
	 JAVMA • Vol 253 • No. 5 • September 1, 2018	 611

Equine

A 4-year-old Selle Français gelding (horse 1) was 
referred because of left forelimb lameness of 8 

months’ duration observed when the horse was in 
the field. The horse had never been trained because 
of the lameness and had no history of trauma. Despite 
2 weeks of NSAID treatment, the lameness failed to 
improve.

Physical examination revealed muscular atrophy 
of the left shoulder region and proximal portion of 
the left forelimb. The left forelimb was held statically 
in retraction, and mild internal rotation of the limb 
was evident. A lameness examination was performed, 
revealing grade 3/5 lameness as well as a shortening 
of the cranial phase of the stride in the left forelimb. 
This lameness appeared exacerbated after warm-up 
exercise and when circling to the right. Flexion test-
ing of the distal portion of the left forelimb yielded 
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CASE DESCRIPTION
Over a 2-year period, 6 horses (4 Selle Français, 1 Hanoverian, and 1 Thor-
oughbred) were referred for evaluation of forelimb lameness. All horses 
had radiographic evidence of synostosis of the first and second ribs (SFSR).

CLINICAL FINDINGS
For 1 horse, the SFSR was considered the probable cause of the lame-
ness (grade 3/5), with a shortening of the cranial phase of the stride in 
the affected limb. For 3 horses, it was considered a possible cause of the 
lameness (grade 1/5) for the same reason. For 2 horses, SFSR was con-
sidered an incidental finding unassociated with any clinical signs. The 4 
horses with lameness suspected as attributable to SFSR had a moderate 
to severe amount of irregularly marginated new bone formation at the site 
of the SFSR, with a cranial displacement of the first rib, compared with 
findings for the 2 horses in which the SFSR was considered incidental. A 
likely congenital abnormality of the first rib was first suspected on nuclear 
scintigraphy in the 1 horse for which it was performed or on radiography 
of the caudal cervical portion of the vertebral column (3 horses) or shoul-
der joint (2 horses).

TREATMENT AND OUTCOME
The horse in which SFSR was considered the probable cause of the lame-
ness was retired to the field and remained chronically lame. Two of the 3 
horses in which SFSR was considered a possible cause of lameness received 
an IV infusion of tiludronate disodium and mesotherapy over the caudal 
cervical and cranial thoracic regions; both returned to competition but with 
poor results. One of the 2 horses with subclinical SFSR never developed 
lameness on the affected side. No follow-up information was available for 
the other 2 horses.

CLINICAL RELEVANCE
SFSR can be an incidental finding in horses, with or without clinical mani-
festations. This abnormality should be considered as a differential diagnosis 
for horses with forelimb lameness and associated shortening of the cra-
nial phase of the stride that fails to improve with diagnostic analgesic tech-
niques. ( J Am Vet Med Assoc 2018;253:611–616)

mildly positive results (ie, a mild increase in the ob-
served lameness following flexion). Performance of 
distal digital, distal metacarpal, ulnar, and median 
nerve blocks resulted in no improvement of the lame-
ness. Diagnostic anesthesia of the proximal attach-
ment of the suspensory ligament in situ and intra-
articular anesthesia of the scapulohumeral joint also 
had no effect on the lameness.

Nuclear scintigraphy of the cervical portion of 
the vertebral column and forelimbs was performed. 
On the left side, rib abnormalities were first sus-
pected because of moderately, focally increased  
radiopharmaceutical uptake over the middle third of 
R1 and R2 and the laterally concave appearance of 
the left R1 on the cranial view of the pectoral region 
(Figure 1). No other abnormality was detected by 
nuclear scintigraphy.

