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ULTRASSONOGRAFIA MODO-B, DOPPLER, ELASTOGRAFIA ARFI E 

CONTRASTADA POR MICROBOLHAS (CEUS) DO SISTEMA REPRODUTOR DE 

CÃES E A CORRELAÇÃO COM A QUALIDADE ESPERMÁTICA 

 

RESUMO – A qualidade seminal é considerada um importante indicador do 

potencial reprodutivo do macho canino, refletindo a integridade anatômica, vascular e 

funcional do sistema reprodutor. Embora a ultrassonografia seja amplamente utilizada 

como exame complementar na avaliação andrológica, a abordagem ultrassonográfica 

convencional apresenta limitações quanto à predição do potencial reprodutivo do cão. 

Ademais, a aplicação integrada de técnicas ultrassonográficas avançadas permanece 

pouco explorada na andrologia humana e veterinária. Dessa forma, esta tese teve 

como objetivo investigar a aplicação da ultrassonografia multiparamétrica no sistema 

reprodutor do macho canino por meio da condução de três estudos complementares: 

(1) padronização da abordagem multiparamétrica (modo B, Doppler, elastografia e 

ultrassonografia contrastada por microbolhas) na avaliação testicular de cães 

normozoospérmicos; (2) padronização da abordagem multiparamétrica na avaliação 

prostática de cães normozoospérmicos; e (3) estudo exploratório das associações 

entre parâmetros quantitativos da ultrassonografia multiparamétrica testicular e 

parâmetros seminais avançados em uma população canina heterogênea. A análise 

seminal foi realizada em duas etapas, compreendendo inicialmente uma abordagem 

de rotina e, posteriormente, investigações avançadas por meio de análise 

computadorizada da motilidade espermática (CASA) e citometria de fluxo. A avaliação 

testicular permitiu a caracterização anatômica, hemodinâmica, elástica e perfusional 

dos testículos, enquanto a avaliação prostática explorou a factibilidade técnica da 

abordagem multiparamétrica aplicada à glândula. De forma geral, a padronização da 

ultrassonografia multiparamétrica foi alcançada; entretanto, especialmente na 

avaliação prostática, limitações técnicas relevantes foram identificadas, reforçando a 

necessidade de padronização entre diferentes plataformas ultrassonográficas. Quanto 

às associações entre parâmetros sonográficos e seminais, os resultados 

demonstraram que variáveis relacionadas à rigidez tecidual e à perfusão 

apresentaram associações relevantes com aspectos funcionais do sistema 

reprodutor, incluindo a qualidade seminal, enquanto parâmetros obtidos 
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exclusivamente pelo modo B e Doppler apresentaram desempenho limitado ou 

inconsistente. Conclui-se que a ultrassonografia multiparamétrica constitui uma 

ferramenta promissora como método complementar na avaliação do sistema 

reprodutor masculino de cães, com potencial aplicação em contextos clínicos e 

científicos, contribuindo para o aprimoramento da investigação andrológica e da 

compreensão da aptidão reprodutiva do macho canino. 

 

Palavras-chave: Andrologia; Canino; Técnicas de Imagens por Elasticidade; 

Ultrassonografia Doppler; Ultrassonografia Contrastada por Microbolhas; 

Ultrassonografia Multiparamétrica 
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B-MODE ULTRASONOGRAPHY, DOPPLER, ELASTOGRAPHY AND CONTRAST 

ENHANCED ULTRASOUND (CEUS) OF THE REPRODUCTIVE SYSTEM OF 

DOGS AND CORRELATION TO SEMINAL QUALITY 

 

 

ABSTRACT – Semen quality is considered an important indicator of 

reproductive potential in the male dog, reflecting the anatomical, vascular, and 

functional integrity of the reproductive system. Although ultrasonography is widely 

used as a complementary tool in andrological evaluation, conventional 

ultrasonographic approaches present limitations regarding the prediction of 

reproductive potential in dogs. Furthermore, the integrated application of advanced 

ultrasonographic techniques remains poorly explored in both human and veterinary 

andrology. Therefore, the aim of this thesis was to investigate the application of 

multiparametric ultrasound to the male canine reproductive system through the 

conduction of three complementary studies: (1) standardization of a multiparametric 

