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Abstract

Case summary A 4-month-old castrated male Birman kitten (2.2kg) presented with a recent history of non-
weightbearing lameness in the right hindlimb after blunt trauma. Significant orthopaedic examination findings
included instability at the right proximal intertarsal joint level. Radiographic abnormalities included a medial slab
fracture of the right calcaneus. Further evaluation with a three-dimensional CT scan revealed a comminuted, intra-
articular calcaneal fracture. Images from three-dimensional CT fracture reconstruction were used for surgical
planning. Partial tarsal arthrodesis was performed using two 1.1 mm Kirschner wires and a 22 G tension band wire.
Additional 24 G cerclage was applied around the distal calcaneus to augment stability. Radiographs at 6 weeks
confirmed bone union, and the implants were removed. Nine months after the accident, the cat was fully active with
no residual lameness as assessed by the owner.

Relevance and novel information Calcaneal fractures in cats are rare and surgically challenging, particularly in
skeletally immature animals. This report documents successful surgical stabilisation of a traumatic, comminuted
calcaneal fracture using CT-guided planning. It highlights the utility of three-dimensional imaging for accurate
fracture classification and surgical planning, particularly in an unusual feline orthopaedic case.
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Introduction

Traumatic calcaneal fractures are rare in cats and man-
agement guidelines are limited.! Falls or road traffic
accidents may cause hindlimb fractures but seldom
involve the calcaneus,? and large-scale feline fracture
studies often omit it.>®> Non-traumatic calcaneal frac-
tures due to osteopathy have been identified in cats but
are uncommon.!

Calcaneal fractures often impair common calcaneal
tendon function and usually require surgical repair to
prevent permanent lameness.® Surgery aims to realign
calcaneal fragments and counteract distraction forces.®”

Repair techniques include tension-band wiring, lag
screws and bone plating.’® Factors such as fracture con-
figuration, concomitant fractures, ligamentous injury
and cost influence decision-making.1011 In immature
cats, potential damage to open physes causing growth
disturbances requires consideration when planning
implant placement.!?

Accurate characterisation of fracture morphology is
therefore essential for determining the optimal surgical
approach.’® Three-dimensional CT provides superior
visualisation of complex fractures and has guided calca-
neal fracture repair in humans.!

This report describes a kitten with a complex calcaneal
fracture where three-dimensional CT imaging was instru-
mental in delineating the fracture configuration, enabling
successful surgical management. The case highlights the
clinical value of advanced imaging techniques in manag-
ing complex feline orthopaedic injuries.

Case description

A 4-month-old castrated male Birman kitten (weighing
2.2kg) was referred after sustaining blunt trauma to the
hindlimbs when a mirror fell on him. He became acutely
non-weightbearing on the right hindlimb (RHL).

The referring veterinarian noted tarsal joint tenderness
and a plantigrade stance. Radiographs demonstrated a
calcaneal medial slab fracture with proximal intertarsal
joint instability (Figure 1). Meloxicam (0.05mg/kg PO)
was administered before transfer.

On presentation, orthopaedic examination confirmed
non-weightbearing grade 3 lameness of the RHL.!> The
right hock was mildly swollen, with no visible skin dam-
age or bruising. Palpation and manipulation of the tarsal
joint evoked a pain response but no crepitus. The kitten
was otherwise healthy.

A CT scan (Brilliance Big Bore RT CT Scanner
16 Slice; Phillips Australia) was performed under seda-
tion with medetomidine (10ug/kg IM) and morphine
(0.2mg/kg IM).

Two-dimensional CT images revealed a complex cal-
caneal fracture (Figure 2). Three-dimensional reconstruc-
tion provided superior delineation of the comminuted
medial slab fracture and intra-articular calcaneoquartal
component (Figures 3 and 4). Dorsal subluxation of the
distal calcaneus was evident at the calcaneoquartal joint.
Fracture lines extended through the calcaneal base both
medially and laterally. Medially, an undisplaced slab
fracture involved the sustentaculum tali anchored to the
talus via talocalcaneal ligaments. Laterally, an incom-
plete fracture extended proximally from the calcaneo-
quartal joint into the plantarolateral calcaneal base. The
calcaneal body was angulated and displaced laterally,
widening the calcaneal sulcus within the sinus tarsi but
the talocalcaneal articulations remained congruent.
Manipulation of the limb under sedation confirmed
proximal intertarsal joint instability.

