f animals

Article

Ultrasound Morphometry and Mean Echogenicity of Digital
Flexor Tendons, Suspensory Ligament, and Accessory Ligament
of Digital Deep Flexor Tendon in Gaited Horses

Jackson Schade *, Anderson Fernando de Souza *'*, Lorenzo Costa Vincensi, Thiago Rinaldi Miiller
and Joandes Henrique Fonteque

check for
updates

Citation: Schade, J.; de Souza, A.F,;
Vincensi, L.C.; Miiller, T.R.; Fonteque,
J.H. Ultrasound Morphometry and
Mean Echogenicity of Digital Flexor
Tendons, Suspensory Ligament, and
Accessory Ligament of Digital Deep
Flexor Tendon in Gaited Horses.
Animals 2023, 13, 1411. https://
doi.org/10.3390/ani13081411

Academic Editors: Enrica Zucca
and Elena Alberti

Received: 26 February 2023
Revised: 13 March 2023
Accepted: 16 March 2023
Published: 20 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Veterinary Medicine, Agroveterinary Sciences Center, Santa Catarina State University,
Lages 2007, SC, Brazil
* Correspondence: schademv@gmail.com (J.S.); anderson.fs@usp.br (A.Ed.S.)

Simple Summary: Breed variations related to the tendon and ligament dimensions of the palmar
metacarpal region have been described in horses; however, they have not been demonstrated in gaited
horses or between the fore- and hindlimbs. In this study, we evaluate and compare the sonographic
characteristics of the digital flexor tendons and ligaments of the palmar/plantar of the metacarpal
and metatarsal regions in gaited horses and also establish normal reference ultrasound values for
Mangalarga Marchador and Campeiro horses. Thus, the values presented in this paper can be used
as a reference for the ultrasound evaluation of the digital flexor tendons and ligaments in the limbs of
horses of these breeds.

Abstract: The objective of this study was to evaluate and compare the sonographic characteristics
of the digital flexor tendons and ligaments of the palmar/plantar of the metacarpal and metatarsal
regions in gaited horses, as well as to establish normal reference ultrasound values for Mangalarga
Marchador (MM) and Campeiro breeds. Transverse sonographic images were obtained of 50 adult
and healthy horses from the MM (n = 25) and Campeiro (n = 25) breeds. The images were taken
in six metacarpal /metatarsal zones, and the following measurements were taken: transverse area,
circumference, dorsopalmar/plantar length, lateromedial length, and mean echogenicity. Differences
were observed between breeds in the fore- and hindlimbs, and, even when not significant, the
Campeiro breed tended to have higher values for most variables and structures. Variations between
zones and between structures in the same zone followed a similar trend in both breeds for all variables.
In addition, the dimensions and variations between zones and structures were different between
the fore- and hindlimbs, highlighting the need for specific values for the digital flexor tendons and
ligaments of the metatarsal plantar region. In conclusion, the digital flexor tendons, suspensory
ligaments, and accessory ligaments of the digital deep flexor tendon are influenced by the breed
factor in gaited horses, and they are different between the fore- and hindlimbs.

Keywords: equine; tendinopathies; diagnostic imaging; lameness

1. Introduction

Gaited horses are characterized by their high performance and comfort [1]. In Brazil,
the Mangalarga Marchador (MM) breed is the most widely used breed for leisure, farm
work, and various types of equestrian sports [2]. The Brazilian Association of Mangalarga
Marchador Horse Breeders (Associagao Brasileira dos Criadores do Cavalo Mangalarga
Marchador—ABCCMM) is the largest in Latin America, and it has horses distributed in
several countries around the world [3]. The Campeiro breed is the only breed of gaited
horse that originated in southern Brazil, and it is considered locally adapted; therefore,
it constitutes valuable genetic heritage. Thus, in addition to the great potential for horse
riding, Campeiro horses are an important alternative for animal breeding programs [4].
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Ultrasonography is the main tool used for the diagnosis of tendinopathies and
desmopathies in horses [5]. Breed variations related to the sonographic characteristics of
the digital flexor tendons, suspensory ligaments, and accessory ligaments of the digital
deep flexor tendon are described in horses [6-9]. For example, Arabian horses have smaller
tendon dimensions than Thoroughbreds, Swedish Standardbred Trotters, Turkish native
horses, Anglo-Arabians, or Dutch Warmbloods [6]. In this way, gaited horses may present
differences in relation to these characteristics, being influenced especially by the peculiar
type of gait. However, there are few studies related to tendon and ligament evaluation
in gaited horses, and only one study described some morphometric characteristics of the
forelimb tendons of Mangalarga Marchador horses [10].

Knowledge of ultrasound characteristics and normal reference values is fundamental
for accurate diagnosis, allowing the differentiation between normal and abnormal pat-
terns [7,11]. Thus, the objective of the study was to evaluate and compare the morphometric
characteristics of the digital flexor tendons, suspensory ligament, and accessory ligament
of the digital deep flexor tendon in gaited horses, as well as to establish normal reference
ultrasound values for these structures in MM and Campeiro breeds.

2. Materials and Methods
2.1. Ethical Statement

The study was approved by the Animal Use Ethics Committee (CEUA) of Santa
Catarina State University (UDESC) under protocol number 5868161216.

2.2. Study Design

A cross-sectional study of ultrasound morphometry of the digital flexor tendons and
ligaments of the metacarpal /metatarsal palmar region in gaited horses.

2.3. Horses

Twenty-five MM horses and twenty-five Campeiro horses were evaluated and selected
to form homogeneous groups regarding body size and weight within the breeds and between
breeds. The group of horses of the MM breed was represented by sixteen females, six stal-
lions, and three geldings, with average age of 7.1 4= 3.3 years (2.5 to 17.0 years), wither height
of 1.47 £ 0.03 m (1.40 to 1.52 m), body weight of 384.00 & 39.93 kg (327.00 to 474.00 kg), body
mass index (BMI) of 178.81 + 17.18 kg/m? (155.22 to 217.50 kg/m?), metacarpal circumfer-
ence of 17.59 + 0.54 cm (17.00 to 19.00 cm), and metatarsal circumference of 19.43 + 0.61 cm
(18.50 to 20.50 cm). The Campeiro breed was represented by eighteen females, six stallions,
and one gelding, with an average age of 7.2 & 3.6 years (3.0 to 18.0 years), wither height
of 1.45 £ 0.02 m (1.39 to 1.48 m), body weight of 394.60 & 36.87 kg (321.00 to 459.00 kg),
BMI of 188.64 + 18.52 kg/m? (156.69 at 222.45 kg/m?), metacarpal circumference of
18.10 £ 0.69 cm (17.00 to 19.50 cm), and metatarsal circumference of 19.58 + 0.69 cm
(18.50 to 21.00 cm). The animals came from four properties located in the cities of Tiju-
cas do Sul (MM) in the state of Parana and three properties in the city of Curitibanos
(Campeiro) in the state of Santa Catarina (all in south Brazil) (Figure 1). The owners of
the horses were informed about the nature of the research, and they received, for their
appreciation and signature, a Free and Informed Consent Form. Thus, the animals were
included in the project only with the consent of their owners.
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Figure 1. Images showing specimens of the Mangalarga Marchador (A) and Campeiro (B) horses
included in the study.

2.4. Inclusion Criteria

Only horses enrolled in the Studbook of ABCCMM and the Brazilian Association
of Campeiro Horse Breeders (Associagao Brasileira de Criadores de Cavalo Campeiro—
ABRACCC) that present the gaits in their different forms were included in the study. To
minimize the effects of physical activity on tendons and ligaments, only horses that had
not been in physical training for at least six months were used [7]. Only clinically healthy
animals with no history of injuries and no clinical manifestations related to the digital flexor
tendons and ligaments of the metacarpal /metatarsal palmar/plantar region or lameness of
any kind were admitted for an ultrasound examination.

2.5. Clinical Examination

The horses underwent a specific clinical examination of the locomotor system [12],
which included history and static and dynamic inspection while walking, gaiting in a
straight line, and gaiting in circles. Limb palpation was performed with special focus on
the palmar/plantar structures of the metacarpal /metatarsal, initially with the limb resting
on the ground and then with the lifted limb. Only animals that did not present any local
alterations or lameness (grade 0/5 on the AAEP scale) were used for the sonographic
evaluation. All clinical evaluations were performed by a single individual (JS).

2.6. Preparation and Ultrasound Examination

To ensure better acoustic coupling during the ultrasound examination, trichotomy
(blade 40) of the palmar/plantar region of the metacarpal/metatarsal was performed, as
well as the lateral and medial sides of the distal third, followed by washing the region with
water and soap. Alcohol (70%) was firmly applied to the skin with the aid of a compress,
followed by the use of specific gel between the skin and the probe during the exam. Un-
tamed horses and those that did not allow any preparation or examination to be performed
were previously sedated by intravenous administration of 10 to 20 pg/kg detomidine
hydrochloride (Detomidin®).