approach (B-mode, Doppler, elastography, and contrast-enhanced ultrasound) for 

testicular evaluation in normozoospermic dogs; (2) standardization of the 

multiparametric approach for prostatic evaluation in normozoospermic dogs; and (3) 

an exploratory investigation of associations between quantitative testicular 

multiparametric ultrasound parameters and advanced semen parameters in a 

heterogeneous canine population. Semen analysis was performed in two stages, 

initially comprising a routine evaluation and subsequently advanced investigations 

using computer-assisted sperm analysis (CASA) and flow cytometry. The testicular 

assessment allowed anatomical, hemodynamic, elastic, and perfusional 

characterization of the testes, whereas the prostatic evaluation explored the technical 

feasibility of applying the multiparametric approach to the prostate gland. Overall, 

multiparametric ultrasound standardization was achieved; however, particularly in 

prostatic evaluation, relevant technical limitations were identified, reinforcing the need 

for protocol standardization across different ultrasound platforms. Regarding the 

relationships between sonographic and seminal parameters, the results demonstrated 

that variables related to tissue stiffness and perfusion showed relevant associations 
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with functional aspects of the reproductive system, including semen quality, whereas 

parameters obtained exclusively from B-mode and Doppler ultrasound exhibited 

limited or inconsistent performance. In conclusion, multiparametric ultrasound 

represents a promising complementary tool for the evaluation of the male canine 

reproductive system, with potential applications in both clinical and research settings, 

contributing to the advancement of andrological investigation and to a better 

understanding of male reproductive soundness. 

 

Keywords: Andrology; Canine; Elasticity imaging techniques; Doppler 

ultrasonography; Contrast-enhanced ultrasound; Multiparametric ultrasound 
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CAPÍTULO 1 – Considerações Gerais 

1 Introdução 

A avaliação de aptidão reprodutiva em cães é um procedimento comumente 

realizado com o intuito de atestar o potencial reprodutivo de cães com alto valor 

zootécnico e excluir animais inférteis da reprodução (Memon, 2007; Threlfall, 2003). 

A ultrassonografia é considerada importante como exame complementar na 

investigação da capacidade reprodutiva do macho canino. Estudos prévios tentaram 

correlacionar achados ao modo-B dos testículos, como dimensões, volume, análise 

subjetiva e digital de ecogenicidade e ecotextura com a fertilidade canina (De Souza 

et al., 2015; England, 1991; England et al., 2017; Moxon et al., 2015), porém, o modo-

B isoladamente tem valor limitado na avaliação reprodutiva do cão. 

O Doppler é uma técnica ultrassonográfica que, associada ao modo-B, permite 

o estudo da arquitetura vascular e características hemodinâmicas dos vasos

sanguíneos de diversos órgãos (Carvalho et al., 2008). Alguns estudos utilizaram o 

método na tentativa de correlacionar os resultados dopplervelocimétricos da artéria 

testicular, em suas diferentes porções, com a qualidade seminal do macho canino (De 

Souza et al., 2015; England et al., 2017; Trautwein et al., 2020; Zelli et al., 2013). 

Entretanto, resultados conflitantes e as diferenças metodológicas dessas 

investigações limitam o conhecimento da real aplicabilidade da técnica até o momento 

na avaliação de cães reprodutores, correlação com parâmetros de qualidade seminal 

e sua aplicação na rotina clínica. 

Outras técnicas ultrassonográficas como a Elastografia e a ultrassonografia 

contrastada por microbolhas (CEUS) têm sido implementadas na medicina veterinária, 

demonstrando resultados promissores em diversas áreas, inclusive na reprodução 

animal e obstetrícia veterinária. Entretanto, a literatura é escassa quanto a estudos 

que apliquem essas técnicas de maneira complementar à avaliação da aptidão 

reprodutiva do macho canino. Dessa forma, vê-se importância em realizar estudos 

com essas técnicas visando a aplicação na avaliação andrológica do cão, à fim de 

proporcionar informações importantes que permitam a sua implementação na 

investigação reprodutiva da espécie, consequentemente melhorando a abordagem 

clínica e reprodutiva desses pacientes. 
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5 CONCLUSION 

The present study demonstrates that mpUS provides complementary 

information on testicular structure, vascularization, mechanical properties, and 

perfusion, which relate to distinct aspects of semen production and quality in dogs. 

