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ABSTRACT


The Effect of Certain Therapeutic Exercises on Equine Electromyographic Activity of the Longissimus Dorsi, Rectus Abdominus, and Middle Gluteal Muscles During the Walk and Trot


Core strengthening and postural stability are desired outcomes of certain therapeutic exercises performed in horses.  This study aimed to quantify changes in muscle activation in horses traveling over ground poles and with hindquarter and abdominal elastic resistance bands at a walk and trot. Surface electromyography (sEMG) data was collected for the longissimus dorsi, rectus abdominus, and middle gluteal muscles in six horses. A repeated measures ANOVA was performed for each muscle to test for significant differences in the means of the normalized average rectified and maximum amplitude signals. Within subject effects were reported, followed by post-hoc pairwise comparisons when significant main effects were seen, to evaluate differences between the conditions of with or without ground poles or elastic resistance bands.  The use of ground poles at a walk resulted in a significant (p < 0.05) increase in the maximum EMG amplitude in the right middle gluteal muscle and bilaterally in the longissimus dorsi and rectus abdominus muscles. There was also an increase in the average rectified EMG bilaterally in the rectus abdominus muscles and the right longissimus dorsi muscle. The use of ground poles at a trot resulted in a significant increase in the maximum EMG amplitude bilaterally in the rectus abdominus muscles, and in the right middle gluteal muscles. The hindquarter and abdominal elastic resistance bands resulted in a respective 27% and 27.2% increase in the mean average rectified value of the left and right RA muscles, however this only reached statistical significance in the left RA (p < 0.05). These findings provide support regarding changes in muscle activation when using ground poles to increase core and epaxial muscle engagement. While a significant effect on core muscle activation was identified with the elastic resistance bands at a trot, further research is needed in this area to further characterize their effect on muscle activation.

PREFACE

	
Equine sports medicine and rehabilitation is an evolving field that has seen much growth in the last decade.  Similar to trends observed in human sports medicine, there has been a shift in paradigms with a greater emphasis placed on injury prevention and maximizing performance through a deeper understanding of biomechanics and the kinetic chain.  As veterinarians, we primarily intervene and initiate treatment on horses following the development of an injury.  However, if we could begin to play a bigger role in recognizing a horse’s biomechanical faults and functional restrictions, then perhaps we could have a more pro-active and preventative role towards injury in our equine athletes.  Or additionally, following an injury, we can use that same biomechanical knowledge to maximize healing of an injury and prevent secondary compensatory problems related to the primary injury.  To maximize care of our equine athletes, we need to continue researching and pushing the boundary of knowledge forward, making advancements in this area through an integrated biomechanical approach. 
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[bookmark: _Middle_Gluteal][bookmark: _Toc289175819][bookmark: _Toc74226120]INTRODUCTION 

[bookmark: _Toc74226121]Postural Control And Equine Biomechanics
[bookmark: _Electromyography]Human physical therapy has grown since the early 20th century and has become an integral part in the healthcare team with an emphasis on the maintenance, restoration, or enhancement of physical and functional abilities of the individual [1,2]. The principles and techniques used in human physical therapy have a strong evidence base. In the equine field, there has been a cross-species application of many physical therapy principles. Most therapeutic exercise strategies used in horses have involved the application of the principles, knowledge, and experience in human physical therapy, combined with the understanding of equine biomechanics and movement dysfunction associated with injury [1,3-10]. However, to better understand the physiological effects of these therapeutic interventions, further research is needed to support their use. 
Maximizing performance and the biomechanical efficiency of movement in equine athletes often involves posture control and core muscle engagement [1,9-10]. A state of good posture has been previously defined as “a state of musculoskeletal balance that protects the supporting structures of the body against injury or progressive deformity” [2]. Posture control and core muscle strengthening is encouraged to avoid limb overload in horses recovering from injuries to their extremities, as poor core strength and poor posture can lead to increased loading of an injured limb [1,9-10]. Posture is influenced by many factors including conformation, body condition, muscle development, muscle atrophy, and muscle hypertonicity [1]. Spinal positioning and posture control is influenced by several muscle groups including the; abdominal core muscles, hindquarter muscles, epaxial, and hypaxial muscles, which have been shown to have a significant role in movement and stabilizing the spine throughout the gait cycle [9-10].
Therapeutic techniques that have been purported to improve postural control in horses include assistive or adaptive equipment that provide tactile and proprioceptive stimuli, whose sensory input is integrated into functional activity. One such technique is the application of elastic resistance bands in a figure of eight conformation around the horse’s trunk to provide a rhythmic stimulus to induce hindquarter protraction through suspected simulation of the iliopsoas and spinal flexors [1]. Alternatively, elastic resistance bands have been applied from the girth of a saddle or surcingle, extending around the caudal aspect of the hindlimbs to facilitate hindlimb protraction and engagement of the core musculature [1]. A 4-week training regimen using elastic resistance bands around the abdomen and hindquarters resulted in alterations of back kinematics as measured by inertial measurement unit (IMU) sensors.  Changes seen included a reduction in mediolateral and rotational movement of the thoracolumbar region at a trot, consistent with increased dynamic stability of the spine [3]. While alterations in back kinematics have been identified with the use of an elastic resistance band training system, changes in core abdominal or hindquarter muscle recruitment have not yet been investigated to the authors’ knowledge. 
Negotiating ground poles or cavaletti have also been used to influence proprioception, neuromotor control, core muscle activation, and posture development [1,5]. Swing phase kinematics of horses trotting over poles has been studied. Significant increase in swing phase joint flexions of both forelimbs and hindlimbs when traveling over poles has been demonstrated, suggesting increased activation of forelimb and hindlimb flexor musculature [5].  The use of raised poles incorporated into a gymnastic training program has been shown to increase stride length, tracking distance, and improve multifidi cross sectional area when combined with dynamic mobilization exercises [4]. A significant increase in mean and maximal electromyographic activity of the rectus abdominus muscle was seen in 3 out of 6 horses when worked over ground poles and raised poles, however this effect was only seen in 50% of the sample subjects [11]. Further research is needed to investigate changes induced in muscle activation of core, epaxial, and hypaxial muscles with the use of ground poles. 
Electromyography
		 
