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Summary 

Nuclear scintigraphy was used to assess digital perfusion before 
and after treatment in 10 horses with clinical and radiographic 
evidence of chronic laminitis. Horses were evaluated for 
lameness, degree of distal phalanx rotation, and heel-toe hoof 
wall growth ratio, and randomly divided into two treatment 
groups. Group I horses received only egg bar-heart bar 
shoeing; Group 2 underwent egg bar-heart bar shoeing and 
coronary grooving. Horses were re-evaluated for digital 
perfusion, lameness, degree of distal phalanx rotation, and hoof 
wall growth at 6 week intervals over the 18 week follow-up 
period. Prior to treatment, relative scintigraphic activity at the 
dorsal laminar area was decreased and relative scintigraphic 
activity at the toe and adjacent solar area was increased. Egg 
bar-heart bar shoeing was associated with significantly 

increased dorsal laminar scintigraphic activity and 
significantly decreased solar scintigraphic activity over the 18 
week period. Coronary grooving, in combinafion with egg bar- 
heart bar shoeing, resulted in a significantly lower heel-toe hoof 
wall growth ratio but did not enhance digital perfusion. Seven 
of 10 (70%) horses were responsive to treatment, defined as an 
improvement in lameness by at least one grade. Horses that 
were refractory to treatment had significantly lower dorsal 
laminar scintigraphic activity and higher palmar coronary 
scintigraphic activity prior to treatment than horses that 
responded to treatment. Our results are the first to 
demonstrate that egg bar-heart bar shoeing is assoCiated with 
improved dorsal laminar perfusion, and support the use of this 
technique. In addition, we found that pre-treatment nuclear 
scintigraphy was predictive of clinical outcome in horses with 
chronic laminitis treated with corrective shoeing. 

0 weeks: current growth 
ratio = b:a 

0 weeks: position of markers 
in hoof wall 

X, mm 
Y2 mm 

6 weeks: new hoof wall growth 
at toe = X,-15 
at heel = X,-15 

12 weeks: new hoof wall growth 
at toe = Y,-X, 
at heel = Y,-X, 

heel:toe growth ratio = new hoof wall growth at heel:new hoof wall growth at toe 

Fig I :  Diagram of hoof demonstating location of growth ring measurements for determination of heel-toe hoof wall growth ratio at initial examination, 
the location of drill hoses in the hoof wall, and the method of subsequent hoof wall growth measurement. 
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Fig 2: Lateral view scintigraphic image of digit demonstrating standard 
regions of interest and isocontour area. 

Fig 3: Solar view of front foot showing egg bar-heart bar shoe in place. 

Fig 5: Lateral view scintigraphic images of the left front foot (4 horse 
Number I :  (A)  at pre-treatment evaluation, and (B)  after 18 weeks of 
corrective trimming and heart bar shoeing. 

Fig 4: Latero-medial radiograph of digit showing the position of the 
coronary groove level with the base of the extensor process of the distal 
phalanx at a measured distance from the coronary hair line. 

Introduction 

Decreased perfusion of dorsal coronary and laminar capillary 
beds has been implicated in the abnormal hoof wall growth that 
occurs in horses with chronic laminitis (Goetz 1987). Alterations 
in digital perfusion occur secondary to displacement of the distal 
phalanx within the hoof capsule, and have been demonstrated 
using vascular perfusion casts (Hood et al. 1994) and 
angiographic techniques (Coffman et al. 1970; Ackerman et al. 

1975). However, angiographic studies require catheterisation 
and injection of contrast medium into the common digital artery, 
which may induce arterial vasospasm and subsequent alt :ration 
of the angiogram. Furthermore, angiograms are performed under 
general anaesthesia with the patient in lateral recurr bency, 
which may not accurately reflect digital perfusion in the 
weightbearing animal. Soft tissue phase nuclear scinti qaphy 
provides a rapid, noninvasive method for evaluation of digital 
blood flow in the weightbearing horse, with few disadvs ntages 
other than the cost of the equipment and the need to follow 
safety rules when working with radioactive isotopes (Park and 
Lebel 1987). Scintigraphic techniques have been used to 
evaluate digital perfusion in the developmental and acute stages 
of experimentally induced laminitis (Hood et al. 1978; Galey et 
al. 1990; Trout et al. 1990). However, the use of nuclear 
scintigraphy in chronic laminitis has not been reported. 

