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Introduction

The surgical management of brain tumor is the first
step of treatment. Preoperative planning for excision of
intra-axial brain tumor requires knowledge about

tumor consistency as well as location, size and
invasiveness. Operating time is also affected by tumor
consistency; whereas soft tumors can easily removed
with suction, careful and diligent dissection is required
for harder tumors. Thus information of the consistency
of intra-axial brain tumor may help the clinician plan
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Purpose : To retrospectively evaluate the usefulness of diffusion-weighted images,
ADC maps and conventional MR images for determination of brain tumor
consistency.
Materials and Methods : Twenty-three patients with brain tumor underwent MR
examinations with T1, T2 and diffusion-weighted images. Regions of interest (ROIs)
were drawn in the tumors, and the measured signal intensities (SI) were normalized
with the contralateral side. We evaluated the correlation between SI ratios from
various images and tumor consistency assessed at surgery. In three patients with
both cystic and solid components, each component was evaluated independently.
Qualitatively observed SIs were also correlated with tumor consistency.
Results : Statistical analysis revealed significant correlation between tumor
consistency and ADC ratio (r = -0.586, p = 0.002), SI ratios on T2-weighted images
(r = -0.497, p = 0.010), and observed SIs on T2-weighted images (r = -0.461, p =
0.018). The relative ratio of ADC value correlated with tumor consistency most
strongly. 
Conclusion : The measured ratio of ADC, SI ratio and observed SI grade on T2-
weighted images can provide valuable information about the consistency of brain
tumor.
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the proper surgical technique before the procedure.
Several earlier studies assessed the ability of

conventional MR imaging for determining the
consistency of pituitary adenomas (1-6) or meningiomas
(7-11). Only a few studies evaluated the consistency of
pituitary macroadenomas using apparent diffusion
coefficient (ADC) with diffusion weighted imaging
(DWI) (12-14). To the best of the authors’knowledge, a
detailed analysis of DWI and conventional MR imaging
for prediction of consistency of the intra-axial brain
tumor has not yet been reported. Therefore, the aim of
this study was to evaluate the usefulness of DWI, ADC
maps and conventional MR images for determination of
intra-axial brain tumor consistency.

Materials and Methods

Subjects
We evaluated the MR images of 23 patients (10 men,

13 women; mean age, 52 years ± 18.20) with intra-
axial brain tumors, who had undergone MR
examinations between 2004 and 2008. Histologic types
were glioblastoma multiforme (n = 12), metastasis (n =
4), anaplastic oligodendroglioma (n = 2), pilocystic
astrocystoma (n = 2), anaplastic oligoastrocytoma (n =
1), anaplastic astrocytoma (n = 1), atypical
teratoid/rhabdoid tumor (n = 1). 

MR Sequence and Image Analysis
MR images were acquired using 1.5T MR scanner

(Signa Excite, GE Medical Systems, Milwaukee, WI,
U.S.A. or Achieva, Philips Medical Systems, Best,
Netherlands) with a 8-channel head coil. The
conventional MR images and DW images were

obtained separately. The interval between two studies
was shorter than 1 week. The axial spin echo T1-
weighted image (T1WI) (repetition time (TR), 500-650
ms; echo time (TE), 12-13 ms; section thickness, 5 mm;
field of view (FOV), 220 × 220 mm; matrix size, 256-
320 × 224; number of excitation (NEX), 1) and the
axial turbo spin echo T2-weighted image(T2WI) (TR,
3600-4500 ms; TE, 80-122 ms; Echo train length(ETL),
12-16; section thickness, 5 mm; FOV, 220 × 220 mm;
matrix size, 256-320 × 220-256; NEX, 1-2) were used
for the signal intensity(SI) measurement of the tumors.

DWI was performed using a single-shot spin-echo
echo-planar imaging sequence (TR, 2330-2640 ms; TE,
65-89 ms; flip angle, 90�; section thickness, 5 mm;
FOV, 230 × 230 mm; matrix size, 128 × 128; b-values
of 0 and 1000 s/mm2).

Measurement of SI of the tumors on T1WI, T2WI,
DWI and ADC maps was performed by placing regions
of interest (ROIs) drawn in the tumors. The measured
SIs of the tumors were normalized by dividing the
tumor SI values by the SIs of the contralateral normal
regions. In three patients with both cystic and solid
components, each component was evaluated
independently.