Electromyography (EMG) is a technique used to evaluate muscle activity during movement, through the measurement of motor unit action potentials (MUAP) associated with muscle activations [12-15]. Surface EMG (sEMG) involves the placement of a non-invasive surface electrode over the superficial muscle of interest. The myoelectrical activity of certain muscles can be measured to determine changes in muscle activation during defined events or during the use of therapeutic devices. Using EMG, any alterations in muscle activation or recruitment because of rehabilitation strategies can be better understood [12]. The main purpose of this study was to evaluate muscle activity of the longissimus dorsi (LD), rectus abdominus (RA), and middle gluteal (MG) muscles at a walk and trot with two therapeutic interventions: with the use of ground poles, and with the use of elastic resistance bands. The specific muscles selected were based on their functions related to posture control [16-19]. Earlier research has demonstrated the activity of these muscles during locomotion at a walk and trot [20-24].

[bookmark: _Toc74226123]Surface Electromyography
Section and details in progress. Going to discuss sEMG vs. needle EMG, the differences and the advantages and disadvantages. Going to discuss current sEMG data currently in Equine literature.

[bookmark: _Toc74226124]Data Processing
Section and details in progress. Going to discuss the process of filtering data with average rectified to demonstrate “work done” and maximum low pass signal as maximum amplitude. Going to discuss options for data processing based on gait cycle or muscle activation bursts.

[bookmark: _Toc74226125]Kinematics
	
Section and details in progress.
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Equine Electromyography With Therapeutic exercise




A version of this chapter has not been previously published.  

This article was revised by mentor and collaborator Dr. Steve Adair. Dr. Tena Ursini was a co-researcher in the data collection, processing and interpretation of the data presented in this article. Jim Richards was a collaborator who assisted with the data processing, statistical analysis, and interpretation of the findings presented in this article. 

[bookmark: _Toc74226127]Abstract
	
[bookmark: _Longissimus_Dorsi]Core strengthening and postural stability are desired outcomes of certain therapeutic exercises performed in horses.  This study aimed to quantify changes in muscle activation in horses traveling over ground poles and with hindquarter and abdominal elastic resistance bands at a walk and trot. Surface electromyography (sEMG) data was collected for the longissimus dorsi, rectus abdominus, and middle gluteal muscles in six horses. A repeated measures ANOVA was performed for each muscle to test for significant differences in the means of the normalized average rectified and maximum amplitude signals. Within subject effects were reported, followed by post-hoc pairwise comparisons when significant main effects were seen, to evaluate differences between the conditions of with or without ground poles or elastic resistance bands.  The use of ground poles at a walk resulted in a significant (p < 0.05) increase in the maximum EMG amplitude in the right middle gluteal muscle and bilaterally in the longissimus dorsi and rectus abdominus muscles. There was also an increase in the average rectified EMG bilaterally in the rectus abdominus muscles and the right longissimus dorsi muscle. The use of ground poles at a trot resulted in a significant increase in the maximum EMG amplitude bilaterally in the rectus abdominus muscles, and in the right middle gluteal muscles. The hindquarter and abdominal elastic resistance bands resulted in a respective 27% and 27.2% increase in the mean average rectified value of the left and right RA muscles, however this only reached statistical significance in the left RA (p < 0.05). These findings provide support regarding changes in muscle activation when using ground poles to increase core and epaxial muscle engagement. While a significant effect on core muscle activation was identified with the elastic resistance bands at a trot, further research is needed in this area to further characterize their effect on muscle activation.
Aim

[bookmark: _Background]Our aim is to assess whether the use of ground poles or a proprioceptive aid provided by hindquarter and abdominal elastic resistance bands would result in differences in surface electromyographic activity of selected core muscles at a walk and trot. We hypothesized that the LD and RA muscles would have increased EMG activity when ground poles and elastic resistance bands were used.
[bookmark: _Toc74226129]Materials And Methods 
[bookmark: _Toc74226130]Horses
This study was approved by the University of Tennessee Institutional Animal Care And Use Committee (IACUC). Six horses were included in this study. There were 5 mares and 1 gelding, aged between 3 and 20 years old, and with 4 different breeds or crosses represented (3 thoroughbreds, 1 quarter horse, 1 Tennessee walking horse cross, 1 saddlebred cross).  Horses were trotted in hand, and any horse with lameness on hard or soft ground greater than grade 1 on the AAEP scale was excluded. Horses that were gaited without diagonal trot or with apparent neurological deficits were also excluded.  All selected horses were exposed to the experimental set-up (arena, ground poles), trained to lunge with a surcingle, and were instrumented with elastic resistance bands prior to data collection.  The acclimation period to the elastic resistance bands ranged from 1 to 4 days, depending on each horse’s level of earlier training or exposure. Throughout the acclimation and data collection period, subjects were administered a low-dose non-steroidal anti-inflammatory drug (phenylbutazone, 2.2mg/kg, once daily).
[bookmark: _Toc74226131]Equipment And Instrumentation
[bookmark: _Electromyographic_Activity_of_3]Each horse was tacked with a modified saddle pad with the caudal thoracic region removed to prevent interference with the LD sensors. The saddle pad had buckles for attachment of the abdominal and hindquarter elastic resistance bands.  A breast collar and surcingle were used to hold the saddle pad and resistance bands in place (Figure 1).  Elastic hindquarter and abdominal bandsa (Equicore Concepts LLC, East Lansing, Michigan, USA) were fitted with a 25% stretch, which was calculated from 75% of the distance between attachment points of the elastic bands. 
	For Surface EMG electrode placement, the skin over the muscles was shaved, then cleaned with chlorhexidine scrub and isopropyl alcohol. Pre-gelled bipolar self-adhesive Ag/AgCL electrodesb (HEX Dual Electrodes, Noraxon, Scottsdale, Arizona, USA) with an inter-electrode distance of 2cm, were placed parallel to the direction of the muscle fibers in defined locations and secured with cyanoacrylate adhesive. Wireless direct transmission system (DTS) sensorsb (DTS Research EMG Probes, Noraxon, Scottsdale, Arizona, USA) were attached to the electrodes with 3-inch pinch end leads and secured to the skin with cyanoacrylate adhesive.
The RA muscles were instrumented with surface electrodes placed mid-length along the muscle bellies bilaterally, 2cm lateral to the midline (Figure 2) [24]. For the LD muscles, surface electrodes were positioned bilaterally over the bulk of the LD muscles at the level of the dorsal spinous process T16, which was identified with ultrasound [20,22,25]. 


