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Shar-Peis are unique among dog breeds because of 
their skinfolds, a feature that is hereditary in origin.1 

Tight thick wrinkles normally extend over the body 
at the puppy stage, then typically decrease as the dog 
grows older. Indeed, as seen in a comparable human 
disorder associated with generalized folding and thick-
ening of the skin, it may be reasonable to speculate that 
the normal age-related decrease in the ratio of body sur-
face area to weight could be the underlying mechanism 
for the changes in wrinkling noted with age.2

This unusual wrinkling and thickening of the skin 
has been considered to be the consequence of an abnormal 
deposition of mucin; therefore, the disease entity is found 
in textbooks under the name of cutaneous mucinosis. 
Recently, by use of histochemistry and an in vitro model, 
the main component of mucin has been determined to be 
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Conclusions and Clinical Relevance—Ultrasonography was a useful tool to assess skin 
thickness, and in Shar-Peis, it might be considered a valid alternative to invasive methods 
such as histologic examination to objectively estimate the severity of hereditary cutaneous 
hyaluronosis. (Am J Vet Res 2012;73:220–226)

hyaluronic acid,3,4 a large unsulfated glycosaminoglycan 
that, once synthesized, is extruded out of fibroblast cells 
where it contributes to the assembly and organization of 
the extracellular matrix. Therefore, the term HCH seems 
to describe the phenomenon more accurately.

Nevertheless, to the authors’ knowledge, no stud-
ies have been performed in Shar-Peis to assess the se-
verity of hyaluronic acid deposition and the relative 
increase in skin thickness in an objective and noninva-
sive manner. In humans, ultrasonography is considered 
a versatile, painless, low-risk, and noninvasive proce-
dure that provides real-time visual information about 
skin thickness and skin density. It has been extensively 
used in inflammatory disorders characterized by thick-
ening and fibrosis of skin such as systemic sclerosis,5,6 
in preoperative tumor thickness measurements,7,8 and 
in the evaluation of age-related changes in skin thick-
ness.9 Moreover, in cutaneous sclerosis, several other 
mechanical instruments (eg, elastometer, twistometer, 
cutometer, and plicometer) have been also used to exert 
a controlled physical force on skin and to better assess 
cutaneous involvement.10

In veterinary medicine, ultrasonography has also 
been used to characterize benign and malignant skin 
tumors11 and to evaluate skin thickness12 and changes 
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in skin thickness in relation to hydration status and flu-
id distribution in dogs.13 Additionally, the plicometer 
has found application in the examination of the effects 
of diet on skin biophysical variables.14

The objective of the study reported here was to de-
termine whether ultrasonographic imaging could be a 
useful instrument to determine skin thickness in Shar-
Peis. Additionally, the investigation sought to correlate 
ultrasonographic results with age and sex of selected 
animals to understand whether these variables might 
affect skin thickness. Finally, the last objective was to 
correlate skinfold measurements obtained via a plicom-
eter with ultrasonography results.

Materials and Methods

Study population—The study was performed 
with 20 dogs, of which 10 were Shar-Peis from 2 
Shar-Pei breeders in Catalunya, Spain, and 10 were 
Beagles (controls) from the blood bank of the Veteri-
nary Faculty of Universitat Autònoma de Barcelona 
and from the Beagle kennel of UNIVET Veterinary 
Diagnostic Service. The Shar-Pei group included 6 
sexually intact adult females and 4 sexually intact 
adult males, ranging in age from 1 to 3 years (mean 
± SD, 1.8 ± 0.9 years) and in body weight from 16 
to 22 kg (mean ± SD, 18.4 ± 2.4 kg). On clinical 
examination, all of the Shar-Peis were considered af-
fected by HCH of variable severity. Nine Shar-Peis 
were phenotypically classified as in conformity with 
the American standard of the breed, characterized by 
pronounced loose skin covering the forehead and ex-
tending to the neck, withers, and hind limbs. Only 
1 Shar-Pei was classified as in conformity with the 
more traditional Chinese standard, characterized 
by tight wrinkles covering only the withers and the 
forehead. The Beagle group included 7 sexually intact 
adult females and 3 males, ranging in age from 3 to 9 
years (mean ± SD, 5.8 ± 2.4 years) and in body weight 
from 8 to 14 kg (mean ± SD, 11.1 ± 2.6 kg). All dogs 
were considered healthy on the basis of results of clini-
cal examination, CBC, and total protein analysis. A rou-
tine urine analysis was also performed in each dog. All 
procedures outlined in this project were approved by 
the breeders of Shar-Peis used in this study and by the 
Ethical Committee of the Universitat Autònoma de Bar-
celona prior to initiation of the study.

