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Abstract. The present study aimed to investigate the sensitivity 
and specificity of combined dynamic spectral imaging (DySI) 
and routine colposcopy in diagnosing pre‑cancerous lesions in 
subjects with abnormal cytological results. The retrospective 
study included 146 patients diagnosed with cervical lesions 
and atypical squamous cells of undetermined significance 
according to a colposcopy examination. Data from colposcopy 
clinics were used to evaluate performance of DySI in different 
histological types. The present study evaluated the clinical 
performance of two different referral strategies (single diag-
nosis or combined diagnosis) in combination with a smear test. 
The sensitivity of DySI and routine colposcopy for detecting 
severe pre‑cancerous cervical disease in patients referred with 
a borderline histology or mild dyskaryosis was 69% [95% 
confidence interval (CI): 56‑82%] and 43% (95% CI: 28‑57%), 
respectively (P=0.01). However, for the HSIL group, the 
sensitivity of DySI and routine colposcopy was 64 and 61%, 
respectively. In the HSIL group, the sensitivity was as high 
as 85% when the DySI method was combined with routine 
colposcopy. When the conditions of new screening strategies 
were applied to remove those patients with a negligible risk, 
DySI had a higher sensitivity to detect severe pre‑cancerous 
cervical disease than conventional colposcopy. In conclusion, 
the combined DySI and routine colposcopy strategy had a 
higher diagnostic sensitivity in subjects with low or high 
abnormalities on cytological examination, compared with 
either method separately. The present study suggests that the 
baseline colposcopy sensitivity may be enhanced with the 
adjunctive use of DySI, irrespective of the cytology result for 
referral.

Introduction

Cervical carcinoma is the second most common malignant 
tumor type in females, accounting for 527,600 newly diag-
nosed cases and 265,700 deaths worldwide in 2012 (1). The 
neoplasm is most frequently caused by persistent infection with 
high‑risk human papillomavirus (HPV), leading to slow and 
progressive infiltration (2,3). Usually, the process of cervical 
carcinogenesis takes 10 years or longer (2,3). Regular and 
frequent cervical carcinoma screening and early diagnostic 
approaches have become the most critical tools for preventing 
the progression of pre‑cancerous lesions to cervical carci-
noma (4). Colposcopy is a visual technique that is extensively 
used to collect cervical tissue samples and identify cervical 
lesions. However, the application of colposcopy is limited by 
the skills and experience of clinical staff (5). Furthermore, the 
selection of the biopsy site is always subjective and affects 
the determination of the histological type based on visual 
changes (6). Due to the above reasons, the accuracy rate of the 
determination of cell morphological changes and mild nuclear 
abnormalities is limited. At present, the predictive rate for 
severe pre‑cancerous lesions is <55% in the clinic (7). Aberrant 
cell morphology and mild nuclear abnormalities always 
induce atypical squamous cells of undetermined significance 
(ASCUS)/atypical squamous cells‑cannot exclude high‑grade 
squamous intraepithelial lesion (ASC‑H)/low‑grade squa-
mous intraepithelial lesion (LSIL). Furthermore, high‑grade 
squamous intraepithelial lesions (HSIL) are considered severe 
pre‑cancerous lesions (8).

The dynamic spectral imaging (DySI) colposcope is a 
digital‑video colposcope integrating standard colposcopy 
with adjunctive DySI cervical mapping (9). DySI has a rela-
tively higher sensitivity for detecting severe pre‑cancerous 
lesions [defined as lesions covering >2/3 of the total uterine 
neck and cervical intraepithelial neoplasia 2+ (CIN2+)] (10). 
Soutter et al (11) reported that the diagnostic efficacy for 
CIN2+ lesions by DySI is significantly higher compared with 
that of traditional colposcopy in patients with cytological 
abnormalities. In 2013, the American Cancer Society updated 
their screening guidelines for the early detection of cervical 
carcinoma and pre‑cancerous lesions (12), to recommend the 
cytological technique as the discriminant diagnostic tool for 
high‑risk (hr)HPV‑positive patients according to the World 
Health Organization Guidelines (13). At present, the determi-
nation of hrHPV is considered as an alternative method after 
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the cytological examination, while the colposcopy examination 
is performed directly for those patients with severe cytological 
results (14).