Figure 1:				Figure 2:
[image: ] [image: ]
Figure 1: Placement of the surface electrodes over the LD (arrow) muscles bilaterally, with application of hindquarter and abdominal elastic resistance bands. 

Figure 2: Placement of the surface electrodes over the longissimus dorsi (arrow), middle gluteal, and rectus abdominus (*) muscles.  The middle gluteal electrode was placed relative to palpable landmarkes; midway between the tuber sacrale, third trochanter of the femur (dashed line) and tuber coxae at the widest section of the muscle (dotted line).

Figure 3: 
[image: ]
Figure 3: Placement of surface electrodes over the RA muscles bilaterally.


Data Collection
All data was collected using the Noraxon MR3.10 software. The surface EMG (sEMG) signal was transmitted to the computer by a telemetric system (TELEmyo Direct Transmission System (DTS) Belt Receiver, Noraxon, Scottsdale, Arizona, USA). High speed camera video footage was collected for all trials at 125 frames per second (NiNOX Video Capture, Noraxon, Scottsdale, Arizona, USA) which was synchronized with sEMG, and with digital output (myoSYNC Master Sync, Noraxon, Scottsdale, Arizona, USA).  The video footage was reviewed and used to mark a total of fifteen strides (five consistent three-stride segments) for each horse under each trial condition, using left hind toe-off as a start and stop point (same viewer, KS). 
Following instrumentation, EMG with synced video data was gathered. If the movement condition was not met, such as a subjective observation of change in gait, stumbling, bucking, or when sEMG sensors were dislodged, data collection was extended or repeated until a minimum of five consistent three-stride segments were obtained. Data was obtained in-hand at walk and trot, on a straight line at each horse’s preferred speed within the gait, following a previously reported method [3,5]. The walking and trot conditions included;
1. Without bands, straight line
2. Without bands, straight line over ground poles
3. With bands, straight line
4. With bands, straight line over ground poles

A subsample of the muscle activation data was collected with synchronized kinematic data from four spherical markers (14mm diameter pearl markers, B&L Engineering) placed on the lateral aspect of the coronary band on all four feet, secured with double-sided adhesive tape and cyanoacrylate adhesive. The kinematic data were collected using a 12-camera 3D motion capture system, with a sampling frequency of 100 frames/second (VICON Motion Systems Ltd, Oxford, UK). This data was used to check the firing sequences with known gait events during walks and trots on hard ground. For one complete gait cycle, two muscle activations were seen in the LD and RA muscles for both walk and trot, which was consistent with previous reports [16,18,20,22]. These trends in muscle activation for each gait cycle were compared and found to be consistent with previously marked strides using EMG synced video footage. Since gait events were marked subjectively based on video footage, this use of motion capture using defined gait events provided a confirmation of the phasic activation patterns for each muscle of interest across the gait cycle. 
Data Processing And Analysis
Post-processing and analysis of sEMG data was performed in Visual3D software (C-Motion Inc., Germantown, MD, USA) version 2020.07.4. A removed mean was performed on the raw EMG signals to account for the signal offset from baseline. A 40Hz high pass filter was applied to reduce movement artifacts. The EMG signal was then full wave rectified, followed by filtering with a 15 Hz lowpass filter.  Muscle activity onset and offset events were then marked for further analysis using the rectified data, resulting in 30 muscle activations isolated for the longissimus dorsi and rectus abdominus muscles for each trial for the 15 strides identified from the synchronized video. Within each horse, the signal for each muscle was normalized to the maximally observed sEMG value measured across all conditions (with and without poles, with and without resistance bands), which was used as the reference voluntary contraction (RVC). Normalization was performed separately for the walk and trot.  From the normalized data, the mean average rectified value (ARV), and mean maximum amplitude (following lowpass filtering) were calculated for each muscle and for each individual, which were compiled for further statistical analysis.
[bookmark: _Toc74226134]Statistical Analysis
Statistical analysis was performed with SPSS 27 Software (IBM SPSS Statistics, IBM Inc., Armonk, NY, USA). A 2x2 repeated measures ANOVA was performed for each muscle to test for significant differences in the means of the normalized average rectified and maximum low pass data amongst the 6 subjects between with and without resistance band, and between with and without ground poles. Descriptive statistics were performed (mean, standard deviation), in addition to within subject effects (p-value, partial eta squared). Values of p< 0.05 were considered significant. Where significant main effects were seen, post-hoc pairwise comparisons were performed to evaluate the differences between the conditions.



