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Abstract  1 

This study explored the relationship between footedness and postural asymmetry in 2 

equestrian riders. 28 female riders completed the Waterloo Footedness Questionnaire- 3 

Revised (WFQ-R), giving a score for footedness. They then took part in a test on a riding 4 

simulator where measures of saddle force, stirrup force, and degree of lateral tilt of the 5 

pelvic, trunk, and shoulder segments were taken over a period of 20 seconds in trot. 6 

Symmetry indices were calculated for stirrup force and saddle force. There were no 7 

significant correlations between WFQ-R score and any of the measures of postural 8 

symmetry. Only a very small number (n=3) participants showed a marked footedness, 9 

with the majority of the sample being classed as ‘mixed footed’ based on test scores. 10 

This, coupled with data loss for some participants in each of the parameters, means 11 

direct comparison of footedness groups was difficult. However, the variation of 12 

asymmetry in the mixed footed group supports the idea that footedness does not have a 13 

significant impact on the rider’s posture. There was a correlation between trunk lean 14 

and stirrup force symmetry index (r=0.537, P=0.021) showing the trunk leaned towards 15 

the side of higher stirrup force. There was a significant negative correlation between 16 

pelvic obliquity and shoulder tilt (r= -0.481, P=0.023) with 59% of the sample showing 17 

pelvic obliquity and shoulder tilt in opposite directions. The findings indicate that there 18 

is little effect of footedness on postural asymmetries in the rider. Research should now 19 

consider other causal factors to support riders to become more symmetrical.  20 

21 
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1.0 Introduction  27 

Dressage is a subjectively judged Olympic equestrian sport in which horse and rider are 28 

required to perform a set sequence of movements to be scored by a panel of judges. A 29 

certain degree of postural symmetry is expected to allow the rider to maintain balance 30 
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atop the horse as it moves [1] but the judging criteria also require that the rider be 31 

seated centrally in the saddle and smoothly absorb the movement of the horse [2, 3]. 32 

Movements and gaits which are considered to be symmetrical (i.e. walk, trot, piaffe, 33 

passage, and rein back) are expected to be performed evenly, with horse and rider 34 

moving in a straight line [2,3]. The asymmetrical movements and gaits (canter, flying 35 

changes, half pass, and pirouettes) are expected to be mirror images of each other when 36 

performed to the left and the right, thus both horse and rider must be equally skilled at 37 

performing the movement in both directions [2, 3]. Dressage therefore requires 38 

harmonious and symmetrical movement from horse and rider [1], yet both humans [4] 39 

and horses [5, 6] are naturally asymmetrical, meaning that this is an area where many 40 

riders struggle in their training. Several potential factors contributing to rider 41 

asymmetry have been proposed including; innate laterality, musculoskeletal pain, and 42 

training effects [1,7]. Whilst there have been a number of studies which attempt to 43 

remedy rider asymmetry using a variety of techniques [8-10] there has been little 44 

investigation into the various potential causes of asymmetry in order to assess their 45 

relative contribution.  46 

Innate laterality has been well discussed within wider sports science [4,11,12] and 47 

whilst no one causal theory of laterality has been widely accepted  [13],  it is reasonable 48 

to expect that laterality in motor functions in daily life could translate to laterality on 49 

the horse, subsequently affecting the development of muscular movement patterns in 50 

the early stages of the rider’s career. Some previous studies in equestrian riders have 51 

considered handedness as a potential predictor of asymmetry, but this has generally 52 

focused on measures of rein tension rather than posture, and there is no clearly defined 53 

effect of handedness described in the literature [14-16]. Footedness is less affected by 54 

cultural and environmental influences than handedness [17] and may be a better 55 

predictor of sporting performance and motor abilities [18], but investigation of 56 

footedness in riders is currently limited to consideration in one study [19]. 57 

The preferred foot for manipulation or movement tasks, such as kicking a ball, is 58 

commonly termed the mobilising leg, with the opposite termed the stabilising leg as it 59 

supports the body in these activities [4,11]. The stabilising leg is characterised by 60 

increased activation of the antigravity muscles, in particular the hip extensors [11] to 61 

