
Abstract. Aim: Inadequate cervical sampling is the most
frequent cause of misdiagnosis in cervical cancer screening.
The aim of this study was to test the ability of PapCone®

versus the conventional sampling method (Ayre’s spatula
plus cytobrush) to collect ectocervical and glandular cells.
Materials and Methods: In 18 healthy women, two ecto-
endocervical samples, obtained by two different methods,
were obtained at a three-month interval. Qualitative and
quantitative parameters were evaluated. Ultrastructure
features of sampling devices were analyzed by scanning
electron microscopy (SEM) before and after sampling.
Results: The χ2 test revealed a statistically significant
difference between the two methods: PapCone® caused less
cell overlap and sampled less white blood cells (p<0.05) and
more metaplastic cells (p<0.01). SEM evaluation highlighted
the porous and spongy structure of PapCone® that was
responsible for the large number of glandular cells on its
surface. Conclusion: Cervical smears performed by
PapCone® were adequate and generally easier to screen
than conventionally performed ones. 

Cervical cancer is a very important gynecological cancer,
ranking as the second female cancer worldwide. The
incidence and mortality of cervical cancer can be controlled
by well-organized screening programs and, according to the
international guidelines, the Pap smear represents the gold
standard for this screening (1-4).

A Pap smear consists of a sample of cells from the ecto-
endocervix smeared and fixed on to a glass slide or immersed

in a liquid fixative and then stained for evaluation by light
microscopy. Whatever the method, it is very important that
cells are sampled primarily from the transformation zone
(TZ) between the ectocervical squamous epithelium and the
endocervical columnar epithelium, since cervical cancer
arises mostly in this area (2, 5). The correct sampling of the
cervix with appropriate equipment contributes significantly to
the diagnostic value of the Pap test (2).

Several sampling devices can be used to obtain
endocervical and ectocervical cells. The European
Guidelines for Quality Assurance in cervical cancer
screening recommend three sampling methods: cervical
brush (Cervex-Brush, Rovers), a combination of a spatula for
the ectocervical sample and an endocervical brush for the
endocervical sample, or an extended-tip spatula-alone.
Furthermore, the use of cotton tip applicators is not
recommended (2).The most commonly used methods are
Ayre’s spatula and cytobrush. A new sampling device was
recently proposed for clinical use: PapCone® (Otto Bock,
Duderstadt, Germany). Therefore, the aim of this study was
to test the ability of this new device to collect squamous and
glandular cells-compared with the conventional sampling
method (Ayre’s spatula and cytobrush).

Materials and Methods

A prospective, comparative and randomized study was performed
on 18 healthy women aged between 21 and 46 years. They were
enrolled, after informed consent, at the “Colposcopy and low genital
tract diseases” outpatients room of the Sant’Andrea Hospital in
Rome. Sampling was performed between the 5th and the 10th day
of the menstrual cycle and after at least five days of sexual
abstinence. At enrolling time, 13 patients were nulliparous and five
pluriparous. The study was approved by the local Ethics Committee.
Exclusion criteria were: clinical history of genital warts or
destructive or excisional therapies of the lower genital tract, Pap test
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positive for Human Papillomavirus (HPV) or intraepithelial
neoplasia, pregnancy and use of hormonal contraceptive methods.

For all the patients, two ecto-endocervical samples were taken at an
interval of three months. The first sampling was randomly performed
using conventional devices: Ayre’s spatula and cytobrush (Ayre’s
spatula, Farmac Zabban S.P.A., Caldera di Reno, Bologna, Italy;
cytobrush, Clini Lab S.R.L, Conselve, Padua, Italy) in 11 patients
(Group A), and PapCone® alone in seven patients (Group B).
PapCone® is a cone-shaped polyurethane (foam) sampling device
designed by the University Hospital, Göttingen (Germany) to obtain
cells from the ecto- and the endocervix simultaneously (Figure 1 A).
On the second round, sampling techniques were reversed, using
conventional devices for Group B and PapCone® for Group A. Cervical
samples were collected and processed according to the European
Guidelines for Quality Assurance in cervical cancer screening (2).

Both sides of the spatula were longitudinally smeared onto a
glass slide, while cytobrush and PapCone® were gently wrapped on
the glass slide and immediately fixed with a spray fixative (Fixa,
Biotekne S.R.L. Bologna, Italy). All Pap smears were reported
according to the Bethesda system 2001 (6).

Several parameters were analyzed during the evaluation of Pap
smears by light microscopy giving the relative proportion of
squamous, glandular and metaplastic cells. We also evaluated the
presence of columnar cells mimicking glandular structures (7),
separation between ectocervical and glandular cells, presence of
blood cells, cells overlapping, presence of mucus and presence of
white blood cells (WBCs).

