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Introduction

Nail plate microscopic analysis in PAS stained slides, also 

known simply as nail clipping, is an established test used in 

the diagnosis of onychomycosis [1-7], and in one study it 

proved to have a role in discovering clinically unapparent 

nail fungal infection [8]. Its application in evaluating causes 

of onychodystrophy other than fungal infection is reported 

to a very small extent, though [2,9,10]. Because we believe 

microscopic evaluation of nail clippings may be a potential 
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Background: Nail clipping analysis for diagnosing causes of onychodystrophy other than onychomy-
cosis is investigated to a very small extent. In order to achieve acceptance as a diagnostic method for 
any kind of nail abnormalities, normal microscopic parameters have to be established first. In most 
reported cases, nail plates were fixed in formalin with processing of the specimens with routine auto-
mated histotechnique. 
Methodology: Fifteen pairs of normal nails were studied. One nail fragment was placed in a container 
with formalin, and the other was kept dry in a proper receptacle. Fixed specimens were submitted to 
standard automated tissue processing (formalin group) and dry specimens were directly embedded in 
paraffin (dry group). Several microscopic parameters were analyzed.
Results: Nail plate thickness ranged from 0.25 to 0.50 mm (mean 0.36 mm) and subungual region 
from 0 to 0.31 mm (mean 0.11 mm). Forty-one percent of cases presented onychokaryosis, and hy-
pereosinophilic nuclear shadows were detected in 63%, statistically more frequent in the dry group 
(p=0.002). Parakeratosis was present in 86% of nails varying from 1 to 13 layers (mean 5.6). None 
of the nails presented fungi, neutrophils, and blood or serum collections. Bacteria were seen in 60% 
of specimens. Both groups yielded adequate microscopic preparations for analysis with no statistical 
difference in the dryness or hardness of specimens or difficulty in cutting the paraffin blocks (p=1).
Conclusion: These microscopic findings of a normal population can be used as parameters for evalu-
ating any cause of onychodystrophy. The dry method is faster and cheaper and yields adequate slide 
preparations for microscopic analysis of nail clippings.
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The statistical analysis of quantitative variables was per-

formed with descriptive statistics, such as the mean, median, 

standard deviation, minimum and maximum. In order to 

compare the two microscopic processing methods used, non-

parametric Wilcoxon test for quantitative variables, non-para-

metric McNemar test for dichotomous categorical variables, 

and Sign test for ordinal categorical variables were applied. P 

values < 0.05 were considered statistically significant.

Results

There were 13 male and two female subjects enrolled in the 

study yielding 15 pairs of nails. Ages varied from 20 to 62 

years (mean 36, median 33, SD +/-11.4 years). Because one 

fragment of each individual was randomly selected for one 

of the methods tested, we examined 15 formalin-fixed speci-

mens and submitted to standard automated tissue processing 

(formalin group), and 15 specimens kept dry and directly 

embedded in paraffin (dry group). Nail specimens measured 

from 9 to 14 mm in length (mean 10.7, median 10, SD +/-1.3 

mm) and from 1 to 3 mm in width (mean 1.8, median 2, 

SD +/-0.65 mm). Formalin and dry groups were statistically 

similar regarding length and width of nail fragments (p=0.62 

and 0.27, respectively). 

All microscopic preparations were done by one of the 

authors (AA), on the same day. There was no statistical dif-

ference in the feeling of dryness or in difficulty in cutting of 

the specimens among the groups (p=1 in both variables).

Both PAS and H&E in the formalin and dry groups were 

adequate for analysis and showed two readily discernable 

areas: plate (external) and subungual region (internal) (Fig-

ure 1A and 1B). The corners or extremities of nails had a 

wavy configuration in the subungual region in contrast with 

tool in investigation of nail dystrophies of any cause, not only 

mycotic but also inflammatory and traumatic, we considered 

necessary to establish normal microscopic parameters first.

Furthermore, in order to make the diagnostic test of 

nail clippings easier and quicker, we propose a method of 

microscopic preparation without fixation with formalin and 

automated tissue processing. We will compare that method 

with an alternative one, in which nail fragments are placed 

directly in paraffin, without fixation and automated micro-

scopic tissue processing.

Materials and methods

Volunteers were asked to donate nail clippings from two fin-

gers. Inclusion criteria: healthy adults with no visible nail 

abnormality and without any local or systemic disease that 

could interfere with nail growth. Exclusion criteria: mani-

cure or nail biting habits. The subjects were oriented in such 

a way so as to obtain a full-thickness nail sample with nail 

clippers or scissors (as far proximally as possible without 

discomfort) from the distal part of both annular fingers nail 

plates. Randomly, one nail fragment was placed in a container 

with 10% formalin, and the other was put in a dry sealed 

receptacle. The samples were coded to allow blinded paraffin 

block sectioning, slide preparation/staining and microscopic 

interpretation. Cassettes with formalin-fixed specimens were 

submitted to standard automated tissue processing, and cas-

settes with dry specimens were directly immersed in melted 

paraffin (68o C) for 50 minutes. For paraffin embedment, in 

all specimens, the long axis of the nail fragment was oriented 

in a way that would allow microtomy to be achieved at a 

right angle to the microtome blade. Once all paraffin blocks 

were ready for sectioning, each block was trimmed with cau-

tion to only expose the nail down to a level where a represen-

tative section could be obtained. The cut faces of the blocks 

were kept facing an icy cold surface (approximately 1o C) 

