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Abstract. The aim of this method agreement study was to agree on traditional and digital measuring methods
using a smartphone. For this purpose, in total, 48 purebred horses (24 Arabian and 24 Thoroughbred) were used
in this study. Lengths of the head, neck, body, back, and rump; heights of the shoulder, withers, rump, and toe;
widths of the head, chest, and front chest; and depths of the chest dimensions were taken from the horses to
evaluate the agreement of the traditional and digital measuring method results. The results of these two methods
were compared by linear regression and Bland—Altman plot analysis. The results of the digital analysis were
strongly correlated with the traditional method results for Arabian and Thoroughbred horses (r = 1.000, P <
0.001). As a result of the Bland—Altman plot analysis, 95.2 % of the differentiation value points of Arabian horses
and 94.9 % of the differentiation value points of Thoroughbred horses were within the 95 % limit-of-agreement
(LOA) interval. The values of agreement indices (Als) for Arabian horses were between 0.92 and 1.00, and the
values for Thoroughbred horses were between 0.95 and 0.99. These results indicate great agreement between
these two methods. The main limitations of this study are the study population and measurement regions, which
are limited to defined regions. This study concludes that, although all dimensions have not been examined, the
length, width, height, and depth dimensions of these horses demonstrate excellent accuracy between traditional
and digital assessment methods.

1999; Hacan et al., 2024).

are known for their excellent speed (Akgapinar and Ozbeyaz,

Since technology has advanced and horses have lost some of
their historical significance, they are largely used as sport-
ing animals (Akgapinar and Ozbeyaz, 1999; Ozbeyaz et al.,
2016) The most popular breeds of horses worldwide, Ara-
bian and Thoroughbred horses, are typically raised for racing
these days. The Arabian horse, which is one of the warm-
blooded horse breeds, is known for its durability, perfor-
mance, and good proportion of body measurements. Thor-
oughbred horses, also one of the warm-blooded horse breeds,

The different breeds have different morphometric traits,
and this information is necessary for official control and com-
merce of the horses in order to determine the breed character-
istics. In addition, morphometric traits are a good indicator
for the evaluation of body development and the determina-
tion of breeding stocks. Horse speed and jumping abilities are
commonly used to assess horse performance. The harmony
of the body parts generally appears to indicate a factor that
directly affects the speed and jumping ability of equestrian
horses. The most popular tools for measuring morphometric
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traits are goniometers and measuring tapes or sticks (Freitag
et al., 2021; José Sanchez et al., 2013). For the purpose of
genetic improvement in horse breeding, it is crucial to mea-
sure and assess the fundamental body dimensions of horses,
including the height of the fetlock, height of the rump, depth
of the chest, and height of the withers. Horse welfare is guar-
anteed and risk is decreased by replacing human measure-
ments with technological tools like mobile phones and cam-
eras (Ferreira Padilha et al., 2017; Matsuura et al., 2021). One
of the primary selection factors in horse breeding, along with
performance and health, is conformation. Specifically, young
horses’ conformation evaluation enables performance selec-
tion prior to their participation in equestrian events (Gmel et
al., 2018; Reich et al., 2024). According to recent studies,
image analyses are more beneficial for measuring body parts
with a camera because they have a high accuracy rate and
are simple to assess when using digital photographs (Freitag
et al., 2021; Mariz et al., 2015; White et al., 2008). Thus,
during the past few decades, much research has been con-
ducted on determining morphometric traits using computer-
aided measurement with photographs or recordings (Freitag
et al., 2021; Geng, 2018; Hunt et al., 1999; dos Santos et al.,
2017; White et al., 2008). According to the majority of these
studies, the most effective results may be obtained by ad-
justing the steady animal body, recognizing reference points
in this location, and using appropriate camera angles. Nowa-
days, the development of smartphone technology and its pro-
gram software makes it possible to easily measure morpho-
metric traits using smartphones.

In this study, the measurements identified by traditional
methods and digital methods using smartphones were com-
pared for consistency. For this reason, some horizontal and
vertical body measurements commonly determined for Ara-
bian and Thoroughbred horses at various ages were obtained
from the front angle using both digital and traditional meth-
ods, and the degree of agreement between the two methods
was evaluated.

