerosis (HU value) and continuous variables (depth of invasion, tumor size)

were evaluated using Pearson & correlation coefficient analysis.

10



3. Presence of malignant tumor cells in the area of underling

bone change

To analyze the area of underlying bone change microscopically, serial
section slides of resected specimens were prepared and evaluated. Among
all 137 subjects, 18 subjects who underwent mandibulectomy  after January
2016 were enrolled.

All histopathology slides were evaluated by a blinded and experienced oral

pathologist.

3.1. Preoperative image analysis

Preoperative CT and MR image analysis was done in the previous analysis
Additionally, the presence of fluorodeoxyglucose (FDG) uptake inunderlying
bone was also evaluated o n preoperative PET - CT images . The change was

analyzed on the basis of degree of up  take on the contralateral side mandible.

3.2. Preparation of histopathology slides using postoperative cone beam
computed tomography (CBCT) images of resected specimens

After the surgical resection , cone beam computed tomography (CBCT) of
resected specim en was taken after 24 hours of fixation (Figure 2). After
decalcification of the specimens, serial section slides were prepared
perpendicularly to long axis of mandibular arch. It included the deepest
region of bone destruction and the regions 4 mm anterior and posterior to it

(Figure 3). CBCT image s of the specimen s were used when determining the

11



deepest region of bone  destruction . It improved the accuracy in determining

the region of interest for radiologic - histopathologic correlation.

3.3. Hi stopathologic analysis

Histopathologic type of bone invasion was recorded as either erosive type
or infiltrative type , based on the morphology of tumor front. The erosive
type was characterized by a broad and expansive tumor front with a sharp
interface be tween tumor and bone. In contrast, the infiltrative type was
composed of tumor cell nest with finger like projections along with an
irregular tumor front.

T he presence of malignant tumor cell s was histopathologically evaluated
on the three serially  sectioned slides which included the region of deepest
bone destruction and the regions 4 mm anterior and posterior to it. The
alteration of trabecular  bone, fibrosis of marrow space, and inflammatory cell
infiltration  were additionally assessed. Based ont  hese findings, we newly

named and classified fAHistopathologic patterns of peritumoral bone change 0.

3.4. Radiologic - histopathologic correlation

The relationship between radiologic and histopathologic findings were

investigated.

12



Table 1. Listof all the assessment items in terms of underlying bone change

and tumor aggressiveness.

Underlying bone change T umor aggressiveness
CT MR Radiologic  Histopathologic Clinical
Degree of Extent of Type of
Degree of
sclerosis pathologic bone Recurrence
differentiation
(Qualitative) Sl invasion
Degree of
Depth of
sclerosis
bone T stage
(Quantitative ,
invasion
HU values)
Extent of
Tumor size N stage
sclerosis

pTNM stage

13



Figure 2. Post- operative CBCT images of resected specimen. Dashed line:

the deepest region of bone destruction, an

histopatholog y slides.

14

d the sectioning plane for



Figure 3. Serial section of the specimen. A: anterior to the deepest region,

B: the deepest region of bone invasion, C: posterior to the deepest region
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lll. Results

1. Prevalence of underlying bone change

1.1. Preoperative CT image analysis

Of 137 cases, bone destruction had progressed to the inferior cortex of
the mandiblein 25 cases. These 25 cases were infeasible for further analysis
because they lacked remaining bone marrow. The prevalence of underlying

bone sclerosis was 69.6 % (78 of 112) in patients with OSCC.

Qualitatively assessed the degree of underlying bone sclerosis was
distributed as follows: 30. 4% in absent, 44. 6% in subtle, 2 5.0% in prominent.
Mean of quantitatively assessed the degree of underlying bone sclerosis (HU
values) was 438.5 (825.5 in underlying bone and 387.0 in the corresponding

region on the contralateral side of the mandible).

The extent of underlying bone scleros is was distributed as follows: 30. 4%
in no sclerosis, 42.9% in sclerosis not extended over the mandibular canal,

26. 7% in sclerosis extended over the mandibular canal

1.2. Preoperative MR image analysis

Of 137 cases included in CT evaluation, 13 cases were excluded in MR

evaluation. Eight cases were not imaged with MR images. Either fat

16



suppressed T2WI or contrast e nhanced T1WI sequence was missing in 5

cases.

On the T1WI, 77 cases (77. 8%) showed low Sl in the underlying bone
marrow space. The low Sl in 52 cases was limited to the alveolar bone, the

other 25 cases showed low Sl that extended to the basal bone.

On fat suppressed T2WI, 84 cases (84. 8%) had high Sl. There were 16
cases of h igh Sl that was limited to the alveolar bone, 68 cases of high SI

that extended to the basal bone.

