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KEY POINTS

e Fracture treatment begins with assessment and identification of concurrent systemic
compromise.

e An appropriate splint will improve patient comfort, counteract forces on the fracture site,
and provide an opportunity for limited weight bearing.

e Splints applied inappropriately can increase soft tissue damage by creating a lever arm at
the fracture site.

e Successful splinting is achievable and will improve the success of future fracture repair.

INTRODUCTION

Fractures are inherently distressing for horses and their human caretakers. The general
equine practitioner plays a critical role in managing communication, providing initial
assessment, and stabilizing these cases. Successful management of these emergen-
cies improves situational safety for humans and horses, protects equine welfare, and
is instrumental for the success of fracture repair. Inappropriate first aid and stabilization
can result in excessive cutaneous, muscular, and neurovascular trauma. Soft tissue
injury that occurs during initial assessment and transport will limit any potential for future
fracture repair. Focusing on the treatment goals for emergency fracture stabilization
(Box 1, Fig. 1) in the field is the first step in successful equine fracture repair.

STOCKING THE TRUCK

Although fractures are not the most common emergency in equine practice, they do
happen. Being prepared can have a major influence on patient survival. Having the
necessary emergency supplies organized and easily obtainable will greatly increase
the success of treatment for all orthopedic emergencies. The list of supplies is not
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Box 1

e Relieve pain and anxiety
e Control wound infection

e Prevent additional tissue damage

Treatment goals for fracture management in the field

e Stabilize the patient and control hemorrhage

Assess the scene.
Is the area safe to work on an
anxious horse?

Assess the patient.
Is the patient actively
hemorrhaging?

Assess the patient.
Is the patient systemically
unstable?

Is patient anxious or
excessively painful?

Clip and clean the suspected
fracture site. Are abrasions or
wounds present?

Is the patient calm and is the
fracture site stable?

Place an appropriate bandage
and splint to improve stability.
Is patient stable enough for
transport/treatment discussion?

Secure scene and remove
debris

Address hemorrhage

Consider initiating fluid
resuscitation

Consider judicious use of
sedatives / analgesics

Clean and address wounds as
indicated

Consider further imaging of
suspected fracture ONLY if risk
of tissue damage is minimal

Reassess the patients systemic
health and provide additional
first aid as needed

Proceed with treatment planning, additional imaging, and transport as indicated

Fig. 1. Fracture triage guidelines.
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extensive and most are available in a well-stocked ambulatory vehicle (Box 2, Fig. 2).
The main equipment should include bandage and casting material, splints, fluids for
intravenous administration, sedatives and tranquilizers, antibiotics, antiseptics, and
tetanus prophylaxis.

INITIAL ASSESSMENT

A horse with a fracture can be difficult to assess at initial presentation due to high
levels of anxiety in both the owner and the horse. Successful management of these
cases requires the practitioner to assess the situation including potential safety haz-
ards in the environment, access to the patient, and the available personnel. Clear
communication regarding handling, restraint, and debris removal will improve safety
for all parties involved. Once the situation has been assessed, the initial patient eval-
uation should focus on determining if the horse is systemically stable and if there is
evidence of an unstable fracture causing distress and potential for additional injury.

EMERGENCY FIRST AID

After initial assessment, the most critical concerns should be addressed first (see
Fig. 1). Every case is unique but in general active hemorrhage should be addressed
first followed by addressing pain and anxiety, wound care, and fracture stabilization.
Hypovolemic shock can also develop after a traumatic incident due to blood loss or a
combination of prolonged stress, sweat loss, and lack of access to water. Potential
hypovolemic shock should be addressed in fracture patients at presentation and reas-
sessed regularly throughout treatment to ensure the patient is stable before referral for
fracture management.

Trauma leading to fracture can also be associated with internal and/or external hem-
orrhage. Any active hemorrhage at initial evaluation should be controlled by ligating
the offending vessel or vessels. If this cannot be accomplished due to inaccessibility
of the vessel, packing the wound and applying a pressure wrap is often a viable alter-
native. Blood loss may be difficult to assess in cases with internal hemorrhage or hem-
orrhage that has resolved. Evidence of external hemorrhage in the form of pooled
blood can provide a useful indication in some cases, however estimation of total blood
loss can be challenging. Internal hemorrhage is often difficult to identify in initial stages
but should be considered in cases of thoracic, abdominal, or pelvic trauma as well as

Box 2
Supplies for fracture management in the field

e Sedation (xylazine hydrochloride, butorphanol tartrate, detomidine hydrochloride)
e Antiseptic scrub and cleaning supplies
e Clippers with a surgical length blade

e Light weight splints in a variety of lengths for common fractures (distal limb and full limb
options)

Intravenous fluids and delivery methods for treatment of shock and dehydration

e Bandage material (combine bandage, roll cotton, gauze bandages, elastic tape, ace
bandage)

e Casting material

Antibiotics (penicillin, gentamicin, oral antibiotic selection)
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Fig. 2. Ambulatory truck supplies for fracture stabilization including sedation (xylazine hy-
drochloride, butorphanol tartrate, detomidine hydrochloride), wound cleaning supplies,
fluid resuscitation supplies, bandage material and splints, and antimicrobials.

