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Summary: Ultrasound imaging of the distal limb enables veterinarians to determine morphological characteristics like the size and degree
of changes in tissue conformation of the flexor tendons. To date, no study has validated the accuracy and precision of repeat follow-up
ultrasound examinations for quantitative measurements of the cross-sectional area (CSA) of both flexor tendons. So this study was perfo-
remed evaluate the accuracy and precision of ultrasound image acquisition and analysis to evaluate the cross-sectional areas of the equine
deep and superficial digital flexor tendons of the forelimbs. In 10 consecutively obtained transverse images the CSA of both flexor tendons
at 3 levels was examined in 5 horses by one operator. To examine the agreement of repeat image analysis, the CSA of the SDFT and DDFT
at 3 levels on the left forelimb of 12 sound warmblood horses was repeatedly measured 10 times in the obtained ultrasound images by
the same experienced operator. For all examinations the overall concordance correlation coefficient (OCCC) was calculated. The OCCC
of the repeated image acquisition at the SDFT was very high at all levels (≥0.98–≥0.99) and at the DDFT, a substantial or modest agree-
ment for level 2A (0.98) and 2B (0.94) and a poorer agreement at level 1B (0.84) was shown. Repeat image analysis of the CSA showed
an extremely high agreement between all measurements of the cross-sectional area at all levels of both tendons (≥0.99). The results show
that the acquisition and analysis of transverse ultrasound images of the SDFT and the DDFT to measure the cross-sectional areas at different
levels can be stated as a technique to perform quantitative examinations with high precision and accuracy for scientific purpose or as fol-
low-up examinations of clinical cases.
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Introduction

Ultrasound examination of the equine distal limb to detect
tendon lesions has become a commonly applied method of
diagnostics in equine practice (Marr et al. 1993, Denoix
1994, Dowling et al. 2000). Ultrasound imaging of the distal
limb enables veterinarians to determine morphological cha-
racteristics like the size and degree of changes in tissue con-
formation of the flexor tendons (Hauser 1986, Henry et al.
1986, van Schie and Bakker 2000). To a certain extent, it can
allow veterinarians to monitor the healing of lesions and to
determine a prognosis for reintroducing the horse to training.
Moreover, quantitative ultrasound examinations are used in a
scientific context to assess the impact of various factors, such
as training, growth, or breed, on the morphology of the flexor
tendons (Gillis et al. 1995, Agut et al. 2009, Avella et al.
2009, Boehart et al. 2010). For this purpose, follow-up exa-
minations of the same horse are performed to compare the
tendon properties between treatments or during different pha-
ses of recovery. Commonly assessed parameters include the
echogenicity, size (cross-sectional area, CSA), differentiation
from surrounding structures, and shape measured at different
levels of the digital flexor tendons between the carpus and the
metacarpophalangeal joint (Gillis et al. 1995b, Wood et al.

1993, Smith et al. 1994). In particular, the echogenicity, des-
cribing alterations of the internal architecture of the tendons,
and the increase in the cross-sectional areas are evaluated.
These properties of tendons measured in ultrasound images
are compared to adjacent structures, the contralateral limb,
or under different conditions for clinical and scientific purpose
(Nicoll et al. 1992, Tsukiyama et al. 1996). Despite technical
improvement of ultrasound equipment, this method of dia-
gnostics automatically implies that image acquisition and
analyses, when done quantitatively, are both affected by the
subjective view and experience of the person performing the
examination, and therefore may not be ideal when compara-
bility is important (Smith et al. 1994). High reproducibility of
image acquisition and analyses is crucial for accurate dia-
gnosis and detection of subtle changes in follow-up examina-
tions. Objective criteria would be useful to estimate the accu-
racy and precision of repeat ultrasound examinations.(Pic-
kersgill et al. 2001).

Therefore, certain standards have been developed to increase
the validity and accuracy of ultrasound imaging with regard
to the examination of the equine digital flexor tendons (Deno-
ix 1994, Miles et al. 1996, van Schie et al. 1998, Padaliya et
al. 2015). Studies have been carried out to determine quan-
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titative methods of evaluation such as grey scale analysis,
including mean grey scale level or mean echogenicity (van
Schie et al. 2000, van Schie and Bakker 2000). Studies con-
sidering the CSA mainly focused on the establishment of refe-
rence values and on the evaluation of the inter-operator or
inter-equipment variability of image acquisition and analysis
(Smith et al. 1994, Pickersgill et al. 2001, Vilar et al. 2011). 