Ultrasonographic measurements of the skin—
A B-mode real-time ultrasonographic examination of 
skin thickness was performed with an ultrasonography 
machinea fitted with a 13-MHz linear array transducer 
(frequency range, 4 to 13 MHz). Four regions, (frontal 
[on the rostral margins of the supraorbital processes], 
dorsal cervical [neck], sacral, and left metatarsal) were 
selected. After hair clipping, skin was gently cleaned 
with ethanol to remove any cutaneous surface residues 
and an abundant amount of acoustic coupling gelb was 
applied between the skin surface and the transducer to 
position the skin on the focal zone of the probe. Ultra-
sonographic examinations were performed by placing 
the transducer perpendicular to the skin, and the fol-
lowing order of skin examination was adopted: fron-
tal region halfway along the line connecting the rostral 

margins of the supraorbital processes, dorsal region of 
the neck at the junction between the second and third 
cervical vertebrae, and the sacral region halfway along 
the line connecting the left and right tuber coxae. Dur-
ing examination, animals were manually restrained in 
sternal recumbency. The dorsal surface of the metatar-
sus of the left hind limb was examined after positioning 
the animal in right lateral recumbency. Once the sur-
face epidermis, epidermis-dermis, and dermis-subcutis 
interfaces were identified, only the full skin thickness 
(a composite of epidermis and dermis) was measured 
by use of the electronic caliper of the ultrasonography 
machine. Three measurements were performed, each at 
a distance of approximately 5 mm. Magnified images 
(width, 30 mm; depth, 22 mm) were evaluated.

Plicometer examination—In the same areas select-
ed for ultrasonography examination, skinfold (plica) 
measurements were performed in triplicate by use of a 
digital plicometerc with a digital display and capability 
to measure from 1 to 100 mm. An assistant pinched 
the skin between the thumb and forefinger, and one of 
the investigators gently positioned the left arm of the 
instrument first, followed by the right arm, equipped 
with the sensor, into contact with the skinfold. After 
the closure of the arms of the instrument, an audible 
signal indicated that the measurement has been ob-
tained. Whereas the nearly compression-free ultraso-
nography measurements were considered the sum of 
epidermal plus dermal thicknesses, skinfold thickness 
measurements were considered the sum of a double 
layer of skin together with underlying fatty tissue.

Histologic examination—Skin samples from each 
of the 4 ultrasonographic examination points were col-
lected during local anesthesia by use of a 6- to 8-mm 
punch biopsy or via excisional biopsy. Samples were 
immediately fixed in neutral-buffered 10% forma-
lin solution for 24 hours, then embedded in paraffin. 
Sections were stained for histologic examination with 
H&E, Alcian blue (pH, 2.5), and Masson trichrome 
stains. Analysis of skin thickness on H&E-stained sam-
ples was performed by use of a microscoped equipped 
with a camera.e The images were collected by use of 
software,f and histometric measurements of skin thick-
ness were performed.

Statistical analysis—Statistical analysis was per-
formed with commercial statistical software.g A 1-way 
ANOVA test was used to evaluate hypotheses regard-
ing differences in the mean values for skin thickness 
between Shar-Peis and Beagles obtained via ultraso-
nographic and plicometer measurements, respectively. 
Differences in each selected region were calculated by 
use of a Tukey-Kramer multiple comparisons test.

