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a b s t r a c t 

Walking over poles is a commonly employed training and rehabilitation tool and it is crucial to under- 

stand its effect on equine locomotion, particularly joint range of motion (ROM). The study aimed to com- 

pare the effect of ground poles (GP) and raised poles (RP) on limb kinematics and poll, wither and pelvic 

ROM at walk. It was hypothesized that walking over poles would increase joint ROM but have no ef- 

fect on poll, wither and pelvic ROM compared to no poles (NP). Forty-one horses were walked in-hand 

over NP, GP (10 cm) and RP (26 cm) in a crossover design. Limb kinematics were determined via two- 

dimensional motion capture (240 Hz). Poll, wither, tubera sacrale, and left/right tuber coxae ROM were 

determined by inertial motion units (100 Hz). Multivariable mixed effects linear regression analyses were 

carried out. Walking over poles increased limb joint ROM, through increased swing flexion, compared 

to NP. There was a greater effect over RP compared to GP. Significant reductions in craniocaudal ROM 

of the wither, tuber coxae and tuber sacrale were observed over GP and RP. Mediolateral ROM of tuber 

coxae and tuber sacrale increased over GP and RP and was greatest over RP. Wither ROM was increased 

over RP only. Set-up and height of the poles used here may not extrapolate to other scenarios. Walking 

over poles appears to be effective at increasing joint ROM via an increase in mid swing flexion, with- 

out vertical excursion of the trunk, compared to normal locomotion, which supports the use of poles for 

rehabilitation. 

© 2022 Elsevier Inc. All rights reserved. 
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. Introduction 

There is increasing recognition of the importance of rehabilita- 

ion in management of orthopedic conditions in horses, but there 

s limited description of the biomechanics of exercises which may 

e used as part of a rehabilitation programme. Exercise methods 

hat have been investigated, in terms of biomechanical and mus- 

le activation and strengthening, include dynamic mobilization ex- 

rcises [1–3] , water treadmills (WT) [4–6] , training aids [ 7 , 8 ] and
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rotting over ground (GP) and raised poles (RP) [ 9 , 10 ]. It is pro-

osed that polework provides a mechanism for all the rehabilita- 

ion priorities once pain has been resolved [9–12] ; establishing or 

estoring ‘optimal’ movement patterns [13] , addressing propriocep- 

ive deficits, stiffness, weakness or fatigue and improving neuro- 

uscular control [14] . Raised poles as part of a 4-week gymnastic 

raining programme resulted in an increase in cross sectional area 

f the multifidus [15] and comparisons of surface electromyogra- 

hy over ground poles at the walk demonstrated largely bilateral 

eaks for rectus abdominis activity compared to over ground walk- 

ng [16] . This has also been observed at the trot over GP and RP

17] . However, the kinematics of walking over poles on the kine- 

atics of the limb and trunk has not previously been investigated 

Controlled exercise is the foundation of any rehabilitation pro- 

ramme [18] and controlled in-hand walking is the most fre- 

uently employed intervention based on a recent questionnaire of 

urrent practice worldwide [19] . Initial rehabilitation for many or- 

hopedic conditions is largely limited to walk, with subsequent 

rogression to trot [20] . Trotting over poles in straight lines in- 

https://doi.org/10.1016/j.jevs.2022.104005
http://www.ScienceDirect.com
http://www.j-evs.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jevs.2022.104005&domain=pdf
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Fig. 1. Marker placement for data collection. (1) proximal aspect of the scapular 

spine (2) cranial eminence of the greater tubercle of the humerus (3) lateral epi- 

condyle of the humerus over the lateral collateral ligament of the elbow (4) lat- 

eral styloid process of the radius (5) proximal aspect of the third metacarpal bone 

at the junction with the base of the fourth metacarpal bone (6) distal aspect of 

the third metacarpal bone over the lateral collateral ligament of the metacarpopha- 

langeal joint (7) lateral collateral ligament of the distal interphalangeal joint (des- 

ignated coronary band) (8) lateral collateral ligament of the distal interphalangeal 

joint (designated coronary band) (9) distal aspect of the third metatarsal bone over 

the collateral ligament of the metatarsophalangeal joint (10) proximal aspect of the 

third metatarsal bone at the junction with the base of the 4th metatarsal bone (11) 

mid talus (12) proximal aspect of fibula (13) medial epicondyle of the distal femur 

(14) proximal aspect of the greater trochanter of the femur. 
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reased limb and joint flexion [10] without an increase in ground 

eaction forces [9] suggesting that poles may be a useful tool to 

chieve a key rehabilitation goal of increasing limb range of motion 

ROM) [ 12 , 14 ] without risking overloading limb structures which 

ay still be recovering from injury [9] . Walk and trot are both 

ymmetrical gaits with similar joint motion patterns and swing 

urations but have differences in interlimb coordination patterns 

21] . Walk has no moment of suspension and lower groud reaction 

orces which make it the more suitable gait for early stages of re- 

abilitation. Further knowledge of the effect that polework has on 

he joints of the limb at the walk can improve our growing evi- 

ence base for more appropriate selection of exercise-based inter- 

entions in rehabilitation programmes. 

