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THM: US offers an easily available diagnostic tool for the evaluation of the digit in cases where radiographic diagnosis is unsuccessful.

Introduction: Foot pain is a common cause of lameness in horses. When no radiographic abnormalities are detected, soft tissue assessment remains a diagnostic challenge without MRI. The purpose of this study was to review US findings in the front feet in a series of clinical cases with lameness responding to palmar digital nerves block but without radiographic bone abnormalities.

Materials and Methods: Medical records of horses that underwent a complete US examination of the digit were collected. History, clinical findings, radiographic and US results were reviewed.
Results: The records of 39 horses satisfied the inclusion criteria. Thirty horses had lesions affecting the DDFT, 27 had abnormalities in the distal interphalangeal joint of which 6 had a visible abnormality in one collateral ligament. Distension of the podotrochlear bursa was seen in 22 and abnormalities in the navicular bone ligaments were detected in 2 horses. Irregularity of the navicular bone flexor surface was found in 8 horses. In only 3 of the 39 horses the DDFT was the only structure affected. The other 36 horses had US abnormalities in more than one anatomical structure.

Discussion: US diagnosis of soft tissue damage in the foot was possible in cases where radiographic diagnosis was unsuccessful. US offers an easily available diagnostic tool for an evaluation of the digital soft tissues and may decrease the need for MRI when this modality is difficult to apply.
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Introduction

Foot pain is a common cause of forelimb lameness in sport and pleasure horses.1,2,3 Clinical examination and palmar digital nerve block are routinely used to investigate problems of the distal interphalangeal (DIP) joint, podotrochlear region and palmar pastern.4,5 Since the use of magnetic resonance imaging (MRI) in horses has become more common, soft tissue lesions have increased in importance in foot pain, which was historically mainly attributed to osseous pathology.1,6 Horses with soft tissue causes of foot pain may have no evidence of radiographic abnormalities.1,7 MRI provides excellent information about soft tissues and bones but remains an expensive diagnostic modality prohibitive for many owners.8,9 Ultrasound (US) is an easily available diagnostic modality able to image the soft tissue structures and the bone surface,10,11 also within the equine hoof.12,13 Technique and US anatomy of the podotrochlear apparatus and of the palmarodistal aspect of the equine digit have been described.12,13 However, there are few reports regarding US findings in the equine foot and most papers concentrate on the navicular region.14-17 
The purpose of this study was to retrospectively assess US findings in front feet in a series of horses with foot lameness responding to a palmar digital nerves block and without radiographic bone abnormalities.

Materials and methods

Medical records of horses that underwent a complete US examination of the digit (including dorsal, palmar and transcuneal approach) from November 2003 to September 2009 were reviewed. History, clinical findings, radiographic and US results were retrospectively collected. Horses with no radiographic bone abnormalities and with uni- or bilateral forelimb lameness that responded to a palmar digital nerve block were selected for this study. Absence of radiographic examination and presence of any bony radiographic abnormality in the foot were considered exclusion criteria. Horses with penetrating wounds were also excluded. US examinations had been realized by the same experienced operator (VB) using an Aloka SSD 3500 US equipped with a 7,5 MHz microconvex, a 7,5 MHz linear and a 5MHz convex probe. 

Results

Horses and Clinical Results  

Records of 39 horses that satisfied the inclusion criteria were found. The selected group included 16 mares, 21 geldings and 2 stallions, aged 4 to 19 years old (mean 10 years). The breeds included 90% Warmbloods and reflecting the horse population of the clinic. All horses had forelimb lameness and severity at trot varying from 1 to 4 on a scale of 5. In 27 cases the lameness was recent (< 3 months) and in 12 cases it was chronic or chronically recurrent (> 3 months). 

 Ultrasonographic Findings

The US examination of the digit revealed abnormalities of the DIP joint, the DDFT and its insertion on the distal phalanx, the podotrochlear bursa, the digital sheath, the NB flexor surface, the distal digital annular ligament, the collateral sesamoidean ligament and the impar distal sesamoidean ligament. DIP joint distension, compatible with synovitis, was detected in the lame forelimb of 27 horses. Anechoic synovial fluid effusion of the DIP joint was found in 10 cases, of which 5 had floating hyperechoic spots. Synovial membrane proliferation was seen in 17 cases and considered an US sign of chronicity. In 16 of the 27 horses DIP joint synovitis was also seen in the contralateral non lame limb. Collateral desmopathy of the DIP joint was found in 6 horses. The collateral ligament was considered abnormal when significant US changes were visible in comparison to the homologous ligament of the contralateral normal limb. US abnormalities were thickening of the ligament and/or the periligamentous tissue and alteration of echogenicity and architecture. 