On contrast en hanced T1WI , 84 cases (84. 8%) showed enhancement.
There were 17 cases of enhancement that was limited to the alveolar bone,

and 67 cases of en hancement that extended to the basal bone.

Among the three sequences of  T1WI, fat suppressed T2WI and contrast
enhance T1WI , 90 cases (9 0.0%) and 69 cases (69. 7%) had pathologic Sl
of underlying bone marrow observed in at least one sequence and all

sequenc es respectively.

1.3. Agreement between CT and MR imaging findings

Table 2 shows the agreement between CT and MR findings. Excellent to
substantial agreement were observed each between CT and T1WI , fat
suppressed T2WI and contrast enhanced T1WI . The rest combinations

showed fair to poor agreement.

17



Even when there was no clear observation of underlying bone sclerosis on
CT image, pathologic SI of underlying bone was further observed on MR
image. Among 36 cases with no observation of underlying bone scleros is on
CT, 5 cases showed pathologic SI on TIWI and 25 cases showed pathologic

Sl on fat suppressed T2WI o r contrast enhanced TI1WI.

18



2. Correlation between underlying bone change and tumor

aggressiveness

2.1. Preoperative CT image analysis

The radiologic types of bone invasion were observed as follows: 31 cases
(27.7%) of cortical invasion, 20 cases (1 7.9%) of medullary invasion with a
smooth margin, 61 cases (54.5%) of medullary invasion with an irregular

margin .

The mean depth of bone invasion was 7.4 mm and the mean tumor size

was 27.7 mm.

2.2. Histopathologic and clinical analysis
The d egree of differentiation was observed as follows: 86 cases of well
differentiation, 24 cases of moderate differentiation, 0 cases of poor

differentiation. 2 case s had no result.

T stage was observed as follows: 1 4 casesof T1,2 6 casesof T2, 2 cases
of T3, 60 cases of T4, 10 cases of none. N stage was observed as follows:
63 cases of NO, 1 1 casesof N1, 22 casesof N2, 16 case s of none. Regarding
pathologic TNM stages, 8 cases observed as stage I, 1 9 as stage Il, 6 as

stage Ill, 69 as stage IV and 10 cases had none.

Recurrence was observed in1 3 cases ( 11.6 %) .

19



2.3. Correlation between underlying bone change and tumor aggressiveness

The prevalence of underlying bone sclerosis was 82.7% (67 of 81) in
patients with medullary invasion, but was 3 5.5% (11 of 31) in patients with
only cortical invasion, indicating a signifi cant increase in the prevalence of
underlying bone sclerosis in patients with medullary invasion (P<.05). The
medullary invasion group was 9.8 33 times more likely to have underlying
bone sclerosis compared to the cortical invasion group (Oddsratio= 9.833).
Presence of underlying bone sclerosis was more likely to be the medullary
invasion group by 2.169 - folds ( Relative risk = 2.169)

Compared to cortical invasion group, medullary invasion group had
significantly increased prevalence of pathologic Sl o n TIWI (Odds ratio =
5.556, Relative risk = 1.759) , fat suppressed T2WI  (Odds ratio = 7.262,
Relative risk = 2.131 ), contrast enhanced T1WI (Odds ratio = 18.485,

Relative risk = 3.671 ) ( P <.05).

Increases in the degree and extent of underlying bone scleros is were
associated with aggressive radiologic type of bone invasion (P<.05) (Figure
4, Figure 5).

Of the 31 cases in the cortical invasion group, 21 had no underlying bone
sclerosis . Subtle sclerosis thatwas limited to the alveolar bone was observed

in the remaining 10 cases (Figure 6).

Of the 20 cases in medullary invasion with a smooth margin group, 14 had
underlying bone sclerosis (Figure 7). There were 9 cases of subtle sclerosis

that was limited to the alveolar bone, 2 cases of subtle sclerosis that includ ed

20



the basal bone, and 3 cases of prominent sclerosis that was limited to the
alveolar bone. None in this group had prominent sclerosis that included the

basal bone.

Of the 61 cases in medullary invasion with an irregular margin group, 53
had underlying bone sclerosis (Figure 8). There were 18 cases of subtle
sclerosis that was limited to the alveolar bone, 10 cases of subtle sclerosis
that included the basal bone, 7 cases of prominent sclerosis that was limited
to t he alveolar bone, and 18 cases of prominent sclerosis  that included the

basal bone.

There was a significant difference in the degree of underlying bone
sclerosis ( HU value ) among groups classified by radiologic type of bone
invasion ( P <.05) (Table 3). Cor tical invasion group had lower HU value
compared to medullary invasion group. There was no significant difference
in HU values between medullary invasion with smooth margin group and

medullary invasion with irregular margin group.

