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Abstract 29 

Background 30 

Strain elastography (SE) is a modern imaging technology that provides an additional way of 31 
evaluating the changes in soft tissue elasticity caused by pathophysiological processes. 32 
Despite its widespread use in human medicine, only a few studies on the application of SE in 33 
veterinary medicine are available. 34 

Objectives 35 

To evaluate the potential usefulness of SE as an integrative imaging model in the standard 36 
ultrasound technique to better discriminate between inflammatory and neoplastic skin nodules 37 
in dogs. 38 
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Animals 39 

Fifty-one client-owned dogs with clinical evidence of single or multiple skin nodules detected 40 
during routine dermatological examination. 41 

Methods and materials 42 

Margins, echogenicity, echo-structure, calcification and vascularisation of 65 skin nodules 43 
were assessed with ultrasound, and SE was used to score qualitative (E-score, E-index, E2) 44 
and semiquantitative (SR) parameters. A comparison of diagnostic yields with cytological and 45 
histological findings as the gold standard was performed. 46 

Results 47 

Mast cell and benign follicular tumours showed the highest E-scores and SRs among 48 
neoplastic nodules; statistically significant differences were not detected. Calcific and 49 
nonvascularised nodules showed significantly higher E-index values than the others. Overall, 50 
a negative correlation was observed between the longitudinal diameter of skin nodules and the 51 
qualitative elastic parameters. 52 

Conclusions and clinical importance 53 

In this study, SE proved to be useful to identify only a subset of nodules such as mast cells 54 
and hair follicular tumours. Although evidence supporting the use of SE in evaluating skin 55 
nodules was demonstrated to below, indicators to guide further research were developed. 56 

 57 

Introduction 58 
Ultrasound elastography was first introduced in the 1970s but only in recent years it 59 
has proven effective in the qualitative and quantitative assessment of tissue 60 
viscoelastic properties in humans.1-3 This technique takes advantage of the changes 61 
of soft tissue elasticity caused by pathophysiologic processes such as aging, 62 
inflammation and uncontrolled cell growth, and measures tissue displacement in 63 
response to a transient mechanical force applied to the skin surface.4 The resulting 64 
mechanical response called displacement or strain, generates ultrasound waves that 65 
are collected and translated to the video screen in a two-dimensional color map 66 
called elastogram. An elastogram is characterized by a continuum of colors varying 67 
from red to green to blue, designating several degrees of tissue elasticity. Normally, 68 
low strain corresponding to stiff tissue is displayed in blue, whereas high strain 69 
corresponding to soft tissue is displayed in red. However, this chromatic scale can 70 
differ depending on the elastographic software.5-7 71 
Nowadays, ultrasound elastography can be divided into a quasi-static or strain-based 72 
elastography (SE) and a dynamic or shear wave elastography (SWE) for which a 73 
constant manual force and a time-varying oscillatory force are applied to the tissue, 74 
respectively.1-3  Despite SWE has strong advantages over SE, as it is more 75 
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reproducible and relies on automatic shear wave generation, in humans SE is to date 76 
the most widely available commercial technique with high diagnostic sensitivity and 77 
accuracy when utilized to discriminate malignant from benign lesions and has an 78 
important role in diagnosis, staging, treatment and follow-up of many skin disorders.8-79 
14. In particular, SE allows a qualitative assessment of the examined tissue based on 80 
distribution of colors, visual point scales and quantifying hard areas.1-7 In order to 81 
decrease the inter-observer variability, a semi-quantitative measurement called strain 82 
ratio (SR) that provides information on the relative stiffness of a target lesion in 83 
comparison with the surrounding healthy tissue is also used.15  84 
Despite the widespread use in human medicine, few studies on the application of SE 85 
are available in veterinary medicine. For example, SE has been used to assess intra-86 
abdominal organs as liver, prostate, testicles, renal parenchyma and malignant 87 
nodules of breast and spleen, and only in one study it has been promoted as a 88 
complementary tool for differentiating lipomatosus from malignant subcutaneous 89 
neoplasms in dogs.16-21 90 
The aim of this study was two-fold. First, to evaluate the potential usefulness of SE to 91 
discriminate between inflammatory and neoplastic skin nodules in dogs using 92 
qualitative and semi-quantitative evaluations. Second, to identify elastic patterns in 93 
order to associate elastosonographic with histopathological findings and develop an 94 
integrative imaging model to the conventional ultrasound technique. 95 

