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Numerous mouth injuries have been reported in relation to bit use in horses. Rein tension is a potential risk
factor, as it exerts pressure on the rostral parts of the mouth via the bit. The aim of this pilot study was to
investigate rein tension during driving and its association with horse behaviour and mouth injuries. Eight horses
were driven clockwise on a 1000 m oval racetrack for 3-4 km at walk and trot. Rein tension was measured with
two IPOS rein sensors. Researchers filmed the horse’s behaviour from a vehicle moving alongside the horse on
the outer track. The bit area of the mouth was examined before and after the session. One observer, blinded to the
rein tension and mouth injury results, coded behaviours from videos according to a predefined ethogram. Median
rein tensions in one rein ranged from 5N to 36 N. Maximum rein tensions ranged from 106 N to 236 N. Five 30-
second data subsets, representing samples of Low, Medium1, Medium2, High and Peak tension, were visually
selected from the rein tension graphs to investigate behaviour differences during different rein tension levels. The
durations of unrushed walk (P < 0.001) and mouth closed (P = 0.003) were longer in the Low rein tension
subset. The durations of slow (P = 0.01) and fast trot (P = 0.003), mouth widely (P = 0.02) or repeatedly open (P =
0.03) were longer in the higher rein tension subsets. None of the horses had any prior mouth injuries in the bit
area. After driving, three horses experienced moderate bruising. Their median rein tension was numerically
higher (left 35 N; right 34 N) than that in horses without injuries (22 N; 18 N), and they showed longer periods of
rushed walk (P = 0.04). Rein tensions were quite high, as previous studies suggest that horses find tensions above
6-10 N aversive. Horse trainers should monitor the horse’s mouth behaviour, arousal state and ability to walk
calmly and modify training accordingly, as mouth widely or repeatedly open at higher rein tensions may indicate
aversion (mouth discomfort/pain) and rushed walk may indicate high arousal, which in turn may increase the risk
for mouth injury.

1. Introduction

The use of bits in horses is mostly automatic and unquestioned
routine (Luke et al., 2024). However, numerous mouth injuries have
been reported in relation to bit use (Annan et al., 2023; Bjornsdottir
et al., 2014; Mata et al., 2015; Odelros and Wattle, 2018; Swoboda,
2021; Tell et al., 2008; Tuomola et al., 2021a, 2019; Uldahl et al., 2022;
Uldahl and Clayton, 2019). The problem is not new (Dwyer, 1868;
Hinebauch, 1889; Mayhew, 1862; Merillat, 1917; Russell, 1893; Youtt,
1831), but injuries go readily unnoticed because they are located inside
the mouth (Tuomola et al., 2019). In trotters, the use of Crescendo bit,
unjointed mullen mouth regulator bit and unjointed Happy Mouth bit
has been associated with higher risk for moderate or severe mouth
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injuries (Tuomola et al., 2021b). However, the drivers may select these
bit types if they have encountered difficulties using light rein cues
(Tuomola et al., 2021b).

Rein tension is a potential risk factor for injuries, as it exerts pressure
on rostral parts of the mouth via the bit. Rein tension refers to the force
applied through the rein by the rider/driver, and it can be measured
with a sensor attached between the bit and the rein (Clayton et al., 2021;
Dumbell et al., 2019). Rein tension is primarily human-derived, given
that higher tensions have been recorded when horses have been exer-
cised with the rider (max 24 N) than without the rider (max 7.5 N)
(Piccolo and Kienapfel, 2019).

There are several indicators to evaluate horses’ welfare or emotional
state; physical (e.g. injuries, lameness, cough, body condition score);
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physiological (e.g. cortisol, oxytocin, white cell counts, heart rate, heart
rate variability, eye temperature); or behavioural (e.g. abnormal/ste-
reotypic behaviour, time-budget, reaction to humans, cognitive bias) see
Annan et al., (2023); Hall et al., 2018; Lesimple, (2020); Mauricio et al.,
(2023) for further references. To be able to apply the various indicators
in everyday situations, it is important to develop methods, which are not
too invasive.

Behaviour is a visible sign of how a horse perceives a particular sit-
uation (Hall et al., 2018, 2013). Conflict behaviours in horses are a
normal response to stress and can indicate distress caused by various
factors such as negative reinforcement errors, frustration, anxiety, fear,
discomfort, or pain (Fenner et al., 2019; Hall and Heleski, 2017; McLean
and Christensen, 2017; Pearson et al., 2022; Piccolo and Kienapfel,
2019). In equestrianism, conflict behaviour often refers to behaviour
that occurs when the horse’s motivation conflicts with the rider/driver’s
wishes (Hall and Heleski, 2017; Konig von Borstel et al., 2017; Lgkken,
2020). Conflict behaviours are characterized by avoidance/aversion/e-
vasion and hyper-reactivity (McGreevy et al, 2005; McLean and
Christensen, 2017) which may be unconditioned (not learned, instinc-
tive) or conditioned (learned) (Mills and Marchant-Forde, 2010). Con-
flict behaviours are particularly evident when a horse is unable to escape
or avoid human requests (Konig von Borstel et al., 2017; Mills and
Marchant-Forde, 2010), and therefore, has difficulty coping physically
or mentally (Gorecka-Bruzda et al., 2015). Horses may show changes in
head, tail, mouth, tongue and ear movements (Cook and Kibler, 2019;
Gorecka-Bruzda et al., 2015; Kienapfel et al., 2014) or increased visible
eye white, unwanted gait changes (Dyson et al., 2018; von Borstel et al.,
2009) or more overt signs of distress such as rearing, bucking, or shying
(de Cartier et al., 2005; McGreevy, 2004; Mills and Marchant-Forde,
2010).