fractures of the humerus or femur. Signs of hypovolemic shock associated with mod-
erate to severe blood loss include tachycardia, tachypnea, prolonged capillary refill
times, alterations in pulse pressure, and cool extremities. Hematologic parameters
such as pack cell volume and total protein are useful but may be within normal limits
if there has not been sufficient time (8-12 hours) for fluid redistribution. In cases in
which hemorrhage is ongoing, administration of hemostatic agents such as aminocap-
roic acid (30-40 mg/kg slowly intravenously [IV]) can help promote clot formation.

IV fluid therapy should be initiated in cases in which hypovolemic shock is identified.
In a 500-kg adult horse an initial bolus of 2 L of hypertonic saline followed by 5 to 10 L of
isotonic crystalloids or 5 to 10 L of isotonic crystalloids alone and reassessment in 20
to 30 minutes is a reasonable place to start. Fluid boluses can be repeated 2 to 3 times
as needed in dehydrated adult horses. Foals have a larger volume of distribution and
often require larger boluses relative to size, but are also more susceptible to fluid over-
load. As a general guideline, an initial bolus of 10 to 20 mL/kg over 30 to 60 minutes
followed by reassessment is appropriate for most foals suffering from hypovolemia.’

After the initial evaluation and first aid are provided, the practitioner should attempt to
relieve the horse’s pain and anxiety. The goal is to obtain a patient that is more comfort-
able, cooperative, and not ataxic to facilitate stabilization of the fracture. Evidence of
excessive anxiety, shock, or other signs of systemic disease should be considered
when developing a plan for sedation and tranquilization. Judicious administration of
sedatives (0.2-0.5 mg/kg xylazine, IV or 0.01-0.02 mg/kg detomidine, IV for adults,
and 0.05-0.2 mg/kg diazepam IV for young foals), and analgesics (0.01-0.02 mg/kg
butorphanoal, IV or 0.05-0.1 mg/kg morphine, IV for adults and 0.01-0.05 mg/kg butor-
phanol, IV for foals) can alleviate pain and anxiety, and will increase patient cooperation
for wound care and limb stabilization. Physical restraint techniques and an experienced
handler can also be incorporated to reduce the need for sedation. Excessive sedation
can lead to increased ataxia and further trauma to muscle, skin, neurovascular struc-
tures, and the fractured bone ends reducing the likelihood of successful repair. It is
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important to note that the amount of sedative and analgesic administered will vary
depending on many factors. For example, if the patient is suffering from extreme hypo-
volemic shock, these drugs may be contraindicated until the patient is stabilized sys-
temically. Use the preceding recommendations as a guideline, understanding that the
exact amount of each agent administered can be variable. In addition, stabilization of
the fracture will reduce the pain and anxiety associated with an unstable limb, thereby
reducing the need for ongoing sedation.

FRACTURE ASSESSMENT

Once the horse is appropriately sedated, the area of the suspected fracture should be
thoroughly evaluated (see Fig. 1). Careful palpation should allow the evaluator to iden-
tify the involved bone(s) as well as the location along the shaft of the bone. Knowledge of
the location of the fracture is important to aid in developing a plan for splint application
as well as generating a prognosis. Further evaluation should focus specifically at the
fracture site. It is important to assess the amount of soft tissue trauma and determine
if the fracture is open or closed. If awound is not immediately evident, cleaning and clip-
ping the area will prepare the area for bandaging and reveal small wounds that might
otherwise be overlooked. If awound is identified the wound should be addressed before
bandaging. In the case of a closed fracture, a light bandage should be placed on the
clean dried limb to prevent contamination or further trauma to the region. Although
radiographic assessment of the fracture is essential for an accurate diagnosis and prog-
nostication, itis often in the patient’s best interest to proceed with wound care and frac-
ture stabilization before taking radiographs. Applying an appropriate bandage, splint,
bandage cast or combination thereof to stabilize the limb will minimize the risk of further
trauma to the bone, soft tissue, or neurovascular structures while obtaining radio-
graphs. Patients with stabilized fractures are less anxious and more cooperative, which
improves the chances of safely and successfully obtaining radiographs. However, there
are specific instances when it may be preferable to obtain radiographs before splinting.
In horses that are stable and cooperative radiographs before splinting should be
considered if the available splinting material is radiodense (eg, metallic) or if a detailed
fracture configuration is needed to verify a grave prognosis. A detailed assessment of
the fracture and an accurate description of the location, fracture type, presence of
comminution, degree of contamination, and associated soft tissue damage are essen-
tial to accurately prognosticate and advise the owner.