Thus far, no study has validated the accuracy and precision of
repeat follow-up ultrasound examinations for quantitative
measurements of the CSA of both flexor tendons of the left
forelimb by one operator – an option to monitor changes of
this parameter for different conditions in equine practice and
research. Therefore, the aim of this study was to examine the
following hypotheses by calculating the overall concordance
correlation coefficient [OCCC], overall accuracy [OACC],
and overall precision [OPREC]: 

• With the given setup (as described in the method section),
an experienced operator can acquire highly consistent ima-
ges (OCCC, OACC, and OPREC substantial or perfect) to
calculate the cross-sectional area of the superficial flexor
tendon (SDFT) and deep digital flexor tendon (DDFT) at
three different levels. 

• With the given setup and software, an experienced opera-
tor can achieve highly consistent image analysis (OCCC,
OACC, and OPREC substantial or perfect) of the cross-sec-
tional area of the SDFT and DDFT at three different levels.

• The consistency in image acquisition and analysis of the
cross-sectional area of the SDFT and the DDFT are high
enough to detect subtle changes in the size of the tendons
during repeat measurements under field conditions. 

Material and Methods

Animals

A randomly selected cohort of 17 clinically sound warmblood
horses (147–168cm; 420–580kg, 6–12 years, 8 male and
9 female) was selected from a larger population of horses
resident in a riding school. All horses were used to being
handled, calm, and did not have severe irregularities of limb
or hoof conformations. They were regularly trimmed or shod,
and were housed, fed, and managed in a similar way. The
animals experienced a similar level of exercise, approximately
10–15h per week. Before any investigation, the horses inde-
pendently underwent clinical, orthopaedic, radiological, and
sonographic examination by 2 veterinarians who had more
than 5 years’ experience in equine practice and lameness
diagnostics. Orthopaedic examination included inspection,
palpation, and a lameness examination on hard and soft sur-
face. Separate 90° and 0° radiographs of the toe and the fet-
lock were acquired and sonographic examinations of the soft
tissue were performed to exclude pathologies of the distal
limb. Based on this examination, horses with orthopaedic
disorders or other diseases were excluded. 

Study Design

Firstly, the reproducibility of the ultrasound image acquisition
was evaluated. Therefore, in 5 horses 10 transverse images
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of the SDFT and DDFT at 3 levels were consecutively obtai-
ned by one operator, experienced in ultrasound examination.
The ten images from one horse were assessed consecutively
in one session. The probe was completely removed and the
horses were moved between examinations. Subsequently, the
CSAs were measured once in each of the obtained images.

For the ultrasound image acquisition, horses were standing
square on a nonslip floor. Image acquisition was performed
on the forelimbs of the horses without sedation. The palmar
aspect of the metacarpal region was clipped and then scrub-
bed with alcohol. Echolucent gel1 was applied prior to and
during the examination. With the probe contacting the most
palmar aspect of the metacarpal region, perpendicular to its
palmar surface, transverse images of the SDFT and DDFT
were obtained at a predetermined level. For the examina-
tions, a portable ultrasound unit 2 and a variable frequency
linear transducer3 (6.0–11MHz; Width: 40mm), set at
8.5MHz and a field depth of 4cm with a stand-off pad to
ensure optimal coupling, were used. Each image was asses-
sed 8cm (zone 1B), 12cm (zone 2A) and 16cm (zone 2B)
distal of the accessory carpal bone (Padaliya et al. 2015)
(Figure 1), thus splitting the tendon convolute into three parts
to obtain a good overview of the SDFT and DDFT throughout
both their ranges where most pathologies are likely to occur,
in particular at the SDFT. The DDFT is mainly affected by
disorders located distally of the fetlock, however this region
was not a focus of the present study and should be part of
further examinations (Denoix 1994, Williams et al. 2001,
Lam et al. 2007, Ely et al. 2009). The probe was manipula-
ted in all planes to obtain an optimal image showing the
widest cross-sectional area possible of each tendon at the
specific level. Consistent perpendicular and palmar probe
placement was ensured. Between image acquisitions the pro-
be was removed and then replaced in the same position.
Focus, brightness contrast, and gain where not modified
throughout this study and thus remained the same for all
acquired images to ensure comparability (Agut et al. 2009).
To guarantee that the same level was chosen for each exami-
nation, a standard measuring tape was utilised before each
image was acquired. 

