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Abstract 

Our personal experience on the application 
of scanning electron microscopy in cardiology, 
gastroenterology and ophthalmology is reviewed. 

SEM has not yet significantly contributed 
to myocardium pathology. However, in the near 
future, SEM could be a reliable technique to 
complete the information available from other 
sources. As to atherosclerosis, SEM allowed us 
to improve our knowledge of the early stages of 
the disease; some pathological features, not al
ways detected by conventional morphological exa
minations, can be documented. An important con
tribution to gastrointestinal pathology was made 
by SEM investigations both in the staging of some 
important diseases (i.e., coeliac disease, peptic 
ulcer, Crohn's disease, ulcerative colitis) and 
in the follow-up of mucosal changes during 
therapy. In the ophthalmological field,SEM provi
ded three-dimensional new information to clini
cians, who are familiar with the biomicroscopic 
images. Our experience in hematology is still 
limited. However, in the lost few years SEM 
joined to immunocytochemistry allowed us to cha
racterize cell populations in several blood 
diseases. Some procedures of particular interest 
in the management of human bioptic specimens are 
stressed in order to get to a complete correlati
ve microscopy. 

We conclude that continuous and simultaneous 
correlations have to be carried out between SEM 
and other methods and instruments available for 
morphological investigation. 

KEY WORDS: Scanning electron microscopy, clinical 
application, cardiology, atherosclerosis, gastro
enterology, ophthalmology, hematology, 
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Introduction 

The application of scanning electron 
microscopy in clinical research has, in the past 
years, gone through a period of doubt. This 
always happens when new tools and methodologies 
become available. 

For some years pathologists, analyzing 
merits and defects, limits and possibilities, 
have begun to regard SEM as a promising tool in 
biomedical research (l, 19, 20, 21, 22, 24, 25). 

Today, morphological investigation requires 
a constant and wide correlation between all avai
lable technologies, among which is SEM. This 
complete morphological approach, along with the 
biochemical one, is essential in clinical 
research. 

In the present paper, we would like to 
point out some fields of particular current 
clinical interest in which we have accumulated, 
over the years, personal experience as scanning 
electron microscopists. These fields are the 
cardio-vascular, gastrointestinal and ophthalmo
logical ones. Moreover, studies of blood cells 
are also considered in this review. Our experien
ce is still limited in this area, however, we 
firmly believe in its potential development and 
clinical significance. 

Finally, we will present and discuss tissue 
processing methods already in use as well as the 
new ones. They appear important in order to gain 
more precise correlations and better information 
from small human specimens. 

Cardiology 

Since the early days of SEM, the heart has 
not received particular attention. This most 
likely oepends on the fact that the myocardium 
is not naturally accessible to SEM observation. 
More or less sophisticated methods of processing, 
in particular fracturing, are required to allow 
a suitable surface examination. Furthermore, SEM 
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is often unable to resolve the fine surface 
details due to its resolution limits. For these 
reasons, there are, in literature, various 
attempts to assess the most suitable tissue 
processing conditions for the study of normal 
and diseased myocardium specimens (8, 9, 27, 28, 
47, 48, 99, 100, 103, 104, 147, 148). However, 
it is our opinion that preparative techniques are 
not yet optimal. Thus, the SEM contribution to 
myocardium pathology is still limited, both in 
animal models (6, 7, 149), arid in humans 
(136, 139, 152). 

As regards the physiopathology of myocardium 
ischemia, several problems of capital importance 
are still unsolved: identification of subcellular 
mechar.isms which subtend myocardial ischemia and 
in particular of those leading to irreversible 
myocardial cell injury; fine investigation on 
the effects of reoxygenation after ischemic 
injury, as it can produce on the sensitized myo
cytes explosive lesions by means of free radical 
production (some cases of "sudden death" common
ly observed in the Coronary Unit Division); eva
luation of those drugs which are claimed to pre
vent or minimize these undesirable pathological 
changes. 

Our specific experience is still limited to 
the "in vitro" perfused rat heart. In this model 
the myocardial structural changes induced either 
by short rates of ischemia (84) or by standard 
procedures of reperfus ion (unpublished observa
tions) as well as the structural maintenance 
induced by drugs linked to the myocardial cell 
metabolism can be sufficiently well studied. 
Our results appear to be er.couraging and possi
bly useful for clinical application. Many patho
logical features, not sufficiently defined at 
the light microscopic level, could be disclosed 
by means of different SEM processing techniques 
associated with TEM. Conventional SEM methods 
showed changes in fibre sizing and in the capil
lary network as well as interstitial oedema. 
Waving fibres (Fig. l), focal necrosis and 
sarcolemmal folding (Fig. 2) due to fiber con
traction were clearly documented. The simple 
fracturing technique results were in substantial 
accordance with those from more conventional 
TEM (37): extensive loss of myofilaments (Fig. 3), 
subsarcolemmal accumulation of mitochondria 
(Fig. 4), distortion or loss of T-tubules. This 
consistent pattern of lesions was significantly 
prevented by the administration of L-Carnitine 
(Fig. 5) thus suggesting a promising clinical 
application. An accurate characterization of 
heart failure may be possible only when all 
clinical, biochemical and morphological data are 
considered. SEM, however, should be considered a 
reliable technique to complete the information 
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Fig. l. "In vitro" perfused rat heart. Ischemic 
myocardium. Some waving myocardial cells under
going necrosis are shown. Bar= 10 µm. 

Fig. 2. "In vitro" perfused rat heart. Effects 
of reperfusion after ischemic injury. Focally 
hypercontracted myocardial cells with sarcolemmal 
folds (arrows) projecting into the extracellular 
space. c = capillary. Bar= 10 µm. 

Fig. 3. "In vitro" perfused rat heart. Effects 
of reperfusion after ischemic injury. A cryo
fractured myocyte shows varying degrees of myo
filament disruption (arrows). 
s = residual sarcomeres. Bar= 2 µm. 

Fig. 4. "In vitro" perfused rat heart. Effects 
of reperfusion after ischemic injury. Subsarco
lemmal accumulation of mitochondria (m), varying 
in size, in area partially devoid of myofilaments. 
Bar= 10 µm. 

Fig. 5. "In vitro" perfused rat heart. Effects of 
reperfusion on ischemic heart after L-Carnitine 
treatment. The myocytes (arrows) seem to retain 
their normal appearance. Bar= 10 µm. 

obtained from the other sources. 
In the future, better results can be expec

ted with the use of fracturing techniques asso
ciated to osmic maceration as proposed by 
Yoshikane et al. (170, 171). In particular macera
ted specimens viewed in high resolution SEM, can 
provide new and important information on the 
muscle cell membrane components, namely sarcolemma 
and related surface vesicles, sarcoplasmatic reti
culum, T-tubules, as well as on the junctional 
systems (intercalated discs). The potentiality of 
these high resolution SEM techniques for the study 
of the membranous apparatus in ischemic related 
heart diseases should also be considered. 

Atherosclerosis 

For many years we have studied atherosclero
sis in man. The human model presents, of course, 
many difficulties and limitations. Anyway, it is 
well known that there are great differences in 
the evolution of animal and human atherosclerotic 
lesions, thus extrapolations from experimenta·1 
models, so frequently used, are undoubtedly 
aleatory (81). 

Relatively few satisfactory morphological 
studies have been carried out on atherosclerosis 
in man (14, 45, 46, 53, 66, 72, 77, 96, 144, 161). 
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Some studies have been performed on material 
obtained at autopsy. However, the poor preserva
tion of the specimens has made an accurate in
vestigation of the lesions very difficult. On 
the other hand, Ross and coworkers (124) made a 
systematic analysis of the atheromatous fibrous 
plaques obtained from occluded femoral arteries 
during by-pass surgery. These lesions were 
typically fibroproliferative and contained 
numerous senescent smooth muscle cells mixed 
with a varying number of macrophages. Studies 
like this are undoubtedly of great importance. 
However, they cannot supply useful information 
on the early stages of the disease. Thus inte
grated studies of the "prelesional events" 
occurring in animals appear to be indispensable 
(92, 140). 
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Experimentally induced atherosclerosis can be 
obtained by means of different procedures. It was 
proposed a dietary-induced hypercholesterolemia 
(67, 70, 76,109,126), an ischemic or toxic 
injury (5, 52, 74, 106, 107) to endothelium and 
a mechanical removal of the inner vessel wall 
(26, 90, 118, 133). This latter condition is 
difficult to correlate with what most likely 
happens in humans, so we feel it is not methodo
logically proper. However, it allows us to obtain 
some information about the pathophysiological 
responses of the vascular tissue and in particu
lar the interactions between normal resident 
vascular cells and circulating blood elements. 
On the contrary, the metabolic models appear to 
be more stimulating. Scanning electron microscopy 
has provided an additional measure of the vascu
lar tissue response in these experimental condi
tions. Faggiotto et al. (34) described the early 
changes in the aorta and iliac arteries wall 
leading to fatty streak formation. In general, 
these lesions appear as focal elevations on the 
vascular lumen due to the intimal accumulation 
of numerous foam cells. Later, the fatty streak 
conversion to fibrous plaque was observed at the 
same ana tomi cal sites ( 35). Loss of endothelial 
continuity and therefore platelet adherence to 
exposed subendothelial matrix was detected only 
at this stage. This feature seemed to the 
authors a critical step for the subsequent pro
liferation of resident smooth muscle cells. 
However, the evidence for conversion of fatty 
streaks into fibrous plaques remains a contro
versial issue (101) and other authors (132, 151, 
154, 155) maintain that fatty streaks in swine 
abdominal aorta develop from small intimal 
smooth muscle cell masses which are most likely 
present at birth. Moreover, SEM helped to settle 
the old question of the endothelium injury (121, 
122, 123, 125, 126). Most of the observations 
revealed that the endothelium was r2tained as a 
confluent layer over the developing lesion in 
different experimental models (30, 54, 150). In 
the light of few but relevant contributions (68, 
69, 88,109,117, 164) the presence of a functio
nally altered endothelium not yet detectable at 
morphological level should be taken into conside
ration. As for platelets, their role in the 
development and complications of atherosclerosis 
has been recently reviewed by Packham and 
Mustard (110), and SEM contributed satisfactorily 
to these studies (87). New views and hypotheses 
arose from the observation of focal infiltrates 
of circulating mononuclear cells over a confluent 
endothelium. The fundamental importance of mono
cytes in early atherosclerosis was originally 
suggested by Leary (86) and successively by 
Duff (33). Today, it has been emphasized by 

Fig. 6. Human carotid artery. Atheromatous plaqu~ 
A fibrous plaque occluding the artery lumen 
(arrows). Bar= 50 µm. 