Rein tension measurement has been suggested as a tool to improve
horse welfare (Clayton et al., 2021; Konig von Borstel and GliBman,
2014; McGreevy, 2007). Studies of rein tension in trotters are scarce
(Egenvall et al., 2022; Hartmann et al., 2022; Preuschoft et al., 1999).
Maximum rein tensions in trotters on record are 392 N (Preuschoft et al.,
1999) and 250 N (Egenvall et al., 2022).

To our knowledge, conflict/distress behaviours in trotters during
driving have not been studied. Furthermore, there is no information
regarding the amount and duration of rein tension that can lead to
mouth injuries in horses. The objective of this pilot study was to
investigate rein tension in trotters during driving on track and its asso-
ciation with horse behaviour and mouth injuries. During rein tension
measurement, we filmed the horse’s behaviour from a vehicle driving
alongside the horse. Our more detailed aims were to gain insight into i)
whether higher rein tension is associated with horses’ conflict (distress)
behaviours during driving, ii) whether higher rein tension is associated
with mouth injuries and iii) whether horse behaviour during driving can
be used as a predictor of mouth injuries.

2. Materials and methods
2.1. Ethics and consent

The study was reviewed and approved by the Research Ethics
Committee on Animal Research, University of Helsinki (Statement 9/
2022). The study was voluntary for horse trainers, who received infor-
mation concerning the study via email before the study. Written
informed consent prior to participation was obtained.

2.2. Horses and drivers

The study was conducted during summer and autumn 2022 on three
sandy 1000 m oval racetracks in Western Finland; there was no rain and
temperature was 16-22°C. A convenience sample of volunteer trainers
and their horses were recruited for the study. Horses should meet the
following requirements: 1) Breed: Cold-blooded Finnhorse or
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Standardbred trotter, 2) Age: 3-15 years, 3) Sex: mare or gelding, 4)
Previously driven on the particular racetrack, 6) Without a known fear
of vehicles, 7) Currently in training, without known health problems and
8) Driveable with a snaffle trotting bit and without eye blinds. On short
notice, one horse was substituted by a horse running with eye blinds.
The day before the test, the trainers were advised to verify with a pre-
liminary inspection that the bit area is free from injuries before arrival to
the track (method Tuomola, 2022; Tuomola et al., 2019).

Ten privately owned horses were recruited for the study. Data from
two horses were excluded due to rein sensor fault, leaving eight horses
for the analysis (4 Finnhorses and 4 Standardbred trotters; 4 mares and 4
geldings; age 3-10 years, Md = 7). Weight was estimated with a weight
tape. Finnhorses ranged from 458 to 596 kg (Md = 518kg) and Stan-
dardbreds from 408 to 470 kg (Md = 461 kg). The researchers judged all
other horses to be of normal weight, while one Finnhorse was over-
weight. The horses were familiar with their drivers (6 drivers). All
drivers were experienced horse handlers and had racing experience. The
study was performed on a familiar track; the horses were either stabled
nearby (n = 3) or regularly trained on the track (n = 5). Information on
horse statistics was obtained from Hippos, the Finnish Trotting and
Breeding Agency’s public Heppa platform. The number of starts for the
horses ranged from 0 to 110 (Md = 21 + IQR 69), and the prize money
earned ranged from 0 to 75 000 € (Md = 5080 € + 26 900 €).

2.3. Horse equipment

Private tack was used, except for the bit and the reins. The provided
bit was a basic single-jointed snaffle trotting bit [three choices according
to horse mouth width: bit length 12.5 cm (thickness 14 mm), 13.5 cm
(thickness 14 mm) or 14.5cm (thickness 16 mm)]. This bit type and
thickness has earlier been shown to be least associated with mouth in-
juries (Tuomola et al., 2021a, 2021b). Bit thickness of 14 mm has been
found on average to be suitable for horses (Anttila et al., 2022). Walsh
synthetic beta driving reins with hand holds (Walsh Company, Inc.,
Waukesha, WI, USA) were chosen for the last six horses after noting that
this rein model lacked the typical metal J-loop at the front, allowing the
reins to be attached directly to the rein sensors.

An additional delta rein (Pelhamdelta, Fairfield, Hooks Hastsport AB,
Boras, Sweden) was attached from the bit ring to the rein for safety in
case the sensor disintegrated. The safety delta was visually assessed not
to interfere with the rein sensors when the rein was in use.

Training sulkies were used for six horses and competition sulkies for
two horses. Two horses wore a tongue tie made from elastic leg bandage,
two horses wore earhoods, one horse had ear plugs, one horse wore a
plastic no choke plate under the chin, two horses wore a kicking strap,
one horse had a rear windsucker pad, one horse had the tail tied with a
thin leather strap, eye blinds and an overcheck with a jaw strap.

