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Insight into the pathomorphology of the distal border of the equine navicular bone
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Abstract

Pathological changes of the equine navicular bone are found in a variety of forms in numerous
old and also relatively young horses. Therefore, investigations on this small bone are of major
practical significance. The current article presents a view of the alterations observed on the distal
aspect of the bone and analyzes their origin and importance. As a result of pressure subjected
by the deep digital flexor tendon and adaptive remodelling of the bone tissue, distal border of
the navicular bone extends and becomes sharpened. Osseous distal border fragments may be
a consequence of this phenomenon. However, the origin of fragments is also associated with
the development of entheseophytes on the margins, which can result from stress induced by the
distal impar sesamoid ligament. The authors are not unanimous about the clinical importance of
fragments, but it seems that the most dangerous are large-sized ones, especially when occurring
together with other lesions. An important issue is also the alterations of the nutrient foramina
located on the distal border, due to the main role of this surface in blood supply. Changes in the
size and shape of pathological synovial invaginations can be a sign of circulatory disturbances
and abnormal turnover of the bone tissue. Some researchers link synovial invaginations to cases
of lameness, but their importance is still enigmatic. Majority of studies focus on warmblood
horses, and a lower interest in coldblood horses can be seen. Nonetheless, certain data are a strong
argument that the breed and morphotype can affect the frequency of adverse changes.

Distal sesamoid bone, os sesamoideum distale, horse, clinical morphology, lameness

The navicular bone (os sesamoideum distale) is a boat-shaped element of the horse’s
distal interphalangeal joint, situated between the middle and the distal phalanx (or the
short pastern and the coffin bone). The navicular bone has several surfaces that are crucial
for its biomechanical functions. Dorsally, there’s an articular surface lined with the
hyaline cartilage for a contact with the middle phalanx. The connection with the distal
phalanx is enabled by the distal border of the navicular bone which contains also a small
articular surface protected by the hyaline cartilage. The flexor surface covered with the
fibrocartilage tissue, which makes a smooth plane for the gliding of the deep digital flexor
tendon (DDFT) is located on the palmar aspect of the bone. Both on the proximal and the
distal borders of the navicular bone, nutrient foramina for blood vessels can be found. Two
collateral sesamoid ligaments (CSL) keep the bone in proper position, connecting the distal
end of the middle phalanx with the proximal border of the navicular bone. Additionally, the
distal sesamoid impar ligament (DSIL) extends from the distal border of the navicular bone
with the DDFT together to the coffin bone (Waguespack and Hanson 2010; Komosa et
al. 2013b). Biomechanical analyses show that distal interphalangeal joint can move in the
sagittal plane (flexion and extension movements), frontal plane (lateromedial movements),
and transverse plane (rotation and sliding), each inducing stresses on the articular surfaces
of the sesamoid bone and the related structures of the equine digit (Denoix 1999; Wilson
and Weller 2011). The main functions of the navicular bone are to provide constant angle
for the DDFT and to distribute forces acting on the distal interphalangeal joint during
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movement (Dyson et al. 2006). Changes of this little bone are very diverse (Plate I,
Fig. 1). Most frequent pathological alterations include new bone formations (enthesophytes)
on the proximal and distal borders, changes in the number and size of nutrient foramina
(synovial invaginations), distal border fragments and erosions on the flexor surface (cyst-
like lesions) (Dyson 2008; Waugespack and Hanson 2010; Komosa et al. 2013a).
In the majority of cases, the appearing bone changes are evaluated by a radiological
examination but lesions are often located in soft tissues, diagnosis of which is problematic.
The results obtained by different methods are not always in accordance with each other
(Biggi and Dyson 2010; Claerhoudt et al. 2011). This article focuses on the distal
border, which is one of the most frequently affected parts of the navicular bone. In one of
the recent studies, pathological changes were found most often in the DDFT (91% of cases)
and the distal border of the navicular bone (85% of cases), followed by the flexor surface
of the navicular bone (78.4%) and the navicular spongiosa (76%) (Zani et al. 2016). In
another investigation of horses with a chronic palmar foot pain, 90% of them had mild to
severe lesions of the distal border (Blunden et al. 2006).

