£

Mm;)i'qu

W

KEPOKTERAN HEWAN

MEDIA KEDOKTERAN HEWAN VOL 36(3)

https:/ /e-journal.unair.ac.id/MKH

ISSN Online: 2775-975X pISSN : 0215-8930

Surgical Management of Comminuted Distal Femoral Fracture Using
Intramedullary Pin in a Cat

Cindy Ercha Aulia Putri'®, Aldin Akbar Rahmatullah'?'®, Mohammad Auzaie Afandi3®,
Muhammad Al-Syafiq bin Abdul Halim3

Corresponding email: aldin.akbar01@yahoo.com

1Faculty of Medicine and Health Sciences,
Universitas Lambung Mangkurat,
Banjarmasin

2Veterinarian, AAR Vet Clinic, Banjarbaru
3Faculty of Veterinary Medicine, Universiti
Malaysia Kelantan

Received: May 19th, 2025
Accepted: June 15th, 2025

Published: September 10t, 2025

329

Abstract

A 3-year-old male domestic short-haired cat, weighing 3.8 kg,
was presented with lameness, swelling in the left hind limb
groin area, and pain upon palpation. Radiographic
examination confirmed a comminuted fracture in the
diaphysis of the left femur. This case report aims to document
the diagnostic approach and surgical management using an
intramedullary pin technique. Surgical intervention was
performed to restore the anatomical alignment of the fracture
fragments. The procedure involved open reduction and
internal fixation using an intramedullary pin. Post-operative
medication included tramadol (1 mg/kg BW) for analgesia,
ceftriaxone (25 mg/kg BW) as antibiotic therapy, and
dexamethasone (2 mg/kg BW) for anti-inflammatory effects.
Femoral fractures account for 20-26% of fractures in cats, with
various treatment options available including pins and wires,
Rush pins, threaded intramedullary pins, interlocking pins,
clamp rod internal fixators, and plate-rod systems. The
intramedullary pin technique was selected for this case due
to its suitability for comminuted diaphyseal fractures. This
case highlights the efficacy of intramedullary pin fixation as a
viable treatment option for comminuted femoral fractures in
cats when appropriate surgical technique and post-operative
care are implemented.
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Introduction

A fracture is a disruption in the structural
continuity of the bone cortex, often
accompanied by varying degrees of injury to
the surrounding soft tissues. Femoral
fractures are common in cats and dogs
following substantial trauma (Scott et al.,
2022a). These fractures can be categorized as
capital physeal, femoral neck, trochanteric,
subtrochanteric, diaphyseal, supracondylar,
condylar, or distal physeal. Most femoral
fractures are closed fractures due to the thick
musculature surrounding the upper portion
of the bone. However, they may become open
fractures in cases of penetrating injuries such
as gunshot wounds (Sanchez and Perry, 2021).

Secondary bone healing consists of four
stages: hematoma formation,
fibrocartilaginous callus formation, bone
callus formation, and bone remodeling.
Delayed healing can affect up to 10% of all
fractures and may be caused by various
factors, including comminution, infection,
tumors, and disruption of vascular supply.
The femur, one of the long bones, is most
frequently affected by fractures, representing
45% of all long bone fractures. The incidence
rate of femoral fractures in cats ranges from
20-26% (Roberts and Meeson, 2022).

The success rate of fracture management
depends on the severity of the fracture and
the selection of appropriate surgical
techniques. Femoral fractures occur at various
locations. Diaphyseal fractures with closed
presentation are the most common, while
young cats typically experience fractures in
the proximal or distal epiphyseal regions. In
adult cats, fractures generally occur in the
diaphyseal and metaphyseal areas (Zurita and
Craig, 2022).