Although numerous therapies have been advocakd for 
chronic laminitis, corrective shoeing is widely accepted as the 
treatment of choice. The goals of corrective shoeing are to 
re-establish the normal anatomical relationship betwem the 
distal phalanx, hoof wall and sole, and to improve perfusion of 
the coronary corium and dorsal laminae (Goetz 1987; Baxter 



A. M. Ritmeester et al. 113 

TABLE 1: Breed, age, gender and duration of lameness for 10 horses with chronic laminitis 

Case Group Breed Age (years) Gender Duration of lameness 

1 1 Appaloosa 12 mare 7 years 
2 1 Morgan 10 mare 3 months 
3 1 Paint Horse 8 gelding 2 years 
4 1 Quarter Horse 16 gelding 6 weeks 
5 1 Quarter Horse 10 mare 3 years 
6 2 Arabian 17 gelding 7 years 
7 2 Pony of the Americas 4 mare 2 months 
8 2 Pony of the Americas 13 mare 5 years 
9 2 Pony of the Americas 20 mare 6 years 
10 2 Appaloosa 19 mare 6 years 

1992; O'Grady 1993). Heart bar shoes have been advocated for 
the treatment of laminitis because the frog pressure they provide 
is thought to support the distal phalanx and relieve pressure on 
the circumflex artery, thereby restoring perfusion of the dorsal 
laminar vessels (Chapman and Platt 1984; Goetz 1987). 
However, the effect of heart bar shoeing on laminar perfusion in 
horses with chronic laminitis has not been documented. 

Decompression of the coronary conum is believed to 
improve coronary perfusion and promote dorsal hoof wall 
growth. Pressure on the dorsal coronary corium has traditionally 
been relieved through dorsal hoof wall resection (Redden 1986; 
Goetz 1987; Eustace and Caldwell, 1989; Peremans et al. 1991; 
Baxter 1992). However, the considerable loss of hoof capsule 
stability that follows dorsal hoof wall resection results in 
excessive movement of the distal phalanx within the hoof 
capsule and delays healing (Redden 1988). Other disadvantages 
include extensive post operative care, risk of infection, and lack 
of cosmetic appeal to the owner. Hoof wall grooving, either 
parallel to the coronary band at the heels or in a series of vertical 
lines along the quarters, has previously been described to aid 
hoof wall expansion in horses with severely contracted heels 
(Stashak 1987). Coronary grooving, a modification of this 
technique, involves creating a groove parallel to the coronary 
band in the dorsal hoof wall, level with the extensor process of 
the distal phalanx. This may allow coronary band expansion and 
enhance coronary perfusion and dorsal hoof wall growth without 
the disadvantages of a hoof wall resection. 

The objectives of this study were to (1) use nuclear 
scintigraphy to characterise digital perfusion in 10 horses with 
chronic laminitis and determine if treatment with egg bar-heart 
bar shoeing was associated with increased digital perfusion, (2) 
determine if pre-treatment activity was predictive of clinical 
outcome, and (3) test the hypothesis that coronary grooving 
enhances coronary perfusion and dorsal hoof wall growth. 

Materials and methods 

Study population 

Cases were selected from horses examined at the Purdue 
University Veterinary Teaching Hospital (PUVTH) between 
May 1995 and November 1995 for chronic laminitis. Chronic 
laminitis was defined to occur when there was displacement of 
the distal phalanx within the hoof subsequent to acute or 
subacute disease, resulting in radiographic evidence of distal 
phalanx rotation and clinical signs that include lameness, a 
convex or dropped sole, and abnormal hoof wall growth (Baxter 
1992). For inclusion in the study cases had to satisfy all of the 

following criteria: (1) bilateral front limb lameness, (2) convex 
or prolapsed soles, (3) abnormal hoof wall growth, (4) clinical 
signs of chronic laminitis for at least 6 weeks, (5) radiographic 
evidence of at least 5" distal phalanx rotation, and (6) complete 
physical examination revealing no other causes of lameness. 
Fifteen horses with chronic laminitis were examined during this 
period. Ten horses satisfied the inclusion criteria and were 
divided randomly into 2 treatment groups by labelling them 
according to their order of admission to the P W T H  as Cases 
1-10. Five numbers were read from a table of random digits and 
the corresponding cases constituted Group 1 ,  with the remaining 
5 cases constituting Group 2. Group I horses received only egg 
bar-heart bar shoeing; Group 2 horses underwent coronary 
grooving in addition to egg bar-heart bar shoeing. 

Pre-treatment evaluation 

For each front limb, lameness was graded using the lameness 
classification system developed by the American Association of 
Equine Practitioners (Swanson 1984). The degree of distal 
phalanx rotation was calculated from lateromedial radiographs 
by subtracting the hoof angle, determined from the intersection 
of a line drawn parallel to the dorsal aspect of the hoof wall and 
a line drawn parallel to the sole, from the angle between the 
dorsal surface of the distal phalanx and the sole (Stick et al. 
1982). Significant flaring of the dorsal hoof wall at the toe was 
accounted for by centring the line drawn parallel to the dorsal 
hoof wall on the area of hoof wall immediately distal to the 
coronary band. Digital perfusion was assessed in one foot using 
nuclear scintigraphic techniques. Whenever possible, the foot 
with the greatest degree of distal phalanx rotation was chosen for 
scintigraphic evaluation; in cases where both front feet had equal 
degrees of distal phalanx rotation, the left foot was used. Heel- 
toe hoof wall growth ratio was determined by measuring the 
distance between the first 2 discernible growth rings below the 
coronary band at the heels and at the toe, and dividing the width 
between the rings at the heels by the width between the rings at 
the toe (Fig 1). Small, partial-thickness ( 2 4  mm deep) holes 
were drilled in the hoof wall at a predetermined distance (15 
mm) from the hairline at the toe and both heels to allow 
measurement of subsequent hoof wall growth. 