support the body in an upright posture. The pelvis and its motion plays an important 62 
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part in the stability and effectiveness of the rider in the saddle [20-22], any asymmetry 63 

of the hip musculature could potentially affect performance. Bye and Lewis [23] found 64 

that 71.4% of dressage riders tested habitually placed more weight in the left stirrup in 65 

trot on a riding simulator, which is similar to the proportion of the population thought 66 

to have a left stabilising limb [4, 17] The stirrups have a role in controlling the vertical 67 

acceleration of the rider in relation to the horse [23,24] and asymmetry here could 68 

affect other aspects of the rider’s posture and performance.  69 

Stubbs [25] postulated that right handed riders tend to show a longer and more 70 

dynamically stable left leg, with the right leg being more flexed and more externally 71 

rotated. Whilst this pattern has not been definitively described in the literature, riders 72 

have been shown to display a marked pelvic obliquity, most usually to the right with a 73 

corresponding left trunk lean [8] and to axially rotate to the left whilst showing a 74 

greater right shoulder displacement [26] as well as showing higher peak pressures 75 

under the left seat bone [27] but a greater contact area under the right seat bone [10]. 76 

Consideration of footedness rather than handedness could help to explain some of these 77 

observed patterns of asymmetry. 78 

The primary aim of the current study was to determine if there is a relationship 79 

between footedness and symmetry of riding position in the trot on a riding simulator. 80 

The secondary aim was to explore the data for any associations between the different 81 

measures of asymmetry.  It is hypothesised that asymmetry of riding position will be 82 

related to measures of footedness and that there will be some relationships between the 83 

measured variables, indicating patterns of asymmetry.  84 

85 

86 

87 

88 

2.0 Materials and Methods  89 

This study took place at two sites; Bishop Burton College (BB) and Nottingham Trent 90 

University- Brackenhurst Campus (NTU). Ethical approval was granted by Hartpury 91 
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University Centre and written consent for use of facilities in line with the scope of the 92 

study was obtained from both BB and NTU.  93 

2.1 Participants  94 

A convenience sample of 28 female riders of mean age 35.1 ±10.1 years (±SD), mean 95 

height 165.3 ±6.5cm, and mean weight 66.7 ±10.4kg took part in the study. 7.1% (n=2) 96 

were left handed, with the remaining 92.9% being right handed. Riders were required 97 

to be competent at British Dressage Preliminary or Novice level, with those above or 98 

below this standard being excluded. Exclusion criteria also removed participants who 99 

were currently injured, or had previous injury to the pelvic region or hip joints which 100 

may affect the measured variables.  Prior to commencement of data collection, informed 101 

consent was gained from each participant in line with the General Data Protection 102 

Regulations 2018.  103 

2.2 Equipment 104 

Data collection took place on a riding simulator (BB: Racewood Dressage Simulator, 105 

NTU: Racewood Ridemaster Pro). An under saddle pressure mat (Tekscan CONFORMat) 106 

was placed onto the back of the simulator and a dressage saddle weighing 7.5kg 107 

complete with stirrups was placed directly on top. The saddle was then attached to the 108 

girth buckles present on the sides of the simulator by two research assistants 109 

simultaneously from either side, ensuring neither the pressure mat nor saddle were 110 

pulled to one side. Ahead of data collection the saddle pressure mat was calibrated to 111 

the weight of the saddle using the Force Calibration function within the Tekscan 112 

CONFORMat version 7.6x software [28]. This software was then used to view the under 113 

saddle force measurements within the Real Time viewing window, using the ‘panes’ tool 114 

to separate the 32 x 32 sensor array into two 32 x 16 sensor panes, corresponding to 115 

the left and right sides of the saddle. The left and right girth straps were then adjusted 116 

until the force difference between the left and right panes displayed in the Real Time 117 

window was no greater than one newton. This process was repeated before each 118 

participant to ensure any saddle movement caused by one participant was corrected 119 

prior to the next rider mounting. The Pliance stirrup force sensors (Novel gmbh), 120 

consisting of two 11cm x 5cm pressure sensors, each housed within its own rubber 121 

protective sleeve, were fitted to the left and right stirrups. Prior to data collection the 122 
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stirrup force sensors were calibrated using the weight of an 86kg adult using the 123 