Distal border fragments and enthesophytes — origin and importance

The occurrence of distal border fragments has various causes. One hypothesis implies
that fragments may be the effect of fraction of the distal border of the navicular bone,
which may be linked with increased extension of the palmar cortex (Plate II, Figs 2, 3).
Elongation of the distal margin can be induced by physiological or pathological turnover
of the bone tissue (Dyson 2008). In short explanation, bone responses to strain in
modifications, called turnover, in which osteocytes, osteoclasts and osteoblasts play main
roles. In physiological conditions the process of bone resorption due to osteoclasts activity
remains in equilibrium with the process of bone formation, conditioned by osteoblasts.
Increased load on bone tissue may cause in disorder of this process, and as the effect, in
pathological changes in micro and macroarchitecture of the navicular bone (Komosa et
al. 2013b). Sandler et al. (2000) revealed the significance of increased physical activity
in pathological changes of the equine limb in study, in which horses subjected to intensive
exercises showed some changes within the navicular bones. Alterations included increases
in the size of the vascular foramina, irregular margins at the attachment sites of the DDFT,
and sclerosis of the spongiosa presented. Additionally, the number of microcracks that are
one of the stimuli in bone turnover were greater in the proximal and distal ends of the bones
affected. Increased thickness of the trabeculi and decreased porosity of the subchondral
bone plates were also seen in this cases (Sandler et al. 2000). In the work of Bentley et
al. (2007) there were presented four factors of microdamage accumulation in pathological
navicular bones of older horses indicating disturbances of remodeling of this bone: low
bone mass, poor osteocyte connectivity, and very low osteocyte density.

Other concepts of the origin of the distal border fragment assumes mineralization of the
DSIL’s insertion and fraction of formed enthesophyte due to the pressure exerted by the
DDFT. Wilson etal. (2001) conducted calculation of the compressive force that the DDFT
exerts on the navicular bone. The maximum DDFT force in stance in the group of horses
with the navicular disease was significantly greater than in the group of normal horses.
It’s crucial to remember that the navicular bone is only an element of a more complex
construction of equine digit and cannot be considered in isolation. Forces affecting the
navicular bone impact also CSL, DSIL, DDFT and the navicular bursa (Dyson 2008).

It has been suggested that proximal and distal extensions of the navicular border may
be a consequence of enthesophyte formation at insertions of the CSL and DSIL, caused
by chronic stress that ligaments exert on the margins of the bone during movement.
Also adhesions and lesions of the DDFT could result in such changes in the architecture
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of the navicular bone (Dyson 2008). In light of this theory, associations between
occurrence of fragments and condition of adjacent ligaments and tendon could be
important. Significant association between distal border fragments and the grade of
DSIL was found only for the large-sized fragments in the study by Biggi and Dyson
(2011). There was also a finding of large enthesophyte fractured in 4 feet; in the majority
of the bones the fragments were positioned laterally and medially to the enthesophyte
formation. There is a supposition that the same stress resulting in enthesophyte
formation may result in a fracture. Therefore, horses with large enthesophytes may
be more likely to have fractures related to stresses applied to the distal aspect of the
bone. Data presented by Wright et al. (1998) are a strong argument for the hypothesis
that injuries and changes in DSIL may lead to enthesophytes formation. In the study
from the mentioned above author bone fragments associated with the distal border of
the navicular bone were found on palmar surface, embedded in the DSIL, and their
palmar surfaces were covered by fibrocartilage. On radiographs a correspondingly
shape in the adjacent bone was detected. Lame horses had mineralized foci within the
DSIL with organized osseous tissue and little adjacent inflammatory. Contradictory
other researchers found no associations between distal aspect of the navicular bone and
histological grade of the DSIL (Blunden et al. 2006; Zani et al. 2016).

Fragments occur in a variety of forms. The majority of them have an oval body, but can
be also thinner and longer in shape, and no particular association between their presence
and height, weight, breed, age or discipline of the horses were found (Biggi and Dyson
2011). This fractions can be seen on one part of the bone or on medial and lateral parts and
unilateral or bilateral. The majority of fragments appear at the junctions between horizontal
and lateral or medial sloping borders, with predominance at the lateral side (Biggi and
Dyson 2011; Biggi and Dyson 2012).