Surgical stabilisation was performed the following
day. Open reduction and internal fixation were
achieved via a lateral approach.!® With the patient in
sternal recumbency and the RHL extended caudally, a
skin incision was made lateral to the common calca-
neal tendon extending from proximal to the tuber cal-
canei to the fourth tarsal bone (T4). Soft tissues were
reflected to expose the deep calcaneal fascia, which
was incised lateral to the superficial digital flexor mus-
cle and lateral retinaculum, exposing the calcaneus.
The superficial digital flexor tendon (SDFT) was medi-
ally reflected.

The major calcaneal fragments were anatomically
realigned using point-to-point bone-reduction forceps.
Two 1.1 mm X 230 mm stainless steel Kirschner (K)-wires
(IMEX) were inserted normograde through the calcaneal
tuberosity. The lateral K-wire was advanced normo-
grade through the body of the calcaneus and T4 into
metatarsal V. The medial K-wire was placed caudal to
the first, extending through T4 into metatarsal IIL

A figure-of-eight tension-band construct using 22G
cerclage wire (IMEX) was applied and secured with two
tightening twists. The proximal loop was positioned cra-
nially over both K-wires and the distal loop passed
through an osseous tunnel drilled through T4. The
K-wires were bent caudally and cut short.

An additional 24 G cerclage wire was passed obliquely
around the calcaneal body from the dorsodistal to mid-
plantar calcaneus, maintaining reduction of the calcaneal
body to the medial fragment and resisting rotational and
shear forces (Figure 5).

The wound was closed in three layers with 4-0 poli-
glecaprone 25 (Monocryl Ethicon) in simple continuous,
continuous subcutaneous and intradermal patterns. No
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Figure 1 Preoperative radiographs of the right tarsus: (a) dorsoplantar view and (b) mediolateral view with the hock
stressed in dorsiflexion. There is soft tissue swelling around the hock. (a) The calcaneal body shows lateral deviation with
an oblique medial slab fracture from the region of the calcaneoquartal joint to the mid-body, proximal to the sustentaculum
tali. (b) Dorsiflexion at the proximal intertarsal joint (arrow) indicates plantar-ligament disruption and a possible intra-articular
calcaneoquartal joint fracture. The radiolucent calcaneal physis is normal for a 4-month-old kitten

Figure 2 Two-dimensional CT images of the right tarsal joint. (a) Sagittal views show fracture lines through the calcaneal
body. (b) Coronal views show lateral displacement of the main calcaneal body and inclusion of the sustentaculum tali in
the medial fragment, which remains aligned with the talus. (c) Axial views confirm lateral translation of the calcaneal body
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Figure 3 Three-dimensional CT reconstructions of the
right calcaneal fracture: (a) plantar and (b) plantar-oblique
views. A comminuted intra-articular fracture is seen at the
calcaneoquartal joint. The main calcaneal body is deviated
laterally by unopposed traction of the common calcaneal
tendon and associated ligaments. The medial slab fracture
incorporates the sustentaculum tali

perioperative antibiotics were administered. A soft pad-
ded bandage (removed after 5 days) and Elizabethan
collar were applied. Postoperative analgesia included
meloxicam (0.1 mg/kg SC, then 0.05mg/kg PO q24h for
3 days).

The kitten was discharged 2 days postoperatively
with instructions for 4 weeks of crate confinement, then
2 weeks indoors and Elizabethan collar for 6 weeks pro-
phylactically in case of implant irritation triggering
self-trauma.

At the 6-week follow-up, the incision was well
healed and both tarsal joints were stable on manipula-
tion. Right hock dorsiflexion was 25° less than the left
hock (40° and 15°, respectively). There was a mild
lameness of the RHL that resolved after several steps.
These findings were attributed to transient joint stiff-
ness from reduced activity. Radiographs under general
anaesthesia confirmed calcaneoquartal joint congru-
ency, correct calcaneal alignment and bridging callus
formation (Figure 6).

While the cat was anaesthetised, the K-wires and
tension-band wire knots were removed via two small
incisions: one over the calcaneal tubercle for K-wire
removal, and laterally over the calcaneal body to access
the tension-band knots. The cerclage twists were
gripped low down with wire twisters and further

Figure 4 Three-dimensional CT reconstructions of the right calcaneal fracture: (a) medial, (b) lateral and (c) dorsal views.