Pole work exercise has also been advocated for developing dy- 

amic stability in the horse as the requirement of the horse to lift 

ne diagonal pair whilst stabilizing with the other without raising 

he relative height or position of the trunk. This is useful for both 

raining and rehabilitation due its ability to enhance propriocep- 

ive skill, balance and muscle strengthening [ 9 , 10 ]. Understanding 

ow trunk and limb kinematics are influenced by GP and RP is rel- 

vant for practioners when deciding which pole height to select in 

ractice. 

It was predicted that the effect of poles on walk kinematics 

ould be similar to those observed in the trot and that the horse 

ould clear the poles through changes in joint flexion of the limbs 

n flight and that this would not increase mid-stance kinematics. 

here would be no influence on the movement of the relevant 

eight or position of the trunk of the horse as determined by iner- 

ial motion units (IMU) [ 9 , 10 ]. 

We therefore hypothesized that walking over poles would: (1) 

ncrease joint ROM in all fore and hindlimb joints through increase 

n swing phase angles over poles compared to no poles (NP); (2) 

here was be a significantly greater effect over RP compared to 

P; (3) There would be no significant differences in ROM of the 

oll, withers, tubera sacrale, left and right tuber coxae based on 

MU data over poles compared to NP. There would be no significant 

ifferences between RP compared to GP. 

. Materials & Methods 

.1. Animals 

Forty-one horses (mean ± S.D., age 9 ± 5 years; wither height 

48 ± 12 cm; eight cobs, six warmbloods, seven Thoroughbreds 

nd 20 native ponies) underwent lameness assessment by a vet- 

rinary specialist clinician and deemed clinically sound. Level of 

raining and exercise of all horses was recorded. All horses were 

xperienced at walking over poles. 

.2. Measuring Systems 

Thirty-six hemispherical markers were placed at predetermined 

natomical sites on the left and right sides of each horse ( Fig. 1 )

y a single experienced researcher according to palpable surface 

andmarks [22] . 

Horses wore five MTw IMUs (Xsens a ) using a validated sensor- 

ased system [ 23 , 24 ]. These were attached over the poll, withers,

ubera sacrale, and left and right tubera coxae, using custom built 

ouches and double-sided tape with the horse standing square. 

he same researcher applied sensors throughout the study. To re- 

uce variability, sensors remained on the horse throughout the en- 

ire data collection. In brief, tri-axial sensor acceleration data were 

otated into a gravity (z: vertical) and horse-based (x: craniocau- 

al and y: mediolateral) reference frame and double integrated 
2 
o displacement. Displacement data were segmented into individ- 

al strides based on vertical velocity of the tubera sacrale sen- 

or [25] and median values for kinematic variables were calculated 

ver all strides for each exercise condition. 

.3. Study Protocol 

Weighted plastic poles, 3 m long and 10 cm in cross section 

ere used. Three adjacent lanes were set-up in the middle of a 

axed sand and fibre surface arena; one lane with NP, one lane 

ith five ground poles (GP) (10 cm high) spaced 75 ± 5 cm apart 

nd one lane with five RP (26 cm high) spaced 70 ± 5 cm apart. 

ach test lane was 10 m wide and 20 m long ( Fig. 2 ) and marked

ut with cones. 

Horses were walked in-hand for 5 minutes around the test area 

or acclimatization and warm up. For the test, horses were walked 

n a straight line four times, twice on each rein, down the middle 

f each test lane being led from both sides to ensure straightness. 

igh-speed motion-capture was obtained from both sides simulta- 

eously. Horses walked at their own comfortable pace. Half of the 

orses started with NP and the other half started over RP; GP was 

lways the second test condition. 

.4. Data Collection 

Limb kinematics were quantified using two-dimensional high- 

peed videography (Casio b ). Data was collected from the left and 

ight sides at 240 Hz using a 5 m field of view. 