US changes involving the DDFT were identified in 30 horses. In 27 cases with unilateral lameness the DDFT lesions were confined to the lame foot, while in the 3 other horses with bilateral lameness, bilateral tendinopathy was found. DDFT lesions were most commonly located proximal to the NB (suprasesamoidean) at level of the collateral sesamoidean ligament and proximal recess of the podotrochlear bursa (29 horses). In 4 horses, DDFT lesions were present in both regions, proximal and distal to NB. One horse had a unique DDFT lesion located at level of the NB flexor surface. The suprasesamoidean DDFT lesions were easier to see on transverse images and involved mainly the lateral lobe (22 lateral lobes affected versus 11 medial lobes). In 2 limbs, suprasesamoidean lesions affected both lobes. US features of the suprasesamoidean DDFT lesions included increased thickness of the affected lobe, abnormal dorsal convexity of the affected lobe (10 lobes), hypoechoic images located dorsally with irregular dorsal tendon border (12 lobes), central hypoechoic (6 lobes) or hyperechoic (5 lobes) images without major changes in shape of the affected lobe. Combinations of increased thickness and dorsal lesions with convex or irregular dorsal border of the lobe of the DDFT were common. The US features of the only lesion located at level of the NB flexor surface were tendon thickening and change of its palmar profile (abnormal convexity) visible on longitudinal images. The 4 DDFT lesions found distally to the NB were seen as thickening associated with an abnormal palmar border convexity (2 digits) or with an undulating palmar tendon border (2 digits) visible on longitudinal images. No DDFT lesion was visible on non lame feet. Enthesopathy of the DDFT was observed in 3 horses, as an irregularity of the hyperechoic bone surface of the distal phalanx. In one horse with bilateral lameness, bilateral DDFT enthesopathy was found. Abnormalities of the NB flexor surface were detected in 8 digits. Podotrochlear bursitis was identified in 22 horses. Increased amount of anechoic synovial fluid in the podotrochlear bursa was seen in 10 cases, whereas effusion with presence of echoic material within the bursa and/or thickening of the synovial membrane and mesotendon was detected in 12 cases. Digital sheath tenosynovitis was observed in 14 horses, mainly as anechoic fluid effusion with no synovial membrane proliferation. Four horses with unilateral forelimb lameness had anechoic fluid distension of the podotrochlear bursa and light digital sheath effusion in the contralateral non lame limb. US changes in the distal digital annular ligament were seen in 8 horses as an abnormal hypoechoic band or as layered appearance of the ligament at the palmar aspect of the DDFT. One horse showed an ultrasonographically abnormal impar distal sesamoidean ligament. This ligament had a convex palmar border and a hypoechoic area in its distal portion. Enthesopathy of the impar distal sesamoidean ligament was also seen as a bone surface irregularity in the same horse. Desmopathy of a collateral sesamoidean ligament was seen in one horse as a hypoechoic area in the lateral part of the ligament associated to a slight thickening compared to the medial part.

Combination of Ultrasonographic Findings 

Thirty-six of the 39 horses had US abnormalities in more than one anatomical structure. Only 3 horses had only the DDFT affected. Most horses (30) had DDFT US abnormalities. Six horses had podotrochlear bursitis without visible DDFT lesion (3 had also DIP joint distension and 3 digital sheath effusion). Three horses had abnormalities of the NB flexor surface without visible tendinopathy of the DDFT, with (2 horses) or without (1 horse) podotrochlear bursitis. All distal digital annular desmopathies were seen in association with DDFT tendinopathy. Enthesopathy of the DDFT, desmopathy and enthesopathy of the impar distal sesamoidean ligament and the collateral sesamoidean ligament were found in horses with multiple structures affected. DIP joint distension was the second most common US abnormality (27 horses). 