Fig. 7. Human carotid artery. Atheromatous plaque 
Many newly formed vessels (arrowheads) as well as 
an area of intramural hemorrhage (arrows) are 
detected in the wall thickness. Bar= 50 µm. 

Fig.8. Human carotid artery. Atheromatous plaque. 
SEM discloses an unexpected intraluminal 
thrombus. Bar= 100 µm. 

Fig. 9. Human carotid artery. Atheromatous plaqu~ 
A patch of calcification in the wall thickness 
as revealed by BSE (+) mode. Bar= 100 µm. 

Fig. 10. Human carotid artery. Athei·omatous 
plaque. Lipid deposition (arrows) along the 
plaque periphery. Digitonin-osmium tetroxide 
reaction detected by BSE (+) mode. Bar= 100 µm. 

Fig. ll. Human carotid artery. Atheromatous 
plaque. Detection of fragmented and ballooned 
elastic fibers (arrows). Tannie acid-osmium 
tetroxide reaction revealed by BSE (-) mode. 
Bar = 10 µm. 

numerous authors (49, 50, 51, 71, 129, 131, 
163). Focal adherence of monocytes to the endo
thelium, followed by migration into the intima 
and by progressive loading with lipids, seems to 
be the sequence leading to fatty streak formation 
Thus, a solid bridge between atherosclerosis and 
inflammation has been built (91). Finally, the 
overall tridimensional architecture of the 
elastic components has been disclosed by Wasano 
et al. (162). Remodelling of the elastic laminae 
in early atherosclerosis has been finely 
described. It was assumed to be a protective 
mechanism intended to prevent successive lesions 
(105, 169). 

Our observations have been performed in 
particular on human atheromatous plaques removed 
from the internal carotid artery curing surgery 
(82, 83). Most of these lesions were fibroproli
ferative with significant stenoses ( > 70%). 
Plaques appeared more than twice the original 
wall thickness (Fig. 6) and showed evidence of 
complication such as thrombosis, calcification 
as well as intramural hemorrhage. Hemorrhage 
was frequent in plaques associated with focal 
neurologic deficits. In these patients, cryo
fractured specimens revealed numerous newly 
formed vessels along the plaque thickness 
(Fig. 7). SEM proved to be particularly useful 
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Fig. 12. Human carotid artery. Apparently unaffected area. Endothelial cells display an uneven 
arrangement as well as differences in size and shape. Bar= 20 µm. 

Fig. 13. Human carotid artery. Apparently unaffected area. Lymphocytes (ly) and monocytes (mo) 
focally adhere to the endothelium. Bar= 10 µm. 

to detect floating thrombi (Fig. 8) and surface 
ulcerations (64) which had not resulted at 
angiography. lhese features were easily related 
to transient ischemic attacks in patients with
out gross ulcerations. Foci of calcification, 
confirmed by X-ray microanalytical techniques, 
appeared as irregular patches on the wall 
thickness (Fig. 9). Cytochemical techniques 
using digitonin associated to controlled osmi
cation showed a wide spectrum of lipid deposi
tion increasing with plaque thickness. Lipids 
were located at the plaque periphery (Fig. 10) 
and in the central necrotic core which also 
contained numerous cholesterol crystals. The 
surface of the plaque lacked endothelial 
coverage. Its luminal side consisted of amor
phous material mixed with collagen fibrils as 
well as atheromatous debris. The inner plaque 
ultrastructure showed a typical organoid 
pattern. The plaque was, in fact, composed of a 
highly cellular peripheral zone delimitating a 
deep necrotic core. The former zone contained 
numerous layers of smooth muscle cells separated 
by abundant extracellular matrix (fibroprolife
rative zone). The smooth muscle cells varied 
quite a lot in appearance. Some of them were 
typical contractile smooth muscle cells, while 
others expressed a synthetic phenotype. Further
more, some of the smooth muscle cells were 
filled with lipid droplets. The synthetic smooth 
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muscle cells seemed to be responsible for the 
abnormal synthesis of the extracellular matrix 
components: fragmented elastic fibers (Fig. 11) 
containing entrapped lipid droplets, collagen 
fibers with a flower-like appearance, proteo
glican filaments which appeared thicker than 
normal. The central core of the plaque was less 
cellular. Necrosis, lipid infiltration and 
calcification were prevalent features. These data 
as a whole suggest that there seems to be no 
possibility of regression when the plaque 
reaches a similar pattern in its natural evolu
tion. Defining the exact moment in which the 
atheromatous lesions in man are no longer 
susceptible to regression seems to be of funda
mental value. With this aim, today, we are 
focussing our attention on the apparently unaf
fected areas next to human carotid plaques. Our 
results are preliminary but already suggest some 
new ideas (85). These areas are covered by an 
endothelial lining showing an unev~n orientation 
as well as differences in cellular shape and 
size (Fig. 12). In many patients, a focal stick
ing of mononucltar cells (monocytes and lympho
cytes) to the endothelium was observed (Fig. 13). 
Adhesion of these cells occurred both on endothe
lial cells and on exposed subendothelial matrix 
where single endothelial cells were degenerating. 
In some instances, the endothelial cells retrac
ted to such an extent that the underlying lipid-
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laden macrophages were exposed to the blood flow. 
This feature seemed to facilitate platelet adhe
rence and subsequent aggregation. The same speci
mens recovered for TEM showed advanced smooth 
muscle cell proliferative lesions, besides an 
unusual lymphocyte infiltration just below the 
endothelial sheet. Monocyte-macrophages were 
also present. These observations suggest that 
inflammation may be frequently associated to 
florid atheromatous lesions. It may represent an 
immune response to some modified components of 
the atheromatous arterial wall. Moreover, most 
of the modulated smooth muscle cells appeared to 
take on new phagocytic properties as demonstrated 
by the presence of acid lipase positive vacuoles 
in their cytoplasm. Smooth muscle cells looked 
like substitute macrophages in the scavenger role. 
However, this new digestive capacity seems most 
likely defective and probably due to anomalous 
lysosomal activity. 

Gastroenterology 

The potential role of SEM in clinical 
investigutiun of the gastrointestinal tract has 
been widely assessed. At present, SEM seems to be 
one of the best morphological techniques to fine
ly investigate the mucosal surface changes of 
the human digestive system. Sensitive applica
tions in various diseases have been described by 
numerous authors (2, 36, 73, 93, 130, 137, 138, 
145). SEM was of value in defining different 
small bowel disorders associated with chronic 
diarrhea in childhood (114). Siew claimed SEM to 
be an aid in diagnosing clindamycin-associated 
pseudomembranous colitis (135). Promising results 
on quantitative differences in the cellular micro
ridge pattern among normal, dysplastic and in
flamed esophageal mucosa have been reported by 
Goran and coworkers (55). 

Moreover, the importance of correlative 
microscopy in recovering SEM bulky specimens for 
LM and TEM~ and of LM paraffin blocks for SEM has 
been outlined by Carr et al. (23). The signifi
cance of such a combined approach in the assess
ment of human digestive mucosa has been recently 
stressed and improved by our group (16). A full 
characterization of both surface morphology of 
gastric mucous cells and their mucin secretion 
was achieved by using as cytochemical probes, 
the lectins, on paraffin blocks reprocessed for 
SEM and on histological sections viewed 
in BSE mode. 

In our personal view, gastrointestinal 
diseases with primitive or secondary changes of 
surface mucosa find an accurate characterization 
at SEM level. Some meaningful examples will 
therefore be shown. As for coeliac disease, SEM 
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shows a higher sensitivity with respect to LM. 
Different appearances of flat small intestine 
mucosa in untreated patients were easily reco
gnized by Bonvicini et al. (15) (Fig. 14). These 
results were in accordance with those by Poley 
(114). These features seem to reflect different 
stages of severity in the onset of the disease. 
SEM can be used to assess the early mucosal 
response to gluten-free diet. Moreover, it 
allows a fine evaluation of the "maturity" of 
the repairing mucosa, by identifying the inter
mediate patterns of recovering (cerebriform, 
transitional, villous) which are not detectable 
at LM examination (Fig. 15). 

SEM may usefully integrate the endoscopic 
information obtained from patients affected 
either by ulcerative or Chron's colitis (15, 
119, 134). The surface morphology of mucosa, 
close to the acute ulcers, appears subverted in 
the ulcerative colitis (Fig. 16) and relatively 
unchanged in Chron's disease (Fig. 17). 
Differences in the appearance and in the number 
of goblet cells (decreased in ulcerative colitis 
and increased in Chron's disease) can be 
detected. This information facilitates the 
differential diagnosis between the two patholo
gical entities which are usually difficult to 
separate. Some infectious agents are readily 
recognized by SEM. Giardia Lambdia (Fig. 18) as 
well as Candida Albicans (Fig. 19) duodenal 
colonization have been clearly documented (61). 
These observations may be of particular value 
due to the increased incidence of the opportuni
stic infections in immunodepressed patients. 

Gastric and duodenal lesions related to 
the oral administration of non-steroidal anti
inflammatory drugs have been widely investigated 
by us. Minimal mucosal changes, mainly located 
at some distance from the usual macroscopic 
lesions (hyperaemia, erosions and/or ulcera
tions), were observed at SEM even when endosco
py was completely normal (172) (Fig. 20). The 
positive influence of histamine H2-receptor 
antagonists in preventing the onset of such 
lesions was successively evidenced (Fig.21)(173). 