Bipedal calibration function within the Loadsol app via an Android smartphone [29].   124 

2.3 Protocol 125 

Riders completed the ten question Waterloo Footedness Questionnaire- Revised (WFQ-126 

R) as used by Elias et al. [30] to determine footedness. The test gives a range of scores 127 

from -20 for most ‘left-footed’ (i.e. left leg mobilising) to +20 for most ‘right-footed’ 128 

(right leg mobilising), with participants scoring between -6 and +6 classified as ‘mixed 129 

footed’ [20,31].   130 

The anthropometric measurements were then taken; height (cm) was recorded without 131 

shoes using a Leicester Portable Height Measure and body mass (kg) was recorded 132 

using a Tanita Body Composition Analyser BF-350. Participants were required to wear a 133 

correctly fitted riding hat to current safety standard and appropriate riding boots for 134 

the data collection on the riding simulator. A second mass measurement was then taken, 135 

with riding hat and boots to use for calibration purposes.  136 

Riders wore dark coloured jodhpurs or breeches and a dark coloured close fitting top, 137 

19 mm white circular markers were placed on the first thoracic vertebra (T1), caudal 138 

aspect of both left and right scapulae, cranial aspect of the iliac crest on both left and 139 

right sides and centre of the sacrum at the height of the sacroiliac joint (SIJ) from the 140 

dorsal view (Figure 1).  141 

Riders were mounted onto the simulator from the left hand side, using a mounting block 142 

to minimise disruption to the sensors. Riders underwent a standardised four minute 143 

warm up, consisting of one minute in each ‘walk’, ‘collected trot’, ‘medium trot’ and 144 

‘canter’ settings on the simulator. The simulator was then returned to halt. The saddle 145 

pressure mat was recalibrated at this stage for each rider, using the Force Calibration 146 

function as previously described, calibrating to the weight of the rider with hat and 147 

boots, plus the weight of the saddle. This ensured minimal drift in calibration 148 

throughout the data collection period [32]. The stirrup sensors were also unloaded and 149 

zeroed at this stage for each rider to eliminate the effects of any movement on the 150 

sensors [29].   151 

[Figure 1 near here] 152 



7 

The simulator was set to ‘medium trot’ for the data collection element. Once the rider 153 

had verbally confirmed that they were comfortable in the trot, 20 seconds of data were 154 

recorded from each the saddle and stirrup pressure sensors, at a measurement 155 

frequency of 100Hz. High speed video was recorded at 240Hz using a Casio EX-ZR 1000 156 

positioned 1.53m from the ground and 1.4m from the rear of the rider. The camera was 157 

mounted on a Velbon DF-51 tripod with an in-built spirit level, which allows accurate 158 

positioning of the camera to ensure horizontal and vertical planes were true. On 159 

completion of the trial participants were then given a one minute cool down period in 160 

walk before dismounting and being debriefed.  161 

2.4 Data Analysis 162 

Saddle pressure data were analysed within the Tekscan CONFORMat v7.6x software, 163 

total force (N) over the left and right sides of the saddle separately, was then extracted 164 

in Microsoft (MS) Excel. Left and right stirrup force data (N) were collected using the 165 

Novel Loadsol app via an Android smartphone and later downloaded into MS Excel. For 166 

both saddle and stirrup data the mean value was calculated for each left and right, over 167 

the entire 20 seconds of recorded data. All data were then normalised to the 168 

bodyweight of the rider.  169 

Symmetry indices (SI) were calculated for mean normalised saddle and stirrup forces, 170 

using the formula originally developed by Robinson et al. [33]171 

SI(%)= 100[(XR-XL)/0.5(XR+XL)] 172 

Where X=measured parameter, R=right mean, L=left mean 173 

174 

Quintic Biomechanics v29 automatic tracking function was used to calculate the 175 

kinematic variables. Shoulder tilt (angle of the line joining both scapula points to the 176 

horizontal), pelvic obliquity (angle of the line across both iliac crest points to the 177 

horizontal) and trunk lean (angle of the line joining T1 and the SIJ to the vertical) were 178 

measured from the rear view (Figure 1). Data were smoothed using adaptive lowpass 179 