A Pearson correlation test and regression analysis 
were used to evaluate the relationship between ultraso-
nography measurements and age, sex, and plicometer 
results. A P value was computed with a Student t test. In 
all tests, values of P < 0.05 were considered significant.

Results

Ultrasonographic measurements—In accor-
dance with a previous study,12 3 layers were observed 
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ultrasonographically in both Shar-Peis and Beagles. 
First, there was a superficial well-defined hyper-
echoic layer at the interface between the coupling gel 

and the skin corresponding to epidermal entry echo. 
Beneath this was a less echogenic layer of variable 
intensity corresponding to the epidermis plus der-
mis and then a deep layer corresponding to subcuta-
neous tissue and containing thin linear hyperechoic 
areas superimposed on a nonhomogeneous hypo- 
echoic pattern. In Shar-Peis, hyperechogenicity with a 
fine granular echotexture was observed in the second 
layer (epidermis plus dermis) of all dogs of American 
standard (Figure 1), whereas in the Shar-Pei of Chi-
nese standard, the appearance of the second layer was 
uniformly and more densely hyperechoic. In Beagles, 
the echogenicity of the second layer was quite variable, 
ranging from a low to high echogenic pattern with a 
finely homogeneous echotexture. Particularly, in 6 of 
10 Beagles, a double-layered appearance of the dermis, 
with a superficial band more echogenic than the deeper 
band, was detected.

In Shar-Peis, mean ± SEM skin thickness was 4.10 
± 56 mm, as opposed to 2.23 ± 41 mm in Beagles, and 
was greatest in the sacral region, followed by the dorsal 
neck, frontal, and metatarsal regions. In Beagles, skin 

Figure 1—Ultrasonographic appearance of the skin in the sacral 
region in Shar-Peis (A and B) and a control dog (C). Three layers 
were distinguished in each image: a well-defined superficial hyper- 
echoic layer corresponding to epidermal entry echo (E), a less 
echogenic layer corresponding to epidermis plus dermis (D), and 
a deep layer containing linear hyperechoic images corresponding 
to subcutaneous tissue (SC). A—Notice the fine granular hyper-
echogenic texture in the second layer (epidermis plus dermis) of 
a Shar-Pei of American standard. B—Notice that the second layer 
of a Shar-Pei of Chinese standard is uniformly and more densely 
hyperechoic. C—Notice that 2 distinct bands of different echo-
genicity are observed in the dermis of a control dog (Beagle).

Figure 2—Comparisons (mean ± SEM values) of ultrasonograph-
ic (A) and plicometer (B) skin thickness measurements between 
Shar-Peis (black columns) and Beagles (white columns) at 4 body 
regions (sacral, dorsal neck, frontal, and metatarsal).
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thickness was greatest at the metatarsal region, fol-
lowed by the dorsal neck, frontal, and sacral regions. 
A significant (P < 0.001) difference between Shar-Peis 
and Beagles was detected in the sacral, dorsal neck, 
and frontal regions, whereas in the metatarsal region, 
this difference was also significant (P = 0.01) but less 
pronounced (Figure 2). Nevertheless, with the multi-
ple comparison test, no significant differences in skin 
thickness among the 4 regions were detected in either 
group. In Shar-Peis, no correlation was found between 
ultrasonography results in any of the 4 body regions 
and age or sex, whereas in Beagles, a positive corre-
lation was found between age and ultrasonography 
results in the dorsal neck (r = 0.666; P = 0.036) and 
frontal (r = 0.750; P = 0.012) regions; however, no cor-
relation was found when ultrasonography results were 
correlated with sex.