Increase inthed egree of underlying bone scleros  is ( HU) was significantly
associated withincreasein  the invasion depth and tumor size ( £<.05) (Table
4). However, when adjusted for tumor size, HU value did not increase
according to invasion depth.  On the other hand, HU value increased as tumor
size in creases when adjusted for invasion depth. Therefore, the d egree of
underlying bone sclerosis  (HU) would have more significant association with

tumor size than invasion depth.

21



No other data had a significant relationship with underlying bone change

on preop erative images.

22



3. Presence of malignant tumor cells in the area of underling

bone change

3.1. Preoperative image analysis

Of the 18 cases, 4 cases had bone destruction upto the inferior cortex of
the mandible. These 4 cases were infeasible for further analysis because
they lacked remaining bone marrow.

Underlying bone sclerosis was observed in 1 2 cases on CT images .
Pathologic S| of underlying bone marrow was observed in 13 cases on MR
images. Low S| on T1WI was observed in 11 cases. All these cases showed
underlying bone sclerosis on CT images simultaneously . Ten cases showed
high Sl on fat suppressed T2WI and enhancement on  contrast enhanced
T1WI. Except one case, the majority of cases revealed no FDG uptake on
PET- CT.

Regarding the radiologic type of invasion, 4 cases were classified as
cortical invasion, 2 cases as medullary invasion with a smooth margin, 8

cases as medullary invasion with an irregular margin.

3.2. Histopathologic  analysis

Regarding histo pathologic type of bone invasion of the 18 cases, 6 cases
were erosive and 12 cases were infiltrative type.

In the current study, we categorized peritumoral bone change further into

three patterns : sclerosis, fibrosis, and invasion dominant (Figure 9). Of 18

23



cases, 4 cases were sclerosis dominant pattern, 10 cases were fibrosis
dominant pattern, and 4 cases were invasion dominant pattern.

Sclerosis dominant pattern was only observed with erosive type. Loss of
previous trabecular structure and dense sclerot ic bone was observed. There
were only few inflammatory cells and no malignant tumor cell was found.

Fibrosis dominant pattern was found in both erosive pattern and infiltrative

type. Alteration of normal trabecular structure and fibrosis of inter

trabecula r space was observed. Zone of fibrosis was defined as the vertical
length of fibrosis from the interface of tumor and bone. The zone of fibrosis
raged from 3 to 10 mm. Fibrosis dominant pattern had intermediate degree
of inflammatory cell infiltration, whi ch was in between sclerosis dominant
pattern and invasion dominant pattern. There was no malignant tumor cell
observed. Fibrosis dominant pattern showed three subtypes, 1) only fibrosis,
2) fibrosis with focal woven bone formation, and 3) desmoplasia which
means dense fibrosis.

Invasion dominant pattern was seen only in infiltrative type. Tumor islands
within the inter - trabecular space accompanied by severe inflammation were
extensively observed. In addition, fibrosis in cancer tissue itself was also

obser ved.

3.3. Radiologic - histopathologic correlation

Table 5 show s the relationship between  radiologic and histo pathol ogic

findings of peritumoral bone change.

24



Sclerosis dominant pattern showed dense sclerosis on CT and low Sl on
T1WI (Figure 10). Fibrosis dominant pattern showed increased attenuation
of marrow space on CT, high Sl on fat suppressed T 2WI, and enhancement

on contrast enhanced T1WI (Figure 11, Figure 12). Invasion dominant

pattern showed bone destruction to the inferior cortex of th e mandible and
no remaining bone marrow to be evaluated on preoperative images (Figure
13).

Important point is, isolated malignant tumor cell nest was not found in

underlying bone for sclerosis and fibrosis dominant patterns .

25



Table 2. The d egree of agreement between CT

presence and extent of underlying bone change

findings and MR findings on

Kappa  Strength of Kappa Strength of
Presence Extent
value agreement value agreement
CT.T1 0.904"  Excellent CT. T1 0.795" Substantial
T2 En 0.728"  Substantial T2 En 0.854° Excellent
T1- T2 0.389° Fair T1- T2 0.148 " Poor
T1- En 0.389° Fair T1- En 0.148 " Poor
CT- T2 0.328° Fair CT- T2 0.133° Poor
CT- En 0.328"° Fair CT- En 0.133° Poor
* P<.05
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Figure 4. Degree of underlying bone sclerosis according to radiologic type of

bone invasion.