2.4. Mouth examination

Oral examination of the bit area of the horse was carried out before
and after the performance by a veterinarian (KT), and observations were
verified by an assistant. The inner and outer lip commissures, bars of the
mandible and the buccal area around the first upper cheek teeth, tongue
and hard palate were examined using a headlamp but without sedation.
The examination procedure is described in detail in our earlier studies
(Tuomola, 2022; Tuomola et al., 2019). Noseband tightness was
measured at the nasal planum using the ISES Taper Gauge and graded as
0 fingers, 1 finger or 2 fingers or more (Doherty et al., 2017).

2.5. Rein sensors; calibration and preparation

Two rein sensors were used (IPOS Technology, Eindhoven, The
Netherlands). The sensors were attached between the bit ring and the
rein. Each sensor weighed 95g. According to the manufacturer, the
sensor operating range is 0-500N, damage threshold 1000N,
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measurement sensitivity 0.2N and sampling rate 80 Hz. The sensors
were labelled LEFT and RIGHT to ensure consistent use. The IPOS Rein
Sensor smartphone application v.1.5.58 installed on the iPhone 12 mini
(Phone 1) was used for data collection. According to the IPOS manu-
facturer, the phone must be within 40 m of the sensor for the Bluetooth
connection to work. The phone was therefore placed in the driver’s
pocket for the duration of the driving session.

Our preliminary calibration tests showed that the sensors measured
weights (tensions) reliably only up to 21 kg (206N, left) and 24 kg
(235N, right). The day before each field day, the function of the rein
sensors was controlled with measured weights (1 kg, 2kg, 3kg, 5kg,
8kg, 10kg and 21kg). The maximum error observed was in the left
sensor with the 10 kg weight (error +4 %). As the sensors are sensitive to
ambient temperature and humidity, we calibrated them before each
drive session in the field according to the manufacturer’s instructions.

After the drive session, the rein sensor raw data file for each horse
was downloaded from the IPOS cloud service in cvs (comma separated
values) format and opened in Microsoft Excel. In the Excel spreadsheet,
the Universal Time Stamp was converted to a readable format using the
formula (=(A2/86400000)+DATE(1970;1;1).

2.6. Heart rate and speed measurement

Horses’ heart rate, speed and location were measured with the Polar
H10 heart rate monitor (Polar Equine, Polar Electro Oy, Kempele,
Finland) using an app installed on the Samsung Galaxy S21 phone
(Phone 2). The first two horses were recorded with the Polar Equine app
and the rest with the Polar Beat app. The heart rate band was attached to
the horse right before harnessing and monitoring started. The phone was
placed in the driver’s pocket for the duration of the drive.

2.7. Track drive session

The horses were driven clockwise on track for 3—4 km at walk, slow
trot and fast trot. Clockwise is a common warm-up direction and the
opposite of the competition direction. Horses were driven alone. The
track was closed to others for the duration of the session. The speed was
decided by the driver, and we filmed the horses from the left side from a
vehicle (a van with automatic transmission) driving alongside the horse.
To maximize safety and distance, the van was on the outermost track
close to the railing and the horse was filmed through an open side
window. After adequate data collection (about 8-16 minutes), the ses-
sion was ended and everyone returned to the harnessing booth/stable.

2.8. Video recording and editing

The track performance was recorded with a digital camera (Pana-
sonic GX7 with Lumix 14-140 HD Panasonic H-FS14140, video
recording programme, MP4 or AVCHD for longer continuous recording
time, frame rate 50 fps for all but the first horse). The camera was
panned on a tripod from side to side and zoomed to follow the horse as
the van moved ahead or lagged behind.

The video files were edited in Adobe Premiere Pro 2022. Audio track
was unlinked and two time codes were added to the video: video play-
back time from zero and local time based on Time.is service recorded at
the beginning of the video. To anonymize the driver and hide unnec-
essary visual information from the behaviour coder, the entire right side
of the image was cropped (via the Effects controls panel, Crop function,
Animation ON), resulting in a black block moving as needed to cover the
driver.

2.9. Data synchronization
Rein tension measurement was started from the Phone 1 IPOS app at

the turn of a minute. On the video, we recorded Phones 1 and 2 side by
side at the start and end of each session, thus documenting how to match
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local time and running time of the IPOS app. When applicable, a second
local time checkpoint from a digital wristwatch was video-recorded later
on the track.

To verify synchronization of rein sensor data and video image, the
left rein was pulled three times while the bit was held not to damage the
horse to create isolated, recognizable spikes in the data. The IPOS app on
the phone showed the spike with a delay of less than one second.
However, the time stamp in the IPOS data file for these pressure events,
which were readily identifiable in the data plot, did not correspond with
the IPOS app time shown on Phone 1 or with local time. The difference
was sometimes several seconds. In subsequent off-track manual pulling
tests, we consistently found such temporal discrepancies, but no obvious
fixed temporal discrepancy pattern. Therefore, we could not use these
manual tension events for data synchronization. To determine whether
this phenomenon might affect actual, continuous rein tension data, we
identified distinct rein tension events from both the video and respective
tension graphs, and the IPOS timestamps for these events corresponded
satisfactorily with the video time codes and the events taking place on
the video.