By integrating ultrasonographic and seminal variables through a multivariate 

approach, physiologically meaningful patterns emerged that would not be 

evident through 
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isolated assessments. Testicular stiffness and DCE-US were particularly informative, 

reflecting integrated aspects of sperm quality features, while Doppler indices primarily 

contributed contextual hemodynamic information. Importantly, mpUS should not be 

viewed as a substitute for a thorough andrological assessment, but it could be seen as 

a complementary tool that enhances the understanding of male reproductive 

physiology and supports clinical investigation in andrology. Further studies are 

necessary to understand if it is possible to establish reference values and cutoff points 

for mpUS parameters that could accurately distinguish stud dogs regarding their 

reproductive potential, as well as to investigate the applicability of mpUS in other 

domestic species and in humans.  

ACKNOWLEDGMENTS 

The authors would like to thank Alysson Agostini, Regis Werlang and Andres 

Enriquez from RTS/Esaote Healthcare Brazil, as well as Davide Romano and Chiara 

Pusillo from Esaote Healthcare Italy for the assistance and technical support.  

FUNDING 

This study was funded by FAPESP (Fundação de Amparo à Pesquisa do 

Estado de São Paulo), grants nº 22/04907-0 and 23/13094-5. 

AUTHOR CONTRIBUTION STATEMENT 

Luiz Paulo Nogueira Aires: Conceptualization, Funding acquisition, Methodology, 

Investigation, Data curation, Formal analysis, Visualization, Writing – original draft, 

Writing – review & editing. Desirée Rodrigues da Silva Alves; Diego Rodrigues 



133 

Gomes; Felipe Farias Pereira da Câmara Barros: Methodology, Investigation, 

Writing – review & editing. Vitoria de Oliveira Rodrigues; Gabriel Sousa Santos; 

Gabriela Castro Lopes Evangelista;. Anna Carolina Mazeto Ercolin: Investigation, 

Writing – review & editing. Henricco Zapparoli e Silva; Luan Mendes de Oliveira 

Bezerra; Isadora Ribeiro De Martino: Investigation. André Furugen Cesar de 

Andrade: Conceptualization, Methodology, Writing – review & editing. Marcus 

Antônio Rossi Feliciano: Conceptualization, Supervision, Writing – review & editing, 

Funding acquisition.  

All authors reviewed and approved the final version of the manuscript. 

REFERENCES 

[1] Griswold MD. 50 years of spermatogenesis: Sertoli cells and their interactions

with germ cells. Biol Reprod 2018;99:87–100.

https://doi.org/10.1093/biolre/ioy027.

[2] Thumfart KM, Mansuy IM. What are Sertoli cells? Historical, methodological, and

functional aspects. Andrology 2023;11:849–59.

https://doi.org/10.1111/andr.13386.

[3] Root Kustritz MV. The value of canine semen evaluation for practitioners.

Theriogenology. 2007;68:329–337.

https://doi.org/10.1016/j.theriogenology.2007.04.017.

[4] Arlt SP, Reichler IM, Herbel J, Schäfer-Somi S, Riege L, Leber J, et al. Diagnostic

tests in canine andrology - What do they really tell us about fertility?

Theriogenology 2023;196:150–6.

https://doi.org/10.1016/j.theriogenology.2022.11.008.



134 

[5] Rijsselaere T, Van Soom A, Tanghe S, Coryn M, Maes D, de Kruif A. New

techniques for the assessment of canine semen quality: A review.

Theriogenology 2005;64:706–19.

https://doi.org/10.1016/j.theriogenology.2005.05.021.

[6] Tanga BM, Qamar AY, Raza S, Bang S, Fang X, Yoon K, et al. Semen evaluation:

methodological advancements in sperm quality-specific fertility assessment: a

review. Anim Biosci 2021;34:1253–1270. https://doi.org/10.5713/ab.21.0072.

[7] Christensen BW, Meyers S. Canine semen evaluation and processing. Vet Clin

North Am Small Anim Pract 2023;53:921–930.

https://doi.org/10.1016/j.cvsm.2023.05.006.

[8] Pinggera GM, Mitterberger M, Bartsch G, Strasser H, Gradl J, Aigner F, et al.

