
Cervical cancer is a common gynaecological malignancy 
worldwide. Although it can be prevented by using the recent-
ly	 found	 vaccine	 against	 the	 human	papilloma	virus	 (HPV)	
and its incidence has decreased in developed countries due 
to	screening	with	the	Papanicolaou	test	(Pap	smear),	cervical	
cancer is still a prominent cause of malignancy-related death 
(1-3).	Among	 the	 imaging	modalities	 used	 in	 the	 preopera-
tive evaluation of cervical cancer, magnetic resonance imag-
ing	(MRI)	is	excellent	for	demonstrating	the	internal	anatomy.	
Diffusion	weighted	 imaging	 (DWI)	 is	a	 recent	approach	 for	
evaluating malignancies. Although it is widely used in the 
detection	and	evaluation	of	acute	stroke	(4,	5),	with	improv-
ing MRI technology that has reduced the artefacts interfer-
ing with the image interpretation, DWI has been used in body 
imaging	 (6,	 7).	Apparent	 diffusion	 coefficent	 (ADC)	 maps	
are calculated from DWI images and it has been reported that 
quantitative evaluation of ADC values might be used for dif-
ferentiating	benign	from	malignant	 tissue	(8).	 In	 the	present	
study the aim was to identify whether the ADC measurements 

made any contribution to the differentiation of normal cervi-
cal tissue and malignant lesions preoperatively, and whether 
in malignant lesions there was a correlation between the mean 
ADC values and tumour type, grade or stage.

MATERIAL AND METHODS

Patients who had cervical cancer proved histopathologically be-
tween June 2009 and June 2011 were taken as the study group but 
rare	 cervical	 cancer	 subtypes	 like	 small-cell	 carcinoma	 were	 ex-
cluded	from	the	study	because	of	insufficient	numbers.	The	magnetic	
resonance	(MR)	data	of	25	patients	was	taken	into	account	consisting	
of 21 squamous cell cancers and four adenocarcinomas. Twenty pa-
tients with an otherwise normal uterus who underwent MRI because 
of	adnexal	pathologies	constituted	the	control	group.	The	MR	data,	
obtained	via	a	1.5-T	MR	scanner	(Avanto;	Siemens,	Erlangen,	Ger-
many)	with	eight-channel	body	coil,	was	evaluated	retrospectively.	
MRI protocol for pelvic imaging consists of these sequences with 
corresponding	 parameters:	 axial	 turbo-spin-echo	 T1-weighted	 im-
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ages	(T1WI)	with	a	 repetition	 time	(TR)	of	536	ms	and	echo	 time	
(TE)	of	11	ms;	axial	 turbo-spin-echo	T2WI	with	a	TR	of	4320	ms	
and	TE	of	87	ms;	sagittal	turbo-spin-echo	T2WI	with	a	TR	of	5030	
ms	and	TE	of	101	ms;	coronal	 turbo-spin-echo	 turbo	 inversion	re-
covery	magnitude	(TRIM)	sequence	with	a	TR	of	4980	ms	and	TE	
of	84	ms;	and	an	axial	DW	spin-echo	echo-planar	sequence	with	a	
TR of 4900 ms and TE of 93 ms with b factors of 0, 500 and 1000 s/
mm2.	After	that,	contrast-enhanced	axial	and	sagittal	spin-echo	T1WI	
with fat suppression were acquired using 0.1 mmoL/kg gadopentate 
dimeglumine	(Magnevist;	Bayer	Schering	Pharma	AG;	Berlin,	Ger-
many)	administered	intravenously.	ADC	maps	were	calculated	from	
DW	images	that	were	previously	assessed	by	an	experienced	radiolo-
gist for image quality. In the patient group, ADC measurements were 
executed	on	reconstructed	ADC	maps	with	the	largest	region	of	in-
terest	(ROI)	within	the	tumour.	ROIs	were	set	up	three	times	and	the	
average of them was used for each ADC value measurement. In the 
control group, ADC measurements of the normal cervical tissue were 
taken	 by	 setting	 the	ROIs	 excluding	 the	 stroma	 to	 avoid	mismea-
surement	arising	 from	short	T2WI	values	 (9).	A	 t-test was used to 
analyse comparisons and a p value	<0.05	was	accepted	as	statistically	
different. Mean ADC values in the patient group and control group 
were compared. Also, in the study group, comparisons of mean ADC 
values between histopathological subtypes, tumour grades and stages 
were made. This study was approved by the Bakirköy Training and 
Research	Hospital	Ethics	Committee	(decision	no:	2014/04).

