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Abstract. The present study aimed to unveil the diagnostic 
value of magnetic resonance imaging (MRI) in the preop‑
erative evaluation of cervical cancer and its analysis of 
pathological features. A total of 110 patients with cervical 
cancer were included. MRI was performed 1 week before 
surgery, with postoperative pathological assessment serving 
as the gold standard for diagnostic comparison. The accu‑
racy of MRI staging was assessed and its ability to evaluate 
pathological features, including pelvic lymph node metastasis 
(LNM), parametrial invasion and vaginal involvement, was 
analyzed. Additionally, the diagnostic performance of MRI 
was evaluated, including factors such as sensitivity, specificity 
and accuracy for pelvic LNM, parametrial invasion and 
vaginal involvement. The diagnostic accuracy of MRI for 
clinical staging showed minimal differences compared with 
pathological diagnosis, with no statistically significant differ‑
ences found. Similarly, MRI demonstrated a high consistency 
with a pathological diagnosis in detecting pelvic LNM, para‑
metrial invasion and vaginal involvement in cervical cancer. 
MRI demonstrated high sensitivity, specificity and accuracy 
for these features. Sensitivity was highest for vaginal involve‑
ment, specificity was highest for pelvic LNM and accuracy 
was highest for parametrial invasion. In conclusion, MRI 
demonstrates high accuracy in the clinical staging of cervical 
cancer, including the assessment of pelvic LNM, parametrial 
invasion, and vaginal involvement; it can be used to guide the 
selection of surgical approaches preoperatively and should be 
considered a routine examination before surgery.

Introduction

Cervical cancer remains a significant global health concern, 
ranking as the fourth most common cancer and the fourth 
leading cause of cancer death among women worldwide, 
with 604,127 new cases and 341,831 associated deaths annu‑
ally (1). Cervical cancer represents a substantial portion of 
the global cancer burden for women, particularly in low‑ and 
middle‑income countries, which carry the majority of this 
burden (2). Cervical cancer is one of the most prevalent gyne‑
cological malignancies globally and is closely associated with 
human papillomavirus infection, viral persistence, progression 
and invasion (3). Accurate preoperative evaluation is important 
for effective treatment planning and prognosis, as it helps to 
identify potential risks, improve patient outcomes and reduce 
the likelihood of complications  (4). Preoperative assess‑
ment involves gathering information from multiple sources, 
including medical history, interviews, physical examinations 
and medical tests (5). 

Accurate preoperative assessment of lesion type, extent 
and depth of invasion is required to improve the complete 
resection rate and reduce the risk of additional surgery (6). The 
analysis of pathological features, such as tumor size, stromal 
invasion and lymph node metastasis (LNM), plays a notable 
role in determining the extent of disease and guiding thera‑
peutic strategies (7). Determining these features is important 
for deciding the appropriate management approach, as treat‑
ment is tailored based on the nature of the tumor (7). Pathology 
results of resected tissues are often used as diagnostic criteria, 
and imaging features such as nodule size and a ground glass 
sign are significantly correlated with pathological types (8).

Magnetic resonance imaging (MRI) has emerged as a 
valuable tool in the preoperative assessment of cervical cancer, 
offering superior soft‑tissue contrast and detailed anatomical 
visualization compared with other imaging modalities, 
including ultrasound, computed tomography (CT) and positron 
emission tomography (PET)‑CT. MRI has become a notable 
imaging modality in radiotherapy, particularly with the devel‑
opment of novel MRI and image‑guidance techniques  (9). 
MRI provides detailed anatomical images, and functional 
MRI monitors physiological activity by recording blood 
oxygenation (10). As aforementioned, the utility of MRI lies 
in evaluating tumor characteristics, including depth of stromal 
invasion and parametrial involvement, which are important 
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for staging and surgical decision‑making. The purpose of the 
present study was to further explore the correlation between 
MRI findings and pathological features in cervical cancer, 
aiming to enhance the accuracy of preoperative evaluation and 
improve patient outcomes.