2.10. Description of the final study protocol

The practical study protocol is outlined below in chronological order.
The total time for the study protocol was approximately one hour (see
also supplementary material).

1. An oral examination of the horse was performed.

2. The driver harnessed the horse as usual in the harnessing booth or
in their own stable on the racecourse premises. The equipment
used was recorded on the examination form.

3. A suitable bit for the horse was selected.

. The tightness of the noseband was measured with ISES taper

gauge.

. Horse’s weight was estimated with weight tape.

. Rein sensors were calibrated to zero.

. Heart rate sensor was fitted.

. Reins and rein sensors were attached.

. Video recording and rein tension measurement were started.

10. Phone 1 (showing IPOS app running time) and Phone 2 (showing
local time from Time.is) were recorded on the video.

11. Left rein was pulled three times for data synchronization.

12. The delta reins for safety were attached.

13. The driver placed both phones in a suitable jacket pocket.

14. The horse left the booth/stable towards the track and researchers
followed in the van.

15. The wristwatch local time was recorded on video.

16. The horse was driven clockwise on a 1000 m oval racetrack for
3-4km at walk and trot, and its behaviour was filmed from the
van.

17. The driver was asked to drive the horse to the harnessing area.
The video recording continued until the final manual three-pull
test had been recorded in the harnessing booth/stable.

18. The rein and heart rate sensors were disconnected and removed.

19. The driver unharnessed the horse, the oral examination was
repeated and any findings were recorded on the examination
form.

N

O 0N O W”

2.11. Ethogram and behaviour coding

During ethogram (Table 1) compilation, the videos were viewed to
determine which behaviour types were observable and expressed by the
horses. Due to practical challenges with driving alongside the horse and
this affecting the video protocol, not all behaviours could be analysed.
These unidentifiable behaviours, such as facial expressions, nostrils, eye
and right ear, were thus excluded from the ethogram.

The observer, who was unaware of the rein tension and mouth injury
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Table 1

Ethogram of coded behaviours and duration of behaviours during the 8-16-
minute total track drive session expressed as seconds per 60-second period. The
behaviour duration has been adjusted for the time when the behaviour was
visible from the video (n = 8). The ethogram is based on previous reports
(Draaisma, 2020; Dyson et al., 2018; McGreevy, 2004; Piccolo and Kienapfel,
2019; Pierard et al., 2019; Seck et al., 2022; Torcivia and McDonnell, 2021).

Duration of
behaviour (s)

Category Behaviour /60s median Description
(min-max)
. Nasal plane is in front of
Head Head 0-69 59.8 (53.7-60) vertical (between 0 and 69°)
Hea.d behind 0.04 (0-6.3) Nasal plane is behind vertical
vertical (less than 0°)
Nasal plane is in front of the
vertical. (70° or higher). This
behaviour includes sudden
upward movements head
Head up R L
~70° 0(0-3.1) tossing, nose flipping) or
- rotational head movement
starting below the withers and
swinging upwards (head
swing)
Head not Head position is not visible in
visible the video
Poll Poll high 59.3 (50.3-60) Poll is higher that withers
level
Poll low 0.7 (0-10) Poll is at withers level or
below
Poll not Poll position is not visible in
visible the video
Ear Ear forward 19.1 (5.6-39.9) Left ear is pointing forward
Ear side 30 (13.5-52.4) Left ear is pointing sideways
Ear back 0 (0-40) Left ear is pointing backwards
Left ear is moving freely back
Ear bouncing 0 (0-10.2) and forth in the rhythm of the
gait
Ear not Left ear is not visible in the
visible video
Mouth Mouth closed  29.4 (3.8-52.3) Lips are closed
Mouth 6.6 (0.6-19.7) Mouth is open, lips or teeth
slightly open are separated
Mouth Mouth is open, large visible
. 1.6 (0.4-6.2) gap between upper and lower
widely open A
incisors
Mouth is opening and shutting
Mouth repeatedly two times or more
repeatedly 19.7 (2.5-44.8) and the mouth is open or
open closed for less than one second
at a time.
Mouth not Mouth is not visible in the
visible video
Note: mouth open does not
include openings during
licking
Tongue is inside the mouth.
Tongue tl"01'1gue 60 (57.4-60) Tongue. can be Vis.i bl(? %f th‘?
inside mouth is open or invisible if
the mouth is closed
Tongue 0 (0-0) Tongue is protruding or
outside hanging outside the mouth
L Horse is extending tongue
Licking 0(-61) outside the mouth and licking
Mouth area Mouth area is not visible in
not visible the video
Four-beat unrushed gait. May
. Unrushed include few trot steps. Neck is
Gait walk 78 (3:4-20.8) moving relaxed wit]})1 the
movement
Rushed/hurried walk. May
Rushed walk 0.3 (0-14.9) include few trot steps. Tension
in the neck
Two-beat gait where diagonal
Slow trot 22.4 (1.4-50.7) pairs of limbs moving forward

simultaneously. Slower
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Table 1 (continued)

Duration of
behaviour (s)