In peptic diseases, SEM seems to be a 
valuable tool in the follow-up of ulcer healing 
in patients submitted to therapy. At times, 
causes of recurrence may be detectable. Spiral 
bacteria bearing a polar flagellum and located 
at the 2dges of the gastric cells are easily 
observed (Fig. 22). These bacteria look like 
the Campylobacter Piloridis which seem to be 
involved in the pathogenesis of gastric inflam
matory diseases as well as peptic ulcer (94, 
116). It has been claimed that, in some cases, 
drugs with bactericidal properties seem to 
prevent ulcer relapse. At gastric level, a 
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Fig. 14. Small intestine mucosa of untreated 
coeliac disease: flat surface with regenerating 
(arrows) epithelial areas. c =crypts.Bar= 50µm. 

Fig. 15. Small intestine mucosa of treated 
coeliac disease. Reprocessed paraffin block: 
the transected edge ( *) shows the light micro
scopy appearance of "partial villous atrophy"; 
the mucosal surface shows a "transitional" 
pattern. co= convolutions; v = villi. Bar=lO0µm. 

Fig. 16. Ulcerative colitis: subverted mucosal 
surface architecture. c = crypt openings; 
arrows= goblet cells; e = surface erosion. 
Bar = 50 µm. 

Fig. 17. Chron's colitis: preserved mucosal 
surface architecture. c = crypt openings; 
arrows= crypt units; mu= mucus. Bar= 50 µm. 

Fig. 18. Giardia trophozoites on small intestine 
mucosal surface. Bar= 5 µm. 

Fig. 19. Hyphae of Candida Albicans on small 
intestine mucosal surface. Bar 5 µm. 

Fig. 20. Duodenal mucosa after the administra
tion of non-steroidal anti-inflammatory drugs 
(FANS). Minimal changes: dome-shaped cells 
(arrows); disepithelialization (arrowhead); 
e = exfoliated cells and debris. Bar= 50 µm. 

Fig. 21. Duodenal mucosa after the administra
tion of FANS associated to a histamine H -
receptor antagonist. Detail of normal enierocy
tic surface. The fuzzy coat covers the microvil
li. arrows= goblet cells. Bar= 10 µm. 

Fig. 22. Spiral bacteria on gastric mucosal 
surface (arrows). mv = microvilli. Bar= 5 µm. 

morpho-functional correlation with regard to 
the mucous secreting cells revealed the preva
lence of "resting cells" at the edge of the 
ulcer as well as some changes in the patterns of 
lectin labeling (16). Similar modifications in 
the intracellular mucous composition could be 
responsible for failure in gastric protection. 
As for peptic disease expressed at duodenal 
bulb, SEM reveals enterocyte apical surface 
membrane changes both at the edge of the ulcer 
and at some distance from it. These membrane 
alterations, called blebs, are the earliest 
detectable lesions and may be considered pre
dictive morphological signs of relapsing 
(Figs. 23, 24). 
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Fig. 23. Duodenal mucosa in peptic disease. Blebs (arrows) of the ''brush border" microvilli. Bar lµm. 

Fig. 24. Blebs (arrows) of the duodenal enterocyte microvilli viewed at TEM. Bar= 0.5 µm. 

Fig. 25. Intestinal metaplasia. v = stumpy villi; arrow= gastric foveola. Bar= 100 µm. 

Fig. 26. Detail of Fig. 25. Cells with intermediate surface aspects between gastric and 
intestinal type. Bar= 2 ~m. 

Intestinal metaplasia is a common feature of 
gastric inflammatory conditions. SEM can appre
ciate its real surface extension. Moreover it 
can contribute to the assessment of the maturity 
of the epithelium on the basis of the microvil
lous pattern. By SEM, different types of mucosa 
are observed: i) a mucosa provided with stumpy 
villi lined by cells displaying an intermediate 
aspect between gastric and intestinal cells 
(Figs. 25, 26); ii) a mucosa with villous struc
tures showing intestinal cells; iii) a flat 
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mucosa which was also covered by cells with 
surface appearance of enterocytes. All these 
patterns were defined as "complete intestinal 
metaplasia" at LM level. Moreover, mucin 
characterization by means of lectins revealed 
mucous changes in all kinds of metaplasia with 
respect to normal small intestine mucosa. Thus, 
a better characterization of gastric intestinal 
metaplasia appears to be indispensable in the 
identification of lesion prone to malignant 
transformation. 
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Ophthalmology 

Surface microscopy is of particular interest 
in ophthalmology, since the eye, as a hollow 
apparatus, has numerous inner surfac~. Neverthe
less, few review papers have appeared in the 
past on important applications of scanning 
electron microscopy in the ophthalmological 
science (62, 63, 65, 79). Recently two authors 
(17, 78) reviewed the SEM contribution to the 
study of, respectively, the retina and the 
sutures of the lens. 

Our own personal experience concerns the 
investigation of the anterior surface of the 
eyeglobe, i.e., the cornea and the conjunctiva. 
These two tissues can be examined by the clini
cian directly in vivo with the aid of a slit 
lamp, which provides 3-0 information at 8, 10 x 
magnification. In this respect SEM appears to be 
a very interesting tool, as it enhances the 
images obtained with biomicroscopy, which are 
very familiar to the clinician, at ultrastructu
ral level. 

We have described in detail the relation
ship between cell surface morphology and the 
developmental stage in human corneal epithelium 
(156). The corneal anterior surface appears 
constituted by a mosaic of polygonal cells. These 
cells, depending on their brightness, are classi
fied in dark, medium light and light cells 
(Fig. 27). According to our observations, the 
light cells are the younger cells, with a great 
quantity of surface microprojections. The dark 
cells appear to have few knobs or are completely 
smooth and represent the older, exfoliating 
cells. The medium light or intermediate cells 
are considered to be in a transitional stage. 
These results demonstrate that SEM provides a 
semiquantitative analysis on the tissue 
exfoliation-rate. 

Our studies were performed on specimens 
obtained by scraping-off in vivo and confirmed 
the results of previous investigations carried 
out on buttons from cadavers (108, 113, 120). 
This suggests that the post mortem degenerative 
changes are relatively few in corneal cells. 
This finding is of particular value in respect 
to the problems related to the source of tissue 
for corneal grafts. 

The different zones of human conjunctiva 
have been described in detail by SEM (29, 56, 60~ 
The surface morphology of this tissue comprises 
epithelial cells covered with microvilli and 
mucus producing (goblet) cell orifices (Fig. 28). 
The SEM confirmed the higher density of the 
goblet cells on the nasal side of the lower 
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tarsus (157) as already reported by Kessing 
(75) by using more conventional LM techniques. 
On the contrary, the cell orifices appear redu
ced in Keratoconjunctivitis sicca (KCS) (Fig.29). 
Anyway, one cannot exclude the presence of 
innermost goblet cells, whose orifices have not 
yet reached the surface. 

In certain areas of KCS specimens, the micro
projections seem to be lacking; the TEM analysis 
of the re-embedded biopsies recovered after SEM 
observation (Fig. 30) demonstrated that the 
microvilli were only obscured by overlying layers 
of mucus, but they were already present. This 
result confirms that in KCS the failure of tear 
film stability is not due to the absence of 
microvilli. On the other hand, our recent cyto
chemical studies (158) suggest that an altera
tion in the composition of mucus produced by 
goblet cells could be responsible for the 
unstable preocular film. 

As to microvilli, SEM readily provides 
information on their arrangement. Greiner (59) 
introduced the concept of the 'Second Mucous 
System' (SMS) in human conjunctiva by correla
ting the microvillar rearrangement in tufted 
structures as seen at SEM, with the presence of 
mucus producing subsurface vesicles in non
goblet epithelial cells (Fig. 31). This feature 
was observed in asymptomatic contact lens wea
rers (58) and patients suffering from Giant 
Papillary Conjunctivitis (GPC) (57). Our own 
SEM observations in adenovirus follicular 
conjunctivitis and hay fever conjunctivitis 
(157) found an increase in activity of this SMS. 

Moreover, SEM significantly contributed to 
the study of contact lens surfaces (38, 39, 40, 
41, 97) by correlating at ultrastructural level 
the images obtained in LM and interference 
microscopy. In this respect, it is important to 
establish the exact nature of the deposits 
which accumulate day after day on the lens. It 
is believed that these deposits denaturate and 
this leads to tissue involvement (165). Organic 
material deposited as a matted coating on the 
lens surface (Fig. 32), exfoliated (corneal 
and/or conjunctival) cells (Fig. 33), micro
organisms, inorganic crystals, defects or 
rupturESof the lens surface itself as a cause 
of wear are very easily detected by SEM. 
Obviously, SEM morphology does not provide a 
full characterization of the substances on the 
lens surfaces. As a consequence, it is necessary 
to perform studies in SEM, TEM, X-ray microanaly
sis and immunocytochemistry on the same lens 
(160) to achieve complementary information and 
to exactly correlate the morphology of the 
deposits with their composition. 
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Fig. 27. Normal human corneal epithelium. 
Light (l), medium light (m) and dark (d) cells 
are clearly evidenced by SEM. Bar= 50 µm. 

Fig. 28. Normal human conjunctiva] epithelium. 
Epithelial cells with the regular pattern of 
microvilli (mv) and goblet cell orifices 
(arrows) are shown. Arrowhead mucus extruding 
from a goblet cell. Bar= 5 µm. 

Fig. 29. Human conjunctiva] epithelium. Kerato
conjunctivitis sicca. Empty goblet cell orifices 
(arrows). Some epithelial cells (ec) appear to 
be lacking of microvilli. Bar= 5 µm. 

Fig. 30. Human conjunctiva] epithelium. Kerato
conjunctivitis sicca. Recovered specimen. The 
gold layer (arrows), sputtered for the previous 
SEM observation, obscures the underlying 
microvilli (mv). Bar= 200nm. 