Secondly, part the reproducibility of the image analysis was
examined. Therefore, the cross-sectional areas of the SDFT
and DDFT were repeatedly measured 10 times in one image
of each level on the left forelimb of 12 horses by the same
experienced operator. All 10 measurements for one horse
were performed consecutively at the same time.

For image analysis a still, representative image of the SDFT
and the DDFT of each level was saved when allowing the
accurate identification and tracking of the outer margin of
both flexor tendons. The operator’s name, the name of the
horse, the examined limb (left, right), and the level of the exa-
mination (1B, 2A, 2B) were added to the recorded and stored
image for identification during subsequent analyses. All ima-
ges were stored on a USB stick and used for further analysis
to calculate the cross-sectional areas of each tendon and at
each level. All obtained images were saved as jpeg files and
analysed using the open source image processing software
ImageJ4. The CSA (cross-sectional area) of the SDFT and the
DDFT was measured by outlining the structures in question
with a cursor and then calculating the encompassed area .
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This was performed 10 times per image to compare the
reproducibility of values produced with this software and by
one experienced operator.

Statistical Analysis

Statistical analysis was carried out with the software5. Mean
and standard deviations were calculated for the cross-sectio-
nal areas of the SDFT and DDFT at each level. In a validation
process, the reproducibility of the data collection and quanti-
tative measurements for analysis are of interest. The authors
chose the overall concordance correlation coefficient
(OCCC) to fully assess the desired reproducibility characteri-
stics of image acquisition and analyses. The concordance
correlation coefficient �c (CCC) evaluates the agreement bet-
ween two values from the same sample by measuring the
variation from the 45° line through the origin (the concordan-
ce line). Lin’s concordance correlation coefficient is stated to
be the best measure of agreement for measuring the same
continuous variable to evaluate reproducibility (Lin 1989,
McBride 2005). First, it addresses the precision and accuracy
indices as components of the OCCC. Second, it clarifies that
the OCCC is the weighted average of pairwise CCCs. The
OCCC is equivalent to the generalised CCC when the squa-
red distance function is used (McBride 2005). In this study the
overall CCC (OCCC) in terms of the inter-measurement vari-
ability for assessing agreement among multiple, repeat ultra-
sound image acquisition and analysis of the cross-sectional
areas at different levels of the SDFT and the DDFT was app-
lied. Additionally, the measures of overall accuracy (OACC)
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and overall precision (OPREC) are presented for the stated
parameters. Accuracy is a measure of statistical bias descri-
bing the systematic errors as the weighted average of a mea-
surement�s sensitivity and specificity. OPREC of a measure-
ment, related to reproducibility and repeatability, is the
degree to which repeated data collection or measurements
under the same conditions show the same results. McBride
(2005) suggests the following descriptive scale for values of
the concordance correlation coefficient for continuous varia-
bles: Value of OCCC strength of agreement <0.90=poor,
0.90–0.95=moderate, 0.95–0.99=substantial, >0.99=almost
perfect (McBride 2005). 

Results

All horses showed no evidence of SDFT or DDFT tendinitis or
lesions (n=17). Distinct inter-individual variations occurred for
the size of the cross-sectional areas of the SDFT and DDFT
(n=17 horses) as shown by presenting the minimum, maximum
and standard deviation (SD) for this parameter in Table 1.

Image acquisition – Reproducibility of assessing ultrasound
images to evaluate the cross-sectional area of the digital fle-
xor tendons. 

Table 2 lists the mean and standard deviation (SD) of the
cross-sectional areas (mm²) of 10 repeat ultrasound assess-
ments at each of the three levels (B1, A2, B2) of the SDFT and
DDFT at the distal forelimbs of 5 horses. It shows that the SD

Fig. 1 Ultrasound exami-
nation to obtain transverse
images of the SDFT and the
DDFT of the forelimb at level
1B, 2A, and 2B (created and
published with permission of
Effigos “Hoof Explorer” –
www.hoofexplorer.com).