Assessment of the intratesticular resistive index by colour Doppler

ultrasonography measurements as a predictor of spermatogenesis. BJU Int

2008;101:722–726. https://doi.org/10.1111/j.1464-410X.2007.07343.x.

[9] Zelli R, Troisi A, Elad Ngonput A, Cardinali L, Polisca A. Evaluation of testicular

artery blood flow by Doppler ultrasonography as a predictor of spermatogenesis

in the dog. Res Vet Sci 2013;95:632–637.

https://doi.org/10.1016/j.rvsc.2013.04.023.

[10] de Souza MB, England GCW, Mota Filho AC, Ackermann CL, Sousa CVS, de

Carvalho GG, et al. Semen quality, testicular B-mode and Doppler ultrasound,

and serum testosterone concentrations in dogs with established infertility.

Theriogenology 2015;84:805–810.

https://doi.org/10.1016/j.theriogenology.2015.05.015.



135 

[11] Trautwein LGC, Souza AK, Cardoso GS, da Costa Flaiban KKM, de Oliveira

Dearo AC, Martins MIM. Correlation of testicular artery Doppler velocimetry with

kinetics and morphologic characteristics of epididymal sperm in dogs.

Reproduction in Domestic Animals 2020;55:720–725.

https://doi.org/10.1111/rda.13672.

[12] Moxon R, Bright L, Pritchard B, Bowen IM, de Souza MB, da Silva LDM, et al.

Digital image analysis of testicular and prostatic ultrasonographic echogencity

and heterogeneity in dogs and the relation to semen quality. Anim Reprod Sci

2015;160:112–119. https://doi.org/10.1016/j.anireprosci.2015.07.012.

[13] England GCW, Bright L, Pritchard B, Bowen IM, de Souza MB, Silva LDM, et al.

Canine reproductive ultrasound examination for predicting future sperm quality.

Reprod Domest Anim 2017;52:202–207. https://doi.org/10.1111/rda.12825.

[14] Pozza C, Kanakis G, Carlomagno F, Lemma A, Pofi R, Tenuta M, et al. Testicular

ultrasound score: A new proposal for a scoring system to predict testicular

function. Andrology 2020;8:1051–1063. https://doi.org/10.1111/andr.12822.

[15] Gloria A, Di Francesco L, Marruchella G, Robbe D, Contri A. Pulse-wave Doppler

pulsatility and resistive indexes of the testicular artery increase in canine testis

with abnormal spermatogenesis. Theriogenology 2020;158:454–460.

https://doi.org/10.1016/j.theriogenology.2020.10.015.

[16] Yavuz A, Yokus A, Taken K, Batur A, Ozgokce M, Arslan H. Reliability of testicular

stiffness quantification using shear wave elastography in predicting male fertility:

a preliminary prospective study. Med Ultrason 2018;20:141–147.

https://doi.org/10.11152/mu-1278.



136 

[17] Erdoğan H, Durmaz MS, Özbakır B, Cebeci H, Özkan D, Gökmen İE. Experience

of using shear wave elastography in evaluation of testicular stiffness in cases of

male infertility. J Ultrasound 2020;23:529–534. https://doi.org/10.1007/s40477-

020-00430-5.

[18] Gloria A, Bracco C, Di Francesco L, Marruchella G, Contri A. Stiffness estimated

by strain elastography reflects canine testicular spermatogenesis and histology.

Theriogenology 2023;209:1–8.

https://doi.org/10.1016/j.theriogenology.2023.06.011.

[19] Zappone V, Iannelli NM, Sinagra L, Donato G, Quartuccio M, Cristarella S, et al.

Assessment of testicular stiffness in fertile dogs with shear wave elastography

techniques: a pilot study. Front Vet Sci 2024;11:1397347.

https://doi.org/10.3389/fvets.2024.1397347.

[20] Aires LPN, Gasser B, Del’Aguila-Silva P, Gonçalves JD, Uscategui RAR, Spada

S, et al. Multiparametric ultrasound (MPUS) evaluation of the testes of

normozoospermic dogs: a pilot study. Sci Rep 2025;15:91087.

https://doi.org/10.1038/s41598-025-91087-9.

[21] Sidhu P. Multiparametric ultrasound imaging: terminology describing the many

aspects of ultrasonography. Ultraschall Med 2015;36:315–317.

https://doi.org/10.1055/s-0035-1553381.