Materials and methods

Ethical approval. All experimental procedures were approved 
by the Medical Ethics Committee of The Fifth Affiliated 
Hospital of Xinjiang Medical University (Ürümqi, China). 
Written informed consent was obtained from all individual 
participants included in the study. All experimental proce‑
dures were approved by the Medical Ethics Committee of 
The Fifth Affiliated Hospital of Xinjiang Medical University 
(approval no. 2020065). 

Patient information. Data were collected from 110 female 
patients with cervical cancer who were admitted to The Fifth 
Affiliated Hospital of Xinjiang Medical University between 
December 2019 and December 2024.

Inclusion criteria were as follows: i) Diagnosis of cervical 
cancer confirmed by surgery or pathological biopsy; ii) no 
contraindications for MRI examination; iii) complete imaging 
and clinical pathological data; and iv) patients with clear 
consciousness, normal communication ability and coopera‑
tive attitude towards examination. Exclusion criteria included: 
i) Presence of other systemic malignant tumors; ii) comorbid 
psychiatric disorders; and iii) patients transferred to other 
hospitals during the study.

The ages of the patients ranged from 38‑75 years, with a 
mean age of 53.64±13.84 years. The duration of illness varied 
from 0.5‑3 years, with a mean of 1.99±0.84 years. Among the 
cases, there were 43 instances of cervical small cell carci‑
noma, 38 cases of cervical adenocarcinoma and 29 cases of 
cervical squamous cell carcinoma. The main clinical symp‑
toms of cervical cancer included increased vaginal discharge 
(15 cases), cervical erosion (4  cases), bleeding on contact 
(27 cases) and irregular vaginal bleeding (64 cases).

Intervention methods. 
Preoperative MRI examination. Prior to scanning, patients 
were asked to remove all metallic items, lie in a supine posi‑
tion with legs comfortably extended and maintain a steady 
breathing pattern. Patients were instructed to hold their 
breath at the end of exhalation and drink a suitable amount 
of water to ensure bladder fullness. The pre‑examination 
intravenous injection of gadoterate meglumine contrast agent 
was administered to all patients. The examinations were 
conducted using a United Imaging GE Discovery MR750 
3.0T MRI scanner (GE Healthcare). During the examination, 
with hands positioned above their heads, patients underwent 
sequential scans of pelvic axial T2‑weighted imaging (WI), 
T1WI, diffusion‑weighted imaging (DWI) sequences, a 
sagittal T2WI sequence and a coronal T2WI sequence using 
a body coil. Scan parameters comprised a slice thickness of 
5 mm and an interslice gap of 1 mm. The preoperative staging 
for cervical cancer was assessed by at least two MRI special‑
ists, each with >3 years of experience, relying on the MRI 
images of the patients and signs of abnormalities. If opinions 

were inconsistent, a comprehensive diagnosis was made in 
consultation with another senior physician.

Postoperative pathological examination. All patients 
received a diagnosis of cervical cancer based on postopera‑
tive pathological examination results. Tissue samples were 
removed and preserved in a 10% formaldehyde solution at 
room temperature for 12‑24 h. After re‑washing in tap water, 
samples were rinsed in graded alcohol solutions and later 
cleared in xylene. Following paraffinization, tissue samples 
were embedded in paraffin, then 4‑µm serial histological 
sections were obtained from a microtome. After deparaf‑
finization and rinsing, sections were stained with hematoxylin 
for 10 min, rinsed in tap water for 5 min, differentiated in 
0.5‑1% acid alcohol for a few seconds, rinsed again in tap 
water for 5 min, stained in a weakly alkaline solution for 
1 min and counterstained with eosin. Slides were dehydrated 
using absolute ethanol, cleared in xylene and mounted using 
neutral balsam. Slides examined pathologically under a light 
microscope (Olympus Corporation). The FIGO staging (11) 
was established by evaluating the cellular structure of the 
lesion, the extent of invasion and whether LNM was present. 
Specifically, staging was as follows: Stage  IA indicated 
microscopic invasive carcinoma with a maximum invasion 
depth of ≤5 mm; stage IB denoted invasive carcinoma that 
exceeded stage IA but remained within the cervix, with an 
invasion depth >5 mm; stage IIA involved tumor invasion 
limited to the upper two‑thirds of the vagina without para‑
metrial involvement; stage IIB included parametrial invasion 
without reaching the pelvic wall; stage  IIIA involved the 
lower one‑third of the vagina without pelvic wall extension; 
stage IIIB extended to the pelvic wall, potentially causing 
hydronephrosis or kidney dysfunction; stage IIIC involved 
invasion into the pelvic cavity, including para‑aortic lymph 
nodes; stage IVA included invasion into the rectal or bladder 
mucosa; and stage IVB referred to the spread of the tumor to 
distant organs.