The connection between the presence of fragments and navicular disease is
contentious. In a radiological study by Wright (1993), no evidence was found to
link distal border fragmentation with the degree of lameness. Interestingly, significant
association between the presence of distal border fragmentation and lameness was
detected only in asymmetrically affected animals. However, in another research, an
association was found between the fragments and the overall navicular bone grade
in radiological evaluation. Fragments were also strongly associated with primary
navicular pathology (Biggi and Dyson 2012). The same conclusion about the presence
of fragments and the overall navicular bone grade was reached in a magnetic resonance
imaging investigation. Additionally, this study reported the accordance between distal
border fragments and other pathological MRI (Magnetic Resonance Imaging) findings
in the navicular bone (Biggi and Dyson 2011). In a case report by Biggi etal. (2012),
a large fragment embedded in the DSIL at the junction between distal horizontal and
lateral sloping borders was found to be one of the main causes of pain and lameness
in a horse. Nonetheless, in a recent MRI examination, conclusions were completely
different. There was no evidence to link the presence of a distal border fragment with
the lameness. There also was no difference in the size of fragments across the severity
grades of lameness. Surprisingly, the average grade of lameness was slightly lower for
limbs with fragments, but this finding was not significant (Yorke et al. 2014).

Fragments appear in both lame and non-lame horses. In the study of Biggi and Dyson
(2012), fragments were observed in 3.6% of sound and 8.7% of lame horses, with majority
of them in the lame limb. In another research from the same authors, fragments occurred
in 13.6% of horses with foot pain, with 75% of them in the lame limb (Biggi and Dyson
2011). Such differences in results from the same authors may arise from different number
of horses in each study and different diagnostic techniques. In other researchers’ studies,
fragments were seen in 28.8% of lame horses (Wright 1993) and in 7% of sound horses
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(Kaser-Hotz and Ueltschi 1992). Discrepancies in data may be caused by different sizes
of experimental groups, individual features, breeds, and grade of lameness.

Some studies undeniably link fragments with the distal margin of the flexor surface
of the bone (Wright 1993; Biggi and Dyson 2011; Biggi and Dyson 2012; Zani et
al. 2016). The association between the size of distal extension of the palmar cortex and
the occurrence of a distal border fragment was found in MRI studies (Biggi and Dyson
2011; Zani et al. 2016). In the radiological study by Biggi and Dyson, most fragments
were associated with an irregular margin of the distal border, but no significant association
with the size or thickening of the distal extension of the palmar cortex was found (Biggi
and Dyson 2012). Seemingly, the extension of the distal margin could be indeed a factor
causing fraction, but it also has been proposed that elongation of the palmar cortex may
be a normal variation without being particularly connected with pathological changes. In
one radiological investigation of sound horses, elongation of the distal border was found
in 55% of them (Kaser-Hotz and Ueltschi 1992). A supporting argument can also be
found in a research investigating the age-related changes in the anatomical shape and
histological architecture of healthy navicular bones. In this study, an increase in the distal
border volume with age was observed (Gabriel et al. 1999). It may be explained by the
process of development of the navicular bone (Rijkenhuizen et al. 1989b).

Taking all of this into consideration, the phenomenon of distal border fragments remains
still unclear. They may differ in places and ways of origin and vary in consequences of
their occurrence. As a certainty, a close relation between fragments and the distal margin
of the navicular bone may be considered, as well as their association with some other
lesions of equine digit structures. Some data show that the future carrier of sport horses
with distal border fragments is statistically not different from horses without these
fragments (Ecrement 2011). Although clinical significance of distal border fragments is
controversial, they should not be underestimated when considering the causes of equine
lameness. Adaptations in micro- and macro-architecture of the navicular bone in response
to stress are to some degree a natural reaction, but when turnover of the bone exceeds the
indeterminate threshold, they may became pathological.

Synovial invaginations and other changes within nutrient foramina

On the distal aspect of the navicular bone, below a small articular surface for the coffin
bone, there is a recess formed by synovia called the synovial groove, with nutrient foramina
leading to the interior of the bone. According to data from Poulos and Smith (1988),
channels in the navicular bone are not lined with blood vessels or vascular endothelium,
but represent invaginations of synovial tissue from the synovial fossae with blood vessels
associated with it. There are several shapes of the synovial invaginations that can be
distinguished as: ‘conical’, ‘linear’, ‘lollipop’ or ‘branched’, and they can differ also in
the depth of penetration (Claerhoudt et al. 2011). Inside the synovial invaginations, there
are nerve fibres located entering through them to the navicular bone (Rijkenhuizen et al.
1989c¢). Plenty of nerve fibres associated with the vasculature are also found in the CSLs
and DSIL (Bowker et al. 1994). The presence of these fibres is crucial when considering
pain during lameness.

