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Abstract. Objective: The aim of this retrospective study was to report on the diagnostic accuracy of AgNOR-analysis as an
adjunctive diagnostic tool of conventional oral exfoliative cytology taken from suspicious lesions in our clinic.Study design:
Cytological diagnoses obtained from brush biopsies of macroscopically suspicious lesions of the oral mucosa from 75 patients
(final diagnoses: 53 histologically proven squamous cell carcinomas, 11 leukoplakias and other inflammatory oral lesions) and
from 11 patients with normal mucosa as a negative control group were compared with histological and/or clinical follow-ups.
Five smears were doubtful and seven suspicious for tumor cells in the cytologic report. Number of AgNOR’s were counted in
100 squamous epithelial cell-nuclei per slide after silver-restaining.Results: Sensitivity of our cytological diagnosis alone on
oral smears for the detection of squamous carcinomas was 92.5%, specificity 100%, positive predictive value was 100% and
negative 84.6%. The best cut-off value of the mean number of AgNOR dots per nucleus distinguishing benign from malignant
cells was 4.8. The percentage of nuclei with more than three AgNORs had a cut-off level of 70%. Applying these methods to
twelve doubtful or suspicious cytological diagnoses we were able to correctly establish the diagnosis of malignancy in ten cases
of histologically proven cancers and to reveal benignity in two histologically proven cases. Thus we achieved a positive and
negative predictive value of 100% each.Conclusions: Smears from brushings of visible oral lesions, if clinically considered as
suspicious for cancer, are an easily practicable, non-invasive, painless, safe and accurate screening method for detection of oral
cancerous lesions. We conclude that AgNOR-analysis may be a useful adjunct to other methods in routine cytological diagnosis
of oral cancer that can help to solve cytologically suspicious or doubtful cases.

Colour figures can be viewed on http://www.esacp.org/acp/2003/25-3/remmerbach.htm.
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1. Introduction

Squamous cell carcinomas (SCCs) of the oral cav-
ity are among the ten most common cancers in the
world, accounting for approximately 3–5% of all ma-
lignancies [32]. In 1993 in Germany, approximately
4100 new cases in males and 1000 in females were en-
countered [27]. The prognosis for many of these pa-
tients is devastating. Approximately 50% of the pa-
tients will die in the first five years after diagnosing
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cancer [14]. There is a need to promote early diagnosis
of oral cancers in order to reduce the currently unac-
ceptably high morbidity and mortality rate. Exfoliative
cytology performed on oral brushings can help dentists
and other physicians to decide, whether a given oral le-
sion is (pre-)malignant or not [23]. Thus we achieved
a sensitivity of 94% detecting SCC and a specificity
of 99.5%. Applying adjuvant DNA-cytometry we were
able to increase sensitivity up to 98% and specificity up
to 100%. But an image-cytometer is not available in all
institutes and the equipment is rather expensive. There-
fore our aim was to make the diagnostic procedure sim-
pler and more inexpensive as far as the required equip-
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ment is concerned. Another aim was to further increase
diagnostic sensitivity.

In the last few years, silver staining of nucleolar or-
ganizer regions-associated proteins (AgNORs) has be-
come a frequently used method in tumor pathology
mainly for assessing the prognosis of malignant tu-
mors. NORs represent loops of DNA actively tran-
scribing to ribosomal RNA and hence to ribosomes
and ultimately to proteins [10,12]. NORs are associ-
ated with acidic, argyrophylic, non-histonic proteins
that are visualized using a silver staining technique [13,
22]. The ribosomal genes bearing NORs are localised
on the short arms of the acrocentric chromosomes 13,
14, 15, 21 and 22 [15]. Each of these chromosomes
carries two NORs: Therefore, the number of NORs in
normal diploid cells is 20, typically aggregated in nu-
cleoli during nuclear interphase [5]. Most recent stud-
ies showed that the number and/or the size of the ar-
gyrophylic NORs (AgNORs) correlate positively with
the ribosomal gene activity and therefore with cellu-
lar proliferation [8,9,19,21,31].The AgNOR technique
has been successfully applied in histopathology in a
wide variety of neoplastic lesions in order to distin-
guish benign from malignant ones [7,11,28], including
histological sections of oral cancer.

In cytologic preparations, the AgNOR technique has
also been used. However, some studies have demon-
strated good results with ethanol-fixed smears, e.g., of
fine needle aspiration biopsies from salivary lesions
[3,22]. Quantification of AgNORs in nucleoli in cyto-

logical specimens has the important advantage relating
results to whole individual nuclei avoiding problems
arising from the evaluation of nuclear fragments [30].