Fig. 31. Normal human conjunctiva. Subsurface 
epithelial vesicles belonging to the "second 
mucous system" (arrows) are shown on the left in 
TEM. The corresponding surface appearance is 
shown on the right in SEM; microvilli are aggre
gated in small clusters cemented by mucus 
(arrowheads). TEM Bar 2 µm. SEM Bar= 2 µm. 

Fig. 32. Soft contact lens. Mucus material 
deposited as smooth matted coating on the surfac~ 
Bar= 5 µm. 

Fig. 33. Soft contact lens. Exfoliated cells are 
deposited on the surface. arrows= polish marks. 
Bar= 10 µm. 

Hematology 

Scanning electron microscopy investigation 
has, from the beginning, played an important 
role in the study of blood cells. Early studies 
carried out in 1968 and 1972 using air-dried 
cells concluded that SEM was uneffective in dif
ferentiating the white series cells which showed 
minimal differences in the surface morphology. 
It was only with the introduction of the critical 
point drying that the complex architecture of 
the leucocytes was evidenced, even if the cellu
lar differentiation based only on the morphology 
cannot be sustained because the arrangement of 
the microvilli may vary with: temperature, cell 
cycle, intercellular contacts, antigenic maturi
ty or stimulation, variations, even small, in 
the preparative methods (166). 

Bessis's (13) early studies have lead to a 
new tridimensional classification of red blood 
cell (RBC) disorders based on alterations in 
size, shape and surface topography. RBC altera
tions are evidenced as follows: a) thalassaemic 
syndromes; b) hereditary abnormalities (acantho
cytosis, elliptocytosis or stomatocytosis) are 
differentiated at SEM by the crenated RBC. 
Polliack (115) states: "There is no doubt that 
in respect to RBC pathology, SEM contributes a 
vivid three-dimensional image of the cell 
deformities .... and has led to a better under
standing of RBC disorders". 

The study of the white series is more 
complex. At the beginning the aim was to diffe
rentiate the elements by assessing the pattern 
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of the microvilli, microridges, blebs; the 
presence, however, of microprojections could be 
indicative of maturity and activation rather 
than of origin. Thus, in spite of various 
attempts, observation at SEM cannot differentiate 
the various types of leukemia (115), other than 
the hairy cell subtype. 

The necessity to correlate the surface 
appearance with the internal features of the 
cytoplasm in order to better characterize the 
cells was later emphasized. Albrecht et al. (3) 
applied specific cytochemical reactions (estera
se, peroxidase, toluidine blue for the azurophy
lic granules, tantalum as marker for phagocyto
sis) detected with BEI and X-ray microanalysis 
associated to surface SEI. Sol i go et a 1. ( 14 l , 
142) used the same method; they applied other 
cytochemical reactions (alkaline and acid pho
sphatase, 0s04-DAB). This method does not diffe
rentiate the various lymphocyte subpopulations 
but is useful in the identification of normal 
and leukemic cells. The most recent step in the 



R. Laschi et al. 

characterization of blood cells associates 
internal cytochemistry to surface immunocytoche
mistry (31, 32, 143) detected in BEI or with a 
signal mixing device. Immuno-scanning electron 
microscopy is important as it "adds the i mmuno 1 o
gi ca 1 dimension to ultrastructure and is poten
tially useful as a sensitive aid in attempting to 
classify leukemic cells" (43, 44). 

The same attempts have been made in the 
study of platelet physiologic and pathologic 
processes (4). Colloidal gold-conjugated anti
fibrinogen antibodies were visualized on the 
platelet surface by means of SEM. Stereo HVEM, 
moreover, contributed to simultaneously detect 
the pattern of distribution of these receptors 
and the internal cytoskeleton. Knowledge concer
ning the cytoskeletal events which occur during 
adhesion and which lead to the release of granu
le constituents was widely deepened in these 
years (12, 89, 98). The various stages of 
platelet adhesion and spreading have been descri
bed in correlative SEM/TEM studies (167) in 
order to better understand the involvement of 
these cells in many pathological disorders. It 
was thus possible to correlate shape changes 
with functional state (42). 

In our specific experience we studied 
patients affected by type Ila heterozygous 
hypercholesterolemia, a frequent condition in 
which atherosclerosis develops early. SEM was 
used to estimate the platelet size and shape 
changes. These parameters, in fact, are consi
dered to be related to platelet activity (153). 
Platelets from hypercholesterolemic patients 
displayed only minimal shape changes, i.e., 
emission of long, slender pseudopods projecting 
from the cell periphery. As to the size changes, 
a statistically significant decrease in the mean 
platelet diameter, due to an increased frequency 
of small platelets, has been detected (Figs. 34, 
35). This finding suggests that hypercholestero
lemia could directly affect the platelet pro
duction from megakaryocytes at bone marrow 
level (85, 95). 

Correlative Microscopy 

In our laboratory, correlative studies are 
routinely performed on human specimens. There 
are several reasons which support a similar 
choice. Sometimes it becomes a real necessity. 
It is the case of human conjunctiva] biopsies 
which are so small that very often it is 
impossible to divide them into small fragments 
(for SEM/TEM/ICC and others). In other circum
stances, it represents a practical advantage: 

to gain all possible information in the 
same specimen; 
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Fig. 34. Circulating platelets from a normal 
subject. SEM view of resting discoid platelets. 
Large (ls), medium (ms) and small (ss) sized 
platelets are recognized. Bar= 2 ~m. 

Fig. 35. Circulating platelets from a type Ila 
hypercholesterolemic patient. SEM shows an 
increased number of small discoid platelets. 
Bar= 2 µm. 

to perform retrospective studies on human 
material stocked in histological archives; 
to confirm and extend successively different 
information; 
to better define points useful for diagnostic 
purposes. 
Thus, we have improved and optimized some 

methods particularly useful for intermicroscopic 
correlations: 
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Fig. 36. Normal human conjunctival epithelium. Specimen recovered from SEM with no rehydration step 
before embedding in the resin. The cytoplasm appears packed, the ultrastructural morphology 
of the organelles is very poor. Arrows: gold layer sputtered. Bar 0.5 µm. 

Fig. 37. Normal human conjunctival epithelium. Specimen recovered from SEM with the rehydration step 
before embedding. Mitochondria (m), subsurface vesicles (sv), intercellular edges (arrowheads) 
are well recognizable. Arrows: gold layer sputtered. Bar= 0.5 µm. 

Fig. 38. Human atheromatous carotid artery. SEM view of a lymphocyte on the endothelium. Bar= µm. 

Fig. 39. Human atheromatous carotid artery. Recovered specimen. A good TEM morphology is achieved by 
applying the rehydration step before embedding. Arrows gold layer sputtered. Bar= l ~m. 

SEM-LM/TEM 
This is the most common procedure which 

permits us to gain ultrastructural information 
on the same tissue sample (10, 18, 102, 112, 168). 
In this case, the major limitation consists of 
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the often poor morphology of the recovered mate
rial as seen in TEM. This is mainly related to a 
shrinkage caused by the CPD step applied for 
previous observation at SEM. 

For this reason, we support the value of 
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partial rehydration of the specimen before 
embedding in the plastic resin (159). Briefly, 
the specimen is removed from the stub, set in 
propylene oxide, rehydrated through a descending 
series of ethanol and allowed to rest in 0. l M 
cacodylate buffer for 10 min. Therefore, the 
biopsies are conventionally dehydrated and 
embedded in Epon. This procedure was found to 
allow a better infiltration of the resin and a 
partial recovering of the miniaturization of the 
cytoplasmatic organelles due to CPD. We have 
applied this new schedule in the study of human 
conjunctival biopsies (Figs. 36, 37) and of 
human atheromatous plaques (Figs. 38, 39). 
LM-SEM 

The possibility of recovering paraffin blocks 
for SEM observation has been proposed for many 
years (11, 21, 23,146). This fact is useful as 
it permits retrospective studies on a large 
amount of biopsies stocked in the histological 
archives. In addition, it provides a finer analy
sis of the morphology of the transected edge in 
relation to the surface features of the same 
specimen. In some instances this additional step 
can deepen the previous LM analysis. A clear 
example of its usefulness is in the study of the 
pattern of the jejunal mucosa at the beginning 
of a gluten-free diet in coeliac patients. In 
fact, while in LM the mucosa appears quite flat 
the SEM of the recovered specimen shows surface 
mucosal changes related to an initial repairing 
stage (Figs. 40, 41). In addition, the recovered 
material may still exhibit a certain degree of 
antigenicity. This is demonstrated by the detec
tion of WGA glycosidic receptors on the apical 
membrane of the enterocytes as well as the 
goblet cells (16) (Fig. 42). 
Semithin Sections 

A further example of the importance of cor
relation in the clinical application of SEM is 
the use of semithin sections, originally develo
ped as a bridge between conventional histological 
techniques and TEM. Impressive patterns of stai
ning have been achieved on semithin sections by 
improvement methods of tissue embedding and stai
ning (80). Thus, familiar LM images with high 
definition are provided to pathologists. 

Additional techniques of tissue processing 
have allowed us to survey, in sequence, the same 
field of semithin section first by LM and later 
by SEM (111). Cytochemical and immunocytochemical 
procedures were successfully applied. Moreover, 
suitable parameters of observation were standar
dized (127, 128). Overall, SEM of semithin 
sections yelds SE images showing a resolution in 
the range between the light microscope and the 
transmission electron microscope and a contrast 
similar to tliat of the LM image. Used with 
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Fig. 40. Small intestine mucosa of a coeliac 
patient. Reprocessed paraffin block. 
(*) = transected edge. Bar = 100 1-1m. 

Fig. 41. Small intestine mucosa of coeliac 
patient after l month of gluten-free diet. The 
transected edge ( *) is similar, but the 
treated mucosa shows initial repairing in 
respect to Fig. 40. Bar= 100 1-1m. 

Fig. 42. Small intestine mucosa. Reprocessed 
paraffin block incubated with WGA-colloidal 
gold - silver enhanced. The reaction products 
are visible on the brush border and goblet cells. 
BSE (+) mode. Bar= 50 µm. 