A real-time ultrasound examination was performed with the horses in the standing po-
sition using the Sonoscape A6 Vet® portable ultrasound device equipped with a 5-12 MHz
multifrequency linear probe. Transverse ultrasound images of the palmar/plantar re-
gion of the metacarpal/metatarsal were recorded in six distinct zones [7,13]. For this,
the metacarpal and metatarsal lengths of 10 horses of each breed were measured, and
the average value was divided by six, determining the extent of each zone in each breed.
In the forelimbs (FL), the measurement was performed between the distal aspect of the
accessory carpal bone and the proximal surface of the lateral proximal sesamoid bone
(PSB). For HL, the measurement was performed between the head of the fourth metatarsal
bone and the proximal surface of the ipsilateral PSB. Each zone assigned to the exami-
nation was marked with white- or blue-colored chalk according to the coat color on the



Animals 2023, 13, 1411

4 of 24

side of the metacarpal/metatarsal to facilitate its location during the examination. The
transverse images were recorded in the middle portion of each zone (Figure 2), and the
structures evaluated consisted of the superficial digital flexor tendon (SDFT), deep digital
flexor tendon (DDFT), accessory ligament of digital deep flexor tendon (ALDDFT), and
suspensory ligament (SL) (Figure 3). In the HL, transverse images of the proximal zones
of DDFT and ALDDEFT (zones 1, 2, and 3), and SL (zones 1 and 2) were obtained with the
probe positioned on the plantaromedial surface of the metatarsus. In the most distal areas,
the branches of the SL cannot be seen on the palmar/plantar side and, therefore, were
evaluated on the lateral and medial palmar/plantar sides at three heights: (1) at the level
of the SL bifurcation; (2) at the midpoint between the SL bifurcation and ipsilateral PSB;
(3) at the insertion region of each branch of SL in PSB.

Palmar

SDFT (1)

DDFT (2)

ALDDFT (3)

SL (4)

Figure 3. Dissected specimen of the forelimb and ultrasound image (zone 2, at the level of the
dashed line) demonstrating the evaluated structures. SDFT: superficial digital flexor tendon (1);
DDFT: deep digital flexor tendon (2); ALDDFT: accessory ligament of digital deep flexor tendon (3);
SL: suspensory ligament (4); 4: SL branches.
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All ultrasound images were performed at a frequency of 8-12 MHz and a depth of
49 mm. Time gain compensation (TGC), focus, and gain controls were standardized and
constant across all evaluations. The exams were performed by an equine veterinarian with
five years of experience in equine diagnostic imaging (JS), and the images were recorded
and stored on an external hard disk for later measurement.

2.7. Variables and Measurements

The measured variables were transversal area (TA; mm?), circumference (C; mm),
dorsopalmar/plantar length (DP; mm), lateromedial length (LM; mm) [8], and mean
echogenicity (ME). The determination of ME was performed via image analysis according
to a scale with 256 shades of gray, where 0 = black and 255 = white [14]. Each variable
was measured three times in each structure and each zone, and the mean value obtained
was used to calculate the general mean. All measurements were performed by a single
individual (JS) using Image]® software [14].

2.8. Data Analysis

Descriptive data analysis was performed by calculating the arithmetic means and
standard deviations of the morphometric and ME variables of the tendons and ligaments.
Three measurements were performed for each structure in each zone, for which the coef-
ficient of variation (CV) was calculated, and the measurements were repeated when the
CV was greater than 5%. The reference values were calculated as the arithmetic mean,
standard deviation, and 95% confidence interval based on the values obtained for the right
fore- and hindlimbs. The normality of the data was evaluated using the Shapiro-Wilk test.
To compare the mean values of the morphometric and ME variables between the different
zones of each structure and between the different structures in each zone, the two-way
ANOVA mixed model was used. The random factor ‘horse” and the fixed factors ‘zones’
and ‘structure’” were tested. In cases of rejection of the null hypothesis, the Bonferroni test
was applied. The student’s t-test was used to compare morphometric variables and mean
echogenicity between breeds, ages, contralateral limbs, and between FL and HL. Analyses
were performed using Graphpad Prism 7 software, with a significance level of 5%.

3. Results
3.1. Zone Determination

For the MM breed, mean values of 22.8 cm and 24.6 cm in length were found for the
palmar and plantar regions of the metacarpal and metatarsal, resulting in six zones of
3.8 cm and 4.1 cm, respectively. Campeiro horses presented mean values of 22.8 cm and
24.0 cm in length for the palmar and plantar regions of the metacarpal and metatarsal,
resulting in six zones of 3.8 cm and 4.0 cm, respectively.

3.2. Groups

Groups were formed to compare the values of the variables studied in each structure
and zone, considering the contralateral limbs, FL, and HL in both breeds. Regarding age,
two groups were formed for each breed: MM Group (1) nineteen horses aged < 7 years,
and Group (2) six horses > 7 years old; Campeiro Group (1) thirteen horses aged < 6 years,
and Group (2) twelve horses aged > 6 years. The division of age groups was based on
values above and below the median age in each breed.

3.3. Normal Ultrasound Values

The mean values and standard deviations of the morphometric and ME variables of the dig-
ital flexor tendons and ligaments of the palmar/plantar regions of the metacarpals/metatarsals
of the MM and Campeiro breeds are shown in Tables 1 and 2, respectively. Values are shown
for each structure in each zone of the right metacarpal and metatarsal.
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Table 1. Means and standard deviations of the morphometric variables and mean echogenicity of the digital flexor tendons and ligaments of the metacarpal palmar/plantar
regions in 25 Mangalarga horses.

AT (mm?) Circumference (mm) DP Length (mm) LM Length (mm) Mean Echogenicity
Structure Zone
FL HL FL HL FL HL FL HL FL HL

1 65.6 + 6.3 62.5+49 321414 322416 64+0.6 57 +04% 11.6 £ 0.6 12.3 + 0.7 * 66.3 +9.2 400+69*
2 61.1+ 6.0 64.1 +4.4 323 +2.0 330+ 14 58+ 0.6 5.6+ 04 11.8 +0.8 125+ 081 543 +7.2 407 £7.1*

3 60.4+55 62.6 + 5.4 352428 35.8 +£3.2 48+ 04 49+ 04 129 +0.7 137+11% 411+6.0 39.0 + 6.5
SDFT 4 65.5+ 6.5 63.5+ 5.6 384 +23 387 +£27 44403 43404 145+ 1.1 151 +091 389+ 5.6 350+557
5 68.0+5.3 65.3 + 6.1 420+26 415+24 41405 39+03 16.8 £ 1.2 169 + 1.0 40.7 £5.0 37.6 + 6.3

6 80.4 + 4.1 740 +5.8* 53.1 +3.2 52.8 +3.8 36+03 344031 226+ 1.0 23.0+19 413+7.0 431+76
1 86.5 + 7.2 83.4 +5.1 37.7 £22 348 +12* 74+03 78+04* 12.6 £ 0.9 12.8 + 0.7 60.6 + 8.9 50.6 + 8.4*
2 74.8 + 8.0 85.1 +83* 334+19 347 +177 7.4+ 0.6 824+06* 112+ 0.7 122 +0.7* 68.1 +9.4 448 £73*
3 63.9 + 5.0 82.6+9.0* 301412 338+1.7* 74+05 84 +08%* 10.1+ 0.7 113+ 0.6 * 595 + 11.1 433 +72%
DDFT 4 62.0+7.4 80.1 +9.4* 302+ 1.9 335+ 18* 7.1 404 814+05* 102+ 0.8 11.3+0.7* 55.5 + 10.1 467 +7.7%
5 953+ 6.5 98.8 + 8.5 36.7 +1.5 374+18 8.6 +04 88+0.5 129 +0.8 13.3 + 0.8 54.8 +9.1 4794941

6 1169+ 7.9 1248 £ 7.2 % 437 +£2.0 48+14t 80405 844051 17.7 £ 1.2 18.0 £ 0.8 59.8 4+ 10.1 57.1 +£9.8

1 65.7 £ 5.4 242 +56* 362+ 1.8 247 +£3.6* 49+ 05 244+ 04% 13.1+0.8 104 +15* 57.8 +10.2 505 +92%
ALDDET 2 60.5 + 5.0 234 +55* 358+ 1.9 231+31* 48 +04 25+04% 11.8 £ 09 96 +12% 67.2 +11.3 498 +9.1*
3 545 + 3.7 213 +43* 36.8 +2.1 215 +21* 44406 26+ 04% 11.3 £ 0.8 87+10% 61.7 +10.7 56.0 + 10.9

4 50.0 £+ 3.2 20.1+£32* 354 +19 207 +£1.7* 39402 25+03% 11.80 £ 0.7 85+06* 57.0 + 8.6 520+ 827

1 86.6 + 4.3 1263 +£10.1* 37.6+19 428+20* 6.9 +0.6 93 +05% 13.0 £ 0.7 149 +0.9* 452 +70 432 +52
2 84.1+29 909 +£7.1* 36.5+ 1.6 36.1+15 7.0+04 81+04% 124 + 0.8 125+ 0.7 55.2 + 8.3 450 +5.7*%
5L 3 81.8+32 909 +7.2* 358+ 1.8 363+ 1.6 70+05 81+06% 123 +09 123+ 1.0 578+ 7.4 4214+49*

4 81.8+22 88.0 + 5.9 * 36.0 + 1.6 362+ 15 6.8 +0.6 76+06* 12.3 £ 09 125+ 0.9 487 +72 26+591

1 494 +£72 47.1 + 49 269 +1.7 26.0 + 1.4 6.6 +0.6 63+06 8.7 + 0.9 8.6 +0.7 399+ 5.7 433+71

LB-SL 2 61.7 + 6.5 61.0 £5.7 29.8 +£2.0 293+ 14 7.8 +0.9 0.8+0.7 94 +11 9.7 +0.6 436 +56 439 +58
3 101.7 £ 8.0 108.0 £ 10.1 F 423420 428+22 81+0.8 0.8+05 12.7 £ 0.9 13.6 + 0.7 * 51.6 + 7.6 56.6 + 11.3

1 452 +53 436+ 4.6 2554+ 1.7 248+ 13 62+05 62+05 84+09 79+04t 348 +5.6 371452

MB-SL 2 61.4+73 58.4 + 5.2 296+ 19 288 + 1.3 74+0.6 71405 95+1.0 91+05 39.0 £ 4.7 392+ 55
3 100.7 + 7.8 107.6 +991 429419 440 £25 7.9 + 0.6 7.6 +0.7 12.8 +1.0 13.7 +£ 0.6 * 476 £ 6.0 499 + 84

FL: forelimb; HL: hindlimb; SDFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of the deep digital flexor tendon; SL: suspensory
ligament; LB-SL: lateral branch of the suspensory ligament; MB-SL: medial branch of the suspensory ligament; TA: transverse area; DP: dorsopalmar/dorsoplantar; LM: lateromedial.
*p <0.001, ¥ p<0,01, * p < 0.05 indicate a significant difference between FL and HL for each variable in each zone.
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Table 2. Means and standard deviations of the morphometric variables and mean echogenicity of the digital flexor tendons and ligaments of the metacarpal palmar/plantar
regions in 25 Campeiro horses.