Complete radiographic and ultrasonographic ex-
aminations of the cranial ribs were performed, and 
comparative images of the left and right ribs were ob-
tained. Radiographic examination revealed an SFSR on 
the left side, which was clearly identified on a cranio-
medial-caudolateral oblique view of R1 and R2 with 

ABBREVIATIONS
R1	 First rib
R2 	 Second rib
SFSR 	 Synostosis of the first and second ribs
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the limb protracted on the side of the 
examined rib.1 The R1 and R2 inserted 
distally on a broad common shaft that 
was wider than the combined width 
of the 2 ribs. A cranial deformation 
with an oblique radiolucent line (cau-
doproximal-craniodistal orientation) 
was identified on R1 at the site of SFSR, 
corresponding to the most prominent 
part of the rib. This radiolucent line 
was delineated by regular and smooth 
margins (Figure 2). Ultrasonographic 
examination revealed a severe amount 
of irregular new bone formation on the 
cranial aspect of R1 at the site of the 
synostosis. Compared with the other 
side, cranial displacement of R1 at the 
site of the SFSR was suspected and the 
scalene muscles appeared thinner be-
tween the site of SFSR and the pectora-
lis muscles (Figure 3).

Comprehensive radiographic and 
ultrasonographic assessments of the 
cervical portion of the vertebral col-
umn and proximal portion of the lame 
limb were also performed, revealing 
no remarkable findings. Therefore, 
the SFSR was considered the probable 
cause of the lameness and the horse 
was retired to the field and remained 
chronically lame. Anti-inflammatory 
drugs were prescribed (phenylbu-
tazone, 4.4 to 8.8 mg/kg [2 to 4 mg/
kg], PO, q 24 h), but no information 
was available regarding the horse’s re-
sponse to this treatment.

A 5-year-old Hanoverian gelding 
(horse 2) used for dressage was re-
ferred because of right forelimb lame-
ness of 12 months’ duration. The horse 
had no history of trauma. Physical ex-
amination revealed right forefoot atro-
phy (higher heels than in the left forefoot). Lameness 
examination revealed a grade 1/5 lameness as well as 
a briefer cranial (vs caudal) phase of the stride in the 
right forelimb. Flexion testing of the distal portion of 
the affected limb yielded mildly positive results. Per-
formance of distal digital and distal metacarpal nerve 
blocks resulted in no improvement.

Diagnostic nuclear scintigraphy was offered to 
the owner but refused. Radiography of the caudal cer-
vical portion of the vertebral column was performed, 
and a laterolateral view revealed an abnormal cranial 
orientation of the right R1, raising the suspicion of 
rib abnormalities. Complete radiographic and ultraso-
nographic examinations of the cranial ribs were per-
formed, and comparative images of the left and right 
ribs were obtained. Unilateral SFSR was clearly iden-
tified on a craniomedial-caudolateral oblique view of 
R1 and R2 on the right side. Compared with horse 1, 

R1 and R2 were inserted distally on a thinner piece of 
bone and a second radiolucent line was visible on the 
distal portion of R2 just proximal to the site of SFSR. 
These radiolucent lines were delineated by irregular 
and ill-defined margins. Ultrasonographic findings for 
the SFSR were identical to those described for horse 
1, but the amount of irregular new bone formation 
was more moderate in horse 2.

Comprehensive radiographic and ultrasonograph-
ic assessment of the cervical portion of the vertebral 
column and the lame forelimb was performed, reveal-
ing no remarkable findings. Therefore, the SFSR was 
considered a possible cause of the lameness and short-
ening of the cranial phase of the stride in the affected 
limb. Because we suspected bone changes and be-
cause new bone formation was identified at the site of 
the SFSR, horse 2 received an IV infusion of tiludronate 
disodium (1 mg/kg, IV)2 and mesotherapy3 over the 

Figure 1—Left lateral non–weight-bearing (A) and cranial (B) scintigraphic 
views of the cranial thoracic region of a 4-year-old Selle Français gelding (horse 
1) referred because of left forelimb lameness of 8 months’ duration. A—The 
left forelimb was retracted caudally. A moderate increase in radiopharmaceutical 
uptake is visible over the middle third of R1 (arrowhead). B—The left R1 appears 
misshaped, with a marked lateral concavity (arrow).