 96 

Material and methods 97 
 98 
Study population 99 
Fifty-one client-owned dogs with clinical evidence of single or multiple skin nodules 100 
detected during routine dermatological examination were included. Informed owner 101 
consent was obtained prior to any procedure. 102 
 103 
Inclusion criteria and initial examination 104 
Dogs of any breed, body weight, sex and body condition score were enrolled on the 105 
basis of the following inclusion criteria: (i) nodule's diameter between 0,5 and 5 cm in 106 
length; (ii) no Fine Needle Aspiration Cytology or Needle Core Biopsy before 107 
ultrasound examinations; (iii) no administration of systemic and topical 108 
glucocorticoids or other medication during the previous two weeks; (iv) no clinical 109 
evidence of severe dehydration (>5%); (v) for intact female dogs, not being pregnant 110 
or lactating; (vi) normal complete blood cell count and routine serum biochemical 111 
analysis.  112 
 113 
Conventional ultrasound and strain elastography evaluations 114 
Conventional ultrasound (B-mode) and strain elastography (SE) examinations were 115 
performed using the Logiq S8 imaging device (GE Healthcare, Milwaukee, 116 
Wisconsin) equipped with a multifrequency linear transducer (L11, 8,5-10 MHz) in 117 
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association with a strain elastography software (LogiQ S8 Strain Elastography 118 
software, GE Healthcare, Milan, Italy). B-mode and SE imaging were performed at 119 
the same time according to standard procedures.  120 
Based on the locations of skin nodules, lateral, dorsal or sternal recumbency was 121 
adopted. The area of interest was gently clipped, and a copious amount of acoustic 122 
gel was used over the surface of the lesion and surrounding healthy skin to provide 123 
adequate contact, avoiding alteration of shape or blood flow of the nodule. B-mode 124 
ultrasound, with and without Doppler, was initially performed at 10MHz and images 125 
were obtained in the longitudinal planes. Skin nodules with surrounding normal tissue 126 
were imaged in a single field of view and their longest diameter was measured. 127 
Margins were evaluated as well-defined or ill-defined, echo-structure as 128 
homogeneous or heterogeneous, calcification as present or absent. Echogenicity 129 
relative to adjacent normal tissue was classified as hypoechoic, hyperechoic, 130 
isoechoic to the subcutaneous space. Power and color Doppler setting was also used 131 
to detect the optimal visualization of vessels, and macro-vascularization was 132 
categorized in absent or present.  133 
Immediately after B-mode ultrasonography, the elastography investigation was 134 
performed. Manual, low frequency, perpendicular oscillations, centered on the target 135 
lesion, were applied to obtain tissue deformation. The region of interest (ROI) in the 136 
strain image was enlarged to cover both the entire lesion and the surrounding normal 137 
tissue. The force transmitted was appropriately calibrated according to a green spiral 138 
bar on the monitor, and elastographic images were acquired. A dual screen mode 139 
was used for simultaneous displaying both the B-mode and elastographic images. 140 
Elastic properties were visualized on the monitor as a color-coded spectrum ranging 141 
from blue to red, corresponding to a low strain (less deformable) or high strain (more 142 
deformable). Nodules were scanned in longitudinal planes to obtain a hemi-section 143 
corresponding to the best approximation of the slice that would be interpreted on 144 
histopathology.  145 
Both qualitative and semiquantitative evaluations were performed and novel and 146 
more accurate elasticity parameters as E2 and SR were also applied. For the 147 
qualitative evaluations, E-score, E-index and E2 values were recorded. E-score was 148 
attributed according to the Alam score system adopted in human medicine for 149 
discriminating benign from malignant cervical lymph-nodes.22 Five elasticity patterns 150 
were assigned by the operator based on intralesional distribution of colors. Score 1 151 