TA (mm?) Circumference (mm) DP Length (mm) LM Length (mm) Mean Echogenicity
Structure Zone
FL HL FL HL FL HL FL HL FL HL
1 70.3 + 6.6 67.5+4.7 328+ 1.7 33.7+1.9 6.6 + 0.6 594+ 04* 122407 132 +1.0*% 61.1 + 8.9 394 +64*
2 65.1 + 6.4 66.8 + 4.2 329420 339+ 1.6 6.0+0.7 57404 122 +0.8 133409 * 50.0 + 9.8 409 +7.8*
3 63.0 + 6.0 69.4 +4.7* 35.1 + 2.4 37.4 + 221 49+06 49 +04 13.6 = 1.1 147 +1.0% 4114 6.6 40.1 + 6.9
SDFT 4 67.6 + 4.7 68.6 4 5.1 38.6 + 2.0 39.7 + 1.8 46+03 44403 152 + 0.9 159 + 0.7 1 38.1 +£55 354 + 6.7
5 721 +47 705 + 5.6 430419 424420 43402 404031 17.7 +£0.8 17.7 £ 1.0 389 +7.2 38.8+7.2
6 83.7 + 3.6 823+ 4.6 55.3 + 2.4 55.0 + 3.0 3.6+02 37403 237+ 13 240+ 14 379+ 52 412470
1 86.9 + 6.5 89.2 + 6.9 369 +23 36.1+15 79 + 0.4 81404t 12.8 +1.0 1354081 58.9 + 8.8 51.0+ 851
2 75.4 4+ 6.7 86.6 + 5.7* 329+18 35.0+1.3* 7.9 4+ 0.7 83404t 113+ 0.8 12.7 £0.7* 63.8+9.3 463 4+10.1*
3 65.4 + 5.6 85.5 + 4.5* 30.1 + 2.0 346+1.0* 8.0+ 04 84+05"% 10.0 = 0.7 121 +£0.7* 54.7 + 8.7 419480*
DDFT 4 63.7 £ 4.9 83.8 +56* 295+ 1.2 342 +12% 7.6+ 0.4 83+03* 10.1 £ 0.5 121 +0.6* 50.5 & 10.1 4504851
5 98.8 + 7.1 99.8 + 8.6 372+ 14 376+ 1.7 8.8+ 0.6 8.7 + 0.6 133+ 0.7 13.5 + 0.9 48.0 & 10.0 491488
6 124.1 £ 9.0 128.1 + 8.6 449 +24 458 +2.0 84404 84404 183+ 1.3 18.6 + 1.1 50.7 + 9.0 54.8 +10.2
1 65.7 + 6.9 289 £7.2% 359 + 2.1 279 +4.1% 5.0+ 0.6 26+05* 135+ 1.2 115+ 1.8* 56.6 + 9.0 56.8 + 9.8
2 61.1+6.0 251 4+42* 35.0 + 1.8 248+29* 48 +05 254+05* 12.6 £ 0.8 103 +14* 60.4 + 10.8 59.4 + 8.5
ALDDFT 3 548 + 55 21+33* 359423  232+25* 43404 24+02* 124408 95+1.1* 554486 594+ 108
4 52.6 + 5.8 19.7 £2.9* 365+ 1.8 21.8+1.7* 40+04 234+03* 12.6 + 0.6 89+0.8* 544+ 6.7 54.6 +9.3
1 90.8 + 6.6 135.8 £ 8.7 * 376+ 1.6 444+19* 73405 964+ 04* 135+ 0.7 15.9 £ 0.9 * 478 + 62 439+60"1
oL 2 873+ 45 87.7 +5.9 36.1 £ 1.0 35.6 + 1.4 7.4 4 0.4 784041 12.7 +0.6 1224061 52.8+99 4534641
3 85.0 & 3.9 873 +£52 358 £ 1.2 358 +1.3 7.3 4 0.4 764031 125+ 0.7 12.6 £ 0.7 55.1 £ 7.2 455 +£52*
4 84.9 + 3.2 87.1 +4.6 355+ 0.8 36.0 + 1.2 73 +0.3 7.5+ 0.3 125+ 0.6 124+ 0.6 50.7 + 9.0 4464501
1 469 + 3.2 46.7 £52 253 4+ 0.9 255+ 1.3 6.7 + 0.4 6.6 + 0.5 854 0.4 83406 384 + 64 4384621
LB-SL 2 59.5 + 3.8 60.4 + 5.0 285+ 1.0 288 +1.3 75403 784061 95405 9.5+ 0.7 40.7 + 7.7 422465
3 1035+ 7.6 109.1 +10.1°F 40.8+1.8 421+21"7 82+04 84+05" 13.1 £ 0.6 13.7 £ 0.7 % 46.7 + 8.9 53.8+11.0°
1 442 4+ 4.0 437 4+ 43 247 +1.1 248+ 15 6.3+ 0.4 63407 8.4 404 83405 33.1+46 392 +6.7%
MB-SL 2 57.2 + 5.0 574458 282 +1.3 281+ 1.3 72+ 04 71407 95406 93+0.6 39.8 + 5.7 39.2 + 6.7
3 105.2 4 8.5 109.4 + 6.9 420419 427414 8.0+ 0.4 83405 13.0 £ 0.6 1334061 476473 459 4+9.1

FL: forelimb; HL: hindlimb; SDFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of the deep digital flexor tendon; SL: suspensory
ligament; LB-SL: lateral branch of the suspensory ligament; MB-SL: medial branch of the suspensory ligament; TA: transverse area; DP: dorsopalmar/dorsoplantar; LM: lateromedial
*p <0.001, ¥ p<0.01, t p < 0.05 indicate a significant difference between FL and HL for each variable in each zone.
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3.4. Differences between Zones

The values related to the significant mean difference (p < 0.05) between the zones of the
digital flexor tendons and the ligaments of the metacarpal palmar region in horses of the MM and
Campeiro breeds are shown in Tables 3 and 4, respectively. Variations in the dimensions and ME
of the structures between the different metacarpal zones showed a similar tendency in both breeds,
so the description is given in general, and the differences are mentioned only when pertinent.

Table 3. Mean difference between the zones of the digital flexor tendons and ligaments of the palmar
metacarpal region in 25 Mangalarga Marchador horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Structure Zone Zone'
Mean Difference (Zone-Zone')
2 4541 - 0.69 - 12.00
3 5.24% —3.06 1.63 —1.30 25.20
1 4 - —6.22 2.05 —2.86 27.41
5 - —9.89 2.34 —5.23 25.55
6 —14.79 —20.99 2.81 —11.04 24.96
3 - —2.88 0.95 —1.06 13.21
5 4 —443* —6.04 1.36 —2.61 15.41
SDFT 5 —6.94 -9.71 1.65 —4.99 13.55
6 —19.34 —20.81 2.12 —10.80 12.96
4 —5.121% —3.16 041% —1.56 -
3 5 —7.63 —6.83 0.71 —3.94 -
6 —20.03 —17.93 1.18 —9.75 -
4 5 - —3.67 - —2.38 -
6 —14.91 —14.78 0.76 —8.19 -
5 6 —12.40 —11.10 0474 —5.81 -
2 11.71 4.38 - 1.40 —745%
3 22.59 7.67 - 2.53 -
1 4 24.49 7.50 - 243 -
5 —8.84 - —-1.19 - -
6 —30.39 —-5.99 —0.65 —5.06 -
3 10.88 3.29 - 1.12 8.59 %
2 4 12.78 3.12 - 1.02 12.54
DDET 5 —20.54 —3.30 —-1.15 —-1.67 13.33
6 —42.10 —10.37 —0.60 —6.46 8.31%
4 - - - - -
3 5 —31.43 ~6.59 ~1.14 —2.79 -
6 —52.98 —13.66 —0.60 ~7.58 -
4 5 —33.32 —6.43 —1.43 —2.69 -
6 —54.88 —13.49 —0.88 —7.49 -
5 6 —21.55 —7.07 0.55 —4.79 -
2 512% - - 1.35 —9.40
1 3 11.19 - 0.52 1.82 -
4 15.68 - 0.97 1.30 -
ALDDFT ) 3 60.72 - 043+ - -
4 10.56 - 0.87 - 10.11
3 4 4492% - 0451 - -
2 - - - - —10.00
1 3 4.78% - - 0651 —12.57
4 4.77% - - - -
SL . 3 - - - - -
4 - - - - 6437
3 4 - - - - 9.01
1 2 —-12.29 —2.95 —0.71* —-1.22 -
LB-SL 3 —52.30 —15.40 —4.03 —1.48 —11.69
2 3 —40.02 —12.45 —3.33 - —8.00
1 2 —16.18 —4.11 —1.06 —1.19 —421t
MB-SL 3 —55.48 —17.32 —4.41 —-1.76 —12.73
2 3 —39.30 —13.21 —3.35 —0.57% —8.52