2 Materials and methods

2.1 Animals

The animal materials used in this study consisted of
24 Thoroughbred and 24 Arabian equestrian horses,
ranging in age from 4 to 16 years. These horses were
chosen randomly in 2023 from private farms in the Turk-
ish provinces of Adana (37°06'15.2” N, 35°21'07.3"E;
37°01'43.7" N, 35°20'34.0" E; 36°58'49.8" N,
35°10'46.5" E; 37°07'06.7" N, 35°30'56.6" E;
37°04'35.5” N, 35°22'38.4”E), Mersin (36°50'07.7”N,
34°25'05.2" E; 36°44’03.0"N, 34°31'07.3” E), Osmaniye
(37°08'25.6" N, 36°21'12.2"E), Konya (37°31'08.1"N,
34°05'19.5” E), Nigde (37°56'44.8” N, 34°39'06.0” E), and
Kayseri (38°38/23.6” N, 35°29'54.5" E).
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Traditional tool

enths i bet

1. Neck Mandible and scapula Tape

2. Body Caput humeri and tuber ischii Tape

3. Back Peak of the withers and sacrum Tape

4. Rump Tuber coxae and tuber ischii Tape
Heights

5. Shoulder The caput humeri and ground Tape

6. Withers The withers and the ground Stick

7. Rump Peak of the sacrum and ground Stick
Depth

8. Chest Between the top of the withers and the sternum  Tape

Figure 1. Common dimension regions and definitions.

2.2 Measurements

These dimensions of regions (defined in Figs. 1, 2, and
3) were first measured using a traditional measuring tape
or stick, and then they were measured again using a
smartphone-based device (the iPhone 11 with a 12 MP dual
camera, /1.8 wide angle, and /2.4 ultra-wide aperture). Us-
ing measurement applications for digital analysis is only
compatible with this device. With this application, all body
measurements were obtained manually while the horses were
standing in their typical poses on level ground and in front of
a level wall (IPhone, 2023).

The digital measurements shown in Fig. 1 were taken from
the left side at 3m in length and 1 m in height. The digi-
tal measurements in Fig. 2 were taken from the front side at
2 m in length and 1 m in height. The digital measurements in
Fig. 3 of the toe height were taken from the left side at 1 m in
length and 20 cm in height, with the toe stabilized on a sur-
face 2 cm high. The horses were not given anaesthetic drugs
because it was believed that some measured values might be
lower due to the anaesthetic medicines’ tendency to relax the
muscles.

2.3 Data analysis

The Bland—Altman plot analysis was primarily used to de-
termine the difference between the two values determined by

https://doi.org/10.5194/aab-68-253-2025



N. Unal et al.: Agreement of morphometric dimensions between traditional and image analysis methods 255

Traditioal tool

Stick

Distance between

The outer sides of the right
and left articulatio humeri
Inner sides of the right and
left articulatio humeri

Widths
1. Chest

2. Front chest Tape

3. Head The outer angles of the eyes Tape
Lengths
4 Head Crista occipitalis and Os Tape

incisivum

Figure 2. Common dimension regions and definitions.

traditional and digital measuring methods, but linear regres-
sion analysis was first conducted to illustrate the limit of the
relationship between the traditional method and the image
analysis findings.

Bland—Altman plot graphics were made of Arabian and
Thoroughbred horses. In the first step for the Bland—Altman
plot, one sample T test was performed to determine the mean
bias and its standard deviation. The means [Da + Db)/2] of
values determined by the traditional method (Da) and im-
age analysis (Db) are presented on the x axis, and the dif-
ferences (Da — Db) between the traditional method and the
image analysis results are presented on the y axis. The con-
fidence intervals of the differences were calculated accord-
ing to the 95 % limit-of-agreement (LOA) values as follows

https://doi.org/10.5194/aab-68-253-2025

Figure 3. Toe height (the vertical line from the white line to the
horseshoe).

(Bland and Altman, 1986):

upper 95 % LOA = mean of differences + (1.96 x standard deviation), (1)
lower 95 % LOA = mean of differences — (1.96 x standard deviation).  (2)

In the second step for the Bland—Altman plot, linear regres-
sion analysis was performed to determine the proportional
bias using the differences (dependent value) and the means
(independent value) (Ludbrook, 2010).

In the last step, the upper and lower 95 % LOA values and
the agreement indices (Als) between traditional and image
measurements were calculated for Arabian and Thorough-
bred horses for each measurement region. Als were calcu-
lated as follows (Bland and Altman, 1986, 2003; Filippi et
al., 1995; van der Vlugt-Meijer et al., 2006):

|Da — Db|

Al=1——"
(Da+Db) /2

(3)
The SPSS Version 22 software was used for all of the statis-
tical analyses and illustrations (SPSS, 2013).