Fig. 43. Human rete testis. Light microscopic 
image. Clusters of neoplastic cells (arrows) 
are embedded in a fibrous stroma displaying a 
prominent inflammatory infiltrate (arrowheads). 
Bar = 10 µm. 

Fig. 44. Human rete testis. SE(-) image of the 
same semithin section of Fig. 43. An intercel
lular crypt, lined by numerous microvilli, is 
readily recognized. Arrows: intercellular 
junctions. Bar 2 1-1m. 

Fig. 45. Human rete testis. Apart from resolu
tion, TEM provides similar information to those 
obtained by SEM. ic = intercellular crypt; 
arrow= desmosome; arrowhead= tight junction. 
Bar= 10 µm. 

appropriate caution, the SEM may lead to the 
identification of some sufficiently reliable 
morphological features useful for diagnostic 
purposes. At LM these would remain incompletely 
defined. For instance, inter/intracellular 
crypts (Figs. 43, 44, 45), bundles of electron
dense tonofibrils, and sparse neurosecretory 
granules can be easily disclosed in tumors. 

Finally, SEM of semithin sections enables 
correlative X-ray microanalytical studies on 
the same section thus providing an additional 
analytical dimension. This has proven to be 
useful, in many clinical cases, in order to 
identify both exogenous (i.e., lead, gold) and 
endogenous (i.e., iron) substances. 

Conclusion 

In conclusion, our opinion based on long 
experience is that SEM plays an important role 
in clinical research. Some general advantages 
are well established,i.e., the possibility of 
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surveying relatively large specimens at 
ultrastructural level thus avoiding time
consuming reconstruction methods. In addition, 
there are situations, such as those reported in 
this paper, in which the information obtained 
through SEM tridimensional images evidences 
aspects which did not result from routine 
diagnostic investigation for example endoscopy 
and angiography. 

Some conditions, however, appear 
indispensable: 

continuous and simultaneous correlation 
between SEM and other methods and instruments 
for morphological investigation; 
the sample preparative methods are still far 
from being optimal. 

The processing techniques for human material 
will have to undergo, in the years to come, 
sophisticated improvements. This will enhance 
the performance of instruments and also SEM. 
These prospects are today only partially 
predictable. 

References 

l. Abraham JL (1977). Scanning electron 
microscopy as an aid in diagnosis--an overview. 
Scanning Electron Mi erase. 1977; I I: 119-130. 

2. Ackerman L, Piros J, de Carle D, 
Christensen J (1976). A scanning electron 
microscopic study of esophageal mucosa. Scanning 
Electron Microsc. 1976; II: 247-252. 

3. Albrecht RM, Jordan C, Hong R (1978). 
Identification of monocytes, granulocytes and 
lymphocytes: correlation of histological, 
histochemical and functional properties with 
surface structure as viewed by scanning electron 
microscopy. Scanning Electron Microsc. 1978; II: 
511-524. 

4. Albrecht RM, Oliver JA, Loftus JC (1985). 
Observation of colloidal gold labelled platelet 
surface receptors and the underlaying cytoskele
ton using high voltage electron microscopy and 
scanning electron microscopy. In: Science of 
Biological Specimen Preparation for Microscopy 
and Microanalysis. (Eds.) M. Muller, R.P. Becker, 
A. Boyde, J.J. Wolosewick, SEM, Inc., AMF O'Hare, 
Chicago, IL 60666. 185-193. 

5. Arbogast BW, Berry DL, Newell CL (1984). 
Injury of arterial endothelial cells in diabetic, 
sucrose-fed and aged rats. Atherosclerosis 2.l_, 
31-45. 

6. Ashraf M, Sybers HD (1974). Scanning 
electron microscopy of ischemic heart. Scanning 
Electron Microsc. 1974: 721-727. 

1788 

7. Ashraf M, Sybers HD (1975). Scanning 
electron microscopy of the heart after coronary 
occlusion. Lab Invest E, 157-162. 

8. Ashraf M, Livingston LM, Bloor CM (1976). 
SEM of T tubules of myocardial cells. Scanning 
Electron Microsc. 1976; II: 179-186. 

9. Ashraf M (1982). Preparation of normal 
and ischemic myocardial tissue for scanning 
electron microscopy. Scanning Electron Microsc. 
1982; II: 697-707. 

10. Ayres A, Allen JM, Williams AE (1971). 
A method for obtaining conventional histological 
sections from specimens after examination by SEM. 
J Microsc 21_, 247. 

ll. Barber VC (1972). Preparative techniques 
for the successive examination of biological 
specimens by light microscopy, SEM and TEM. 
Scanning Electron Microsc. 1972: 322-326. 

12. Barnhart MI, Noonan SM (1978). Fine 
structure and surface features of platelets 
and megakaryocytes. Thrombos Haemost (suppl) 
63, 3-36. 

13. Bessis M (1973). Living blood cells and 
their ultrastructure. Springer-Verlag Berlin, 
Heidelberg, New York, l-767. 

14. Bocan TMA, Schifani TA, Guyton JR (1986). 
Ultrastructure of the human aortic fibrolipid 
lesion. Formation of the atherosclerotic lipid
rich core. (TEM study). Am J Pathol 123, 
413-424. 

15. Bonvicini F, Zoli G, Maltarello MC, 
Bianchi D, Pasquinelli G, Versura P, GasbarriniG, 
Laschi R (1985). Clinical applications of 
scanning electron microscopy in gastrointestinal 
diseases. Scanning Electron Microsc. 1985; III: 
1279-1294. 

16. Bonvicini F, Maltarello MC, Versura P, 
Bianchi D, Gasbarrini G, Laschi R (1986). 
Correlative scanning electron microscopy in the 
study of human gastric mucosa. Scanning Electron 
Microsc. 1986; II: 687-702. 

17. Borwein B (1985). Scanning electron 
microscopy in retinal research. Scanning 
Electron Microsc. 1985; I: 279-302. 

18. Brummer MEG, Lowrie PM, Tyler WS (1975). 
A technique for sequential examination of 
specific areas of large tissue blocks using SEM, 
LM and TEM. Scanning Electron Microsc. 1975: 
334-340. 

19. Buss H (1973). Scanning electron micro
scopy in Pathology. Beitr Path Bd ~. 315-339. 



SEM in clinical research 

20. Buss H, llollweg HG (1980). Application 
of scanning electron microscopy to diagnostic 
pathology. A critical review. Scanning Electron 
Microsc. 1980; III: 139-153. 

21. Carr KE, Mc Lay ALC, Toner PG, Chung P, 
Wong A (1980). SEM in service pathology: a 
review of its potential role. Scanning Electron 
Mi c ro s c. 1980; I I I : 121-138. 

22. Carr KE, Toner PG (1981). Scanning 
electron microscopy in biomedical research and 
routine pathology. J Microsc ..:!.Q, 147-159. 

23. Carr KE, Kamel HMH, Toner PG, Mc Gadey J, 
Wong A (1984). Correlative scanning electron 
microscopy in gastrointestinal pathology. 
Scanning Electron Microsc. 1984; II: 761-772. 

24. CarterHW (1977). The role of scanning 
electron microscopy in pathology: a pathologist's 
viewpoint. Scanning Electron Microsc. 1977; II: 
611-615. 

25. Carter HW (1980). Clinical applications 
of scanning electron microscopy (SEM) in North 
America with emphasis on SEM's role in compara
tive microscopy. Scanning Electron Microsc. 
1980; III: 115-120. 

26. Clowes AW, Clowes MM, Reidy MA (1986). 
Kinetics of cellular proliferation after arterial 
injury. III Endothelial and smooth muscle growth 
in chronically denuded vessels. Lab Invest 54, 
295-303. 

27. Dalen H, Myklebust R, Saetersdal TS 
(1978). Cryofracture of paraffin-embedded heart 
muscle cells. J Microsc ..!.1.£, 139-151. 

28. Dalen H, Scheie P, Myklebust R, 
Saetersdal TS (1983). An ultrastructural study 
of cryofractured myocardial cells with special 
attention to the relationship between mitochon
dria and sarcoplasmic reticulum. J Microsc _!B, 
35-46. 

29. Dark AJ, Durrant TE, Mc Ginty F, 
Shortland JR (1974). Tarsal conjunctiva of the 
upper eyelid. Am J 0phthalmol !]_, 555-564. 

30. Davies PF, Reidy MA, Goode TB, Bowyer DE 
(1976). Scanning electron microscopy in the 
evaluation of endothelial integrity of the fatty 
lesion in atherosclerosis. Atherosclerosis~. 
125-130. 

31. De Harven E, Leung R, Christensen H 
(1984). A novel approach for scanning electron 
microscopy of colloidal gold-labeled cell 
surfaces. J Cell Biol 99, 53-57. 

32. De Harven E, Soligo D (1986). SEM of 
cell surface antigens labeled with colloidal 
gold. Am J Anatomy~. 277. 

33. Duff GL, Mc Millan GC, Ritchie AC 
(1957). The morphology of early atherosclerotic 
lesions of the aorta demonstrated by the surface 
technique in rabbits fed cholesterol together 
with a description of the anatomy of the intima 
of the rabbit's aorta and the "spontaneous" 
lesions which occur in it. Am J Pathol ll_, 
845-873. 

34. Faggiotto A, Ross R, Harker L (1984). 
Studies of hypercholesterolemia in the non 
human primate. I. Changes that lead to fatty 
streak formation. Atherosclerosis i, 323-340. 

35. Faggiotto A, Ross R (1984). Studies of 
hypercholesterolemia in the nonhuman primate. 
II. Fatty streak conversion to fibrous plaque. 
Arteriosclerosis i, 341-356. 

36. Fallah E, Schuman BM, Watson J, 
Goodwin J (1976). Scanning electron microscopy of 
gastroscopic biopsies. Gastrointestinal 
Endoscopy~. 137-144. 