The IMUs collected triaxial sensor data calculating the displace- 

ent of the sensors in the dorsoventral, craniocaudal and medio- 

ateral planes of all five units. Sensor data were collected at 100 

z per individual sensor channel and transmitted via proprietary 

ireless data transmission protocol (Xsens a ), to a receiver station 

Awinda c , Xsens) connected to a laptop computer running MTMan- 

ger (Xsens a ) software. The IMUs used had an internal sampling 

ate 10 0 0 Hz, a buffer time 30 seconds and their dimensions are 

7 × 30 × 13 mm and mass 16grams. Their dynamic accuracy is 

.75 degrees root mean square (RMS) (roll/pitch) and 1.5 degrees 

MS (heading). 
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Fig. 2. Arena set-up showing three adjacent lanes in a 60 m by 30 m arena. C, camera. Red circles indicate cones which marked out tracks. 
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.5. Data Analysis 

Shoulder angle was measured using markers 1, 2 and 3; el- 

ow angle was measured using markers 2, 3 and 4; carpal an- 

le was measured using markers 3, 4 and 5; metacarpophalangeal 

oint angle was measured using markers 5, 6 and 7; hip angle was 

easured using the IMU that was placed on the tuber coxae and 

arkers 14 and 13; stifle angle was measured using markers 14, 

3 and 12; tarsal angle was measured using markers 12, 11 and 

0; metatarsophalangeal joint angle was measured using markers 

0, 9 and 8 ( Fig. 1 ). Shoulder, elbow, carpal and metacarpopha- 

angeal joint angles were measured on the caudal/palmar aspect 

f the limb, hip and tarsal angles was measured on the cranial 

spect of the limb and stifle and metatarsophalangeal joint an- 

les were measured on the caudal/plantar aspect of the limb. Joint 

ngles were measured at mid-stance (when the third metacar- 

us/metatarsus were vertical) and at mid-swing (when the car- 

us/tarsus joint was maximally flexed). Video analysis was con- 

ucted using digital image analysis software (Pro Analyst Profes- 

ional edition, Xcitex d ). Stride length, stride and stance duration 

ere calculated from hoof surface impact and toe lift off [ 26 , 27 ].

rom this speed, swing duration, occurrence of mid-stance and 

id-swing as a percentage of the stride were calculated. 

Repeatability of marker tracking was determined by tracking all 

arkers and deriving angles five times in three horses. A coeffi- 

ient of variance of < 3% was calculated and deemed acceptable 

ased on previous studies [ 24 , 25 ]. 

IMU data were used from 5 ± 1 repeated walk strides, per re- 

eat/condition each was used for the analysis. Outcome parameters 

ere ROM in a dorsoventral, craniocaudal and mediolateral direc- 

ion for the five sensors. 

.6. Statistical Analysis 

Descriptive statistics were carried out for each variable at each 

ondition using statistical analysis software (Analyze-It for Excel 

icrosoft version 1.73). Univariable mixed effects linear and poly- 

omial (quadratic terms) regression analyses were used to exam- 

ne the relationship between outcome variables and each predictor 

ariable separately, with horse identity used as a random effect 

erm in order to control for the multiple (“clustered”) measures 

hat were taken from each horse (using Stata 15.0). A significance 

alue of P ≤ .05 was applied in all analyses. 
3

. Results 

.1. Limb Kinematics ( Table 1 ) 

.1.1. Forelimb 

.1.1.1. Absolute Joint Angles. At mid-swing there was a significant 

ecrease in elbow and carpal angle from NP to GP to RP ( P ≤
0 0 01 for all). Metacarpophalangeal joint angle was significantly 

ecreased between NP and GP and RP, but no significant changes 

ere seen between GP and RP ( P = .172). Mid-swing shoulder an- 

le was not significantly different between NP and GP but there 

as a significant decrease in mid-swing shoulder angle over RP 

ompared to GP ( P = .04) and NP ( P = .003). No significant differ-

nces were observed in any of these angles at midstance between 

P, GP or RP ( P ≥ .05). 

Comparing within-stride temporal variables between pole types 

howed a significant increase in forelimb swing duration over RP 

ompared to NP and GP ( P ≤ .0 0 01 for both), no significant dif-

erences were observed between NP and GP ( P = .340). Forelimb 

id-stance occurred earlier in the stride over RP compared to NP 

 P ≤ .0 0 01) and GP ( P = .0 0 03). No significant differences were

bserved between GP and NP ( P = .054). 

.1.1.2. Range of Motion. There was a significant increase in ROM of 

he elbow, carpus and metacarpophalangeal joint over GP and RP 

ompared to NP ( P ≤ .0 0 01 for all). No significant differences were 

een for shoulder ROM ( P = .277, .132, .743 for NP vs. GP, NP vs. RP,

P vs. RP respectively). These changes increased significantly from 

P to RP for all angles ( P ≤ .0 0 01 for all), except metacarpopha-

angeal joint ( P = .776). 