Table 1      Inter-individual variation of the cross-sectional areas of the flexor tendons of the forelimbs at three different levels described by the 
minimum, maximum, and standard deviation (SD) in mm² (n=17). 

 
 

minimum (mm²) maximum (mm²) SD (mm²) 

SDFT 1B 6,96 12,23 1,50 

SDFT 2A 6,84 12,27 1,42 

SDFT 2B 6,91 13,95 1,62 

DDFT 1B 9,51 13,16 0,91 

DDFT 2A 9,11 13,98 1,66 

DDFT 2B 9,29 19,24 2,84 

!
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for repeat ultrasound imaging of the SDFT to evaluate the
cross-sectional area is quite low (0.07–0.29mm²). Differen-
ces in the dimensions of the SD are observed between the 5
horses. Similar results occurred for repeat ultrasound imaging
of the DDFT. Here, values for SD between 0.10 and
0.28mm² occur.
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Table 3 shows the statistical measures OCCC [overall con-
cordance correlation coefficient], OACC [overall accuracy],
and OPREC [overall precision] describing the reproducibility
of the 10 ultrasound examinations to assess the cross-sectio-
nal area of the SDFT and the DDFT at three different levels
(1B, 2A, 2B) in 5 horses in vivo. In general, the given experi-

 

Table 4      Mean and standard deviation (SD) of the cross-sectional area (mm²) of 10 repeated measurements in the ultrasound images at three 
levels (B1, A2, B2) of the SDFT and DDFT (n = 12). 

Horse SDFT 1B SDFT 2A SDFT 2B DDFT 1B DDFT 2A DDFT 2B 

1 8.28 ± 0.09 7.42 ± 0.09 7.68 ± 0.06 11.07 ± 0.12 9.12 ± 0.08 15.43 ± 0.06 

2 8.17 ± 0.05 8.16 ± 0.16 7.88 ± 0.06 11.13 ± 0.11 9.11 ± 0.12 15.31 ± 0.13 

3 7.10 ± 0.09 7.61 ± 0.08 7.38 ± 0.06 13.16 ± 0.10 10.25 ± 0.09 15.88 ± 0.07 

4 6.96 ± 0.06 7.73 ± 0.08 7.49 ± 0.05 10.68 ± 0.05 10.47 ± 0.10 15.82 ± 0.08 

5 8.74 ± 0.06 7.22 ± 0.06 8.07 ± 0.06 12.18 ± 0.08 9.70 ± 0.06 17.40 ± 0.10 

6 10.83 ± 0.09 9.89 ± 0.05 10.02 ± 0.09 9.51 ± 0.06 9.89 ± 0.07 19.24 ± 0.03 

7 8.06 ± 0.05 8.82 ± 0.04 8.79 ± 0.05 11.84 ± 0.04 12.16 ± 0.03 12.41 ± 0.03 

8 7.81 ± 0.07 7.23 ± 0.04 8.09 ± 0.06 10.82 ± 0.06 11.45 ± 0.02 13.90 ± 0.08 

9 7.43 ± 0.04 7.57 ± 0.05 7.15 ± 0.04 12.14 ± 0.03 10.52 ± 0.05 14.36 ± 0.03 

10 8.19 ± 0.06 8.19 ± 0.06 7.64 ± 0.04 10.44 ± 0.05 15.89 ± 0.06 13.88 ± 0.05 

11 9.09 ± 0.05 8.68 ± 0.04 8.24 ± 0.08 11.75 ± 0.06 11.18 ± 0.05 12.11 ± 0.06 

12 10.23 ± 0.04 8.99 ± 0.05 8.72 ± 0.05 10.57 ± 0.06 11.71 ± 0.06 15.59 ± 0.06 

!

 
 
Table 3      Overall Concordance Correlation Coefficient (OCCC), Overall Accuracy (OACC), Overall Precision (OPREC) of 10 repeated 
ultrasound examinations to assess the cross-sectional area of the SDFT and the DDFT at three levels (1B, 2A, 2B) (n = 5). * = perfect agreement,  
** poor agreement 

 
variable OCCC OPREC OACC 

SDFT 1B 0.98 0.99* 0.99* 

SDFT 2A 0.99* 0.99* 0.998* 

SDFT 2B 0.98 0.99* 0.995* 

DDFT 1B 0.84** 0.92** 0.91** 

DDFT 2A 0.98 0.98 0.99* 

DDFT 2B 0.94 0.97 0.97 

!