Nuclear scintigraphy 

Nuclear scintigraphy was used to assess digital perfusion in 
standing horses. Under xylazine sedation (0.25 mg/kg/bwt/i.v.), 
lateral view static blood pool images were obtained following 
i.v. injection of a 108 millicure bolus of technetium-99m 
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TABLE 2: Pre-treatment lameness grade, degree of distal phalanx (P,) rotation, relative region of interest activity, and heel:toe 
growth ratio and treatment outcome of 10 horses with chronic laminitis 

Relative region of interest activity 

Lameness P, Coronary Coronary Coronary Heel-toe 
grade rotation (") area: area: area: Dorsal growth ratio 

Case left right left right toe quarter heel laminae Bone Toe Sole 1 Sole 2 Left Right Outcome 
~~ 

1 4 3 17 16 1.05 0.95 0.74 0.79 0.89 1.74 1.74 1.16 2:l 2.4:l + 
2 4 4 21 15 1.09 1.27 1.00 0.82 0.91 1.64 1.55 0.91 1.4:l 1.3:l + 
3 4 4 15 15 1.16 0.97 0.90 0.81 0.94 1.77 1.39 1.10 1.7:l 1.9:l + 
4 3 2 17 8 1.08 1.13 1.08 0.83 0.92 1.13 1.13 1.21 3.3:l 1.7:l + 

6 2 4 6 16 1.00 0.91 1.09 1.00 1.08 1.57 1.17 1.04 2.2:l 2.6:l + 
7 4 4 14 14 1.33 1.00 1.16 0.93 1.18 1.67 1.53 1.09 1.3:l 1.1:l + 
8 3 3 5  5 1.09 1.00 0.95 1.18 1.00 1.50 1.09 0.95 1.2:l 1.1:l + 

5 4 4 11  23 0.67 0.92 1.42 0.58 1.00 1.50 1.42 1.25 1.3:1 1.511 - 

9 4 4 24 24 1.16 1.16 1.26 0.79 1.00 1.89 1.37 0.95 211 1.9~1 - 
10 4 4 29 30 1.03 1.10 1.43 0.70 1.17 1.17 0.93 0.97 2.5:1 3.211 - 

Sole 1 : area of sole between toe and apex of frog. (+): improvement in lameness by at least one grade. (-): no improvement in lameness 
grade. 

diethylene-triamine penta-acetic acid (99mTc-DTPA)'. A palmar 
view of the foot was attempted in Case 1 but could not be 
acquired satisfactorily within the time frame for soft tissue phase 
scintigraphy due to equipment limitations. Lateral images were 
acquired for 60 s at 5 min post injection. All images were made 
with a large field-of-view gamma camera (Pho/gamma Large 
Field of View Scintillation Camera System)2 equipped with a 
parallel-hole collimator and an image processing computer 
(Siemens MicrodeltaP for data processing and storage. Eight 
standard regions of interest (ROI) were created for each image, 
as well as an area outlining the whole foot (isocontour area) 
(Fig 2 )  (Trout et al. 1990). Activity within each ROI was 
compared to total activity within the foot using the ratio 
(ROImean ,o,,t)/(isocontour areamean count). This ratio, 
representing relative ROI activity, allowed direct evaluation of 
the distribution of relative activity within the foot. 

Treatment 

Corrective trimming and shoeing: The front feet of each horse 
were trimmed to aid realignment of the distal phalanx with the 
ground. The frog was pared to expose the junction of the frog 
and the sole at the true apex of the frog. Horses were fitted with 
egg bar-heart bar shoes, with the tongue of the heart bar 
extending to a point approximately 1 cm posterior to the true 
apex of the frog (Fig 3). The toe of the shoe was squared to 
ease break-over. 

Coronary grooving: Groove position was determined 
radiographically by placing a series of radio-opaque markers 
from the coronary hairline at regular intervals down the dorsal 
hoof wall. The bottom of the groove was centred over the base 
of the extensor process of the distal phalanx (Fig 4). Using a 
motorised rotary burr (Dremel M~to-Tool)~,  a groove was 
created in the hoof wall parallel to the coronary band, from the 
centre of the medial quarter to the centre of the lateral quarter. 
The groove was deepened until the soft, translucent horn of the 
insensitive laminae was reached. 