Category  Behaviour /60's median Description
(min-max)
trotting tempo for a particular
horse.
Fast trot 20.5 (5.9-36.5) Faster trotting tempo for
particular horse
Canter 0 (0-0.9) Three-beat gait
Transition from trot to walk or
from canter to trot. Transition
Transition starts when rein is tightened
0.4 (0-1.2) and horse’s speed starts to
down "
decrease. Transition ends
when lower speed gait has
been achieved
Gait not Horse’s gait type is not visible
visible in the video
Number of behaviours / 60 s
Includes vertical lash, lateral
Tail Tail swish 0 (0-0.1) swish or circular tail
movements
Tail not o s .
- Tail is not visible in the video
visible
Other Head shake 0(0-0.1) Horse is .shaking its head from
side to side
Head tilt 0.4 (0-0.8) Heafi is tilt'ed on one side on
vertical axis
Pulling reins 0.8 (0-8.7) Horse is extending its head

forward and pulling the reins

results, coded the horses’ behaviour and gait using CowLog 3 software
(Pastell, 2016). Videos were viewed five times at different playing
speeds, focusing on different body parts each time: i) head and poll
(video speed 0.25-0.4 x, meaning 25-40 % of the original video speed),
ii) left ear (0.25-0.4 x), iii) mouth and tongue (0.25-0.4 x), iv) gait,
horse pulling at reins, tail swish (0.8-1 x) and v) head tilt, head shake (1
x). Different playing speeds were used when analysing the head and
neck, e.g. one horse with an overcheck (one subject) expressed fewer
head and neck movements, allowing for a faster video playing speed.

2.12. Data handling and missing data

Track drive sessions ranged from 8 min 38s to 16 min 28 s (mean
11 min 50 s). Raw rein tension data were displayed in grams, which were
converted to Newtons for analysis. The data sporadically contained
negative values. According to the manufacturer, the left and right sen-
sors are constantly synchronized, and a specific large negative value
(-327680) marks a missing data point. Specific smaller negative values
(-10 or -20) may indicate some form of calibration error due to residual
tension in the sensor during calibration. The data also included other
negative values, but their meaning remained unclear. All negative
values were removed from the data before analysis. We also found that
the sensors at times failed to achieve the full target sampling rate of
80 Hz (80 times per second). The final rein tension data comprised data
points ranging from 47 158-75 353 (mean 54 687 + SD 10 714) for the
left rein and 28 586-51 464 (39 029 + 8167) for the right rein per horse.
The right sensor missed an average of 30% of the measurements.
Missing values, including removed negative values, are presented as a
percentage in the results section.

Five 30-second data subsets, Low (L), Mediuml (M1), Medium2
(M2), High (H) and Peak (P) rein tension, were visually selected from the
individual rein tension graphs to investigate whether there was a dif-
ference in the horse’s behaviour during different rein tensions. Subset L
was the lowest and H the highest rein tension area of a particular horse.
M1 was higher than L and M2 was lower than H but higher than M1
subset. The P subset contained a recognizable peak in the rein tension
data, i.e. rein tension increased to a high level and then decreased (Fig. 1
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Fig. 1. Rein tension for horses H1, H5, H6 and H8 are presented to show individual variation between horses. Full data plot is of raw data (80 Hz), rolling average
shows the means of 80 last data points. Number and duration of mouth behaviours and gait are presented as bars. Different rein tension subsets used in analysis: Low
(L), Medium 1 (M1), Medium 2 (M2), High (H), Peak (P).
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Fig. 1. (continued).

and Supplementary material). Occasionally, a particular part of the
horse (mouth, ear, head, tail, etc.) was not visible in the video and was
coded as NV = not visible. In the total track drive session analysis, the
behaviour analysis time is the total track drive session time minus the
NV time. In the subset analysis, the NV time was included in the analysis.

2.13. Statistical analysis

RStudio (1.3.1056) and JupyterLab (3.4.4) (Python) were used to
visualize the rein tension data. IBM SPSS 28.0 was used for statistical
analysis. Most of the data was not normally distributed, therefore non-
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Table 2
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Results of horses’ rein tension measurements, heart rate and speed during the total track drive session (n = 8). Horses with bruising in the bit area after the session are

in boldface. Bpm = beats per minute.

Rein tension left (N)

Rein tension right (N)

Heart rate (bpm) Speed (km/h)

Horse Median (Q1-Q3) Max Median (Q1-Q3) Max Median (min-max) Median (min-max)
1 24 (9-55) 212 26 (10-57) 234 121 (103-209) 23 (6-38)

2 33 (8-63) 209 35 (9-72) 206 - -

5 36 (16-56) 203 34 (14-51) 212 157 (96-209) 29 (2-42)

6 8 (5-14) 148 5(3-9) 120 136 (67-193) 20 (4-46)

7 15 (9-26) 128 14 (8-23) 106 - -

8 25 (14-39) 163 18 (10-31) 170 131 (53-183) 23 (1-36)

9 22 (6-38) 211 18 (5-36) 236 119 (81-204) 18 (6-27)

10 35 (16-56) 211 35 (16-56) 236 123 (56-201) 23 (6-36)

All 24 (10-44) 206 22 (9-47) 209 127 (74-201) 23 (5-36)

- Missing value

parametric tests were used for statistical analysis: i) Spearman’s rank
correlation coefficient was used to examine the association between
horses’ behaviour duration/60 s and rein tension (median, mean, IQR)
during total track drive session; ii) The Mann-Whitney U test was used to
analyse the association between the horses’ behaviour duration/60 s
and mouth injuries (any injuries vs. no injuries) during total track drive
session and; iii) The Friedman test was used to compare horse behaviour
duration, median heart rate and median speed between different rein
tension subsets (L, M1, M2, H, P). P-value < 0.05 was considered sta-
tistically significant in all analyses.