was for absent or small hard area; score 2 for a hard area ≤ 45%; score 3 for a hard 152 
area ≥ 45%; score 4 if the nodule had a peripheral hard area and a central soft area; 153 
score 5 if the hard area occupied the entire lesion.  154 
The amount of soft and hard area in the selected ROI drawn with the anatomical 155 
guide of the nodule on the B-mode image, was quantified using a commercial 156 
software (E-Index function, GE Healthcare, Milan, Italy). E-index values ranged from 157 
0 to 6: a higher value indicated greater stiffness and a color closer to blue on the 158 
elastogram. Finally, E2 corresponding to the E-index value of the area collected with 159 
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skin biopsy and interpreted by histopathology, was calculated. The semi-quantitative 160 
SR evaluations was computed between two similar ROIs drawn as large as possible 161 
and at similar depth on pathologic and healthy tissue with the use of E-Ratio function 162 
(E-Ratio function, GE Healthcare, Milan, Italy). A SR value >1 represented increased 163 
tissue stiffness in the skin nodule relative to the reference healthy tissue selected. 164 
 165 
 166 
Cytological and histopathological diagnosis 167 
After ultrasound was completed, nodules were sampled by fine needle aspiration 168 
cytology (FNAC) using a 22-gauge needle and 5 ml disposable plastic syringe. Air-169 
dried and alcohol fixed smears were obtained. Cytological specimens were stained in 170 
May-Grunwald Giemsa® (Alcyon SpA, Cherasco, CN, Italy) and screened by a 171 
clinical pathologist.  172 
A skin biopsy collected under local anesthesia using a 6-8 mm punch on the area 173 
previously circled with a permanent marker during SE examination and 174 
corresponding to E2 area, was immediately placed in neutral-buffered 10% formalin, 175 
trimmed, routinely processed, paraffin embedded and stained with haematoxylin and 176 
eosin for histological examination. Histopathological images were observed under an 177 
Olympus BX51 photomicroscope equipped with an Olympus C-5060 Wide Zoom and 178 
DP software digital camera (Olympus, Tokyo, Japan) for computer assisted image 179 
acquisition and analysis. 180 
The cytological and histopathological results were correlated with standard 181 
ultrasound and elastographic evaluations. 182 
 183 
Statistical analysis 184 
Statistical analysis was performed using JMP® software (version 13; Sas Institute 185 
Inc., Cary, North Carolina, USA). 186 
B-mode and elasticity parameters (E-score, E-index, E2 and SR) were correlated with 187 
the continuous variables age, sex, body weight and body condition score.  188 
The relationship between cytology, echogenicity, eco-structure, calcification, margin, 189 
vascularization and histopathological results was analyzed via Pearson’s chi-square 190 
test. Elasticity parameters were analyzed using Anova test followed by the post hoc 191 
Tukey HSD test. Mann–Whitney test followed by Bonferroni correction were used for 192 
the analysis of normally and not normally distributed variables, respectively in order 193 
to identify a significant difference between histopathological results.  194 
A significance level of P < 0.05 was defined for all tests. 195 
The 75th percentile of the distribution of data was determined in order to calculate a 196 
significant optimal cut-off points for differentiating among three histopathological 197 
types of diagnosis. Contingency tables were used to summarize the relationship 198 
between several groups of variables. 199 
Pearson’s chi-square test evaluated the relationship between categorical variables; 200 
moreover, R2 and 95% confidence intervals (CIs) were estimated. The mean values 201 
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and standard error (SEM) of elasticity parameters were calculated according to the 202 
histopathological results, respectively. Differences between the mean values for the 203 
two independent benign and malignant groups were compared statistically by using 204 
the student’s t-test as alpha=0.017 as significant level. 205 
 206 

