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• Adapting to a new environment

• Increased Self-Confidence

• Meeting Like-Minded People

• Exploring New Places

Personal Development



• Improve Laboratory Techniques

• Horse Handling and Management

• Problem-Solving in Research

• Data Interpretation and Analysis

• Desire to pursue a Graduate Career 

Professional Development



• Major cause for enforcement due to 

musculoskeletal injuries (MSI) and lameness

⚬ MSI accounts for over 70% of equine 

fatalities (Crawford, 2021)

Equine Welfare

Lameness
•  Alterations in gait pattern 

⚬  Linked to abnormalities within the 

whole musculoskeletal system is used

• Caused by pain 

• Compensatory alterations overload and 

damage muscles, joints, and ligaments  

(Hafsa Zaneb, 2009)  



• Measures electrical activity in the brain

• Used to distinguish behavioral states 
(Jensen, 2013)

• Novel potential tool to assess cognition 
and welfare

• Pain activates CNS and PNS neuronal cells 
that can be detected (Aijia Liu et al., 2021)

• Used in other species for pain detection, 
but their evaluation in horses remains 
limited 
⚬ Castration procedures in calves 

(Coetzee, 2013) and acute pain in 
sheeps (Ong, 1997)

Electroencephalography 

(EEG) in Horses



• Increase of comfort and reduction 

of pain (Mir, 2021)

• Used to ease headaches and muscle 

contractions (Mir, 2021)

Low Frequency Brain Waves

Delta (0-3 Hz)

Theta (4-7 Hz)
• Related to pain in different chronic 

pain conditions (Simis, 2022)

• EEG activity was characterized by 

more theta waves activity in horses 

with chronic pain along spine 

(Stomp et al., 2020) 



PGE2

Prostaglandin E2 (PGE2)

Biomarkers

• Important eicosanoid in joint diseases 

(Niemela, 2018)

• Inflammatory mediators  implicated in 

joint disorders  (Wang, 2015)

• Cartilage matrix components and 

degradation fragments can trigger 

synovitis and release inflammatory 

mediators (Glant and Olah 1980; Kato 

et al., 2004)

Prostaglandin E2 Molecule



Objective

Low sEEG brainwaves will correlate with an established 

biomarker of inflammation (PGE2) contingent on lameness 

scores.

Hypothesis

Investigate the relationship of sEEG and blood biomarkers 

related to lameness in mature horses.



Materials and Methods

• Quarter Horses (n = 8)
⚬ 3 mares and 5 geldings

⚬ 16.5 ± 3.6 years 

⚬ 573 ± 54 kg BW

• Tarleton State University
⚬ Equine Center Teaching Herd

⚬ Texan Therapeutic Riding

• Groups assigned by:
⚬ Lameness categories (LCat)

￭ Non-Lame: NL (0-1) 

￭ Lame: L (2-3)



Methodology
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Lameness Evaluation

• Walked in a straight line, figure eight 

and trotting 

⚬ Circles (left and right)

• Backed up and moving forward with 

head held high 

• Palpated within the back, loin, croup 

and limbs, flexed the limbs and joints

• Lameness scores were assigned



Methodology



Methodology



Results for EEG 
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Results for Biomarkers

Figure 2

Figure 2. Concentration differences of Prostaglandin E2 matrices by time. Blood samples were draw before lameness 

evaluation (Pre) and after (Post). This samples were aliquoted as plasma and serum. Means with different letter 

subscripts represent significant differences in PGE2 matrices by time (P ≤ 0.05).



Results for Biomarkers
Figure 3

Figure 3. Concentration differences of Prostaglandin E2 by matrices at Pre-Lameness Evaluation. Blood samples were 

draw before lameness evaluation (Pre) and after (Post). This samples were aliquoted as plasma and serum. Means with 

different letter subscripts represent significant differences in PGE2 concentration by matrices (P ≤ 0.05).



In conclusion, this study highlights the potential relationship between 

sEEG wave frequency and pain presence in horses, particularly in the 

delta and theta bands, as they varied between lame and non-lame 

categories. The investigation into blood biomarkers, such as PGE2, 

showed moderate, though non-significant, correlations with sEEG data, 

suggesting a possible avenue for early lameness detection.

Conclusion



• To confirm the utility of sEEG, a larger sample size of horses is 

needed, with an even distribution across the lameness scale to cover 

a wider range of categories. 

• Additionally, modifying the existing sEEG cap prototype to better fit 

the horse’s head shape and more effectively detect frontal cortex 

brain activity could improve the accuracy of the research findings.