WOUND CARE

After making the patient tractable with the appropriate sedation and analgesic combi-
nation, wound care should be instituted. The goal of wound care is to decrease bacterial
contamination and the amount of wound lavage and debridement will depend both on
the degree of contamination and the patient’s degree of comfort and stability. Ideally
wounds would be clipped, cleaned, and debrided to remove any necrotic tissue or
debris. Excessive bacterial contamination of the soft tissues surrounding the fracture
site greatly increases the risk of developing osteomyelitis during fracture healing.
Therefore, reducing bacterial contamination early in the course of therapy, especially
for open fractures, is extremely important for patient survival. If surgical site infection
and osteomyelitis develop the chances of patient survival decrease significantly.? In
addition to directly addressing the wound, broad-spectrum antimicrobial therapy
should be instituted at the time of initial evaluation in cases with suspect or confirmed
open fracture. Details of principals of antimicrobial selection for orthopedic conditions
are discussed in Kilcoyne and Nieto’s article, “Orthopedic Infections - Clinical
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Applications of Intravenous Regional Limb Perfusion in the Field,” included in this issue.
Tetanus prophylaxis should also be instituted in cases with an open fracture.

STABILIZING THE FRACTURE

Stabilizing the fractured limb is the primary goal of emergency first aid procedures.
Stabilization will prevent further tissue damage and relieve patient anxiety, ultimately
increasing the overall chance for survival. The key to stabilizing a limb fracture is to
apply an appropriate splinting device. If applied correctly the splint will prevent addi-
tional skin and muscle trauma, limit neurovascular disruption, and limit eburnation
(smoothing) of the fractured bone ends. The splint also provides a strut for the horse
to bear a moderate amount of weight. The ability to support some weight on the frac-
tured limb and increasing stability at the fracture site will substantially reduce the pa-
tients stress and anxiety. Correct application of all splinting devices is imperative. An
incorrectly applied splint or cast can cause more harm than good. The general prac-
titioner faced with an unfamiliar fracture is obligated to be become knowledgeable in
appropriate splinting methods described here and in several practical articles in the
existing literature to effectively manage the fracture patient.®* The referral center to
which the horse is being sent can also be an extremely useful resource. A lack of
splinting knowledge is not an appropriate reason for not stabilizing a fractured limb.
Ultimately, appropriate stabilization is critical to optimize chances for patient survival.

SPLINT SELECTION

The ideal splint neutralizes damaging forces, is not cumbersome, is easy to apply in the
standing horse, and is made of accessible material. Some common materials that work
well and are accessible include PVC, wood, conduit, rebar, drainage pipe, and casting
material. Although many farms have these materials available, having a good set of
various sized splints already on the truck and immediately at hand will improve the
speed and reliability of fracture stabilization. Splinting is also more successful when
working with familiar lightweight materials rather than makeshift items of inappropriate
length. The authors would recommend stocking a basic set of splints for the most com-
mon fractures in ambulatory vehicles to facilitate fracture stabilization. In addition, there
are several commercially available splints for distal limb fractures that are designed to
optimize limb alignment and ease of application in the fractious patient.

The splinting technique for any given case depends on fracture location, and knowl-
edge of how the surrounding muscles and tendons influence the fractured limb when
there is loss of an intact bony column (Fig. 3). To simplify the splinting procedure, the
limbs can be divided into several distinct areas in which some generalized splinting
recommendations are available. These can be generally grouped into 4 areas in the
forelimb including distal forelimb fractures, mid-forelimb fractures, forearm fractures,
and proximal forelimb fractures, as described by Bramlage.® The hindlimb can be sub-
divided into similar areas including distal hindlimb fractures, mid-hindlimb fractures,
crus fractures, and proximal hindlimb fractures. Having an understanding of the domi-
nant forces on the limb in each these broad categories will provide the foundation for
applying appropriate splinting devices.

DISTAL FORELIMB FRACTURES

Distal limb fractures include phalangeal fractures, sesamoid fractures, and condylar
fractures of the distal metacarpus. Loss of a bony strut or the suspensory apparatus
in the case of biaxial sesamoid fractures leads to collapse of the limb and compression
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Proximal
no splint indicated

Proximal forelimb,

consider caudal splint Crus
lateral splint
Forearm
caudal & lateral splint to
above the shoulder . oyt
Mid-hindlimb

plantar and lateral splint

Mid-forelimb

Distal hindlimb

plantar splint

Distal forelimb
dorsal splint

Fig. 3. General regions to guide splint placement.

of the palmar soft tissue structures. The goal of splinting is to align the bony column,
and protect the palmar soft tissues in the fetlock and pastern. This can be accom-
plished by applying a splint on the dorsal aspect of the limb (Fig. 4). The splint should
incorporate the entire foot and should extend to the proximal aspect of the meta-
carpus. Due to the relative frequency of fractures in these locations there are several
commercially available splints designed for these injuries. Most widely used of these is
the Kimzey Leg Saver Splint.? This splint provides a dorsal splint secured with reus-
able straps and lifts the heel to align the bony column (Fig. 5). This splint is easy to

Fig. 4. Dorsal splint application to align the boney column. (4) Splint of metal and cast ma-
terial placed on dorsal aspect of limb with the toe incorporated in the bandage to prevent
dorsal migration of the splint. (B) Lateral projection of the bony column with dorsal splint in
place. (C) Dorsal palmar projection of the bony column with dorsal splint in place.