Plicometer measurements—Three plicometer 
measurements of cutaneous plica thickness were made 
in all dogs (Figure 2). Among the examined cutaneous 
regions, the largest plica thickness was evident in the 
sacral region followed by the dorsal neck, frontal, and 
metatarsal regions in Shar-Peis, whereas in Beagles, the 
dorsal neck region was thickest, followed by the sacral, 
frontal, and metatarsal regions. A significant difference 
between Shar-Peis and Beagles was detected only in the 
frontal region (P < 0.001) and metatarsal region (P < 
0.05). By use of the multiple comparison test, signifi-
cant (P < 0.001) differences in plica thickness were de-
tected in both groups, especially between the sacral and 
frontal regions and the sacral and metatarsal regions. In 
Shar-Peis, a weak positive correlation was found between 
ultrasonographic and plicometer measurements of each 
individual region, but this correlation was clearly positive 
overall (r = 0.538; P = 0.004; Figure 3). In contrast, in 
Beagles, the correlation between ultrasonography and pli-
cometer results was significant in each individual region 
but not significant (P = 0.302) overall (r = 0.167).

Histologic examination and histometric measure-
ments—In Shar-Peis of American standard, dermal col-
lagen fibers were separated by a diffuse pale gray-pink 
substance corresponding to mucinous material (Figure 
4). In the Shar-Pei of Chinese standard, scarce muci-
nous material was detected between collagen fibers, 
whereas in control dogs, this material was not found.

Histometric measurements of skin thickness were 

strongly correlated with ultrasonographic results. Skin 
thickness was greatest in Shar-Peis of American stan-

Figure 3—Graph of the correlation between results of ultraso-
nography (mm) and use of a plicometer (mm) for measurement 
of skin thickness in Shar-Peis.

Figure 4—Photomicrographs of skin sections from the frontal re-
gion of 2 Shar-Peis and a Beagle. A diffuse pale, pink substance 
is present in the dermis of a Shar-Pei of American standard with 
the greatest skin thickness within the group of Shar-Peis (SP-AS; 
A). This finding is less evident in the Shar-Pei of Chinese standard 
(SP-CS; B) and not evident in the Beagle (C). On the left of each 
image are reported 3 measurements (mm) of the skin thickness 
performed via microscopy. H&E stain; bar = 500 µm.
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dard, followed by the Shar-Pei of Chinese standard and 
Beagles.

By use of Alcian blue staining at a pH of 2.5, in 
the dermis of Shar-Peis, collagen fibers were scattered 
among a network of basophilic material, considered to 
be a characteristic of acid glycosaminoglycans such as 
hyaluronic acid.4 This finding was clearly evident in 
Shar-Peis of American standard (Figure 5), whereas in 
the Shar-Pei of Chinese standard, it was less evident. In 
control dogs, this material was detected in some skin 
samples in small amounts. By use of Masson staining, 
collagen fibers (stained an intense turquoise) were less 
densely distributed in Shar-Peis of American standard 
in comparison with the Shar-Pei of Chinese standard 
and control dogs.

Discussion
The purpose of this study was to determine the reli-

ability of ultrasonography as a noninvasive method for 
measurement of skin thickness in Shar-Peis, as a possible 
indicator of HCH. In this breed, the diagnosis of HCH 
has long relied only on clinical observation and palpa-
tion, supported by histologic findings.3,15 Recently, how-
ever, ultrasonography has been used to evaluate normal 
canine skin12 and changes in canine skin thickness in re-
lation to hydration status and fluid distribution.13

Ultrasonography involves the detection of reflected 
sound waves through tissues that possess inherently 
different acoustic properties. In particular, echoes in 
the dermis are the result of the reflection of the ultra-
sonography waves at the boundaries between dermal 
components, such as collagenous and reticular fibers, 
dermal ground substance, sebaceous and sweat glands, 
and the surrounding water-rich ground substance.16 
For example, a decrease in the echogenicity of the der-

mis may be caused by an excess of fluid in the inter-
stitium separating the collagen fibers with consequent 
distension of the fiber network.17 Therefore, the result-
ing ultrasonography image consists of regions of differ-
ent echogenicity, which correlate to different histologic 
components of the skin.18