Butterworth filters [34] with a cut off frequency optimised by the Quintic Biomechanics 180 

software.  Mean values were taken for each variable throughout the 20 seconds of 181 

recorded video.  182 

2.5 Statistical Analysis 183 
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IBM SPSS Statistics v21 was used for all statistical analysis. Normality of all continuous 184 

variables was confirmed using the Kolmogorov-Smirnov test. Bilaterally measured 185 

variables were compared between left and right sides using the paired t-test. 186 

Relationships between measured variables and WFQ-R scores were assessed using 187 

Spearman’s rank order correlation. The independent t-test was used to assess 188 

differences between and mixed and right footed individuals in symmetry indices and 189 

kinematic measurements of postural symmetry. Relationships between measured 190 

variables were assessed using Pearson’s product moment coefficient. Alpha was set at 191 

0.05 for all tests, for tests of correlation r≥0.3 was considered a moderate effect and 192 

r≥0.5 a large effect. 193 

194 

3.0 Results 195 

3.1 Footedness 196 

Median WFQ-R score was 2 with a range from -4 to +10 observed.  Seven participants 197 

had a negative score, 20 a positive score, and one scored zero. Only three participants 198 

had a score of +7 or greater indicating right footedness, the remaining 25 were mixed 199 

footed, with no participant scoring the -7 or lower required to allocate left footedness. 200 

Technical issues meant that some participants’ data were lost for some of the measures, 201 

however all participants with available data for the WFQ-R and at least two out of the 202 

three measures of saddle force, stirrup force, and kinematics, are included in the results.  203 

3.2 Stirrup Force 204 

Stirrup force patterns followed those previously described for sitting trot [23, 35]. Mean 205 

stirrup force values throughout the 20 seconds of data collection can be seen in Table 1.  206 

Data for four participants had to be discarded for this measure due to errors with the 207 

data recording within the Loadsol app. Of the remaining 24 participants, 2 were right 208 

footed and 22 were mixed footed.  209 

[Table 1 near here] 210 

No significant difference was seen in mean stirrup force between left and right stirrups 211 

overall (t=0.1776, df=23, P=0.089). There was no significant correlation between WFQ-212 

R score and stirrup force SI (rs=-0.322, n=24, P=0.125) and no significant difference in 213 
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stirrup force SI between right footed (-2.00±38.46%) and mixed footed (-7.25±19.25%) 214 

individuals (t=0.346, df=22, P=0.733).  215 

3.3 Saddle Force 216 

Saddle force patterns followed those seen in previous studies in sitting trot [36]. Mean 217 

values throughout the 20 seconds of data collection can be seen in Table 2.  Saddle force 218 

data were not available for the participants at BB due to a calibration error with the 219 

under saddle pressure mat at this location. Saddle force data were therefore available 220 

for 18 participants, 1 was right footed and 17 were mixed footed.   221 

[Table 2 near here]  222 

Force on the right hand side of the saddle was significantly higher than the left (t=-223 

13.787, df= 17, P<0.001). There was no significant correlation between WFQ-R score 224 

and saddle force SI (rs=0.261, n=18, P=0.295). As saddle force data were only available 225 

for one right footed participant no comparison between groups was carried out for this 226 

measure. 227 

3.4 Kinematics 228 

Kinematic measures followed a cyclical pattern in time with the stride cycle of the 229 

simulator. The trunk was seen to lean left and right in a sinusoidal pattern (Figure 2). 230 

Pelvic obliquity and shoulder tilt also followed a cyclical pattern but this was not as 231 

smooth or repeatable as that of the trunk (Figures 3 & 4). The mean angle over 20 232 

seconds was taken for each variable as representing the central point about which the 233 

segment oscillated (Table 3). Data for six participants had to be discarded for the 234 

kinematic measures due to one or more of the markers being unable to be tracked for a 235 

long enough time period to allow a reliable mean to be taken. Of the remaining 22 236 

participants 3 were identified as right footed and 19 were mixed footed.  237 

[Table 3 near here]  238 

[Figures 2, 3 & 4 near here]  239 

Only 36.4% of participants showed a mean trunk lean of 1o or greater, however this 240 

rises to 63.6% for a pelvic obliquity of 1o or greater, and 81.8% of riders showed a mean 241 

shoulder tilt of 1o or greater. There was no significant correlation between WFQ-R 242 
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score and pelvic obliquity (rs=-0.252, n=22, P=0.258), trunk lean (rs=-0.104, n=22, 243 