@ Kimzey Welding, Woodland, California.
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Fig. 5. Kimzey Leg Saver splint application to align the boney column (A). Lateral and dor-
somedial projections of the distal limb illustrating alignment of the bony column and the
ability to assess integrity of the proximal and middle phalanx with the splint in place (B, C).

apply under emergency conditions and is very effective for stabilizing the injuries listed
above. One weakness of the Kimzey splint compared with other splint configurations
is the lack of medial lateral support as the Velcro straps may loosen with load.
Increased support can be achieved with this splint by bolstering the straps with
duct tape.

MID-FORELIMB FRACTURES

Mid-forelimb fractures include fractures of the diaphysis or proximal epiphysis of the
third metacarpal bone, carpal bone fractures and distal radial fractures. Carpal luxa-
tions, although not true fractures, represent a similar mechanical situation and can
be grouped with carpal fractures for the purpose of splinting. When horses attempt
to bear weight on complete mid-forelimb fractures the distal portion of the limb can
deviate in 4 directions: cranial, caudal, lateral, or medial. The multiple planes of motion
involved and limited soft tissue coverage overlying these areas make the fracture site
vulnerable to trauma and increases the risk of bone fragments penetrating the skin
(Fig. 6). This is especially true for metacarpal bone fractures.

The main goal of splinting is to realign the bony column, and prevent deviation of the
distal limb. The main forces that will cause damage at the fracture site in these loca-
tions are bending forces in the craniocaudal, and lateromedial directions, and axial
compression. If the bony column is aligned, the limb will have increased resistance
to axial compression, which will allow the horse to bear some degree of weight on
the fractured limb. Stabilization of mid-forelimb instability is best accomplished by
applying 2 splints placed at right angles. A caudal splint placed from the ground to
the most proximal aspect of the olecranon will prevent deviation of the limb in the cra-
niocaudal direction. A lateral splint, placed from the ground to the elbow, will prevent
limb deviation in the mediolateral direction (Fig. 7). In cases with transverse fracture,
alignment of the boney column to achieve bone-on-bone contact of the proximal and
distal segments of the fracture greatly enhances stability and patient comfort.

FOREARM FRACTURES

Radial fractures consisting of complete fractures from the proximal metaphasis to the
distal diaphysis make up the forearm fracture category. Due to the ulna’s role in triceps



Fracture Stabilization and Management in the Field

Fig. 6. This is an example of a mid-forelimb fracture and a candidate for a caudal and lateral
splint. This comminuted distal radial fracture has trauma to the skin and soft tissues medially
and laterally at the fracture site (black arrow, A, C). The distal fragment is displaced proxi-
mally and cranially. There is evidence of luxation at the antebrachial carpal joint (B, D).

function, ulnar fractures are more mechanically similar to fractures of the humerus and
scapula than radial fractures and will be discussed in the proximal limb section. The
main forces that should be addressed in unstable radial fractures are craniocaudal
bending, lateromedial bending, and axial compression. This is best observed when

Fig. 7. Lateral and caudal splints placed to the level of the elbow is appropriate for a mid-
forelimb fracture (A). These splints should be further secured with a large amount of duct
tape to prevent rotation about the limb. The lateral splint (B) secured to the bandage
(blue arrow) with nonelastic tape prevents medial lateral movement (wide white arrow)
at the fracture site and reduces the risk of sharp bone ends (thin white arrow) traumatizing
the surrounding soft tissues. The caudal splint reduces the risk of cranial caudal displace-
ment in a similar fashion.
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horses attempt to bear weight, and the distal portion of the limb can deviate cranially,
caudally, laterally and/or medially. The musculature of the forearm helps protect the
soft tissues and skin during cranial, caudal and medial deviation of the distal limb.
However, when the limb deviates laterally the lack of musculature on the medial
aspect of the radius can lead to more serious soft tissue trauma as this is the location
of the main neurovascular supply to the distal limb including the median artery, vein,
and nerve. If the distal portion of the limb deviates laterally, sharp bone ends can
lacerate the medial skin and neurovascular structures. Compromise of the skin leads
to open fracture prone to infection and significant trauma to the neurovascular supply
compromises future viability and function of the distal limb. These complications often
ultimately result in humane destruction of the horse.