[bookmark: _Toc74226135]Results
[bookmark: _Toc74226136]Poles vs. No Poles, At A Walk (Tables 1 & 2)	
The results of the electromyographic data from walking over poles are represented in Table 1 (mean, SD, p-value, and effect size) and Table 2 (post-hoc testing, poles vs. no poles). With the repeated measures ANOVA analysis, there was a significant increase in maximum amplitude with the presence of poles in the left LD (p = 0.045), right LD (p = 0.005), left RA (p = 0.019), and right RA (p = 0.015) muscles at a walk. The percentage increase of the maximum amplitude in the left and right LD muscles in the group over poles was 51.3% and 38.0% respectively, compared to the group without poles. A relatively large increase in the maximum amplitude was seen in the left and right RA muscles of over double the maximum amplitude in the group with poles compared to without poles, 120.8% and 147.2% greater, respectively. 
The presence of poles additionally resulted in a significant increase in the ARV in the right LD (p = 0.008), left RA (p = 0.004), and right RA (p = 0.001) muscles at a walk. The percentage increase in the ARV for the left and right RA muscles with the use of poles was 100.0% and 70.6% greater respectively compared to without poles. While the percentage increase in the mean ARV for the left and right LD muscles with the use of poles was respectively 13.5% and 27.0% greater than without poles, although this increase seen in the left LD muscle did not reach statistical significance. 
[bookmark: _Toc74226137]Resistance Bands vs. No Resistance Bands, At A Walk (Tables 1 & 4)	
The results of the electromyographic data from walking with elastic resistance bands are represented in Table 1 (mean, SD, p-value, and effect size) and Table 3 (post-hoc testing, resistance bands vs. no resistance bands). The use of resistance bands in the RA resulted in a consistent increase in both the maximum impulse values, a 47.3% and 25% increase for the left and right RA muscles respectively, and for the ARV a 25.0% and 11.8% increase was seen in the left and right RA muscles respectively when compared to without resistance bands, however these changes did not reach statistical significance. Additionally, the use of resistance bands in the LD muscles at the walk resulted in a non-significant reduction in both the maximum impulse with a 12.0% and 14.0% reduction for the left and right LD muscles respectively, with the ARV values showing a 10.8% and 12.5% reduction for the left and right LD muscles respectively. 
[bookmark: _Toc74226138]Poles vs. No Poles, At A Trot (Tables 4 & 5)	
The results of the electromyographic data from trotting with poles are represented in Table 4 (mean, SD, p-value, and effect size) and Table 5 (post-hoc testing, poles vs. no poles). The presence of poles at a trot resulted in a significant increase of the mean maximum lowpass signal of the left RA (p = 0.013) and right RA (p = 0.013) muscles.  The mean maximum impulse for the left and right RA muscles over poles was 50.9% and 60.0% greater respectively than the mean maximum impulse without poles. Additionally, when comparing the ARV of the left and right RA muscles, the use of poles resulted in a 59.5% and 72.7% respective increase in ARV compared to without poles, although this was without statistical significance. The use of poles also resulted in a mean increase in the ARV of the left and right LD muscles of 20.0% and 29.8% respectively compared to the mean ARV value without poles, although this difference was not statistically significant.
[bookmark: _Toc74226139]Resistance Bands vs. No Resistance Bands, At A Trot (Tables 4 & 6)	
The results of the electromyographic data from the trot are represented in Table 4 (mean, SD, p-value, and effect size) and Table 6 (post-hoc testing, resistance bands vs. no resistance bands). The use of elastic resistance bands resulted in a significant increase of the mean ARV of the left RA muscle (p = 0.022). For the left RA muscle, the percentage increase in the ARV in the group with resistance bands was 27.0% greater than the group without resistance bands. The right RA muscle showed a similar pattern, with a 27.2% increase in the mean ARV signal in the group with resistance bands compared to without, however this did not reach statistical significance for this group. For the left and right LD muscles, the use of the resistance bands resulted in a non-significant reduction in the mean ARV value of 21.4% and 14.9% respectively compared to the group without resistance bands. Similarly, the maximum amplitude in the group with resistance bands showed a non-significant reduction in the peak lowpass signal by 20.5% and 29.8% in the left and right LD muscles respectively, compared to the group without resistance bands.

Table 1: Normalized mean, SD, p-value, and partial eta squared (ηp2) values in 6 horses at a walk.
	 
 
	Mean (standard deviation)
	 
	 
	Poles Vs. No Poles  
p-vales effect size (ηp2)
	Resistance bands Vs. No Resistance bands p-values effect size 

	
	No Poles
	 
	Poles
	 
	
	

	
	No Resistance Bands
	Resistance Bands
	No Resistance Bands
	Resistance Bands
	
	

	ARV
	 
	 
	 
	 
	
	

	Left LD
	0.074 (0.029)
	0.066 (0.024)
	0.084 (0.031)
	0.072 (0.031)
	p = 0.087 (0.474)
	p = 0.138 (0.384)

	Right LD   *
	0.048 (0.022)
	0.042 (0.019)
	0.061 (0.024)
	0.050 (0.020)
	p = 0.008 (0.785)
	p = 0.058 (0.545)

	Left RA   *
	0.012 (0.009)
	0.015 (0.009)
	0.024 (0.009)
	0.025 (0.010)
	p = 0.004 (0.838)
	p = 0.336 (0.184)