37. Ferrans VJ, Butany JW (1983). 
Ultrastructural pathology of the heart. In: 
Diagnostic Electron Microscopy. Vol. 4. (Eds.) 
B.F. Trump, R.T. Jones, John Wiley & Sons, Inc., 
New York, 319-473. 

38. Fowler SA, Greiner JV, Allansmith MR 
(1979). Attachment of bacteria to soft contact 
lenses. Arch 0phthalmol '!!_, 659-660. 

39. Fowler SA, Allansmith MR (1980). The 
surface of continuously worn contact lenses. 
Arch 0phthalmol 98, 1233-1236. 

7789 

40. Fowler SA, Greiner JV, Allansmith MR 
( 1981). Soft contact 1 ens es from patients with 
giant papillary conjunctivitis. Am J 0phthalmol 
88, 1056-1061. 

41. Fowler SA, Korb DR, Finnemore VM, 
Allansmith MR (1984). Surface deposits on worn 
hard contact lenses. Arch 0phthalmol _J__Q_£, 
757-759. 

42. Frojmovic MM, Milton JC (1982). Human 
platelet size, shape, and related functions in 
health and disease. Physiological Reviews 62, 
185-261. 

43. Gamliel H, Leizerowitz R, Gurfel D, 
Polliaek A (1981). Scanning immuno-el2ctron 
microscopy of human leukemia and lymphoma cells: 
a comparative study of techniques using immuno-
1 atex spheres as markers. J. Mi erase __:!.Q, 
189-199. 



R. Laschi et al. 

44. Gamliel H, Polliack A (1983). The use of 
scanning immuno-electron microscopy to detect 
surface membrane immunoglobulins and antigens 
on normal and leukemic human leukocytes: current 
status. Scanning Electron Microsc. 1983; II: 
929-938. 

45. Geer JC, Mc Gill Jr HC, Strong JP (1961). 
The fine structure of human atherosclerotic 
lesions. Am J Pathol 38, 263-287. 

46. Geer JC (1965). Fine structure of human 
aortic intimal thickening and fatty streaks. 
Lab Invest _li, 1764-1783. 

47. Geissinger HD, Yamashiro S, Ackerly CA 
(1978). Preparation of skeletal muscle for 
intermicroscopic (LM, SEM, TEM) correlation. 
Scanning Electron Microsc. 1978; II: 267-274. 

48. Geissinger HD, Stanley OW (1981). 
Preparation of muscle samples for electron 
microscopy. Scanning Electron Microsc. 1981; 
III: 415-426. 

49. Gerrity RG (1981). The role of the 
monocyte in atherogenesis: I. Transition of 
blood-borne monocytes into foam cells in fatty 
lesions. Am J Pathol ~. 181-190. 

50. Gerrity RG (1981). The role of the 
monocyte in atherogenesis. II. Migration of 
foam cells from atherosclerotic lesions. 
Am J Pathol ~. 191-200. 

51. Gerrity RG,Goss JA, Soby L (1985). 
Control of monocyte recruitment by chemotactic 
factor(s) in lesion-prone areas of swine aorta. 
Arteriosclerosis 2• 55-66. 

52. Gertz SD, Rennels ML, Nelson E (1975). 
Endothelial cell ischemic injury: protective 
effect of heparin or aspirin assessed by 
scanning electron microscopy. Stroke_§_, 
357-360. 

53. Ghidoni JJ, O'Neal RM (1967). Recent 
advances in molecular pathology: a review. 
Ultrastructure of human atheroma. Exp Mol 
Pathol ]_, 378-400. 

54. Goode TB, Davies PF, Reidy MA, Bowyer DE 
(1977). Aortic endothelial cell morphology 
observed in situ by scanning electron microsco
py during atherogenesis in the rabbit. 
Atherosclerosis !J..., 235-251. 

55. Goran DA, Shields HM, Bates ML, 
Zuckerman GR, De Schryver-Kecskemeti K (1984). 
Esophageal dysplasia assessment by light 
microscopy and scanning electron microscopy. 
Gastroenterology 86, 39-50. 

1790 

56.Greiner JV, Covington HI, Allansmith MR 
(1977). Surface morphology of the human upper 
tarsal conjunctiva. Am J Ophthalmol 83, 892-905. 

57. Greiner JV, Covington HI, Allansmith MR 
(1978). Surface morphology of giant papillary 
conjunctivitis in contact lens wearers. Am J 
Ophthalmol 85, 242-252. 

58. Greiner JV, Covington HI, Korb DR, 
Allansmith MR (1978). Conjunctiva in asymptoma
tic contact lens wearers. Am J Ophthalmol 86, 
403-413. 

59. Greiner JV, Henriquez AS, Weidman TA, 
Covington HI, Allansmith MR (1979). "Second" 
mucus secretory system of the human conjunctiva. 
Arvo Abstracts Invest Ophthalmol Vis Sci Suppl 
123 a. 

60. Greiner JV, Covington HI, Allansmith MR 
(1979). The human limbus. A scanning electron 
microscopic study. Arch Ophthalmol '}}_, 1159-1165. 

61. Guentzel NM (1981). Application of 
scanning electron microscopy to the study of 
microorganisms in gastrointestinal pathobiology. 
Scanning Electron Microsc. 1983; I: 279-292. 

62. Hager H, Hoffmann F, Di mitres cu L ( 1975 ). 
Scanning electron microscopy in ophthalmology. 
Ann Ophthal ]_, 1361-1371. 

63. Hansson HA (1981). Scanning electron 
microscopy of ocular structures. Biomed Res 
(Tokyo) I (suppl), 465-474. 

64. Hertzer NR, Beven EG, Benjamin SP 
(1977). Ultramicroscopic ulcerations and thrombi 
of the carotid bifurcation. Arch Surg ~. 
1394-1402. 

65. Hervouet F, George Y, Tusques J, 
Ertus M (1971). First observations of diverse 
structures of the human eye under the scanning 
electron microscope. CR Assn Anat .lil_, 356-363. 

66. Hoff HH (1972). Human intracranial 
atherosclerosis. A histochemical and ultrastruc
tural study of gross fatty streak lesions. Am J 
Pathol 69, 421-438. 

67. Ingerman-Wojewski CM, Sedar AW, 
Nissenbaum M, Silver MJ, Klurfeld OM, 
Kritchevsky D (1983). Early morphological 
changes in the endothelium of a peripheral 
artery of rabbits fed an atherogenic diet. 
Exp Mol Path 38, 48-60. 

68. Jerome WG, Lewis JC, Taylor RG, White MS 
(1983). Concurrent endothelial cell turnover and 
leukocyte margination in early atherosclerosis. 
Scanning Electron Microsc. 1983; III: 1453-1459. 



SEM in clinical research 

69. Jerome WG, Lewis JC (1984). Early 
atherogenesis in white carneau pigeons. I. Leuko
cyte margination and endothelial alterations at 
the celiac bifurcation. Am J Pathol ..J.l§_, 56-68. 

70. Jones RM, Schaffner TJ, Chassagne G, 
Glagov S, Wissler RW (1979). Comparison of 
coronary with aortic fatty streaks in rhesus 
monkeys. Scanning Electron Microsc. 1979; III: 
829-834. 

71. Joris I, Zand T, Nunnari JI, Krolikowski 
FJ, Majno G (1983). Studies on the pathogenesis 
of atherosclerosis: I. Adhesion and emigration 
of mononuclear cells in the aorta of hyperchole
sterolemic rats. Am J Pathol __l_Jl, 341-358. 

72. Joris I, Billingham ME, Majno G (1984). 
Human coronary arteries: an ultrastructural 
search for the early changes of atherosclerosis. 
FED PR0C _il, 710. 

73. Kavin H, Hamilton DG, Greasley RE, 
Eckert JD, Zuidema G (1970). Scanning electron 
microscopy. A new method in the study of rectal 
mucosa. Gastroenterology 59, 426-432. 

74. Kawamura J, Gertz SD, Sunaga T, Rennels ML 
Nelson E (1974). Scanning electron microscopic 
observations on the luminal surface of the rabbit 
common carotid artery subjected to ischemia by 
arterial occlusion. Stroke~. 765-774. 

75. Kessing SV (1968). Mucus gland system of 
the conjunctiva. Acta 0phthal (Kbh) Suppl, 95, 
9-132. -

76. Kratky RG, Roach MR (1983). Relationship 
between aortic endothelial cell morphology and 
atherosclerosis in rabbits. Scanning Electron 
Microsc. 1983; III: 1461-1466. 

77. Kruth HS (1985). Subendothelial accumula
tion of unesterified cholesterol. An early event 
inatherosclerotic lesion development. 
Atherosclerosis 2Z_, 337-341. 

78. Kuszak JR, Macsai MS, Rae JL (1983). 
Stereo scanning electron microscopy of the 
crystalline lens. Scanning Electron Microsc. 
1983; III: 1415-1426. 

79. Kuwabara T (1970). Surface structure of 
the eye tissue. Scanning Electron Microsc. 1970: 
185-192. 

80. Laschi R, Govoni E (1978). Staining 
methods for semithin sections. In: Electron 
Microscopy in Human Medicine. Vol. I, (ed.) 
J. V. Johannessen, McGraw-Hi 11, Inc., London, 
187-198. 

81. Laschi R. (1982). Atherosclerosis in man. 
Atlas of electron microscopy. Ed. Skema/Composi
tori, Bologna, 1-71. 

82. Laschi R (1985). Studio ultrastrutturale 
dell 'ateroma della carotide nell 'uomo. In: 
Ateroma della carotide e ischemia cerebrale 
reversibile (Eds.) M. D'Addato, A. Stella, 
L. Pedrini, Edi trice Compositori, Bologna, 31-39. 

83. Laschi R (1985). Contribution of scanning 
electron microscopy and associated analytical 
techniques to the study of atherosclerotic 
disease. Scanning Electron Microsc. 1985; III: 
1215-1222. 

84. Laschi R (1986). L-carnitina ed ischemia. 
Atlante morfologico del cuore e del muscolo. 
Ed. Libreria Cortina, Verona, 1-106. 