Observation indicators. Using the pathological examination 
results as the gold standard, the confirmed diagnoses were 
compared with the staging results of MRI to evaluate the diag‑
nostic accuracy of MRI in clinical staging of patients.

The diagnostic performance of MRI (comprising sensi‑
tivity, specificity and accuracy) in detecting pelvic LNM, 
parametrial invasion and vaginal involvement was assessed. 
Sensitivity was calculated as the proportion of true‑positive 
cases relative to the sum of true‑positive and false‑negative 
cases, multiplied by 100. Specificity was determined as 
the proportion of true‑negative cases relative to the sum of 
true‑negative and false‑positive cases, multiplied by 100. 
Accuracy was defined as the proportion of true‑positive and 
true‑negative cases relative to the total number of cases, 
multiplied by 100.

Statistical analysis. Statistical analysis was performed using 
SPSS 24.0 software (IBM Corp.). Continuous variables, such 
as age, are expressed as mean ± standard deviation, while 
categorical variables are presented as frequencies (n) and 
percentages (%), with Fisher's exact test applied for analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Clinical staging. When compared with postoperative patho‑
logical staging, the overall diagnostic accuracy of preoperative 
MRI for the clinical staging of cervical cancer was 97.27%, 
with no statistically significant difference from the pathological 
diagnosis accuracy of 100% (P>0.05; Table I).

Diagnostic results for pelvic LNM, parametrial invasion and 
vaginal involvement in cervical cancer. The detection rates 
of MRI for pelvic LNM, parametrial invasion and vaginal 
involvement in cervical cancer were not significantly different 
from those of pathological diagnosis (all P>0.05) (Table II).

Diagnostic value of MRI for pelvic LNM, parametrial 
invasion and vaginal involvement. MRI exhibited high sensi‑
tivity, specificity and accuracy in diagnosing pelvic LNM, 
parametrial invasion and vaginal involvement. The sensitivity 
of MRI in detecting vaginal involvement was higher than that 
for pelvic LNM and parametrial invasion (P<0.05). The speci‑
ficity of MRI in diagnosing pelvic LNM showed no difference 
compared with its specificity in diagnosing parametrial 
invasion and vaginal involvement (P>0.05). The accuracy of 
MRI in diagnosing parametrial invasion showed no difference 
compared with its accuracy in diagnosing pelvic LNM and 
vaginal involvement (P>0.05; Tables III and IV).

MRI diagnostic image examples. Examples of MRI diagnostic 
images from multiple patients are shown in Figs. 1‑5. Fig. 1 
shows an irregular soft‑tissue mass in the cervical region, 
clearly visible on the axial sequence of T2‑weighted fat‑satu‑
rated imaging. The mass may suggest cervical lesions or 
tumors. Fig. 2 displays multiple lymph node metastases in the 
pelvic region on the axial sequence of DWI. The high‑signal 
areas indicate that the lymph nodes might be affected by 
tumor metastasis. Fig. 3 reveals an irregular soft‑tissue mass 
in the cervical region on the sagittal sequence of T2‑weighted 

fat‑saturated imaging. The mass is shown to have extended 
into the vaginal area, with the sagittal view aiding in the 
assessment of the lesion's longitudinal extent. Fig. 4 displays an 
irregular soft‑tissue mass in the cervical region on T1‑weighted 
enhanced imaging. The mass shows significant heterogeneous 
enhancement, suggesting that the lesion may be malignant. 
Fig. 5 illustrates a lesion in the cervical and vaginal regions on 
the sagittal sequence of T1‑weighted enhanced imaging. The 
lesion area demonstrates heterogeneous enhancement, further 
indicating the possibility of a malignant tumor.