Furthermore, selection of the appropriate trans-
ducer is an important aspect of soft tissue ultrasonogra-
phy. Indeed, in humans, 20-MHz scanners are used for 
measuring skin thickness and assessing inflammatory 
skin disorders, whereas 7.5- to 15-MHz scanners are 
generally used in dermatologic oncology.17

In accordance with Diana et al,12,13 a 13-MHz lin-
ear array transducer was used in the present study. In 
all dogs, a superficial well-defined hyperechoic layer 
corresponding to the coupling gel skin surface interface 
was observed. Its echogenicity was considered to de-
pend on the thickness of the stratum corneum and the 
amount of air trapped between the keratinized cells. A 
second less echogenic and thicker layer correspond-
ing to the remaining epidermal layers plus the der-
mis was visible, followed by a third hypoechoic layer  
interspersed with hyperechoic linear areas running mostly 
parallel to the skin and representing subcutaneous tissue. 
In Shar-Peis of American standard, the second layer had 
a fine granular hyperechoic texture in all selected body 
regions in comparison with the Shar-Pei of Chinese stan-
dard in which the second layer appeared uniformly and 
densely hyperechoic. Dermal echogenicity is related to the 
various components of the dermis (dermal ground sub-
stance, collagen and elastic fibers, and glands), which may 
be responsible for echogenic images with differing intensi-
ties.12 In this study, the differences in dermal echogenicity 
observed between Shar-Peis of American standard and the 
Shar-Pei of Chinese standard may have been related to dif-

Figure 5—Photomicrographs of skin sections of 2 Shar-Peis and a Beagle obtained from the dorsal neck region. In the dermis of the 
Shar-Pei of American standard, collagen fibers are scattered within a basophilic material with characteristics of hyaluronic acid (A). This 
finding is less evident in the Shar-Pei of Chinese standard (B) and not evident in the Beagle (C). Alcian blue stain; bar = 500 µm. Notice 
that in the Shar-Pei of American standard (D), collagen fibers stain an intense turquoise and are less densely distributed in comparison 
with the Shar-Pei of Chinese standard (E) and the Beagle (F). Masson stain; bar = 500 µm.
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ferences in hyaluronic acid deposition and the ability of 
this molecule to form a viscoelastic network for fibers in 
the dermis.

In contrast, in Beagles, the echogenicity of the sec-
ond layer was characterized by echoes of various inten-
sities and a fine and dense echotexture. Furthermore, in 
more than half of Beagles, a 2-layered appearance of the 
epidermis plus dermis (with the deeper layer less echo-
genic) was also observed. In accordance with previous 
reports,12,13 this finding was probably related to differ-
ences in dermal fluid storage among dogs.

Ultrasonographic results were further corrobo-
rated by histologic results. In Shar-Peis of American 
standard, material believed to be hyaluronic acid was 
spread widely between collagen fibers that were nor-
mally arranged, whereas in the dermis of the Shar-Pei 
of Chinese standard, this material was sparsely distrib-
uted; this material was not detected in the dermis of 
controls. A clear correlation was found between results 
of histometric measurements of skin samples stained 
with H&E and results of ultrasonographic measure-
ments of skin thickness.

As expected, Shar-Peis of American standard, 
which are known for their abundant wrinkles, had 
greater skin thickness, compared with the Shar-Pei of 
Chinese standard, known for less wrinkles, and with 
Beagles, in which wrinkles are not normally present. 
In dogs, skin thickness has been reported to decrease 
dorsally to ventrally in the trunk and proximally to dis-
tally in the limbs, with the thickest skin located on the 
head, dorsum of the neck, back, and sacrum.19 Ultra- 
sonographic results of this study indicated that skin 
thickness in Shar-Peis was greatest in the sacral area fol-
lowed by dorsal neck, frontal, and metatarsal regions; 
in Beagles, the region of thickest skin was the meta-
tarsal, followed by dorsal neck, frontal, and sacral re-
gions. Therefore, it may be hypothesized that breed and 
other factors may have an influence on skin thickness 
in different body regions. For example, in humans, skin 
thickness is under the control of hormonal factors such 
as estrogens, which increase dermal hydroscopic prop-
erties, probably through enhanced synthesis of dermal 
hyaluronic acid,20–22 and aging, which modifies the 
viscoelastic properties of skin by increasing the break-
down of extracellular matrix components.23,24