(a) The medial slab fracture is undisplaced, with intact anterior and middle talocalcaneal joints (facies articularis talaris media
and distalis). (b) The fracture extends into the proximal talocalcaneal articulation (facies articularis talaris dorsalis) but joint
congruency is preserved. (c) The calcaneal sulcus is widened within the sinus tarsi; the calcaneal body is displaced laterally
with dorsal subluxation at the facies articularis cuboidae and an intra-articular calcaneoquartal fracture
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Figure 5 Immediate postoperative (a) dorsoplantar and

(b) mediolateral radiographs of the right tarsus after
calcaneal fracture repair. Kirschner (K)-wires extend from the
calcaneal tuberosity, through the calcaneal body, fourth tarsal
bone and the proximal ends of metatarsals V and Ill. The
calcaneoquartal joint is now congruent. The calcaneal body
has been realigned with the medial fragment. The proximal
ends of the K-wires are bent caudally. The plantar figure-of-
eight tension band wire and additional oblique cerclage wire
around the distal to mid calcaneus, running dorso-distal to
plantar-medial, can be seen

twisted until they broke off flush with the underlying
bone and were removed. The remaining wire was left in
situ. The skin was closed with 2-0 polydioxanone (PDS
Ethicon) in a simple interrupted pattern. Lidocaine
(0.5ml SC) was administered locally and meloxicam
(0.05mg/kg PO qg24h for 6 days) prescribed for postop-
erative analgesia. An Elizabethan collar was maintained
until skin suture removal at 14 days, with restricted
activity for 2 weeks.

Nine months after the accident, the owner, contacted
by telephone, reported the cat was fully active with no
lameness.

Discussion

This case describes the successful surgical management of a
traumatic calcaneal fracture in a skeletally immature young
cat, planned using three-dimensional CT reconstruction.

In humans, calcaneal fractures represent approxi-
mately 1% of all fractures,'” typically from feet-first falls.
Cats that fall from heights tend to land with flexed limbs
or horizontally.!® High-rise syndrome (HRS) describes

the typical injury pattern in cats after falling two or more
storeys. Although hindlimb long bone fractures are com-
mon in HRS, tarsal fractures are rare, often involving the
talus!20 or an unspecified tarsal bone.?!-?* In the largest
published HRS study, 977 cases revealed 50 unspecified
tarsal fractures and 19 tarsal dislocations, only one of
which involved a calcaneal articulation.?*

In small animals, calcaneal fractures are often stress-
related and may be classified as fatigue or insufficiency
types.? Fatigue fractures predominate in racing Grey-
hounds from repetitive tarsal loading,'? whereas insuf-
ficiency-type fractures have been attributed to trauma
of unknown origin.! In cats with patellar fracture and
dental anomaly syndrome (PADS), approximately 5% of
non-patellar fractures involve the calcaneus.?”

Despite the atypical signalment in this case, it was
considered important to exclude an early presentation
of PADS,?8 which would have influenced owner coun-
selling regarding the risks of further fractures.?” No
typical PADS features (sclerotic margins, persistent
deciduous teeth) were present. The history and the
comminuted fracture configuration supported a trau-
matic aetiology.

There are diagnostic challenges posed by the complex
anatomy of the tarsus. Although radiographs can dem-
onstrate the presence of a tarsal bone fracture, the sever-
ity may be underestimated?” and superimposed bones
can obscure small fracture lines.33! Additional views or
contralateral comparisons may help® but may not
improve diagnostic sensitivity.3! Such diagnostic limita-
tions can result in inadequate treatment and long-term
morbidity.!3

In this case, radiographs identified a single fracture
line whereas a two-dimensional CT scan revealed com-
minution. Three-dimensional reconstruction enabled
full identification of the fracture configuration and
extent of intra-articular involvement. Such imaging
affords spatial orientation and is recommended for
orthopaedic surgery planning in small animals.3* Most
modern CT units include software for three-dimensional
reconstruction without additional costs or radiation
exposure.!4

Calcaneal fracture repair in cats and non-racing dogs
carries high complication risks due to suboptimal reduc-
tion or implant issues.! Surgical goals include restoring
articular congruency, counteracting common calcaneal
tendon traction and avoiding implant-caused irrita-
tion.101.28 Here, an intra-articular chip at the calcaneo-
quartal joint was not reconstructable; therefore, partial
tarsal arthrodesis was chosen to preserve hock motion
while ensuring stability.3*

Additional complexity arose from the patient’s age.
Physeal damage in skeletally immature cats can cause
growth deformities.? In cats, the physis between the cal-
caneal apophysis and tuber is radiographically visible as
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Figure 6 Six-week postoperative (a) dorsoplantar-oblique, (b) dorsoplantar and (c) mediolateral radiographs of the right
tarsus after calcaneal fracture repair. Soft tissue swelling has resolved. There is no periosteal reaction suggestive of infection.
The position of the Kirschner wires is unchanged, the calcaneal body maintains correct anatomical alignment and the
calcaneoquartal joint articulation remains congruent. Bridging callus formation (arrow) is evident between the calcaneal body
and the medial fragment. The radiolucent line indicating an open calcaneal physis is not seen

a radiolucent line until fusion,'? typically at 30-52 weeks
of age,® but may be influenced by genetic or hormonal
factors.3738 This physis was apparent preoperatively, but
was not visible 6 weeks postoperatively. It is unknown
whether this was due to the radiographic misalignment,
early closure due to surgical trauma or normal physio-
logical variation.”