In this study we investigated if counting AgNORs
per 100 nuclei of exfoliated cells can contribute to an
objective diagnosis of oral squamous cell carcinoma in
brush biopsies.

2. Materials and methods

2.1. Patient population

The study population consisted of 337 smears ob-
tained from 75 patients (25.3% females, 74.7% males)
with a mean age of 55.9 years (range 22–91 years),
who had been referred for examination and treatment
of oral lesions to the Department of Oral Maxillofa-
cial and Facial Plastic Surgery, University of Leipzig,
Germany between August 1997 and October 2001. The
brush biopsies were obtained and diagnosed before
scalpel biopsies clarified the dignity of the oral lesion
histologically. The quantification of AgNORs was per-
formed blinded without knowledge of the histological
rsp. cytological report. The “gold standard” for the es-
tablishment of diagnostic accuracy was the (repeated)
histological diagnosis in 64 cases and clinical follow
up in all cases. Final diagnoses were: 53 histologically
proven squamous cell carcinomas (Table 1), 22 leuko-
plakias (according to World Health Organisation de-

Table 1

Synopsis about tumor site and tumor spread of 53 patients with squamous cell carcinoma of
the oral cavity

Number of cases (n = 53) Number of cases (n = 53)

clinical staging pathological staging

Tumor sites

floor of the mouth 6 6

floor of the mouth and tongue 12 12

tongue 11 11

lip 0 0

tonsil and palate 10 10

alveolar ridge 7 7

cheek 7 7

Tumor spread

Tis 4 3

T1 14 14

T2 12 12

T3 10 11

T4 12 10

Tx 1 3
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Table 2

Synopsis about clinical or histological diagnoses and number of
smears of all oral lesions (n = 75)

Total Histologically Clinical Number of

proven follow-up smears

Leukoplakia 5 5 – 25

Lichen planus 2 2 – 10

Lichen erosivus 3 3 – 15

Ulcus 1 – 1 4

Negative control 11 – 11 50

Squamous cell 53 – 53 165

carcinoma

finition [33]) or other inflammatory oral lesions. 11
smears from inconspicuous buccal mucosa were ob-
tained from unsolicited students (clinical follow-up af-
ter 4 weeks) as shown in Table 2.

2.2. Clinical procedure

Each patient was examined by an experienced mem-
ber (T.W.R.) of the Department of Oral-, Maxillofacial
and Facial Plastic Surgery. Before the cytologic brush-
ings were performed, each patient’s medical history
was documented and a thorough extra- and intraoral
examination was performed. After these evaluations, at
least four cytological smears were obtained from the
suspicious or pathological mucosal areas using a cyto-
brush cell collector (Cytobrush GT, Med-Scand Med-
ical, Malmo, Sweden) [20]. The cytobrush was rolled
on the glass slide at five different sites and fixed im-
mediately using Merckofix-spray (Merck, Darmstadt,
Germany), a propanol and carbowax containing fixa-
tive.

2.3. Staining and mode of interpretation

The alcohol fixed slides were routinely stained ac-
cording to Papanicolaou (PAP) [17]. The specimens
were evaluated by an experienced cytotechnologist in
compliance to generally accepted diagnostic criteria
[1,17] as well as by an experienced cytopathologist
(A.B.) in cytologically doubtful, suspicious or tumor
cell positive slides. Cytological diagnoses were as-
signed to the following diagnostic categories of cyto-
logical diagnoses: “insufficient” for specimens without
any or with exclusively autolytic cells, “tumor cell neg-
ative” for inconspicuous, reactive or inflammatory cel-
lular images, “doubtful” in cases with abnormal cellu-
lar changes (e.g., with mild or moderate dysplasias),
“suspicious for tumor cells” if only sparce abnormal

cells (or severe dysplastic squamous cells) were seen
or if the diagnostic criteria for malignancy were only
vague and “tumor cell positive” for smears containing
unequivocal malignant cells [2].

2.4. AgNOR-staining

Silver staining was performed according to the one
step method by Ploton et al. [22], Crocker et al. [6]
and Rüschoff [24], with some modifications. Routine
Papanicolaou-stained smears from brushings of sus-
picious oral lesions were uncovered in xylene. For
AgNOR staining, the smears were placed in xylene for
5 min, then fixed in absolute ethanol for 5 min and in
a mixture of 100 ml 96% ethanol with 5 drops acetic
acid for an additional 5 min and then progressively
rehydrated. The AgNOR-staining was carried out us-
ing a solution consisting of one volume of 2% gelatine
in 1% aqueous formic acid and two volumes of 50%
silver-nitrate. The incubation was performed at room
temperature for 20 minutes in the dark. After stain-
ing, the slides were placed in a dark container, washed
three times in deinoized distilled water and merged
in 10% thiosulfate for 10 min. The smears were then
washed for 5 min in tap-water, dehydrated to xylene
and mounted in a synthetic medium. The slides were
then stored in darkness.