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. t p <0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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Table 4. Mean difference between the zones of the digital flexor tendons and ligaments of the palmar
metacarpal region in 25 Campeiro horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Structure Zone Zone'
Mean Difference (Zone-Zone')
2 523% - 0.67 - 11.04
3 7.30 —2.26 1.71 —1.45 19.94
1 4 - —5.80 2.04 —3.04 23.02
5 - —10.14 2.38 —5.58 2217
6 —13.40 —22.46 3.03 —11.55 23.18
3 - —221 1.05 —1.45 8.90
) 4 - —5.75 1.37 —3.04 11.97
SDFT 5 —7.03 —10.09 1.72 —5.58 11.13
6 —18.63 —22.41 2.36 —11.56 12.14
4 —459* —3.54 - -1.59 -
3 5 —9.10 —7.88 0.67 —413 -
6 —20.70 —20.20 1.31 —10.11 -
4 5 —452t —4.34 0341 —2.54 -
6 —16.11 —16.66 0.99 —8.52 -
5 6 —11.60 —12.33 0.64 —5.98 -
2 11.48 403 - 1.58 -
3 21.42 6.77 - 2.81 -
1 4 23.16 7.39 - 2.77 8.45
5 —11.89 - —0.92 - 10.94
6 —37.23 —8.04 —4.72 —545 827%
3 9.95 2.74 - 1.23 9.18
) 4 11.68 3.36 - 1.19 13.34
DDET 5 —23.37 —4.36 -0.92 —2.06 15.83
6 —48.70 —12.06 —0.47 —7.03 13.16
4 - - 0377 - -
3 5 —33.32 —-7.10 —0.85 —3.30 6.6571
6 —58.65 —14.80 —0.39% —8.26 -
. 5 —35.05 —7.71 —1.22 —3.26 -
6 —60.38 —15.42 —0.77 —-822 -
5 6 —25.34 -7.71 0451 —4.96 -
2 4631 - - 0.85% -
1 3 10.94 - 0.65 1.11 -
4 13.14 - 1.03 0.89 -
ALDDFT , 3 630 - 0411 - -
4 8.51 -150% 0.80 - -
3 4 - - 038" - -
2 - 147* - 079 % -
1 3 578% 1.82% - 0.96 —7.28%
4 5.93 2.08 - 1.02 -
SL 3
2 1 ) ] ) ) ]
3 4 - - - - -
1 2 —12.58 -323 —0.79 —1.03 -
LB-SL 3 —56.58 —15.53 —1.48 —457 —827
2 3 —44.01 —12.30 —0.69 —3.54 —5991%
1 2 —13.01 —3.46 —0.87 -1.10 —6.72%
MB-SL. 3 —60.68 —17.25 —1.71 —4.58 —14.46
2 3 —47.98 —13.79 —0.84 —3.48 —7.75

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. ¥ p < 0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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As a general trend, SDFT showed a significant reduction in the TA in the first zones,
then gradually increased in the distal zones. The DP length demonstrated an inverse
reduction to the C and LM length, which increased distally. Regarding the ME, the SDFT
was more echogenic in the proximal zones.

For the values of the TA, C, and LM length, the SDFT presented a reduction in the
first zones, then gradually increased in the distal zones. The values of the DP length were
similar in the proximal zones, increasing significantly and reaching higher values in zone 5.
In the MM breed, zone 2 was the only one that showed a difference in relation to the ME,
as it was the most echogenic. For the Campeiro breed, the proximal zones (1, 2, and 3) were
more echogenic.

The ALDDFT presented a reduction in the values of the TA and DP length in the
distal direction. Regarding C, there was no variation in either breed, except between
zones 2 and 3 in the Campeiro breed. For the LM length, zone 1 was larger and different
from all other zones. There was no variation regarding the ME between zones in the
Campeiro breed, and, for the MM breed, it was higher in zone 2, which differed only from
zones 1 and 4.

When assessing the SL, higher values of the TA alone were observed for zone 1. There
were no variations between zones regarding the C, DP, and LM length for the MM breed,
except for the LM length between zones 1 and 3. In the Campeiro breed, only zone 1 was
larger in relation to the C and LM length. Little variation was observed for the ME in the
Campeiro breed, and only zone 3 was more echogenic compared to zone 1. For the MM
breed, zones 2 and 3 were more echogenic. The LB-SL and MB-SL showed a significant
increase in all variables distally.

The values related to the significant mean difference (p < 0.05) between the zones of
the digital flexor tendons and the ligaments of the metatarsal plantar region in horses of
the MM and Campeiro breeds are shown in Tables 5 and 6, respectively. Variations in the
dimensions and ME of the structures between the different metacarpal zones showed a
similar tendency for both breeds, so the description is given in general and the differences
are mentioned only when pertinent.

In the HL, SDFT did not show any variation in TA values from zone 1 to zone 5, with
higher values being observed only for zone 6. Regarding the DP length, there was an
inverse reduction to the C and LM length that increased distally. There was no variation
between zones in relation to the ME for the Campeiro breed, and, in the MM breed, less
echogenicity was observed for zone 4, which differed only from zones 2 and 6.

Regarding the DDFT, there was a minor variation in the TA and C in the proximal
zones, which gradually increased in the distal zones. For the Campeiro breed, the C
presented higher values in zone 1 compared to zones 3 and 4. The DP length was shorter
in zone 1, which increased and stabilized in zones 2, 3, and 4, and again increased and
reached higher values in zone 5 for the MM breed. Similar values were observed for the
DP length in the proximal zones for the Campeiro breed. As for the LM length, there was
a tendency to decrease in the first zones and then increase in zones 5 and 6. The ME was
higher in zone 1 and in the distal zones.

ALDDFT showed no variation between zones regarding the TA and DP length in the
MM breed. In the Campeiro breed, the DP length differed only between zones 1 and 4,
whereas in relation to the TA, zones 3 and 4 differed from zone 1, and zone 2 was different
from zone 4. As for the C, zones 3 and 4 differed from zone 1, and zone 2 was different
from zone 4 in the MM breed; for the Campeiro breed, only zones 1 and 2 were different.
The LM length varied between zones, tending to decrease distally. However, zones 3 and 4
did not differ in either breed, nor did zones 1 and 2 for the MM breed and zones 2 and 3 for
the Campeiro breed. The ME was homogeneous between the zones for both breeds, except
for zone 3 in the MM breed, which was higher compared to zone 2.
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Table 5. Mean difference between the zones of the digital flexor tendon and ligament of the metatarsal
plantar region in 25 Mangalarga Marchador horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Structure Zone Zone'
Mean Difference (Zone-Zone')
2 - - - - -
3 - —3.57 0.76 —1.40 -
1 4 - —6.56 1.33 —2.83 -
5 - —9.29 1.76 —4.64 -
6 —11.47 —20.66 2.24 —10.69 -
3 - —2.74 0.66 —1.21 -
) 4 - —5.73 1.23 —2.64 572 %
SDFT 5 - —8.46 1.66 —445 -
6 —9.88 —19.83 2.14 —10.49 -
4 - —2.99 0.57 —143 -
3 5 - —5.72 0.99 —3.24 -
6 —11.44 —17.08 1.48 —9.29 -
4 5 - —2.73 0431 —1.81 -
6 —10.48 —14.10 0.91 —7.86 —8.16
5 6 —8.69 —11.36 0.48 —6.04 -
2 - - —039% - 583 %
3 . - —0.66 1.41 7.32%
1 4 - - —0.33 1 1.47 -
5 —15.36 —2.58 —1.00 - -
6 —41.38 —9.98 —0.60 —5.24 —6.51%
3 - - - 0.87% -
5 4 498* - - 0.93 -
DDET 5 —13.66 —2.75 —0.61 —1.04 -
6 —39.67 —10.15 - —5.77 —12.33
4 - - 033" - -
3 5 —16.19 —3.64 —0331 —1.91 -
6 —42.20 —11.04 - —6.65 —13.83
. 5 —18.64 —3.91 —0.66 -1.97 -
6 —44.65 —11.31 - —6.71 —10.42
5 6 —26.01 —7.40 0.39% —4.74 —9.20
2 - - - - -
1 3 - 3.15 - 1.67 -
4 - 3.87 - 1.90 -
ALDDFT ) 3 - - - 0.92% —6227
4 - 417 - 1.15 -
3 4 - - - -
2 35.36 6.69 1.20 241 -
1 3 35.39 6.52 1.23 2.59 -
4 38.29 6.53 1.69 244 -
SL , 3 i i i i i
4 - - 0.50 - -
3 4 - - 0.46 - -
1 2 —13.88 —3.39 —1.25 —1.11 -
LB-SL 3 —60.87 —16.87 —1.65 —4.96 —13.34
2 3 —46.99 —13.48 —0.39* —3.85 —12.70
, 2 —14.87 —4.06 —0.95 -1.23 -
MB-SL 3 —64.04 —19.26 —1.47 —5.78 —12.73
2 3 —49.17 —15.20 —053% —4.56 —10.65