In the present study, the diagnostic efficacy of DySI, tradi-
tional colposcopy and their combination was first evaluated. 
Subsequently, two different screening methods of traditional 
colposcopy, namely hrHPV examination as the pre‑screening 
method and cytological examination combined with deter-
mination of the hrHPV, were compared. The results revealed 
that the combined application of the DySI technique and 
traditional colposcopy exhibited a higher sensitivity compared 
with that of traditional colposcopy alone for the detection of 
pre‑cancerous cervical lesions in subjects with an abnormal 
cytological result.

Materials and methods

Patients. The present retrospective study included 146 patients 
diagnosed with cervical lesions and ASCUS on colposcopy 
examination. The inclusion criteria were an age of >18 years, 
and an abnormal screening test result [referral from cervical 
screening to the colposcopy unit due to an abnormal cervical 
cytological result]. Patients fulfilling the following criteria were 
excluded: i) Known pregnancy, ii) human immunodeficiency 
virus infection, iii) acquired immune deficiency syndrome, 
iv) hysterectomy and v) radiation treatment or chemotherapy.

DySI examination. The DySI system used in the present 
study was a DySIS v2.1 purchased from Forth Photonics Ltd. 
(Livingston, UK). This technique allowed for visualization of 
the cervix during a colposcopic examination and measurement 
or mapping the dynamics of the acetowhitening effects for 
each point of the cervix, to finally provide a per‑point analysis 
of the acetowhitening effects.

Upon addition of 3% acetic acid, the evaluation of acetow-
hitening effects by DySI commenced automatically. Although 
the acquisition period continued for ~3 min, the acetowhitening 
effects persisted for longer (15). When the examination was 
completed, the DySI information was concisely illustrated 
with a color‑coded map. The color‑coded map was overlaid 
with the color images for the vertical tissues to facilitate the 
identification of the location of cervical lesions and determine 
the severity. The DySI procedure was performed according to 
the manufacturer's protocols.

hrHPV screening. The patients were instructed to refrain from 
sexual activity and washing of the vagina, and no drugs were 
applied and no other surgeries of the cervix and vagina were 
performed for 3 days prior to the HPV screening. The cervix 
was exposed by with a speculum and a HPV sampler was used 
to obtain the specimens. The specimens were preserved in 
PBS and ready to be detected in the laboratory. hrHPV was 
assessed in the cervical specimens by employing the GP5+/6+ 
polymerase chain reaction enzyme immunoassay according to 
the protocols of previous studies (16,17).

Evaluation of clinical presentation by two different strategies. 
The patients of the present study were divided into two groups 
that were subjected to different evaluation strategies prior to 
colposcopy and/or DySI (18). First, hrHPV examination was 

used as the pre‑screening experiment. If the hrHPV test was 
positive, the patients were separated and then subjected to 
the diagnostic procedures. Meanwhile, the hrHPV negative 
patients were also subjected to the diagnostic procedures for 
consistency. Furthermore, hrHPV examination was used as 
the criterion for classification examination. If patients had a 
critical cell morphology or mild nuclear abnormalities and an 
hrHPV‑positive status, the patients were separated and then 
subjected to the diagnostic procedures. The hrHPV negative 
patients were also subjected to the diagnostic procedures. If 
the patients' cytological results indicated a morphology of 
highly diseased cells, the patients were selected directly and 
subjected to the diagnostic procedures immediately.

Trial grouping. According to the presence of abnormal nuclear 
morphology and the degree of pre‑cancerous lesions, the 
patients were divided into an ASCUS/ASC‑H/LSIL group 
(n=93), HSIL group (n=53) and HSIL/hrHPV‑negative group 
(n=13). Furthermore, all three groups were subdivided into a 
routine colposcopy group, DySI group and combined diagnosis 
by DySI and routine colposcopy group. In addition, the patients 
were divided into two groups that were subjected to different 
evaluation strategies to examine the clinical presentation prior 
to colposcopy. For the Method 1 group (n=110), the hrHPV 
examination was used as the pre‑screening experiment, and 
for the Method 2 group (n=124), hrHPV examination was used 
as a criterion for classification examination (cytology analysis). 
Each of the two groups was sub‑divided into a routine colpos-
copy group, a DySI group and a combined diagnosis by DySI 
and routine colposcopy group.