P=0.644), or shoulder tilt (rs=0.085, n=22, P=0.705). There was no significant difference 244 

between right and mixed footed groups in terms of shoulder tilt (t=0.658, df=20, 245 

p=0.518) or trunk lean (-0.602, df=20, P=0.554). Right footed individuals showed a 246 

significantly greater left pelvic obliquity (-2.82±0.06o) than the mixed footed group (-247 

0.30±1.80o)(t=-2.373, df=20, P=0.028), (Figure 5)248 

[Figure 5 near here]  249 

250 

3.5 Correlations between measured variables 251 

There was a significant positive correlation between stirrup force SI and trunk lean 252 

(Table 4; Figure 6) and a significant negative correlation between pelvic obliquity and 253 

shoulder tilt (Table 4; Figure 7) with 59.1% of the sample having a mean shoulder tilt in 254 

the opposite direction to the mean pelvic obliquity.   255 

[Table 4 near here]  256 

[Figures 6 & 7 near here] 257 

258 

4.0 Discussion 259 

The primary aim of this study was to determine if there was any relationship between 260 

footedness and positional asymmetries in riders. Several of the measured variables 261 

showed the presence of asymmetry, in agreement with the existing literature [8-10, 262 

19,26,27], however footedness did not appear to have much impact on these measures. 263 

The secondary aim was to determine if there were any relationships between the 264 

postural asymmetry measures, which could help to describe patterns of asymmetry that 265 

may develop in riders. Trunk lean and stirrup force SI were positively correlated, 266 

showing that the body is leaning towards the side of increased stirrup force. The 267 

negative correlation between pelvic obliquity and shoulder tilt demonstrates that the 268 

pelvis and shoulder tend to deviate in opposite directions.  269 

4.1 Assessment of footedness  270 
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There was no significant correlation between the WFQ-R score and any of the measures 271 

of posture, indicating that footedness is unlikely to be a major factor contributing to 272 

rider asymmetry. There were only a very small number of participants who 273 

demonstrated a marked foot preference on the WFQ-R (n=3), so comparisons between 274 

groups based on foot preference should be interpreted with care. One significant 275 

difference was seen in pelvic obliquity, with the right footed group tending to deviate to 276 

the left, whereas the mixed footed group showed a more central group mean. Further 277 

examination of the data (Figure 5) indicated that the mixed footed group displayed a 278 

wide range of pelvic obliquity values, encompassing the small range of values for the 279 

right footed group. It is therefore possible that this result was a Type I error brought 280 

about by the small sample of individuals that showed a marked footedness. 281 

Zverev [37] found that the WFQ-R showed no relationship to gait parameters such as 282 

step length and angular joint displacement when walking and King and Wang [38] 283 

showed that limb function asymmetries identified by WFQ-R were more evident during 284 

movement tasks which required limbs to take on distinct and opposite mobilising and 285 

stabilising roles, (such as kicking a ball towards a target) than in symmetrical tasks. This 286 

could indicate that footedness lacks influence in situations where the rider is actively 287 

trying to perform symmetrically, such as riding.  288 

Gunst et al. [19] found that footedness as measured by a balance reactivity test 289 

influenced the symmetry of force distribution under the saddle. This study had a larger 290 

sample size than the current study and grouped its participants based on this one 291 

measure, so there wasn’t a large ‘mixed footed’ group, giving a greater group size from 292 

which to confirm measured effects. However, they authors did consider only one 293 

measure (which foot stepped forwards on perturbation) and the protocol for 294 

conducting this assessment was not clearly explained. Skilled tasks such as kicking a 295 

ball, or picking up a marble with the foot, show greater test-retest reliability and 296 

validity as predictors of footedness [39]. The WFQ-R is a validated questionnaire 297 

considering a wide range of different factors, including a variety of skilled tasks [30] and 298 

aims to provide a more complete picture of a participant’s laterality.  299 

There is however potential that there could be some effects of marked right and marked 300 

left footedness, as there were not enough right footed individuals in the sample and no 301 

left footed individuals to provide the opportunity to conclusively test for differences 302 
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between groups. Future studies could use the WFQ-R as a screening test, to select a 303 

sample of right and left footed riders for analysis to fully address these questions. 304 