Figure 2—Craniomedial-caudolateral oblique radiographic views of horse 1 (A) 
and a 6-year-old Thoroughbred gelding referred because of right hind limb lame-
ness of 2 weeks’ duration (horse 6; B). Notice how R1 is more prominent and the 
site of SFSR (arrow) is wider in horse 1 than in horse 6. 1 = R1. 2 = R2. 3 = Third 
rib. 1´ = Contralateral R1. s = Common shaft.
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caudal cervical and cranial thoracic areas. This horse 
returned to show jumping competition but with poor 
results.

A 5-year-old Selle Français mare (horse 3) used for 
show jumping was referred because of right forelimb 
lameness of 5 months’ duration. The horse had no his-
tory of trauma. Physical examination revealed mild at-

rophy of the right forefoot. Lameness examination re-
vealed a grade 1/5 lameness as well as a briefer cranial 
(vs caudal) phase of the stride in the right forelimb. 
Results of flexion testing of the distal portion of the 
affected limb were negative. No diagnostic anesthesia 
was performed the day of the examination because 
the lameness was not consistent enough.

Figure 3—Longitudinal ultrasonographic views of R1 obtained at the site of SFSR (arrowhead) in an 8-year-old Selle Français 
mare referred because of left forelimb lameness of 3 weeks’ duration (horse 5; A) and in horse 1 (B), and reference image of the 
contralateral R1 at the same level and at the same magnification as for horse 1 (C). The scale used for all images is in centimeters, 
and dorsal is to the left. The amount of new bone formation at the site of SFSR was considered mild (grade 1) for horse 5 and 
severe and more irregularly marginated (grade 3) for horse 1. Notice how R1 is more prominent at the site of SFSR than in the 
contralateral reference image for horse 1. The depth ratio (ie, depth of the SFSR at its most prominent aspect [4.8 cm] divided 
by the depth of the contralateral R1 [8.2 cm] at the same level) was 0.59. The scalene muscles appear thinner in horse 1 than in 
horse 5 or the contralateral reference image. 1 = R1. pm = Pectoralis muscles. s = Common shaft. sa = Subclavian artery. sm = 
Scalene muscles.
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Diagnostic nuclear scintigraphy was offered to 
the owner but refused. Radiographic and ultrasono-
graphic assessment was performed as for horses 1 
and 2. A laterolateral radiographic view of the cau-
dal cervical portion of the vertebral column revealed 
an abnormal cranial orientation of the right R1, rais-
ing the suspicion of rib abnormalities. An SFSR was 
clearly identified on the right side on a craniomedial-
caudolateral oblique radiographic view of R1 and R2. 
The SFSR was also conspicuous on a mediolateral 
radiographic view of the right scapulohumeral joint 
that included the proximal portion of R1 (Figure 4). 
Ultrasonographic findings for the SFSR were identical 
to those described for horse 1. Findings of compre-
hensive radiographic and ultrasonographic assess-
ment of the cervical portion of the vertebral column 
and the lame limb were unremarkable. Therefore, the 
SFSR was considered a possible cause of the abnor-
mal findings of lameness examination. The horse re-
ceived an IV infusion of tiludronate and mesotherapy 
as described for horse 2. This horse returned to show 
jumping competition but with poor results.

A 5-year-old Selle Français mare (horse 4) used 
for show jumping was referred because of right fore-
limb lameness of 3 weeks’ duration. The horse had 
no history of trauma. Physical examination revealed 
mild muscle atrophy of the caudal neck region on 
both sides. Findings of lameness examination were 
similar to those of horses 2 and 3, and flexion test 
results were unremarkable. No diagnostic anesthesia 
was performed the day of the examination because 
the lameness was not consistent enough, nor was 
nuclear scintigraphy performed.