.1.2. Hindlimb 

.1.2.3. Absolute Joint Angles. At mid-swing there was a significant 

ecrease in hip, stifle, tarsus and metatarsophalangeal joint an- 

le from NP to GP to RP (Hip = NP vs. GP P = .0015, GP vs. RP

 = .0150, P ≤ .0 0 01 for all). No significant differences were ob- 

erved in any of these angles at mid-stance between NP, GP or RP 

 P ≥ .05). 

For within-stride temporal variables, there was a significant in- 

rease in hindlimb swing duration over RP compared to NP and GP 

 P ≤ .0 0 01 for both). Hindlimb mid-stance occurred earlier in the 

tride over RP compared to NP ( P = .0 0 04) and between GP and

P ( P = .021). No significant differences were observed between 

P and NP ( P = .398 and .183 respectively). 
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Table 1 

Mean and standard deviation for all data pooled for limb joint angles at mid-swing, limb joint angle range of motion (ROM), stance and swing duration, 

speed, stride duration and length in 41 horses that walked over ground, over ground poles and over raised poles. 

Variable 

Condition 

NP GP RP 

Mean ± SD 

MCPJ ( °) Mid-swing angle 182.1 ± 11.2 a 159.5 ± 11.0 b 157.6 ± 10.4 

ROM 46.9 ± 9.8 a 65.4 ± 9.2 b 64.5 ± 7.6 

Carpus ( °) Mid-swing angle 136.1 ± 6.2 a 118.0 ± 9.6 b 102.9 ± 10.4 c 

ROM 42.3 ± 5.7 a 59.8 ± 8.0 b 74.6 ± 9.3 c 

Elbow ( °) Mid-swing angle 248.2 ± 7.1 a 268.7 ± 7.3 b 274.9 ± 8.2 c 

ROM 31.8 ± 5.1 a 53.1 ± 5.9 b 58.0 ± 6.4 c 

Shoulder ( °) Mid-swing angle 119.6 ± 8.6 118.8 ± 10.2 116.3 ± 10.8 

ROM 3.2 ± 1.6 3.5 ± 1.5 b 3.8 ± 1.4 c 

MTPJ ( °) Mid-swing angle 175.4 ± 7.8 a 151.1 ± 10.0 b 144.4 ± 10.1 

ROM 41.9 ± 7.8 a 65.5 ± 8.7 b 72.7 ± 8.4 c 

Tarsus ( °) Mid-swing angle 117.9 ± 9.3 a 81.7 ± 9.6 b 53.3 ± 12.3 

ROM 40.0 ± 6.6 a 75.9 ± 8.3 b 102.8 ± 12.0 c 

Stifle ( °) Mid-swing angle 118.3 ± 12.0 a 107.6 ± 10.9 b 100.3 ± 11.0 

ROM 9.7 ± 5.0 a 19.4 ± 6.7 b 27.0 ± 8.3 c 

Hip ( °) Mid-swing angle 68.0 ± 6.7 a 66.8 ± 5.6 b 66.0 ± 5.5 c 

ROM 8.1 ± 2.5 9.2 ± 2.7 b 9.8 ± 2.8 c 

Stance Duration (%) FL 66 66 b 65 c 

HL 66 66 b 65 c 

Swing Duration (%) FL 34 34 b 35 c 

HL 34 34 b 35 c 

Mid-Stance (% Of Stride) FL 27 26 b 25 c 

HL 37 36 b 35 c 

Mid-Swing (% Of Stride) FL 77 a 81 b 81 

HL 83 a 85 85 

Speed (M/S) 1.68 ± 0.1 a 1.58 ± 0.1 b 1.50 ± .02 c 

Stride Duration (Secs) 1.21 ± 0.01 a 1.36 ± 0.01 b 1.46 ± 0.01 c 

Stride Length (M) 1.2 ± 0.11 a 1.30 ± 0.09 b 1.31 ± 0.11 

Abbreviations: FL, forelimb; GP, ground poles; HL, hindlimb; MCPJ, metacarpophalangeal joint; MTPJ, metatarsophalangeal joint; degrees; NP, no poles; RP, 

raised poles. 
a Significant difference between no poles and ground poles 
b Indicates significant difference between raised poles and no poles 
c Indicates significant difference between ground poles and raised poles. 
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.1.2.4. Range of Motion. There was a significant increase in ROM 

f the hip, stifle, tarsus and metatarsophalangeal joint over GP and 

P compared to NP ( P ≤ .0 0 01). These changes increased signif- 

cantly from GP to RP for all angles ( P ≤ .0 0 01), except the hip

 P = .3330) The largest percentage changes were observed at the 

evel of the elbow and stifle, and the least percentage change were 

bserved in shoulder and the hip. 