As a consequence, in the population of the pres-
ent study, we investigated whether a correlation might 
exist between sex and dermal thickness and whether 
decreased glycosaminoglycan content with consequent 
skin atrophy would occur in older individuals. Contrary 
to expectations, no correlation was found in Shar-Peis 
and Beagles between ultrasonographically measured 
skin thickness and sex, whereas only in Beagles was a 
weak correlation detected between ultrasonographic 
results at dorsal neck and frontal regions and age. Al-
though this study was conducted with only 2 breeds to 
minimize inter- and intraindividual variability, failure 
to find a correlation might have occurred because of 
the small number of individuals and variability in mean 
age between the 2 groups. In the future, better corre-
lated results might be obtained by use of a larger study 
population and by standardization of hormonal status 
in homogeneously aged groups of animals.

Ultrasonography has also been used in dogs to mea-
sure subcutaneous fat and to predict total body fat.25,26 
However, in the present study and as reported,12 a clear 
demarcation of the distal subcutaneous tissue boundary 
useful for making measurements was not obtained in 
ultrasonographic images. This may have occurred be-
cause subcutaneous tissue projects into the overlying 
dermis as papillae adiposae that surround hair follicles, 
sweat glands, and vasculature and form attachments to 
the underlying fibrous skeletal components.19 The use 
of a plicometer, an instrument that in humans is typi-
cally used for the assessment of nutritional status in 
cross-sectional studies27,28 as well as in growth hormone 
replacement therapy and follow-up of medical condi-
tions such as obesity, is seen as an option to obviate this 
limitation. Most studies involving body composition 
assessments deal with the correlation of skinfold thick-
ness to percentage body fat and are based on prediction 
equations geared to mathematical relationships.

In both groups of animals, the present study was 
limited to the simple measurement of skin thickness in 
triplicate. Despite high variability of the results from 
each region, in Shar-Peis, a positive correlation was 
found between ultrasonographic and plicometer mea-
surements overall. In contrast, Beagles had low vari-
ability in each region but high variability overall that 
was reflected in the correlation coefficient. Analysis 
suggested that this variability of correlation between 
ultrasonographic and plicometer results could be the 
consequence of changes in the compressibility of sub-
cutaneous tissues associated with breed, age, and nu-
tritional status. Therefore, further studies are necessary 
that use a larger number of animals and probably also 
include more body locations.

Results of the present study indicated that a noninva-
sive diagnostic tool such as ultrasonography can be used 
to assess skin and that it is a simple, valid alternative to 
other more invasive methods of investigation, such as his-
tologic examination, to objectively estimate the severity of 
HCH in Shar-Peis, as judged via skin thickness.

a.  Esaote ultrasound machine (MyLab 70), Esaote España SA, Bar-
celona, Spain.

b.  Polaris II ultrasound gel, GE Medical Systems, España SA, Bar-
celona, Spain.

c.  Rimmeter digital skinfold meters, Robert Pringle Engineers Ltd, 
Harlow, Essex, England.

d.  Leica MZ FLIII, Leica Microsystems, Wetzlar, Germany.
e.  Leica DC500 CCD camera, Leica Microsystems, Wetzlar,  

Germany.
f.  Universal Imaging MetaMorph, version 5.1, Universal Imaging 

Corp, Downington, Pa.
g.  GraphPad InStat, version 3.05, GraphPad Software Inc, San Di-

ego, Calif.
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