	Right RA   *
	0.017 (0.009)
	0.019 (0.009)
	0.029 (0.010)
	0.030 (0.012)
	p = 0.001 (0.911)
	p = 0.576 (0.067)

	Maximum 
	 
	
	 
	
	 
	 

	Left LD   *
	0.150 (0.072)
	0.132 (0.047)
	0.227 (0.151)
	0.153 (0.067)
	p = 0.045 (0.587)
	p = 0.212 (0.291)

	Right LD   *  
	0.071 (0.027)
	0.061 (0.027)
	0.098 (0.036)
	0.086 (0.036)
	p = 0.005 (0.820)
	p = 0.060 (0.542)

	Left RA  *
	0.091 (0.080)
	0.134 (0.100)
	0.201 (0.094)
	0.222 (0.102)
	p = 0.019 (0.698)
	p = 0.103 (0.442)

	Right RA   *
	0.072 (0.042)
	0.090 (0.051)
	0.178 (0.081)
	0.185 (0.112)
	p = 0.015 (0.723)
	p = 0.541 (0.079)


Significant difference between poles vs. no poles (*). Significant difference between resistance bands and no resistance bands (Ϯ).

Table 2: Post-Hoc testing of poles vs. no poles at a walk
	Muscle
	Average Rectified Value
	Maximum Lowpass Value

	
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference

	Left LD
	0.008 (0.004)
	0.087
	-0.002 to 0.018
	0.049 (0.018)
	0.045*
	0.002 to 0.096

	Right LD
	0.011 (0.002)
	0.008*
	0.004 to 0.017
	0.026 (0.005)
	0.005*
	0.012 to 0.040

	Left RA
	0.011 (0.002)
	0.004*
	0.006 to 0.017
	0.099 (0.029)
	0.019*
	0.024 to 0.174

	Right RA
	0.011 (0.002)
	0.001*
	0.007 to 0.016
	0.100 (0.028)
	0.015*
	0.029 to 0.172


Significant at p <0.05 (*).

Table 3: Post-Hoc testing of resistance bands vs. no resistance bands at a walk
	Muscle
	Average Rectified Value
	Maximum Lowpass Value

	
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference

	Left LD
	-0.010 (0.006)
	0.138
	-0.025 to 0.005
	-0.046 (0.032)
	0.212
	-0.128 to 0.036

	Right LD
	-0.009 (0.003)
	0.058
	-0.018 to 0.000
	-0.011 (0.005)
	0.059
	-0.023 to 0.001

	Left RA
	0.003 (0.002)
	0.336
	-0.004 to 0.009
	0.032 (0.016)
	0.103
	-0.009 to 0.072

	Right RA
	0.001 (0.002)
	0.576
	-0.005 to 0.007
	0.013 (0.019)
	0.541
	-0.037 to 0.062


Significant at p <0.05 (*).

Table 4: Normalized mean, SD, p-value, and partial eta squared (ηp2) values in 6 horses at a trot.
	 
 
	Mean (standard deviation)
	 
	 
	Poles Vs. No Poles  
p-vales effect size (ηp2)
	Resistance bands Vs. No Resistance bands p-values effect size (ηp2)

	
	No Poles
	 
	Poles
	 
	
	

	
	No Resistance Bands
	Resistance Bands
	No Resistance Bands
	Resistance Bands
	
	

	ARV
	 
	 
	 
	 
	
	

	Left LD 
	0.070 (0.028)
	0.055 (0.033)
	0.084 (0.051)
	0.064 (0.042)
	p = 0.142 (0.377)
	p = 0.170 (0.339)

	Right LD
	0.047 (0.023)
	0.040 (0.024)
	0.061 (0.032)
	0.059 (0.028)
	p = 0.094 (0.460)
	p = 0.200 (0.304)

	Left RA   Ϯ 
	0.037 (0.016)
	0.047 (0.013)
	0.059 (0.018)
	0.065 (0.024)
	p = 0.60 (0.538)
	p = 0.022 (0.681)

	Right RA 
	0.033 (0.011)
	0.042 (0.010)
	0.057 (0.021)
	0.053 (0.014)
	p = 0.72 (0.507)
	p = 0.619 (0.053)

	Maximum 
	 
	 
	 
	 
	 
	 

	Left LD
	0.297 (0.096)
	0.236 (0.134)
	0.312 (0.203)
	0.233 (0.154)
	p = 0.853 (0.008)
	p = 0.167 (0.343)

	Right LD
	0.275 (0.197)
	0.193 (0.159)
	0.241 (0.193)
	0.227 (0.154)
	p = 0.997 (0.000)
	p = 0.264 (0.240)

	Left RA   *
	0.210 (0.113)
	0.241 (0.069)
	0.317 (0.111)
	0.343 (0.089)
	p = 0.013 (0.742)
	p = 0.114 (0.423)

	Right RA  *
	0.195 (0.078)
	0.256 (0.063)
	0.312 (0.124)
	0.296 (0.083)
	p = 0.013 (0.741)
	p = 0.238 (0.264)


Significant difference between poles vs. no poles (*). Significant difference between resistance bands and no resistance bands (Ϯ).

Table 5: Post-Hoc testing of poles vs. no poles at a trot
	Muscle
	Average Rectified Value
	Maximum Lowpass Value

	
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference

	Left LD
	0.012 (0.007)
	0.142
	-0.006 to 0.029
	0.006 (0.032)
	0.853
	-0.075 to 0.088

	Right LD
	0.016 (0.008)
	0.094
	-0.004 to 0.037
	0.000 (0.039)
	0.997
	-0.100 to 0.100

	Left RA
	0.020 (0.008)
	0.060
	-0.001 to 0.041
	0.105 (0.028)
	0.013*
	0.034 to 0.176

	Right RA
	0.018 (0.008)
	0.072
	-0.002 to 0.038
	0.079 (0.021)
	0.013*
	0.025 to 0.132


Significant at p <0.05 (*).