3. Results
3.1. Rein tension and behaviour; total track drive session

Median rein tensions ranged from 8 N to 36 N (Md = 24 N, left) and
from 5N to 35N (Md = 22 N, right). Maximum rein tensions ranged
from 128 N to 212 N (Md = 206 N, left, n = 8) and from 106 N to 236 N
(Md = 209 N, right, n = 8) (Table 2 and Supplementary material).

In total track drive session analysis, duration of mouth slightly open
correlated positively with IQR (greater variation in rein tension).
Numbers of mouth widely open correlated positively with median rein
tension (Table 3).

Head position of all horses most of the time was in front of the ver-
tical plane, and tail swishing was shown only once by one horse. The
tongue was inside the mouth all the time in five horses. Three horses
showed licking: 1, 3 and 60 times. Horses opened their mouth wide from
9 to 102 times (Md = 13) and pulled the reins from 0 to 75 times (Md =
8). Descriptive results of horse’s behaviour during the total track drive
session in relation to the track time are presented in Table 1. As some
behaviours (head shaking, head tilting, tail swishing, licking) occurred
infrequently, they were not analysed further.

Two of the horses were not wearing a noseband and five of the horses
had a basic cavesson noseband fitted such that two fingers could fit
under the noseband in the nasal plane when measured with the ISES
taper gauge. Only one horse had a noseband fitted such that one finger
fitted under the noseband.

3.2. Rein tension and behaviour; subsets

The durations of unrushed walk and mouth closed were longer in the
Low rein tension subset (Friedman test, y2 = 30.05, P < 0.001 and 2 =
15.69, P = 0.003, respectively). The durations of slow (y2 = 13.22, P =
0.01) and fast trot (y2 = 15.76, P = 0.003), mouth widely open (}2 =
12.28, P = 0.02) and mouth repeatedly open (x2 = 10.71, P = 0.03) were
longer in the higher rein tension subsets (Table 4, Figs. 2 and 3).

3.3. Mouth injuries

None of the horses had mouth injuries before but three had moderate
bruises in the bit area after the driving session. Horse 1 had two bruises
larger than 1 cm (right buccal area and left inner lip commissure), Horse
5 had one bruise larger than 1 cm in right inner lip commissure, and
Horse 10 had two 0.5-1 c¢m bruises (left bar and left inner lip commis-
sure). Median rein tension was numerically higher in horses with mouth
injuries (left; Mdyg = 35N, 24-36 N, Mdpin—Mdpax) (right; Mdpg =
34 N, 26-35N) (n = 3) than in horses without injuries (left; Mdy,g =
22 N, 8-33 N) (right; Mdpg = 18 N, 5-35 N) (n = 5) (Mann-Whitney U
test, left; U = 2.0, P = 0.1, right; U = 2.5, P = 0.1). Horses with mouth
injuries tended to hold their head behind the vertical for longer periods
(Md = 6.0 s, 0.07-6.3, min—max) than horses without such injuries (Md
= 0s, 0-2.4, min-max) (Mann-Whitney U test, U = 14.0, P = 0.07).
Horses with mouth injuries showed longer periods of rushed walk (Md =
13.3s, 7.8-14.9/60 s, min—max) than horses without injuries (Md =
0.0's, 0.0-0.5/60 s, min-max) (Mann-Whitney U test, U = 15.0, P =
0.04).

Table 3

Correlations between horse behaviour (duration of behaviours/60 seconds) and
rein tension during the 8-16-minute total track drive session. Only correlation
coefficients above 0.5 are presented. L= left rein, R = right rein. Statistically
significant results are in boldface.

Behaviour Rein tension Corre:lz}tlon P-value
coefficient
Ear side mean L —0.584 0.1
mean R —0.508 0.2
Ear back mean L 0.517 0.2
mean R 0.537 0.2
Mouth closed mean L —0.524 0.2
mean R —0.524 0.2
median L —0.574 0.1
IQRL —-0.619 0.1
IQRR —0.548 0.2
Mouth slightly open mean L 0.667 0.07
mean R 0.714 0.05
median L 0.524 0.2
median R 0.707 0.05
IQRL 0.738 0.04
IQR R 0.762 0.03
Mouth widely open mean L 0.643 0.09
median L 0.833 0.01
median R 0.635 0.09
Horse pulling reins, number mean L —0.635 0.09
mean R —0.539 0.2
median L —0.539 0.2
median R —0.639 0.09
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Table 4
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Horses’ median rein tension, speed and heart rate (HR) information during 30-second “sampling” at different rein tension levels: Low (L), Medium 1 (M1), Medium 2
(M2), High (H), Peak (P) (n = 8). Missing rein tension values are presented as % of all measurements. Speed and heart rate information available for only six horses.
Bpm = beats per minute.