with 10% ammonium hydroxide solution for 30 minutes, 

prior to microtomy. Paraffin sections were cut at 2 microns 

and placed on Meyer albumin coated slides. Two slides from 

each block were obtained, one subjected to staining with 

hematoxylin and eosin (H&E) and the other with PAS with 

digestion (PAS). The H&E-stained slides were evaluated for 

the following microscopic features: nail plate and subungual 

region thickness (measured using a microscopic ruler), and 

the presence or absence of neutrophils, bacteria, parakera-

tosis, onychokaryosis (name given for the retention of nuclei 

in the nail plate) and hypereosinophilic nuclear shadows 

(name given for the apparent staining of the ”nuclei ghosts” 

of onychocytes). The PAS-stained slides were evaluated for 

fungi. Both H&E and PAS-stained sections were examined 

using the light microscope by the dermatopathologist (BW) 

blinded to the processing method used.

Figure 1. (A) Nail from the formalin group and (B) nail from the 

dry group. Two regions are readably discernable: nail plate (above) 

and subungual region (below). H&E x100 (original magnification). 

[Copyright: ©2013 Werner et al.]
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Discussion

Microscopic examination of nail clippings immediately 

involves two discernable regions: the nail plate itself and the 

subungual region. Nail plate and subungual region analysis 

reflects nail matrix and nail bed status, respectively [11-13]. 

Although the nail plate shows a subtle and subjective differ-

ence in the superior and inferior parts (superior onychocytes 

are smaller than inferior onychocytes), we were not able to 

separate those two regions with confidence. Nonetheless, an 

a smoother surface in the center of the fragment (Figure 2). 

Nail plate thickness ranged from 0.25 to 0.50 mm (mean 

0.36, median 0.37, SD +/-0.06 mm) and subungual region 

thickness from 0 to 0.31 mm (mean 0.11, median 0.08, SD 

+/-0.07 mm); those measures were not statistically different 

among the groups tested (p=0.59 e 0.91, respectively). 

The contours of cells from nail plate (onychocytes) were 

better seen with PAS staining; cells increased in size closer 

to the subungual region (Figure 3). In 12 instances (41% of 

cases) nail plates presented few basophilic fusiform nuclei 

(onychokaryosis), usually in the outer aspect of the plate, 

and that finding was much more evident in the dry group 

(Figure 4). The presence of hypereosinophilic nuclear shad-

ows was a common finding, detected in 63% of specimens, 

also more prominent in the dry group (Figure 4). In half of 

cases that finding was observed in the inferior/internal aspect 

of the plate (Figure 5), statistically more frequent in the dry 

group (p=0.002). 

Nuclei in the subungual region (parakeratosis) were pres-

ent in 86% of nails, and thickness varied from 1 to 13 layers 

of nuclei thick (mean 5.6, median 4, SD +/-3.5 layers) (Figure 

6). None of the nails examined presented fungi, neutrophils, 

and blood or serum collections. Bacteria were seen in 60% 

of specimens in foci of the subungual region, usually in the 

corners, and in small amounts (Figure 7).

Figure 2. Panoramic view of nail from the formalin group. In several instances the corners or extremities 

of nails had a wavy configuration in the subungual region. H&E x40 (original magnification). [Copyright: 

©2013 Werner et al.]

Figure 3. Nail from the formalin group. Onychocytes borders are 

better seen in the PAS staining. PAS x400 (original magnification). 

[Copyright: ©2013 Werner et al.]

Figure 4. Nail from the dry group showing several hypereosinophilic 

nuclear shadows and onychokaryosis. Insert: one fusiform basophil-

ic nucleus (upper half) and several hypereosinophilic ”stains” in the 

center of onychocytes. H&E x100 and x400 (original magnifica-

tion). [Copyright: ©2013 Werner et al.]

Figure 5. Nail of the dry group showing prominent hypereosinophil-

ic nuclear shadows in the inferior/internal aspect of the plate. H&E 

x400 (original magnification). [Copyright: ©2013 Werner et al.]
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the nail tell of standing disease (and also either topical or 

systemic treatment influences) that the patient had several 

months before the time clipping was performed.