 207 

 208 

Results 209 

 210 
Study population 211 
Fifty-one dogs met the inclusion criteria: 24 dogs were males (5 neutered) while 27 212 
were females (23 neutered). The mean age was 9±2 years (range=3-13 years). The 213 
mean body weight was 27.4±12.85 (range=6-60 kg) and the mean body condition 214 
score was 3.41±0.6 (range=2-5). The most highly represented breed was Mixed 215 
Breed (n=9) followed by Labrador Retriever (n=5), Boxer (n=4), English Cocker 216 
Spaniel (n=2), English Setter (n=2), Dobermann (n=2), Golden Retriever (n=2), 217 
French Bulldog (n=2); Pitbull (n=2), Dogo Argentino (n=2), German Shepherd (n=1), 218 
Hovawart (n=1), Collie (n=1), English Bulldog (n=1), Jack Russel Terrier (n=1), 219 
Dachshund (n=1), Miniature Schnauzer (n=1), Welsh Terrier (n=1), Doberman 220 
Pincher (n=1), Italian Spinone (n=1), Newfoundland (n=1), Deutsch Kurzhaar (n=1), 221 
Dogue de Bordeaux (n=1), Rhodesian Ridgeback (n=1), Yorkshire Terrier (n=1), 222 
West Highland White Terrier (n=1), Bernese Mountain Dog (n=1), Presa Canario 223 
(n=1), Italian Bracco (n=1). 224 
No significant association was found between the continuous variables age, body 225 
condition score and body weight with standard ultrasound and elastographic 226 
evaluations. No significant difference was detected between males and females. 227 
Overall, sixty-five skin nodules were clinically evaluated using inspection and 228 
palpation and their longest diameter was measured before ultrasound examination. 229 
 230 
Standard ultrasound evaluations 231 
Standard ultrasound assessments (size, echogenicity, echo-structure, calcification, 232 
vascularization, margins) were evaluated and recorded in all cases. 233 
Mean value of the longest diameters estimated on the B-mode image was 1.9±0.97 234 
cm: the biggest measured 3.85 cm while the smallest 0.5 cm.  235 
Statistically significant relationship between echogenicity, echo-structure, 236 
calcifications, vascularization, size and the final histopathological diagnosis were not 237 
identified (P>0.05). 238 
Standard ultrasound reported fifty-three hypoechoic (81.53%), nine isoechoic (13.8%) 239 
and three hyperechoic nodules (4.6%). Inflammatory nodules tended to appear 240 
hypoechoic (n=15; 88.2%); benign nodules were classified in 25 hypoechoic (80.6%) 241 
and 6 isoechoic (19.4%). Most of the malignant nodules were hypoechoic (n=13; 242 
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76.4%); however, 3 also appeared isoechoic and only one hyperechoic. Benign and 243 
malignant nodules showed a similar incidence of iso-echogenicity (19.3% and 17.6%, 244 
respectively). 245 
The 80% (52/65) of skin nodules, diagnosed as inflammatory lesions (n=15; 88.2%), 246 
benign (n=23; 65.7%) and malignant tumors (n=14; 82.3%), appeared all 247 
inhomogeneous. Three benign tumors (5%) showed calcifications within the 248 
parenchyma.  249 
Intralesional power and color Doppler was positive in 25 nodules (38.4%), 10 were 250 
benign tumors followed by 9 malignant and 6 inflammatory.  251 
Finally, a significant relationship was demonstrated between margins and 252 
histopathological findings: 26 benign nodules (83%) evidenced the highest incidence 253 
of defined margins (R2=0.14; P=0.004). 254 
 255 
Strain elastography evaluations 256 
E-index and SR values were normally distributed (mean±SEM 3.57±0.15 and 257 
2.27±0.25 respectively). E2 and E-score values were not normally distributed with a 258 
median of 3.65 and 2.65, and interquartile range (IQR) of 3 for both. A significant 259 
negative correlation was observed between the longitudinal diameter of skin nodules 260 
and E-score with a P=0.0002 and r=-0.45 (LCI95% -0.63; UCI95% -0.23) , E-index 261 
with a P=0.007 and r=-0.41 (LCI95%-0.6; UCI95%-0.19)and E2 with a P=0.0015 and 262 
r=-0.40 (LCI95%-0.6; UCI95%-0.16 ) respectively. 263 
SE features (E-score, E-index, E2 and SR) did not significantly differ between the 264 
three histopathological diagnoses (P>0.05). 265 
The distributions of E-score values are summarized in Table 2. Malignancies did not 266 
show significantly higher elasticity scores (mean±SEM=3.75±0.34) compared with 267 
inflammatory (mean±SEM=3.640±0.36) and benign nodules 268 
(mean±SEM=3.230±0.24). 269 
The distributions of E-index values are summarized in Table 3. A relationship 270 
between inflammatory (mean±SEM=3.5±0.3), benign (mean±SEM=3.6+0.23), 271 
malignant nodules (mean±SEM=3.56±0.28) and E-index values was not found. On 272 
the other hand, a significant association between E-index values and calcification 273 