Rein tension left (N) Rein tension right (N) Speed (km/h) HR (bpm)
Median,g Max,q Missing Median,g Maxmpg Missing Median,g Median,g
Subset (Q1md-Q3md) % (Q1md-Q3md) % (Mdmin-Mdmax) (Mdumin-Mdmax)
L 4 (2-8) 30 1.1 3(2-7) 30 19.2 7 (6-10) 104 (68-117)
M1 19 (13-24) 44 0.3 17 (11-23) 50 32.8 25 (9-32) 126 (73-151)
M2 42 (33-54) 100 0.1 43 (34-54) 94 32.9 26 (19-33) 174 (131-187)
H 70 (51-90) 173 0.1 68 (52-87) 178 335 27 (21-39) 181 (155-181)
P 46 (31-89) 204 0.6 41 (25-95) 207 32.4 26 (20-37) 173 (129-206)
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Fig. 2. Horse mouth behaviour and gait during 30-second samples at different rein tension subsets: Low (L), Medium 1 (M1), Medium 2 (M2), High (H), Peak (P) (n

= 8).

3.4. Speed and heart rate

Heart rate and speed data were available reliably for only six horses.
Median heart rate (beats per minute) was lowest during the Low rein
tension subset and highest during the High and Peak subsets (Friedman
test y2 = 16.4, P = 0.002). Horse median speed was lowest during the
Low rein tension subset and highest during the High subset (Friedman
test 2 = 12.1, P = 0.02) (Table 4).

4. Discussion

Median rein tensions in one rein ranged from 5 N to 36 N. Maximum
rein tensions ranged from 106 N to 236 N. After relatively short driving
session, three horses experienced moderate bruising. Their median rein
tension was numerically higher than that in horses without injuries, and
they showed longer periods of rushed walk. In the subset analysis, where
the horses acted as their own controls, the durations of slow and fast trot,
mouth widely or repeatedly open were longer in the higher rein tension

subsets.
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Fig. 3. Horses’ median time budget divided by A) mouth behaviours and B) gait at different rein tension subsets: Low (L), Medium 1 (M1), Medium 2 (M2), High (H),

Peak (P) (n = 8).

As an obligate nose-breather, the horse normally keeps its mouth
closed during exercise (Cook, 1999). In previous studies, mouth opening
in bitted horses has been associated with short reins (Christensen et al.,
2024, 2011), rein tension during riding (Piccolo and Kienapfel, 2019)
lameness (Dyson et al., 2018), (Christensen et al., 2024, 2011), pace and
tolt gaits (Christensen et al., 2024), suspension phase in trot (Eisersio
et al., 2013) or the horse’s attempts to relieve bit pressure (Eisersio et al.,
2023).

In the current study, walk was typical for the Low rein tension subset
and trot for the higher subsets. The results are in line with previous
studies where rein tensions were lowest in walk and higher in trot
(Clayton et al., 2005; Egenvall et al., 2022; Eisersio et al., 2015; Hart-
mann et al., 2022; Kuhnke et al., 2010).

4.1. Mouth injuries, rushed walk and rein tension

Single high rein tension events did not seem to cause visible mouth
injuries, with bruising likely arising from the combination of force and
prolonged rein tension exposure (impulse) (Clayton et al., 2021). Three
horses with mouth injuries showed longer periods of rushed walk.
Possibly, a horse may walk in a rushed manner if the driver wants the
horse to walk and restricts it from trotting in a situation where the horse
has associated track work with high arousal and fast gait. The horse may
be in a high arousal state due to previous experiences, fear or pain
(McBride and Mills, 2012). In ridden horses, rushed gait has been
associated with lameness (Dyson et al., 2018) and described as an
evasive behaviour (de Cartier et al., 2005). Optimal arousal level would
likely benefit trotter performance (Hebb, 1955; McBride and Mills,
2012; Mendl, 1999; Mendl et al., 2010; Teigen, 1994; Yerkes and Dod-
son, 1908) and could minimize injuries. Interestingly, the horse with the
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lowest rein tension in the study was the only one that showed unrushed
walk at the beginning of the recording. The driver’s personal preference
was that horses should enter and exit the track in walk.

4.2. Rein tension during total track drive session

Rein tensions were notably high, considering that previous studies in
voluntary test situations suggest that horses find tensions above 6-10 N
aversive (Christensen et al., 2011; Piccolo and Kienapfel, 2019). Our
tension results were higher than observed previously in ridden horses
(Clayton et al., 2005, 2003; de Cartier et al., 2005; Eisersio et al., 2015;
Konig von Borstel and GliBman, 2014; Kuhnke et al., 2010; Warren--
Smith et al., 2007), but are in line with two studies of trotter rein tension
(Egenvall et al., 2022; Preuschoft et al., 1999). In driving, tension can
easily increase as drivers can lean back while being supported by the
footrests in the sulky and hold their hands in the hand holds, allowing
for a stronger grip (Foster, 2013).