Qualitative observed SIs by two experienced
neuroradiologists were graded into 7 steps (grade 3 to
grade -3) on various images : grade 3, marked
hyperintense; grade 2, moderate hyperintense; grade 1,
mild hyperintense; grade 0, isointense relative to the
normal brain parenchyma; grade -1, mild hypointense;
grade -2, moderate hypointense; grade -3, black signal
intensity.
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Table1. Relative SI Ratios and Qualitative SI Grade of MR Images

Consistency Number
Relative SI Ratio Qualitative SI Grade

T1WI T2WI ADC DWI T1WI T2WI ADC DWI

Cystic 3 0.67 ± 0.50 2.73 ± 0.94 3.46 ± 0.55 0.38 ± 0.04 -2±1 2.67± 0.58 2.67± 0.58 -2.67 ± 0.58
Gelatinous 2 0.78 ± 0.10 1.96 ± 0.39 2.75 ± 0.29 0.78 ± 0.12 -2±1.4 2.50± 0.71 3.00 ± 0.00 -2.00 ± 0.00
Friable 6 0.79 ± 0.11 1.68 ± 0.20 1.84 ± 0.78 1.18 ± 0.26 -1.17 ± 0.41 1.50± 0.55 0.67 ± 1.37 -0.17 ± 1.94
Soft 9 0.84 ± 0.12 1.78 ± 0.38 1.87 ± 0.62 1.49 ± 1.83 -1.11 ± 0.60 1.22± 0.67 1.33 ± 0.87 -0.67 ± 1.41
Firm 4 0.76 ± 0.08 1.81 ± 0.37 1.82 ± 0.67 0.77 ± 0.41 -1.25 ± 0.50 1.75± 0.50 1.50 ± 0.58 -0.75 ± 1.71
Hard 2 0.83 ± 0.03 1.44 ± 0.52 1.63 ± 0.10 0.69 ± 0.36 -1.00 ± 0.00 1.00± 0.00 1.00 ± 0.00 -1.50 ± 0.71
p value 0.260* 0.037* 0.012* 0.728* 0.434§ 0.035§ 0.031§ 0.039§

Note.─Values are expressed as mean ± standard deviation.
* = calculated with one-way ANOVA.
§= calculated with Kruskal-Wallis test.



Surgery
All patients with intra-axial brain tumor underwent

surgical resection performed by one neurosurgeon. 16
tumors were totally resected and 7 tumors were
partially removed. At surgery, consistency of the
tumors was classified ac cystic, gelatinous, friable, soft,
firm or hard.

Statistical Analysis
Statistical analysis was performed by using the

Statistical Package for the Social Sciences.  We used
analysis of variance to assess the difference among the
relative SI ratios on various MR images across tumor
consistency group, followed by a post hoc comparison
(Tukey’s honest significance test). The Kruskal-Wallis
test was used to evaluate differences in qualitative
observed SI grade on various MR images among all
consistency groups. We evaluated the correlation
between relative SI ratios and qualitatively observed SI
grade from various MR images and tumor consistency
assessed at surgery by using Pearson’s and Spearman’s
correlation coefficient. A p value of less than 0.05 was
considered a statistically significant difference.

Results

The table 1 and 2 summarize the relationship
between MR imaging findings and consistency of intra-
axial brain tumors. No correlation was found between
tumor consistency and relative SI ratio on T1WI.
Statistical analysis also revealed no significant
correlation between tumor consistency and qualitative
SI grade on T1WI.

Relative SI Ratio of ADC and Tumor Consistency
Representative conventional MR images and ADC

maps are shown in Figs. 1-4. The mean ratio of ADC in
the cystic consistency group was 3.46 ± 0.55, 2.75 ±
0.29 in the gelatinous group, 1.84 ± 0.78 in the friable
group, 1.87 ± 0.62 in the soft group, 1.82 ± 0.67 in the
firm group, and 1.63 ± 0.10 in the hard group. The
difference in the mean ratio of ADC values among
various consistency groups was statistically significant
(p = 0.012). Pearson’s correlation analysis also
demonstrated that relative SI ratios of ADC was a
significant predictor of tumor consistency (r = -0.586, p
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Table 2. Correlation Coefficient between Tumor Consistency and Various MR Imaging

Relative SI Ratio* Qualitative SI Grade§

T1WI T2WI ADC DWI T1WI T2WI ADC DWI

Correlation coefficient 0.329 -0.497 -0.586 0.099 0.312 -0.461 -0.376 0.377
p value 0.100 -0.010 -0.002 0.629 0.121 -0.018 -0.059 0.058