RESULTS

The	average	age	of	the	patient	group	(aged	between	52	and	
74)	was	60.7±7.6	years	and	that	of	the	control	group	(aged	be-
tween	47	and	72)	was	58.6±8.1	years.	No	significant	statistical	
difference	was	found	between	the	average	ages	(p>0.05).

The mean ADC value of the study group was   
0.96±0.15x10-3 mm2/s and in the control group the mean ADC 
value	was	1.67±0.17x10-3 mm2/s. In the study group, the mean 
ADC values were statistically lower than those of the control 
group	(p<0.05)	(Figure	1).	There	were	21	patients	with	squa-
mous cell cancer and four patients with adenocarcinoma with 
mean	ADC	values	of	0.95x10-3 mm2/s	and	0.91x10-3 mm2/s, re-
spectively. Although mean ADC values of the adenocarcinoma 
group were lower than those of the squamous cell cancer group, 
because of the difference between the number of patients, statis-
tical	analysis	could	not	be	performed	(Table	1).	With	regards	to	
tumour grades, no statistical difference was found between the 
mean	ADC	values	(grade	I	n:13,	grade	II	n:7	and	grade	III	n:5	
with	mean	ADC	values	of	0.95x10-3 mm2/s,	 0.94x10-3 mm2/s 
and	0.97x10-3 mm2/s,	respectively;	p>0.05)	(Table	1).

According to the International Federation of Gynaecology 
and	Obstetrics	(FIGO),	classification	stages	I--IIa	are	consid-
ered early stage and stages IIb or more are considered late 
stage	(10).	Eleven	patients	were	in	the	early	stage	with	10	pa-
tients in stage Ib and one in stage IIa, whereas 14 patients were 
in the late stage with three patients in stage IIb, two patients 

in stage IIIa, four patients in stage IIIb, four patients in stage 
IVa	and	one	patient	 in	 stage	 IVb.	The	mean	ADC	values	 in	
early-stage	cervical	cancer	(0.86±0.05x10-3 mm2/s)	were	sig-
nificantly	lower	than	the	mean	ADC	values	in	the	late	stage	of	
the	 disease	 (0.98±0.06x10-3 mm2/s)	 (p<0.05).	A	 comparison	
of mean ADC values between early- and late-stage disease is 
shown in Table 1 and Figure 2.

DISCUSSION

Magnetic Resonance Imaging with high soft-tissue resolu-
tion is the most valuable imaging modality in the assessment 

	 	 Number	of	patients	(n)	 Mean	ADC	value

Histopathology  
	 Squamous	cell	cancer	 21	 0.95x10-3 mm2/s
	 Adenocarcinoma	 4	 0.91x10-3 mm2/s
Tumor stage  
	 Early	stage	(stages	I-IIa)	 11	 0.86x10-3 mm2/s
	 Late	stage	(stages	IIb-IV)	 10	 0.98x10-3 mm2/s
Tumor grade  
	 Grade	I	 13	 0.95x10-3 mm2/s
	 Grade	II	 7	 0.94x10-3 mm2/s
	 Grade	III	 5	 0.97x10-3 mm2/s
ADC: apparent diffusion coefficient
Mean	ADC	values	were	significantly	lower	in	early	stage	disease	(p<0.05).	No	
significant difference was found between the mean ADC values of histopathologic 
subtypes	and	tumor	grades	(p>0.05)

TABLE 1. Comparison of ADC values between the histopathologic  
subtypes, tumor stage and tumor grades

FIG. 1. Comparison of the mean ADC values between patient group 
and control group. Cervical cancer was found to have significantly low-
er mean ADC values than normal cervical tissue (p<0.05).