3. Counting procedure

AgNOR counting was performed on 100 randomly
selected normal respective abnormal squamous cells
for each cytologic smear. These were examined un-
der a 1,000× magnification (AchroplanTM 100×/1.25
oil/0.17; W-PL 10×/23) in oil immersion. To stan-
dardise counting, we followed Crocker’s method [6].
Firstly, all silver stained structures were counted, both
lying in groups (clusters) and as individual dots [28]
outside the clusters. Secondly, clusters and partly dis-
aggregated dots were considered as one structure and
were counted together with small ones lying sepa-
rately. Thirdly, all AgNORs within clusters and the
number of clusters were counted. Fourthly, just the
number of individual dots (satellites) were counted.
The mean number per nucleus of AgNORs as clus-
ters, as satellites, as clusters and satellites together and
all AgNORs lying together in clusters and as satellites
were calculated in each case. The counting procedure
took 45–90 minutes per smear.
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Fig. 1. Normal superficial squamous epithelial cells. Silver stained
for AgNOR-analysis. Only few NORs are visible within nucleoli.
100× objective.

Additionally we evaluated the diagnostic potential
of the percentage of nuclei with more than three, four
and five AgNORs per cell (pAgNOR) according to
Crocker et al. [9] and Rüschoff et al. [25]. Examples
are shown in Figs 1 and 2.

4. Results

Colour figures can be viewed on http://www.esacp.
org/acp/2003/25-3/remmerbach.htm.

4.1. Cytological analysis

Of technically sufficient brushings from suspicious
oral lesions (Tables 1, 2) a non-malignant diagnosis
(= tumor cell negative) was made cytologically in
23 cases. Five cases were doubtful for tumor cells.
The medical reports showed, that in 53 specimens di-
agnosed as suspicious or tumor cell positive, squa-
mous cell carcinomas were verified by subsequent
histopathological diagnosis (correctly positive). In one
case of histologically proven squamous cell carcinoma
the smears were cytologically diagnosed as negative
for tumor cells. Reevaluation of the respective smears
showed obviously that no atypical or abnormal cells
could be observed, thus a sampling error had occurred
(false-negative). In 22 cases without carcinomas in the
clinical follow up cytology reported: “negative for tu-
mor cells” (correctly negative).

Sensitivity of our cytological diagnoses in oral
smears for the detection of cancer cells was thus
92.5%, specificity for the detection of non neoplastic
cells 100%, positive predictive value 100% and nega-
tive predictive value 84.6% (Table 3).

Fig. 2. Squamous carcinoma cells revealing multiple NORs as clus-
ters (within nucleoli) and as satellites (outside nucleoli). 100× ob-
jective.

Table 3

Sensitivity and specificity of cytology versus histology in oral lesions
(n = 75 cases)

Cytology Histology

Negative for Positive for

tumor cells tumor cells

Negative for Negative 20 1

tumor cells Doubtful 2 3

Positive for Suspicious 0 7

tumor cells Positive 0 42

4.2. AgNOR analysis

AgNORs were strictly located only within nuclei
and were clearly visible as distinct black or dark-brown
dots. Figure 3 present the distribution of the AgNOR
counts in different cytologic categories.

Normal epithelial cells revealed one to two clusters
(mean 0.03; SD 0.01) with one to six dots in each clus-
ter (mean 2.28; SD 1.7). Some cells also contained
satellites, even up to ten satellites were found lying out-
side the clusters. The silver reaction in neoplastic cells
generally showed more dots as satellites and clusters.
The number of dots lying within clusters was 2–6 for
SCC (mean 2.28; SD 1.95).

The total AgNOR count, including the number of
dots lying within clusters and as dots (satellites) are
shown in Fig. 3. The mean number of all AgNOR dots
per nucleus was 3.39 (SD 0.41 in inflammatory lesions,
3.88 (SD 0.59) in oral leukoplakias and 8.99 (SD 2.64)
in OSCCs.