As for other horses, a laterolateral radiographic 
view of the caudal cervical portion of the vertebral 
column revealed an abnormal cranial orientation of 
the right R1, raising the suspicion of rib abnormali-
ties. Further diagnostic imaging was performed as for 
horses 2 and 3, and a right-sided SFSR was clearly iden-
tified. Radiographically, compared with the findings 
for horse 1, the radiolucent line was narrower and 
delineated by more irregular and ill-defined margins. 
Moreover, although the SFSR was unilateral, the R1 
contralateral to the SFSR was inserted more proximal-
ly than usual and on the common broad shaft formed 
by the SFSR on the other side. Ultrasonographic find-
ings were similar to those described for horse 1. No 
abnormalities were identified on comprehensive ra-
diographic and ultrasonographic assessment of the 
cervical portion of the vertebral column and the lame 
limb. The SFSR was consequently considered a pos-
sible cause of abnormal findings of lameness exami-
nation. No follow-up information was available.

An 8-year-old Selle Français mare (horse 5) used 
for show jumping was referred because of left fore-
limb lameness of 3 weeks’ duration. The horse had 
no history of trauma. Physical examination revealed 
mild muscle atrophy of the left point of the shoul-
der as well as a long toe and underrun heels4 on the 
left forefoot. A grade 2/5 left forelimb lameness was 
identified, and the horse had a positive response to a 
distal digital nerve block.

Mediolateral radiographic views of the left and 
right shoulder joints and proximal portion of R1 re-
vealed that the left R1 had an abnormal cranial ori-
entation. A left-sided SFSR was clearly identified on a 
craniomedial-caudolateral oblique radiographic view 
of R1 and R2. Compared with the findings for horse 
1, the identified radiolucent line was narrower and 
delineated by more irregular and ill-defined margins 
and the site of SFSR was less prominent. Ultrasono-
graphic findings included a mild amount of smooth 
new bone formation on the cranial aspect of R1 at 
the site of the synostosis. Compared with the right 
side, mild cranial displacement of R1 at the site of 
the SFSR was suspected and the scalene muscles ap-
peared mildly thinner between the site of SFSR and 
the pectoralis muscles (Figure 3). Comprehensive 
radiographic and ultrasonographic examinations 
of the left forefoot were performed. Podotrochlear 
syndrome (navicular disease) was diagnosed, and a 
positive response to a distal digital nerve block was 
observed. Consequently, horse 5 had clinical mani-
festations unrelated to the SFSR, and the SFSR was 
considered an incidental finding. No follow-up infor-
mation was available.

A 6-year-old Thoroughbred gelding (horse 6) used 
for steeplechase events was referred initially because 
of right hind limb lameness of 2 weeks’ duration. The 
horse had no history of trauma. Physical examination 
revealed muscle atrophy of the neck and back. Results 
of lameness examination were similar to those of hors-
es 2, 3, and 4. A mediolateral radiographic view of the 

Figure 4—Mediolateral view of the right scapulohumeral 
joint and cranial thoracic region of a 5-year-old Selle Fran-
çais mare referred because of right forelimb lameness of 5 
months’ duration (horse 3). This view was deliberately ob-
tained more caudally and distally than usual to allow better 
visibility of the SFSR. The right R1 appears misshaped with a 
cranial convexity at the dorsal aspect and at the site of SFSR 
(arrowhead). Both R1 and R2 appear to insert on a common 
broad shaft. See Figure 2 for remainder of key.
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left and right shoulder joints and proximal portion of 
R1 was requested by the referring veterinarian, reveal-
ing an abnormal cranial orientation of the left R1. A 
left-sided SFSR was clearly identified on a craniomed-
ial-caudolateral radiographic view of R1 and R2 (Fig-
ure 2). Radiographic and ultrasonographic findings for 
the SFSR were identical to those described for horse 5. 
Because this horse had lameness contralateral to the 
SFSR, its clinical manifestations were considered unre-
lated to the SFSR, which was considered an incidental 
finding. According to the owner and the referring vet-
erinarian, the horse never developed lameness on the 
side of the SFSR.