(R2=0.20; P=0.009) was identified. Calcific nodules showed a significant higher E-274 
index values (mean±SEM=5.43±0.69; CI95%=4.01±6.85) than not calcific (mean± 275 
SEM=3.41±0.22; CI95%=2.95±3.87). 276 
In addition, a relationship between E-index values and the presence or absence of 277 
vascularization was demonstrated (R2=0.24; P=0.004) because nodules showing a 278 
positive Power and color Doppler revealed a higher E-index (mean±SEM=4.05±0.25; 279 
CI95%=3.53±4.58) than negative (mean±SEM=2.6±0.37; CI95%=1.91±3.42).  280 
The distributions of E2 values are summarized in Table 4. Malignancies did not show 281 
significantly higher elasticity scores (mean±SEM=3.6±0.32) compared with 282 
inflammatory (mean±SEM=3.67±0.43) and benign nodules (mean±SEM=3.56±0.30). 283 
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The distributions of SR are summarized in Table 5. SR values did not significantly 284 
differ between inflammatory (mean±SEM=1.94±0.45), benign 285 
(mean±SEM=2.27±0.29) and malignant nodules (mean±SEM=2.03±0.40). 286 
An overall difference between groups after elimination of the outlier value 10,7 was 287 
not confirm and, when we considered a value of 3,325 corresponding to 75 288 
percentiles as the optimal SR cut-off for the purpose of determining malignancies, an 289 
overlap in this parameter was demonstrated between benign and malignant nodules. 290 
In addition, nodules rich in keratin debris in cytological evaluation revealed the 291 
highest SR (mean±SEM=3.68±0.49; CI95%=2.67±4.7) among the cytological 292 
diagnoses (R2=0.35; P=0.008). 293 
Finally, mast cell tumors showed the highest E-score (mean±SEM=4±0.37; 294 
CI95%=3.24-4.75) and follicular benign tumors showed the highest SR 295 
(mean±SEM=2.56±0.38; CI95%=1.77-3.34) between cancer groups, but statistically 296 
significant difference was not detected.  297 
 298 
Fine-needle cytological results 299 
Cytologic findings were inconclusive in 19 cases (29.2%) due to poor cellularity of the 300 
cytologic specimen. Fine-needle cytology was diagnostic for 42 skin nodules (64.6%): 301 
12 were inflammatory lesions, 17 benign and 13 malignant tumors. A significant 302 
association was identified between cytological and histopathological results (R2=0.29; 303 
P< 0.001). Cytology showed a sensitivity of 75% and specificity of 100% for 304 
diagnosing malignant neoplasia. 305 
 306 
Histopathological results 307 
Of the sixty-five nodules examined, 47.6% (n=31) were benign followed by malignant 308 
(n=17; 26.15%) and inflammatory nodules (n=17; 26.15%). Among the inflammatory 309 
nodules, deep pyoderma was frequent (n=5, 29.4%). The most common benign 310 
neoplastic lesion was hair follicular tumor (n=13; 41.9%), followed by lipomas (n=7; 311 
22.58%). Mast cell tumor was the most represented malignant tumor (n=10; 58.8%). 312 
The histopathologic diagnoses are listed in Table1. 313 
 314 
Discussion 315 
In this study, SE combined with standard ultrasound was used to differentiate 316 
inflammatory from benign and/or malignant neoplastic skin nodules in dogs. Both 317 
qualitative and semiquantitative evaluations were performed and novel and more 318 
accurate elasticity parameters as E2 and SR were also analyzed for the first time. 319 
Unfortunately, except for the highest E-score and SR values observed for mast cell 320 
and hair follicular tumors between cancer groups and cases in which SE was not 321 
recommended because produced falsely stiff images, no other satisfactory results 322 
and pathognomonic SE patterns were demonstrated to better predict malignancy. 323 
In humans, most of the early work on the use of acoustic methods for the 324 
assessment of elastic properties of soft tissues is focused on skin because many 325 
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dermatologic diseases manifest through changes in cutaneous mechanical 326 
properties, and skin is the most accessible soft tissue.23-25 On the contrary, there has 327 
been limited research in veterinary dermatology. For example, only in a previous 328 
study, SE was demonstrated as a novel, noninvasive, and complementary tool for 329 
differentiating malignant from benign lipomatous skin lesions in dogs.21 However, 330 
some consideration should be considered when comparing these results. Since SE 331 
involves two common elements that are the application of a force or stress to 332 
calculate local strain, and the measurement of a mechanical response, the main 333 
limitation is that we have no knowledge of the stress we really apply. Indeed, the 334 