85. Laschi R, Cenacchi G, Pasquinelli G., 
Preda P, Scala C (1987). Correlative electron 
microscopy in the study of atherosclerosis. Proc 
6th Intern Meet Atherosclerosis and Cardiovascu
lar disease, Bologna, Masson (in press). 

1791 

86. Leary T (1941). The genesis of athero
sclerosis. Arch Pathol E, 507-555. 

87. Lewis JC, Kottke BA (1977). Endothelial 
damage and thrombocyte adhesion in pigeon 
atherosclerosis. Science .l2§_, 1007-1009. 

88. Lewis JC, Taylor RG, Jones ND, 
St. Clair RW, Cornhill JF (1982). Endothelial 
surface characteristics in pigeon coronary 
artery atherosclerosis. I. Cellular alterations 
during the initial stages of dietary choleste
rol challenge. Lab Invest 46, 123-138. 

89. Lewis JC, White MS, Prater T, Porter KR, 
Steel RJ (1986). Cytoskeletal changes during 
adhesion and release: a comparison of human 
and non human primate platelets. Scanning 
Electron Microsc. 1986; I: 199-208. 

90. Maes L, Andries R, Bourgain RH (1986). 
Endothelial injury and platelet thrombosis in 
mesenteri c arteries of rats; a scanning 
electron microscopic study. Blood vessels Q, 
1-8. 

91. Majno G, Joris I, Zand T (1985). 
Atherosclerosis: new horizons. Human Pathology 
~. 3-5. 

92. Majno G (1986). Cellular and molecular 
events in atherogenesis. Arteriosclerosis§_, 
242-244. 

93. Marsh M, Swift JA, Williams ED (1968). 
Studies of small-intestinal mucosa using the 
scanning electron microscope. Brit MedJ i,95-96. 

94. Marshall BJ, Warren JR (1984). Unidenti
fied curved bacilli in the stomach of patients 
with gastritis and peptic ulceration. Lancet 
..!., 1311-1314. 



R. Laschi et al. 

95. Martin JF, Slater DN, Kishk T, 
Trowbridge EA (1985). Platelet and megakaryocyte 
changes in cholesterol-induced experimental 
atherosclerosis. Arteriosclerosis_§_, 604-612. 

96. Martines G, Butturini L, Boiardi L, 
Bernardi S, Menozzi I (1986). Ultrastructural 
features of early aortic human atherosclerosis. 
Proc XIth Int Congr EM, Kyoto, 3537. 

97. Matas BR, Spencer WH, Hayes TL (1972). 
Scanning electron microscopy of hydrophilic 
contact lenses. Arch Ophthalmol 88, 287-296. 

98. Mattson JC (1985). Use of scanning 
electron microscopy to study structural-functio
nal relationships in normal and diseased plate
lets. Scanning Electron Microsc. 1985; I: 
357-391. 

99. Mc Alear JH, Kreutziger GO, Pease RFW 
(1967). Combining scanning and transmission 
electron microscopy in the study of heart muscle 
freeze etched replicas. J Cell Biol 1.§_, 89 A. 

100. Mc Callister LP, Mumaw VR, Munger BL 
(1974). Stereo ultrastructure of cardiac 
membrane system in the rat heart. Scanning 
Electron Microsc. 1974: 713-720. 

101. Mc Gill Jr HC (1984). Persistent 
problems in the pathogenesis of atherosclerosis. 
Arteriosclerosis i, 443·451. 

102. Meller SM, Coppe MR, Ito S, Waterman RE 
(1973). Transmission electron microscopy of 
critical point dried tissue after observation in 
the scanning electron microscope. Anat Res ..l.Z.§_, 
245-252. 

103. Myklebust R, Dalen H, Saetersdal TS 
(1975). A comparative study in the transmission 
electron microscope and scanning electron 
microscope of intracellular structures in sheep 
heart muscle cells. J Microsc ~. 57-65. 

104. Myklebust R, Dalen H, Saetersdal TS 
(1980). A correlative transmission and scanning 
electron microscopic study of the pigeon 
myocardial cell. Cell Tissue Res 207, 31. 

105. NakataneJ, Hasano K, Yamamoto T (1985). 
Three-dimensional architecture of elastic tissue 
in early atherosclerotic lesions of the rat 
aorta. Atherosclerosis .§.Z_, 199-208. 

106. Nelson E, Sunaga T, Shimamoto T, 
Kawamura J, Rennels ML, Hebel R ( 1975). Ischemi c 
carotid endothelium. Scanning electron microsco
pical studies. Arch Pathol 22_, 125-131. 

7792 

107. Nelson E, Gertz SD, Forbes MS, Rennels 
ML, Heald FP, Kahn MA, Farber TM, Miller E, 
Husain MM, Earl FL (1976). Endothelial lesions in 
the aorta of egg yolk-fed miniature swine: a 
study by scanning and transmission electron 
microscopy. Exp Mol Pathol ~. 208-220. 

108. Newsome DA (1979). Embryology and 
biology of the ocular surface. An overview. 
Int Ophthalmol Clin .l.2_, 53-72. 

109. Nilsson J (1986). Growth factors and 
the pathogenesis of atherosclerosis. 
Atherosclerosis 62, 185-199. 

110. Packham MA, Mustard JF (1986). 
The role of platelets in the develo~ment and 
complications of atherosclerosis. Sem in Hematol 
Q, 8-26. 

111. Pasquinelli G, Scala C, Borsetti GP, 
Martegani F, Laschi R (1985). A new approach 
for studying semithin sections of human 
pathological material: intermicroscopic correla
tion between light microscopy and scanning 
electron microscopy. Scanning Electron Microsc. 
1985; III: 1133-1142. 

112. Pawley JB, Nowell J (1973). Microdissec
tion of biological SEM samples for further study 
in TEM. Scanning Electron Microsc. 1973: 334-340. 

113. Pfister Roswell R, Burstein NL (1977). 
The normal and abnormal human corneal epithelial 
surface: a scanning electron microscope study. 
Invest Ophthalmol Visual Sci_!§_, 614-622. 

114. Poley JR (1983). The small bowel mucosa 
in disease states characterized by chronic 
diarrhea: observations by scanning electron 
microscopy. Scanning Electron Microsc. 1983; III: 
1293-1306. 

115. Polliack A (1981). The contribution of 
scanning electron microscopy in haematology: its 
role in defining leucocyte and erythrocyte 
disorders. J Microsc J12, 177-187. 

116. Price AB, Levi J, Dolby JM, Dunscombe PL, 
Smith A, Clark J, Stephenson ML (1985). Campylo
bacter pyloridis in peptic ulcer disease: micro
biology, pathology, and scanning electron 
microscopy. Gut~. 1183-1188. 

117. Rapin VS, Dolgov VV, Zaikina OE, Novikov 
ID, Antonov AS, Nikolaeva MA, Smirnov VN (1984). 
Heterogeneity of endothelium in human aorta. A 
quantitative analysis of scanning electron 
microscopy. Atherosclerosis 50, 35-52. 



SEM in clinical research 

118. Reidy MA, Silver M (1985). Endothelial 
regeneration. VII. Lack of intimal proliferation 
after defined injury to rat aorta. Am J Pathol 
.!.l.§_, 173-177. 

119. Rickert RR, Carter HW (1977). The gross, 
light microscopic and scanning electron microsco
pic appearance of the early lesions of Crohn's 
disease. Scanning Electron Microsc. 1977; II: 
179-186. 

120. Rodriguez Caballero ML, Carretero J, 
Vazquez R (1983). Precisions on normal surface 
of human corneal epithelium: a scanning electron 
microscopic study. J Submicrosc Cytol J.2, 
1007-1012. 

121. Ross R, Glomset JA (1976). The pathoge
nesis of atherosclerosis. New England J Medicine 
295, 369-377. 

122. Ross R, Glomset JA (1976). The pathoge
nesis of atherosclerosis. New England J Medicine 
~. 420-425. 

123. Ross R (1981). Atherosclerosis: a 
problem of the biology of arterial wall cells 
and their interactions with blood components. 
Arteriosclerosis _l, 293-311. 

124. Ross R, Wight TN, Strandness E, 
Thiele B (1984). Human Atherosclerosis. I. Cell 
constitution and characteristics of advanced 
lesions of the superficial femoral artery. Am J 
Pathol .D._±, 79-93. 

125. Ross R, Faggiotto A, Bowen-Pope D, 
Raines E (1984). The role of endothelial injury 
and platelet and macrophage interactions in 
atherosclerosis. Circulation 2.Q, {Suppl III), 
77-82. 

126. Ross R (1986). The pathogenesis of 
atherosclerosis-an update. New England J Medicine 
345_, 488-500. 

127. Scala C, Pasquinelli G, Martegani F, 
Laschi R (1985). Use of secondary electron 
detectors for compositional studies on embedded 
biological material. Scanning Electron Microsc. 
1985; IV: 1709-1718. 

128. Scala C, Pasquinelli G, Preda P, 
Laschi R (1986). Beam voltage effects in the 
study of embedded biological materials by 
secondary electron detectors. Scanning Electron 
Microsc. 1986; III: 987-998. 

129. Schaffner T, Taylor K, Bartucci EJ, 
Fischer-Dzoga K, Beeson JH, Glagov S, Wissler RW 
(1980). Arterial foam cells with distinctive 
immunomorphologic and histochemical features 
of macrophages. Am J Pathol ..l.Q_Q, 57-80 

7793 

130. Schuman BM, Ritter K, Watson JHL, 
Goodwin J (1978). Scanning electron microscopy 
of the surface of human duodenum in patients 
with and without duodenal ulcer disease . 
Henry Ford Hosp Med J ~. 50-54. 

131. Schwartz CJ, Sprague EA, Kelley JL, 
Valente AJ, Suenram CA (1985). Aortic intimal 
monocyte recruitment in the normo and hypercho
lesterolemic baboon (Papis cynocephalus). An 
ultrastructural study: implications in athero
genesis. Virchows Arch (Pathol Anat) 405, 
175-191. 