.2. Temporal and Linear Variables 

Speed significantly decreased from NP to GP to RP ( P ≤ .0 0 01). 

tride duration significantly increased from NP to GP to RP ( P ≤
0 0 01). There was also a significant decrease in stride length over 

oles (GP and RP) versus NP ( P ≤ .0 0 01) but no significant differ-

nces were observed between GP and RP. 

.3. Horse Related Variables 

Horse related variables such as workload and age had no sig- 

ificant relationship with any of the limb kinematic variables mea- 

ured ( P > .05). 

.4. Inertial Measurement Units ( Table 2 ) 

.4.1. Craniocaudal 

There was a significant decrease in craniocaudal ROM of the 

ithers ( P = .0 0 01), tubera sacrale and left and right tuber coxae

ver GP compared to NP ( P ≤ .0 0 01 for all). Over RP there was

 significant decrease in craniocaudal ROM of the withers, tubera 

acrale and left and right tuber coxae compared to NP ( P ≤ .001) 

nd a significant decrease compared to GP for left and right tuber 
4 
oxae only ( P = .043 and < .0 0 01 respectively), but an increase in

oll ROM compared to over NP and GP ( P ≤ .0 0 01 for all). 

.4.2. Mediolateral 

There was also an increase in mediolateral ROM of the tubera 

acrale and left and right tubera coxae over GP compared to NP 

 P = .0 0 08 and < .0 0 01 for both). Over RP there was an increase in

ediolateral ROM of the poll, withers, tubera sacrale and left and 

ight tubera coxae compared to NP and GP ( P ≤ .0 0 01 for all). 

.4.3. Dorsoventral 

No significant differences in dorsoventral ROM for any region 

ere observed between GP and NP ( P ≥ .05). There was a signifi- 

ant decrease in dorsoventral ROM of the right tubera coxae over 

P versus NP but no significant changes in dorsoventral ROM of 

ny other region were observed ( P ≥ .05). There was a significant 

ncrease in dorsoventral ROM of wither over RP versus GP ( P < 

0 0 01). 

. Discussion 

The results of this study supported our first hypothesis as the 

ddition of poles did increase limb joint ROM, through increased 

wing flexion, compared to NP. Contrary to the second hypothe- 

is there were significant reductions in craniocaudal ROM of the 

ither, tuber coxae and tuber sacrale over poles compared to NP 

nd an increase in poll ROM over RP compared to NP only. Medio- 

ateral motion of the tuber coxae and tuber sacrale increased over 

P compared to NP and this was accompanied by an increase in 

ither ROM over RP. Dorsoventral ROM was decreased at the right 

ubera coxa over RP compared to NP only. 
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Table 2 

Mean and standard deviation for dorsoventral, mediolateral and craniocaudal ROM for poll, wither, tubera sacrale, left and right tubera coxa 

inertial measurement units in 41 horses that walked over ground, over ground poles and over raised poles. 

Variable 

(mm) 

NP GP RP 

mean ± SD 

Poll Dorsoventral 105.4 ± 29.0 102.4 ± 32.1 b 106.2 ± 33.6 

Mediolateral 59.5 ± 19.1 61.7 ± 20.0 b 77.3 ± 24.6 c 

Craniocaudal 73.5 ± 26.4 72.0 ± 25.7 b 89.1 ± 28.1 c 

Withers Dorsoventral 37.7 ± 8.7 34.6 ± 7.8 38.3 ± 8.8 c 

Mediolateral 46.1 ± 12.9 45.3 ± 11.5 b 55.8 ± 15.7 c 

Craniocaudal 39.7 ± 9.2 a 36.1 ± 10.2 b 35.4 ± 7.5 

Tubera sacrale Dorsoventral 66.2 ± 11.5 63.8 ± 10.5 65.0 ± 11.0 

Mediolateral 50.5 ± 11.6 a 54.2 ± 11.9 b 66.2 ± 15.0 c 

Craniocaudal 45.8 ± 10.2 a 40.1 ± 8.4 b 39.2 ± 8.6 

LTC Dorsoventral 90.2 ± 11.7 90.1 ± 14.9 90.7 ± 16.8 

Mediolateral 43.9 ± 9.9 a 48.3 ± 10.3 b 56.3 ± 12.9 c 

Craniocaudal 53.0 ± 12.4 a 48.3 ± 10.1 b 46.8 ± 9.9 c 

RTC Dorsoventral 91.8 ± 14.5 89.8 ± 15.8 b 87.7 ± 14.5 

Mediolateral 43.2 ± 8.2 a 47.9 ± 8.9 b 58.1 ± 12.5 c 

Craniocaudal 55.8 ± 13.6 a 49.8 ± 11.8 b 46.3 ± 9.7 c 

Abbreviations: GP, ground poles; LTC, left tubera coxa; NP, no poles; RP, raised poles; RTC, right tubera coxa. 
a Significant difference between no poles and ground poles 
b Indicates significant difference between raised poles and no poles. 
c Indicates significant difference between ground poles and raised poles. 
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The findings of this study support those observed in horses 