method is freehand and it is difficult to perform numerical evaluations of the tissue 335 
elastic properties to objectively make comparisons between cases.1-7 Moreover, for 336 
many applications where the distinction between a benign and malignant lesion is 337 
crucial, consecutive series have shown that the specificity of this method is 338 
satisfactory especially when it is used in a combined modality.9-11;26-28  339 
Based on this background, SE in addition to B-mode and US with Doppler were used 340 
in this study. Moreover, in order to provide further information on the elasticity of skin 341 
nodules, several qualitative and semi-quantitative SE parameters were also 342 
evaluated. 343 
Elasticity score scales are qualitative and operator-dependent systems that have 344 
been used in a wide spectrum of human diseases for detecting elastography patterns 345 
and classifying them in the range of benign or malignant lesions.5,6 Currently, peculiar 346 
five-point subjective scoring systems, based on the degree and distribution of strain 347 
on SE image, are widely used to screen for breast, lymph nodes, thyroid and prostate 348 
cancer.29-32 Although variations were observed, lesions with a higher score had a 349 
higher probability of malignancy.  350 
In veterinary medicine, the qualitative elastic scales normally used in humans have 351 
been modified in several studies.33,34 For example, the Tsukuba scale usually 352 
adopted in humans to differentiate benign from malignant breast and thyroid 353 
nodules,29,35 has been used in dogs to identify differences between lipomas and other 354 
subcutaneous neoplasms, with a 100% specificity and 61% sensitivity.21 355 
In this study, the Alam five-point scale was used to assess the E-score values. The 356 
selection of this scoring system that has been exclusively created for lymph nodes,22 357 
was ideally supported by the fact that these organs are more similar to skin nodules 358 
as far as shape and peripheral localization. However, no statistical correlation was 359 
demonstrated between histopathological and E-score values. This result is not 360 
surprising if we consider that the subjective evaluation is the most striking feature of 361 
elastic scoring system detection and could produce inaccurate classification of skin 362 
nodules.  363 
Thus, in order to provide more objective qualitative strain data, the color-coded 364 
images were analyzed by the software and E-index was reported as the numerical 365 
expression of the relative strain value calculated in a user-selected circular area. 366 
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Surprisingly, the maximum values that correlated with the increased stiffness were 367 
assigned to benign lesions.  368 
Once again, our results differed from those detected in the previous study that 369 
documented the usefulness of hardness cutoff of 50.25% of intralesional hard areas 370 
to predict malignancies with a 100% specificity and 89% sensitivity.21 Therefore, our 371 
hypothesis is that differences in performance across these studies were attributable 372 
to the inclusion criteria, calibration of the equipment and divergences from the gold 373 
standard (cytology or histology) for comparative statistical analysis.  374 
On the other hand, when the group of malignant nodules was analyzed, mast cell 375 
tumors evidenced an elevated incidence of higher E-score and E-index values, but a 376 
statistically significant difference was not detected. This variability may be the result 377 
of cell density or arrangement, but further studies are necessary to better understand 378 
this finding. Of note, however, statistical results revealed that SE is not the best 379 
method to screen some cutaneous nodular lesions because of possible false-380 
negative results.  381 
For example, the statistically higher E-index values were detected in the calcified 382 
nodules. This finding corresponded to what reported for calcifications in human 383 
thyroid nodules that may produce misleading elastic measurements and the increase 384 
of their stiffness.36 385 
Interestingly, in this study a significantly negative correlation between the parameters 386 
size and elasticity was detected and we emphasized that size of lesion influenced the 387 
degree of hardness. This data confirms the main limit of SE technique: with the 388 
increasing size of the lesions, the surrounding normal soft tissue is not adequately 389 
imaged into the ROI box, making its displacement less effective and causing falsely 390 