The Dbasic principle of fracture
management is to restore the anatomical
position of the fractured fragments, either
through closed fixation or open fixation via
surgery (Scott et al., 2022b). Treatment options
for femoral fractures in cats include pins and
wires, Rush pins, threaded intramedullary
pins, interlocking pins, clamp rod internal
fixators, and  plates or  plate-rods.
Intramedullary pins are frequently used and
often combined with external fixation (Beale,
2004). Factors such as fracture healing, the
number of fracture lines, size, and the
patient's activity level must be considered
when selecting appropriate implants (Scott et
al., 2022b).

Important factors in femoral fracture
management include the selection of
appropriate surgical techniques, minimal
dissection, protection of both soft tissue and
bone in the affected area, anatomical or
indirect reduction, adequate stabilization, the
use of suitable materials, and proper post-
operative care (Pozzi et al., 2021). Primary
bone healing occurs through cortical
reconstruction without callus formation when
fractures can be repaired through reduction,
immobilization, and rehabilitation. Secondary
bone healing occurs through callus formation
and subsequent remodeling (Roush, 2005).
This case report aims to elucidate the
diagnostic and therapeutic management of a
comminuted diaphyseal femoral fracture in a
domestic short-haired cat using
intramedullary pin fixation, evaluating its
efficacy and post-operative outcomes to
advance evidence-based approaches in feline
orthopedic surgery.
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Materials and Methods
Signalement, History and Physical
Examination

A 3-year-old male domestic short-haired
cat named Kunting, weighing 3.8 kg, with a
solid black coat as a distinguishing
characteristic (Figure 1). The cat was presented
to WinadiVet on 12 March 2022, with
complaints of lameness, swelling in the left
hind limb groin area, and pain on palpation.
According to the owner, the cat had been
experiencing lameness for approximately one
week before presentation. Physical examination
revealed a body temperature of 38.1°C.
Inspection and palpation of the extremities

showed swelling in the left femoral region of
the caudal extremity. The cat exhibited pain
upon palpation and was unable to bear weight
on the left hindlimb.
Radiographic Examination

Radiographic examination was performed
to confirm the cause of the clinical signs. The
radiographs revealed a fracture in the femoral
area. Based on the radiographic appearance, the
patient was diagnosed with a comminuted
fracture in the diaphyseal region of the left

femur (Figure 1).

Figure 1. Radiograph Image; Ventrodorsal Position, fracture area (blue arrows).

Blood Hematology Examination

A complete blood count was performed
using whole blood collected in purple-topped
tubes containing ethylenediaminetetraacetic acid
(EDTA) as an anticoagulant. The blood
showed elevated

examination results

lymphocyte values (lymphocytosis) (Table 1).

Additionally, there were decreased values of
granulocytes, hemoglobin, hematocrit (HCT),
red cell distribution width coefficient of
variation (RDWCYV), red cell distribution width
standard deviation (RDWSD), and plateletcrit
(PCT) compared to normal reference ranges.
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Table 1. Blood Hematology Examination Result

Items Result Unit Normal Range Notes
WBC l6.4 10"3/L 5.5-19.5
Limfosit 12.8 1073/L 08-7 H
Monosit 0.9 1073/L 0.-19
Granulosit 2.7 10°3/L 2.1-15
Limfosit 78.5 10"9/L 12-45 H
Monosit 53 % 29
Granulosit 16,2 % 35-85 L
RBC 5.01 1076/ uL 4.6-10
Hemoglobin 8.3 g/dL 9.3-15.3 L
MCHC 323 g/dL 30-38
MCH 16.6 Pg 13-21
RDWCV 12.7 % 14-18 L
RDWSD 30.8 fL 35-56 L
HCT 25.8 % 28-49
PLT 29 1073 /uL 100-514
MPV 7.3 fL 5-11.8
PDW 15.6 fL° 10-18
PCT 0.021 % 01-05 L
P-LCR 16.3 % 13-43
A  complete blood count (CBC) was (RDWCV), red cell distribution width standard

performed in this case before surgery for
several critical reasons. Preoperative blood
screening serves as an essential safety measure
to assess the patient's overall health status and
identify any underlying conditions that might
affect anesthesia administration or surgical
outcomes (Ko, 2024). The complete blood count
(CBQ)
abnormalities,

revealed  several = hematological

including lymphocytosis,
count, decreased
(HCT), red

distribution width coefficient of variation

reduced  granulocyte

hemoglobin, hematocrit cell

deviation (RDWSD), and plateletcrit (PCT)
compared to established reference ranges.
These findings provided critical insights into
the patient’s physiological status prior to
surgical management of a femoral fracture.