All 6 horses were evaluated over a 2-year period. 
Overall, the results of ultrasonographic examination 
indicated various degrees of new bone formation on 
the cranial aspect of R1 at the site of SFSR. To compare 
horses with (ie, horses 1, 2, 3, and 4) and without (ie, 
horses 5 and 6) a suspicion of clinical signs associated 
with SFSR, the amount of new bone formation and 
the degree of irregularity of its margins were graded 
from 0 to 3 (0 = normal, 1 = mild, 2 = moderate, and 
3 = severe). Mean grade of new bone formation for 
horses with clinical signs (2.2/3) was higher than that 
of horses with no clinical signs (0.5/3). Because we 
suspected cranial displacement of R1 at the site of the 
SFSR, the depth of the most prominent and modeled 
part of R1 (ie, the site of SFSR) was measured on ultra-
sonographic images and compared with the depth of 
the contralateral R1, and ratios of these values were 
calculated (Figure 3). Mean depth ratio at the level 
of the SFSR was lower for horses with clinical signs 
(0.55) than for horses with no clinical signs (0.83). 
Consequently, we considered the presence of the 
SFSR to be associated with greater cranial displace-
ment of R1 for horses with versus without a suspicion 
of clinical signs associated with the SFSR.

Moreover, the scalene muscles appeared thinner 
between the site of SFSR and the pectoralis muscles 
for all 6 horses, and this feature was more conspicu-
ous for horses 1 and 3. We attempted to use the sub-
clavian artery as a landmark in ultrasonographic im-
ages and assess the position of this artery relative to 
the site of SFSR. The subclavian artery crossed R1 
distal to the site of SFSR for all horses except horses 
2 and 4, in which R1 crossed the artery proximal to 
the site of SFSR.

Discussion
To the authors’ knowledge, the horses of the pres-

ent report represented the first reported cases of SFSR 
in mature horses. Abnormalities of the cranial ribs 
are a reported cause of recurrent forelimb lameness, 
and lesions in the adjacent brachial plexus (plexus 
brachialis) have been suspected in affected horses.5,6 
Unilateral SFSR in horses has been mentioned only in 
a clinical commentary.7 In humans, ipsilateral SFSR 
is not uncommon and was first described by anato-
mists.8 The condition is usually recognized as an in-
cidental finding identified on postmortem examina-

tion or thoracic radiography.9 It is also regarded as a 
predisposing factor for so-called thoracic outlet syn-
drome, which causes musculoskeletal pain or com-
pression of the neurovascular structures associated 
with the brachial plexus cranial to R1.9–11

The brachial plexus in horses is formed by the 
convergence of the ventral ramus of the nerves from 
C6 through T2. These roots converge toward the cra-
nial aspect of R1, where they fuse. At this level, the 
brachial plexus passes between the scalene medius 
muscle dorsally and the scalene ventralis muscle ven-
trally and is parted from the subclavian vessels by the 
scalene ventralis muscle. The nerves arising from the 
brachial plexus join the axillary vessels more distally 
and laterally.12

Synostosis of R1 and R2 is believed to affect 0.3% 
to 2% of the human population.11,13 Over the 2-year 
period during which the horses of the present report 
were evaluated, the prevalence of SFSR in our referral 
hospital population was 0.3%, although this statistic 
is unlikely to represent the general horse population. 
In humans, SFSR is generally considered a congeni-
tal malformation that develops unilaterally in 95% of 
affected individuals. The SFSR was unilateral in all 
horses of the present report.

In humans, fusion abnormalities are classified as 
bicipital rib type with fused ventral ends and shafts 
but separate dorsal ends, bridged rib type with fused 
shafts but separate dorsal and ventral ends, or forked 
rib type with fused dorsal ends but a separate shaft 
as well as separate ventral ends. The most common 
type in humans is the bicipital rib type,14 and this was 
the only type identified in the 6 horses of the present 
report. Human case reports9,11,13,14 of SFSR describe a 
hypoplastic, misshaped R1 positioned more cranially 
than usual, inserting on the cranial margin of R2 with 
bony exostosis at the site of fusion and a broadened 
common shaft. All of these features were identified 
in the horses and are known to be a cause of thoracic 
outlet syndrome in humans by compression of the ad-
jacent structures.9–11,13