* = calculated with Pearson’s correlation
§= calculated with Spearman’s correlation

a b c
Fig. 1. Metastatic tumor with hard consistency in 44-year-old woman. (a) Axial T2WI shows a homogenous hyperintense
(grade 1) mass. (b) Axial DWI shows a hypointense lesion (grade -2) with respect to normal white matter. (c) ADC maps
shows a mass with increased diffusion coefficient (grade 1). 
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a b c
Fig. 2. Metastatic mucoepidermoid carcinoma with gelatinous consistency in 67-year-old man. (a) Axial T2WI shows ho-
mogenous hyperintense (grade 3) masses. (b) Axial DWI shows hypointense masses (grade -2) with respect to normal white
matter. (c) ADC maps shows masses with increased diffusion coefficient (grade 3). 

a b c
Fig. 3. Glioblastoma with friable consistency in 69-year-old man. (a) Axial T2WI shows a homogenous hyperintense (grade
2) mass. (b) Axial DWI shows a hypointense lesion (grade -1) with respect to normal white matter. (c) ADC maps shows a
mass with slightly increased diffusion coefficient (grade 1). 

a b c
Fig. 4. Glioblastoma with friable consistency in 42-year-old man. (a) Axial T2WI shows a homogenous hyperintense (grade
1) mass. (b) Axial DWI shows a hyperintense lesion (grade 2) with respect to normal white matter. (c) ADC maps shows a
mass with slightly decreased diffusion coefficient (grade -2). 



= 0.002) (Fig. 5). Cystic consistency tumor was
associated with a significantly higher relative SI ratio
than friable, soft, firm and hard groups (Tukey HSD p
< 0.05).

Relative SI Ratio on Conventional MR Images and
Tumor Consistency

The mean SI ratio on T2WI in the cystic consistency
group was 2.73 ± 0.94, 1.96 ± 0.39 in the gelatinous
group, 1.68 ± 0.20 in the friable group, 1.78 ± 0.38 in
the soft group, 1.81 ± 0.37 in the firm group, and 1.44
± 0.52 in the hard group with a statistically significant
difference (p = 0.037). Significant correlation was
found between relative SI ratio on T2WI and tumor
consistency(r = -0.497, p = 0.01) (Fig. 6). Cystic tumor
was associated with significantly higher SI ratio than
hard tumor (Tukey HSD p < 0.05). The SI ratio on
T1WI showed no significant difference among various
consistency groups.

Qualitatively Observed SI Grade on Conventional
MR Images, ADC and DWI and Tumor Consistency

The qualitatively observed SI on T2WI in the cystic
consistency group was 2.67 ± 0.58, 2.50 ± 0.71 in the
gelatinous group, 1.50 ± 0.55 in the friable group, 1.22
± 0.67 in the soft group, 1.75 ± 0.50 in the firm
group, and 1.0 ± 0.0 in the hard group with a

statistically significant difference (p = 0.035) (Fig. 7).
Spearman’s correlation analysis showed significant
correlation between qualitatively observed SI grade and
tumor consistency (r = -0.461, p = 0.018). Kruskal-
Wallis test indicated that there was a significant
difference between observed SI grade on ADC and
DWI for consistency groups (p = 0.031, 0.039,
respectively). But there was no significant correlation
between tumor consistency and SI grade on ADC and
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Fig. 5. Box plot shows relative SI ratios on ADC in tumor
consistency groups. Relative SI ratios on ADC are signifi-
cantly correlated with intra-axial brain tumor consistency. 
*, §,¶ = significant different from cystic consistency group
* p = 0.02 , §p = 0.014, ¶ p = 0.032

Fig. 7. Box plot shows qualitative SI grade on T2WI in tu-
mor consistency groups. SI grade on T2WI are significantly
correlated with intra-axial brain tumor consistency. 

Fig. 6. Box plot shows relative SI ratios on T2WI in tumor
consistency groups. Relative SI ratios on T2WI are signifi-
cantly correlated with intra-axial brain tumor consistency. 
*, §,¶ = significant different from cystic consistency group
* p = 0.033, §p = 0.044, ¶ p = 0.045



DWI (p = 0.059, 0.058, respectively).

Discussion

Several reports assessed the ability of conventional
MR images and DWI to predict consistency of pituitary
adenomas or meningiomas and their results varied (12-
14). Our study is the first research that evaluated the
consistency of intra-axial brain tumors by various MR
images. We found significant correlation between
relative SI ratios of tumors on T2WI and qualitatively
observed SI grade on T2WI and tumor consistency. In
the present study, softer tumors showed higher T2 SI
and grade than harder tumors did. Pierallini et al. (12)
described inverse relation between SI on T2WI and
tumor consistency of pituitary macroadenoma. Other
researchers reported no correlation between tumor
consistency and SI on conventional MR images in
pituitary adenomas and meningiomas (4-6, 11). Such
divergent findings may result from different tissue
component of tumors. Collagen content, cellularity,
extracellular space and free water contents are strongly
correlated with tumor consistency. Harder tumor has
more collagen content, higher cellularity, lower
extracellular space and free water content than softer
tumor does. Whereas extracellular space and free water
contents produce an increase in SI on T2WI, fibrous
tissue and high cellularity cause a decrease in SI.
Therefore harder tumor demonstrates lower SI on
T2WI than softer tumor does. 