Nonsteroidal anti-inflammatory drugs: Phenylbutazone (4.4 
mgkghwtlper 0s) was given to horses that were reluctant to 

stand and move around (lameness grade 4 )  as needed t'etween 
evaluations. Horses were not given any phenylbutazone for 3 
days prior to evaluation of degree of lameness. 

Follow-up evaluation 

All horses were assessed for digital perfusion, lameness grade, 
distal phalanx rotation, and hoof wall growth at 6 week intervals. 
After the 18 week follow-up period, horses were class fied as 
responsive to treatment if lameness improved by at least one 
grade. Horses were considered unresponsive to therapy if there 
was no improvement in lameness grade. At each evauation, 
digital perfusion was evaluated using nuclear scintigraphy. 
Degree of lameness was assessed by a clinician blinded to the 
treatment by taping the dorsal hoof wall to conceal the p -esence 
or absence of a groove. New hoof wall growth was determined 
by measuring the distances between the holes drilled in tile hoof 
wall and the hairline, and subtracting the previously measured 
distance at each site. Heel-toe growth ratios were calculited by 
dividing the total new heel growth by the total new toe growth 
at each evaluation. Hooves were trimmed and heart bar shoes 
were reset by the same farrier (DWF) every 6 weeks. 

Statistical analysis 

Change in lameness grade, degree of distal phalanx rotation, 
relative ROI activity, and heel-toe growth ratio were aiialysed 
between visits for each treatment group, and for 'clinical 
outcomes within each group, using repeated measures analysis 
of variance as a split-plot design. A two-sided independent 
student t test was used further to evaluate statistically significant 
differences between groups and between outcome classes within 
groups. A 2 sided paired t test was used to compare statistically 
significant differences between evaluations within groLps and 
within outcome classes. A value of P<0.05 was considered 
significant for all tests. 

Results 

Breed, ages, gender and duration of lameness for 10 horses with 
chronic laminitis are summarised in Table 1. Mean age was 12.9 



A. M. Ritmeester et al. 115 

TABLE 3: Mean lameness grade, degree of distal phalanx (P3) rotation, relative region of interest activity and heel-toe growth 
ratio of 10 horses with chronic laminitis segregated by treatment (s.d. in parentheses) 

0 weeks 6 weeks 12 weeks 18 weeks 

Group 7 (n = 5) 
Lameness grade 
P, rotation (degree) 
ROI activity: coronary band: toe 
ROI activity: coronary band: quarter 
ROI activity: coronary band: heel 
ROI activity: dorsal laminae 
ROI activity: bone 
ROI activity: toe 
ROI activity: sole 1 
ROI activity: sole 2 
Heel-toe growth ratio 

Group 2 (n = 5) 
Lameness grade 
P, rotation (degree) 
ROI activity: coronary band, toe 
ROI activity: coronary band: quarter 
ROI activity: coronary band, heel 
ROI activity: dorsal laminae 
ROI activw: bone 
ROI activity: toe 
ROI activity: sole 1 
ROI activity: sole 2 
Heel-toe growth ratio 

3.6 (0.7) 
17.5 (8.7) 

1.11 (0.15) 
1.03 (0.25) 
0.77 (0.11) 
0.93 (0.04) 
1.56 (0.26) 

1.13 (0.13) 
1.8 (0.6) 

1.01 (0.19) 

1.45 (0.22) 

3.6 (0.7) 
16.7 (9.6) 

1.12 (0.13) 
1.03 (0.10) 
1.18 (0.18) 
0.92 (0.19) 

1.56 (0.26) 
1.22 (0.24) 
0.96 (0.05) 

1.9 (0.7) 

1.09 (0.09) 

3.1 (0.9)' 
20.1 (6.7) 

0.89 (0.23) 
1.04 (0.05) 
1.07 (0.16) 
0.81 (0.08) 
1.04 (0.13) 
1.56 (0.23) 
1.26 (0.19)' 
1.07 (0.17) 
1.5 (0.9) 

3.4 (1 .O) 
18.0 (9.3) 

1.07 (0.12) 
1.06 (0.17) 
1.08 (0.11) 
1.01 (0.13) 
1.06 (0.14) 
1.71 (0.1) 

1.22 (0.16) 
1.02 (0.08) 
1.2 (0.2)* 

2.4 (1.2)* 
21.9 (6.2) 
1.13 (0.30) 
1.08 (0.12) 
1.15 (0.09) 
0.89 (0.11). 
1.06 (0.10)* 
1.37 (0.36) 
1.34 (0.16) 
1.03 (0.06) 
1.5 (0.6) 