rotting over poles [ 9 , 10 ], suggesting that polework is effective at

ncreasing joint ROM of the limbs without any increases in vertical 

OM of the trunk. In this study increases in limb joint ROM oc- 

urred via increased flexion during the swing phase of the stride 

nd this was evident over GP and to a greater extent over RP com- 

ared to NP. No changes in dorsoventral ROM are a desirable out- 

ome. An increase in dorsoventral displacement may be considered 

 compensation or a mechanism to limit limb flexion and given 

hat increasing joint ROM is a key rehabilitation goal [ 12 , 14 ], espe-

ially in horses which have had a prolonged period off work due 

o injury and/or after immobilization our findings support the use 

f walking poles for this purpose in practice. 

One difference was observed at walk compared to trot. Brown 

t al, (2014) [10] observed an increase in shoulder ROM over 

round and RP at trot, but in this study mid-swing shoulder an- 

le was not changed over GP compared to NP but was more flexed 

ver RP. Evaluation of walk and trot over the same pole set up is 

equired for a direct comparison but this difference is useful to 

ote if the goal is to increase ROM of the shoulder as this only 

ccurred over RP at the walk. 

Tactile stimulation [27–29] and limb weighting have been 

hown to increase limb joint ROM [ 27 , 29-31 ]. To assess the value

f rehabilitation interventions as strengthening tools it is crucial to 

onsider the positive power joints which do the concentric work 

hroughout the stride [29] . In the forelimb the elbow drives pro- 

raction and retraction in walk and trot [32] . Two studies assess- 

ng the impact on weighting of the forelimb with 700 g shoes 

30] or a 716 g bell boot [31] found no significant changes in el-

ow ROM. In the current study we observed an increase in elbow 

OM via increased mid-swing flexion over GP and to a greater ex- 

ent over RP. This suggests that the musculature which initiates el- 

ow flexion and forelimb protraction, will be strengthened by the 

ecessity to raise the hoof higher and increase limb flexion over 

he poles. Raised poles induced greater increases in shoulder, el- 

ow and carpal ROM compared to GP, and both appear to be more 

ffective than weighting the limb, both of which are relevant for 

linical application. The use of the WT has been investigated to 

emonstrate increases in the ROM of some distal forelimb joints 

5] but there is limited evaluation of elbow ROM in the WT prob- 

bly due to visibility of the proximal joints. 
5 
Tactile stimulation [ 27 , 29 ] and weighting of the hind pastern 

28] was observed to increase hindlimb ROM by stifle and tarsal 

exion but there was no change in hip flexion angle. This sug- 

ests that they may be useful for strengthening the tarsal and stifle 

usculature, including that of the reciprocal apparatus [29] which 

re responsible for lifting the hindlimb [27] . They are not likely to 

nfluence hindlimb protraction [ 32 , 33 ] as neither intervention in- 

reased hip flexion [ 27 , 29 ]. Another factor to consider with these 

nterventions was that the effect did decrease over time and the 

orse habituated to the stimulation of the cutaneous mechanore- 

eptors of the pastern or to the additional weight [27–29] . Pro- 

onged, albeit smaller, changes in ROM were seen in one study 

31] so it may have some potential benefits for the distal joints 

nd the use of an intermittent bell boot on one hindlimb was 

lso seen to increase hindlimb muscle symmetry in asymmetrical 

orses when used for 6 weeks [34] but this study used acoustic 

yography to measure muscle function as opposed to kinematics 

hich makes direct comparison difficult. In the current study we 

bserved an increase in a hip ROM, through an increase in max- 

mal flexion during swing, and this increase was greatest over RP 

ut also seen over GP compared to NP. This suggests that both GP 

nd RP may be useful tools for increasing activation and strength- 

ning of the hip, stifle and tarsal musculature as well as poten- 

ially increasing hindlimb protraction [32] , but this effect is great- 

st over RP. When considering exercise selection, it is important to 

ote these effects are only present as the horse goes over the pole, 

herefore the number of repetitions that the horse performs during 

 session will impact the intensity of this stimulus. On the other 

and, there appears to be no diminishing effect as the horse com- 

letes the repetitions, although further work is required to confirm 

his as we did not measure this directly in the current study. The 

bility of the handler to amend this stimulus within and between 

essions is valuable in a clinical scenario to provide progression 

nd regression of the exercise as required [35] . 