Bit use is ideally based on operant conditioning and negative rein-
forcement, where the important aspect is pressure release and its timing
(Bennett, 2006, 2001; McGreevy, 2011; McGreevy et al., 2005; Mills,
1998). Additionally, incorporating positive reinforcement into bit
training has been shown to be potentially beneficial (Warren-Smith and
McGreevy, 2007). Through repetition in training, a horse learns which
behaviour leads to pressure release (Bennett, 2001; Eisersio et al., 2021;
Lethbridge, 2009; McGreevy et al., 2018). Therefore, the bit should be a
tool for communication, not a means of control or restraint (McGreevy,
2011). However, it appears that drivers often hold the reins tightly to
prevent the horse from going ‘too fast’ and to ‘keep the horse at the
desired speed’ (Foster, 2013), which is contradictory to the principles of
negative reinforcement (Hartmann et al., 2022; McGreevy et al., 2018;
Tuomola, 2022). Fluctuating pressure threshold may cause confusion
(McLean and Christensen, 2017) and make it difficult for the horse to
learn the rein tensions (mouth pressure) to which they should habituate
or respond (Baragli et al., 2015; McLean and Christensen, 2017). Rein
tensions of 3.9 N for riding and 5.0 N for long reining have been sug-
gested as ‘light rein contact’ (Warren-Smith et al., 2007). Unrelenting
mouth pressure and its anticipation can cause pain, fear and distress and
have detrimental effects on the horse’s mental security (McLean and
Christensen, 2017; Mellor, 2020). These, in turn, may affect the horse’s
behaviour, thereby posing safety risks for the horse handler (Bell et al.,
2019; Hawson et al., 2010; Luke et al., 2022; McLean, 2005; Starling
et al., 2016; Waran and Randle, 2017).

4.3. Minimum head behind vertical and tail swishing

Head was in front of the vertical plane all the time in four horses and
over 90 % of the time for the other four. Three of the latter four horses
had mouth injuries after the session. Of the four that never moved their
head behind the vertical, only one wore equipment (overcheck) that
could in theory prevent this behaviour. The current findings are in
contrast to studies in dressage horses showing that riders commonly
compete with the horse’s head behind the vertical (HBV) [hyperflexion,
low deep round (LDR), or rollkur] (Gorecka-Bruzda et al., 2015; Kie-
napfel et al., 2014; McLean and McGreevy, 2010) and are often awarded
with higher scores (Hamilton et al., 2022).

The front part of the horse was prioritized during filming. However,
the tails of all horses were filmed for 8-14 minutes, and tail swishing
was shown only once by one horse. Tail swishing thus does not appear to
be associated with driving and high rein tension. In contrast, tail
swishing has been associated with riding with the head behind the
vertical (Kienapfel et al., 2014; von Borstel et al., 2009), riding in
dressage (Dyson and Pollard, 2021a, 2021b; Goérecka-Bruzda et al.,
2015) and riding in Icelandic horse competitions (Christensen et al.,
2024) as well as strong leg, spur or whip actions (Christensen et al.,
2011; Kienapfel et al., 2014).
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4.4. Pulling the reins

Six horses pulled the reins, i.e. the horse made a slow or fast head
movement either forwards and down, which was mainly seen at walk, or
forwards and up (nose flipping/tossing), which was seen at slow trot. In
the total drive session analysis, there was a tendency for an association
between number of rein pulling and lower mean/median rein tension,
Horse 6 pulled the reins 75 times, which might explain the unparalleled
vertical peaks in the rein tension graph. In previous studies, rein pulling
has been suggested to be a learned behaviour, where horses have
learned to make the handler loosen and even release the rein contact
(Eisersio et al., 2023; Gorecka-Bruzda et al., 2015). Nose/head flip-
ping/tossing has been associated with frustration (Torcivia and
McDonnell, 2021) or pain (Cook, 2003), and there is possible relation-
ship with lower rein tension since higher rein tension might restrict
tossing behaviour (Konig von Borstel and GliBman, 2014).

4.5. Ideas for future research

Behaviour observation during harnessing was not in our study pro-
tocol, but a cursory review of field data notes suggested that the three
horses with mouth injuries after the driving session exhibited anticipa-
tory behaviours (Dyson et al., 2022) and potentially learned helplessness
(Fureix et al., 2012; McGreevy and McLean, 2009; Odberg and Bouissou,
1999), whereas the uninjured horses did not. This observation warrants
further behaviour studies done during harnessing. Future research on
how the amount of rein tension used can be decreased via training is also
warranted.

4.6. Study limitations

When making conclusions based on this study, it is important to
remember that the rein sensors were unable to measure forces above
206 N (left) and 235 N (right) and that the sample size was limited. Also,
due to the time drift of the sensors, the timing of the sensor and
behavioural data may differ slightly, but by no more than 5 seconds. Due
to the lighting conditions and the equipment used on the horses,
assessment of minute facial expressions was not possible. The equipment
(e.g. tonguetie and overcheck) may also have affected the horses’ ability
to alter their behaviour. Finally, the study situation itself may have
influenced the behaviour of driver and horse.

5. Conclusions

Our results indicate that rein tensions were quite high. Horses with
mouth injuries after driving had numerically higher median rein ten-
sions. Horse trainers and drivers should monitor the horse’s mouth
behaviour, arousal state and ability to walk calmly and modify training
accordingly, as mouth widely or repeatedly open at higher rein tensions
may indicate aversion (mouth discomfort/pain), and rushed walk may
indicate high arousal, which in turn may increase the risk for mouth

injury.
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