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsoplantar length;
LM: lateromedial length; ME: mean echogenicity. ¥ p < 0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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Table 6. Mean difference between the zones of the digital flexor tendons and ligaments of the
metatarsal plantar region in 25 Campeiro horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Structure Zone Zone'
Mean Difference (Zone-Zone')
2 - - - - -
3 - —3.72 0.97 —145 -
1 4 - —6.06 1.47 —2.67 -
5 - —8.75 1.92 —4.46 -
6 —14.81 —21.36 2.25 —10.78 -
3 - —352 0.73 —1.37 -
) 4 - —5.85 1.24 —2.59 -
SDFT 5 - —8.54 1.68 —4.37 -
6 —15.50 —21.15 2.02 —10.70 -
4 - —2.33 0.50 -122 -
3 5 - —5.03 0.95 —3.00 -
6 —12.84 —17.64 1.28 —9.33 -
s 5 - —2.69 0.45 —1.79 -
6 —13.63 —15.30 0.78 —8.11 -
5 6 —11.88 —12.61 0.33% —6.33 -
2 - - - 0.84 % -
3 - 1511 - 1.37 9.11
1 4 539% 1.86 - 1.42 6.08 1
5 —10.56 -152* —0.55 - -
6 —38.89 —9.74 —0.26% —5.12 -
3 - - - - -
2 4 - N ) P )
DDFT 5 —13.16 —2.63 —0.39 —0.87% -
6 —41.49 —10.86 - —5.96 —8.47
4 - - - - -
3 5 —14.24 —3.03 —0.32% —1.41 —7.14%
6 —42.56 —11.25 - —6.50 —12.82
s 5 —15.96 —3.38 —0.42 —145 -
6 —44.28 —11.60 - —6.54 —9.79
5 6 —28.32 —8.22 0.29* —5.09 -
2 - 3.13 - 1.25 -
1 3 6.70 4.70 - 1.97 -
4 9.23 6.09 0341 2.60 -
ALDDFT
2 3 y j ) - ]
4 5.35% 2.95 - 1.34 -
3 4 - - - - -
2 48.18 8.81 1.73 3.69 -
1 3 4851 8.59 1.93 3.33 -
4 48.77 8.42 2.08 3.47 -
SL ) 3 i B i i B
4 - - 035% - -
3 4 - - - - -
1 2 —13.68 —3.32 —1.12 -1.22 -
LB-SL 3 —62.36 —16.63 —1.81 —5.37 —10.01
2 3 —48.67 —13.32 —0.69 —4.16 —11.56
1 2 —13.63 —3.36 —0.87 —1.01 -
MB-SL 3 —65.59 —17.95 —1.99 —5.08 —6.68 %
2 3 —51.96 —14.59 —1.11 —4.07 —6.70%

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsoplantar length;
LM: lateromedial length; ME: mean echogenicity. ¥ p < 0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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When evaluating the SL, it can be observed that the TA, C, and LM length were higher
only for zone 1. Regarding the DP length, zone 1 was larger than the other zones, and
zone 4 was larger than zones 2 and 3 in the MM breed and larger than zone 2 in the
Campeiro breed. The ME values were homogeneous among all zones. The LB-SL and
MB-SL demonstrated an increase in the values of all variables between distal zones.

3.5. Differences between Structures

The values related to the significant mean difference (p < 0.05) of the morphometric
and ME variables between the different structures in each zone of the metacarpal palmar
region for the MM and Campeiro breeds are shown in Tables 7 and 8, respectively.

Regarding the TA values in the FL, the SL was higher in zones 1, 2, 3, and 4, followed
by the DDFT in both breeds. However, the DDFT did not differ from the SL in zone 1 for
the MM breed. The SDFT and ALDDEFT were similar in zones 1 and 2, and in zones 3 and 4,
the ALDDEFT had lower values than all other structures in the MM breed. For the Campeiro
breed, the structure with the lowest TA in zones 1 and 2 was the SDFT, and in zones 3 and
4, the ALDDFT. In the most distal zones (5 and 6), the DDFT was higher than the SDFT. No
difference was observed between the LB-SL and the LB-SL in any of the zones.

Table 7. Mean difference between digital flexor tendons and ligaments in each zone of the palmar
metacarpal region in 25 Mangalarga Marchador horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Zone Structure Structure’
Mean Difference (Structure-Structure’)
DDFT —20.84 —5.60 —0.92 —1.04 -
SDFT ALDDFT - —4.04 1.56 —1.52 8.509
SL —20.97 —5.45 —040% —1.37 21.08
1 ALDDEFT 20.82 156 F 2.48 - -
DDFT SL ; - 0.52 ; 1545
LATFP SL —20.95 —140* ~1.96 - 12.58
LB-SL MB-SL - 1331 0441 - 512%
DDFT —13.68 - —1.65 0.601 —13.81
SDFT ALDDFT - —3.48 0.96 - —12.88
SL —2297 —4.15 —1.25 —059* -
2 ALDDFT 14.23 —2.44 2.61 - -
DDFT SL ~9.29 —3.11 040% ~1.19 12.90
ALDDFT SL —23.52 - —221 —0.66 T 11.97
LB-SL MB-SL - - 0471 - 4617
DDFT - 5.13 —2.60 2.78 —18.44
SDFT ALDDFT 5.93 —-158°F 044% 1.60 —20.69
SL —21.42 - —2.15 0571 —16.69
3 ALDDFT 9.42 —6.71 3.05 -1.18 -
DDFT SL ~17.93 —5.74 0.45 221 -
ALDDFT SL —27.35 - —2.59 -1.03 -
LB-SL MB-SL - - - - 409t
DDFT - 8.12 —2.73 4.24 —16.69
SDFT ALDDFT 15.54 2.99 0.48 2.64 —18.19
4 SL —16.31 2.35 —242 2.10 —9.89
DDET ALDDFT 12.02 —~5.13 3.21 —1.60 -
SL —19.84 —5.77 - —-2.14 980"
ALDDFT SL —31.86 - —2.90 - 8.29
5 SDFT DDFT —27.29 5.37 —4.45 3.93 —14.03
6 SDFT DDFT —36.44 9.40 —4.38 494 —18.47

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. t p <0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.



Animals 2023, 13, 1411

14 of 24

Table 8. Mean difference between the digital flexor tendons and ligaments in each zone of the
metacarpal palmar region in 25 Campeiro horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Zone Structure  Structure’
Mean Difference (Structure-Structure’)
DDFT —16.57 —4.05 —1.24 —0.66* -
SDFT ALDDFT 458" -3.11 1.65 -1.30 -
SL —20.51 —4.79 —0.65 ~1.31 13.24
1 ALDDFT 21.14 - 2.89 —0.641 -
DDFT SL 394t - 0.59 —065* 11.11
LATFP SL —25.09 —1.68% —2.30 - 8.73
LB-SL MB-SL - - 0.38% - 5341
DDFT —10.32 - -1.92 0.91 —13.81
SDFT ALDDFT 3981 —2.08 1.21 - —10.39
SL —22.23 —327 —145 - -
2 ALDDFT 14.30 —2.10 3.13 -1.37 -
DDFT SL ~11.90 ~3.29 047 ~143 11.09
ALDDFT SL —26.20 - —2.66 - 7.66 %
LB-SL MB-SL - - 0.31* - -
DDFT - 498 —3.04 3.60 —13.52
SDFT ALDDFT 8.21 - 0.58 1.25 —14.29
SL —22.03 - —2.33 1.10 —13.98
3 ALDDFT 10.66 —5.76 3.62 —2.35 -
DDFT SL ~19.58 —5.69 0.70 —250 -
ALDDFT SL —30.24 - —291 - -
LB-SL MB-SL - —1.14% - - -
DDFT - 9.14 —2.99 5.15 —12.45
SDFT ALDDFT 15.00 217 0.64 2.62 ~16.32
SL —17.30 3.09 —2.72 2.75 —12.66
4
ALDDFT 11.13 —6.97 3.63 —253 -
DDFT SL —21.17 —6.05 - —2.40 -
ALDDFT SL —32.30 - —3.36 - -
5 SDFT DDFT —26.66 5.76 —455 443 —9.10
6 SDFT DDFT —40.40 10.38 —4.74 5.44 —12.78

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. ¥ p < 0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.

For the C values in the FL, the SL was higher in zones 1, 2, and 3 in both breeds but
did not differ from the DDFT in zone 1 or the ALDDFT in zones 2 and 3 in the MM breed.
For the Campeiro breed, the SL presented a C like the ALDDEFT in zone 2 and like the
ALDDEFT and SDFT in zone 3. The SDFT showed lower values in zone 1, progressing to
the highest value in zones 4, 5, and 6, reversing its values in relation to the DDFT, which
was the smallest structure in zones 3, 4, 5, and 6 in both breeds. The MB-SL was higher
compared to the LB-SL in zone 3 for the MM breed and zone 1 for the Campeiro breed.

When evaluating the values for DP length in the FL, the DDFT was the largest structure,
followed by the SL and SDFT in zones 1, 2, 3, and 4, with similar values for the DDFT and
SL in zone 4. The ALDDFT was the smallest structure from zone 1 to zone 4, and, in the
most distal zones (5 and 6), the DDFT was larger than the SDFT. The LB-SL was higher than
the MB-SL in zones 1 and 2. All differences related to DP length were similarly observed in
both breeds.