However, the marked and varied asymmetries seen in the group designated as ‘mixed 305 

footed’ indicates that there are other unexplored factors having a significant impact on 306 

rider posture.  307 

308 

4.2 Patterns of asymmetry  309 

The significant positive correlation between trunk lean and stirrup force SI suggests 310 

that the legs and subsequently the stirrups are responsible for counterbalancing any 311 

extraneous upper body movement and keeping the rider stabilised on the horse, at least 312 

in this population of amateur riders. This is contrary to the perceived role of the 313 

stirrups as supporting the weight of the limbs, but not that of the body [40]. The 314 

movement of the trunk over towards one leg could directly increase the mass and 315 

therefore force transmitted down that side of the body. Studies in scoliosis patients 316 

have demonstrated that ground reaction force SI between the left and right feet whilst 317 

walking was significantly positively correlated to the degree of spinal deviation [41].  318 

This difference was seen only during the braking phase of the walking stride [41], 319 

although the rider is not required to support their whole body weight in the stirrup it 320 

could be that increased stirrup force is required to brake the lateral roll of the body on 321 

the side of increased trunk lean. Humans as a biped are attuned to maintaining their 322 

centre of mass over the foot, and will therefore alter weight distribution over their feet 323 

to adjust to balance issues when the option is available [42-44] so it is likely that riders 324 

are using the stirrups and the feet to counterbalance trunk movement rather than the 325 

seat. 326 

The significant negative correlation between pelvic obliquity and shoulder tilt 327 

demonstrates that as the pelvis rotates in one direction, the shoulders will usually 328 

remain closer to central or tilt in the opposite direction, with 59% of the sample 329 

population showing the pelvic obliquity and shoulder tilt in opposite directions. Similar 330 

patterns have been demonstrated in previous studies [8, 19] and the observations of 331 

riding coaches over the years have led to many lay press articles [45,46] and text books 332 

[47-49] discussing the ‘collapsed hip’ (Figure 8) as a common rider fault. It is evident 333 
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that this is a common asymmetry pattern, and pelvic obliquity has been linked with 334 

saddle force asymmetry in studies on the live horse [19], so this is an area that warrants 335 

further investigation in future studies to determine causal mechanisms.  336 

[Figure 8 near here] 337 

338 

4.3 Saddle force differences339 

All riders showed a higher force on the right hand side of the saddle, regardless of 340 

laterality, and no significant relationships were seen between any kinematic variables 341 

and saddle force SI. This is in contrast to de Cocq et al. [32] who demonstrated that 342 

adding weight to one side of a saddle or rider was reflected in the under saddle pressure 343 

map, and Gunst et al. [19] who showed that pelvic obliquity increased force on the 344 

contralateral side of the saddle and trunk lean increased force on the ipsilateral side of 345 

the saddle. Gunst et al. [19] also demonstrated an overall trend for greater force on the 346 

left side of the saddle, as opposed to the right. Both of these studies took place on a live 347 

horse, whereas the current study was conducted on a riding simulator. The riding 348 

simulator is rigid and cannot redirect any of the vertical force coming from the 349 

movement of the rider. Right hand side force measurement increase could be caused by 350 

a direct vertical force on the right hand side of the saddle or by a shear force caused by 351 

saddle roll to the left [19, 32] such as that seen on mounting [50], thus this pattern is 352 

most likely caused by the act of mounting the simulator from the left hand side at the 353 

beginning of the trial. The locomotion [1] and asymmetries [19] of the live horse would 354 

likely reverse this saddle roll, explaining why the same consistent patterns are not seen 355 

in similar studies on live horses. In future simulator studies aiming to assess the rider in 356 

isolation could make use of above saddle pressure mats [51] to remove the effect of 357 

saddle movement on the data.   358 

359 

4.4 Potential causes of rider asymmetry  360 

There are limited relationships between footedness and rider asymmetry, so other 361 