The goal of splinting in this region is to realign the bony column, and prevent devi-
ation of the distal limb with a particular focus of preventing lateral deviation. Alignment
of the bony column will improve resistance to axial compression, and will allow the
horse to bear some degree of weight on the fractured limb. As in the mid-forelimb, sta-
bility is best accomplished by applying 2 splints placed at right angles (Fig. 8). A
caudal splint identical to that used for mid-forelimb fractures, placed from the ground
to the most proximal aspect of the olecranon, will prevent deviation of the limb in the
craniocaudal direction. However, the lateral splint recommended for mid-forelimb
fractures which extends to the level of the elbow is inappropriate for radial fractures.
For radial fractures, the lateral splint should extend from the ground to above the
shoulder to prevent limb deviation in the mediolateral direction. If the lateral splint is
not placed above the shoulder, it will act as a lever arm and increase soft tissue trauma
at the fracture site. The lateral splint, placed above the shoulder, effectively prevents

Fig. 8. A splint placed from the ground to the top of the olecranon on the caudal aspect of
the limb fixes the carpus and achieves stability for horses with a loss of triceps function asso-
ciated with radial nerve damage or olecranon fractures (A). This splint type can also be used
in cases with humeral or distal scapular fractures as fixing the carpus can reestablish limb
alignment, which can increase overall comfort. However, be aware, depending on fracture
type that a caudal splint may increase risk of neurovascular trauma at the fracture site.
Splinting scapular or humeral fractures should be assessed on a case by case basis. A long
lateral splint extending above the shoulder is appropriate for radial fractures and reduces
the risk of the fracture ends traumatizing the vulnerable medial soft tissues (B). The upper
portion of the splint should be secured to the trunk with a Figure 8 pattern to stabilize the
upper portion of the splint as illustrated (C, D). A Caudal splint applied together with a long
lateral splint is appropriate for radial fractures involving the metaphyseal or distal diaphysis
regions (A, B). A caudal splint can increase stability but should be assessed on a case by case
basis in radial fractures.
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lateral deviation of the distal limb. Attaching the proximal portion of the splint to the
shoulders should be accomplished with elastic bandage material in a figure-of-8
pattern as in Fig. 8C.

PROXIMAL FORELIMB FRACTURES

Proximal forelimb fractures include fractures of the ulna, humerus, or distal scapula.
Similar splinting principals also apply to radial nerve paralysis. All of these conditions
result in a loss of triceps function. Without triceps function, horses cannot straighten
the limb and fix their carpus and therefore cannot bear any weight. Horses become
extremely stressed and anxious, which is exacerbated by transportation where horses
must balance on 3 legs during the entire trailer ride.

The main goal of splinting for proximal forelimb fractures is to mimic the triceps
apparatus by fixing the carpus. Aligning the bony column is best achieved by applying
one splint, extending from the ground to the elbow, on the caudal aspect of the limb
(see Fig. 8A). Reestablishment of triceps function by placing a caudal splint is
extremely effective in cases of olecranon fracture or radial nerve paralysis as it allows
full weight bearing through an intact boney column. This translates to less stress and
anxiety, as well as protecting the contralateral limb from excessive weight bearing and
will make the patient a better candidate for fracture treatment.

In cases with complete humoral or scapular fractures, applying a caudal splint to
reestablish triceps function may allow some weight-bearing, but has the potential to
increase neurovascular and muscle trauma at the fracture site. This is especially a
concern for the radial and suprascapular nerves in fractures of the humerus and scap-
ula respectively. Depending on fracture configuration, placing a caudal splint may
allow the surrounding musculature to provide sufficient support to allow the horse
to bear some weight, which may improve patient comfort. In adult horses, it is worth
applying a caudal splint to evaluate patient comfort. Ifimproved, then the horse can be
managed with the splint. If the horse is not improved or more uncomfortable then the
patient is best managed without a caudal splint. For foals, splinting humeral and or
scapular fractures is not recommended.

DISTAL HINDLIMB FRACTURES

Distal hindlimb fractures include phalangeal fractures, sesamoid fractures, and
condylar fractures of the distal metatarsus. Similar splinting strategies will apply to
horses with disruption of the soft tissue structures the suspensory apparatus in the
absence of a fracture. Once there is loss of a bony strut or suspensory apparatus,
the limb will collapse and compress the plantar soft tissue structures. The goals of
splinting are to align the bony column, and protect the plantar soft tissues in the fetlock
and pastern form excessive compression, as in the forelimb. In the hindlimb, this can
best be accomplished by applying a splint on the plantar aspect of the limb (Fig. 9A,
B). The splint should incorporate the entire foot and should extend to the proximal
aspect of the cannon bone. The Kimzey Leg Saver, designed for stabilizing distal
limb fractures, can be easily applied and is very effective for stabilizing injuries in
the distal hindlimb (Fig. 9C, D). It is important that any splint applied maintain the
bony column in alignment with the toe pointed distally (see Fig. 9B, C).