A non-parametric scale of 0 to 3 was used to score the more
significant parameters effectively contributing to the quality of the
specimen (quantity of squamous, glandular and metaplastic cells):
0=absence, and 3=presence of the parameter in the largest quantity.

A reverse non-parametric scale was used to score the parameters
that could have a more significant negative effect on the correct
evaluation of samples (blood cell presence, overlapping cells and
presence of WBCs): 0=presence in the largest quantity, to
3=absence of the negative parameter.

Two highly experienced senior cytologists were given the task of
evaluating the smears; each evaluated the samples separately and,
in the case of discrepancy between their reports, the case was fully-
reviewed under a dual microscope until agreement was reached.

Presence or absence of mucus was evaluated, as well as the
presence of glandular cells mimicking glandular structures and
separation between glandular and squamous cells. Means, medians
and standard deviations were calculated for the other parameters
(Table I). The χ2 test was used to compare the qualitative variables
(Stata 9.1; StataCorp, College Station, Texas, USA).

The more significant parameters (presence of squamous,
glandular, metaplastic and blood cells, overlapping cells, and
presence of WBCs) were also scored in order to obtain a numerical
global evaluation of the technical quality of the specimens.

In order to characterize the sampling methods, as well as the
sampled cells, more precisely, ultrastructural features of the three
devices (Ayre’s spatula, cytobrush and PapCone®) were analyzed by
scanning electron microscopy (SEM) before and after sampling: the
apical extremity of each device was fractured and fixed in toto by
immersion in vials containing a solution of 2.5% glutaraldehyde in
0.1 M PBS. Samples were stored at 4˚C, post-fixed in 1% osmium
tetroxide in 0.1 M PBS (pH 7.4), and then dehydrated in increasing
ethanol concentrations. Specimens were critical-point dried with
carbon dioxide (EMITECH K850 Critical Point Dryer; Emitech

Ashford, Kent, UK), mounted on aluminum stubs and metal-coated
with 3 nm of platinum (EMITECH K550 Sputter Coater; Emitech).
Samples were ultimately observed and photographed with a Hitachi
S-4000 field emission SEM operating at accelerating voltages of 10-
15 kV. Devices were observed by SEM at a magnification of ×250.
Glandular, squamous and blood cells were counted in 10 microscopic
fields for each sample. The presence of mucus on the device’s
surface was evaluated on a non-parametric scale ranging from 0 to 2:
0=absence of mucus; 2=maximum presence of mucus. Means,
medians and standard deviations were calculated for each device.

The statistical analysis was performed using MedCalc Software
bvba (version 11.5.1; Mariakerke, Belgium). The χ2 test was used
to compare the qualitative variables and Student’s t-test for the
quantitative variables evaluated by SEM .

Results
All samples were deemed adequate for their number of cells,
fixation and staining. The results of the more significant
parameters evaluated by light microscopy are summarized in
Table I.

In five cases, no glandular cells were present on the glass
slides with either method; in particular, three women had no
glandular cells on samples obtained using both sampling
devices (three cases corresponded to the same women). There
were differences in the number of glandular cells depending
on the sampling device. More glandular cells were present in
conventional smears than in PapCone® smears (mean=1.83
vs. 1.44), although the χ2 test showed that this difference was
not statistically significant. Moreover, in only two cases were
groups of cells mimicking glandular structures present on
glass slides sampled with PapCone®, while such structures
were evident in five conventional smears.

The score of metaplastic cells in PapCone® samples was
higher than the conventional device samples score
(mean=0.28 vs. 0.06) and this difference was statistically
significant (p<0.01). 

Glandular cells, metaplastic cells and mucus were clearly
separated from the squamous cells in half of the
conventional, and in none of the PapCone® smears.

Differences in blood presence were observed in relation to
sampling tools: no blood was found in 78% of PapCone®

cases. In contrast, blood was present in 50% of traditional
methods and in 22% of the cases, it partially interfered with
the evaluation of the smear, without attaining statistical
significance.

PapCone® obtained the best score when considering
overlapping cells (mean=2.17 vs. 1.61 of conventional
devices). Cell overlapping was maximum in four
conventional smears and in none of the PapCone® smears.

WBCs on glass slides were present in the largest quantity
in four conventional smears and in none of thePapCone®

smears. Thus, smears obtained with PapCone® gave better
results for this parameter than conventional devices did
(mean=2.22 vs. 1.83).
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Mucus was generally present on glass slides obtained with
both sampling methods: it was absent from only one
PapCone® smear and four conventional smears. In no cases
did the mucus interfere with smear evaluation; it was far less
present on glass slides obtained with PapCone®.