stiff images.1-4 In humans a similar restriction is well-known: recently, thyroid nodules 391 
reported sensitivities of 86% and 65% and specificities of 100% and 62% for lesions 392 
<2 cm and >2 cm in diameter, respectively. 393 
Finally, in this study vascularized nodules consistently displayed greater E-index 394 
values compare to the other groups. This finding is not surprising if we consider that 395 
fluids cannot be mechanically compressed and act as stress dampers limiting tissue 396 
movement.1-4 Thus, inflammatory lesions and benign follicular tumors characterized 397 
by cystic areas full of tissue debris or with positive Doppler obtained the same 398 
outcome. 399 
For the first time, in this study another elasticity parameter, the E2 was evaluated to 400 
further correlate the results. Unfortunately, E2 did not allow to highlight the utility of 401 
SE as an adjunctive technique for cutaneous nodule analysis. However, since the 402 
stress is not recorded as it travels from the stress source through the tissue as it 403 
gradually attenuates, calculating the Elastic modulus from strain data alone is not 404 
useful. It was thus used a highly valuable and more objective parameter called SR 405 
that expresses a momentarily and relative difference in compressibility in two user-406 
selected areas within selected regions of interest in a strain elastogram.37 407 
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Some reports in veterinary medicine have evaluated the application of SR. 33,38-40 408 
However, based on our knowledge, no previous study has reported the use of this 409 
parameter to discriminate between several skin nodules of different origin. Using 410 
machine inherent software, twelve nodules obtained a value < 1 displaying softer 411 
than the surrounding healthy tissue. Surprisingly, five of these nodules were 412 
malignant. Skin nodules resulted rich in keratin debris in cytological reports showed a 413 
significant higher SR when compared with other subtypes probably due to their mixed 414 
and cystic composition. Moreover, an optimal SR cutoff helpful to detect malignancy 415 
was not revealed because an overlap between these values in both benign and 416 
malignant nodules was found. 417 
Differences among our results and those of some human studies that reported how 418 
SE plus SR improved significantly the accuracy of SE for discriminating skin tumors 419 
can be partly explained by several observations. For example, diversity between the 420 
position of the ROI in healthy and pathological tissue is a possible variable that 421 
should be contemplated. Although better results for measurements of SR are taken 422 
at the same depth of the target nodules, it is not always possible to respect what is 423 
recommended by the manufacturers in clinical practice. Moreover, the variation in the 424 
elasticity of pathological tissues complicates the reproducibility of SR. Skin nodules 425 
could have contained ducts and veins that acted as stress dampers, as well as 426 
connective tissue induced by malignant cells (desmoplasia) that promote the 427 
surrounding tissue induration, limiting its movement. Furthermore, another possibility 428 
is that an extension of cancerous tissue peripherally to the nodule was not interpreted 429 
adequately. If this occurred, tissue selected as healthy tissue could also contain 430 
neoplastic cells. Finally, in five nodules it was impossible to perform SR due to the 431 
insufficient amount of perilesional tissue to be included within the elastogram. Based 432 
on these findings, strain-imaging artefacts may reduce the feasibility of SR 433 
measurements and make this parameter impractical to compute in poorly defined and 434 
very superficial skin nodules. 435 
Pathognomonic SE patterns useful to better identified skin nodules were not 436 
evidenced. The two most commonly described in humans are the ‘BGR sign’ and 437 
‘bull’s eye artifact that discriminate with good sensitivity solid from cystic lesions.41,42 438 
We enrolled four benign hair follicle tumors containing cystic areas but in none of 439 
them we reported these pathognomonic patterns. 440 
Finally, we consider the hypothesis that the differences in body fat could likely 441 
influence elasticity assessment of skin nodules, but no relationship was found 442 
between the continuous variables body condition score and body weight with 443 
elastosonographic assessments. 444 
In this study, differences between benignant and malignant nodules were noted 445 
