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a b s t r a c t

It can be a challenge to find a conventional saddle that is a good fit for both horse and rider. An increasing

number of riders are purchasing treeless saddles because they are thought to fit a wider range of equine

back shapes, but there is only limited research to support this theory. The objective of this study was to

compare the total force and pressure distribution patterns on the horse’s back with conventional and

treeless saddles. The experimental hypotheses were that the conventional saddle would distribute the

force over a larger area with lower mean and maximal pressures than the treeless saddle. Eight horses

were ridden by a single rider at sitting trot with conventional and treeless saddles. An electronic pressure

mat measured total force, area of saddle contact, maximal pressure and area with mean pressure >11 kPa

for 10 strides with each saddle. Univariate ANOVA (P < 0.05) was used to detect differences between sad-

dles.

Compared with the treeless saddle, the conventional saddle distributed the rider’s bodyweight over a

larger area, had lower mean and maximal pressures and fewer sensors recording mean pressure >11 kPa.

These findings suggested that the saddle tree was effective in distributing the weight of the saddle and

rider over a larger area and in avoiding localized areas of force concentration.

� 2011 Elsevier Ltd. All rights reserved.

Introduction

Archaeological evidence suggests that horse riding originated

around 4000 BC and was performed bareback or on cloths fastened

with a surcingle until about 500 BC when the Scythians developed

lightweight, treeless saddles. These saddles had pillow-like pads

filled with grass or hair placed on either side of the horse’s spine

to distribute the rider’s bodyweight (BW) to the dorsal muscles

and underlying ribs (Edwards, 1987). The purposes of this primi-

tive saddle were to improve the horse’s performance and give

the rider more stability in the battlefield. In a further attempt to

improve rider stability during combat, the treed saddle was cre-

ated. A saddle tree is a rigid structure, traditionally made of wood,

around which the saddle is constructed. In Medieval times, the tree

was padded with wool or horsehair and covered in leather for rider

comfort (Singer, 1978). Eventually, saddle construction branched

into Moorish and Hungarian designs, which became Western and

English saddles, respectively. Further adaptations have accommo-

dated the requirements of specific sports.

The saddle fitter’s goal is for the saddle to conform to the shape

of the horse’s back on its underside and to the shape of the rider’s

pelvis on its upper side. Pairing a dynamic horse and rider with a

rigid saddle can be difficult, but it is essential for both athletes to

be comfortable if they are to perform to their full potential.

Awareness of the implications of saddle fitting for equine

health, performance and welfare has stimulated the development

of novel saddle designs. Traditionally, saddle fit was assessed man-

ually in the standing horse. It can now be measured dynamically

using a mat with built-in electronic pressure sensors that transmit

data wirelessly to a computer or data logger. The pressure mat re-

cords saddle forces and pressures not only in the standing horse

but also during locomotion at different gaits and speeds when

the shape of the horse’s back and the forces exerted by the rider

are continually changing. Applications of the pressure mat include

evaluating the effects of saddle tree width (Meschan et al., 2007),

different brands of saddles (Werner et al., 2002), different girthing

systems and flocking materials (Bystr}om et al., 2010), different

types of saddle pads (Harman, 1994; Kotschwar et al., 2010a,

2010b) and the effect of adjustment of saddle fit (Mönkemöller

et al., 2005).

The application of pressure-measuring technology has high-

lighted the problems inherent in finding a saddle that fits well on

an individual horse. After failing to find a conventional saddle

that fits well, some riders have sought alternative solutions, such

as the treeless saddle, so called because it lacks a rigid tree or frame.

The lack of inherent rigidity allows the treeless saddle to conform to

the back shape of different horses, which is thought to avoid focal

1090-0233/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
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pressure points beneath a poorly fitting tree. Treeless saddles are

claimed to fit any conformation and to distribute the rider’s weight

evenly by making use of a more dynamic and adaptable interface

between horse and rider. However, this claim was not supported

in studies of the force and pressure distribution beneath a treeless

racing saddle which concentrated the rider’s weight beneath a

localized area of the saddle that varied with rider position (Latif

et al., 2010).