Table 6: Post-Hoc testing of resistance bands vs. no resistance bands at a trot
	Muscle
	Average Rectified Value
	Maximum Lowpass Value

	
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference
	Mean Difference (SE)
	p-value
	95% CI Interval for the mean difference

	Left LD
	0.008 (0.004)
	0.087
	-0.002 to 0.018
	0.049 (0.018)
	0.045*
	0.002 to 0.096

	Right LD
	0.011 (0.002)
	0.008*
	0.004 to 0.017
	0.026 (0.005)
	0.005*
	0.012 to 0.040

	Left RA
	0.011 (0.002)
	0.004*
	0.006 to 0.017
	0.099 (0.029)
	0.019*
	0.024 to 0.174

	Right RA
	0.011 (0.002)
	0.001*
	0.007 to 0.016
	0.100 (0.028)
	0.015*
	0.029 to 0.172


Significant at p <0.05 (*).
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[bookmark: _Appendix]Ground poles have been used in rehabilitation programs as obstacles for training proprioceptive awareness, for increasing joint range of motion and strengthening flexor musculature during swing phase, and for strengthening extensor or propulsive musculature during the stance phase of locomotion [5,29-32]. While the basic locomotor rhythm in horses is mediated at the spinal level by the central pattern generators, maneuvering over obstacles requires visual input and processing in the motor cortex to produce an altered locomotor response [33].  Additionally, as a horse maneuvers an obstacle such as ground poles, their balance is perturbed as the swing limbs are raised over the obstacle, which requires the body and stance limbs to maintain balance and stability [10]. The locomotor response initiated with ground poles includes changes in limb elevation and flight arc, increased swing phase joint flexions of the forelimbs and hindlimbs, and increased lateral stability of the stance limb likely from recruitment of the forelimb adductor and extensor musculature [29]. In addition to an altered neuromuscular response, maneuvering over obstacles can also result in a learned response, which can influence foot clearance, joint trajectories, and electromyographic activity [29,34].  
Identifying therapeutic strategies to increase muscle activation of the trunk is important for increasing spinal stability by limiting the degree of spinal rotation [17]. The LD muscle was investigated in this study, as the thoracic segment is the largest of the epaxial muscles, which has a significant role in trunk stability [16].  Given the increase in forelimb and hindlimb flight arc and joint angles with ground poles and the resulting increase in spinal rotation, our hypothesis was that there would be increased LD muscle activation when walking and trotting over ground poles given its role in stabilizing the axial skeleton. 
The two variables examined across filtered sEMG data in this study included the average rectified value (ARV) and the maximum amplitude value from the lowpass signal. The average rectified value is a measure suggesting “work done” over a specified time interval and is the mean value of the full wave rectified sEMG signal over a certain time [13-14,27]. The maximum amplitude value was examined, as some therapeutic interventions may result in brief contractions with a high peak of activity, versus longer sustained contractions with a low peak [28]. To document which changes are occurring with the use of ground poles or resistance bands, both values were reported for the muscles investigated. In this study, there was a significant increase in the maximum impulse in both left and right LD muscles when walking over ground poles compared to without, correlating to larger peaks of activation. This increase in maximum impulse was not seen at a trot with ground poles. There was additionally an increase in the ARV of both the left and right LD muscles by 13.5% and 27% respectively when walking over poles compared to without poles, suggesting a greater average work done across the examined interval, however this was only statistically significant in the right LD muscle.  At a trot there was also an increase in the mean ARV in both the left and right LD muscles by 20.0% and 29.8% respectively with ground poles compared to without poles, however this did not reach statistical significance in either muscle.  Since no change in withers or croup height has been seen with ground poles, the LD muscle is not needed for an increased suspension phase as seen with jumping, but instead may be stabilizing the axial skeleton given the increased flexions of forelimbs and hindlimbs and resulting rotation of the trunk [5,17].  Further research combining surface electromyographic activity with motion capture or inertial measurement unit (IMU) sensors throughout data collection with the application of therapeutic interventions would enable characterization of the timing of induced changes in muscle activation with poles or elastic resistance bands relative to phases in the gait cycle. For example, with an increase in the ARV with ground poles, it could be further documented if this increase in muscle activation is occurring during forelimb and hindlimb protraction to offset axial rotation of the spine, or possibly during late swing phase for spinal stabilization during hindlimb retraction. 
The role of the stance limbs for maintaining balance and stability while trotting over ground poles has been investigated, as these limbs have a significant role of ensuring a stable platform, maintaining balance, and controlling the body’s angular momentum [35].  In addition to the stance limbs, investigation of the core abdominal musculature is important as posture control and core muscle activation can reduce overloading of the musculoskeletal system during stance phase, when the forces are the greatest for damaging tissues.  Increased maximal activation of the rectus abdominus has been previously reported in three of six horses trotting over ground and raised poles compared to working on the flat, while mean workload was reportedly unchanged [11].  Our hypothesis was that increased RA muscle activation would be seen at both a walk and trot when traveling over poles.  Similar to what has been previously reported, both the left and right RA muscles had a significant increase in maximum amplitude of the sEMG signal with the presence of ground poles in both the trot and walk. This suggests that at both gaits, the RA bilaterally is having larger peaks of electrical activity, corresponding with a greater core abdominal muscular response with the presence of ground poles.  Additionally, at a walk, the right and left RA had a significant increase in the ARV with the presence of ground poles, which suggests greater muscle activation over the specified interval. However, an increase in the ARV was not seen at a trot over ground poles, which fits with previously reported data where no change in mean workload was found [11].