When considering possible causes of pathological nutrient foramina, it is important
to understand the significance of the navicular bone’s distal border in blood supply. The
navicular bone in the adult horse has two principal routes of blood supply, the proximal and
the distal ones. In the foetus, the distal source is derived from the network of arteries lying
in the DSIL. Immediately after birth, the blood supply undergoes changes in response to
the demands of increasing function and work load, and the distal border of the bone is the
place of the most intense modifications. Branches from distal arteries gradually penetrate



127

the bone, and form into cones of anastomosing vessels responsible for the development of
the large foramina along the distal border (Colles and Hickman 1977). In a healthy adult
horse, there is a uniform specific pattern characterized by 4 to 8 arteries entering distally,
covering the central and distal part of the navicular bone, and 9 to 14 proximal arteries
covering the proximal part of the bone. The medial and lateral parts receive supply from
the arteries entering medially and laterally (Rijkenhuizen et al. 1989a). Abnormalities in
this pattern can lead to insufficient nutrition of particular sections of the navicular bone,
and can be a stimulus to other changes in equine digit.

In some cases, normal nutrient foramens can undergo changes and became pathological
(Plate III, Fig. 4). The most frequently mentioned signs of nutrient foramina pathology
are changes in their size, shape, and number. In a study by Claerdhoudt et al. (2011), an
average of 5.9 invaginations per the navicular bone were found. Navicular bones with a
total number of 1 to 7 distal border synovial invaginations on radiographs are considered
normal, and a higher number can be a sign of pathology. A few other studies suggest that
normal nutrient foramina are conical, and should be considered abnormal only in the case
of an increased number of them or changes in shape, especially for flask or lollipop shape
(Colles and Hickman 1977; MacGregor 1984; MacGregor 1986). However, the
conically shaped foramina can also be associated with the navicular disease, when they
occur in the wings of the navicular bone (MacGregor 1984). This leads to the conclusion
that the location of the foramina may also be important in the considerations of their
significance.

There are a few theories about the origin of pathological nutrient foramina modifications.
One ofthem indicates circulatory disturbances (Colles andHickman 1977;Rijkenhuizen
et al. 1989¢). In navicular disease, occlusion of the distal vessels may occur due to
thrombus formation within the vessel lumen. This phenomenon leads to the development
of compensation supply and increased vascularization around nutrient foramina. Following
these changes, osteoporosis may develop at their tip, making it rounded or mushroom-
shaped. Ischaemic changes in the navicular bone may be a serious cause of pain and
lameness in the navicular disease (Colles and Hickman 1977). This theory is supported
by other observations, where the presence of radiologically visible nutrient foramina
was associated with a changed pattern in the arteriogram, fibrosis, and increased bone
remodelling in which bone resorption predominated. Ischaemia and increased pressure
were considered to be responsible for modifications in the form and number of nutrient
foramina (Rijkenhuizen etal. 1989c). The data about active remodelling due to abnormal
and dilated synovial invaginations are presented in a study by Ostblom et al. (1982), in
which altered pressure from the deep digital flexor tendon on the bone and increased load
on the caudal part of the foot are pointed out as the primary source of nutrient foramina
changes. Colles and Hickman (1997) also suggest that the size of synovial invaginations
does not appear to be related to age, but rather to the type, regularity, and frequency of
work performed.

As in case of the distal border fragments, the phenomenon of pathological nutrient
foramina should be analyzed in the context of the whole anatomical construction of the
equine digit. Abnormal synovial invaginations may be associated with other navicular bone
abnormalities. Significant association between the presence of distal border fragments and
the size and number of the synovial invaginations was found in studies by Biggi and
Dyson (Biggi and Dyson 2011; Biggi and Dyson 2012).