The distribution of mean AgNOR numbers per nu-
cleus counting all lying in groups (clusters) and dis-
aggregated dots as one structure together with those

http://www.esacp.org/acp/2003/25-3/remmerbach.htm
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Fig. 3. Mean values of satellites & content of clusters. Categories of cytological diagnoses: 1= no tumor cells (negative control), 2= no
tumor cells (benign mucosal lesion), 3= doubtful (histologically no sign of malignancy), 4= doubtful (histologically proven cancer),
5 = suspicious (histologically proven cancer), 6= squamous cell carcinoma (histologically proven cancer). This figure can be viewed on http://
www.esacp.org/acp/2003/25-3/remmerbach.htm.

Fig. 4. Percentage of nuclei with AgNORs frequency distribution according to type of histologically proven mucosal lesions. 1, 5, 9= Oral
squamous cell carcinomas; 2, 6, 10= oral leukoplakias; 3, 7, 11= inflammatory lesions; 4, 8, 12= normal epithelium; 1–4= percentage of
nuclei with more than three AgNORs per cell; 5–8= percentage of nuclei with more than four AgNORs per cell; 9–12= percentage of nuclei
with more than five AgNORs per cell. This figure can be viewed on http://www.esacp.org/acp/2003/25-3/remmerbach.htm.

lying separately isnot shown (satellites). Briefly, the
mean number of AgNOR dots per nucleus was 3.46
(SD 0.45) in inflammatory lesions, 3.79 (SD 0.62) in
oral leukoplakias and 8.82 (SD 2.60) in OSCCs.

The mean number of AgNOR dots as satellites per
nucleus was 3.35 (SD 0.35) in inflammatory lesions,
3.78 (SD 0.64) in oral leukoplakias and 8.67 (SD 2.55)
in OSCCs (data not shown). The best cut-off value of
the mean number of AgNORs per nucleus distinguish-
ing benign from malignant cells was 4.8.

The percentage of nuclei with more than three Ag-
NORs per cell showed in comparison to the percentage
of more than four or five AgNORs the clearest cut-off
value using a 70% level (Fig. 4).

Sensitivity of our AgNOR-analysis in oral smears
for the detection of oral cancer was 100%, while speci-
ficity for the detection of non neoplastic cells also was
100%. Application of this method to twelve doubt-
ful or suspicious cytological diagnoses established the
unequivocal diagnosis of malignancy in ten cases of

http://www.esacp.org/acp/2003/25-3/remmerbach.htm
http://www.esacp.org/acp/2003/25-3/remmerbach.htm
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Table 4

Sensitivity and specificity of AgNOR-analysis versus histology in
oral lesions (n = 75 cases)

AgNOR analysis Histology

Negative Positive

for tumor cells for tumor cells

<4.8 22 0

>4.8 0 53

∗Mean number of AgNOR dots per nucleus.

histologically proven cancer and revealed benignity in
two histologically proven cases. Thus we achieved a
positive and negative predictive value of 100% (Ta-
ble 4). 32% of all patients with oral cancer diagnosed
cytologically were identified in early stages T1N0 or
as c.i.s.

We compared AgNOR counts of cells collected from
normal buccal mucosa of cigarette smokers (quantum:
max. 10 cig./day) with those obtained from non smok-
ers in the negative control group. The mean AgNOR
value for the smoking group was 2.4± 0.54 AgNORs
and 2.6 ± 0.49 for the non smoking group; there was
no significant difference between these groups. Like-
wise there was no significant difference between males
or females.

5. Discussion

The assessment of AgNORs has been recognised in
recent years making a useful contribution to routine
histopathology. The method has also been applied suc-
cessfully in cytologic smears. This technique has been
used to differentiate between benign and malignant
cells in several tissues, mainly using the mean number
of AgNOR precipitations per nucleus. The method is
applicable with simple light microscopes without ad-
ditional and expensive technical options. High labor
costs in the western hemisphere could restrict the ap-
plication in routine diagnostic practice, because of its
increased consume of time.

Many papers report about the diagnostic value of
AgNOR counting dealing with formalin fixed, paraf-
fin embedded specimens. They reported that after sil-
ver staining the NORs appear as black or deeply brown
dots of various number and size within the nuclei,
which reveal a yellow or yellowish-brown colour and
sharp contours. This correlates with our observations.
Xie et al. [34] report, that the percentage of nuclei with
AgNORs> 2, appeared to be a useful tool distinguish-
ing between sections of normal epithelium, dysplasia

and SCCs of the oral cavity. They refered no overlap
between normal epithelium and SCCs. Yet, Zöller et
al. [35] found no statistically significant relationship
between the mean numbers of nucleoli and the mean
AgNOR counts per nucleus to discriminate between
biopsies of SCCs and normal oral tissues. This was true
for tumors as well as for the dysplasias.