The use of the WT to increase joint ROM has been identified 

nd there appears to be an influence of water depth of the ROM 

f individual joints [5] . There are some considerations regarding 

he influence of the drag created by the water that may influence 

orelimb protraction and hindlimb retraction [36] and apparent in- 

ividual variation on hindlimb protraction ROM based on water 

epth in the study population of Nankervis and Lefrancois [36] . 
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o date there is no data on hip ROM on a WT so no comments

an be made based on its ability to strengthen the hip muscula- 

ure but the increase in ROM of the more distal joints supports its 

se for strengthening the tarsal musculature [ 5 , 36 ]. It is interest-

ng to note that whilst the addition of poles appears to increase 

OM of the proximal joints, such as the elbow and hip, they also 

esult in a greater increase in distal limb joint ROM, particularly 

he tarsus compared to the WT. For example, GP resulted in an in- 

rease in tarsal flexion of 36 ° and RP 62 °, this is compared to the

T which resulted in an increase of 20 ° in tarsal depth water [5] .

hese were different populations but this suggests that poles may 

e preferable for increasing overall tarsal ROM and subsequently 

trengthening the tarsal musculature through the full ROM. How- 

ver, it is important to note though that whilst this may be use- 

ul in the early stages as the horse gets stronger and adapts there 

ill be a need to provide more of a stimulus for further adapta- 

ion and then the treadmill may be become a more efficient way 

f doing this if increasing tarsal flexion is the goal. For example, 

uring a 15-minute session with the horse walking at 40 strides 

er minute the horse will complete 600 strides or 600 increased 

exions of the tarsus [37] . For context, this would be 120 sets over

ve poles, which is considerably more than is commonly used in 

 single session. It is important to highlight that the ROM of the 

imb is also influenced by the surface selected, and differences be- 

ween land treadmill, hard and soft surfaces have been observed in 

ound horses with differences seen between different distal limb 

oints [38] . This is a relevant factor to consider when considering 

he effects of different modalities and different distal limb joints. 

The effect of poles is not only to change limb ROM; they also 

acilitate visuomotor, neuromotor and proprioceptive development 

s well as coordination [12] . The horse is required to lift legs and

rocess its own placement relative to the poles and also coordi- 

ate this with several poles in sequence. The use of this in the 

alk provides a slower speed and a more stable base for the horse, 

iven there is always two limbs in contact with the ground, to 

earn and develop this process before progressing to the trot where 

he time to carry this out is reduced [ 9 , 10 ]. The temporal variables

t walk were similar to the findings reported at trot [ 9 , 10 ], there

as an increase in stride duration over poles and an increase in 

wing duration of the fore and hindlimbs. This change in stride 

uration was also observed by Clayton et al [9] in horses with dif- 

erent types of tactile stimulators around the hind pasterns and by 

endez-Angulo et al (2013) [5] at walk on the WT. The consistency 

f this observation in horses which have increased mid-swing flex- 

on may suggest that increasing stride duration is required to facil- 

tate this change in limb kinematics and would be an interesting 

rea for further study. 

The addition of poles resulted in a decrease in speed, as it did 

or Brown et al, (2014) [10] . This was explained as an aspect of task

ompletion and our findings suggest the horse does need to reduce 

ts speed to successfully negotiate the poles. We observed an in- 

rease in stride length between conditions, which was not seen by 

rown et al (2014) [10] in trot. This could reflect the set-up used in

his study and reflect the distances between the poles. These were 

et based on horse height but this does not take into account rel- 

vant limb length or the horse’s “natural gait”. Further work is re- 

uired to ascertain “optimal” distances and how these are affected 

y individual horse characteristics. 

In terms of other differences in trunk motion observed via the 

MUs there were some interesting patterns. With the addition of 

oles, we observed a decrease in craniocaudal ROM which is likely 

o be due to the horse’s reduction in speed to facilitate negotia- 

ion of the poles, compared to its ‘normal’ walking pace. This was 

lso seen over RP but it appears that over this set-up the horse 

ay use its neck to balance [39] , as seen by the increase in the

raniocaudal ROM at the poll only. The addition of the poles pro- 
6 
ided a clear pattern in terms of mediolateral motion of the horse. 

he mediolateral ROM increase over poles is likely due to the need 

f the horse to stabilize on one hindlimb whilst elevated the other 

hich may result an increase in mediolateral ROM of the pelvic re- 

ion over the poles compared to over ground and the addition of 

he increased mediolateral ROM in the wither over RP may indi- 

ate this is required as part of the stabilization for elevation of the 

orelimbs over RP. There is some scope for discussion as to whether 

his is a desirable outcome or is in fact a compensation for horses 

ho are unable to stabilise appropriately with the grounded limbs. 

t is important to highlight that this is another factor which chal- 

enges the horse during polework as it must find its balance and be 

trong enough to stabilize through the weight-bearing limb and its 

ssociated musculature to be able to move the swing phase limb 

12] . The approaches adopted here would be useful to investigate 

n more detail with a three-dimensional motion capture system 

hich would enable evaluation of the whole horse simultaneously. 