Regarding the LM length in the FL, higher values were observed in zone 1 for the
ALDDFT, SL, and DDFT, which were similar in both breeds, except for the DDFT in the
Campeiro breed. In zone 2, the SL was higher, followed by the SDFT in the MM breed.
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In the Campeiro breed, on the other hand, the SL and ALDDFT showed higher values in
zone 2, which did not differ from each other. The SDFT was the smallest structure in zone 1,
progressing to have the largest structure in zone 3. This observation occurred inversely to
the DDFT, which was the smallest structure in zone 2 in both breeds. No differences were
observed between the LB-SL and MB-SL.

Regarding the ME, the DDFT and SDFT were the most echogenic structures in zone
1 in both breeds; however, for the Campeiro breed, the ALDDEFT also presented similar
values. In this zone, the SL was the structure with less echogenicity. From zone 2 to zone 4,
the DDFT and ALDDEFT were more echogenic, and in zone 3, the SL was similar. From
zone 2, the SDFT was the least echogenic structure, and in zones 5 and 6, it showed less
echogenicity in relation to the DDFT. The LB-SL was more echogenic compared to the
MB-SL in all zones for the MM breed and only in zone 1 for the Campeiro breed.

The values related to the significant mean difference (p < 0.05) of the morphometric
and ME variables between the different structures in each zone of the metatarsal plantar
region for the MM and Campeiro breeds are shown in Tables 9 and 10, respectively.

Table 9. Mean difference between digital flexor tendons and ligaments in each zone of the metatarsal
plantar region in 25 Mangalarga Marchador horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Zone Structure  Structure’
Mean Difference (Structure-Structure’)
DDFT —20.89 —2.66 —2.11 - —10.62
SDFT ALDDFT 38.36 7.52 3.28 1.88 —10.55
SL —63.75 —10.59 —3.62 —2.63 -
1 ALDDFT 59.26 10.18 5.39 2.37 -
DDFT SL —42.86 7.9 ~151 214 7.37
LATEP SL —102.10 —18.10 —6.90 —4.50 7.30
LB-SL MB-SL - 117t - 0.69 6.13%
DDFT —21.00 —1.66% —2.60 - -
SDFT ALDDFT 40.71 9.87 3.04 2.82 —9.09
SL —26.80 —3.06 —2.53 - -
2 ALDDFT 61.71 11.53 5.64 2.58 -
2Rl SL _580% 140t - - -
ALDDFT SL —67.51 —12.93 —5.56 —2.85 -
LB-SL MB-SL - 0441 0.57 ¥ -
DDFT —20.03 1.971% —3.54 2.32 -
SDFT ALDDFT 41.23 14.24 232 495 —16.99
SL —28.33 - —3.15 1.36 -
3 ALDDFT 61.26 12.27 5.86 2.63 —12.75
DDFT SL —830 247 0391 ~0.96 -
ALDDFT SL —69.56 —14.74 —5.47 —3.58 13.87
LB-SL MB-SL - -122 - - 673 %
DDFT —16.62 5.22 —3.78 3.81 —11.69
SDFT ALDDFT 43.44 17.95 1.80 6.60 —17.05
SL —24.46 251 —3.26 2.64 —7.59
4 DDET ALDDFT 60.06 12.72 5.58 2.79 —5361
SL —7.84 —2.72 0.52 -1.17 -
ALDDFT SL —67.90 —15.44 —5.06 —3.96 9.46
5 SDFT DDFT —33.48 4.05 —4.87 3.65 —10.25
6 SDFT DDFT —50.80 8.01 —4.96 496 —13.95

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. u p <0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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Through the analysis of the TA values in the HL, it can be evidenced that the SL is the
largest structure in zones 1, 2, 3, and 4, followed by the DDFT and SDFT in the MM breed.
In the Campeiro breed, a similar trend was observed. However, the DDFT and SL were
like zone 2. The ALDDEFT was the smallest structure in all zones (zones 1 to 4), and the
DDFT was larger than the SDFT in zones 5 and 6. No differences were observed between
the LB-SL and MB-SL in either breed.

Regarding the C in the HL, the LS presented higher values in zones 1 and 2, followed
by the DDFT and SDFT in both breeds, except that the DDFT was similar to the SL in
zone 2 for the Campeiro breed. In zones 3 and 4, the SDFT started to acquire higher values,
followed by the SL and DDEFT in the Campeiro breed, with a similar presentation observed
for the MM breed, except for zone 3, where the SL was similar to the SDFT. Similarly, to the
TA, the ALDDFT was the smallest structure in all zones. However, the SDFT was larger
than the DDFT in zones 5 and 6 in both breeds. The LB-SL was higher than the MB-SL in
zones 1 and 3 only for the Campeiro breed.

Table 10. Mean difference between the digital flexor tendons and ligaments in each zone of the
metatarsal plantar region in 25 Campeiro horses.

TA (mm?) C (mm) DP (mm) LM (mm) ME
Zone Structure Structure’
Mean Difference (Structure-Structure’)
DDFT —21.75 —2.42 —2.23 - —11.64
SDFT ALDDFT 3851 5.77 3.30 1.70 —17.42
SL —68.38 -10.73 —3.66 —2.68 -
1 DDFT ALDDFT 60.26 8.19 5.52 2.00 —5.781
SL —46.63 —8.31 —1.43 —2.38 7.15%
LATFP SL —106.90 —16.50 —6.95 —438 12.93
LB-SL MB-SL - - - - -
DDFT —19.83 - —2.62 0.62F —5.43*
SDFT ALDDFT 41.71 9.11 3.17 3.03 —18.51
SL —20.88 -1.72 —2.16 1.09 -
5 ALDDFT 61.54 10.21 5.79 241 —13.08
DDFT SL - - 0.46 - -
ALDDFT SL —62.59 —10.83 —5.33 —1.94 14.11
LB-SL MB-SL - - 0.61 - -
DDFT —-16.10 2.82 —3.43 253 -
SDFT ALDDFT 47.28 14.2 2.56 5.12 —19.29
SL —17.90 1.58% —2.70 2.10 —539%
3 ALDDFT 63.38 11.38 5.99 2.59 —17.43
DDFT SL - 124t 0.73 - -
ALDDFT SL —65.18 —12.61 —5.26 —3.01 13.90
LB-SL MB-SL - - - - 7.88
DDFT —~15.18 5.50 —3.82 3.79 —9.60
SDFT ALDDFT 48.92 17.91 2.16 6.96 —19.24
SL —18.43 3.74 —3.05 3.46 -9.23
4
ALDDFT 64.09 12.41 5.99 3.17 —9.64
DDFT SL ) ~175 0.78 ; -
ALDDFT SL —67.35 —14.17 —5.21 —3.50 10.01
5 SDFT DDFT —29.38 481 —4.70 412 —10.25
6 SDFT DDFT —45.82 9.20 —4.74 5.36 —13.54

SDEFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDFT: accessory ligament of
the deep digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament;
MB-SL: medial branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar length;
LM: lateromedial length; ME: mean echogenicity. + p <0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated.
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Regarding DP length, the SL showed higher values in zone 1, followed by the DDFT
and SDFT in both breeds. From zone 2, the DDFT showed higher values, followed by the
SL and SDFT in both breeds, except in zone 2 for the MM breed, in which the DDFT and SL
were similar. In zones 5 and 6, the DDFT presented higher values than the SDFT, and the
ALDDFT was the structure with the shorter DP lengths in all zones. The LB-SL showed
higher values than the MB-SL in zone 2 in the MM and Campeiro breeds.

For the LM length, the SL presented higher values in zone 1, followed by the DDFT
and SDFT in both breeds. From zone 2, the SDFT began to show longer LM lengths in the
Campeiro breed, followed by the SL and DDFT, which were similar. In the MM breed, the
SDFT, SL, and DDFT did not differ from each other in zone 2, and from zone 3, the SDFT
became the largest structure, followed by the SL and DDFT. The ALDDFT was again the
structure with lower values from zone 1 to zone 4, and the SDFT showed higher values
when compared to the DDFT in zones 5 and 6 in both breeds. For the MM breed, the LB-SL
presented higher values than the MB-SL.

A comparison of the ME values in the PLs showed that the ALDDFT was the most
echogenic structure in all zones (1 to 4). However, in zone 1, it was similar to the DDFT,
and in zone 2 it presented values similar to the DDFT and SL in the MM breed. The second
most echogenic structure was the DDFT, which was equal to the SL in zones 1, 3, and 4 for
the MM breed. For the Campeiro breed, like the MM breed, the DDFT was the second most
echogenic structure. However, it was similar to SL in zones 3 and 4. The SDFT was the
least echogenic structure in both breeds, and in zones 5 and 6, it also showed lower values
compared to the DDFT. The LB-SL was more echogenic in zones 1 and 3 for the MM breed
and only in zone 3 for the Campeiro breed.

3.6. Differences between Groups

No significant differences (p < 0.05) were observed for morphometric and ME variables
between age groups and between right and left contralateral limbs, for both the FL and HL
in both breeds.