The objective of the present study was to compare the force and

pressure distribution on the horse’s back under a conventional

dressage saddle and a treeless dressage saddle at sitting trot. We

expected that the conventional saddle would distribute the rider’s

BW over a larger area due to the rigid tree, while the malleable nat-

ure of the treeless saddle would result in force concentration under

the rider’s seat. It was hypothesized that the area of force distribu-

tion would be smaller for the treeless saddle than the conventional

saddle and that the mean and maximal pressures under the tree-

less saddle would be higher than for the conventional saddle.

Materials and methods

The study was performed with approval of the University’s Animal Ethics Com-

mittee under protocol number 04/10-038-00.

Subjects

The subjects were eight Arabian riding school horses (mean ± SD: age

15 ± 5 years; height 146 ± 3 cm) that were evaluated as serviceably sound with

lameness grade <1/5 on the American Association of Equine Practitioners lameness

scale (American Association of Equine Practitioners, 1991). One experienced female

rider (age 28 years; BW 57 kg; height 1.57 m) rode all horses. A single rider was

used to avoid introducing variability due to the rider’s BW (Jeffcott et al., 1999)

or skill level (Peham et al., 2001).

Saddles

Two dressage saddles with traditional girthing systems were evaluated in ran-

dom order: conventional and treeless. The conventional saddle (Lauriche, Andy Fos-

ter) was custom-made for an Arabian horse and weighed 6.8 kg. Arabian horses

were used for the study because the majority of horses within a breed have been

shown to share a similar back shape (Gresak et al., 2008).

The saddle was built on a spring tree made of laminated beech wood and the

leather-covered panels were stuffed with proprietary foam. The same conventional

saddle was used for all horses to avoid variability due to differences in size and

shape of the saddle (Kotschwar et al., 2010a). Manual evaluation of the saddle on

the standing horse indicated that the saddle was an acceptable fit on all horses.

The treeless saddle (Carlton, Ans}ur Saddlery LLC) had an identical weight of

6.8 kg. Since treeless saddles were designed to adapt and fit to any horse’s confor-

mation the same treeless saddle was used for all horses. The stirrup leathers were

removed to eliminate any effect of different placement of the stirrup bars. The order

in which the two saddles (conventional, treeless) were tested was randomised be-

tween horses.

Force and pressure measurements

Pressure between the saddles and the horses’ backs was measured using an

electronic mat beneath the saddle (Pliance, Novel Electronics). The mat has two

panels, each having a rectangular sensor area measuring 512 � 570 mm with an ar-

ray of 128 sensors that measured pressure applied perpendicular to their surface.

The manufacturer’s software computed the force on each sensor by multiplying

the measured pressure by the sensor area (9.375 cm2).

The mat was calibrated in a pneumatic frame prior to the start of data collec-

tions each day. For the first saddle condition, the mat was placed on the horse’s back

and zeroed. The positions of the corners of the mat were marked on the horse’s hair

coat to ensure consistency in mat placement between conditions. The first saddle

was placed on top of the mat and the girth was tightened by shortening it alter-

nately, one hole at a time, on the left and right sides. The rider mounted by lowering

herself onto the saddle from a high mounting block. The horse was ridden around

an indoor arena at a sitting trot. Pressure data and video recordings were taken dur-

ing four trials of 5 s duration for each saddle type as the horse trotted along a

straight path. When changing saddles, the electronic mat was left on the horse’s

back, its position was checked using the marks on the horse’s hair coat, and the

mat was re-zeroed before repeating the measurement procedure for the second

saddle. Video recordings were checked to ensure speed consistency across trials

by measuring the time elapsing between two markers.

Data analysis

For each trial, five consecutive strides were analyzed using proprietary (Novel

Electronics) and custom software (Matlab, MathWorks). The contact area of the sad-

dle with the horse’s back for each stride was calculated from the number of non-

zero pressure sensors at each time point averaged over all frames in the complete

stride. At each time point, total force was calculated as the summation of forces

over all loaded sensors and the maximal total force for each stride cycle was re-

corded. Mean force during each stride cycle was calculated.