The χ2 test showed that differences in overlapping cells,
presence of WBCs and quantity of metaplastic cells between
PapCone® and conventional devices were statistically
significant (p<0.05 for overlapping cells and WBC and
p<0.01 for amount of metaplastic cells).

The evaluation of the most important parameters: quantity
of squamous, glandular, metaplastic, and blood cells, as well
as overlapping cells and the presence of WBCs, showed that

PapCone® obtained a higher total score than conventional
devices (206 vs. 182).

In the second phase of the study, the cells remaining on
the devices after performing the smear were evaluated. The
most interesting feature was the porous and spongy structure
of PapCone® (Figure 1 B). Cells lay on the meshes, in
between the pores in such a way that there was generally less
cell overlap with respect to the three-dimensional
microarchitecture of the spatula and the cytobrush.
Observing the cell distribution on the devices, the cytobrush
usually displayed fewer cells, which were generally
distributed either over the proximal part of the instrument or
at its tip. The cell number increased when the mucus was
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Figure 1. PapCone® actual dimensions (A); porous and spongy structure of PapCone® (B).

Table I. Results of light microscopy evaluation. 

Squamous cells Glandular cells Blood presence Cells overlapping WBCs Metaplastic cells Total score

Index value pt pc pt pc pt pc pt pc pt pc pt pc pt pc

0 0 0 5 5 4 2 4 0 4 0 17 13
1 1 1 2 4 1 0 4 3 3 4 1 5
2 2 2 2 5 4 2 5 9 3 6 0 0
3 15 15 9 4 9 14 5 6 8 8 0 0

Total patients 18 18 18 18 18 18 18 18 18 18 18 18
Score 50 50 33 26 36 46 29 39 33 40 1 5 182 206

Mean 2.78 2.78 1.83 1.44 2 2.56 1.61 2.17 1.83 2.22 0.06 0.28
Median 3 3 2.5 1.5 2.5 3 2 2 2 2 0 0
Deviation 0.55 0.55 1.34 1.15 1.24 0.98 1.14 0.71 1.25 0.81 0.24 0.46

Differences - - - p<0.05 p<0.05 p<0.01

Pt, Conventional Pap test; pc, PapCone®; WBCs, white blood cells.



more abundant. Mucus usually lay like a tent, particularly on
the surface of the cytobrush. It tended to concentrate between
the base and the bristles, thus covering and masking most of
the cells sampled. This effect was less evident in samples
obtained with the wooden spatula and with the PapCone®.

No difference was observed under the SEM regarding the
number of squamous cells present on the surface of the three
sampling devices. Nor was any difference observed in the
number of glandular cells between spatula and cytobrush.
Instead, glandular cells were always more numerous on the
PapCone® than on the spatula or brush (p=0.072 and
p=0.055, respectively). Likewise, the mean number of red
blood cells was higher (55.86±58.40) on the PapCone® than
on the cytobrush (31.59±40.66) or spatula (23.00±29.37), but
the difference was statistically significant only for the latter
(p=0.0011).

Discussion

This is the first study comparing different sampling devices
from the point of view of both of the cytological
performance and ultrastructural features. The results show
that both sampling devices were able to obtain adequate
smears with a sufficient number of cervical cells.

No statistically significant differences were found between
PapCone® and conventional devices as far as the number of
squamous ectocervical cells is concerned. Furthermore,
PapCone® displayed fewer glandular cells on glass slides,
even though this difference was not statistically significant.
Only two PapCone® samples showed glandular groups
mimicking glandular structures versus five cases obtained by
conventional devices. One possible explanation is that
glandular cells, which are much smaller than the squamous
ones, could be trapped by the spongy and porous structure
of PapCone®. This hypothesis could also explain why the
number of glandular cells on glass slides was lower than that
observed on the device’s surface. Indeed, SEM analysis of
the device’s surface showed that glandular cells were always
more numerous on PapCone® than on spatula or cytobrush,
the difference being statistically significant for the spatula.
Unexpectedly, PapCone® showed a better and statistically
significant sampling performance regarding metaplastic cells,
which may be explained, once again, by the peculiar
structure of PapCone® which grips the transformation zone
(TZ) more effectively.

Inflammatory cell contamination (WBCs) was less present
on glass slides performed by PapCone® and these data are
statistically significant (p<0.05). Like glandular and red
blood cells, it was possible for WBCs to be trapped by the
PapCone® structure.

The importance of glandular cell presence in Pap smears
has been discussed in literature since 1972 (8). The idea that
these cells reflect the correct sampling of the TZ is

anatomically plausible. According to the guidelines reported
in literature, the cervical smear report should include a
comment on the presence of glandular and/or metaplastic
cells (9, 10) as, together with mucus, this is a sign of TZ
sampling (6).