Statistical analysis. All of the data were analyzed by using 
SPSS software 19.0 (IBM Corp., Armonk, NY, USA). 
Quantitative data are expressed as the mean ± standard devia-
tion. Categorical variables, including sensitivity and specificity 
(expressed as percentages, %), were analyzed by using a 
Chi‑square test. Receiver operating characteristic curves were 
employed to evaluate the sensitivity and specificity of the 
routine colposcopy method, DySI and the combined diagnostic 
method, according to previously published studies (19,20). All 
of the data were obtained from at least six independent tests or 
experiments. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Histological results. The present study included 146 patients 
with pre‑cancerous lesions according to the patients' cyto-
logical results. The histological samples were taken from the 
cervix of the uterus using the colposcope prior to the analysis 
of the diagnostic sensitivity and specificity according to a 
previously published study (21). In the current study, the gold 
standard for the cancer diagnosis was the histological analysis. 
Histological analysis revealed that the patients either exhibited 
focal advanced squamous intraepithelial lesions (CIN2, CIN3; 
66 patients; Fig. 1A), low‑grade squamous intraepithelial 
lesions (CIN1; 41 patients; Fig. 1B) or low‑grade intraepithe-
lial lesions (CIN0; 37 patients; Fig. 1C). There were also two 
patients with adenocarcinoma of uterine cervix. Therefore, all 
of the patients were included in the subsequent examinations.
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Characteristics of the patients. A total of 93 patients (63.7%) 
were indicated to have low cytological abnormalities and 
53 patients (36.3%) had high cytological abnormalities 
(Table I). Furthermore, the lesions of 110 patients (75.3%) 
were hrHPV‑positive and those of 33 patients (22.6%) were 
hrHPV‑negative, while no results were obtained for 3 patients 
(3.1%). Regarding the CIN grades, 37 patients were CIN0, 
41 were CIN1, 14 were CIN2 and 52 were CIN3 grade; further-
more, 2 patients were diagnosed with adenocarcinoma of the 
cervix (Table I). Two biopsy specimens were collected from 
each patient for the subsequent tests.

Combination of routine colposcopy and DySI enhances 
the diagnostic sensitivity for pre‑cancerous lesions in 
subjects with abnormal cytological results. In patients clas-
sified as ASCUS/ASC‑H/LSIL, the diagnostic sensitivity 
in the DySI subgroup [69%; 95% confidence interval (CI), 
56‑82%] was significantly higher compared with that in 
the routine colposcopy subgroup (43%; 95% CI, 28‑57%; 
P=0.01; Table II). When the DySI method was combined 
with routine colposcopy, the diagnostic sensitivity was 
increased to 77% (95% CI, 65‑88%), which was signifi-
cantly higher compared with that of routine colposcopy 
alone and DySI alone, respectively (all P<0.05; Table II). 
Furthermore, in the HSIL group, combined diagnosis by 
DySI and routine colposcopy also demonstrated a higher 
diagnostic sensitivity compared with that of in the routine 
colposcopy alone or DySI alone group (P<0.05; Table II). 
However, there were no significant differences in the diag-
nostic sensitivity among the three subgroups for the HSIL 
and hrHPV‑negative group (P<0.05; Table II).

Cytological examination according to Method 1. In Method 1 
(a pre‑screening strategy), determination of the hrHPV status 
was used as the pre‑screening tool, and cytological exami-
nation was then employed to make a definite diagnosis for 
patients with hrHPV‑positive samples. In the present study, 110 
out of 146 patients (75.3%) were hrHPV‑positive and subjected 
to a cervical smear test. The results indicated that 71 patients 
(64.5%) had low cytological abnormalities and 39 patients 
(35.5%) had high cytological abnormalities (Table III).

Cytological examination according to Method 2. In Method 2 
(a pre‑screening strategy), the patients with low cytological 
changes and hrHPV‑negative status were excluded from 
further analysis. Therefore, all of the patients with high cyto-
logical changes and those with low cytological abnormalities 
and hrHPV‑positive status were subjected to examination by 
colposcopy and/or DySI. The results indicated that 93 patients 
(76.4%) exhibited low cytological abnormalities and were 
hrHPV‑positive, and 53 patients exhibited high cytological 
abnormalities (Table III). Therefore, 124 patients (84.9% of all 
patients) were included in Method 2; these patients included 71 
hrHPV‑positive patients and 53 patients who illustrated higher 
cytological abnormalities.

DySI enhances the diagnostic sensitivity for subjects with 
≥CIN2+ pre‑screened with Method 1 or 2. If Method 1 was 
used for pre‑screening, the diagnostic sensitivity for detecting 
(pre‑)cancerous lesions in subjects with CIN2+ in the DySI 

Figure 1. Representative histological images. (A) Advanced squamous 
intraepithelial lesion (CIN2, CIN3). (B) Low‑grade squamous intraepithe-
lial lesion (CIN1). (C) Low‑grade intraepithelial lesion (scale bar, 100 µm). 
CIN, cervical intraepithelial neoplasia.