Increases in the degree of underlying bone sclerosis was

significantly associated with aggressive radiologic type of bone invasion.
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Figure 5. Extent of underlying bone sclerosis according to radiologic type of
bone invasion. Increases in the extent of underlying bone sclerosis was

associated significantly with aggressive radiologic type of bone invasion.
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Figure 6. Coronal computed tomographi c images with bone window setting

(A) and soft tissue window setting (B) show subtle underlying bone
sclerosis confined to the alveolar bone portion (arrow) with cortical invasion

type .
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Figure 7. Coronal computed tomographic images with bone window setting

(A) and soft tissue window setting (B) show prominent underlying bone
sclerosis confined to the alveolar bone portion (arrow) with smooth

medullary invasion type .
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Figure 8. Coronal compute tomographic images with bone window setting (A)

and soft tissue window setting (B) show prominent underlying bone sclerosis
widespread to basal bone portion (arrow) with irregular medullary invasion

type .
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Table 3. Degree of underlying b  one sclerosis (HU value)  difference among

groups classified by  radiologic type of bone invasion

Mean Standard
Type of bone invasion P value
difference error
Medullar y .
Cortical 267.8 105.1 .033
(smooth)
Medullary .
Cortical 407.7 81.6 .000
(irregular)
Medullary Medullary
140.0 105.0 .302
(smooth) (irregular)

* P<.05
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Table 4. Correlation of

with invasion depth and tumor size

the degree of underlying bone sclerosis (HU value)

Control Degree of Invasion Tumor
variables sclerosis depth size
Degree of  Correlation 0.363° 0.370°
sclerosis P value .001 .000
Invasion  Correlation 0.363 " 0.557 °
None
depth P value .001 .000
Tumor Correlation 0.370° 0.557"
size P value .000 .000
Degree of  Correlation 0.203
Tumor sclerosis P value .064
Size Invasion  Correlation 0.203
depth P value .064
Degree of ~ Correlation 0.217 "
Invasion  Sclerosis P value 047
depth Tumor  Correlation 0.217"
size P value 047
* P<.05
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Histologic type of bone invasion

Erosive type

Infiltrative type

/N /N

Sclerosis dominant pattern
- Loss of trabecular structure
— Sclerotic bone formation
- Minimal inflammation

* No tumor invasion

Fibrosis dominant pattern

- Alteration of trabecular structure

-> Extensive fibrosis

- Mild to severe inflammation
* No tumor invasion

Invasion dominant pattern

- Tumor invasion into the

intertrabecular space

- Fibrosis or Sclerosis
- Active inflammation

Histologic pattern of peritumoral bone change

Figure 9. Histo pathologic type of bone invasion and histo pathologic pattern

of peritumoral bone change.

34




Table 5. Relationship between radiologic and histopathologic findings

Radiologic findings Histopathologic finding s
MR MR MR Type Tumor Type
CT PET Pattern
(Ty) (T2 (En) Inv cell Inv

2 L I X X Smo X I nf Scl
1 I I X X Cor X Ero Scl
2 L I X X Smo X Ero Scl
2 L I X X Smo X Ero Scl
1 L H E X lrr X I nf Fib
1 L H E X lrr X Inf Fib
1 L H E X Smo X Ero Fib
2 L H E X lrr X Ero Fib
2 L H E X lrr X I nf Fib
2 L H E U Cor X I nf Fib
2 L H E X lrr X Ero Fib
0 I H E X lrr X Inf Fib
0 I H E X lrr X Inf Fib
2 L H E X lrr X Inf Fib

@) Inf Inv

o Inf Inv

@) Inf Inv

o Inf Inv
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* Type Inv: type of invasion, Pattern: pattern of peritumoral bone change
0: no sclerosis, 1: subtle sclerosis, 2: prominent sclerosis

H: high signal intensity, L: low signal intensity, I: intermediate signal

intensity

E: enhancement, U: fluorodeoxyglucose (FDG) uptake

Cor: cortical invasion type, Smo : medullary invasion with a smooth margin

type, Irr: medullary invasion with an irregular margin type
Ero: erosive type, Inf: infiltrative type

Scl: sclerosis dominanat pattern, Fib: fibrosis dominant pattern, Inv: invasion

dominant pattern
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Figure 10. Erosive type of bone invasion and s clerosis dominant pattern of
peritumoral bone change. (A) Photomicrograph of the histologic specimen
demonstarates sclerotic bone (loss of previous trabecular structure) and no
inflammation. (B) CT image with b one setting shows dense sclerosis of

underlying bone (arrow). (C) T1WI shows low SI of underlying bone (arrow).
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Figure 11. Erosive type of bone invasion and fibrosis dominant pattern of
peritumoral bone change (A) Photomicrograph of the histologic s pecimen
demonstarates alteration of normal trabecular structure, extensive fibrosis
of bone marrow and mild inflammation. (B) CT image with bone setting
shows increase attenuation of marrow space (arrow). (C) Contrast enhanced

T1WI shows pathologic Sl of u  nderlying bone marrow (arrow).
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