 

 

!

Table 2     Mean and standard deviation (SD) of the cross-sectional area (mm²) of 10 ultrasound examinations at three levels (1B,2A, 2B) of the 
SDFT and DDFT (n = 5). 

 
Horse SDFT 1B SDFT 2A SDFT 2B DDFT 1B DDFT 2A DDFT 2B 

1 9.27 ± 0.16 10.57 ± 0.25 9.67 ± 0.23 10.77 ± 0.13 9.50 ± 0.18 10.68 ± 0.15 

2 9.44 ± 0.15 10.30 ± 0.12 9.54 ± 0.13 11.40 ± 0.16 9.41 ± 0.10 10.23 ± 0.14 

3 11.53 ± 0.07 12.27 ± 0.13 9.32 ± 0.09 10.48 ± 0.22 12.56 ± 0.22 9.38 ± 0.18 

4 12.23 ± 0.15 9.29 ± 0.12 9.76 ± 0.10 10.12 ± 0.18 9.17 ± 0.21 9.29 ± 0.26 

5 8.56 ± 0.29 6.84 ± 0.10 6.91 ± 0.10 10.32 ± 0.24 11.54 ± 0.28 11.27 ± 0.14 

 

Table 5     Overall Concordance Correlation Coefficient (OCCC), Overall Accuracy (OACC), Overall Precision (OPREC) of 10 repeated 
measurements to assess the cross-sectional area of the SDFT and the DDFT at three levels (1B, 2A, 2B) in ultrasound images (n = 12).  
* = perfect agreement 

variable OCCC OPREC OACC 

SDFT 1B 0.996* 0.997* 0.999* 

SDFT 2A 0.99* 0.99* 0.998* 

SDFT 2B 0.99* 0.995* 0.998* 

DDFT 1B 0.99* 0.99* 0.998* 

DDFT 2A 0.998* 0.998* 0.999* 

DDFT 2B 0.998* 0.999* 0.999* 

!
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mental setup showed high correlation, accuracy, and preci-
sion between the assessments of ultrasound images at the dif-
ferent levels of both digital flexor tendons. The OCCC bet-
ween the repeat ultrasound imaging at all levels of the SDFT
was very high (≥0.98). In particular, at level 2A an extremely
high OCCC (≥0.99) was observed. The repeat examinations
of the SDFT also showed extremely high overall precision
(OPREC) (≥0.99) and overall accuracy (OACC) (≥0.99).

The OCCC for the repeat ultrasound examinations at diffe-
rent levels of the DDFT demonstrated a substantial or modest
agreement for level 2A (0.98) and 2B (0.94), whereas repeat
image assessment at level 1B of the DDFT showed poorer
agreement (0.84) between the examinations. The OPREC
and OACC for imaging at levels 2A and 2B also ranged from
substantial to perfect. At level 1B the values describing accu-
racy and precision are lower, 0.91 and 0.92.

Image analysis – Reproducibility of ultrasound measurements
of the cross-sectional area of the digital flexor tendons 

Table 4 shows the mean and standard deviation of 10 mea-
surements of the cross-sectional area (mm²) at three different
levels (B1, A2, B2) of the SDFT and DDFT in the ultrasound
images of 12 horses. Very low standard deviations occur for
all measurements of the cross-sectional areas of both ten-
dons at all levels (0.02–0.16 mm²).

Table 5 shows all measures describing the reproducibility of
repeat measurements in ultrasound images of the SDFT
(n=12) and the DDFT (n=12) at three different levels to
assess the cross-sectional areas performed by one operator.
The given references and setup to analyse the ultrasound
images enabled an extremely high agreement between all
measurements of the cross-sectional area at all levels of both
tendons (OCCC ≥ 0.99). Moreover, in this study accuracy
and precision were excellent (OAUC/OPREC ≥0.99).