Table I. Clinicopathological characteristics of the subjects 
(n=146).

Item Value

Age (years) 
  Mean (range) 37.0 (18.7‑62.6)
  Median 35.4
Cytological detection 
  ASCUS/ASC‑H/LSIL 93 (63.7)
  HSIL 53 (36.3)
hrHPV detection  
  Positive 110 (75.3)
  Negative 33 (22.6)
  Ineffective detection 3 (2.1)
Grade of tumorigenicity 
  CIN0 37 (25.3)
  CIN1 41 (28.1)
  CIN2 14 (9.5)
  CIN3 52 (35.6)
Adenocarcinoma of uterine cervix 2 (1.4)

Values are expressed as n (%) unless otherwise specified. CIN, 
cervical intraepithelial neoplasia; hrHPV, high‑risk human papilloma-
virus; ASCUS, atypical squamous cells of undetermined significance; 
ASC‑H, atypical squamous cells‑cannot exclude high‑grade squa-
mous intraepithelial lesion; LSIL, low‑grade squamous intraepithelial 
lesion; HSIL, high‑grade squamous intraepithelial lesion.
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group (67%; 95% CI, 57‑77%) was significantly higher 
compared with that in the routine colposcopy group (52%; 
95% CI, 42‑63%; P=0.04; Table III). Furthermore, compared 
with that in the groups using either diagnostic method alone, 
the diagnostic sensitivity achieved by combination of routine 
colposcopy with DySI was significantly increased to 82% 
(95% CI, 73‑90%; P<0.05; Table III). If Method 2 was used 
for pre‑screening, no significant differences in the diagnostic 
sensitivity were obtained between the DySI group (64%; 95% 
CI, 54‑73%) and the routine colposcopy group (53%; 95% CI, 
43‑63%; P<0.05; Table III). However, the diagnostic sensitivity 
in the combined diagnosis group (81%; 95% CI, 74‑89%) was 
significantly higher compared with that in the groups using 
either diagnostic method alone (P=0.001; Table III).

Discussion

Although cervical screening strategies have proven to be 
successful in preventing cervical carcinoma, the diagnostic 
accuracy also requires to be improved. Therefore, the diag-
nostic accuracy of routine colposcopy combined with DySI 
was investigated in the present study. It was revealed that DySI 
exhibited a higher sensitivity, which is consistent with the result 
of a previously published study (10). However, it is uncommon 
that hrHPV‑negative patients exhibit high cytological changes; 
this may occur as the sequelae of un‑associated risk factors.

The finding of low cytological abnormalities accounts 
for the overwhelming majority of abnormal cytological 
morphologies in screening processes (22), and represents 

Table II. Sensitivity and specificity of routine colposcopy, DySI and their combination in the diagnosis of intraepithelial cervical 
lesions of different histological types (threshold, CIN2+) as pre‑cancerous lesions.

Group N Sensitivity (95% CI), % P‑valuea Specificity (95% CI), % P‑valuea

ASCUS/ASC‑H/LSIL 93    
  Routine colposcopy  43 (28‑57)  88 (81‑95) 
  DySI  69 (56‑82) 0.010 78 (68‑88) 0.210
  Combined diagnosis  77 (65‑88) 0.001 70 (59‑80) 0.001
HSIL 53    
  Routine colposcopy  61 (48‑74)  55 (35‑75) 
  DySI  64 (51‑76) 1.000 63 (42‑83) 0.690
  Combined diagnosis  85 (75‑95) 0.001 25 (25‑65) 0.500
HSIL and hrHPV negative 13    
  Routine colposcopy  55 (22‑87)  46 (16‑75) 
  DySI  34 (4‑65) 0.690 65 (36‑93) 0.630
  Combined diagnosis  78 (52‑100) 0.500 36 (7‑66) 1.000

aP‑values refer to comparison with routine colposcopy group. DySI, dynamic spectral imaging; CIN, cervical intraepithelial neoplasia; 
CI, confidence interval; hrHPV, high‑risk human papillomavirus; ASCUS, atypical squamous cells of undetermined significance; ASC‑H, 
atypical squamous cells‑cannot exclude high‑grade squamous intraepithelial lesion; LSIL, low‑grade squamous intraepithelial lesion; 
HSIL, high‑grade squamous intraepithelial lesion.