MID-HINDLIMB FRACTURES

Mid-hindlimb fractures include fractures of the diaphysis or proximal epiphysis of the
third metatarsal bone and tarsal bone fractures. Tarsal luxations, although not true
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Fig. 9. Plantar splint applied to the distal hindlimb is appropriate for distal limb fractures
(A). An effective plantar splint will align the boney column as illustrated in this lateral radio-
graphic projection (B). This is accomplished by incorporating the hoof and extending the
splint to the proximal metatarsus. Alternatively, distal hindlimb fractures can also be stabi-
lized with commercial splints such as the Kimzey leg saver splint pictured here applied to a
hindlimb over a modified Robert Jones bandage (C, D).

fractures, will follow similar splinting principals to tarsal bone fractures. The main
forces that will cause damage at the fracture site in unstable third metatarsal bone
fractures are dorsoplantar and lateromedial bending forces, and axial compression.
When horses attempt to bear weight on mid-hindlimb fractures the distal portion of
the limb can deviate in 4 directions; dorsal, plantar, lateral or medial. There is limited
soft tissue coverage overlying the metatarsus, which makes the fracture site vulner-
able to trauma. In addition to bending and axial compression forces, tarsal fractures
and luxations are also subject to collapsing forces from the reciprocal apparatus.
Each time the limb is flexed or extended the fracture or luxation will collapse in a dor-
soplantar direction.

The main goal of splinting third metatarsal bone fractures is to realign the bony col-
umn, and prevent deviation of the distal limb. In complete tarsal bone fractures or
tarsal luxations, the reciprocal apparatus also requires stabilization. As with mid-
forelimb fractures, splinting is best accomplished by applying 2 splints placed at right
angles. In the hindlimb a caudal splint placed from the ground to the most proximal
aspect of the calcaneus will prevent deviation of the limb in the dorsoplantar direction
(Figs. 10B and 11). The calcaneus provides enough bone proximal to the fracture to
allow rigid splinting of proximal third metatarsal and tarsal bone fractures. A lateral
splint, placed from the ground to the calcaneus, will prevent limb deviation in the
mediolateral direction for third metatarsal fractures (Fig. 10A), but will not give enough
support for tarsal bone fractures or tarsal luxations. A lateral splint bent in the shape of
the hindlimb can be used to extend the splinting device more proximally for fractures
or luxations involving the tarsal bones (Fig. 10C). This will increase rotational and
mediolateral stability for third metatarsal bone fractures, and will counteract the
collapsing forces of the reciprocal apparatus in tarsal bone fractures and tarsal
luxations.

CRUS FRACTURES

Tibial fractures make up the crus fracture category. The main damaging forces for
complete tibial fractures are fracture collapse and mediolateral bending. When the
bony strut of the tibia is lost, the reciprocal apparatus causes collapse of the fracture
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Fig. 10. Caudal and lateral splints that extend to the top of the calcaneus are appropriate
for mid-shaft and proximal metatarsal fractures (A, B, C). Fractures that involve the tarsal
bones will require extension of the lateral splint. This can also be accomplished with pliable
materials bent to follow the shape of the hind limb as pictured in panel (D).

as the horse attempts to use the leg. The sharp bone ends repeatedly traumatize skin,
muscle, and surrounding neurovascular structures every time the limb is flexed or
extended. Eburnation of the bone ends also occurs readily. As with radius fractures
there is minimal soft tissue covering over the medial aspect of the tibia. The cranial,
lateral and caudal musculature of the gaskin region helps protect the fracture site
and skin during cranial, caudal and medial deviation of the distal limb. However if
the distal limb deviates laterally, sharp bone ends can lacerate the medial skin and
neurovascular structures. This increases the risk of an open fracture and subsequent
infection. Trauma to the neurovascular supply to the distal limb can compromise the
chances of repair and lead to humane destruction of the horse.

The goal of splinting is to realign the bony column, prevent fracture collapse, and
lateral deviation of the distal limb. If the bony column is aligned and the reciprocal
apparatus stabilized, the splinted limb will have increased resistance to axial

Fig. 11. Lateral radiographs of the tarsus illustrating that plantar splints extending to the
top of the calcaneus provide additional support through the tarsus for proximal metatarsal
and distal tarsal bone injuries (A). In contrast, the dorsal support of the Kimzey splint is only
appropriate for fractures of the distal metatarsal condyles or distal limb because the splint
ends at the proximal metatarsus (B).
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compression, torsion, and medial lateral bending. Because of the shape of the hin-
dlimb, this is best accomplished by applying one lateral splint extending from the
ground to the hip. In this location, the lateral splint helps prevent fracture collapse
and lateral deviation of the distal limb, and will increase resistance to torsion and axial
compression. If the lateral splint is not secured and extended to the level of the hip, it
will act as a lever arm, increasing soft tissue trauma at the fracture site. It is very impor-
tant to affix the proximal aspect of the splint to the hind quarters with strong elastic
tape to enhance the function of the splint (Fig. 12).

PROXIMAL HINDLIMB FRACTURES

Proximal hindlimb fractures include femoral and pelvic fractures. These fractures
cannot be stabilized with external splinting devices, therefore splinting fractures
located proximal to the stifle is contraindicated. Applying any splinting device below
the fracture will act as lever arm, increasing trauma directly at the fracture site.