The observed lymphocytosis likely reflects
an inflammatory or immune response, possibly
triggered by the trauma associated with the
fracture (Schnelle & Barger, 2012). Elevated
lymphocyte counts are commonly associated
with tissue injury, as the body mounts an
immune response to address tissue damage.
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Meanwhile, the decreased hemoglobin and
hematocrit levels indicate mild anemia, which
is noteworthy in the preoperative setting due to
its potential impact on oxygen delivery to
tissues (Bliss, 2016). Fortunately, these
reductions were not severe enough to preclude
surgical intervention, as they did not
significantly compromise the patient’s oxygen-
carrying capacity.

The reduced granulocyte count warrants
consideration, as it may suggest a diminished
capacity to combat infection (Schnelle and
Barger, 2012). However, the degree of reduction
was likely insufficient to justify delaying
surgery, indicating that the patient’'s immune
function remained adequate for the procedure.
Additionally, the alterations in RDWCV and
RDWSD
heterogeneity of red blood cell size, aiding in

provided  insight into  the

the characterization of the anemia (Salvagno et
al., 2015). These parameters suggest variability
in erythrocyte morphology, which may be
associated with the underlying
pathophysiology of the trauma or anemia.

The decreased plateletcrit, indicative of
reduced platelet mass, could theoretically
influence hemostasis (Salvagno et al., 2015).
Nevertheless, since the surgical procedure
proceeded, this parameter was likely within a
range deemed safe for surgery, posing minimal
risk of excessive bleeding. Collectively, these
hematological deviations, while notable, did
not constitute contraindications severe enough
to delay surgical correction of the femoral
fracture.

The surgical team concluded that the
urgency of addressing the fracture outweighed
the risks posed by these mild hematological
abnormalities. The observed changes were
consistent with the expected physiological

response to acute trauma and did not suggest
underlying systemic conditions that would
substantially elevate anesthetic or surgical risks.
These findings underscore the importance of
comprehensive hematological evaluation in
trauma patients to guide clinical decision-
making while balancing the benefits and risks
of timely surgical intervention.
Diagnosis and Prognosis

Based on the signalment, clinical history,
physical examination, radiographic findings,
and hematological evaluation, the cat was
diagnosed with a comminuted fracture in the
diaphyseal region of the left femur. The
prognosis for this case is favorable, contingent
upon the implementation of an appropriate
surgical intervention, meticulous surgical
technique, and effective post-operative care to
ensure optimal recovery and restoration of
function.

Results and Discussion
Premedication and Anesthesia

Before surgery, the «cat received
premedication with  atropine sulfate.
Premedication serves several purposes in
surgical preparation: it calms the animal,
facilitates  handling  during  pre-surgical
procedures such as induction and fluid
administration, reduces basal metabolism to
ease anesthesia maintenance, and requires
lower doses of anesthetic agents, allowing for
faster recovery (Grubb et al., 2020). Surgical
trauma often causes reflex movements, which
can be suppressed with appropriate analgesics.
Atropine sulfate was administered as an
anticholinergic agent to reduce salivary and
bronchial secretions and prevent bradycardia
before anesthesia induction (Maryatmo et al.,
2022). For this case, atropine was administered
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subcutaneously at a dose of 0.02 mg/kg body
weight. This was particularly important
considering that bronchial secretions can
increase during anesthesia and tracheal
intubation.