Table III. Influence of different referral strategies on the sensitivity and specificity of routine colposcopy, DySI and their combi-
nation in the diagnosis of intraepithelial cervical lesions (threshold, CIN2+) as pre‑cancerous lesions.

  Advanced lesions  Sensitivity   Specificity
Method N under colposcopy, n (%) (95% CI), % P‑valuea (95% CI), % P‑valuea

1 110 59 (53.3)    
  Routine colposcopy   52 (42‑63)  83 (74‑91) 
  DySI   67 (57‑77) 0.040 68 (57‑78) 0.003
  Combined diagnosis   82 (73‑90) 0.001 63 (52‑73) 0.001
2 124 65 (52.4)    
  Routine colposcopy   53 (43‑63)  77 (68‑85) 
  DySI   64 (54‑73) 0.100 67 (57‑76) 0.130
  Combined diagnosis   81 (74‑89) 0.001 60 (50‑70) 0.001

aP‑values refer to comparison with routine colposcopy group. CI, confidence interval; DySI, dynamic spectral imaging; CIN, cervical intraepithelial 
neoplasia; CIN, cervical intraepithelial neoplasia.
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the patients who were remained undiagnosed following 
the colposcopy. Due to a few factors, such as difficulties in 
diagnosis and economic burden of patients, international 
research to improve the screening process and diagnostic 
methods for cervical carcinoma has been launched. In 
fact, the implementation of the hrHPV examinations 
led to subjects undergoing colposcopy screening in the 
clinic more frequently, a certain amount of which may be 
unnecessary. Furthermore, potential mistakes, including 
the relatively lower specificity of combined diagnostic 
methods, or misdiagnosis (false‑positive diagnoses or 
identifying a low number of cytological abnormalities) 
may cause unnecessary anxiety of patients, along with 
increased national healthcare costs. However, it is important 
to perform preliminary screenings prior to examination for 
cervical carcinoma using combined diagnostic methods 
with enhanced sensitivity, while those patients not fulfilling 
certain criteria may be excluded from further examinations. 
In the present study, the data were analyzed following DySI 
examination, and the results suggested that DySI combined 
with routine colposcopy is able to significantly improve the 
accuracy and sensitivity of cervical carcinoma diagnosis by 
first subjecting the patients to hrHPV examination and/or 
cytological examination (10,23).

In recent years, novel methods for diagnosing pre‑cancerous 
lesions have been proposed. Ni et al (24), used endoscopic 
diagnosis for diagnosing pre‑cancerous laryngeal lesions, 
which is also a traditional method for examining laryngeal 
cancer lesions. DeNardis et al (25), applied adjunctive 
dynamic spectral imaging to detect pre‑cancerous cervical 
lesions. However, the secondary sensitivity and specificity 
of the adjunctive dynamic spectral imaging on its own are 
relatively low. Furthermore, in the present study, the strategy 
of combining the DySI and routine colposcopy was applied 
for the first time, to the best of our knowledge, which is also 
different from the method described by DeNardis et al (25). 
In addition, three‑dimensional power Doppler ultrasound was 
previously utilized to diagnose pre‑cancerous lesions, but the 
sensitivity of this method is lower (26) compared to the present 
study. It is therefore indicated that the combination of DySI 
and routine colposcopy is a promising strategy for diagnosing 
pre‑cancerous cervical lesions.

The present study had two possible limitations. First, 
when the different screening methods and the referral method 
were retrospectively simulated, certain deviations in the data 
might occur. There is controversy regarding the correlation 
between the characteristics of CIN2 and the clinical histo-
logical type, however, CIN2 is also the threshold for excision 
treatment (27,28). Furthermore, the number of biopsies from 
the same patient were relatively small in the present study. 
Increasing the amount of biopsies may increase the sensitivity 
of the colposcopy examination (29). However, in the present 
study, a mean number of specimens of 2 (ranging from 1 to 4) 
was selected, which is consistent with the normal amount of 
biopsy specimens in the clinic. Therefore, it is indicated that 
any potential effects of the amounts of selected tissue biopsy 
specimens may be neglected.

In conclusion, the present study proved that the DySI 
strategy has a higher diagnostic sensitivity compared with 
that of routine colposcopy. Furthermore, adjuvant DySI 

improves the accuracy of colposcopy examination in 
different setups. In conclusion, combined DySI and routine 
colposcopy exhibited an increased diagnostic sensitivity for 
the detection of pre‑cancerous lesions in patients with low or 
high cytological abnormalities, compared with either method 
on its own.
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