It is also worth noting that pathological nutrient foramina do not have to be linked to
the navicular disease. There is also another approach represented by Kaser-Hotz and
Ueltschi (1992) suggesting that although there is no question that horses with navicular
disease have a higher incidence of abnormal invaginations, they may not be conclusive for
the diagnosis of navicular disease. Pathological foramina can be a sign of arthrosis of the
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distal interphalangeal joint and not primarily a result of navicular disease. Observations
confirming this theory were revealed in a recent study by Olive and Videau (2017), in
which direct communication between the distal border synovial invaginations and the distal
interphalangeal joint space was discovered, but connection between the invaginations and
the navicular bursa was not observed. Therefore, extended nutrient foramina are likely to
be a symptom of distal interphalangeal joint synovitis or osteoarthritis.

Although enlargement of the nutrient foramina is well known and documented in
a variety of sources, the obliteration and even complete disappearance of the foramina
can be also observed, probably due to a course of bone-tissue turnover (Komosa et al.
2013b). However, the phenomenon of the obliteration of nutrient foramina requires further,
insightful analysis especially in the histological context. In the macroscopic view, the
obliteration may occur in a varied form and often the effacement of the synovial groove
can be seen (Plate 111, Figs 5, 6).

Breed and morphotype

Studies of navicular bone’s abnormalities are undertaken more frequently in breeds of
warmblood horses than in coldblood ones. This is due to a high popularity of horseback
riding and a lower interest in the use of harness horses. Because of this disparity in the
quantity of studies, a problem of the navicular bone’s changes is better known in warmblood
horses, although there are still a lot of unexplained issues. The variety of forms of the
disease’s changes impede the exploration of this topic. Often a few pathological changes
occur together, like in the instance of the origin of the synovial groove and distal border
fragments. Intensive use of sport horses and requirements on equestrian events are in
particular linked to a heavy load on the forelegs. The accumulation of small injuries during
gallop and jumping can be the key cause of pathological changes of the distal sesamoid
bone. The type of ground most often used in training of the horse is also important
(Komosa et al. 2014).

In light of the data explained above, the condition of navicular bones of coldblood horses,
in which comprehensive radiological and anatomical examinations are rare, is striking.
This category of horses, due to a different purpose of use, are not subjected to the same
type of load as saddle horses. Furthermore, they are characterized by a specific morphotype
expressed in their unique skeleton features. Unlike their warmblood counterparts, coldblood
horses have massive bones, in many cases also different in shape. Different width to length
proportions were found especially in the analysis of the autopodial segments of limbs
(Alho 1993; Dzierzg¢cka and Komosa 2013). Also the bone’s architecture, understood
by the ratio of the compact bone to the spongy substance, differs in horses of various
morphotypes (Firth et al. 2005; Dzierz¢cka and Charuta 2012). Some data on the
anatomy of the distal sesamoid bone of various breeds of horses were reported by studies
of Gabriel et al. (1998), however, this topic still remains open to further investigations.
Conclusions of the above mentioned authors suggest that navicular bones can vary in the
spatial structure and react differently to load, according to the type or breed of horses.
For this reasons, we suppose that exploring variations of the navicular bone’s changes in
warmbloods and coldbloods may contribute to a better understanding of the problem of this
bone’s pathology (Hickman 1989).

There is some evidence that the navicular disease may be linked to genetic predispositions,
pointing out that warmblood horses are more susceptible (Diesterbeck and Distl 2007;
Finne 2014). Quarter horses and thoroughbreds seem to be prone to navicular bone
changes to a higher degree than other breeds (Lowe 1976). In a study of 3748 young
Hanoverian warmblood horses by Stock et al. (2004) a higher percentage of genes of
the Hanoverian and the Holstein warmblood horses was found as a factor increasing the
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probability of occurrence of some pathological changes within the navicular bone. Results
of older studies showed that podotrochleosis associated with the pathology of the navicular
bone may depend partly on the presence of genetic factors (Bos et al. 1986).

In the majority of the discussed academic works there is no information on the association
between the incidence of navicular pathology and the breed and discipline of the horses.
The disease was not found to be related to the breed, sex or use of the horses in one of the
older studies (Ostblom et al. 1982). There was also no association between the presence
of the distal border fragment and the height, weight, breed, age or discipline of the horses
in the study by Biggi and Dyson (2011).