The radiolucent line at the site of SFSR could be mis-
taken for a fracture, particularly on underexposed ra-
diographs where the SFSR is not clearly visible. Indeed, 
a moderate increase in radiopharmaceutical uptake was 
identified over R1 in horse 1 of the present report, which 
is a finding commonly reported for horses with R1 frac-
ture.6,15 A correctly exposed radiograph with good vis-
ibility of the site of SFSR and the common shaft allows 
ruling out of possible rib fractures. Several humans 
with thoracic outlet syndrome and SFSR have reported 
a traumatic injury before the onset of clinical signs,10 
although none of the horses of the present report had 
a history of traumatic injury. Nevertheless, luxation of 
R1 or some degree of instability at the site of SFSR could 
not be excluded and was suspected in horse 1 given 
the radiographic and scintigraphic findings. We consid-
ered radiography the gold standard technique for the 
diagnosis of SFSR, but ultrasonography allowed more 
accurate evaluation of R1 cranial displacement and the 
amount of irregularly marginated new bone formation 
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at the site of SFSR. Ultrasonography also allowed evalu-
ation of the anatomic relationships between the bone 
lesions and adjacent soft tissues. Nevertheless, it may be 
difficult to differentiate SFSR and R1 fracture by means 
of ultrasonography alone. Furthermore, because SFSR 
is due to abnormal segmentation of bony tissue during 
development, associated anatomic variations may exist 
in the disposition of vessels and nerves.16 Consequently, 
the crossing of the subclavian artery over R1 should not 
be used as a landmark to determine the proximodistal 
location of the SFSR.

Three types of thoracic outlet syndrome have 
been identified in humans: a neurologic type with bra-
chial plexus or related nerve compression, a vascular 
type with subclavian vessel compression, and a muscu-
loskeletal type with pain secondary to muscular com-
pression. The neurologic type is the most common, 
affecting 97% of human patients.17,18 Numbness, pare-
sis, and paresthesia have been reported10,11 for humans 
with neurologic thoracic outlet syndrome. All horses 
of the present report with clinical signs suspected as 
associated with the SFSR (ie, horses 1 through 4) had 
lameness and a shortening of the cranial phase of the 
stride in the affected limb as well as a higher mean 
grade of new bone formation and cranial displacement 
at the site of fusion, compared with horses in which 
the SFSR was an incidental finding (horses 5 and 6). 
Some degree of paresis secondary to nerve compres-
sion was suspected for horses 1 through 4, although 
this remained unproven because of the lack of post-
mortem examination. It would have been interesting 
to perform electromyography to assess and document 
possible neuropathy.19,20 Musculoskeletal pain or a vas-
cular injury secondary to the deformation of R1 could 
also have explained the observed gait abnormalities. 
Nevertheless, in horse 1, the lameness remained un-
changed following 2 weeks of NSAID treatment. More-
over, vascular compression of the subclavian vessels 
in the interscalene space is unlikely in horses because 
the subclavian vessels cross R1 distal to the scalene 
ventralis muscle, contrary to the situation in humans.12 
We propose that this would suggest that gait abnormal-
ities in the horses with SFSR were most likely related to 
a neurologic or mechanical cause. In the future, gaba-
pentin administration could be considered for horses 
with SFSR in which neuropathy is suspected or con-
firmed without improvement of the lameness follow-
ing NSAID treatment.

On the basis of the findings reported here, SFSR 
should be considered as a differential diagnosis for hors-
es with forelimb lameness and shortening of the cranial 
phase of the stride, without improvement following dis-
tal limb diagnostic anesthesia. Diagnosis of this condi-
tion in mature horses is difficult because of the limited 
options available for obtaining diagnostically useful 
images for this anatomic region and the possibility that 
this congenital abnormality could remain clinically si-
lent. Postmortem examination of affected horses could 
yield a better understanding of the pathophysiologic 
mechanisms and clinical incidence of SFSR in horses.
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