The only observation which indicated a change in the dorsoven- 

ral ROM was in the right tuber coxae over RP and this may be due

o handler effect or established movement patterns due to com- 

only being worked with a left side handler only given each horse 

ad two a handler per side. Shaw et al (2021) [16] observed an in-

rease in surface electromyography of the longissimus dorsi across 

he stride over GP compared to NP on the right side only so it may

e that handedness preference was quantified in this and the cur- 

ent study. Further work would be useful to investigate this. 

A significant area of interest when a horse is working over poles 

s to review their ability to step over the poles without compen- 

atory roll of the body. This presence of such compensations would 

ndicate that the horse is unable to produce the required elevation 

urely by limb flexion and is having to use rotation around the 

ongitudinal axes in order to clear the poles. The results observed 

ere indicate that in this study sample the horses were able to 

lear the poles without this vertical compensation but it is possi- 

le that a horse which is having to rotate or deviate considerably 

ide-to-side is not ready for the height of pole used or may not be 

ynamically stable enough to respond appropriately to polework 

t this stage of their training or rehabilitation. Currently there is 

o objective measure which indicates a threshold for mediolateral 

ovement and what is required to execute the task and what may 

e considered an indicator of insufficient dynamic stability for task 

ompletion. The presence or absence of compensatory roll could 

e an important method of monitoring the exercise, which could 

e evaluated by a handler, but the production of objective values 

ould be useful to ascertain in future work. 

There appears to be an effect of pole set up (GP vs. RP) in terms

f ROM and balance requirements for the horse, with RP induc- 

ng a greater increases and challenges for both. It is vital that the 

odel of progression, as mentioned earlier is followed in that the 

orse must be able to successfully and correctly negotiate the GP 

efore the additional challenge of the RP [ 12 , 40 ]. It is crucial that

he horse has developed the strength and capacity for protraction 

nd limb flexion for the GP before considering moving onto the RP. 

t is imperative that the handler is evaluating the horse continu- 

usly throughout the session for undesirable movement patterns, 

ompensations and fatigue and that pole set-up and repetitions 

arried out are progressed in the context of the horse’s capabili- 

ies. 

It appears that poles are effective for attaining many of the 

ey rehabilitation goals outlined by practitioners such as increasing 

imb ROM, strengthening key musculature, facilitating visuo and 

euromotor development, balance and coordination [ 12–14 , 20 ]. 

he effect of poles for core muscle activation have already been 

stablished [ 16 , 17 , 40 ] but the findings the current study suggest

oles may be indicated for strengthening the limb protractors and 

he tarsal flexors at the walk. These findings add to the growing 
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vidence base regarding exercise interventions for the rehabilita- 

ion of the horse and provide clinically relevant observations which 

ractitioners can use to inform their exercise selection for individ- 

al cases. 

.1. Limitations 

Two-dimensional motion capture was used to calculate limb 

ngles, and this means any rotation of the joints will not have been 

onsidered. The handlers were used on both sides of the horse to 

ry and limit handler effect, but some horses did tend to respond 

ore to the left handler as they were in the conventional position 

or leading the horse. All the horses in the study were accustomed 

o working over poles so the findings observed here may not be 

eplicated in a naïve population. One of the key factors which is 

rucial readers are aware of is the set-up and height of the poles 

sed in this study, which were set based on physiotherapist guid- 

nce, but this is a subjective assessment which may vary amongst 

ndividual professionals. The pole height was consistent across the 

hole sample for standardization purposes. However, in practice, 

ole height may be altered based on horse height. 

.2. Conclusions 

The findings of this study suggest that the use of walking poles 

s effective at increasing joint ROM via an increase in mid-swing 

exion, without vertical excursion of the trunk, compared to nor- 

al locomotion. Given that this is a key early rehabilitation goal 

or many horses it supports the use of poles for this purpose. The 

reater flexion of the elbow, hip and tarsus suggests that walk- 

ng over poles may help to develop the associated musculature of 

hese joints which is likely to have positive impacts for strengthen- 

ng in both rehabilitation and training. It appears that the effects of 

alking over RP induces the same effects but to a greater degree 

han GP so it is vital that the horse has the appropriate strength 

nd coordination for progression to RP and emphasizes the role 

f the handler to ensure that the horse is working with optimal 

ovement patterns for any set-up used. 
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