The results regarding the comparison between the FL and PL in horses of MM and
Campeiro breeds are shown in Tables 1 and 2, respectively. Regarding the SDFT, a greater
DP length was observed in zone 1 of the FL and a greater length of the LM in the four
proximal zones of the PLs in both breeds. The DDFT presented higher TA and C values
in zones 2, 3, and 4 of the HL, as well as greater DP and LM length values in the first
four zones of the HL, except for the LM length in zone 1 for the MM breed. Regarding
the ALDDFT, higher values were observed for the FL in all variables and zones. The SL
presented a higher TA in zone 1 of the HL for the Campeiro breed and in all zones for the
MM breed. For the C, higher values were observed for zone 1 of the HL in both breeds,
and in relation to DP length, differences were found in all zones of the SL, except for zone 4
in the Campeiro breed. The LM length was higher in zone 1 of the SL for the MM breed
and in zones 1 and 2 in the Campeiro breed. It is noteworthy that the differences observed
in zone 1 of the SL were observed in all variables, with values that were higher and of a
greater magnitude for the HL. Higher values of the TA and DP length were observed in
zone 3 of the MB-SL and LB-SL of the HL in both breeds, and higher values of LM length
in zones 2 and 3 of the PL LB-SL in the Campeiro breed.

The comparison related to the ME shows that the SDFT was more echogenic in the
FL in the first zones in both breeds, and the DDFT presented a higher value for the HL
in zones 1, 2, 3, 4, and 5 in the MM breed and in zones 1, 2, 3, and 4 for the Campeiro
breed. The ALDDFT and SL showed higher echogenicity in the FL in all zones in both
breeds. Only the differences that were consistent and with tendency were described. Thus,
the differences between the FL and HL that occurred in a specific way can be observed in
Tables 1 and 2.
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Table 11. Mean difference in morphometric variables and mean echogenicity of palmar/plantar
metacarpal /metatarsal structures between the Mangalarga Marchador (n = 25) and Campeiro
(n = 25) breeds.

TA (mm?2) * C (mm) * DP (mm) * LM (mm) * ME (mm) *
Structure Zone
FL HL FL HL FL HL FL HL FL HL
1 —4677 —4.94 - —148+% - —0.24* —0.58% —0.94 - -
2 —-3981 267" - - - - - —0.84% - -
3 - —6.88 - - - - —0.73% —1.00% - -
SDFT 4 - 5131 - - —021+% - 076t —0.79% - -
5 —4.08% —5.17% - - - - —092% —0.76* - -
6 —3.281% —8.28 —215* —218* - —0.23% —1.09% —1.04* - -
1 - —5.80% - —123% —0.52 —037% - —0.76 % - -
2 - - - - —048°F - - —0.46 F - -
3 - - - - —0.55 - - —0.79 - -
DDFT 4 - - - - —0.46 - - —0.81 - -
5 - - - - - - - - 6.751 -
6 —7.24% - - - —035% - - —0.64 " 9.10% -
1 - —480*" - 3224 - - - -1.13* - —-630"
2 - - - - - - —0.86 1 - 6.741 —-9.57
ALDDFT 3 - - - 167t - - ~1.08 —083*t 6321 -
4 - - -1.091 - - - —0.78 - - -
1 —4221 —959% - —1.62% —0.451% —0.28" —051" —0.10 - -
2 —3.241% - - - —0411% 026" - - - -
SL 3 3201 - - - —030* 0421 - - - 331"
4 —3.06 - - - —0.50 - - - - -
1 - - 1.57 - - -0321 - - - -
LB-SL 2 - - 1.28% - 0371 - - - - -
3 - - 1431 - - —0.49 - - 494 -
1 - - - - - - - —0331 - -
MB-SL 2 420* - 1.47% - - - - - - -
3 - - - 1331 - —0.61 - 0.38 1 - -

SDFT: superficial digital flexor tendon; DDFT: deep digital flexor tendon; ALDDEFT: accessory ligament of the deep
digital flexor tendon; SL: suspensory ligament; LB-SL: lateral branch of the suspensory ligament; MB-SL: medial
branch of the suspensory ligament; TA: transverse area; C: circumference; DP: dorsopalmar/plantar length;
LM: lateromedial length; ME: mean echogenicity. ¥ p < 0.05; ¥ p < 0.01; nothing marked p < 0.001; only significant
differences are demonstrated. * Differences from the subtraction between the mean values of the Mangalarga
Marchador and Campeiro breeds (MM—-Campeiro).

Through the comparison between breeds, significant differences (p < 0.05) can be
observed, with higher values for the Campeiro breed, except for the C of the LB-SL, the
DP length of the SL in the PL, and the DDFT and ALDDEFT in the FL, which were larger in
some zones in the MM breed (Table 11). The SDFT showed differences regarding the TA
and LM length in all HL zones and most FL zones. The DDFT differed with respect to the
DP length in the FL and the LM length in the HL, except for in zone 5. For the ALDDFT,
the LM length was different in FL zones 1, 2, and 3, and in HL zones 1 and 3, which also
differed from the C. The SL showed a difference for TA in all HL zones and in the DP length
for all zones of the FL. The DP length in the HL was greater for the Campeiro breed only in
zone 1, and in zones 2 and 3 it was greater for the MM breed. Regarding the ME, higher
values were observed in the MM breed for distal areas of the DDFT in the FL and proximal
zones of the ALDDEFT in the FL and HL. Significant punctual differences that were not
presented as a trend were not described and can be seen in Table 8. However, even without
showing significant differences between the variables and structures, in general, a tendency
towards higher values in the Campeiro breed can be observed (Table 2) when compared to
the MM breed (Table 1).

4. Discussion

This is the first study to evaluate and compare the morphometric and ME character-
istics of the digital flexor tendons, suspensory ligaments, and accessory ligaments of the
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digital deep flexor tendons of the fore- and hindlimbs between two breeds of gaited horses.
All ultrasound evaluations and measurements were performed by a single individual to
avoid variation in results between evaluators [15]. In addition, to determine intra-rater
variation, seeking greater accuracy, each variable in each structure and zone was measured
three times, for which a maximum CV of 5% was accepted [16]. To ensure normal values,
all horses underwent a thorough clinical examination so that only non-lame horses, es-
tablished through subjective evaluation, that were healthy in relation to the tendons and
ligaments of the metacarpal /metatarsal palmar/plantar regions were used. In addition, to
avoid the effects of training, only horses that had not been trained for at least six months
were used [7]. The cellular and molecular components of flexor tendons and ligaments are
known to undergo progressive changes with athletic training, which modify their biome-
chanical properties. These changes result in hypertrophy and a consequent increase in the
TA that may remain for the life of the horse [17]. However, these effects were minimized
as microlesions resulting from athletic training that could affect the determination of the
TA and ME were avoided [18,19]. Thus, the morphometric values presented in this study
can be used as normal reference values for ultrasound examination in horses of the MM
(Supplementary Tables S1 and S2) and Campeiro (Supplementary Tables S3 and S4) breeds.
Due to the great influence of factors, such as skin preparation [13], transducer gain level,
inclination, and displacement [20], on ME values, these were used only for comparisons
and, therefore, are not available as reference values.

For the evaluation and recording of the DDFT, ALDDFT, and SL images in the proximal
areas of the HL, the probe displacement for the plantaromedial aspect of the metatarsus
was necessary. In the other zones, all structures were visible in the plantar aspect, except the
branches of the SL, as established by other authors for the FL [8]. An ultrasound evaluation
of the proximal metatarsal region requires changes in the technique compared with the
evaluation of the proximal metacarpal region due to anatomical differences in tendons
and ligaments as well as the fourth metatarsal bone [5]. According to Rantanen et al. [13],
these structures are adequately evaluated by the plantar aspect of zone 2 (2B in the authors’
description), which was not confirmed in the present study, possibly due to anatomical
particulars of the evaluated animals. Whitcomb [5] considered the chestnut as an excellent
anatomical marker for the location of the SL origin in the proximal metatarsal region.
However, the chestnut was absent bilaterally in Campeiro horses and is of variable size and
height between horses in both breeds, making its use as an anatomical marker unreliable.
Therefore, it is suggested that the use of an invariable location structure, such as the head
of the fourth metatarsal bone, could ensure greater accuracy for the localization of the
proximal metatarsal tendons and ligaments.

Variations in the size and shape of the structures between the different metacarpal
zones were generally shown to be similar in MM (Table 3) and Campeiro (Table 4) horses.
These variations also tended to be similar to those found in the Icelandic [9] and Haflinger [8]
horse breeds. However, the SL and ALDDFT showed no variation in relation to the C in
the MM breed, and the SL did not vary in relation to the DP length in either breed. These
findings did not follow the same pattern in the above breeds [8,9], except for the C of the
SL in the Icelandic breed [9].

In the HL, variations related to the size and shape of structures between zones also
showed a similar trend in both breeds studied (Tables 5 and 6). However, they did not
follow the same pattern observed in the FL, especially with respect to the proximal portion
of the SDFT and DDFT and the ALDDFT and SL (Tables 3 and 4). A comparison of these
variations with other breeds was not possible with respect to the PL, due to the absence of
studies that evaluated through ultrasound the flexor tendons and ligaments of the plantar
region of the metatarsus. The variation in the dimensions of the structures between the
different metacarpal zones demonstrates that the evaluation and comparison should be
conducted in the same zone, with specific reference values for each one [6]. Thus, the
present work demonstrates that this statement is also true for the evaluation of the flexor
tendons and ligaments in the plantar region of the metatarsus.
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The results observed by comparing the variables between the different structures in
each zone of the palmar/plantar regions of the metacarpals and metatarsals showed a similar
trend among horses of the MM (Tables 7 and 8) and Campeiro (Tables 8 and 9) breeds.
However, the same trend was not observed between the FL and HL in each breed. The SL
showed the highest TA when compared to other structures in the same zone, corroborating
the results found in Purebred Spanish horses [7], Haflinger [8], and Icelandic horses [9].
However, with respect to other structures, divergent results were observed for all variables
between breeds [7-9]. Thus, it can be suggested that the relationship between the dimensions
of the digital flexor tendons and metacarpal ligaments may present variations influenced by
the breed factor. However, the division of the zones was not performed in a standard way
between the works, which may be responsible for the differences between breeds.

