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Introduction

Proximal humeral fractures in small ruminants are seldom
and infrequently reported in the veterinary literature.1,2 Of
the humeral fractures described in goats, most aremid-body,
diaphyseal fractures that are predominantly the result of
vehicular trauma2 or traumatic dog attacks.3 However, spe-
cific behavioural patterns of goats, including their curiosity
and climbing instincts, may increase their propensity for
sustaining traumatic fractures.3 Reported methods of repair
of diaphyseal humeral fractures in this species include open
reduction and internal fixationwith bone plates, screws and/
or intramedullary pins.4Given the location, fracture repair of
the humerus is not amenable to external coaptation due to
the inability to immobilize the glenohumeral joint.

The proximal humerus of the goat has two centres of
ossification: the greater tubercle and the articular head.5,6 In
males, fusion of the greater tubercle and the articular head
initiate and completely fuse in the third year of life; however,
fusionmay continue until year 5with definitive continuity to
the diaphysis by year 9.5,6 Female goats show a faster

ossification process than males, with fusion often occurring
in the first or second year of life.5,6 In comparison, closure of
the proximal humeral physes in dogs occurs between 7.5 and
12 months.7,8 Uniquely, goat humeri characteristically pos-
sess large and elongated greater and lesser tubercles that
extend above the head of the humerus.9 The aforementioned
anatomical variations between domestic animals and rumi-
nants are important for surgical planning and appropriate
implant selection.

In companion animals, fracture-separation of the conflu-
ent proximal humeral epiphyses (Salter-Harris type I and II)
is the most common configuration of proximal humeral
fractures in skeletally immature dogs.10–12 Fractures of the
proximal humeral epiphyses are intrinsically stable given the
nature of the fracture interface,12 although fractures with
fragment displacement generally represent a more challeng-
ing repair given its inherent instability.12 Isolated Salter-
Harris type I and II fractures of the humeral head are very
rarely reported,12 with one case reported in a 4-year-old
Dachshund.13 Thus, no ideal fixation method for such frac-
tures has been established.14 Conventionalmethods of repair
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Abstract The aim of this study was to describe a case of a Salter-Harris type II fracture of the
humeral head in a goat repaired with Kirshner wire fixation. A 3-year-old, 52 kg, male,
non-domesticated goat was referred for evaluation. Approximately 11 days prior, the
goat sustained suspected vehicular trauma, and was found on the side of the road with
a non-weight bearing lameness of the right thoracic limb. Orthogonal radiographic
assessment identified a Salter-Harris type II fracture of the humeral head with
proximolateral displacement of the humerus. The fracture was repaired with multiple
Kirschner wire fixation. Orthogonal radiographic assessment of the right humerus at
8 weeks postoperatively revealed implant quiescence with radiographic union of the
fracture site. Long-term telephone follow-up at 3 and 6 months postoperatively found
the patient was no longer restricted in activity, with free access to the field, and was not
displaying an overt lameness. The authors describe a novel fracture configuration in the
goat successfully repaired with multiple Kirschner wire fixation.
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include double transfixing Kirshner wires, or fixation by a lag
screw.11

To the authors knowledge, Salter-Harris type II fractures
of the humeral head and their subsequent repair have not
been described in the goat. This report describes the use of
triple transfixing Kirshner wires for the treatment of a Salter-
Harris type II fracture of the humeral head in a goat.

Case Description

Clinical History, Examination and Diagnostic Imaging
A 3-year-old, 52 kg,male, non-domesticated goat was referred
to a referral veterinary hospital for evaluation. Approximately
11 days prior, the goat sustained suspected vehicular trauma,
and was found on the side of the road with a non-weight
bearing lameness of the right thoracic limb. The goat was
initially transported to an animal rescue facility for supportive
care prior to transportation for veterinary assessment.

Findings on physical examination included a temperature
of 39.3°C, a heart rate of 90 bpm and respiratory rate of
60 bpm.Thegoatwasnon-weightbearingon the right thoracic
limb. Swelling of the right proximal humeral region was
immediately apparent, with palpation of the proximal humer-
us eliciting a moderate pain response. Pain and crepitus were
identified when the shoulder was manipulated through its
range of motion, with normal range of motion moderately
restricted. Painwas also appreciated on full extension and full
flexion on the right shoulder. Further orthopaedic and neuro-
logical examination was unremarkable.