The surgical procedure was performed
using a combination of ketamine-xylazine
anesthesia with doses of ketamine 10 mg/kg
and xylazine 2 mg/kg administered
intramuscularly. The anesthesia protocol was
selected based on the specific requirements of
the orthopedic procedure. Anesthesia renders
the patient insensitive to pain, keeping the
animal calm and manageable while eliminating
sensibility to pain and suppressing reflexes
related to locomotion and the neurovegetative
system (Maryatmo et al., 2022). Ketamine HCl, a
colorless and stable solution at room
temperature, is valued for its wide safety
margin and potent analgesic effects, which do
not induce drowsiness. In combination with
xylazine, an alpha-2 adrenergic receptor
agonist, ketamine facilitates sedation, analgesia,
and muscle relaxation, establishing optimal
conditions for orthopedic procedures. This
anesthetic regimen ensured sufficient depth
and duration of anesthesia, enabling the
successful execution of intramedullary pin
fixation while preserving stable physiological
parameters throughout the surgical procedure
(Grub et al., 2020).
Surgical Procedure

The patient underwent surgical
management of the comminuted diaphyseal
femoral fracture using the intramedullary pin

technique. The surgical procedure was
performed after the cat reached an appropriate
plane of anesthesia. The cat was positioned in
the left lateral recumbency following hair
removal from the entire thigh region, extending
from the dorsal aspect to the ventral patella and
slightly into the caudal abdominal area. The
surgical site was aseptically prepared using
70% alcohol and povidone-iodine, applied in a
circular motion from the center outward across
both medial and lateral femoral regions. Sterile
drapes were positioned to isolate the surgical
tield.

A 10 cm skin incision was made over the
gluteal region using a surgical blade. The
incision progressed through the cutaneous
layer and continued through the muscular
layers, following muscle fiber orientation to
avoid severing any tendons (Figure 2A). The
skin, subcutaneous fat, and superficial fascia
were retracted until the superficial layer of the
fascia lata became visible.

An incision was made at the cranial border
of the biceps femoris muscles. To access the
fractured bone, the vastus lateralis and rectus
femoris muscles were carefully retracted from
the cranial femur (Figure 2B). Open reduction
was performed to accurately reposition the
fracture fragments.

Following muscle retraction, the fractured
bone surface was fully exposed, allowing clear
visualization of the fracture site (Figure 2C).
The fracture fragments were then meticulously
reduced and aligned to ensure proper
anatomical restoration (Figure 2D).
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2 & P

Figure 2. Surgical procedure: (A) incision of skin and subcutaneous tissues, (B) muscular

A 2.5 mm diameter intramedullary pin
was inserted through the femoral fragments
to achieve alignment and stabilization
(Figure 3A). The pin was measured to the
appropriate femoral length and trimmed

accordingly. Throughout the procedure, the
surgical site was periodically irrigated with
0.9% physiological saline solution to prevent

tissue desiccation (Figure 3B).

Figure 3. Surgical procedure: (A) insertion of 2.5 mm intramedullary pin, (B) result of intramedullary

pin placement
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Before closure, the surgical site was
flushed with penicillin-streptomycin sulfate
antibiotic solution (Figure 4A). The fascia lata
was closed using simple interrupted sutures
with 3-0 polyglactin (Vicryl®) suture material
(Figure 4B). The subcutaneous layer was

similarly closed wusing simple interrupted
sutures with 3-0 polyglactin. The skin was
apposed using simple interrupted sutures
with 3-0 silk (Figure 4C). Finally, a protective

bandage was applied over the surgical site
(Figure 4D).