3 Results

3.1 Linear regressions

The linear regression of paired values for Arabian and Thor-
oughbred horses (Figs. 4 and 5) obtained using the image and
traditional methods shows a highly significant (P < 0.001)
correlation (r = 1.000).

3.2 Bland—Altman scatterplots

For Arabian horses, the intervals of the upper and lower 95 %
LOA were between 2.27 and —2.49 cm, and 15 values were
located outside these intervals (Fig. 6). The intervals of the
upper and lower 95 % LOA for the Thoroughbred horses
were between 2.42 and —2.68 cm, and 16 values, 7 of which
were negative and 9 positive, were located outside these in-
tervals (Fig. 7).
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Linear Regression of values for Arabian horses (n:312)
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Figure 4. Linear regression between the image and traditional
measuring results obtained from Arabian horses (image measur-
ing mean =75.76 cm, traditional measuring mean =75.65 cm, and
y =0.230+0.998 - x).

Linear Regression of values for Thoroughbred horses (n:312)
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Figure 5. Linear regression between the image and traditional mea-
suring results obtained from Thoroughbred horses (image measur-
ing mean = 77.15 cm, traditional measuring mean = 77.02 cm, and
y=—0.044 4+1.002 - x).

For the measurement region results, the Bland—Altman
scatterplot is given with the measurement means, the mean
of the differences, and the intervals of the upper and lower
95 % LOA in Fig. 8.

3.3 Agreement indices of the measured regions

Al values were between 0.92 and 1.00 for the Arabian horses
(Table 1). The upper and lower 95 % LOA results for these
horses were between 1.37 and 3.56 cm and between —3.56
and —1.63 cm, respectively. For the Thoroughbred horses,
the Al values were determined to be between 0.95 and 0.99.
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Bland Altman plot for Arabian horses (n:312)
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Figure 6. Bland—Altman plot of the Arabian horse results. The
one-sample ¢ test (f =—1.63, P <0.104) and linear regression
(R2 =0.003, r =0.052, B value of the non-standardized coeffi-
cient=0.001, P < 0.357) are defined. Overlapping binary values
out of LOA are presented as larger symbols than the others.

Bland Altman plot for Thoroughbred horses (n:312)

5= .
o .
t 3 - - - -8
2 Upper 95 %
g 1242
; = - " e L] - ee LI ] I‘SA""‘“
£
Y " s o aee e e -
)
g
2 se __ sme LTE) sree asasus s o4 LD mEan of y
2 0135130
2= - e e wuss assns .. [T,
H
g .- - e e “we - e e
g Lower 95 9%
5 .3+ . swe - LOA-2.68
T
2
= -

o llﬂ E‘D SIﬂ -ilﬁ s'n élﬂ ?ID ﬁlﬂ Qld léﬂ I{D 150 1;0 1-Im ISIﬂ 1{:D 1?'»

The means of values measured by different method (cm)
Figure 7. Bland—Altman plot of the Thoroughbred horse results.
The one-sample 7 test (t = —1.78, P < 0.076) and linear regres-
sion (R2 =0.011, r =0.103, B value of the non-standardized coef-

ficient=—0.003, P < 0.070) are defined. Overlapping binary val-
ues out of LOA are presented as larger symbols than the others.

The minimum and maximum values of 95 % LOA were 1.29
and 3.75 cm for the upper 95 % and —3.75 and —1.20 cm for
the lower 95 % (Table 2).

4 Discussion

For horses, body measurements and the proportion of these
values reflect breed characteristics, orthopaedic health, and
physical performance (Paksoy and Unal, 2019; Senna et al.,
2015). The determination of these values could be quite diffi-
cult for the evaluator and stressful for horses with harsh tem-
peraments. Additionally, it is stated that each measurement
takes roughly 1 min, which is a very long period when nu-
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Figure 8. Bland—Altman scatterplot of all the measurements according to the regions (n =48 for each item).
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merous measures are taken (dos Santos et al., 2017). Because
of the potential for measurement mistakes caused by these
undesired situations, image measurement is a better method
than traditional methods. Moreover, image analysis is faster
and more secure than traditional techniques.