Discussion

Cervical cancer ranks as the fourth most common cancer 
among women globally  (12). MRI has emerged as an 
important imaging modality in clinical practice, particularly 
with the advancement of various novel imaging techniques, 
including multi‑contrast sequences such as diffusion‑weighted 
imaging, T1‑ and T2‑weighted imaging, 4D‑MRI and 
virtual contrast‑enhanced MRI (9). Determining the patho‑
logical features of lesions is required for deciding appropriate 
management approaches and treatment strategies (7). Accurate 
preoperative assessment is important for identifying potential 
risks and improving patient outcomes (5). The present study 
demonstrated that MRI exhibits high diagnostic accuracy in 
the preoperative evaluation of cervical cancer staging and 
pathological features, including pelvic LNM, parametrial 
invasion and vaginal involvement, with no significant differ‑
ences compared with pathological diagnosis. High diagnostic 
accuracy supports the use of MRI as a reliable tool for 
preoperative assessment, enabling physicians to design more 
appropriate treatment strategies and thereby improve patient 
outcomes.

Previous studies have consistently emphasized the notable 
importance of accurate staging and comprehensive diagnosis in 
the management of cervical cancer, as these factors significantly 
influence treatment planning and patient outcomes (13‑15). 
The present research findings are consistent with previous 
evidence underscoring the diagnostic accuracy of MRI in 
cervical cancer evaluation, while recognizing that certain 
lesion subtypes may still pose diagnostic challenges (16). The 
multi‑parametric capabilities of MRI, including T2WI, DWI 
and dynamic contrast‑enhanced sequences, provide exemplary 
soft‑tissue contrast that is particularly valuable in gynecolog‑
ical malignancies. One of the most significant advancements 
in cervical cancer imaging has been the demonstration of the 
effectiveness of MRI in detecting LNM, an important factor 
in determining disease staging and treatment strategy (17). 
While the present study confirmed the overall diagnostic 
capabilities of MRI, a particularly strong performance in 
detecting pelvic LNM was demonstrated. This observation 
indicated that although MRI remains the cornerstone of 
cervical cancer imaging, PET/CT may provide complementary 
value in selected clinical scenarios, especially for detecting 
distant metastases and assessing treatment response. The close 
concordance between MRI and histopathological findings 
across multiple pathological features further underscores its 
diagnostic accuracy, and the consistency of the present results 
with previous research reinforces the role of MRI as a reliable 
preoperative evaluation tool (18).

Table I. Diagnostic accuracy of clinical staging in cervical 
cancer.

	 Magnetic 		
	 resonance 	 Pathological	
	 imaging	 diagnosis	
Stage	 (n=110)	 (n=110)	 P‑value

Stage IA	 7 (6.36)	 8 (7.27)	
Stage ⅠB	 28 (25.45)	 30 (27.27)	
Stage ⅡA	 12 (10.91)	 12 (10.91)	
Stage ⅡB	 23 (20.91)	 23 (20.91)	
Stage ⅢA	 19 (17.27)	 19 (17.27)	
Stage ⅢB	 9 (8.18)	 9 (8.18)	
Stage ⅢC	 5 (4.55)	 5 (4.55)	
Stage ⅣA	 3 (2.73)	 3 (2.73)	
Stage ⅣB	 1 (0.91)	 1 (0.91)	
Overall accuracy	 107 (97.27)	 110 (100.00)	 0.247

Data are presented as n (%).

https://www.spandidos-publications.com/10.3892/ol.2026.15449
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Specifically, the ability of MRI to accurately determine the 
extent of disease spread, including the depth of stromal inva‑
sion and its relationship to adjacent structures, makes it highly 

valuable for surgical planning. Its demonstrated diagnostic 
strength underscores the role of MRI as a key component in the 
diagnostic workup of cervical cancer. This capability enables 

Table III. Preoperative magnetic resonance imaging findings with postoperative pathological diagnoses regarding pelvic lymph 
node metastasis, parametrial invasion and vaginal involvement.