3.2 (0.4)* 
19.6 (8.5) 

0.94 (0.1 5)' 
0.99 (0.04) 
1.06 (0.24) 
0.85 (0.26) 
0.99 (0.16) 
1.68 (0.17) 
1.35 (0.27) 
1.13 (0.18) 
1.3 (0.2)' 

1.9 (1.3)* 
18.3 (5.5) 

1.28 (0.37) 
1.11 (0.23) 

0.97 (0.07)' 
0.88 (0.06) 
1.42 (0.27) 
1.11 (0.25)' 
0.87 (0.07)' 

1.5 (0.7) 

1.21 (0.22) 

3.0 (1 .O)*t 
16.4 (8.1) 

1.12 (0.27) 
1.06 (0.29) 
1.04 (0.12) 
0.76 (0.25) 
1.03 (0.15) 
1.59 (0.36) 
1.48 (0.18)t 
1.13 (0.36) 
1.3 (0.3)' 

ROI: region of interest. *: mean value significantly different from that at time = 0 weeks (P4.05). t: mean value significantly different 
from that of group 7 (P4.05). 

years (range 4-20 years), and mean duration of laminitis prior to 
presentation was 3.7 years (range 6 weeks-7 years). Ponies of 
the Americas were over-represented (30% of study population vs 
.2% of clinic population), as were mares (70% of study 
population vs. 49% of clinic population). Pre-treatment 
lameness grade, degree of distal phalanx rotation, relative ROI 
activity, and heel-toe growth ratio, as well as eventual treatment 
outcome, of the 10 horses with chronic laminitis are shown in 
Table 2. Prior to treatment, severity of lameness ranged from 
grade 2 to grade 4 (mean grade 3 4 ,  and mean degree of distal 
phalanx rotation was 16.3" (range 5-30'). The tip of the distal 
phalanx did not penetrate the sole in any of the horses in this 
study; however, horses with distal phalanx rotation of 20" or 
more typically demonstrated severely convex soles and had 
higher lameness grades. Heel-toe hoof wall growth ratio ranged 
from 1.1:l to 3.3:l (mean 1.88:l). 

On pre-treatment nuclear scintigraphy, relative dorsal laminar 
activity was lower than isocontour area activity in 8 of 10 horses 
(mean 22% decrease; range 742%). In one horse dorsal laminar 
activity was equal to isocontour area activity, and in one horse it 
was increased by 18%. Relative activity of the toe was consistently 
higher than isocontour area activity (mean 56% increase; range 
13-89%). Activity of the adjacent solar area was higher than 
isocontour area activity in 9 of 10 horses (mean 38% increase; 
range %74%). In one horse solar activity was decreased by 7%. 
Mean relative activity for the palmar coronary area (coronary band: 
heel) was increased lo%, mean dorsal coronary area activity 
(coronary band toe) was increased 7%, mearl relative activities for 
the intermediate coronary area (coronary band: quarter) and palmar 
sole area (sole 2) were both increased 5%, and mean bone area 
activity was increased 1% over isocontour area activity. 

Mean lameness grade, degree of distal phalanx rotation, 
relative ROI activity, and heel-toe growth ratio of 10 horses 
with chronic laminitis, segregated on the basis of treatment, are 
shown in Table 3. In Group 1 ,  4 of 5 horses responded to 
treatment. Improvement in lameness ranged 1-3 grades (mean 
improvement 2.1 grades; P = 0.003). Three horses improved by 
more than one lameness grade. In Group 2, 3 of 5 horses 
responded to treatment. All 3 horses improved by one lameness 
grade (P = 0.037). In horses treated only with egg bar-heart bar 
shoeing, relative activity in the dorsal laminar area was 
significantly increased over pre-treatment activity (mean 26%; 
range 13-30%; P = 0.009) and activity in the solar area was 
significantly decreased from pre-treatment activity (mean 
23%; range 1-38%; P = 0.007) at 18 weeks (Fig 5). Egg bar- 
heart bar shoeing plus coronary grooving resulted in a 
significant improvement in heel-toe hoof wall growth ratio 
(P = 0.012), but was not associated with increased perfusion of 
the dorsal coronary area. 

