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Introduction 
 The shape of articular surfaces might provide 

important information about the biomechanical action of 

the equine carpal joint. Detection of the load distribution 

through the skeleton was a principal requirement to 

interpret the mechanical influence of bone shape in terms 

of the resistance to loading (Biewener et al., 1983). It 

might also be helpful in determining reasons for specific 

pathology or even help in preventing injuries. Thus, 

human orthopedic and biomechanical studies have paid 

considerable attention to the correlation between bone 

shape and loading in most of the skeletal bony 

components including the carpus (Tang et al., 2013; Kim 

et al., 2016). However, in the Veterinary field and 

particularly the equine carpus there have been few 

studies that assessed the influence of carpal bone 

morphology on the applied loads. Most of these studies, 

such as Colahan et al. (1987) and Palmer et al. (1994), 

concentrated mainly on the effect of increasing the load 

on the contact area of the carpal bones, especially on the 

radial facet of the third carpal bone (Rf-C3) and the force 

distribution through the joint. 

Variation in carpal bone morphology has been found to 

be associated with carpal pathology in racing 

Thoroughbreds (Oheida et al., 2022). That study 

identified specific anatomical features that were 

correlated with a higher susceptibility to injury. Such 

poor carpal conformation seemed to be the reasons for 

alterations in the loads through the carpus (Bramlage 

1983; Anastasiou et al., 2003). This was suggested to 

occur during high-speed racing where the axial load on 

the carpal joint was driven more towards the dorsal 

margins of the bones resulting in joint hyperextension 

with the possibility of injury (Auer, 1980; Palmer, 1986). 

Although equine carpal morphometery (Oheida et al., 

2016) and its relation to the incidence of pathology 

(Oheida et al., 2022) have been documented, the 

potential alteration in different carpal conformations 

during loading has not been investigated.  Therefore, the 

current experiment was designed as a pilot study to 

investigate the relationship between different carpal 

morphometries and the load transmission in an in-vitro 

environment. It was hypothesized that the carpus with a 

normal conformation would be more stable than the 

carpus with a conformation associated with carpal 

pathology during loading. 

 

Materials and Methods 

Animals 
Two right forelimbs were collected from horses that were 

euthanized for reasons not related to their 

musculoskeletal systems. They were a Warmblood horse 

(H1) and a Thoroughbred (H2). Both selected horses 

were adults to avoid any effects of the radial growth plate 

on the results. The specimens were collected from the 

Pathology department of The Faculty of Veterinary 

Science of the University of Melbourne. The carpal 

joints were intact and free of any pathology.  

The two specimens were specifically selected based on 

their morphometrical measurements (Table 1). H1 

represented the favourable carpal conformation whereas 
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Horse Loading 

Carpal parameters 

Ra.meta-

Prx.Mc3 

angle 

RCJ-

Prx.Mc3 

angle 

Rf.C3-

Prx.Mc3 

angle 

Ra.meta-

Rf.C3 angle 

RCJ-Rf.C3 

angle 

H1 

Unloaded 186.45° 183.64° 172.90° 193.55° 190.74° 

Loaded 185.79° 182.99° 172.40° 193.39° 190.59° 

Differ 0.66° 0.65° 0.50° 0.16° 0.15° 

H2 

Unloaded 183.37° 182.29° 175.23° 188.14° 187.06° 

Loaded 182.01° 180.94° 173.45° 188.56° 187.49° 

Differ 1.36° 1.35° 1.78° -0.42° -0.43° 

 

H2 showed the carpal conformation that was associated 

with a high susceptibility to damage in fast speed racing 

(Oheida et al., 2022).  

Embedding specimens 
Each limb was transected through the shafts of the radius 

and the metacarpal bones at approximately 15 - 20 cm 

proximal and distal to the carpal joint. Skin and soft 

tissues were removed except around the carpal joint in 

order to keep the joint completely intact. The joint was 

held in an extended position by tying a thread around the 

radius and metacarpal bones and then positioning it in a 

perpendicular position, similar to the normal standing 

posture, using a bench clamp and clamp-stand. The ends 

of the metacarpal bones were embedded first in an 

aluminium cup and positioned perpendicular to the 

ground while avoiding any contact between the bone and 

the cup’s wall. Epoxy resin and hardener (West system 

epoxy resin 105 and fast hardener 205, ATL Composites 

Pty Ltd, Ernest, Queensland, Australia) were mixed and 

poured into the cup and left for approximately 6 to 8 

hours. The specimen was up-ended and the same 

procedure with a second cup was used for embedding the 

end of the radius (Figure 1) care was taken to ensure the 

bases of the two cups were maintained parallel to each 

other and that the specimen was perpendicular to them 

while the epoxy was hardening.  