	 Postoperative pathology
Preoperative magnetic	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
resonance imaging	 Positive 	 Negative	 Total

Lymph node metastasis			 
  Positive	 18 (16.36)	 2 (1.82)	 20 (18.18)
  Negative	 1 (0.91)	 89 (80.91)	 90 (81.82)
  Total	 19 (17.27)	 91 (82.73)	 110 (100.00)
Parametrial invasion			 
  Positive	 76 (69.09)	 1 (0.91)	 77 (70.00)
  Negative	 1 (0.91)	 32 (29.09)	 33 (30.00)
  Total	 77 (70.00)	 33 (30.00)	 110 (100.00)
Vaginal involvement			 
  Positive	 39 (35.45)	 3 (2.73)	 42 (38.18)
  Negative	 0 (0.00)	 68 (61.82)	 68 (61.82)
  Total	 39 (35.45)	 71 (64.55)	 110 (100.00)

Data are presented as n (%).

Table II. Diagnostic accuracy rates for pelvic lymph node metastasis, parametrial invasion and vaginal involvement in cervical 
cancer.

Cervical cancer lesion type	 Magnetic resonance imaging (n=110)	 Pathological diagnosis (n=110)	 P‑value

Pelvic lymph node metastasis			   0.247
  Detected	 107 (97.27)	 110 (100.00)	
  Not detected	 3 (2.73)	 0 (0.00)	
Parametrial invasion			   0.498
  Detected	 108 (98.18)	 110 (100.00)	
  Not detected	 2 (1.82)	 0 (0.00)	
Vaginal involvement			   0.247
  Detected	 107 (97.27)	 110 (100.00)	
  Not detected	 3 (2.73)	 0 (0.00)	

Data are presented as n (%).

Table IV. Diagnostic efficacy of preoperative magnetic resonance imaging in detecting pelvic lymph node metastasis, parametrial 
invasion and vaginal involvement in cervical cancer.

Diagnostic factor	 Lymph node metastasis	 Parametrial invasion	 Vaginal involvement	 P‑value

Sensitivity	 94.74 (18/19)	 98.70 (76/77)	 100.00 (39/39)	 0.086
Specificity	 97.80 (89/91)	 96.97 (32/33)	 95.77 (68/71)	 0.859
Accuracy	 97.27 (107/110)	 98.18 (108/110)	 97.27 (107/110)	 >0.999

Data are presented as % (detected, n/total, n).
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the development of tailored treatment strategies, ranging 
from fertility‑sparing surgeries in early‑stage disease to more 
extensive procedures or chemoradiation in advanced cases. 

Furthermore, integrating advanced MRI techniques with other 
imaging modalities, particularly in complex situations, offers 
a promising approach to further enhance diagnostic accuracy 
and improve patient outcomes in cervical cancer management.

In conclusion, the importance of accurate MRI diagnosis 
in cervical cancer cannot be overstated, as it directly impacts 
treatment planning and patient outcomes. Looking ahead, there 
are several promising directions for advancing MRI‑based 
cervical cancer diagnosis. Integration of artificial intelligence 
and machine learning algorithms could potentially enhance the 
diagnostic accuracy of MRI interpretations. Future research 
should focus on developing standardized protocols for MRI 
assessment and exploring the combination of different imaging 
modalities to improve diagnostic precision. Additionally, 
investigating the role of advanced MRI techniques, such as 
DWI and dynamic contrast‑enhanced sequences, could provide 
more detailed information about tumor characteristics and 
treatment response. The development of quantitative imaging 

Figure 2. Diffusion‑weighted imaging axial sequence showing multiple 
lymph node metastases (white arrow) in the pelvic region. 

Figure 1. T2‑weighted fat‑saturated axial sequence showing an irregular 
soft‑tissue mass (white arrow) in the cervical region.

Figure 3. T2‑weighted fat‑saturated sagittal sequence showing an irregular 
soft‑tissue mass (white arrow) in the cervical region, which extends into the 
vaginal area.

Figure 4. T1‑weighted enhanced imaging showing an irregular soft‑tissue 
mass (white arrow) in the cervical region, with notable heterogeneous 
enhancement.

Figure 5. T1‑weighted enhanced sagittal sequence showing heterogeneous 
enhancement of the lesions (white arrow) in the cervical and vaginal regions.

https://www.spandidos-publications.com/10.3892/ol.2026.15449
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biomarkers through MRI could also help in predicting treat‑
ment outcomes and personalizing therapeutic approaches.
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