Differences related to the dimensions of digital flexor tendons and metacarpal liga-
ments between breeds have been described in several studies [6-9,21]. The present study
demonstrates that these differences also occurred in the digital flexor tendons and pal-
mar/plantar ligaments of the metacarpal and metatarsal regions between two breeds
of gaited horses (Table 11), with a tendency to higher values for most variables in the
Campeiro breed (Table 2) when compared to the MM breed (Table 1), both in the FL and HL.
Until then, differences regarding these structures had not been evaluated or demonstrated
in other studies for PLs between breeds.

The TA values observed in the digital flexor tendons of Thoroughbred horses, draft
horses, and ponies were higher when compared to those found in the gaited horses evalu-
ated in the present study [16]. In a study with Thoroughbred and Arabian horses, higher
values were observed for Thoroughbreds in relation to most variables and structures when
compared to values found in MM and Campeiro horses. The Arabian horses, in general,
presented lower values, which were closer to those found for the MM breed [6]. Purebred
Spanish horses presented higher TA values in relation to the SDFT, the DDFT, the proximal
portion of the ALDDFT, and the SL. However, the values of the distal zones of the ALDDFT
and the branches of the SL were smaller [7]. For Haflinger horses, similar values were ob-
served for most variables and structures; however, the first zone of the SL presented higher
TA values [8]. In a study conducted in Brazil with Brazilian Sport horses, Thoroughbreds,
and Crioulo horses, the TA of the digital flexor tendons and the ALDDFT were measured
and were higher in all breeds when compared to MM and Campeiro horses [21]. Lower
values were observed for all morphometric variables in relation to the SDFT, DDFT, and
ALDDEFT in Icelandic horses. The SL presented C and TA values similar to those found
in the MM breed, and the DP length was greater in the distal zones when compared with
both breeds evaluated in the present study. Regarding the branches of the SL, lower values
were observed in Icelandic horses, except for the LM length, which was higher in the first
zone [9]. A single study related to the evaluation of the TA of the digital flexor tendons and
palmar metacarpal ligaments in MM horses has been found in the literature [10]. However,
unexpectedly, the values shown were higher than those found in the present study, except
for zone 1 of the SL, which was smaller and increased abruptly in zone 2. In addition,
images of the ALDDFT and SL were obtained up to zone 5. This divergence could be
attributed to the length of the zones (3.5 cm) and the number of horses used (n = 15),
which were smaller than those used in the present study. In addition, care related to inter-
and intra-rater variation was not mentioned, which may be suggested by the standard
deviation, which was, on average, 195% higher [10].

Variations between breeds regarding tendon and ligament dimensions have been
attributed to the different physical constitutions between breed groups, such as height,
body weight, and metacarpal diameter [7,16]. However, the horses evaluated in the present
study had similar height, body weight, BMI, and metacarpal and metatarsal circumferences,
and, regardless, differences were observed. Boehart et al. [9] attributed the differences to the
stress generated by the special pattern of gait present in the Icelandic breed, emphasizing
the importance of an ultrasound morphometric pattern in horses with a peculiar gait.
Gaited horses, such as those of the MM and Campeiro breeds, have specialized movements
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characterized by repetitive and high-impact movements [3]. In addition, gait can be
presented in different ways that have differentiated biomechanical characteristics [22].
Thus, it can be suggested that the differences found between the breeds studied and in
relation to other breeds could be attributed, in part, to the peculiar characteristics of gait.
In the present study, it was not possible to compare tendon and ligament morphometry
between the different gait types present in the MM and Campeiro breeds. Therefore, future
work related to the theme should be developed, aiming to compare these characteristics
between gaited and non-gaited horses and between different gait types.

Studies evaluating the morphometric and sonographic characteristics of the digi-
tal flexor tendons and ligaments of the metatarsal plantar region in healthy horses are
scarce [23]. In a study by Muylle et al. [24], the morphometric characteristics of the ALDDFT
were determined by dissecting 165 specimens of the HL from slaughterhouses. The liga-
ment was absent in 10/165 horses and, when present, was characterized as a single straight
structure (143/155) or divided in part or in full into two to three bundles (12/155). Di-
mensions were variable, with a mean proximal width of 1.9 4 1.2 cm (0.2-3.2 cm), a distal
width of 1.2 &+ 1.0 cm (0.2-2.6 cm), a proximal thickness of 1.3 £ 0.6 mm (0.1-3.3 mm),
and a length of 14.0 £ 2.1 cm (7.9-18.5 cm). However, because they are slaughterhouse
specimens, information that could influence the results, such as age, breed, horse size, and
history of injuries, was not available. Dyson [23] evaluated the ultrasound characteristics of
the ALDDFT in ten horses: six Warmbloods and four Thoroughbreds. In one of the horses,
the ligament was bifid bilaterally, and there was variation in ligament thickness and shape
among all horses studied. In the present study, the ligament was not visible in only one
horse of the MM breed and was bifid only in the first zone in one horse of the MM breed
and two of the Campeiro breed. In addition, it was only visible in zone 3 in a Campeiro
horse. Ligament dimensions varied widely among horses, especially in proximal areas.
Further studies are needed to better characterize the ALDDEFT of the HL as well as between
different breeds.

Regarding ME, few isolated differences between breeds were observed, which, there-
fore, are not considered different regarding this variable (Table 11). ME-related differences
in structures between the different metacarpal zones had, except for some differences,
a similar trend among the breeds studied (Tables 3 and 4) and were similar to the results
observed in the Spanish Purebred horses [7]. In HL, a similar trend was observed between
breeds (Tables 5 and 6), but it was different from that observed in the FL, especially in
relation to the SDFT, which showed no variation in echogenicity between zones for the
Campeiro breed and little variation for the MM breed. In the FL, the SDFT was more
echogenic in the proximal zones and reduced its distal echogenicity, as observed by other
authors [7,25]. The SL branches showed increased distal echogenicity in the FL and HL in
both breeds.

When comparing the ME between the different structures in the FL (Tables 7 and 8),
it can be observed in both breeds that the DDFT and ALDDFT were the most echogenic
structures from zone 2, disagreeing with the results found by Agut et al. [7], where the SL
was the most echogenic. In a study conducted with newborn foals, Spinella et al. [14] also
observed that the DDFT and ALDDFT were more echogenic than the SL and attributed
the finding to the higher muscle fiber content in the constitution of the ligament in this
age group. However, according to Reef [26], the DDFT and ALDDFT are commonly the
most echogenic structures of the palmar metacarpal region. In these zones and in the distal
zones (5 and 6), the least echogenic structure was the SDFT. However, in the first zone, the
SL presented lower echogenicity, similar to that observed in Spanish Purebred horses and
neonate foals [7,14]. Possibly, the variable amount of muscle fibers in the constitution of
the SL contributed to its lower echogenicity in the proximal region [27]. Regarding the SL
branches, a higher echogenicity was observed for the LB-SL in both breeds, unlike that
observed in Spanish Purebred horses, in which the MB-SL was the most echogenic [7]. In
the HL (Tables 9 and 10), the most echogenic structure was the ALDDFT, followed by the
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DDFT and SL, and, similar to that observed in the FL, the SDFT was the structure with the
lowest echogenicity in all zones.

Age-related differences were not observed with respect to morphometric and ME
variables in tendons and ligaments of the palmar/plantar regions of the metacarpals and
metatarsals, similar to the results found in the FL in other studies [9,14,28]. However, this
influence has been observed in studies conducted with other breeds [7,8]. In agreement
with previous information, there were no differences related to morphometric variables
and ME between contralateral limbs [7,9,14,28]. Therefore, all comparisons and reference
values demonstrated were based on the results obtained for the right FL.

As limitations of this study, we can highlight that the ultrasound study was performed
by only one evaluator, and it was not possible to verify whether the observations made by
other observers would be similar. In addition, only non-training horses were used, so the
characteristics seen in the image may have differences compared to horses in training.

The present study demonstrates differences related to the morphometric and ME
characteristics of tendons and ligaments between two horse breeds and between the FL
and HL. The importance of evaluating tendons and ligaments in the plantar metatarsal
region has been demonstrated since lesions also occur in this region [23,29-32]. In addition,
the distribution of injuries may also be affected by developed athletic activity, increasing,
in some cases, the frequency of injuries in the digital flexor tendons and ligaments in the
HL [33]. Thus, studies related to ultrasound evaluations of these structures in HL are
required, as are specific reference values for different breeds.

5. Conclusions

It is concluded that the Campeiro breed has digital flexor tendons, suspensory lig-
aments, and accessory ligaments of digital deep flexor tendons with larger dimensions
than the Mangalarga Marchador breed. Variations related to size and echogenicity between
zones and structures are similar between breeds in the fore- and hindlimbs. The size and
echogenicity of the tendons and ligaments of the fore- and hindlimbs are different, as are the
variations between the zones and structures. This study demonstrates that specific values
should be used for ultrasound evaluations of the digital flexor tendons and ligaments in the
fore- and hindlimbs of gaited horses. Therefore, the available data can be used as an aid for
the ultrasound diagnosis of tendinopathies and desmopathies in horses of the Mangalarga
Marchador and Campeiro breeds.
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and ligaments of the plantar metatarsal region of 25 Mangalarga Marchador horses; Table S3: Mean
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