[22] Trautwein LGC, Souza AK, Martins MIM. Can testicular artery Doppler

velocimetry values change according to the measured region in dogs? Reprod

Domest Anim 2019;54:687–695. https://doi.org/10.1111/rda.13410.

[23] Bhide A, Acharya G, Baschat A, Bilardo CM, Brezinka C, Cafici D, et al. ISUOG

practice guidelines (updated): use of Doppler velocimetry in obstetrics.



137 

Ultrasound Obstet Gynecol 2021;58:331–339. 

https://doi.org/10.1002/uog.23698. 

[24] Li XL, Xu HX, Bo XW, Liu BJ, Huang X, Li DD, et al. Value of virtual touch tissue

imaging quantification for evaluation of ultrasound breast imaging-reporting and

data system category 4 lesions. Ultrasound Med Biol 2016;42:1806–1813.

https://doi.org/10.1016/j.ultrasmedbio.2016.04.002.

[25] Ramos DJ, Disselli T, Gomes DR, Aires LPN, Tinto ST, Salazar DVV, et al. Two-

dimensional shear-wave elastography of the thyroid in clinically healthy dogs in

different age groups. Animals 2024;14:1528.

https://doi.org/10.3390/ani14111528.

[26] Volta A, Manfredi S, Vignoli M, Russo M, England GCW, Rossi F, et al. Use of

contrast-enhanced ultrasonography in chronic pathologic canine testes. Reprod

Domest Anim 2014;49:202–209. https://doi.org/10.1111/rda.12250.

[27] Quartuccio M, Mangano C, Macri F, Rizzo M, Di Pietro S, Pugliese M, et al.

Contrast-enhanced ultrasound evaluation of testicular interstitial cell tumours in

conscious non-sedated dogs. Vet Med (Praha) 2018;63:125–130.

https://doi.org/10.17221/101/2017-VETMED.

[28] Cicirelli V, Macrì F, Di Pietro S, Leoci R, Lacalandra GM, Aiudi GG. Use of

contrast-enhanced ultrasound of the testes after non-surgical sterilization of male

dogs with CaCl₂ in alcohol. Animals 2022;12:577.

https://doi.org/10.3390/ani12050577.

[29] Dietrich CF, Averkiou MA, Correas JM, Lassau N, Leen E, Piscaglia F. An

EFSUMB introduction into dynamic contrast-enhanced ultrasound (DCE-US) for



138 

quantification of tumour perfusion. Ultraschall Med 2012;33:344–351. 

https://doi.org/10.1055/s-0032-1313026. 

[30] Mischi M, Den Boer JA, Korsten HHM. On the physical and stochastic

representation of an indicator dilution curve as a gamma variate. Physiol Meas

2008;29:281–294. https://doi.org/10.1088/0967-3334/29/3/001.

[31] Averkiou MA, Juang EK, Gallagher MK, Cuevas MA, Wilson SR, Barr RG, et al.

Evaluation of the reproducibility of bolus transit quantification with contrast-

enhanced ultrasound across multiple scanners and analysis software packages:

a quantitative imaging biomarker alliance study. Invest Radiol 2020;55:643–656.

https://doi.org/10.1097/RLI.0000000000000702.

[32] Dorado J, Rijsselaere T, Muñoz-Serrano A, Hidalgo M. Influence of sampling

factors on canine sperm motility parameters measured by the sperm class

analyzer. Syst Biol Reprod Med 2011;57:318–325.

https://doi.org/10.3109/19396368.2011.627081.

[33] Peter AT, Brito L, Althouse G, Aurich C, Chenoweth P, Fraser N, et al. Andrology

laboratory review: evaluation of sperm motility. Clin Theriogenology 2021;13:24–

36. https://doi.org/10.58292/ct.v13.9359.

[34] de Andrade AFC, Zaffalon FG, Celeghini ECC, Nascimento J, Tarragó OFB,

Martins SMMK, et al. Addition of seminal plasma to post-thawing equine semen:

what is the effect on sperm cell viability? Reprod Domest Anim 2011;46:682–686.

https://doi.org/10.1111/j.1439-0531.2010.01729.x.