Discussion and Conclusion 

This retrospective study describes the US findings seen in the digital area in horses without bone radiographic abnormalities. Bone surface abnormalities (of the NB flexor surface and of the distal phalanx) were detected on the US images in 12 horses. These bony abnormalities had not been seen on radiographs. A high sensitivity of the US examination for the detection of surface changes of the flexor surface had already been supported18 and a higher sensitivity of US in comparison to radiography for detecting bone irregularities is well demonstrated by the reports in human medicine.19-21 US may therefore play an important role in the confirmation of equivocal radiographic findings and/or help in the detection of early changes of the NB flexor surface.
No histopathological or MRI confirmation of the US lesions is available in this study. The results of US examinations were compared with those previously obtained and published from normal horses, and with results of previous studies on isolated limbs. This is the main limitation of the present study as the proportion of false negative and false positive results is impossible to estimate. Several types of foot conformation, as high and contracted heels, collapsed heels and long toes are considered a limitation US examination of the equine digit.22 This is especially true for assessing the DDFT as they strongly influence the angle of incidence of the US beam to the DDFT fibers and to the NB flexor surface.9,22 For this reason in most horses a “blind zone”, where the DDFT cannot be imaged correctly neither through the heels nor trough the frog, exists.23 Although the use of a 5MHz probe at the level of the bulbs was attempted in some cases to better explore this region, it is possible that an underestimation of the extent of the DDFT lesions and some false negative results had occurred in the clinical cases selected retrospectively for this study. However, considering previous studies in which US results were compared to MRI and post-mortem,17,18,22 and considering US examinations were realized by the same experienced operator, a high sensitivity and a high specificity of the US examination for DDFT and for the NB flexor surface may be expected in the present study. Nevertheless, as US assessment of the equine digit is technically difficult,9, 13 false negatives or false positives cannot be excluded and it should therefore beard in mind that interpretation of US findings in relation with a thorough clinical examination is fundamental. 
Lesions of DDFT in the digit are recognized as a cause of, or a contributor to, lameness in the horse24,25,26,27 and are a common cause of forelimb lameness in absence of radiographic abnormalities.6,7 US changes in the DDFT were seen in 30 horses (77%) and this was the most frequent observation in the present study. This is different from a recent report where 18% of horses with foot lameness without radiographic abnormalities had tendinopathy of the DDFT as the primary diagnosis.7 However results of the present study are similar to previous reports, in which the prevalence of horses with DDFT tendinopathy as primary diagnosis was 33%  and 83%.2,24 These differences may relate to the horse population. In the present study DDFT lesions were most commonly located in the suprasesamoidean part of the tendon in the digital area and involved mainly the lateral lobe. The majority of DDFT lesions were seen as hypoechoic images located dorsally giving an irregular or convex border. These US findings are comparable to the results of previous MRI6,28,29 and histopathologic28,30 studies in which this was a common location of the lesions. Medial to lateral DDFT asymmetry, irregular dorsal tendon border and changes in DDFT echogenicity were the most common US findings in the suprasesamoidean lesions and were most recognizable in transverse images. This is similar to what already reported in MRI, where the transverse plane is judged the most useful to identify medio-lateral asymmetry.31 For evaluation of the DDFT, the longitudinal plane is useful but difficult to interpret because of the orientation of the tendon fibers.13,18 For this reason and because the normal DDFT, palmar to the NB, has a low echogenicity,12,18 the diagnosis of DDFT tendinopathy is considered difficult.13,17,23 Therefore on longitudinal US images dorsal and palmar profile of the tendon should be carefully assessed to detect changes, especially in the portion at the level or distal to the NB,23 and a careful assessment of the symmetry of the DDFT lobes on transverse images and comparison with the contralateral foot are also necessary.16
Abnormalities of the NB flexor surface were seen together with a tendinopathy of the DDFT in 5 horses while three horses with abnormalities of the NB flexor surface had no visible tendinopathy. In these cases a false negative diagnosis cannot be excluded because of the limitations of the US assessment of the DDFT palmar to the NB.12,17,18 In fact previous reports describe flexor surface abnormalities mainly associated to DDFT damage.2,6,24,25,28,30
Podotrochlear bursitis is reported in lame limbs of horses with palmar foot pain.2,7,16,31 In the present study bursitis was present in 22 horses (56%), the majority of which had tendinopathy of the DDFT and/or an irregularity of the flexor surface. This finding is in accordance to previous studies7 and supports the hypothesis that non septic bursitis is rarely seen in horses without any other soft tissue damage in the navicular region.7 Presence of echoic material in the bursa was detected by US in this study. This finding correlates well with the presence of hypointense scar tissue in the proximal aspect of the bursa described at MRI in horses with DDFT damage at this level.7
Distension of the DIP joint was the second most common observation (27 horses-69%). DIP joint effusion has been considered by previous reports as a common nonspecific findings in lame limbs in horses with foot pain.2,7 DIP joint distension was always associated with other US abnormalities in the present study. This is similar to previous reports in which DIP joint effusion was found in association with other structures damage and not considered the primary cause of lameness.2,7,24 The distal digital annular ligament is difficult to differentiate at US from the palmar aspect of the DDFT.9,13 In the present study, distal digital annular desmopathy was considered when an abnormal hypoechoic band or an abnormal layering was seen palmar to the DDFT. In all horses this US abnormality was seen with a DDFT tendinopathy in accordance with previous MRI studies.2,7
In the present study 6 cases (15%) had an US diagnosis of collateral DIP joint desmopathy which was considered likely to be contributing to lameness. Previous reports describe DIP joint desmopathy as a cause of foot pain.2,24,30-34 US has been considered useful for diagnosis of desmopathy of the DIP joint collateral ligaments.15 However for the distal portion of this ligament, located below the hoof capsule, US assessment is not possible and US has demonstrated to have a relative low sensitivity and low specificity in comparison to MRI and post-mortem.22 Collateral sesamoidean ligament and impar distal sesamoidean ligament desmopathy were diagnosed by US in only 2 cases. This prevalence is lower to those reported previously.2,7,24 