Bone debridement is usually performed to facilitate
ankylosis.” However, minimal to no debridement in low-
motion joints such as the tarsometatarsal joints has been
demonstrated to still result in bone bridging.?* In this
case, no debridement was performed.

The AO (Arbeitsgemeinschaft fiir Osteosynthesefragen)
principles emphasise anatomical reduction and stable fixa-
tion of articular fractures.'® However, this was prohibited
by the comminuted nature of the fracture. Since the

talocrural joint was unaffected, a partial tarsal arthrodesis
of the calcaneoquartal joint using K-wires and a tension
band wire was performed. The plantar approach allowed
accurate realignment of the calcaneoquartal joint and cal-
caneal fragments, while K-wires provided longitudinal
stability.!® Plate fixation was avoided because of small
bone dimensions and limited screw purchase. Normally,
the proximal ends of the K-wires in this repair are bent cra-
nially flush over the calcaneal tuberosity to reduce irrita-
tion of the SDFT.810 In this case, the wires were bent at a
distance from the bone to avoid compression of the grow-
ing calcaneus; therefore, caudal bending was chosen to
minimise SDFT irritation in this position.

The figure-of-eight tension-band construct counter-
acted tensile forces from the common calcaneal tendon.’
An oblique cerclage wire further stabilised the medial
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and lateral fragments against rotational and shear forces.
Although two cerclages are often recommended,!® the
stability achieved with a single wire was sufficient.

Overall, the combination of detailed three-dimen-
sional imaging, surgical stabilisation and careful postop-
erative management led to a successful medium-term
outcome.

Conclusions

To the authors” knowledge, this is the first reported case
describing successful surgical management of a trau-
matic calcaneal fracture in a kitten using three-dimen-
sional CT-guided planning. This case highlights the
diagnostic value of CT, particularly three-dimensional
reconstruction, in accurately defining fracture morphol-
ogy and guiding optimal surgical strategy. Even in skel-
etally immature patients, this approach can result in
excellent functional outcomes.

Acknowledgements The authors would like to thank the
Massey University Veterinary Teaching Hospital radiol-
ogy team for acquiring and reviewing the three-dimensional
CT images (Nikki Moffat, Theresa Hardisty and Dr Paul
Whiteman) and Vets4Pets New Plymouth for the preoperative
radiographs.

Conflict of interest The authors declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding The authors received no financial support for the
research, authorship, and/or publication of this article.

Ethical approval The work described in this manuscript
involved the use of non-experimental (owned or unowned)
animals. Established internationally recognised high standards
(‘best practice’) of veterinary clinical care for the individual
patient were always followed. Ethical approval from a com-
mittee was therefore not specifically required for publication
in JEMS Open Reports. Although not required, where ethical
approval was still obtained, it is stated in the manuscript.

Informed consent Informed consent (verbal or written)
was obtained from the owner or legal custodian of all animal(s)
described in this work (experimental or non-experimental
animals, including cadavers, tissues and samples) for all
procedures(s) undertaken (prospective or retrospective stud-
ies). For any animals or people individually identifiable within
this publication, informed consent (verbal or written) for their
use in the publication was obtained from the people involved.

ORCID D Lily M van der Merwe
0003-6214-6232

https:/ /orcid.org/0009-

References
1 Perry KL, Adams R], Woods S, et al. Calcaneal fractures
in non-racing dogs and cats: complications, outcome, and
associated risk factors. Vet Surg 2017; 46: 39-51.

2

10

11

12

13

14

15

16

17

18

19

20

Canli R, Catalkaya E, Kanay BE, et al. A retrospective study
on the evaluation of hind limb bone fractures in cats. Int
| Vet Anim Res 2024; 7: 7-11.

Giilaydin A, Sindak N, Akgiil MB, et al. Retrospective anal-
ysis of extremity fractures in cats: 288 cases (2018-2023).
Tiirk Doga ve Fen Dergisi 2024; 13: 148-152.