[35] Celeghini ECC, de Arruda RP, de Andrade AFC, Nascimento J, Raphael CF.

Practical techniques for bovine sperm simultaneous fluorimetric assessment of



139 

plasma, acrosomal and mitochondrial membranes. Reprod Domest Anim 

2007;42:479–488. https://doi.org/10.1111/j.1439-0531.2006.00810.x. 

[36] de Andrade AFC, de Arruda RP, Celeghini ECC, Nascimento J, Martins SMMK,

Raphael CF, et al. Fluorescent stain method for the simultaneous determination

of mitochondrial potential and integrity of plasma and acrosomal membranes in

boar sperm. Reprod Domest Anim 2007;42:190–194.

https://doi.org/10.1111/j.1439-0531.2006.00751.x.

[37] Oliveira LZ, de Arruda RP, de Andrade AFC, Celeghini ECC, Reeb PD, Martins

JPN, et al. Assessment of in vitro sperm characteristics and their importance in

the prediction of conception rate in a bovine timed-AI program. Anim Reprod Sci

2013;137:145–155. https://doi.org/10.1016/j.anireprosci.2013.01.010.

[38] Leite TG, do Vale Filho VR, de Arruda RP, de Andrade AFC, Emerick LL, Zaffalon

FG, et al. Effects of extender and equilibration time on post-thaw motility and

membrane integrity of cryopreserved Gyr bull semen evaluated by CASA and

flow cytometry. Anim Reprod Sci 2010;120:31–38.

https://doi.org/10.1016/j.anireprosci.2010.04.005.

[39] Bracco C, Gloria A, Contri A. Ultrasound-based technologies for the evaluation

of testicles in the dog: keystones and breakthroughs. Vet Sci 2023;10:683.

https://doi.org/10.3390/vetsci10120683.

[40] Davidson AP, Baker TW. Reproductive ultrasound of the dog and tom. Top

Companion Anim Med 2009;24:36–45.

https://doi.org/10.1053/j.tcam.2008.11.003.



140 

[41] England GCW. Relationship between ultrasonographic appearance, testicular

size, spermatozoal output and testicular lesions in the dog. J Small Anim Pract

1991;32:306–311. https://doi.org/10.1111/j.1748-5827.1991.tb00936.x.

[42] Lemos H, Dorado J, Hidalgo M, Gaivão I, Martins-Bessa A. Assessment of dog

testis perfusion by colour and pulsed-Doppler ultrasonography and correlation

with sperm oxidative DNA damage. Top Companion Anim Med 2020;41:100452.

https://doi.org/10.1016/j.tcam.2020.100452.

[43] Griswold MD. The central role of Sertoli cells in spermatogenesis. Semin Cell Dev

Biol 1998;9:411–416. https://doi.org/10.1006/scdb.1998.0203.

[44] O’Donnell L, Smith LB, Rebourcet D. Sertoli cells as key drivers of testis function.

Semin Cell Dev Biol 2022;121:2–9.

https://doi.org/10.1016/j.semcdb.2021.06.016.

[45] Wistuba J, Stukenborg JB, Luetjens CM. Mammalian spermatogenesis.

Functional Developmental Embryology 2007;1:99–117.

[46] Shin HJ, Kim MJ, Kim HY, Roh YH, Lee MJ. Comparison of shear wave velocities

on ultrasound elastography between different machines, transducers, and

acquisition depths: a phantom study. Eur Radiol 2016;26:3361–3367.

https://doi.org/10.1007/s00330-016-4212-y.

[47] Sǎftoiu A, Gilja OH, Sidhu PS, Dietrich CF, Cantisani V, Amy D, et al. The

EFSUMB guidelines and recommendations for the clinical practice of

elastography in non-hepatic applications: update 2018. Ultraschall Med

2019;40:425–453. https://doi.org/10.1055/a-0838-9937.

[48] Gobello C, Corrada Y. Acquired infertility in male dogs with normal libido.

Compend Contin Educ Pract Vet 2004;26:196–202.



141 

[49] Lopate C. Applied animal andrology: dog. In: Chenoweth PJ, Lorton SP, editors.

Manual of Animal Andrology. Wallingford: CABI; 2022. p. 160–186.

https://doi.org/10.1079/9781789243505.0011.