The area of saddle contact was divided longitudinally into front, middle and rear

thirds and forces were summed separately within each third (front force, middle

force, rear force). When the numbers of rows of sensors was not divisible by three,

the extra rows were distributed in the following manner. If there was one extra row,

it was allocated to the middle third. If there were two extra rows, one was allocated

to each of the front and rear thirds. Forces were also calculated separately for the

left and right halves of the mat (left force, right force).

The graph of total force was used to divide the data strings into individual stride

cycles; each stride started and ended with a minimal value in total force that cor-

responds with hind limb contact with the ground (Fruehwirth et al., 2004). For each

stride cycle the following variables were determined using custom software: con-

tact area; maximal total force summed over all loaded sensors; mean pressure over

all loaded sensors; maximal pressure on any sensor; and area with mean pressure

>11 kPa (Nyikos et al., 2005; Bystr}om et al., 2010). Color-coded pressure distribu-

tion maps were generated at the moment of maximal total force during a represen-

tative stride.

Statistical analysis

Values for the five strides that were analyzed in each trial were averaged to give

a mean value for that trial. Mean values of the four trials were used to calculate the

overall mean ± SD for each variable for each saddle. All variables were shown to be

normally distributed using the Kolmogorov–Smirnov test. Comparisons between

saddles were made using univariate ANOVA with horse as a random variable and

saddle as a fixed variable. The model included the horse-saddle interaction to make

the P-value comparisons valid against all horses. Within-saddle comparisons of

pressure on left and right sides were made using paired t tests. A probability of

P < 0.05 was chosen for all statistical tests.

Results

The mean trotting speeds did not differ between groups (con-

ventional: 2.37 ± 0.07 m/s; treeless: 2.24 ± 0.06 m/s). The mean

force, left force and right force did not differ between saddles (Ta-

ble 1 and Fig. 1). The longitudinal force distribution differed signif-

icantly (Table 1 and Fig. 2). The conventional saddle had a fairly

even force distribution along its length, whereas the treeless saddle

had lower values for the front and rear forces and higher values for

the middle force.

The mean area of saddle contact (Table 1) was significantly lar-

ger under the conventional saddle, compared to the treeless saddle,

and this finding was consistent across all horses, although the

magnitude of the difference varied between individuals (Fig. 1).

Mean pressures over all loaded sensors, maximal pressure and

the area with mean pressure >11 kPa were higher for the treeless

saddle (Table 1 and Fig. 1).

Table 1

Mean values (±SD) for force and pressure variables measured under a conventional

saddle and a treeless saddle at a sitting trot for eight horses and one rider.

Saddle type

Conventional Treeless

Mean force (N) 843 ± 53 794 ± 42

Force on left half (N) 419 ± 28 404 ± 34

Force on right half (N) 424 ± 31 391 ± 22

Force on front third (N) 284 ± 84* 208 ± 66*

Force on middle third (N) 295 ± 58* 401 ± 43*

Force on rear third (N) 264 ± 34* 184 ± 44*

Mean area of saddle contact (cm2) 1340 ± 66* 1153 ± 94*

Mean pressure (kPa) 6.3 ± 0.2* 6.9 ± 0.4*

Maximal pressure on any sensor (kPa) 20.7 ± 4.4* 29.4 ± 3.8*

Area with stride mean >11 kPa (cm2) 10 ± 15* 124 ± 48*

* Indicates values that differ significantly between saddle types (P < 0.05).
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The pressure distribution maps at the time of maximal total

force (Fig. 2) illustrate the differences in the area of contact and

the magnitude and distribution of pressure in the individual

horses. The conventional saddle shows a larger contact area with

relatively even pressure distribution along the length and width

of the panels in all horses, with the exception of some high

pressure areas at the withers in horses 1 and 6. The treeless saddle

showed a smaller contact area with forces concentrated beneath

the rider’s seat bones, where high pressures were present in all

horses. Horses 1 and 6 also showed pressure peaks at the withers

with the treeless saddle.