The use of elastic resistance bands as a proprioceptive training tool were also of interest in this study. They are used as a training aid to improve horse posture and core strength for injury prevention and for improving performance of sport horses [36].  Engagement of hindquarter and abdominal musculature is thought to improve dynamic stability of the back and pelvis through core postural muscle development [36]. After a 4-week training program using an elastic resistance band system, several significant kinematic effects were found. This including a reduction in withers roll, withers pitch, and a reduction in thoracolumbar mediolateral movement, consistent with improved dynamic stability of the vertebral column [3].  In addition to the kinematic effects induced by the elastic resistance bands, changes in muscle activation have yet to be characterized.  This study focused on changes in muscle activation induced with the application of elastic resistance bands, through investigating electromyographic activity of selected epaxial, and abdominal muscles.  At a trot, both the left and right RA muscles demonstrated a respective 27% and 27.2% increase in the mean ARV signal in the group with resistance bands compared to without, however this only reached statistical significance in the left RA.  This suggests greater activation of the RA muscles over the specified time with the elastic resistance bands.  At a walk with elastic resistance bands, there was an increase in the ARV signal and maximum impulse values of both the left and right RA muscles compared to without elastic resistance bands, which did not reach statistical significance.  It is possible that with a larger sample size, a significant change in RA activity may have been obtained at in the right RA at a trot, and at a walk with elastic resistance bands.  The other non-statistically significant observation with the use of elastic resistance bands was a reduction in the mean ARV of the left and right LD muscles at a walk and trot, as well as a reduction in the maximum impulse of the left and right LD muscles at a walk.  While further research with a larger sample size may be needed to document the significance of this reduced LD activation with elastic resistance bands, this finding was not expected.  Looking at the function of the LD muscle during the gait cycle, this reduction in activity may be due to alterations in concentric versus eccentric activity. Anatomically, the longissimus dorsi is covered by fascia from the cervical region through the thoracodorsal segment, which extends and forms an aponeurosis at the iliac crest. This attachment to the ilium is significant as concentric contraction during stance phase can influence extension of the thoracolumbar spine and lumbosacral joint, while inducing an upward tilt of the pelvis, and propulsion of the hindlimbs [17]. During thoracolumbar extension there is eccentric contraction of the abdominal muscles to limit thoracolumbar extension. Conversely, during flexion of the thoracolumbar spine and hindlimb protraction, eccentric contraction of the LD is important for spinal stabilization.  Since the EMG amplitude during eccentric contractions is significantly less than during concentric contractions [37] it is possible that increased flexion of the thoracolumbar spine with the use of elastic resistance bands results in increased eccentric activity of the LD muscles and reduced activation for spinal stabilization given more stable spinal kinematics as previously documented.  Further investigation is needed to better characterize the LD activity with use of elastic resistance bands. 
	One of the limitations of this study was that the electromyographic activity could not be directly or objectively correlated to distinct phases of the gait cycle. The use of motion capture in this study was limited to checking the firing sequences of the observed muscles with known gait events to provide a confirmation of the phasic activation patterns across the gait cycle. Motion capture was not available for use during data collection with application of elastic resistance bands and over poles. The limitation of video capture which was used in this project, is the absence of objectively defined gait events.  While sEMG activity was able to be compared across activations within a consistent number of strides, the absence of motion capture or inertial measurement unit sensors (IMUs) throughout the data collection limited more detailed analysis regarding when changes in muscle activation occurred during the gait cycle. Another limitation for the current investigation was the small population of available horses. Available horses were also of different breeds and signalments, leading to a small diverse sample population. Additionally, this study involved a healthy population of horses, and these findings cannot be extrapolated to horses with pathology, such as back pain or lameness.  
For future study, repeating sEMG measurements over ground poles and with elastic resistance bands with a motion capture system would enable investigation of the timing of the muscle activation relative to known gait events within the gait cycle, in addition to better characterizing changes in concentric versus eccentric types of muscle contractions.  Additionally, the combined use of a motion capture system would also allow for evaluation of kinematic changes occurring with various therapeutic conditions applied.  Some other considerations include the amount of tension applied to the elastic resistance bands, as the physiological influence may change according to alterations in tension, or stored and released energy in the elastic resistance bands.  Earlier research investigated elastic resistance bands under 30% stretch, while 25% stretch was used in this study, and up to 50% stretch is recommended by manufacturers of an elastic resistance band systema [3].  Another consideration is the incorporation of a training period, as the horse’s posture, spinal stability, muscle activation pattern, and possible “learned” neuromuscular response may alter with training.  Clinically, it would be interesting to evaluate horses with the elastic resistance bands applied with different amounts of tension, and to watch for kinematic and electromyographic changes throughout a several week training period.  Additionally, looking at horses of similar breed, discipline, or training level would lead to a more uniform sample population. After further documentation of the effects of certain therapeutic strategies in normal horses, this information could be applied to horses with certain pathologies, such as back pain, lumbosacral or sacroiliac restriction, disuse atrophy, or lameness.
	In conclusion, the use of ground poles resulted in a significant increase in sEMG activity in the RA muscles bilaterally at a walk and trot.  Additionally, a significant increase in the sEMG activity of the LD muscles bilaterally was seen with ground poles at the walk. This shows that the incorporation of ground poles in a rehabilitation program is expected to increase core abdominal activation and epaxial muscle recruitment. The use of elastic resistance bands at 25% stretch demonstrated a significant increase in sEMG activity in the left RA muscle at the trot, and results were suggestive of reduced electromyographic activity of the LD muscles at a walk and trot which did not reach statistical significance. Results from this study require further investigation to better understand the effects of elastic resistance bands on muscle activation, particularly with reference to the stages of the gait cycle, at different degrees of stretch, and the effect of a training period.
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CHAPTER II
Equine Kinematics


[bookmark: _Toc289175834]A version of this chapter has not been previously published.  