factors potentially impacting on posture should be considered. Hobbs et al. [7] found 362 

that increased asymmetry was seen in more experienced riders and those at the higher 363 
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levels of amateur competition, suggesting a possible impact of the sport itself on 364 

postural asymmetries. Previous studies have shown that rider asymmetry can be 365 

improved by a short core stability training programme [9], a single physiotherapy 366 

intervention [10] or a single kinesotaping session [8]. This supports the idea that 367 

current rider training techniques do not do this effectively, or perhaps even promote 368 

asymmetry. Equestrian riders place less value on training themselves than their horse 369 

and are unlikely to engage in targeted cross training activities [52], which could help to 370 

prevent the development of asymmetries throughout their career.  371 

Between 48-88% of equestrian riders are reported as suffering from back pain [53-56], 372 

with the higher proportions being found in riders with greater levels of experience [56] 373 

and in the elite groups [53,54] and in the absence of recognised pathological changes 374 

[55]. 77% of elite event riders surveyed reported that they are actively competing with 375 

low back pain and 71% of those stated that this is to such a level that it impacts on their 376 

performance [54]. Chronic non-specific low back pain has been linked with atrophy of 377 

the paraspinal musculature, quadratus lumborum, and psoas [57,58]. Cricket fast 378 

bowlers presenting with low back pain have been shown to have a greater asymmetry 379 

in the cross sectional area of their quadratus lumborum and psoas muscles than their 380 

non-painful counterparts [59]. It is therefore possible that the high incidence of pelvic 381 

asymmetry seen here and in other similar studies [8, 19, 27] is linked to the high 382 

incidence of back pain in the sport.  383 

Future research could therefore consider the effects of training protocols, strength and 384 

endurance of relevant muscle groups, injury history, and pain reporting on rider 385 

posture to gain more clarity on key contributing factors.  386 

4.5 Limitations 387 

This study used an opportunistic convenience sample of riders who could be recruited 388 

to attend the data collection site on the required day. As such no sample size power 389 

calculation was conducted. The overall sample size is greater than many previous 390 

studies of rider asymmetry [8-10, 26], but the interpretation of the data is limited by the 391 

small number of participants who were classed as showing a marked footedness. The 392 

results of between groups tests appeared to agree with the tests of correlation between 393 

WFQ-R score and symmetry measures. However, having a sample of marked left footed 394 
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and marked right footed participants to compare to each other would be needed to 395 

conclusively state that footedness is not an influential factor in the development of 396 

postural asymmetry in riders. 397 

The most important source of error in kinematic analysis is marker misplacement [60]. 398 

Marker placement in the current study used clearly defined bony landmarks which 399 

were identified by palpation for consistency and placed by the same trained individual 400 

for all trials in order to minimise potential error [61]. 401 

5.0 Conclusion  402 

Postural asymmetry is frequently observed in equestrian riders, the findings of the 403 

current study add to the variety of parameters known to be asymmetrical.  It is unlikely 404 

that footedness is a significant contributor to postural asymmetry and other causal 405 

factors should be considered. The findings of this study indicate that riders commonly 406 

use the stirrups to counterbalance and compensate for asymmetrical posture and there 407 

are high proportions of riders with pelvic obliquity and opposing shoulder tilt. These 408 

relationships demonstrate the use of compensatory mechanisms which allow the rider 409 

to maintain their balance on the horse even with marked postural asymmetries. As 410 

riders become more asymmetrical throughout their careers and show higher incidences 411 

of back pain at the higher levels. This suggests that these compensatory mechanisms are 412 

worsening or becoming more embedded through training. Further research is required 413 

to inform training protocols in order to better support riders to become straighter, 414 

more balanced, and thus more effective in the saddle. 415 
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Table 1: Descriptive statistics of stirrup force data (n=24) 

Parameter Mean SD Minimum Maximum

Total Stirrup 

Force (% bwt)  

22.17 6.40 13.68 37.38 

Left Stirrup 

Force (% bwt) 

11.46 3.48 6.51 19.99 

Right Stirrup 

Force (% bwt)  