Orthogonal radiography (KVp 80, mAs 6.4, focus film
distance: 100 cm) of the right thoracic limb was performed,
identifying a Salter-Harris type II fracture of thehumeral head
withcaudomedial displacementof thehumeralhead fragment
18mm from normal anatomical positioning (►Fig. 1).

Surgical Technique
Butorphanol (0.1mg/kg intravenously [IV]) and midazolam
(0.1mg/kg IV) were administered as pre-medication. Anaes-
thesia was induced with a combination of ketamine (5mg/kg
IV) and midazolam (0.1mg/kg IV), with anaesthesia main-
tainedwith isoflurane. The right thoracic limbwas clippedand
preparedwith chlorhexidine scrub and a 70% alcohol solution
in a sterile manner, and the patient positioned in left lateral
recumbency. A craniolateral approach to the right shoulder
was performed with incision into the deep brachial fascia,
caudal retraction of the acromial head of the deltoid muscle,
tenotomy of the infraspinatus muscle and incision into the
joint capsule. The joint capsule appeared subjectively thick-
ened with evidence of synovitis. The fracture site was identi-
fied and a periosteal elevatorwasused to advance thehumeral
head fragment cranially. Due to chronicity of the fracture,
accurate reduction and alignment were difficult. Two 7/64
(2.77mm) and one 3/32 (2.38mm) Kirschner pins were then
inserted retrograde from the humeral fracture site proximally
to exit the lateral humeral cortex. The pins were then with-
drawnuntil their tipswere levelwith themostproximalaspect
of the distal fracture segment. The humeral head was then
reduced with a periosteal elevator with concurrent extension

of the shoulder and the pins driven �11mm normograde to
capture the humeral head. One pin was observed to exit the
cartilage of the humeral head and it was withdrawn until the
tip of the pinwas below the cartilage surface. The authors did
not have access to intraoperative fluoroscopy at the time of
surgery. Some capsular attachments were retained in the
proximal fracture fragment; however, some attachments
were visibly torn. The shoulder was then put through a range
of motion and no crepitus or pin impingement could be
palpated. The joint was copiously lavaged with sterile saline
and the joint capsule closed with 2/0 polydioxanone simple
interrupted sutures. The infraspinatus tendonwas re-attached
with 2/0 polydioxanone horizontal mattress sutures. The
brachial fascia was closed with 2/0 PDS simple continuous.
The subcutaneous tissuewas closedwith3/0polydioxanone in
a simple continuoussuturepattern, and theskin closedwith4/
0 poliglecaprone25 in a simple continuous intradermal suture
pattern. Skin staples were also applied to the cutaneous layer.

Fig. 1 Preoperative and immediate postoperative radiography
(mediolateral projection: (A) and (C); craniocaudal projection: (B) and
(D)) of the humerus.
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Postoperative radiography (mediolateral and craniocau-
dal projections) revealed adequate fracture reduction
(►Fig. 1); however, medial displacement remained apparent
on the cranial–caudal view. The pins were located on the
lateral portion of the proximal fracture fragment. One of the
pins appeared to be short on postoperative radiography;
however, this was the pin that was observed to exit the
cartilage of the lateral part of the fragment and was with-
drawn just under the cartilage.

Perioperative and Postoperative Management
Perioperative antibiotic therapy consisted of cefazolin
(22mg/kg IV; Cefazolin-AFT, AFT Pharmaceuticals, North
Ryde, NSW, Australia) 30minutes prior to the first incision,
and every 90minutes during surgery thereafter (total sur-
gery time 1 hour, 52minutes). Perioperative analgesia in-
cluded butorphanol (0.05–0.1mg/kg/h) and ketamine
(0.6mg/kg/h) constant rate infusions.