FRACTURES OF THE SKULL AND AXIAL SKELETON

Fractures of the skull and axial skeleton present unique challenges compared with
fractures of the limbs. These fractures are not generally amendable to stabilization
with external devices and are often contaminated. They are also often associated
with marked hemorrhage due to the highly vascular nature of these regions. Once
hemorrhage is addressed, the horse should be evaluated for any evidence of neuro-
logic deficits secondary to trauma to the brain, spinal cord, or cranial nerves. In horses
with suspected brain trauma mannitol, diuretics, dimethyl sulfoxide, and corticoste-
roids can be used to manage brain edema in the acute phase.*® Horses with fractures
of affecting the cranial vault or the axial skeleton may present with paraplegia or quad-
riplegia. In these cases transport to a referral facility must be performed recumbent
and is often associated with a grave prognosis.®

Conversely, suspected orbital fractures can be readily assessed with palpation of
the orbital rim under sedation. Follow-up imaging, including radiography and in

Fig. 12. Proximal hindlimbs splints (A) should be secured to the pelvisor shoulder with a figure 8
using nonelastic tape (B). Fixation of the proximal aspect of the splint effectively stabilizes the
limb, which reduces the risk for additional soft tissue and boney trauma at the fracture site.
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some cases advanced imaging is recommended to fully characterize the extent of
these fractures before pursuing repair.” Orbital fractures have a good prognosis
particularly if the globe, nasolacrimal duct, or sinus cavity are not involved. Epistaxis
is often reported in these cases and sinus involvement should be ruled out due to an
increased risk of complications. If sinus involvement is apparent these horses usually
responds well to sinus trephination and lavage.’

Mandibular and maxillary fractures are common. Although assessment with an open
mouth is critical, the practitioner must be careful not to exacerbate the fracture with a
full mouth speculum.® Use of a gag on the unaffected side can be effective in cases in
which the fracture appears unilateral. Thorough evaluation of the involved structures
such as the cranium, eye, sinus, oral cavity, cranial nerves, and central nervous sys-
tem will aid in prognostication and direct ultimate treatment. Rostral maxillary and
mandibular fractures are often amenable to fixation using wires which can be per-
formed in the field or at a referral center. In cases where the clinician is suspicious a
fracture may extend more caudal in the mandible or maxilla, referral for further imaging
including radiographs and possible computed tomography is indicated as these frac-
tures may necessitate a more involved surgical fixation.® In general, in the absence of
central nervous system involvement skull fractures carry a good prognosis even when
open due to the vascularity of the region.

PROGNOSIS AND DECISION MAKING

Once the fracture has been stabilized the equine practitioner can focus on discussing
the decision to pursue treatment. Owners are often emotional and faced with an un-
expected series of decisions, thus the practitioner plays a vital role in communicating
with the owner and consulting with equine surgeons who have expertise in fracture
management. When determining if a patient is a candidate for treatment, factors
such as overall patient health and condition, patient size, financial constraints, and
the fracture itself should be considered.

The fracture location, configuration, degree of comminution, degree of contamina-
tion, and regional soft tissue damage influence prognosis. In general, a small horse
(200-350 kg) with a closed, simple fracture of the distal limb, that is in good physical
condition, and has an excellent temperament, has the best overall chance for survival.
Large horses, with highly comminuted open fractures of the proximal limb have poor
to grave prognoses for survival. Horses that have lost blood supply to the limb are not
candidates for fracture repair. The prognosis for a specific fracture is best determined
by consulting with regional surgical specialists that would be receiving the referral.
Reaching out to a regional referral facility early in the process of treating these cases
will aid in setting appropriate client expectations and optimizing patient care.

Discussing expectations and financial limitations with the owner before referral
plays a vital role in ensuring patient welfare is protected and the horses are not trans-
ported for long distances with unrealistic treatment goals. Although there are many
factors to consider for each patient, finances are a major influencing factor. The
cost for internal fixation and fracture repair varies widely based on the local economics
and the fracture itself. However, costs often range from $10,000 to $15,000 and in
cases with complications can easily exceed $20,000 without guarantees of survival.
Keeping this in mind if there is any doubt about the fracture’s prognosis or the owner’s
wishes referral to a facility equipped to provide additional diagnostics and with surgi-
cal and anesthetic support can aid in the decision process. Ultimately, referral for
additional information gathering can provide a valuable service to owners and the
larger equine community.
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Box 3
checklist for fracture management in the field

e Hemodynamic stabilization (fluid support if needed)
e Wound care and assessment
e Fracture stabilization

e Fracture assessment

Consultation with local specialists if considering referral

Tetanus prophylaxis

Antimicrobial coverage as appropriate for fracture type

e Appropriate trailer for transportation if indicated with ramp or small step

TRANSPORTATION

Transportation is extremely stressful for horses with an unstable limb. Even with an
appropriate splinting device, they must still balance most of their weight on 3 legs.
Anything that can be done to improve transportation of the fracture patient will in-
crease the chances for a successful outcome. If available, horses should be trans-
ported in a specialized trailer containing a sling. The sling allows the patient to rest
intermittently if desired and will prevent the horse from falling down. However, in
most cases a specialized trailer cannot be obtained. Therefore, a large trailer that
has movable partitions, is low to the ground or has a ramp is the best choice. Horses
require a lot of room to load and unload, but need a firm wall to lean on during trans-
portation.® Loading seems to be less traumatic than unloading, but under both circum-
stances, horse will require assistance.