Seven of 10 (70%) horses with chronic laminitis responded 
to treatment. Mean lameness grade, degree of distal phalanx 
rotation, relative ROI activity, and heel-toe growth ratio of 10 
horses with chronic laminitis, segregated on the basis of clinical 
outcome, are summarised in Table 4. Improvement in lameness 
ranged from 1 to 3 grades (mean improvement 1.6 grades). 
Three horses improved by more than one lameness grade. Pre- 
treatment nuclear scintigraphy and degree of distal phalanx 
rotation were predictive of treatment outcome. Horses with 
refractory laminitis had significantly lower relative dorsal 
laminar activity (mean 0.69; range 0.58-0.79) than horses that 
responded to therapy (mean 0.91; range 0.79-1.18) (P = 0.045). 
Relative palmar coronary activity was significantly higher 
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TABLE 4 Mean lameness grade, degree of distal phalanx (P,) rotation, relative region of interest activity, and heektoe growth 
ratio of 10 horses with chronic laminitis segregated by clinical outcome (s.d. in parentheses) - 

0 weeks 6 weeks 12 weeks 18 week:; 

Responded to treatment (n = 7) 
Lameness grade 
P3 rotation (degree) 
ROI activity: coronary band: toe 
ROI activity: coronary band: quarter 
ROI activity: coronary band: heel 
ROI activity: dorsal laminae 
ROI activity: bone 
ROI activity: toe 
ROI activity: sole 1 
ROI activity: sole 2 
Heel:toe growth ratio 

Refractory to treatment (n = 3) 
Lameness grade 
P3 rotation (degree) 
ROI activity: coronary band, toe 
ROI activity: coronary band: quarter 
ROI activity: coronary band, heel 
ROI activity: dorsal laminae 
ROI activity: bone. 
ROI activity: toe 
ROI activity: sole 1 
ROI activity: sole 2 
Heel:toe growth ratio 

3.4 (0.8) 
13.1 (5.0) 

1.03 (0.12) 
0.99 (0.14) 
0.91 (0.14) 

1.11 (0.12) 

0.99 (0.11) 
1.57 (0.22) 
1.37 (0.25) 
1.04 (0.12) 
1.8 (0.7) 

4 (0) 
23.5 (6.8)t 
0.95 (0.25) 
1.17 (0.08) 

0.69 (0.12)t 
1.06 (0.10) 
1.52 (0.36) 
1.24 (0.27) 
1.06 (0.17) 
2.0 (0.7) 

1.37 (0.10)t 

2.9 (0.9)* 
12.3 (7.3) 

1.04 (0.11) 
1.08 (0.214 
0.91 (0.16) 
0.97 (0.09) 
1.68 (0.15) 
1.23 (0.18) 
1.05 (0.14) 
1.2 (0.3)* 

1.01 (0.09) 

4 (0)t 
23.7 (5.7)t 
0.97 (0.29) 
1.06 (0.16) 
1.07 (0.11) 
0.94 (0.16) 
1.16 (0.08)t 
1.60 (0.22) 
1.25 (0.17) 
1.02 (0.10) 
1.9 (1.0)t 

2.3 ( l . l ) *  
14.9 (8.0) 
1.11 (0.26) 
1.04 (0.14) 
1.14 (0.13) 
0.94 (0.08) 

1.51 (0.36) 

1.03 (0.06) 
1.3 (0.3)* 

1.02 (0.11) 

1.33 (0.1 5) 

4 (0)t 

1.01 (0.02)' 

1.02 (0.19) 

1.21 (0.19)t 

24.3 (3.6)t 
0.88 (0.09) 

1.03 (0.29) 
0.70 (0.29) 

1.57 (0.18) 
1.40 (0.36) 

1.7 (0.6)t 

1.8 (0.8) 
14.4 (7.3) 
1.22 (0.30) 
1.07 (O.O;!) 

0.96 (0.06) 
0.92 (0.14) 
1.51 (0.24) 
1.26 (0.32!) 
0.96 (0.16) 

1.12 (0.09) 

1.2 (0.2)' 

4 (0)t 
22.2 (10.8) 
1.15 (0.4El) 
1.15 (0.4Ei) 
1.13 (O.O€,) 

1.05 (O.OE8) 
0.56 (0.16)t 

1.51 (0.59) 
1.40 (0.1E) 
1.12 (0.61) 
1.8 (0.7)' 

ROI: region of interest. *: mean value significantly different from that at time = 0 weeks (Pc0.05). t: mean value significantly different from 
that of horses that responded to treatment (P<0.05). 

(mean 1.37; range 1.26-1.43) than in horses that responded to 
treatment (mean 0.99; range 0.74-1.16) (P = 0.003). In horses 
that were unresponsive to treatment, pre-treatment distal 
phalanx rotation ranged 11-30" (mean 23.5"), whereas in horses 
that responded to therapy distal phalanx rotation ranged 5-21" 
(mean 9.5") (P = 0.001). 

Discussion 

Laminitis is an extremely debilitating disease of horses. Many 
chronically affected animals are subjected to euthanasia because 
of poor treatment response and abnormal hoof wall growth 
(Redden 1988; Baxter 1992). Numerous therapies have been 
advocated for chronic laminitis, but none are consistently 
effective and documentation of patient response to different 
treatments is limited. This study is the fiist to document that egg 
bar-heart bar shoeing is associated with increased dorsal laminar 
perfusion; and supports the use of egg bar-heart bar shoes in the 
treatment of chronic laminitis. In addition, our results indicate 
that soft tissue phase nuclear scintigraphy, as well as degree of 
distal phalanx rotation, may have prognostic value in the pre- 
treatment evaluation of horses with chronic laminitis. 