We found no statistically significant correlation
between tumor consistency and relative SI ratio on
T1WI and qualitatively observed SI grade on T1WI.
Our results agreed with those in previous studies that
showed no significant difference in SI on T1WI among
tumor consistency groups (12, 13). Fibrous tissue which
is abundant in harder tumor decrease SI on T1WI and
extracellular space and free water contents which are
rich in softer tumor also produce a decrease in SI on
T1WI. Therefore, T1WI is of limited value in the
evaluation of tumor consistency.

In this study, relative ratios of ADC of harder tumors
were significantly lower than those of softer tumors.
Pearson’s correlation analysis also demonstrated that
relative ratios of ADC were significant predictors of
tumor consistency. More collagen content, higher
cellularity and lower extracellular space may inhibit

diffusion, resulting in a lower ADC (15, 16). In pituitary
macroadenomas, a few reports evaluated the
usefulness of DWI and ADC maps for determination of
tumor consistency and their conclusions did not agree
(12-14). Although line-scan diffusion-weighted imaging
(LSDWI) (17) and periodically rotated overlapping
parallel lines with enhanced reconstruction
(PROPELLER) DWI (18) were less susceptible to
artifact than echo-planar DWI, susceptibility artifact
was inevitable particularly in pituitary region. Tumor
consistency may also affected by necrosis, cystic
degeneration and hemorrhage within tumors which
may make tumor softer. In earlier studies, SI
measurements were performed by placing ROIs only in
solid portions of the tumors. However, we measured SI
of the whole tumor. For ADC values, earlier
researchers used absolute value of ADC for analysis.
ADC values are affected by magnetic field
inhomogeneity and other factors. So in this study, ADC
values were normalized for interimager and interimage
variability. They may make different result. 

There were some limitations to this study. First, the
sample size of 26 lesions is too small to confirm an
exact relationship between tumor consistency and
various MR images. Further studies with larger sample
sizes are required to confirm these findings. Second,
histologic analysis such as collagen content and
quantitative estimation of fibrous tissue was not
performed in this study. Third, some tumors were not
totally removed. If totally removed, their consistencies
may be rated differently. Lastly, intraoperative
assessment of tumor consistency was qualitative. More
precise quantification of tumor consistency may help in
preoperative planning and we recommend that this
should be performed in future studies. 

In conclusion, the measured ratio of ADC, SI ratio
and observed SI grade on T2WI can provide valuable
information about the consistency of intra-axial brain
tumor.
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확산강조 상과고식적자기공명 상을이용한수술전
축내뇌종양의경도평가

가톨릭 학교 의과 학 상의학과

오문식∙안국진∙최현석∙정소령∙이윤주∙김범수

목적: 수술 전 축내 뇌종양의 경도를 평가하는데 확산강조 상 및 현성확산계수 상과 고식적 MR 상의 유용성을

알아보고자 하 다.

상 및 방법: 축내 뇌종양으로 수술을 받은 23명의 환자를 상으로 T1, T2, 확산강조 상 소견을 후향적으로 분석

하 다. 다양한 MR 상에서의 신호강도와 수술에서 평가한 종양의 경도를 정량적, 정성적으로 비교 분석하 다. 수

술소견에서 종양의 경도는 낭성, 젤리같은, 쉽게 부서지는, 부드러운, 단단한, 딱딱한 정도로 나눴다. 세 명의 환자에

서는 낭성 부분과 고형성 부분이 함께 있어서 각각에 해서 평가하 다.

결과: 종양이 단단할수록 현성확산계수와 T2강조 상에서의 신호강도의 비는 더 낮았다 (p = 0.002, p = 0.01).

종양의 경도와 현성확산계수가 가장 강한 선형상관관계를 보 다 (r = -0.586, p = 0.002). 정성적 분석에서는

단단할수록 T2강조 상에서 정성적 신호강도 등급이 낮았다 (p = 0.018). 그 외 다른 MR소견은 통계분석에서 종

양의 경도와 유의한 상관관계를 보이지 않았다. 

결론: 축내 뇌종양의 현성확산계수, T2강조 상에서 신호강도의 비와 정성적 신호강도 등급은 종양의 경도와 상관관

계가 있었고 이는 수술 전 전략 수립에 많은 도움이 될 것으로 생각된다.
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