Discussion

The conventional saddle distributed the rider’s BW over a larger

surface area than the treeless saddle, which indicated that the tree

performed as intended to create a larger interface between rider

and horse than that provided by the more flexible treeless saddle.

Furthermore, force distribution was more uniform for the conven-

tional saddle than the treeless saddle, which had focal areas of

force concentration beneath the rider’s seat bones and resulted in

significantly higher forces under the middle third of the saddle.

These findings supported the experimental hypotheses that the

conventional saddle had a larger weight-bearing area, lower mean

pressure and lower maximal pressure on the horse.

The saddles used in this study were not designed or modified

for research purposes, so the girthing system and flocking material

were not standardized between saddles and may have affected

force and pressure patterns (Bystr}om et al., 2010). The conven-

tional saddle was judged to have an acceptable fit for the individ-

ual horses based on the equality of force distribution between the

left and right sides, the relative evenness of the force distribution

between the front, middle and rear thirds and the absence of focal

high pressure (>30 kPa) areas (Nyikos et al., 2005). These findings

agreed with the results of Gresak et al. (2008) where the vast

majority of horses within a breed shared a similar back shape.

Since rider skill affects the excursions of the rider’s centre of pres-

sure (Clayton et al., 2011) and consistency of the horse’s movement

(Peham et al., 2001), it was recommended that an experienced ri-

der be used to reduce variability in the data when assessing saddle

fit.

Riders may select a treeless saddle instead of a manually fitted

conventional saddle as an affordable solution to the saddle-fit di-

lemma. However, only one brand and model of treeless saddle

was evaluated in the current study and other treeless saddles

should be assessed to determine if all treeless saddles confer a sim-

ilar force distribution. A treeless racing saddle showed high forces

and pressures (>37 kPa) beneath the front of the saddle when gal-

loping in a racing seat and showed high forces and pressures

(>30 kPa) towards the rear of the saddle when performing rising

trot (Latif et al., 2010). The fact that force and pressure were con-

centrated below the rider’s centre of mass both in our study and

with a treeless racing saddle (Latif et al., 2010) suggested that

the flexible treeless construction may be unable to distribute the

applied forces evenly over a large area of the horse’s back. Conse-

quently, it cannot be assumed that a treeless saddle will offer im-

proved comfort for the horse or reduce the risk of back soreness,

compared with a conventional saddle. In the future, it would be

interesting to evaluate whether specific equine back shapes are

more or less compatible with treeless saddles and evaluate the

pressure profiles of treeless saddles on horses that are difficult to

fit with a conventional saddle.

Saddle fit is a complex issue that requires consideration of the

multi-dimensional shape of the horse’s back, changes in back mor-

phology during locomotion, rider kinetics and the mechanics of dif-

ferent gaits. Electronic analysis of saddle forces and pressures is

useful for quantifying saddle fit dynamically. The electronic mat

used in this study provided a valid and repeatable tool for measur-

ing forces applied perpendicular to the horse’s back, but not shear

forces (de Cocq et al., 2009). Since repeatability was higher when

the mat remained on the horse’s back (de Cocq et al., 2009), this

Fig. 1. Bar charts showing differences in responses of individual horses (1–8) to the

two saddle types (conventional saddle: dark bars; treeless saddle: light bars). Top to

bottom: total force on all loaded sensors; contact area; mean pressure over loaded

sensors during the stride cycle; maximal pressure; area with mean pressure

>11 kPa.