In the present study the AgNOR method was applied
to oral brush biopsies in order to establish a diagnostic
aid distinguishing malignant from benign cases. Cy-
tological diagnosis of oral cancer cells is difficult and
needs much experience. Its application is thus limited
by the availability of highly specialised cytopatholo-
gists. The availability of a technically simple adjuvant
method on smeared cells, which allows an objective
and unequivocal identification of cancer cells in oral
smears could greatly enhance the applicability of oral
cytology as an accurate method for early diagnosis of
cancer in the mouth.

Crocker et al. [6–9] describe two different meth-
ods of AgNOR counting: firstly, all silver stained
structures, but when lying in groups each cluster (al-
most aggregated or partly disaggregated nucleoli) was
counted as one structure; secondly, where AgNORs
can be seen separately within a nucleus, each AgNOR
could be counted as a unit, together with smaller
ones seen outside the nucleolus. Shechtman et al. [28]
counted large clusters of AgNORs and small, individ-
ual dots (satellites) separately. Most authors performed
AgNOR-counting also at 1,000× magnification under
oil immersion [4,16,27,29]. In some studies quantita-
tive analysis was performed using image processing; in
these areas AgNORs per nucleus were investigated.

Only two investigators dealt with cytologic materi-
als (scrapings or brushings) of the oral cavity. One pa-
per, which investigated the value of AgNOR counting
on scrape cytology distinguishing between benign and
malignant smears of the oral cavity in 26 cancer pa-
tients: Mao [18] reports mean AgNOR counts per nu-
cleus in the cancer group of 4.69±0.72 and 2.44±0.37
for normal mucosa (n = 26). The statistical analy-
sis of the AgNOR counts showed that the mean val-
ues for the cancerous lesions were significantly higher
than those of normal mucosa (p < 0.005). He found
no overlap between both groups. Our results are ba-
sically in agreement with the data of Mao. Yet, our
mean value for the cancer group is much higher than
his. This could be a result of the staining method used:
the staining was performed for one hour and thus small
sized dot-like precipitations merge and the discrimina-
tion between small individual dots may not to be pos-
sible.
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Sampaio et al. [26] compared AgNOR counts of
cells collected from normal buccal mucosa of ciga-
rette smokers (without declaration of daily quantum of
smoked cigarettes) with that obtained from non smok-
ers. The mean AgNOR value for the smoking group
was 3.4 ± 0.54 AgNORs and 2.6 ± 0.49 for the non
smoking group; the mean AgNOR value was signifi-
cantly higher in cells of smokers than in non smokers
(p < 0.01). In our study there was no significant dif-
ference between these groups. However no student has
smoked more than ten cigarettes per day. This quantum
seems not to be high enough to establish any influence
on the proliferative activity of the cells from normal
mucosa.

Our study showed that smears previously stained ac-
cording to Papanicolaou and then to Feulgen can be
restained using silver nitrate for AgNOR demonstra-
tion. In cytopreparations the mean AgNOR counts per
nucleus appears to be a sensitive parameter, the speci-
ficity of which is high enough helping to distinguish
benign from malignant lesions in all cases. The count-
ing procedure (separate enumeration of satellites and
clusters) consequently has no adverse effect on the
measured cut-off value of 4.8 AgNORs per nucleus
(data not shown).

The cut-off level of 70 percent of nuclei with more
than three AgNORs per cell appeared to be a sensitive
diagnostic method too. The time used for each evalua-
tion could be drastically reduced from 45–90 minutes
to 15 to 25 minutes per slide in comparison to the first
described method. Values lying in the statistic thresh-
old ±15% should be countered accordingly to the full
length procedure described first.

Applying these methods to twelve doubtful or suspi-
cious cytological diagnoses, we were able to establish
the histologically proven diagnosis of malignancy in
ten cases and revealed benignity in two cases. Likewise
the results were in agreement with the clinical follow
up.

6. Conclusion

Cytologic investigation of smears from oral le-
sions macroscopically suspicious for cancer is an eas-
ily practicable, non-invasive, painless and accurate
method, that may help to reduce the occurrence of in-
vasive and thus fatal squamous cell carcinomas. The
mean number of AgNORs per nucleus is a reliable
marker for neoplastic squamous cells in oral smears.
This method is able to increase the sensitivity for the

detection of malignant and specificity for benign cells
in oral smears and thus decrease the rate of cytologi-
cally false negative or positive diagnoses. In consider-
ation of high labor costs this method can be used espe-
cially for clarification of cytologically doubtful cases.
The latter method might be of diagnostic use.

We recommend the application of AgNOR count-
ing as an adjuvant diagnostic method in oral smears in
which the cytological differentiation between reactive
and neoplastic epithelial changes is difficult.
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