4.1 Linear regression of the two methods

For the information in Figs. 4 and 5, R?2=10.999 and r =
1.000 (P < 0.001), the points in the linearly regressing scat-
terplot accumulated on the linear regression line like tight
clouds for the two breeds. The results of the traditional

https://doi.org/10.5194/aab-68-253-2025

method correlated perfectly with the image measurement
values, as implied by this more significant correlation. These
findings are consistent with other research findings (Freitag
et al., 2021; dos Santos et al., 2017), which is a good sign for
deducing the efficacy of digital measurement, even though
they do not show method agreement because the correlation
evaluates a consistent proportion of measurement pairs, not
similarity of measurement value pairs (Bland and Altman,
1986).

Arch. Anim. Breed., 68, 253-261, 2025
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Table 1. Measurement results, Als, and 95 % LOA for Arabian horses (n =24 for each item).

Items Measuring means = SD Agreement 95 % LOA
Traditional Image Mean Index+SD Upper Lower
Lengths
Head 54.50£2.04 54.75+£1.94 54.63£1.93 0.99+0.02 1.69 -2.19
Neck 54.67+£2.48 54.88+2.97 5477+£2.63 0.98+0.02 274 =3.15
Body 153.67+3.47 153.79+3.99 153.73+3.71 1.00£0.00 1.82  -2.07
Back 80.83£2.39 80.71 +£2.35 80.77+£2.33 0.99+0.01 1.80 —1.64
Rump 43.924+2.57 4433 £2.71 44.13+£2.59  0.99+0.02 1.58 —2.41
Heights
Shoulder 113.17£2.68 113.17+£3.40 113.174+2.92 0.99+0.01 3.56 —3.56
Withers 151.79+3.46 151.88+£3.66 151.83£3.50 0.99+0.01 262 =279
Rump 153.08+£4.05 152.96+4.36 153.02£4.13 0.99+0.01 325 -=3.00
Toe 8.79£0.78 8.79£1.02 8.79+£0.81 0.92£0.05 1.63 —1.63
Widths
Head 23.13£1.73 23.54+£2.11 23.33+£1.85 0.96+0.03 1.74 -2.57
Chest 43.29+1.04 43.63+1.53 43.46+1.23 0.98+0.01 1.37 -2.03
Front chest 21.83+£1.31 21.83+£1.31 21.83+1.24 0.97+£0.02 1.63 —1.63
Depth
Chest 80.75+4.11 80.63 £4.17 80.69+4.07 0.99+0.01 3.09 -2.84
LOA: limit of agreement. SD: standard deviation. Als: agreement indices.
Table 2. Measurement results, Als, and 95 % LOA for Thoroughbred horses (n =24 for each item).
Items Measuring means &+ SD Agreement 95 % LOA
Traditional Image Mean Index+SD Upper Lower
Lengths
Head 54.79 £2.45 54.58 £2.87 54.69£2.57 0.98+0.02 298 -2.56
Neck 55.54£2.72 55.79+£3.32 55.67£291 0.98+0.02 3.18 —3.68
Body 156.88£5.94 157.25+6.09 157.06+5.97 0.99+0.01 256 —3.31
Back 81.21+1.91 81.38+1.88 81.29+1.82 0.99+0.01 1.89 —-2.22
Rump 44.38+3.32 44.46 £ 3.64 44.42+3.43  0.98+0.02 236 253
Heights
Shoulder 113.67£2.18 113.38+£3.02 113.524+2.48 0.99+0.01 373 =3.15
Withers 157.92+6.38 158.88+£598 158.40£6.15 0.99+0.01 146 —3.37
Rump 157.33+6.11 157.33£6.00 157.33£5.98 0.99+0.01 375 =375
Toe 8.71£0.81 8.63£0.92 8.67£0.80 0.95+0.06 136 —1.20
Widths
Head 23.54+£1.10 23.83+1.13 23.69+1.04 0.98+0.03 129 —-1.87
Chest 43.75+1.22 43.83£1.61 43.79+1.33  0.98+£0.02 191 -2.08
Front chest 21.75+£1.45 21.79+1.53 21.77+£1.41 0.97+0.03 1.83 —-1091
Depth
Chest 81.79£2.90 81.75+£2.82 81.77£2.79 0.99+0.01 246 =237

LOA: limit of agreement. SD: standard deviation. Als: agreement indices.
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4.2 Bland—-Altman scatterplot of Arabian and
Thoroughbred horses