A study by Yorke et al. (2014) in which there was no increased probability of being
categorized as lame if a fragment was present, distal border fragments were most frequent
in warmblood horses (36.7%). Other breeds were represented in the following proportions:
Quarter horses (26.7%), Arabians (10%), Thoroughbreds (8.3%), Appaloosa (1.7%), Irish
Sport horse (1.7%), Paint (1.7%), Percheron (1.7%), and mixed breed or unknown (11.7%)).
Group percentages were comparable to the overall hospital caseload; despite different
numbers mentioned above, no significant association between distal border fragments and
the breed was found. There was also no relation between fragments and the sex or age of
the animal.

Reliable information in the literature regarding the importance of breed in the
pathomorphology of the distal border of the navicular bone is scarce. The majority of
studies are focused on the process of the origin of lameness, associations between lesions,
and the clinical importance of this changes. The breed seems to be a factor related to
navicular bone pathology, but authors work with a variety of breeds and this issue is not
always taken into consideration. It is also not easy to separate the influence resulting from
innate qualities of different breeds and the reasons derived from different purposes of these
groups of horses and the different categories of load they are subjected to.

In conclusion, the navicular bone, despite its small size, has a big impact on the health and
condition of the horse. This structure is crucial for proper distribution of the burden during
locomotion, and because of this the function is subjected to mechanical stress caused by
neighboring elements. Response to load is the turnover of bone tissue, resulting in changes
of the architecture of the navicular bone. Such adaptation is a natural phenomenon, but
if too intense, it can cause pathological changes in the bone and progressive lameness
of the horse. The majority of alterations can be found on the distal margin of the bone,
which is the surface experiencing a serious load during movement, and playing the main
role in blood supply of the whole structure. Such changes as enthesophytes and distal
border fragments can injure other elements of the equine limb and be the cause of severe
pain. Obviously, such findings vary in individual cases. They differ in the origin, site, size,
and form. For this reason, each incident should be considered separately. The presence of
osseous alterations do not need to be associated with a serious condition, however, they
should never be underestimated, particularly if they are large in size or occurring with other
lesions. A similar position should be taken against alterations of the nutrient foramina.
Uneven and inadequate blood supply to the navicular bone associated with them can have
fateful consequences. The degree of such changes should always be considered. Various
lesions can coexist in many combinations, and consequently be a sign of a more advanced
pathological condition. At the same time, concurrent alterations may impede the recognition
of the main original cause of the navicular disease. The influence of genetic predispositions
and type of stress affecting different categories of horses is still not well known. To better
understand the above described problems and to evaluate the condition of horses more
effectively, further studies are needed. They should cover extensive experimental groups
of horses of diverse breeds, take into account the medical and sport history of individual
horses, and apply several types of diagnostic methods.
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Fig. 1. The variety of the distal border’s pathological alterations. No. 1 — the arrow indicates the place after the
fraction of a small osseous fragment, adjacent to disappearing nutrient foramina. No. 2 — the place after big-sized
fragment accompanying enlarged nutrient foramina. No. 3 — the enlarged synovial groove and reduction of the
articular surface for a contact with the coffin bone. No. 4 — strong synovial invaginations in the central part of
the bone.

Fig. 2. Alterations visible on the flexor surface. No. 1 — the navicular bone’s asymmetry resulting from uneven
load and bone’s superstructure on one side. No. 2 — the rugged distal border of the bone, visible minor new bone
formations. No. 3 - the small splinter of the bone on the lateral part of the distal margin, indicated by the arrow.
No. 4 — the large fracture of bone fragment and a sharpened margin in the place of loss.

Fig. 3. Strongly arched central part of the distal border. The view of articular surface to the left and flexor
surface to the right. The same navicular bone on the radiological image in lateral projection. Also thickened
cortical layer of the bone can be seen.



Plate 11T

Fig. 4. Comparison between anatomical and radiological images of synovial invaginations. Mildly and
moderately penetrating, lollipop-shaped canals can be well seen.

Fig. 5. The vanishing of the synovial groove and obliteration of the majority of nutrient foramina. The
radiographic image shows preserved synovial invaginations, in which we can derive two linear and one
conical canals. Only one canal deeply penetrates the bone, others underwent a process of atrophy together
with foramina.

Fig. 6. Distal borders of the navicular bones with nutrient foramina obliterated to varying degrees. Far right,
view of the complete disappearance of the foramina and synovial groove.