Discussion

Ultrasound imaging enables the monitoring of injuries or the
healing progress in tendon lesions. Additionally, quantitative
ultrasound measurements are performed to acquire scientific
evidence of the effect of different factor – such as training,
drugs, and growth – on the size of the equine flexor tendons
(Gillis et al. 1995b, Kasashima et al. 2002, Avella et al.
2009, Korosue et al. 2015). In both cases the tendons’ cross-
sectional areas of repeat examinations are measured and
compared. In this context, the current study proves high
agreement, precision, and accuracy of repeat ultrasound
image acquisition and image analysis performed by one ope-
rator under practical circumstances. It provides valuable
information that quantitative measurement of the flexor ten-
don’s CSA is a useful option for intra-individual comparisons
of this parameter under different conditions, such as disorders
affecting the tendons, a changes in exercise regime, or in
orthopaedic treatment. 

The image acquisition in the present study showed a slightly
lower OCCC, OACC, and OPREC than the image analysis.
This is probably caused by the increased number of variables
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affecting the acquisition of ultrasound images. Even if the
equipment, protocols, and operator are the same for each
horse, further factors can influence examination, such as
movement of the horse, environmental conditions, or slight
variability in the location from which the image is obtained.
For comparative examinations of the CSA at different levels,
it is advisable to use clear references (accessory bone) and
measuring aids (measuring stick or tape). 

Furthermore, this study showed that image acquisition is
more reproducible with very high OCCC, OACC, and
OPREC values for the SDFT. In the study by Smith et al., hig-
her standard deviation also occured for the CSA of the
DDFT (Smith et al. 1994). This might be related to differen-
ces in the architecture, arrangement, and structure of both
tendons or to the better resolution of the SDFT located clo-
ser to the probe. The images in the present study were
acquired by assessing a transverse plane image of the SDFT
and DDFT. The alignment of the probe was manipulated in
all planes to obtain an optimal image showing the subjecti-
vely largest dimension of the cross-sectional area of each
tendon at each level. Consistent perpendicular and palmar
probe placement had to be ensured for each examination.
Best results for both tendons simultaneously were achieved
at level 2A, where anatomical conditions allow the place-
ment of the probe to represent both structures optimally and
where the SDFT and the DDFT are easier to distinguish
during image analysis. Lowest values for OCCC, OACC,
and OPREC occurred for the DDFT at level 1B. The differen-
ces between the levels probably occur since it might not be
entirely possible to achieve the same accuracy and precision
for both flexor tendons simultaneously in one image. In par-
ticular, in the distal region of the metacarpus (zone 1B), the
SDFT and the DDFT show angular deviations (Bolen et al.
2007). The DDFT occurs V-shaped in this region and does
not run parallel to the SDFT (Denoix 2005). Both flexor ten-
dons run parallel in the middle of the metacarpal region
(zone 2A) (Denoix 2005, Ross and Dyson 2011). Dependent
on the focus on either the SDFT or the DDFT, the reproduci-
bility might vary between both tendons. In order to increase
accuracy, in the distal part it is advisable to examine both
tendons separately.

All values are only valid for the given setup and protocols.
With regard to this, Pickersgill stated an absence of any sig-
nificant difference between different sets of equipment 
(Pickersgill et al. 2001). It seems that different analytical
hardware and software provide a high degree of consistency
and reproducibility to assess the cross-sectional area of the
digital flexor tendons. However, not all available equipment
provides the same technical standard and options. This study
utilised commonly used ultrasound equipment with high tech-
nical standard2,3 in addition to a standardised protocol to
acquire ultrasound images at exactly the same level under the
same conditions and measured the cross-sectional areas.
Results may vary if the setup, technique, or protocols are
changed or if the examinations are performed in different ses-
sions. The reproducibility of image acquisition and analysis
might also vary with different operators. Pickersgill et al. iden-
tified strong consistency in image acquisition through different
operators without significant differences despite a considera-
ble difference in the experience level of the operators 
(Pickersgill et al. 2001). This group only found significant dif-
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ferences between the two operators in image analysis to
assess the CSA of the SDFT. It is advisable to use the same
equipment and protocols for the duration of scientific studies
and for only one operator to perform image acquisition and
analysis to minimise any possible influence of these variables.
During image analysis by the same operator it seems to be
easier to always follow the same guidelines and to define the
external border of the flexor tendons’ for assessing the cross-
sectional area. The interpretation of the SDFT and DDFT
external border location is always determined and applied by
the same person, leading to similar and comparable values
for this parameter for research purposes. In equine practice
inter-operator or inter-technique variability for ultrasound
image acquisition to assess the CSA of the flexor tendons
seems to be negligible. Measurements of the CSA in the
obtained images should be performed by the same operator
to reduce variability in clinical follow-up examinations. 