Having a step trailer that is low to the ground or a trailer with a ramp will greatly facil-
itate loading and unloading the fracture patient. With both forelimb and hindlimb frac-
tures, horses should be loaded forward. During transportation, horses with forelimb
fractures should be positioned facing backward in the trailer. It is much easier for
them to support their weight if there is need to make a sudden stop. For similar rea-
sons, horses with hindlimb fractures should be transported facing forward. When
unloading, horses with forelimb fractures should be unloaded backward, and horses
with hindlimb fractures should be unloaded forward. A large trailer with movable par-
titions will facilitate changing a horse from facing forward to backward throughout the
transportation process.

SUMMARY

Fracture stabilization in the field is a critical part of fracture management and treatment.
Successful fracture repair begins with assessment of the fracture and the horses overall
health in the field. Timely treatment of wounds, assessment of hydration status, and
fracture stabilization are critical. Application of an appropriate splint will minimizes
damaging forces and avoid creating a lever arm at the fracture site that risks causing
additional tissue damage. Stabilizing the patient by addressing the fracture and sys-
temic health allows time for the owner and clinicians to assess the fracture and make
informed treatment decisions. These steps are summarized for in a checklist for fracture
management in the field (Box 3). A stable patient will improve the health of the patient
during transport and increase the opportunities for successful fracture repair.
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CLINICS CARE POINTS

Fracture stabilization in the field is critical to potential future repair
Addressing systemic condition of the patient will ultimately improve outcomes

Splints are invaluable but are contraindicated in some proximal limb fracture due to the
potential to cause additional injury

Radiographs obtained after splinting are often sufficient for initial assessment and referral

DISCLOSURE

The authors have no conflicts of interest to report.

REFERENCES

1.

Magdesian KG. Replacement fluids therapy in horses. In: Langdon C,
Magdesian KG, editors. Equine fluid therapy. Ames, lowa: John Wiley & Sons,
Inc; 2015. p. 161-74. https://doi.org/10.1002/9781118928189.ch12.

Curtiss AL, Stefanovski D, Richardson DW. Surgical site infection associated with
equine orthopedic internal fixation: 1565 cases (2008-2016). Vet Surg 2019;48(5):
685-98.

Davison EJ, Orsini JA. Musculoskeletal system. In: Orsini JA, Divers TJ, editors.
Equine emergencies treatments and procedures. 4th ediition. St Louis, MO: Elsev-
ier Inc.; 2014. p. 155-70. https://doi.org/10.1016/B978-1-4557-0892-5.00021-0.
Mudge MC, Bramlage LR. Field fracture management. Vet Clin North Am Equine
Pract 2007;23(1):117-33. Available at: http://www.sciencedirect.com/science/
article/pii/S0749073906000897.

Bramlage LR. First aid and transportation of equine fracture patients. In: Equine
fracture repair. Wiley Online Books; 2019. p. 83-90. https://doi.org/10.1002/
9781119108757.cheé.

Tremaine H. Management of skull fractures in the horse. In Pract 2004;26(4):214
LP-22 LP. Available at: http://inpractice.bmj.com/content/26/4/214.abstract.
Gerding JC, Clode A, Gilger BC, et al. Equine orbital fractures: A review of 18
cases (2006-2013). Vet Ophthalmol 2014;17(SUPPL. 1):97-106.

Ramzan PHL. Management of rostral mandibular fractures in the young horse.
Equine Vet Educ 2008;20(2):107-12.

309


https://doi.org/10.1002/9781118928189.ch12
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref2
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref2
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref2
https://doi.org/10.1016/B978-1-4557-0892-5.00021-0
http://www.sciencedirect.com/science/article/pii/S0749073906000897
http://www.sciencedirect.com/science/article/pii/S0749073906000897
https://doi.org/10.1002/9781119108757.ch6
https://doi.org/10.1002/9781119108757.ch6
http://inpractice.bmj.com/content/26/4/214.abstract
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref7
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref7
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref8
http://refhub.elsevier.com/S0749-0739(21)00024-9/sref8

	Fracture Stabilization and Management in the Field
	Key points
	Introduction
	Stocking the truck
	Initial assessment
	Emergency first aid
	Fracture assessment
	Wound care
	Stabilizing the fracture
	Splint selection
	Distal forelimb fractures
	Mid-forelimb fractures
	Forearm fractures
	Proximal forelimb fractures
	Distal hindlimb fractures
	Mid-hindlimb fractures
	Crus fractures
	Proximal hindlimb fractures
	Fractures of the skull and axial skeleton
	Prognosis and decision making
	Transportation
	Summary
	Clinics care points
	References