Figure 4. Surgical prbcedure: (A) application of topical antibiotic, (B) simple interrupted suture pattern

on fascia lata using 3-0 polyglactin (Vicryl®), (C) simple interrupted suture pattern on skin

using 3-0 silk, (D) bandage application

Fractures represent injuries to bone tissue
that cause loss of continuity and balance. They
can result from external trauma (traumatic
fractures) or various diseases (pathological
fractures) (Gaddam, 2024). Femoral fractures in
cats typically occur due to various traumatic

events and can affect the metaphyseal,
diaphyseal, or epiphyseal regions of long bones
(Sanchez and Perry, 2021). During palpation of
femoral fractures, instability, swelling, and pain
response are typically observed. Intramedullary
pins should occupy 70-80% of the bone's
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medullary cavity, and pin selection must
consider the diameter of the medullary canal
and femoral isthmus (Zurita and Craig, 2022).

The basic principle of fracture management
is to restore the anatomical position of the
fracture fragments using either closed or open
fixation through surgery (Pozzi et al., 2021).
Internal fixation devices commonly used in
fracture treatment include intramedullary pins,
plates, screws, and wires. Most femoral
fractures present as closed fractures due to the
thickness of surrounding muscles (Beale, 2004).

Fracture = management follows the
principles of recognition, reduction,
repositioning, and rehabilitation. Recognition
involves identifying the fracture type, location,
and general condition, including wound
severity and the presence of crepitation.
Reduction is the process of returning bone
fragments to their normal anatomical position,
thereby preventing soft tissue from losing
elasticity due to edema and hemorrhage
(Steagall et al., 2022). In this case, open
reduction was selected with internal fixation to
maintain stability.

The success of fracture management
depends on accurate diagnosis and proper
planning. Variables such as the cat's size, age,
fracture type, and associated soft tissue damage
significantly influence the selection of the repair
method. Other factors include the cat's disease
status, owner compliance with post-operative
care, and the cat's temperament and
environment (Langley-Hobbs, 2021).

Intramedullary pins inserted into fractured
femurs create good stability between broken
fragments. Femoral fracture fixation with
intramedullary pinning is an economical and
efficient method that provides good stability
with minimal complications (Scott et al., 2022a).

The diameter of the intramedullary pin must
correspond to the animal's weight to support it
adequately. Larger diameter pins minimize
complications and have lower deflection
potential. Pins that occupy 70-80% of the
femoral medullary canal demonstrate better
recovery compared to pins occupying only 30-
40% (Erwin et al., 2018).

Intramedullary pins provide good balance
for long bones like the femur, resulting in better
fracture healing. They accelerate callus strength
and inhibit muscle atrophy and joint ankylosis
while providing flexibility —for femoral
movement. However, this technique has
limitations in preventing rotation and may shift
if the animal's mobility is not temporarily
restricted (Worth, 2007).

The surgical incision was made along the
cranial border of the caudofemoralis and biceps
femoris muscles to access the fracture
segments. The vastus lateralis and medialis
muscles were retracted from the cranial femur
to access the fractured bone. It is important to
avoid the adductor magnus muscle during
incision as it supplies blood to the femur. Pin
placement began by measuring the appropriate
pin diameter to ensure adequate filling of the
femoral medullary cavity. The pin was inserted
starting from the femoral trochanter using a
drill. Two pins were used —one serving as a
guide while the other was inserted into the
femoral medulla. The pin was placed using a
normograde approach, starting from one end of
the bone.

After inserting the intramedullary pin, the
muscular layer was closed with simple
interrupted sutures wusing 3-0 polyglactin.
Polyglactin is an absorbable suture that takes
sufficient time to be absorbed, allowing the
muscles to unite completely before the suture is
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fully absorbed. Polyglactin sutures are
synthetic and can be absorbed within 56-70
days. They are coated with antibacterial agents,
which cause minimal tissue irritation and
enhance wound healing to some extent
(D’Cunha et al., 2022).

The skin layer was sutured with simple
interrupted sutures using 3-0 silk. Silk suture
was chosen to create strong knots, particularly
important for extremity areas. Silk is a non-
absorbable suture commonly used in wound
ligation due to its excellent knot strength, easy
handling characteristics, and minimal suture
tearing (Kladakis, 2014). Following pin
placement, topical antibiotics were applied to
the surgical site to prevent bacterial
contamination and possible infection. Beta-
lactam antibiotics are particularly effective as
perioperative antibiotics in such cases.