The majority of the 39 horses of this study had US abnormalities in more than one anatomical structure and therefore the contribution of each lesion to the lameness is impossible to quantify. 

Most soft tissue lesions observed in this study were unilateral, except in cases with bilateral lameness where DDFT tendinopathy and enthesopathy was found bilaterally. DIP joint distension tended to be bilateral also in horses with unilateral lameness and this is in accordance with previous reports.16,31 DIP joint effusion in the non lame limb in horses with unilateral lameness may be related to asymmetrical loading causing an excessive DIP joint workload.35

In conclusion, this retrospective study reports the US diagnosis of damage of several different anatomical structure in the foot (many of which occurred concurrently) in a series of cases in which radiographic diagnosis was unsuccessful. Although US cannot replace MRI for a complete assessment of the equine digit,22 US offers an easily available opportunity of an evaluation of the digital soft tissues and can decrease the need for MRI when there are financial limitations or risks related to general anesthesia.

References 

1. Dyson S. Navicular disease and other soft tissue causes of palmar foot pain. In: Ross M, Dyson S, eds. Diagnosis and management of lameness in the horse. St Louis: Saunders, 2003;286-299.

2. Dyson S, Murray R, Schramme M. Lameness associated with foot pain: results of magnetic resonance imaging in 199 horses (January 2001-December 2003) and response to treatment. Equine Vet J 2005;37:113-121. 

3. Broster CE, Burn CC, Barr ARS et al. The range and prevalence of pathological abnormalities associated with lameness in working horses from developing countries. Equine Vet J 2009;41:474-481. 

4. Turner TA. Differentiation of navicular region pain from other forms of palmar heel pain. Pferdeheikunde 1996;603-606.

5. Dyson S. The distal phalanx and distal interphalangeal joint: primary pain associated with the distal interphalangeal joint. In: Ross M, Dyson S, eds. Diagnosis and management of lameness in the horse. St Louis: Saunders, 2003;310-316.

6. Dyson S, Murray R, Schramme M, et al. Lameness in 46 horses associated with deep digital flexor tendonitis in the digit: diagnosis confirmed with magnetic resonance imaging. Equine Vet J 2003;35:681-690. 

7. Sampson NS, Schneider RK, Gavin PR, et al. Magnetic resonance imaging findings in horses with recent onset navicular syndrome but without radiographic abnormalities. Vet Radiol Ultrasound 2009; 50:339-346

8. Kraft SL, Gavin P. Physical principles and technical considerations for equine computed tomography and magnetic resonance imaging. Vet Clin North Am Equine Pract 2001;17:115-130.

9. Cauvin ERJ. Ultrasonography of the distal digit in horses. Proceedings of the 18th ECVS Congress 2009;203-210.

10. Genovese RL, Rantanen NW, Hauser ML, et al. Diagnostic ultrasound of equine limbs. Vet Clin North Am Equine Pract 1986; 2:145-226.

11. Denoix JM. Ultrasonographic examination in the diagnosis of joint disease. In: McIlwraith CW, Trotter WB. Joint Disease in the Horse. 1st ed. Philadelphia, Saunders, 1996;165-202.

12. Busoni V, Denoix JM. Ultrasonography of the podotrochlear apparatus in the horse using a transcuneal approach: technique and reference images. Vet Radiol Ultrasound 2001;42:534-540. 

13. Bolen G, Busoni V, Jacqmot O, et al. Sonographic anatomy of the palmarodistal aspect of the equine digit. Vet Radiol Ultrasound 2007;48:270-275. 

14. Grewal JS, McClure SR, Booth LC, et al. Assessment of the ultrasonographic characteristics of the podotrochlear apparatus in clinically normal horses and horses with navicular syndrome.  J Am Vet Med Assoc 2004;225:1881-1888. 