	LISTA DE ABREVIATURAS
	LISTA DE FIGURAS
	LISTA DE TABELAS
	CAPÍTULO 1 – Considerações Gerais
	1 Introdução
	2 Revisão de Literatura
	2.1 O Potencial Reprodutivo do Macho Canino
	2.2 Avaliação Seminal
	2.3 Ultrassonografia
	2.3.1 Modo-B
	2.3.1.1 Ultrassonografia Modo-B dos Testículos e Próstata do Cão

	2.3.2 Doppler
	2.3.2.1 Ultrassonografia Doppler dos Testículos e Próstata do Cão

	2.3.3 Elastografia
	2.3.3.1 Métodos Quasi-static
	2.3.3.2 Métodos Dinâmicos
	2.3.3.3 Elastografia do Sistema Reprodutivo de Cães

	2.3.4 Ultrassonografia Contrastada por Microbolhas (CEUS)
	2.3.4.1 CEUS no Sistema Reprodutor do Macho Canino

	2.3.5 Ultrassonografia Multiparamétrica


	3 OBJETIVOS
	REFERÊNCIAS
	Capítulo 2 – Multiparametric Ultrasound (MPUS) of the Testes of Normozoospermic Dogs – A Pilot Study1
	1 Introduction
	2 Results
	2.1 Ultrasonographic findings
	2.1.1 B-mode
	2.1.2 Doppler
	2.1.3 Two-dimensional shear wave elastography (2D-SWE)
	2.1.4 Contrast-enhanced Ultrasound (CEUS)

	2.2 Seminal assessment

	3 Discussion
	4 Methods
	4.1 Animals
	4.2 Ultrasonographic Evaluation
	4.2.1 Doppler Ultrasonography
	4.2.2 Two-dimensional shear wave elastography (2D-SWE)
	4.2.3 Contrast-enhanced Ultrasound (CEUS)

	4.3 Semen Evaluation
	4.3.1 Standardization of semen collection period and sexual rest
	4.3.2 Subjective assessment of motility and velocity
	4.3.3 Evaluation of sperm concentration, morphology and plasmatic membrane integrity
	4.3.4 Concentration of alkaline phosphatase in seminal plasma (sALP)
	4.3.5 Criteria for normozoospermia

	4.4 Statistical analysis

	References
	CAPÍTULO 3 – Multiparametric Ultrasound of the Canine Prostate: A Pilot Study1
	1 INTRODUCTION
	2 Material and Methods
	2.1 Animals
	2.2 Ultrasonographic evaluation
	2.2.1 B-mode evaluation
	2.2.2 Doppler evaluation
	2.2.3 Two-dimensional Shear-wave Elastography (2D-SWE)
	2.2.4 CEUS Evaluation

	2.3 Seminal evaluation
	2.4 Statistical Analysis

	3 RESULTS
	3.1 Ultrasonographic Findings
	3.2 Seminal Evaluation

	4 DISCUSSION
	5 CONCLUSION
	REFERENCES
	CAPÍTULO 4 – Exploratory Associations Between Quantitative Multiparametric Testicular Ultrasound and Semen Quality in Dogs1
	1 INTRODUCTION
	2 MATERIAL AND METHODS
	2.1 Animals
	2.2 Ultrasound Evaluation
	2.2.1 B-mode Ultrasound
	2.2.2 Doppler Ultrasound
	2.2.3 Two-dimensional Shear-wave Elastography (2D-SWE)
	2.2.4 Contrast-enhanced Ultrasound (CEUS)

	2.3 Semen Collection and Sperm Concentration
	2.4 Computerized Analysis of Sperm Motility and Kinetics
	2.5 Evaluation of Plasma and Acrosomal Membrane Integrity by Flow Cytometry
	2.6 Statistical Analysis

	3 RESULTS
	3.1 B-mode Findings
	3.2 Doppler Findings
	3.3 2D-SWE Findings
	3.4 CEUS Findings
	3.5 Semen Analysis Findings
	3.6 Exploratory Correlations
	3.6.1 Correlations Between Ultrasonographic Techniques
	3.6.2 Correlations Between Ultrasonographic Techniques and Semen Parameters

	3.7 Principal Components Analysis (PCA)

	4 DISCUSSION
	5 CONCLUSION
	REFERENCES