Decreased perfusion of the dorsal laminar and coronary 
capillary beds is believed to be the cause of abnormal hoof wall 
growth in horses with chronic laminitis (Goetz 1987). As the 
distal phalanx rotates, the dorsal coronary corium is compressed 
between the extensor process of the distal phalanx and the hoof 
wall, resulting in coronary ischaemia which may be responsible 
for decreased dorsal hoof wall growth. Compression of the sole 
between the tip of the displaced distal phalanx and the ground 
results in decreased perfusion of the circumflex artery at the 

solar margin of the distal phalanx. Because the dorsal 1;uninar 
arteries originate from the circumflex artery, compression of the 
sole also reduces perfusion of the sensitive laminae (Colles et al. 
1980; Goetz 1987). Laminar blood flow is further compromised 
by trauma to the submural vascular bed as the distal phalanx 
displaces relative to the hoof wall. Normal downward growth of 
newly formed hoof wall requires the sliding of primary kminae 
past secondary laminae through sequential destruction and 
reformation of intercellular desmosomal connections. Since this 
is an active metabolic process requiring oxygen and nutrients 
derived from blood, laminar ischaemia inhibits normal dorsal 
hoof wall growth (Goetz 1987). A correlation between clinical 
severity of laminitis and digital perfusion deficits har been 
demonstrated using vascular perfusion casts (Hood et al. 1994). 
More severely affected animals typically have large submural 
and subsolar avascular regions, regression of the solar margin 
circulation, and hypoplasia of coronary papillae. 
Angiographically, laminitic hooves are characterised by poor 
filling of the terminal arch and the presence of irregular 1;uninar 
vascular patterns (Coffman et al. 1970; Ackerman et al. 1975). 
Our results, using nuclear scintigraphy, also demonstrate 
decreased perfusion of the dorsal laminar area but, in contrast to 
the work of Hood et al. (1994) our data show an increase in 
perfusion of the toe and solar region. This may be the result of 
chronic inflammation at the tip of the distal phalanx and 
surrounding soft tissues, caused by increased pressure in this 
area during weightbearing. Our results do not suppon. poor 
dorsal coronary perfusion as a cause of decreased dorsal hoof 
wall growth in horses with chronic laminitis, because 
improvement in heel-toe hoof wall growth ratio was not 
accompanied by increased scintigraphic activity in the dorsal 
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coronary area. However, decreased perfusion of the dorsal 
laminar region is likely to inhibit the sliding of primary laminae 
past secondary laminae required for normal downward growth 
of the newly formed hoof wall. Therefore, for normal hoof wall 
growth to occur, dorsal laminar perfusion must be restored. 

The goals of corrective shoeing are to re-establish the 
normal anatomical relationship between the distal phalanx, hoof 
wall and sole, and restore digital perfusion (Goetz 1987; Baxter 
1992; O'Grady 1993). Heart bar shoes provide frog pressure 
which alleviates the pressure exerted on the circumflex artery by 
the tip of the distal phalanx and reduces strain on the 
compromised laminae. An egg bar-heart bar combination shoe 
was evaluated in this study because horses with laminitis tend to 
rock back on their heels in order to relieve pressure at the toe. 
The egg bar shoe extends out behind the foot and gives the horse 
a greater surface area for weightbearing, while the heart bar 
supports the distal phalanx. Horses with chronic laminitis 
benefit from the application of heart bar shoes because the shoe 
raises the convex sole off the ground and restores the hoof wall 
and frog as the main weightbearing structures of the foot. 
Pressure on the sole by the tip of the distal phalanx appears to be 
a major source of pain in horses with chronic laminitis. Horses 
in this study with a greater degree of distal phalanx rotation 
typically had a higher lameness grade, and these horses were 
noticeably more comfortable with egg bar-heart bar shoes in 
place than when barefoot. This is reflected by our results, which 
show that lameness grade improved significantly over the 
treatment period. Improvement in lameness grade was not 
related to phenylbutazone administration, as most horses that 
were given phenylbutazone between evaluations were 
nonresponsive to therapy. Chronic laminitis is a very complex 
disease and temporary and transitory improvements in-lameness 
may occur independent of the treatment used, particularly during 
such a short follow-up period. However, in this study there was 
a concurrent decrease in relative scintigraphic activity of the 
solar area and an increase in scintigraphic activity of the dorsal 
laminar area, suggesting that decompression of the sole by the 
heart bar shoe resulted in decreased inflammation at the tip of 
the distal phalanx and increased perfusion of the dorsal laminae. 
It is impossible to say definitively why dorsal laminar perfusion 
increased during the study. Improvement in blood flow through 
the circumflex artery and subsequently through the dorsal 
laminar arteries is one explanation, but another theory may be 
that decreased pain associated with raising the sole off the 
ground with the egg bar-heart bar shoe reduced the production of 
endogenous vasoactive compounds and indirectly resulted in 
increased digital perfusion. Regardless of the mechanism, our 
results are the first to show that egg bar-heart bar shoeing is 
associated with increased laminar perfusion. Larger studies are 
needed to quantitate the increase in dorsal laminar perfusion and 
to determine the strength of correlation between increased 
perfusion and clinical improvement. 