depending on the standard ultrasound parameter accounted for.  446 
Statistical analyses did not identify any significant relationships between 447 
echogenicity, echo-structure, calcification, vascularization and the histopathological 448 
diagnosis. Regarding echogenicity, inflammatory and malignant lesions tended to 449 
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appear hypoechoic. Benign tumors were more isoechoic, probably because of high 450 
incidence of lipomas in this group. The heterogeneous aspect of skin nodules was 451 
common and most likely related to vascularization and fibrous stroma often described 452 
in histopathological reports. Benign and malignant tumors were inclined to display a 453 
positive intralesional vascularization, but a statistically significant difference was not 454 
demonstrated.  455 
Of note, however, margin regularity was useful for distinguishing among different 456 
nodules. Benign tumors showed the highest statistically incidence of defined margins 457 
most likely because they were less infiltrative than the others.  458 
These results were in good agreement with those obtained by previous reports and 459 
confirmed that B-mode ultrasound technique alone is less sensitive in detecting 460 
malignancies.43-45 461 
Follicular tumor, mast cell tumor and lipoma were the most common histopathological 462 
diagnosis and association between fine-needle cytological and histopathological 463 
results was obtained.  464 
In conclusion, the current study has some limitations. SE is a free-handed 465 
compression type elastography. Although validity and reliability to evaluate several 466 
cutaneous diseases were demonstrated, SE is an operator-dependent technique and 467 
is based on qualitative without quantitative elasticity evaluations. Distorted signals 468 
produced by the excessive or not uniform probe compressions on the skin nodule 469 
could produce nonlinearity waves resulting in a false stress concentration, condition 470 
which influences the elastic features of SE image. Secondly, the resolution of 10 MHz 471 
frequency probe used could be resulted inadequate during scanning of thin lesions 472 
such as cutaneous angiosarcoma and squamous cell carcinoma. Currently, high-473 
frequency ultrasound transducers (20-100 Mhz) are frequently used in humans but 474 
are uncommon available in veterinary medicine. Furthermore, skin is more vulnerable 475 
to possible artifacts than other organs because oscillations deform superficial tissues 476 
closer to the ultrasound transducer more than deep parenchymas. In addition, the 477 
inclusion of skin nodules located on sharply curved parts of the body or closed in 478 
proximity of the underlying bone could have negatively influenced our results. The 479 
instable positioning of the transducer generates a poor contact skin-probe and a not-480 
uniform compressions. Consequentially, distorted images and falsely 481 
elastosonographic estimations can have been produced. 482 
A further limitation was that only one most representative image, corresponding to 483 
the best approximation of the slice that would be interpreted on histopathology, was 484 
used to assess elastosonographic evaluations. This choice could have influenced the 485 
ability to capture the totality of elasticity information for each skin nodule.  486 
Finally, the lack of statistical difference for elasticity parameters as well as the 487 
absence of a pathognomonic pattern helpful to characterize skin nodules could have 488 
been influenced by the small group of dogs enrolled and the reduced variety of 489 
histopathological subtypes. 490 
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In summary, the results of this study suggest that although SE is a feasible and non-491 
invasive technique, an overall diagnostic performance during the routine clinical 492 
practice for discriminating skin nodules affected by different diseases was not found. 493 
Malignancies were not characterized by more changes in tissue stiffness and the use 494 
of classic and novel SE evaluations did not uncover pathognomonic elastic patterns 495 
of malignant and benign skin lesions.  496 
Future research will be needed to evaluate the elastic properties of normal skin and 497 
subcutaneous tissue in order to improve the diagnostic value of this relatively 498 
unexplored frontier in skin imaging for better discriminate among several skin 499 
diseases in dogs. 500 
 501 

 502 

 503 
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