Recommendations



• Thanks to Dr. Leatherwood’s graduate and undergraduate students

• Tarleton State University Animal Science Department and Faculty

• Dr. Lauren Hanna for helping with the Statistics 

• United States Department of Agriculture (USDA)

• National Institute of Food and Agriculture (NIFA)

• Agriculture and Food Research Initiative (AFRI)

• Research and Extension Experience for Undergraduates (REEU) 

• USDA-NIFA-AFRI-009041; Award Number 2023-68018-40320

• The Equine Lameness Center - Dr. Jessica Hamilton D.V.M  

Acknowledgments



References
Aroke, E. N., & Powell-Roach, K. L. (2020). The Metabolomics of Chronic Pain Conditions: A Systematic Review. Biological research for nursing, 22(4), 458–471. 

https://doi.org/10.1177/1099800420941105

Coetzee JF. (2013). Assessment and management of pain associated with castration in cattle. Veterinary Clinics of North America: Food Animal Practice 29(1):75–101 DOI 

10.1016/j.cvfa.2012.11.002.

Crawford, K. L., Finnane, A., Phillips, C. J. C., Greer, R. M., Woldeyohannes, S. M., Perkins, N. R., Kidd, L. J., & Ahern, B. J. (2021). The Risk Factors for Musculoskeletal Injuries in 

Thoroughbred Racehorses in Queensland, Australia: How These Vary for Two-Year-Old and Older Horses and with Type of Injury. Animals : an open access journal from MDPI, 

11(2), 270. https://doi.org/10.3390/ani11020270

Jensen, M., et al. (2013). Effects of non-pharmacological pain treatments on brain states. Clinical Neurophysiology. 

https://www.sciencedirect.com/science/article/pii/S1388245713002800

Liu JA, Yu J, Cheung CW. Immune Actions on the Peripheral Nervous System in Pain. Int J Mol Sci. 2021 Feb 1;22(3):1448. doi: 10.3390/ijms22031448. PMID: 33535595; PMCID: 

PMC7867183.

McIlwraith, C.W., Kawcak, C.E., Frisbie, D.D., Little, C.B., Clegg, P.D., Peffers, M.J., Karsdal, M.A., Ekman, S., Laverty, S., Slayden, R.A., Sandell, L.J., Lohmander, L.S. and Kraus, V.B. 

(2018), Biomarkers for equine joint injury and osteoarthritis. J. Orthop. Res., 36: 823-831. https://doi.org/10.1002/jor.23738

Ong R, Morris J, O’Dwyer J, Barnett J, Hemsworth P, Clarke I. Behavioural and EEG changes in sheep in response to painful acute electrical stimuli. Aust Vet J [Internet]. 1997 Mar 

1 [cited 2020 Oct 22]; 75 (3):189–93. Available from: http://doi.wiley.com/10.1111/j.1751-0813.1997.tb10064.x PMID: 9088510

Simis, M., Imamura, M., Pacheco-Barrios, K. et al. EEG theta and beta bands as brain oscillations for different knee osteoarthritis phenotypes according to disease severity. Sci 

Rep 12, 1480 (2022). https://doi.org/10.1038/s41598-022-04957-x

Walter, K.R., Lin, X., Jacobi, S.K. et al. Dietary arachidonate in milk replacer triggers dual benefits of PGE2 signaling in LPS-challenged piglet alveolar macrophages. J Animal Sci 

Biotechnol 10, 13 (2019). https://doi.org/10.1186/s40104-019-0321-1

Wang, G., Li, X., Jiang, R., Li, Y., Fan, X., Zheng, Y., & Gao, L. (2015, February 26). Changes in synovial fluid inflammatory mediators and cartilage biomarkers after experimental 

acute equine synovitis. College of Veterinary Medicine, Northeast Agricultural University, Harbin 150030, China. https://intapi.sciendo.com/pdf/10.1515/bvip-2015-0019 

Woude, L. L. van der, Hillmer, E. J., Huynh, J., Batlle, E., Wang, Y., Cho, K. H., El-Hafeez, A. A. A., Xu, D. H., Chen, Z., Chen, X., McGeachy, M. J., Li, L., He, J., Tong, D., Kochel, T. J., 

Peter, K., … Mantovani, A. (2020, June 6). STAT3: A key signaling molecule for converting cold to hot tumors. Cancer Letters. 

https://www.sciencedirect.com/science/article/abs/pii/S0304383520302974

Yu, Z., Kastenmüller, G., He, Y., Belcredi, P., Möller, G., Prehn, C., Mendes, J., Wahl, S., Roemisch-Margl, W., Ceglarek, U., Polonikov, A., Dahmen, N., Prokisch, H., Xie, L., Li, Y., 

Wichmann, H. E., Peters, A., Kronenberg, F., Suhre, K., Adamski, J., … Wang-Sattler, R. (2011). Differences between human plasma and serum metabolite profiles. PloS one, 6(7), 

e21230. https://doi.org/10.1371/journal.pone.0021230

https://doi.org/10.1177/1099800420941105
https://doi.org/10.3390/ani11020270
https://www.sciencedirect.com/science/article/pii/S1388245713002800
https://doi.org/10.1002/jor.23738
https://doi.org/10.1186/s40104-019-0321-1


Questions ?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