15. Sage A, Turner T. Ultrasonography in the horse with palmar foot pain: 13 cases. Proceedings of the 46th Annu Conv Am Assoc Equine Pract 2000;46:380-381.

16. Busoni V, Bolen G, De Busscher V. Soft tissue lesion in the equine distal digit diagnosed by ultrasonography: 16 cases (2004/2005). Proceedings of the 12th Annu Conf Europ Assoc Vet Diagn Imaging 2005;46.
17. Busoni V, Lahaye B, Denoix JM. Transcuneal ultrasonographic findings in the podotrochlear apparatus: comparison with postmortem in 14 equine digits. J Equine Vet Science 2006;26:113-119. 

18. Busoni V, Méan MN, Brignone L et al. Echographie de l’appareil podotrochléaire: etude in vitro sur 30 membres isolés de cheval. Ann. Med. Vét 2002;146:181-187.

19. Wakefield RJ, Gibbon WW, Conaghan PG et al. The value of sonography in the detection of bone erosions in patients with rheumatoid arthritis: a comparison with conventional radiography. Arthritis Rheum 2000;43:2762–70.
20. Grassi W, Filippucci E, Farina A et al. Ultrasonography in the evaluation of bone erosions. Ann Rheum Dis 2001;60:98-103.

21. Lund PJ, Heikal A, Maricic MJ et al. Ultrasonographic imaging of the hand and wrist in rheumatoid arthritis. Skeletal Radiol 1995;24:591-596. 

22. Van Thielen B, Murray R, De Ridder F, et al. Comparison of ultrasonography and MRI in the evaluation of palmar foot pain. Proceedings of the 14th ESVOT Congress 2008;320. 

23. Busoni V, Lahaye B, Jamar M et al. Soft tissue imaging of the palmar aspect of the equine podotrochlear apparatus. Proceedings of the 13th IVRA Meeting 2003;24. 

24. Dyson S, Murray R. Magnetic resonance imaging evaluation of 264 horses with foot pain: the podotrochlear apparatus, deep digital flexor tendon and collateral ligaments of the distal interphalangeal joint. Equine Vet J 2007;39:340-343. 

25. Blunden A, Murray R, Dyson S. Lesions of the deep digital flexor tendon in the digit: a correlative MRI and post mortem study in control and lame horses. Equine Vet J 2009;41:25-33.

26. Dyson S, Murray R. Verification of scintigraphic imaging for injury diagnosis in 264 horses with foot pain. Equine Vet J 2007;39:350-355.

27. Mair TS, Kinns J. Deep digital flexor tendonitis in the equine foot diagnosed by low-field magnetic resonance imaging in the standing patient: 18 cases. Vet Radiol Ultrasound 2005;46:458-466. 

28. Busoni V, Heimann M, Trenteseaux J, et al. Magnetic resonance imaging findings in the equine deep digital flexor tendon and distal sesamoid bone in advanced navicular disease - an ex vivo study. Vet Radiol Ultrasound 2005;46:279-286.

29. Dyson S. Primary lesions of the deep digital flexor tendon within the hoof capsule .In: Ross M, Dyson S, eds. Diagnosis and management of lameness in the horse. St Louis: Saunders, 2003;305-309. 

30. Blunden A, Dyson S, Murray R, et al. Histopathology in horses with chronic palmar foot pain and age-matched controls. Part 2: the deep digital flexor tendon. Equine Vet J 2006;38:23-27. 

31. Murray R, Schramme M, Dyson S, et al. Magnetic resonance imaging characteristics of the foot in horses with palmar foot pain and control horses. Vet Radiol Ultrasound 2006;47:1-16.

32. Dyson S, Murray R, Schramme M, et al. Collateral desmitis of the distal interphalangeal joint in 18 horses (2001-2002). Equine Vet J 2004;36:160-161. 

33. Guttierrez-Nibeyro SD, White II NA, Werpy NM, et al. Magnetic resonance imaging findings of desmopathy of the collateral ligaments of the equine distal interphalangeal joint. Vet Radiol Ultrasound 2009;50:21-31. 

34. Dyson S, Blunden T, Murray R. The collateral ligaments of the distal interphalangeal joint: Magnetic resonance imaging and post mortem observations in 25 lame and 12 control horses. Equine Vet J 2008;40:538-544.

35. Verwilghen D, Busoni V, Gangl M, et al. Relationship between biochemical markers and radiographic scores in the evaluation of the osteoarticular status of Warmblood stallions. Res Vet Science 2009;87:319-328. 