Postoperative analgesia consisted of buprenorphine
(0.01mg/kg IV q8h), meloxicam (0.1mg/kg subcutaneously;
Meloxicam, Ilium, Troy Laboratories Australia Pty Ltd,
Australia) and a transdermal fentanyl patch (50 µg/h; Dur-
ogesic 50, Janssen-Cilag Pty Ltd, Macquarie Park NSW,
Australia). Pain scores were performed using the Glasgow
composite pain scale every 4 hours with administration of
buprenorphine as required until activation of the transder-
mal fentanyl patch 12 hours following application.

The patient was discharged from hospital the following
day, with meloxicam (0.1mg/kg, 1.5mg/mL; Meloxicam,
Ilium, Troy Laboratories Australia Pty Ltd, Australia) dis-
pensed for oral administration during the postoperative
period, as well as penicillin to be injected subcutaneously,
both for 7 days postoperatively. At the time of discharge, the
patient was non-weight bearing on the operated limb. The
application of an adjuvant scapulohumeral stabilization
technique, such as a Velpeau-sling, was not elected given
specific patient characteristics (non-domesticated farm ani-
mal) and difficulty in bandage monitoring. The patient was
to be restricted to a small pen for 8 weeks.

Clinical Outcome
The patient presented at 2 and 8 weeks postoperatively for
re-evaluation by their primary care veterinarian. At 2 weeks,
the patient presented with a moderate (grade ⅗) thoracic
limb lameness, with mild pain evident on manipulation of
the humerus. At 8 weeks, no lameness was apparent at this
time, with range ofmotion of the shoulder consideredwithin
normal limits. No pain or crepitus was appreciated on
manipulation of the shoulder. Mediolateral radiographic
assessment of the right humerus performed by the primary
care veterinarian revealed implant quiescence with radio-
graphic union of the fracture site (►Fig. 2).

Telephone and video updateswere provided at both 3 and
6months postoperatively by the client (►Video 1). No visible
lameness was apparent via video update, with the owner
reporting that the patient was no longer restricted in activi-
ty, with free access to the field. Follow-up of the patient was
lost thereafter.

Video 1

Long-term video follow-up of patient provided by the
owner. Online content including video sequences
viewable at: https://www.thieme-connect.com/
products/ejournals/html/10.1055/s-0040-1718377.

Discussion

Proximal humeral epiphyseal fractures are infrequently
reported in both the human and veterinary literature.15,16

Dissimilarly to that of companion animals, goat humeri charac-
teristicallypossess uniqueanatomicalvariances that result in a
dense region of bone located in close proximity to the body,
which may further reduce the likelihood of proximal humeral
fractures in this species.5–9 Epidemiological studies in paedi-
atrics have identified Salter-Harris type II fractures of the
proximal humeral epiphysis to be the most common fracture
configuration and often the result of high energy trauma.15,16

Such trauma typically results in fractures propagating along
epiphyseal scar lines,withmuscle forces on fracture fragments
and limb position at the time of impact also in consideration
for fracture type and severity.17 Isolated epiphyseal separation

Fig. 2 Radiographs of the humerus obtained 8 weeks
postoperatively.
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is rare and occurs typically in newborns and toddlers,15 with
treatment often conservative and consisting of shoulder im-
mobilization.15 Despite previous studies identifying similar
outcomes between surgery and non-operative treatment,15,18

management of proximal humeral fractures in people has
evolved toward favouring surgical intervention, particularly
in older patients and thosewith grossly displaced or angulated
fractures.19,20 German national guidelines for proximal hu-
meral fractures in people recommend reduction and stabili-
zation by elastic-stable intramedullary nailing in patients over
the age of 10 years, with minimally displaced fractures often
left untreated due to the highly potent epiphyseal plate.21 For
patients managed conservatively, proximal humeral remod-
elling plays an important role in healing and fracture stabili-
zation. Dameron and Reibel20 stated that the remodelling
capacity of the proximal humerus is age dependent, and
thus excellent results are expected in children younger than
11 years of age regardless of degree of displacement and
angulation. Conversely, patients older than 11 years with
more than 20 degrees of fracture angulation are only expected
to achieve partial correction by humeral remodelling.20When
treated with primary reduction and Kirschner wire stabiliza-
tion, multiple studies have demonstrated excellent outcomes
without complications in 94.4 to 95% of cases.19,22 When
treated conservatively, outcomes are still considered excellent,
ranging between 82 and 90.14% of cases.18,22 Similar retro-
spective studies investigating proximal humeral fractures are
currently lacking in veterinary literature, with treatment
therefore guided by studies of similar physeal injuries, case
reports and clinician experience.