Post Surgery

Following the successful completion of
intramedullary pin fixation for a femoral
fracture, a comprehensive post-operative care
plan was implemented to promote the cat’s
recovery. Immediately post-surgery, tramadol
was administered intravenously at a dosage of
1-2 mg/kg to manage acute pain. Selected for
its centrally acting opioid agonist properties,
tramadol effectively alleviated post-operative
discomfort during the critical initial recovery
phase (Passavanti et al., 2020). Concurrently,
ceftriaxone, a third-generation cephalosporin,
was administered intramuscularly at a dose of
25-50 mg/kg. Its broad-spectrum activity
against gram-positive and gram-negative
bacteria made it a suitable choice for preventing
surgical site infections, despite its less frequent
use in veterinary practice (Sudharsan et al.,
2024).

To mitigate the inflammatory response

associated with surgical trauma,

dexamethasone was administered
intramuscularly at 2 mg/kg. This potent
corticosteroid, approximately 30 times more
effective than cortisol, suppressed
inflammatory mediators and reduced tissue
swelling (Lowe et al., 2008). The cat’s vital signs,
including body temperature, respiration, and
heart rate, were closely monitored in a clean,
dry enclosure with a heat pad to prevent
hypothermia, a common risk following
anesthesia.

Over the subsequent week, the surgical
wound and suture integrity were regularly
evaluated. The treatment regimen shifted to
oral cephalexin at 15 mg/kg twice daily to
continue infection prevention during home
care, ensuring sustained recovery. Cephalexin
is a first-generation cephalosporin that provides
continued antibacterial coverage, particularly
effective against most Gram-positive cocci and
certain Gram-negative bacteria, such as E. colj,
Proteus mirabilis, and Klebsiella pneumoniae.
Cephalexin works by inhibiting bacterial cell
wall synthesis through its beta-lactam ring
structure, thereby preventing the formation of
peptidoglycan, which is necessary for bacterial
cell wall stability (Hardefeldt and Prescott,
2024).

Alongside  the

prednisolone was administered orally at a dose

antibiotic ~ therapy,
of 0.5 mg/kg twice daily. This glucocorticoid
provided ongoing anti-inflammatory effects
and contributed to pain management during
the recovery period. Though less potent than
dexamethasone (approximately one-seventh
the potency), prednisolone is well-suited for
maintenance anti-inflammatory therapy. It is
particularly appropriate for cats despite their
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sometimes reduced ability to convert
prednisone to prednisolone (Khelik et al., 2019).

This multimodal approach to post-
operative  care addressed both  pain
management and infection prevention. The
transition from injectable medications in the
immediate post-surgical period to oral
medications for continued care follows
standard veterinary protocols, providing
comprehensive  support throughout the
recovery process as the patient adapts to the

changing needs of healing.

Conclusion

This case report describes the successful
treatment of a closed comminuted diaphyseal
fracture of the left femur in a 3-year-old male
domestic short-haired cat using intramedullary
pin  fixation. = Radiographic  evaluation
confirmed the fracture, while preoperative
blood analysis indicated minor trauma-related
hematological changes that did not preclude
surgery. The procedure, performed under
ketamine-xylazine anesthesia with atropine
sulfate premedication, utilized an
intramedullary pin occupying 70-80% of the
medullary canal diameter to achieve optimal
stability and promote healing. Post-operative
management involved analgesics, antibiotics,
and anti-inflammatory drugs, with vigilant
monitoring of vital signs and wound condition
for one week. This demonstrates that
intramedullary pin fixation, when paired with
meticulous surgical and post-operative care, is
an effective and cost-efficient approach for

managing feline femoral fractures.
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clearance, as it was based on the medical
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and reporting process.
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