10.71 3.24 6.00 17.39 

Stirrup force SI 

(%) 

-6.82 20.12 -55.38 30.14 

bwt=bodyweight 
SI=symmetry index; negative SI indicates higher force left, positive SI indicates higher force right 
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Table 2: Descriptive statistics of saddle force data (n=18) 

Parameter Mean SD Minimum Maximum

Total Saddle 

Force (% bwt) 

76.66 4.96 69.62 87.81 

Left Saddle 

Force (% bwt) 

30.45 3.01 24.73 34.61 

Right Saddle 

Force (% bwt)  

46.21 3.88 40.42 53.55 

Saddle Force SI 

(%) 

41.08 12.48 20.82 67.97 

bwt=bodyweight 
SI=symmetry index; negative SI indicates higher force left, positive SI indicates higher force right 
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Table 3: Descriptive statistics for kinematic data (n=22) 

Positive values denote a deviation to the right (i.e. right hand side of the body segment is lower). 
Negative values denote a deviation to the left.  

Parameter Mean SD Minimum Maximum

Pelvic obliquity (o) -.064 1.89 -2.99 3.50 

Shoulder tilt (o) -1.14 2.66 -7.13 3.67 

Trunk lean(o) -0.22 1.52 -5.34 1.72 
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Table 4: Inferential statistics for tests of correlation between measured variables 

Variable Stirrup SI Pelvic 

Obliquity 

Shoulder Tilt Trunk Lean 

Saddle SI r= -0.062 

n= 14 

P= 0.833 

r= -0.326 

n= 12 

P=0.302 

r= 0.271 

n= 12 

P=0.395 

r= 0.025 

n= 12 

P=0.937 

Stirrup SI r= 0.133 

n= 18 

P=0.599 

r= -0.468 

n= 18 

P= 0.05 

r= 0.537 

n= 18 

P=0.021* 

Pelvic 

Obliquity 

r= -0.481 

n= 22 

P= 0.023* 

r= 0.175 

n= 22 

P=0.437 

Shoulder Tilt  r= -0.310 

n= 22 

P=0.161 
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Figure 1: Marker locations for kinematic analysis (left) and reference lines for the three 

measured parameters; trunk lean, shoulder tilt, and pelvic obliquity (right) 
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Figure 2: Trunk lean data from a section of the trial (4 seconds) for two riders from the 

sample population in sitting trot on the riding simulator. The solid line shows the central 

(upright) position on both graphs. Graph A shows a symmetrical rider where the mean 

trunk lean value was very close to zero. Graph B shows an asymmetrical rider, the mean 

trunk lean value was 5o, as shown by the dashed line, indicating the rider tipped to the 

left overall whilst still showing the same cyclical pattern of trunk movement. 
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Figure 3: Pelvic obliquity data for one rider in the sample over a period of 4 seconds. Note 

the cyclical movement pattern of segment rotation in line with that seen on the trunk lean 

data, but this data has more ‘noise’ potentially due to clothing movement. The solid line 

indicates the centre point when the pelvis is perpendicular to the horizontal plane. The 

dashed line shows the mean value for this rider, demonstrating a deviation to the left.  
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Figure 4: Shoulder tilt data for one rider in the sample over a period of 4 seconds. This 

rider demonstrates a marked deviation to the right in the shoulder segment, the dashed 

line indicates the mean angle.  
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Figure 5: Relationship between WFQ-R score and pelvic obliquity. Black dots indicate 

mixed footed participants and white diamonds are the right footed group. Right footed 

riders showed a statistically significantly greater pelvic obliquity, however it can be seen 

here that some mixed footed riders also showed just as marked an asymmetry. Also note 

the range of asymmetry seen in the mixed footed group.  



30 

Figure 6: The relationship between stirrup force SI and lean of the riders’ trunk in the 

frontal plane in sitting trot (n=18) 
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Figure 7: The relationship between deviation of the riders’ pelvic and shoulder segments 

in the frontal plane in sitting trot (n=22)  
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Figure 8: The left hand image shows a symmetrically seated rider from the rear view on 

a riding simulator, the right hand image demonstrates the ‘collapsed hip’ with pelvis 

deviating to the right and shoulders tilting to the left. 