As with many other fracture fixation methods, surgical
correction of proximal humeral fractures must adhere to
certain principles, including minimizing soft tissue dissec-
tion around the fracture fragments, and limiting the number
of implants required for stable fixation.23 Tenuous retro-
grade vascular supply to the intracapsular humeral head is
often significantly disrupted with proximal humeral frac-
tures, with comminuted and displaced fractures commonly
recognized as predisposing risks for anatomical head
infarction in people.24 Further, any anatomical neck fracture
is associated with increased risk of avascular necrosis.24

Hertel and colleagues24 note that the risk of avascular
necrosis in humans increases with medial periosteal disrup-
tion and displacement of the proximal segment greater than
2mm. In the same study, a positive predictive value of 97%
for ischaemia was recognized with a combination of
anatomical neck fracture with a displaced medial metaphy-
seal segment.24 In this case, displacement of the humeral
head was 18mm caudomedially, representing a Neer-Hor-
owitz classification grade III preoperative fracture displace-
ment,15 and thus predisposing the patient to significant risk
of avascular necrosis of the humeral head. As soft tissue
injuries are often more extensive with displaced fractures,
the potential for instability or pain despite bone healing,
as well as the development of heterotrophic ossification, is
increased.24

The use of minimally invasive percutaneous pinning tech-
niques has been advocated for use in fractures of the humeral

head in an attempt to avoid complications such as implant-
associated risks, neurovascular damage and avascular necro-
sis.23 In a study by Boekhout-Ta and colleagues,25 closed
reduction and fluoroscopic-assisted percutaneous pinning of
proximal humeral physeal fractures in three dogs achieved
appropriate radiographic healing. Given the degree of humer-
al head displacement and unique anatomical variances of the
goat, percutaneous pinning was not deemed feasible, and
therefore open anatomical reduction and fixation were per-
formed. Open anatomic reduction with Kirschner wire fixa-
tion was elected in this case based on previously reported
long-term results in children that demonstrated good out-
comes with no complications in proximal humeral physeal
fractures treated with Kirschner wire fixation. This method
has also shown to reduce the risks of secondary physeal
damage, which may result growth arrest.15 The necessity to
achieve anatomic fracture reduction was important in this
case to avoid instability, progressive osteoarthritis, limb
length discrepancies and angular limb deformities. A bio-
mechanical comparison of Kirschner wirefixation on fracture
stability in Salter-Harris type I fractures of the proximal
humeral physis in a porcine cadaveric model identified that
three-pin and two-pinfixation significantly reduced rotation-
al interfragmentary movement compared with one-pin fixa-
tion.14 Although construct stiffness was not significantly
different between any of the pin groups of the study, three-
pin fixation was elected in this case as it demonstrated
increased construct stiffness comparatively to two- and
one-pin fixation in the porcine model.14

In this report, one pin was observed to inadvertently exit
the cartilage of the humeral head and was withdrawn
immediately until the tip of the pin was below the cartilage
surface. Although this may result in an increased risk of
developing progressive osteoarthritis and pain, the authors
believe this to likely be insignificant in long term; however,
further long-term radiography would be required to sub-
stantiate this claim. A limb length discrepancy or angular
limb deformity was not apparent on follow-up examination.
The patient demonstrated a satisfactory clinical outcome
with no overt pain or lameness apparent at 6 months post-
operatively. Possible long-term complications beyond our
follow-up include implant migration, progressive osteoar-
thritis, pain and reduced glenohumeral range of motion.

Conclusion

This report illustrates a successful functional and radio-
graphic outcome of an isolated Salter-Harris type II humeral
head fracture with Kirschner wire fixation in a goat. To the
authors’ knowledge, this is the first report to describe a
proximal humeral physeal fracture and its subsequent repair
in this species.
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