The European Guidelines for Quality Assurance in
cervical cancer screening (2) recommend three sampling
methods: cervical brush, combination of spatula and
cytobrush, or extended-tip spatula alone. According to the
literature, the cytobrush plus extended-tip spatula is the best
combination for obtaining cervical samples and the
collection devices that more effectively collect glandular
cells are also more likely to produce adequate smears with
no blood or inflammatory cell contamination (5, 11-13).

Other authors evaluated the glandular, squamous and
metaplastic cells in cervical smears performed with the
wooden, plastic and modified Ayre’s spatula, extended tip
spatula, cytobrush, cotton swab and loop (14-17). Use of
spatula with cytobrush was more effective than the spatula
alone at collecting endocervical cells and the most effective
combination appeard to be the cytobrush with an extended
tip spatula (16). They concluded that cytobrush was better
than cotton swab for collecting glandular cells, whereas a
plastic Ayre’s spatula was better than a wooden one, even if
more bleeding was caused by the combination of plastic
spatula plus cytobrush (15). 

The same results were reported by other authors using
Acellon Combi which increased the possibility of
introducing blood during the ectocervical sweep (18).

In the present study, a wooden Ayre’s spatula and
cytobrush were used as conventional devices and more blood
was present on the glass slides, particularly on the brush-
smeared part of the glass slide, with respect to the
PapCone®-produced glass slides. However, statistical
analysis shows that the difference is not statistically
significant. The mean number of red blood cells was higher
on PapCone® than on cytobrush or spatula analyzed by SEM
and the difference was statistically significant for the spatula
(p=0.0011). As already suggested, this difference may be
due to the typical spongy structure of the PapCone®.

Another device used to obtain cervical samples is the
Cervex brush. In several studies, this tool was compared with
other sampling methods (19-25). Results show that spatula
plus cytobrush or cytopick constituted the best sampling
method, and that when the Cervex brush was used, it was
mandatory to remove the mucus from the cervix in that the
mucus interfered with smear evaluation (19). In the present
study, we did not remove the cervical mucus before
sampling, and the glass slides were easily screened
regardless of the sampling method. SEM showed that the
mucus remained trapped within the spongy structure of the
PapCone®. In the same way mucus lay like a tent in between
the bristles present on the surface of the cytobrush.
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According to Jarvi et al. no statistical differences were
found in the quantity of glandular cells when Cervex brush
was compared with other sampling tools although more
metaplastic cells were found in the Cervex brush (20).
Whitaker et al. deemed this device better than the extended-
tip spatula alone (25).

Our data showed that there was a statistically significant
difference in the number of metaplastic cells. The PapCone®

gripped the TZ more effectively and collected a larger
number of metaplastic cells.

No significant data were found in literature regarding
cervical smears and cell overlap. In our cases, cell overlap
was less present on PapCone®-prepared glass slides than on
conventional ones. The PapCone® sample is easy to smear
on the glass slides by uniform rotation, allowing an even
distribution of the sampled material.

At present, at least in the European Countries, cytobrush
plus wooden or plastic Ayre’s spatula remain the standard
devices for conventional cervical smears. Of course, only
random controlled prospective testing could allow the present
recommendations to be modified.

Conclusion

This study was performed on cytological samples from 18
healthy women, without any clinical history of genital
warts, positive Pap test, destructive or excisional therapies
of the uterine cervix. The main aim was to analyze the
ability of PapCone® to obtain adequate smears. The ability
of this device to sample cervical intraepithelial neoplasia
lesions was not evaluated and could be the subject of future
studies.

Cervical smears performed with the aid of PapCone® are
generally easy to screen because they have few WBCs and
less cell overlap, thus preserving satisfactory representation
of glandular, squamous and metaplastic cells.

SEM showed the typical porous and spongy structure of
the PapCone® surface; these features may absorb mucus and
blood, and may also trap part of the glandular and blood
cells. From a clinical point of view, PapCone® is comfortable
in nulliparous and pluriparous women, in that its spongy
structure is very soft and adaptable. Therefore, according to
our preliminary results, PapCone® could be considered or
even recommended as a sampling device in cervical
modifications after destructive or excisional therapies, or in
the case of anatomical variations, and when the phlogistic or
hormonal milieu could cause bleeding during sampling. The
results of the present study open up a further interesting
perspective on a new sampling tool that could be used side
by side with conventional ones, especially in specific clinical
situations, or when Pap smear is repeatedly found to be
inadequate in the presence of negative satisfactory
colposcopy.

Correct cervical sampling plays a fundamental role in
cervical cancer screening; correct cervical sampling depends,
in part, on the device we use in clinical practice.
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