B. Belock et al. / The Veterinary Journal 193 (2012) 87–91 89
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was incorporated into the experimental protocol and checked

using marks on the hair coat. During locomotion, total force be-

tween the saddle and the horse’s back changes with limb move-

ments in each gait in a reproducible pattern (Fruehwirth et al.,

2004). At sitting trot, the total force shows two distinct force peaks

and troughs in each stride. In general, the magnitude of these force

peaks increases with rider BW (Jeffcott et al., 1999; de Cocq et al.,

2006, 2009). The rider in this study weighed only 57 kg and heavier

riders would be expected to exert proportionally higher total forces

with consequently higher mean and maximal pressures. Therefore,

the focal concentration of force beneath the rider’s seat bones with

the treeless saddle would be a greater cause for concern with hea-

vy riders. Saddle force also increases linearly with trotting speed

(Bogisch et al., 2008) in association with the higher trajectory of

the suspension phase that results in larger inertial forces when

the rider descends into the saddle. Therefore, the performance of

the treeless saddle may be less acceptable at faster speeds.

Analysis of pressure mat data requires consideration of force

magnitude, its spatial distribution and temporal changes. Clear

parameters for assessment of saddle fit and threshold values for

the force and pressure variables have not yet been established.

Some researchers suggest that maximal total force is the most

important variable for evaluating saddle fit (Fruehwirth et al.,

2004; Meschan et al., 2007; Kotschwar et al., 2010a, 2010b),

whereas others have stressed the importance of focal high pressure

areas (Harman, 1997; Werner et al., 2002). If saddle pressure ex-

ceeds capillary pressure (>4.7 kPa) throughout the stride, there is

a risk of vascular occlusion and tissue ischemia (Reswick and Rog-

ers, 1976).

Clinical signs of back pain under the front and rear of the saddle

have been associated with maximal ridden pressures >34.5 kPa

and >31.0 kPa and mean pressures >13.2 kPa and >10.0 kPa,

respectively (Nyikos et al., 2005). The lateral aspect of the withers

had mean pressure <11 kPa and maximal pressure <21 kPa in

Fig. 2. Pressure scans at the moment of maximal total force for the conventional saddle (left) and treeless saddle (right) in individual horses (1–8).
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horses without back pain, whereas horses showing dryness in this

area after strenuous exercise or clinical signs of back trauma

(swelling, heat, pain on palpation) had significantly higher mean

pressure during walk, trot and canter (von Peinen et al., 2010). Bys-

tr}om et al. (2010) found that minimal and maximal pressures co-

varied to affect mean pressure, which showed the largest differ-

ences between saddle variants. Mean pressure was also shown to

be more reliable than maximal pressure by de Cocq et al. (2006)

and to differentiate more clearly between groups of horses with

and without back pain (von Peinen et al., 2010).

To facilitate comparisons with published studies, we evaluated

area using a mean pressure >11 kPa, which was the value indicated

by Bystr}om et al., 2010) as a threshold for stimulation of back pain,

based on published data (Mönkemöller et al., 2005; Nyikos et al.,

2005; Meschan et al., 2007). With the treeless saddle, the area that

had a consistently high pressure (>11 kPa) throughout the stride

overlaid the epaxial musculature, which was a potential concern

because muscle tissue is particularly vulnerable to pressure-in-

duced damage (Linder-Ganz et al., 2006).

In 30 horses with clinical signs of back pain, Harman (1997)

found only five with well-fitting saddles. The most common saddle

fit problem was bridging, where loading was concentrated in the

front and rear thirds with the middle part of the panels being rel-

atively unloaded. An opposite effect was seen with the treeless

saddle, where the middle third was loaded more than the front

and rear thirds. These findings did not support the claim that tree-

less saddles distributed the rider’s BW evenly by making use of a

more dynamic and adaptable interface between horse and rider.

Conclusions

The findings indicated that a saddle tree was beneficial in

spreading the force over a larger area and in distributing pressure

more evenly over the horse’s back, compared with the treeless sad-

dle. The treeless saddle used in this study was an inferior fit on

every horse, indicated by the smaller weight-bearing area, focal

concentration of pressure under the middle third of the saddle be-

neath the rider’s seat bones, and higher maximal pressures com-

pared with the conventional saddle. However, these findings

were not necessarily representative of all treeless saddles. Addi-

tional studies are required to compare different types of treeless

saddles and to compare treeless saddles with poorly fitting con-

ventional saddles.
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