Installing and loading specimens 

A load plate was designed to have two attached parts, 

upper and lower parts (Figure 1). The upper part had 

rounded hollows (points) which were arranged in evenly 

spaced lines, for receiving the loading ball of a load cell 

mount. There were 11 lines and each line had 11 points 

(Figure 2). The lower part of the load plate was made to 

be fixed with the cup which contained the embedded 

radius. The base plate consisted of two attached parts, an 

upper part and a base part (Figure 1). The upper part was 

screwed into the cup which contained the metacarpal 

bones. The base part was fixed on the sliding rail guides 

of an Instron test machine (Instron, 8874 Axial-Torsion 

Fatigue Testing System) thus allowing movement of the 

distal end of the specimen craniocaudally and providing 

the opportunity for the carpal joint to hyperextend. 

The load cell mount was designed to be attached to the 

Instron test machine for loading the carpi in specific 

positions by placing the loading point of the Instron test 

machine on the loading plate. The cup with the radius 

was fastened to the loading plate with the dorsal/cranial 

surface of the specimen facing the front. The other cup  

 

with the metacarpal bones was attached to the base plate 

which was then fastened into the sliding rail guides of the 

Instron test machine. The loading ball of the load cell 

mount was placed on the first point of the middle line of 

the caudal/palmar/back edge of the loading plate (Figure 

2). The thread tied at the carpus was then cut and 

removed. 

Each specimen was loaded sequentially through two 

cycles. In each cycle, a vertical load was applied 

separately onto each of the sixth to eleventh points of the 

6th line of the loading plate counting from the 

palmar/back edge. The load started on point six and then 

was moved on to the other front five points in sequence. 

This vertical load and the vertical displacement were 

recorded by the machine. The maximum peak load was 

approximately 2kN. The peak displacement was 

approximately 3mm, and displacement was applied at a 

rate of 1mm/s. The resultant movement in the joint was 

called passive moment. The data was collected using 

Scilab software and analysed by Scala software to 

measure the passive moment (N.m). 

Radiography and parameters 

The unloaded and loaded carpi were radiographed using 

the method described in Oheida et al. (2016). The 

dorsopalmar (DP) radiographs of the loaded carpi were 

taken while the loading point of the load cell mount was 

applied to the first point of the loading plate at which the 

carpi were in the most hyperextended position. The 

radiographs were entered into the EponaTech Metron 

software and five radiographic parameters (Oheida et al., 

2016) were selected and measured. The selection was 

made based on the clinical relevance and the potential 

mechanical importance of their features of interest. They 

focused on three relationships: 

1. Effect of loading on the distal radius in relation to the 

proximal surface of Mc3. The selected angles were: 

- Radial metaphyseal-Proximal third metacarpal angle 

(Ra.met-Prx.Mc3 angle) 

- Radial carpal joint-Proximal third metacarpal angle 

(RCJ-Prx.Mc3 angle) 

2. Effect of loading on the radial facet of C3 in relation 

to the proximal surface of Mc3. The angle was: 

- Radial facet C3-Proximal third metacarpal angle 

(Rf.C3-Prx.Mc3 angle)  

3. Effect of loading on the distal radius in relation to the 

radial facet of C3. The angles were: 

- Radial metaphyseal-Radial facet C3 angle (Ra.met-

Rf.C3 angle) 

Table 1: Radiographic measurements of the carpal parameters in unloaded and loaded carpi 

 

Differ: Difference between values of angles of unloaded and loaded carpi 
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- Radial carpal joint-Radial facet C3 (RCJ-Rf.C3 angle) 

All the radiographic measurements were conducted by 

the first author to minimize the variation between 

measurements (Kublashvili et al., 2004). 