Decompression of the dorsal coronary corium improves 
coronary perfusion and allows realignment of coronary papillae 
and growth of new horn tubules parallel with the dorsal surface 
of the distal phalanx (Goetz 1987). Traditionally this has been 
achieved through dorsal hoof wall resection (Redden 1986; 
Goetz 1987; Eustace and Caldwell, 1989; Peremans et al. 1991; 
Baxter 1992). However, hoof wall resection results in 
considerable loss of hoof capsule stability and excessive 
movement of the distal phalanx within the hoof capsule 
(Redden 1988). We hypothesised that coronary grooving would 

decompress the coronary corium and promote coronary 
perfusion and dorsal hoof wall growth without the 
disadvantages of a hoof wall resection. However, in our study 
coronary grooving did not significantly alter coronary 
perfusion. Although an 18 week follow-up period is too short to 
evaluate regrowth of the entire dorsal hoof wall, which would 
take up to a year to replace itself, the heel-toe hoof wall growth 
ratio was significantly improved in horses treated with coronary 
grooving, suggesting that this technique may be useful in the 
correction of abnormal hoof wall growth that occurs in chronic 
laminitis. Further investigation is required to determine the 
mechanism by which coronary grooving improves heel-toe 
hoof wall growth ratio. One explanation may be that the groove 
acts physically to disconnect abnormal hoof wall from new 
growth at the coronary band, thereby reducing distraction of the 
hoof wall from the dorsal surface of the distal phalanx and 
aiding re-establishment of the normal anatomical relationship 
between the hoof wall and distal phalanx. 

We found that 70% of the horses in this study improved in 
response to corrective trimming and egg bar-heart bar shoeing. 
This is similar to results reported by Goetz (1987) using 
adjustable heart bar shoes. In that study, 73% of horses became 
sound or considerably improved with treatment. However, the 
study population consisted of horses with either acute or chronic 
laminitis ranging from mild to severe. In our report, the study 
population was limited to horses with advanced chronic 
laminitis referred to the PUVTH because of protracted lameness 
and poor response to therapy. 

Degree of distal phalanx rotation is the only known 
predictor of treatment response in laminitis. Previously, Stick et 
al. (1982) reported that horses with more than 11.5" rotation 
lost their use as performance animals. Similarly, in our study, 
horses with refractory laminitis had a significantly greater 
degree of distal phalanx rotation prior to treatment than horses 
that responded to therapy. In this study, we also found that 
horses with refractory laminitis had significantly lower dorsal 
laminar perfusion at initial presentation than horses that 
improved, suggesting that pre-treatment nuclear scintigraphy 
may be a useful predictor of treatment response. These 2 factors 
may be correlated, because horses with a greater degree of 
distal phalanx rotation also tended to have lower dorsal laminar 
perfusion. A palmar scintigraphic view of the foot, although not 
obtained in this study, may add valuable information regarding 
alterations in perfusion of the solar margin of the distal phalanx 
as a predictor of treatment response. However, our results 
support the conclusion of Hood et al. (1994) that evaluation of 
circulatory status adds significantly to the ability to distinguish 
treatable from refractory cases of chronic laminitis. More 
extensive scintigraphic studies that include a palmar view of the 
foot as well as a lateral view are needed to further define the 
correlation between degree of distal phalanx rotation and pre- 
treatment digital perfusion thresholds that correspond to poor 
clinical outcome. 

In summary, egg bar-heart bar shoeing was associated with 
significantly increased laminar perfusion in horses with chronic 
laminitis as determined by nuclear scintigraphy. Nuclear 
scintigraphy provides a noninvasive method for evaluation of 
digital perfusion that is also useful for pre-treatment prediction 
of clinical outcome in horses with chronic laminitis. Our data 
show that corrective trimming and egg bar-heart bar shoeing can 
result in clinical improvement in 70% of horses with advanced 
chronic laminitis. Based on the results of this study, egg bar- 
heart bar shoeing, in conjunction with coronary grooving to 
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correct abnormal hoof wall growth, appear to be valuable 
therapies in the treatment of horses with chronic laminitis. 
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