132. Scott RF, Reidy MA, Kim ON, Schmee J, 
Thomas WA (1986). Intimal cell mass-derived 
atherosclerotic lesions in the abdominal aorta of 
hyperlipidemic swine, Part 2 (Investigation of 
endothelial cell changes and leukocyte adherence 
associated with early SMC proliferative 
activity). Atherosclerosis 62, 27-38. 

133. Sedar AW, Silver MJ, Ingerman-Wojenski 
CM (1983). Backscattered electron imaging to 
visualize arterial endothelial detachment in 
the scanning electron microscope. 
Scanning Electron Microsc. 1983; II: 969-974. 

134. Shields HM, Bates ML, Goldman H, 
Zuckerman GR, Mills BA, Best CJ, Bair FA, 
Goran DA, De Schryver-Kecskemeti K (1985). 
Scanning electron microscopic appearance of 
chronic ulcerative colitis with and without 
dysplasia. Gastroenterology 89, 62-72. 

135. Siew S, Tedesco FJ (1977). Scanning 
electron microscopy of human colonic biopsies 
as an aid in the diagnosis of clindamycin
associated colitis. Scanning Electron Microsc. 
1977; II: 187-194. 

136. Siew S (1978). Scanning electron 
microscopy of acute rheumatic valvulitis. 
Scanning Electron Microsc. 1978; II: 341-348. 

137. Siew S, Goldstein ML (1981). Scanning 
electron microscopy of mucosal biopsies of the 
human upper gastrointestinal tract. Scanning 
Electron Microsc. 1981; IV: 173-181. 

138. Siew S (1983). The application of 
scanning electron microscopy in the clinical 
investigation of the human colon. Scanning 
Electron Microsc. 1983; IV: 1911-1929. 

139. Siew S (1985). Scanning electron 
microscopy of the human myocardium. Scanning 
Electron Microsc. 1985; III: 1295-1304. 



R. Laschi et al. 

140. Simionescu N, Vasile E, Lupu F, 
Popescu G, Simionescu M (1986). Prelesional 
events in Atherogenesis. Accumulation of extra
cellular cholesterol-rich liposome in the 
arterial intima and cardiac valves of the hyper
lipidemic rabbit. Am J Pathol ~. 109-125. 

141. Soligo D, Pozzoli E, Nava MT, Polli N, 
Lambertenghi-Deliliers G, de Harven E (1983). 
Cytochemical methods for the backscattered 
electron imaging mode of scanning electron 
microscopy: further applications to the study of 
human leukemic cells. Scanning Electron Microsc. 
1983; IV: 1795-1802. 

142. Soligo D, de Harven E, Pozzoli E, 
Nava MT, Polli N, Lambertenghi-Deliliers G 
(1985). Scanning electron microscope cytochemi
stry of blood cells. Scanning Electron Microsc. 
1985; II: 817-825. 

143. Soligo D, Polli N, Catoretti G, Cantu
-Rajnoldi A, Romitti L, de Harven E, Lambertenghi 
-Deliliers G (1986). Biphenotypic Philadelphia 
positive, monosomy seven acute leukaemia: ultra
structural immunocytochemical study. J Submicrosc 
Cytol ~. 433-440. 

144. Stary HC (1983). Evolution of athero
sclerotic plaques in the coronary arteries of 
young adults. Arteriosclerosis l_, 471 a. 

145. Steer HW (1984). Surface morphology of 
the gastroduodenal mucosa in duodenal ulceration. 
Gut ~. 1203-1210. 

146. Sweney LR, Shapiro BL (1981). One to 
one correlation of histological and histochemical 
light microscopy with scanning electron microsco
py. Scanning Electron Microsc. 1981; II: 63-72. 

147. Sybers HD, Ashraf M (1973). Prepara
tion of cardiac muscle for SEM. Scanning Electron 
Microsc. 1973: 341-348. 

148. Sybers HD, Ashraf M (1974). Scanning 
electron microscopy of cardiac muscle. Lab 
Invest 30, 441-450. 

149. Sybers HD, Sheldon CA (1975). SEM 
techniques for cardiac cells in fetal, adult and 
pathologic heart. Scanning Electron Microsc. 
1975: 275-280. 

150. Taylor K, Glagov S, Lamberti J, 
Vessel inovitch D, Schaffner T ( 1978). Surface 
configuration of early atheromatous lesions in 
controlled-pressure perfusion-fixed monkey 
aortas. Scanning Electron Microsc. 1978; II: 
449-457. 

151. Thomas WA, Kim ON (1983). Biology of 
disease. Atherosclerosis as a hyperplastic and/or 
neoplastic process. Lab Invest 48, 245-255. 

152. Tulusan AH, Brandt G (1977). Morpho
logical differential diagnosis of idiopathic 
cardiomyopathies. Virchows Arch A (Pathol Anat) 
374, 71-79. 

153. Vasilieva EJ, Orlov VN, Barkagan ZS 
(1984). Shape and spreading of platelets from 
the blood of patients with acute myocardial 
infarction. Thromb Haemostas ~. 201-204. 

154. Velican C, Velican D (1976). Intimal 
thickening in develop-ing coronary arteries and 
its relevance to atherosclerotic involvement. 
Atherosclerosis Q, 345-355. 

155. Velican C, Velican D (1980). The 
precursors of coronary atherosclerotic plaques 
in subjects up to 40 years old. Atherosclerosis 
}}__, 33-46. 

156. Versura P, Bonvicini F, Caramazza R, 
Laschi R (1985). Scanning electron microscopy of 
normal human corneal epithelium obtained by 
scraping-off in vivo. Acta Ophthalmol (Kbh) 
_§]_, 361-365. 

157. Versura P, Bonvicini F, Caramazza R, 
Laschi R (1985). Scanning electron microscopy 
study of human cornea and conjunctiva in normal 
and various pathological conditions. Scanning 
Electron Microsc. 1985; IV: 1695-1708. 

1794 

158. Versura P, Maltarello MC, Cellini M, 
Caramazza R, Laschi R (1986). Detection of mucus 
glycoconjugates in human conjunctiva by using 
the lectin-colloidal gold technique in TEM. 
II. A quantitative study in dry-eye patients. 
Acta Ophthalmol (Kbh} 64, 451-455. 

159. Versura P, Maltarello MC, (1987). 
An improved processing method for electron 
microscopy investigation of conjunctival 
biopsies. Curr Eye Res (in press). 

160. Versura P, Maltarello MC, Roomans GM, 
Caramazza R, Laschi R (1987). Scanning electron 
microscopy, X-ray microanalysis, immunohistoche
mistry on worn soft contact lenses. Scanning 
Nicrosc., in press. 

161. Warren BA, Jeynes BJ, Chauvin WJ 
(1978). SEM studies of atheromatous plaques in 
man and the interaction of blood with plaque 
contents in experimental animals. Scanning 
Electron Microsc. 1978; II: 441-448. 



SEM in clinical research 

162. Wasano K, Yamamoto T (1983). Tridimen
sional architecture of elastic tissue in the rat 
aorta and femoral artery. A scanning electron 
microscope study. J Electron Microsc E, 33-44. 

163. Watanabe T, Hirata M, Yoshikawa Y, 
Nagafuchi Y, Toyoshima H, Watanabe T (1985). 
Role of macrophages in atherosclerosis. 
Sequential observations of cholesterol-induced 
rabbit aortic lesion by the immunoperoxidase 
technique using monoclonal antimacrophage 
antibody. Lab Invest~. 80-90. 

164. Weber G, Fabbrini I, Resi L (1973). On 
the presence of a concanavalin-A reactive coat 
over the endothelial aortic surface and its 
modifications during early experimental chole
sterol atherogenesis in rabbits. 
Virchows Arch (Pathol Anat) 359, 299-307. 

165. Wedler FC (1977). Analysis of biomate
rials deposited on soft contact lenses. J Biomed 
Mater Res _ll, 525-535. 

166. Wetzel B (1976). Cell kinesis: an 
interpretative review of the significance of 
cell surface form. Scanning Electron Microsc. 
1976; II: 136-144. 

167. White JG, Clawson CC (1980). Overview 
article: biostructure of blood platelets. 
Ultrastr Pathol _l, 533-558. 

168. Wickman MG, Worthen DM (1974). Scanning 
and transmission electron microscopy of single 
tissue specimens. In: 'Principles and Techniques 
of Scanning Electron Microscopy' Vol. 2 
Biological Applications. (ed.) M.A. Hayat 
Van Nostrand, 60-71. 

169. Yamamoto T, Nakatane J (1986). Three
dimensional architecture of elastic elements in 
athero-arteriosclerotic lesions of the rat aorta. 
Proc XIth Int Cong. on EM, Kyoto. 3539-3540. 

170. Yano S, Yoshikane H, Kawamoto H, 
Shimada T, Morioka S, Moriyama K (1986). 
Scanning electron microscopic study on the non
infarcted myocardium after myocardial infarction. 
Proc XIth Int Cong on EM, Kyoto. 2791-2792. 

171. Yoshikane H, Nihei T, Moriyama K (1986). 
Three-dimensional observation of intracellular 
membranous structures in dog heart muscle cells 
by scanning electron microscopy. J Submicrosc 
Cytol ~. 629-636. 

172. Zoli G, Pasquinelli G, Bonvicini F, 
Gasbarrini G, Laschi R (1986). S.E.M. study I: 
gastric and duodenal lesions induced by non
steroidal anti-inflammatory drugs (Aspirin, 
Piroxicam) in man. Int J Tiss Reac VIII, 47-53. 

173. Zoli G, Pasquinelli G, Bonvicini F, 
Gasbarrini G, Laschi R (1986). S.E.M. study II: 
protective effect of Ranitidine against gastric 
and duodenal lesions induced by non-steroidal 
anti-inflammatory drugs. Int J Tiss Reac VIII, 
71-77. 
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appropriately addressed by text changes, hence there 
is no Discussion with Reviewers. 
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