Moreover, in equine practice intervals between examinations
for follow-up assessments vary and can range from weeks to
months. Although this factor may rarely affect the skills and
accuracy of an experienced operator, in the case of a less
skilled examiner it might influence the results of repetitive eva-
luations of the CSA of the flexor tendons. However, no study
has shown the impact of extended examination intervals on
repeat measurements of the CSA of equine flexor tendons for
clinical or scientific purpose.

The purpose of the study was not to examine the agreement
between the values obtained with ultrasound imaging and the
true sizes of the CSA at different levels. In practice and for
some scientific questions, the agreement of intra-individual
comparisons of the specific CSA is more important than the
agreement with the true size of the tendon (Denoix 1994,
Kasashima et al. 2002, Celimli et al. 2004, Avella et al.
2009). The true CSA of the flexor tendons can only be asses-
sed by dissecting the tendons and carrying out morphometric
analysis, which is practically irrelevant (Smith et al. 1994). Pre-
viously reported ultrasound measurements of SDFT and DDFT
mean cross-sectional area in Warmbloods or Thoroughbreds
cover a wide range of values at all levels in the tendons. Alt-
hough the levels examined in this study differ slightly from tho-
se used in other studies, the mean values calculated here were
considerably lower than those reported by other groups (Smith
et al. 1994, Gillis et al. 1995). The size of the cross-sectional
area seems to vary depending on the breed (Celimli et al.
2004, Agut et al. 2009, Boehart et al. 2010, Vilar et al.
2011). The inter-individual variation of the cross-sectional
areas makes a direct comparison between different horses dif-
ficult (Pickersgill et al. 2001). Therefore, in order to apply
ultrasound imaging for diagnostic purposes, the inter-individu-
al comparison does not seem to be a useful approach. The
values of the corresponding levels of each tendon at the con-
tralateral limb are probably a more sensible reference, since
previous studies reported no significant differences between
the left and right forelimbs in the examined horses (Smith et al.
1994, Gillis et al. 1995, Pickersgill et al. 2001). 

In conclusion, the current findings suggest that under field
conditions with the given setup and one experienced opera-
tor, ultrasound image acquisition and analysis produce con-
sistent results for comparing the CSA of the SDFT and the
DDFT at different levels. Results may vary for the use of diffe-
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rent ultrasound equipment, examinations intervals and sub-
jective skills of the operator, even if this is not proven in the
literature. Except for level 1B, image acquisition enables
sustainable or perfect agreement, precision, and accuracy
between examinations. Image analysis with the stated soft-
ware provides almost perfect agreement, precision, and
accuracy between the measurements of the CSA. These
results confirm hypothesis 1, except for level 1B of the DDFT.
Hypotheses 2 and 3 can be confirmed. Results may vary with
different equipment, examination intervals and operators.
Nevertheless, the present study shows that repeat ultrasound
image acquisition and analysis to assess the CSA of the equi-
ne flexor tendons in the metacarpal region performed by one
experienced operator provide high agreement, precision, and
accuracy. Ultrasound imaging can be stated as a useful tech-
nique for quantitative measurements of the CSA of both flexor
tendons for scientific purpose or as follow-up measurements
of clinical cases. 

Manufacturer’s addresses

1 DocCheck Ultraschall-Gel, DocCheck Medizinbedarf und
Logistik GmbH, Weil im Schönbuch, Germany

2 Honda electronics HS-1200V, Honda Electronics Co., LTD.,
Aichi 441-3193, Japan

3 Honda electronics HLS 584M linear probe, Honda Electro-
nics Co., LTD., Aichi 441-3193, Japan

4 ImageJ, vers. 2.0.0-rc-39/1.50b; Build: 8dcf1e65a6 Copy-
right 2010-2017

5 R – A language and environment for statistical computing,
R Foundation for Statistical Computing, Vienna, Austria
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