Measuring the joint hyperextension 

The embedded carpi were photographed from the side 

(perpendicular to the direction of movement) using a 

fixed camera during the loading and unloading phases. 

The photographs were used to locate the centre of carpal 

joint rotation and measure the degree of hyperextension. 

 

 

 

 

 

 

 

 

 

 

 

 

Ethical approval 

As the experimental work was conducted on cadavers 

from horses that died for reasons not associated with the 

experiment, no ethical approval was required. 

 

Results  

Generally, the H2 carpus showed a larger change in the 

values of the five angles than the H1 carpus. Despite 

increasing or decreasing the values, the measurements 

demonstrated that the Rf.C3-Prx.Mc3 angle of H2 was 

the most affected angle during loading. It changed from 

175.23° when unloaded to 173.45° in the loaded joint.  

Figure 1. A right carpus embedded into two cups. The first cup with the metacarpal bones was screwed into 

the upper part of the base plate. The second cup with the radius was attached to the lower part of the loading 

plate. A thread was tied at the dorsal aspect of the carpus. Both the cups were filled with epoxy resin. 

 

Figure 2. Dorsal aspect of the embedded carpus that was loaded inside the Instron test machine. The load cell 

mount was placed on the loading plate. The base plate was fixed into the sliding rail guide of the base of the 

machine. 
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In addition, it was noted that there was a decrease in the 

values of the parameters when the carpi were loaded 

(Table 1) except in the Ra.met-Rf.C3 angle and the RCJ-

Rf.C3 angle of H2 which showed a small increase of less 

than 0.45° in their values. The measurements within each 

horse revealed that the minimum changes were seen in 

the Ra.met-Rf.C3 angle and RCJ-Rf.C3 angle.  

Applying the load on the embedded carpi resulted in an 

increase of both the hyperextension carpal angle and the 

passive moment. This linear relationship was represented 

clearly in both the specimens. However, although H1 

showed stability in this relationship through loading at 

the different loading points (Figure 3.A), H2 showed 

avariable response to the load with less fit between the 

slopes from the different loading points (Figure 3.B).  

 
Discussion 

Although carpal morphology is believed to be an 

important factor in relation to equine carpal soundness 

and pathology, effects of loading of carpi of varying 

conformations on the joint stability has not been 

investigated. The current pilot study provided some 

initial evidence about the different response to in-vitro 

loads of equine carpi with specific variations in 

morphology.  

The radiographic measurements of the two specimens 

revealed that all the changes in the measured angles were 

greater in H2 than in H1. The Rf.C3-Prx.Mc3 angle of 

H2 was the most affected parameter by the loads. The 

amount of change in the measurements between the 

unloaded and loaded carpus was 1.78°. In terms of 

affecting the load on the relationships between the bony 

components of this angle, the alteration could indicate 

that the slope of the radial facet of C3 in relation to the 

proximal articular surface of Mc3 would be more 

affected by loading when they have the conformation 

previously related to early career carpal injury (Oheida 

et al., 2022). It is difficult to recognize whether the radial 

facet of C3 or the proximal Mc3 was the main reason for 

such an influence. Angulation of the proximal Mc3 is 

less likely to be the cause because the locations of its 

medial and lateral landmarks were found to be invariable 

and the line formed between them was more parallel to 

the ground (Abdunnabi, 2011). Whereas, decreasing the 

distomedial slope of the radial facet of C3 in H2 might  

 

 

 

 

 

not be helpful in dissipating some of the axial load to the 

adjacent medial soft tissues (Oheida et al., 2022). If so, 

then what might be the effect of the tremendous loads, 

which could be up to 9kN (Palmer et al., 1994), 

experienced on a poorly conformed carpus during fast 

racing in contrast to the 2kN maximum load applied in 

this pilot study? 

Based on the differences in the measurements between 

loaded and unloaded carpus in each specimen, it was 

noticed that the Ra.met-Rf.C3 and RCJ-Rf.C3 angles 

demonstrated the minimum amount of changes 

compared to the other three angles. This was very 

obvious in H1 with the favoured morphology in which 

the RCJ-Rf.C3 angle showed a minor change of 0.15°. 