A
D

C
 (x

10
-3

  m
m

2 /s
)

Patient group (n=25)

2.00

1.80

1.60

1.40

1.20

1.00

0.80

Conrol group (n=20)

Balkan Med J, Vol. 31, No. 2, 2014

155Demirbaş	et	al.	Contribution	of	Diffusion-Weighted	Imaging	



of tumour size, depth of cervical invasion	and	extent	of	 lo-
coregional spread in the treatment planning of cervical cancer 
(11,	12).	DWI,	which	has	recently	been	used	in	the	diagnosis	
of	malignant	lesions,	can	distinguish	the	normal	uterine	cervix	
from cervical cancer and benign lymph nodes from malignant 
ones	(13).	 In	 the	study	of	Naganawa	et	al.	 (14),	mean	ADC	
values	were	found	to	be	significantly	lower	in	cervical	cancer	
than in the control group. Despite the small study population, 
this study has shown that ADC measurement has a potential 
value for distinguishing normal cervical tissue from cancerous 
cervical	tissue.	With	a	larger	study	population,	McVeigh	et	al.	
(8)	reported	that	mean	ADC	values	of	patients	with	cervical	
cancer	were	lower	than	normal	cervix	ADC	values.	Also,	with	
regard	to	FIGO	classification,	mean	ADC	values	were	found	
to	be	lower	in	stages	Ib/IIa	than	in	stage	IIb	and	stages	III/IV,	
as	 is	 found	 in	 this	study.	The	significant	difference	between	
the FIGO stages may be a useful factor in treatment planning, 
especially	for	cases	in	which	the	extent	of	the	disease	is	unde-
termined.	In	a	recent	study	by	Kuang	et	al.	(15),	it	was	con-
cluded that in the evaluation of cervical cancer, the diagnostic 
accuracy of ADC values for the distinction of cancerous from 
normal	tissue	was	high.	A	similar	study	by	Zhang	et	al.	(16)	
reported lower mean ADC values for cervical cancer than for 
a	normal	cervix.	Also,	it	is	reported	that	there	was	an	increase	
in ADC values after radiotherapy, which indicated that DWI 
might be used to monitor the response to therapy. Similarly, 
Makino	et	al.	(17)	observed	that	in	patients	with	cervical	can-
cer, the measurement of ADC values could be an important 
factor for assessing response to chemoradiotherapy. In anoth-
er	study	by	Kilickesmez	et	al.	(18),	 it	was	shown	that	mean	

ADC values could be used for distinguishing benign uterine 
pathologies	from	malignant	uterine	pathologies.	Liu	et	al.	(19)	
stated that mean ADC values were lower in cervical cancer 
than in normal uterine tissue. A negative correlation between 
tumour grade and mean ADC values and lower mean ADC 
values for squamous cell carcinoma than for adenocarcinoma 
were	also	reported.	In	the	present	study,	there	was	no	signifi-
cant statistical difference between mean ADC values with re-
gard to tumour grade. This inconsistency may be related to the 
smaller patient group of our study. One of the limitations of 
our study was that it did not encompass all of the cervical can-
cer subtypes. In the histopathological subgroup, the number 
of patients with adenocarcinoma was lower than the number 
of patients with squamous cell carcinoma and this interfered 
with carrying out a statistical analysis. Besides the preopera-
tive uses, there are a number of studies on the postoperative 
use	of	mean	ADC	values.	According	to	Nakamura	et	al.	(20),	
preoperative mean ADC values might also be used as a predic-
tive factor for relapse of cervical cancer.

Although there are no similar studies with larger popula-
tions	on	the	use	of	ADC	measurements	in	cervical	cancer,	ex-
isting studies along with this study indicate that  ADC value 
measurements may provide convenient data for the diagnosis 
of cervical cancer as well as for preoperative assessment of 
the tumour stage.
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