The differentiation values of the two methods for the Ara-
bian and Thoroughbred horses (Figs. 6 and 7) have shown
insignificant (f = —1.63, P < 0.104; ¢t = —1.78, P < 0.076)
mean biases (mean differences: Arabian horses=—0.11cm
and Thoroughbred horses = —0.13 cm). These lower mean
difference values and insignificant mean biases, though not
enough, are signs of acceptable agreement between the
two methods, and this insignificant mean bias is necessary
for continuing Bland—Altman analysis (Bland and Altman,
1986; Ludbrook, 2010). The upper and lower 95 % LOA val-
ues for Arabian horses were between 2.27 and —2.49 cm and
95.2 % of the differentiation value points were within this
95 % LOA interval, with only 4.8 % of the differentiation
value points outside this range. For Thoroughbred horses,
these results were 2.42 and —2.68 and 94.9 % of the differ-
entiation value points were within this 95 % LOA interval,
with only 5.1 % of the differentiation value points outside
this range. Bland and Altman (2003) reported that approx-
imately 95 % of the differentiation value points should be
within the 95 % LOA limits. In this context, the scattering
results of differentiation value points for the two breeds in
this study can be evaluated as good indicators of the agree-
ment between the two methods.

For coherence between the two methods, the dispersions
of the differentiation points in the scatterplot are expected to
be close to the main difference line and unaffected by the
size of the mean value (Dogan, 2018; Ludbrook, 2010). In
this study, the differences between the value pairs obtained
by the different methods did not change as the mean val-
ues increased. In other words, the scatterplot of the differ-
entiation values against the mean of these two-value pairs in
Figs. 6 and 7 is partially like a rectangle shape. In addition,
the differentiation value point dispersions in Figs. 6 and 7
were generally too closely scattered around the mean differ-
ence lines. These two results verify the agreement between
these two methods. These results were also consistent with
the results of the region-specific Bland—Altman plot (Fig. 8).
Owing to the fact that the Bland—Altman scatterplot and the
LOA values of the measurement regions were evaluated, the
cluster of the region measurement means in the scatterplot
was generally uniform, and the upper and lower 95 % LOA
values of the region measurements were generally between 3
and —3 cm. The clusters of neck length, withers height, and
rump height were a bit spread out because of their wider LOA
ranges; therefore, this was the expected result. Additionally,
when the region measurement means of the image and tradi-
tional method analyses are compared, almost the same results
were obtained for each region (Fig. 8).

Ludbrook (2010) suggested that the B (beta) value of the
non-standardized coefficient (this value represents the slope
of the line between the predictor variable and the depen-
dent variable) should be closer to zero and that the regres-
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sion result between the differences of measuring pairs (the
dependent value) and the means of measuring pairs (the in-
dependent value) should be insignificant for applying Bland—
Altman analysis because these results infer no proportional
bias. In this study, there were no proportional biases for
the two breeds because the B values and regression results
of Arabian (B value =0.001, P < 0.357) and Thoroughbred
(B value = —0.003, P < 0.070) horses were obtained in ac-
cordance with this statement.

4.3 Agreement indices of the measured regions of
Arabian and Thoroughbred horses

When the mean values of the image and traditional method
analyses are compared, almost the same results are under-
stood to be obtained for each region of Arabian and Thor-
oughbred horses (Tables 1 and 2), and these results obtained
in both breeds and in all regions are a positive result for the
agreement of the two methods.

Als > 0.90 are reported to be a high-agreement result be-
tween the two methods (van der Vlugt-Meijer et al., 2006;
White et al., 2008). In this study, the Al values were between
0.92 and 1.00 for Arabian horses and between 0.95 and 0.99
for Thoroughbred horses. These outcomes could be seen as a
good match between the two methods. When all the Al val-
ues were evaluated, they were found to be higher than 0.98,
except for head widths (0.96), front chest widths (0.97), and
toe heights (0.92) for Arabian horses and front chest widths
(0.97) and toe heights (0.95) for Thoroughbred horses. The
common thread in these AI values, which are lower than
those of the others, is that they have lower mean measure-
ment values than those of the others. According to these re-
sults, it could be said that careful measurement should be
performed in low-value dimensions.

5 Conclusion

The comparisons of the traditional method and image analy-
sis pair and their statistical results were evaluated, and strong
agreement was identified in this study. In conclusion, the
study’s findings demonstrated that, with careful measure-
ment of Arabian and Thoroughbred horses, the dimensions of
length, width, height, and depth found in the study could be
accurately ascertained by digital analysis utilizing a smart-
phone. The use of this method on the farms for these mea-
surements is clearly easier and more convenient, especially
for horses with harsh temperaments.
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