Accordingly, the current finding would mean that the 

angulation of the distal radius in relation to the radial 

facet of C3 is probably more consistent during load 

transmission. Even with this supposition, the increase in 

the values of the two angles in H2 put more doubt about 

the ability of such a conformation to provide joint 

stability. Pathologically, the distal radius and the radial 

facet of C3 were the most injured parts of the carpus in 

racehorses (McIlwraith et al., 1987; Garvican and Clegg, 

2007). Oheida et al. (2022) reported a significant 

negative correlation between the angulation in the distal 

radius-radial facet of C3 and the incidence of carpal 

pathology. The less angled this part of C3 the more likely 

the damage. Hence, an explanation for how highly 

damaged features showed more constant relationships 

during loading seems to be more complicated. However, 

it might be assumed that the inability of the radial facet 

of C3 to dissipate the entire received load to soft tissues 

(Bramlage et al., 1988; Pagliara et al., 2022) participated 

in minimising the changes of its relationship to the 

proximally located radius. The biomechanical function 

of the radial facet of C3 whether in relation to the radius 

or to the large metacarpal bone requires more 

investigation. 

Measuring the hyperextension of the carpal angle and the 

passive moment in relation to the loading revealed not 

only the consistent relationship between the carpal 

hyperextension and the passive moment but also some 

differences in the pattern of the response in H1 and H2 

to the loads. Interestingly, the response of the H1 carpus 

was consistent and regular throughout the different 

Figure 3. Angular stiffness of Horse 1 (A) and Horse 2 (B) during loading of their embedded carpi. These 

showed the relatively consistent relationship between increasing the hyperextended carpal angle and the passive 

moment (N.m) in the two horses. There was more variation and lack of fit between the different runs in H2 (B). 

The different colours represent different loading positions within the two runs. 
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.  loading runs (Figure 3.A) with a slightly greater 

hyperextension. Whereas, the H2 carpus showed some 

instability and lack of fit in the response to load between 

the different loading runs (Figure 3.B). This finding, and 

in addition to the above discussed radiographic results, 

suggests that applying the load to a carpus which has a 

preferable conformation leads to more joint stability. 

Further, carpal joint hyperextension is thought to be one 

of the most common reasons for carpal damage (Park et 

al., 1970; Auer, 1980). In this study however, the slight 

carpal hyperextension seems to have had no effect on the 

joint stability as long as the joint had a superior 

conformation. There is a belief that the geometrical 

properties of the articular surfaces determine the stability 

of their joints (Sledge, 1993). This should have more 

attention in loading the equine carpal joint in which the 

applied load was transmitted more through its contacted 

articular surfaces than through the soft tissues and 

subchondral bone (Palmer and Bertone, 1996) especially 

in the medial aspect of the middle carpal joint (Pagliara 

et al., 2022). At this important region, the load passes 

from radius to radial carpal bone then is entirely received 

on the concave radial facet of C3 without any attenuation 

(Bramlage et al., 1988). Hence the joint stability will be 

questionable when the carpal conformation was poor 

particularly in the radial facet of C3 in relation to the 

distal radius and proximal Mc3 as seen in H2.  

The results of testing the load in only two carpi in this 

experiment are obviously insufficient to verify the 

relationship between carpal conformation and the 

stability of the loaded joint. However, it may promote a 

more extensive experiment using the same methodology. 

The carpi should be categorized into three groups based 

on their morphometrical measurements of the significant 

features; carpi with the highest, around the average and 

with the lowest morphometrical values as described in 

Oheida et al. (2022). Applying loads on these carpal 

groups seems likely to provide satisfactory evidence 

about the mechanical effect of the varied carpal 

morphology on the stability of the loaded joint. 

 

Conclusion  

This pilot study showed various responses of two carpal 

joints with different conformation to in-vitro loading. 

The carpus with the favourable carpal morphometry 

appeared more stable during loading than the carpus with 

conformation previously associated with carpal damage. 

Angulation of the radial facet of C3 seemed to have a 

fundamental mechanical role in loading the joint. As the 

results in this study were derived from applying only in-

vitro loads of a maximum 2kN, well below the 9kN that 

this joint is thought to withstand, further investigations 

are required to evaluate the mechanical effect of carpal 

morphology on the stability of the loaded joint in 

racehorses. 
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