This article was revised by mentor and collaborator Dr. Songing Zhang, and data collection and processing was performed in collaboration with Dr. Becca Noel.  


Abstract
In progress, not currently finished. 

[bookmark: _Toc74226144]Walk And Trot Kinematics
[bookmark: _Toc74226145]Appendicular Skeleton
Work in progress. This will evaluate normal kinematics of a horse’s limbs at a walk and trot. 
[bookmark: _Toc74226146]Axial Skeleton
Work in progress. This section will discuss the normal kinematics of a horse’s spinal column.

[bookmark: _Toc74226147]Elastic Resistance Bands Effects On Kinematics

Appendicular Skeleton
Work in progress. This will evaluate changes in joint angles, joint velocity, angular velocity of the limbs with the presence of the elastic resistance bands.

Axial Skeleton
Work in progress. This section will discuss the kinematics of a horse’s spinal column with the presence of the elastic resistance bands.


[bookmark: _Toc74226150]Rider Effects On Kinematics

Work in progress. This section will discuss changes in kinematics with a passive and active rider asking for the horse to collect and work in a frame. This will be performed with and without elastic resistance bands.
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CONCLUSION

Work in progress. Overall, the use of the Equi-Core elastic resistance bands has resulted in an increase in atlanto-occipital joint flexion at a walk. The increase in joint flexion at this level suggests an improvement in neck posture with resistance bands at a walk.  However, it is important to recognize that this is only one joint along the length of the cervical spine, and it is possible that the elastic resistance bands are stimulating changes in flexion at different levels of the cervical column which was beyond the scope of this current class project. However, the biomechanical model used for this project divided the neck into two segments, so further evaluation of neck angle changes could be analyzed in the future. 

When evaluating the thoracolumbar area, an increase in joint flexion was seen in this region with the elastic resistance bands in both the walk and the trot. To have a “rounded” or “collected” posture, the thoracic spine must lift relative to the pelvis. While the cranial and mid-thoracic spine was unable to be visualized along its dorsal aspect due to the application of the saddle and pad for attachment of the elastic resistance bands, this increase in thoracolumbar joint angle does suggest rounding and flexing of the spine at this level.

A horse with improved rounded or collected posture has been described to have concurrent increase in flexion of the limbs (3). While a significant increase in hock or stifle flexion was not observed in this horse with the use of elastic resistance bands, it is possible that this may be a neuromuscular response to the elastic resistance bands requiring re-education of correct muscular activation, and may take time to develop. A limitation of this study is that the horse did not have a period of time in training with the elastic resistance bands before data collection, so any kinematic changes resulting from muscular adaptations over time with training with resistance bands could not be investigated, but this may be a direction for future research.  However, an increase in hock and stifle extension was seen at a walk with the elastic resistance bands, and while increased joint extension has not been reported as a consequence of improved rounded posture or “collection,” it may suggest an alteration in hindlimb muscle activity as a response to the presence of the elastic resistance bands. Additionally, another limitation is that data was only collected on a hard surface, as some horses alter their kinematics on a soft surface where they are more comfortable pushing off on a deformable surface with more traction and less impact.  It is possible that some of our kinematic findings may have been different on a soft surface versus asphalt.  Another factor when considering hindlimb joint angles is changes in stride length, as a reduction in stride length associated with increased spinal flexion may have an effect on reducing limb flexion angles. This area requires further study, as it has not yet been documented what degree of spinal flexion results in certain changes in stride length or resulting changes in hindlimb joint angles.

While no documented increase in rectus abdominus electromyographic activity was observed with the application of elastic resistance bands, the slight change in timing of activation may instead be suggestive of slight alterations in timing of the gait cycle.  It is also possible that further changes in electromyographic activity are seen over time with training with this system. 

[bookmark: _Toc74226154]Clinical Application
Overall, there remains much work to be done to better understand the changes in equine kinematics with the application of elastic resistance bands and with a rounded or collected posture. However significant findings from this study included increased atlanto-occipital flexion with elastic resistance bands at a walk, increased thoracolumbar flexion with elastic resistance bands at a walk and trot, and increased hock range of motion with increased hock stifle and hock maximal mean flexion without elastic resistance bands. Additionally, a slight change in timing of rectus abdominus muscle activation was seen in relation to the gait cycle, but no significant increase in RMS EMG activity with the use of elastic resistance bands was documented. 
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Figure 1: Placement of the surface electrodes over the longissimus dorsi (LD), middle gluteal
(MG), and rectus abdominus (RA) muscles. The LD electrode was placed at the level of the T16
dorsal spinous process, which was identified with ultrasound guidance (arrow). The MG
electrode was placed relative to palpable anatomical landmarks; midway between the tuber
sacralg, third trochanter of the femur (dashed line), and tuber coxae at the widest section of the
muscle (dotted line). The RA sensors (seen in figure 2) were placed at mid-length along the
muscle bellies bilaterally (*). For application of the elastic resistance bands, modified cut-back

saddle pad was used which would not interfere LD sensors. Breast collar and surcingle were used
to hold the saddle pad and resistance bands in place.
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