As mentioned before, in the literature, nail clipping has 

an established role only for the diagnosis of onychomycosis 

[1-8]. Apart from that, nail-clipping microscopy was super-

ficially studied in psoriasis [2], but in comparison to fungal 

infection; alopecia areata [9], a light and electron micro-

scopic study in only nine patients; and in onychomatricoma 

[10], a case report. As far as we are concerned, the study 

of Laporte and co-workers [9] in alopecia areata was the 

first publication that used the microscopic examination of 

nail clipping as an investigation tool for a disease, in 1988 

[9]. They analyzed nails from nine patients with alopecia 

areata and found architectural disorder of the corneocyte 

arrangement, parakeratosis of variable intensity, disintegra-

tion and little depressions in the upper part of the plate, and 

noted that the subungual keratin was spared. Neither those 

authors showed frequency or intensity in their microscopic 

findings, nor did they compare to normal controls. 

On the other hand, Mahler and colleagues, in 1998 [2], 

sought for microscopic differences in nail clippings between 

dystrophic changes due to psoriasis and onychomycosis, 

compared to normal controls. They examined four cases of 

onychomycosis, 14 cases of psoriasis and five normal con-

trols. In nails with psoriasis they concluded: “the psoriatic 

nails were dystrophic with foci of parakeratosis and fre-

quently scattered neutrophils in the residual nail bed”, with-

out giving a full account of those findings. And about the 

nails without dystrophy they commented: “the normal nail 

cases were uniform and demonstrated only compact hyper-

keratosis”, without any further details.

In the present normal population that we studied, we 

found that nail plates and subungual regions measured 

around 0.37 and 0.08 mm in thickness, respectively, and 

nuclei in the subungual region (parakeratosis) was a com-

mon finding (86%), the numbers of layers varying from 1 

ultrastructural study of normal nails permitted the definition 

of three regions of nail apparatus: upper and lower parts of 

the plate, and what is called hyponychium (subungual region) 

[14]. The border between the two parts of the nail plate were 

not easily discernable, however, cells at the upper part of the 

nail plate were more flattened when compared to ones at the 

lower part [14]. So, they also demonstrated progressive thick-

ening of the plate cells from the nail surface to the subungual 

region limit. Furthermore, the authors found that onycho-

cytes of the upper part of nail plates were joined laterally by 

sparse and deep digitations, in contrast to onychocytes from 

the lower part of the plate which had membranes showing a 

different pattern: the digitations were regular and numerous, 

but shallow [14]. Similar to the present microscopic study, 

the ultrastructural investigation of Parent and colleagues [14] 

showed that the limit between the plate and the subungual 

region was clearly discernible because different sizes, mor-

phology, and staining affinities of the cells in the two regions 

existed. Therefore, the microscopic separation of the nail in 

three regions, namely, superior part of nail plate, inferior part 

of nail plate and subungual region, has the potential of taking 

the nail clipping analysis to a higher level. The dorsal aspect 

of nail plate (superior half) yields information about the 

proximal nail matrix, the ventral aspect of nail plate, immedi-

ately above the subungual region (inferior half), reveals facts 

concerning the distal nail matrix, and the subungual region 

reflects what is going on the nail bed. That approach could be 

very useful if nail-clipping examination is used to investigate 

nail diseases that affect one or other part of nail apparatus, 

in particular. Or, to the contrary, microscopic examination 

of nail clippings could indicate where in the nail apparatus 

disease is more prominent.

One has to keep in mind that microscopic examination 

of nail plates can be compared to looking at the starry sky 

at night: one is observing the past, because the distal part of 

the nail that is clipped off was formed around six months 

previously [11,15]. Therefore, microscopic findings seen in 

Figure 6. Nuclei in the subungual region (parakeratosis) in a nail of 

the formalin group. H&E x400 (original magnification). [Copyright: 

©2013 Werner et al.]

Figure 7. Bacteria in subungual region in a nail of the formalin 

group. H&E x400 (original magnification). [Copyright: ©2013 

Werner et al.]
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In the present study we tried to compare the more con-

ventional method of microscopic slides preparations for 

nails, i.e., fixing nail fragments in formalin and processing 

the specimens as done in routine histotechnique, with the 

less widespread procedure in which nail clippings are placed 

directly in paraffin without fixation and automated micro-

scopic tissue preparation. Both techniques yielded adequate 

microscopic preparations and no difference was detected 

either in cutting the paraffin block or in preparing and stain-

ing the slide. It seems that the main vantage of not using 

formalin fixation followed by standard histotechnology with 

overnight processing, is that the dry specimens allow a faster 

microscopic slide preparation of the nail clippings and is a 

less expensive technique. However, the microscopic aspect 

of the slides on H&E and PAS differ between the methods. 

The dry specimens delivered more “busy” sections, where 

nuclei and hypereosinophilic stains were more often seen in 

nail plates, when compared to the formalin-fixed ones. That 

microscopic difference between techniques must be kept in 

mind when dystrophic nails are analyzed using one or the 

other method of slide preparation.

In conclusion, we believe nail clippings are a valuable 

source of information when considering inflammatory and 

traumatic onychodystrophy. We here delineate microscopic 

findings of a normal population used as basis for evaluating 

any cause of nail abnormalities under the microscope. The 

alternative method of not using formalin fixation and over-

night automated processing is faster and less expensive and 

yields adequate slide preparations stained with H&E and 

PAS for microscopic analysis of nail clippings.
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