Abo-Soliman AAM, Ahmed AE and Farghali HAMA.
Incidence of appendicular bone fracture in dogs and
cats: retrospective study at Veterinary Hospital of Cairo
University and some private clinics in Egypt. Worlds Vet
J 2020; 10: 638-652.

Keosengthong A, Kampa N, Jitpean S, et al. Incidence and
classification of bone fracture in dogs and cats: a retrospec-
tive study at veterinary teaching hospital, Khon Kaen Uni-
versity, Thailand (2013-2016). Vet Integr Sci 2019; 17: 127-139.
Kulendra E and Arthurs G. Management and treatment of
feline tarsal injuries. In Pract 2014; 36: 119-132.
Carmichael S, Marshall W, Tobias K, et al. Veterinary sur-
gery: small animal. Elsevier, 2012.

Scott H, Marti JM and Witte P. Tibia, fibula and hock. In:
Scott H, Marti JM and Witte P (eds). Feline orthopaedics.
2nd ed. CRC Press Books, 2021, pp 220-228.

Piermattei DL, Flo GL and DeCamp CE. Fractures and
other orthopedic injuries of the tarsus, metatarsus, and
phalanges. In: DeCamp CE, Johnston SA, Dejardin LM,
et al. (eds). Brinker, Piermattei and Flo’s handbook of small
animal orthopedics and fracture repair. 5th ed. Elsevier,
2015, pp 707-758.

Dee J. Fractures of the tarsus. In: Johnson AL, Houlton JEF
and Vannini R (eds). AO principles of fracture management
in the dog and cat. AO Publishing, 2005, pp 349-357.

Ost PC, Dee JF, Dee LG, et al. Fractures of the calcaneus in
racing Greyhounds. Vet Surg 1987; 16: 53-59.

Rubinos C and Meeson RL. Traumatic physeal fractures
in cats: a review of 36 cases (2010-2020). ] Feline Med Surg
2022; 24: 98-106.

Perry KL. Tarsal fractures: part 1. Companion Anim 2020; 25:
31-36.

Halai M, Hester T and Buckley RE. Does 3D CT recon-
struction help the surgeon to preoperatively assess cal-
caneal fractures? Foot (Edinb) 2020; 43. DOI:10.1016/j.
foot.2019.101659.

Voss K, Langley-Hobbs S and Montavon PM. Tarsal joint.
In: Montavon PM, Voss K and Langley-Hobbs SJ (eds).
Feline orthopedic surgery and musculoskeletal disease.
Saunders/Elsevier, 2009, pp 507-525.

Johnson AL, Houlton JEF and Vannini R. Introduction —
AO philosophy and principles. In: Johnson AL, Houlton
JEF and Vannini R (eds). AO principles of fracture manage-
ment in the dog and cat. AO Publishing, 2006, pp xvii—xviii.
Court-Brown CM and Caesar B. Epidemiology of adult
fractures: a review. Injury 2006; 37: 691-697.

Lefman S and Prittie JE. High-rise syndrome in cats and
dogs. ] Vet Emerg Crit Care (San Antonio) 2022; 32: 571-581.
Vnuk D, Pirkic B, Maticic D, et al. Feline high-rise syndrome:
119 cases (1998-2001). ] Feline Med Surg 2004; 6: 305-312.
Catalkaya E, Altan S, Erséz Kanay B, et al. Clinical and
etiologically evaluation of cats with high-rise syndrome:
assessment of 72 cases (a retrospective study). Mehmet Akif
Ersoy Univ Vet Fakiiltesi Derg 2022; 7: 20-25.


https://orcid.org/0009-0003-6214-6232
https://orcid.org/0009-0003-6214-6232

Journal of Feline Medicine and Surgery Open Reports

21

22

23

24

25

26

27

28

29

30

Karabagli M, Mutlu Z, Kaya DA, et al. A retrospective ana-
lysis of high rise syndrome in cats in Istanbul: 160 cases
(2016-2017). Pak Vet | 2024; 44: 727-732.

Papazoglou L, Galatos AD, Patsikas MN, et al. High-rise
syndorme in cats: 207 cases (1988-1998). Aust Vet Pract
2001; 31: 98-102.

Merbl Y, Milgram ], Moed, et al. Epidemiological, clinical
and hematological findings in feline high rise syndrome
in Israel: a retrospective case-controlled study of 107 cats.
Isr ] Vet Med 2013; 68: 28-37.

Candela Andrade M, Slunsky P, Nerlich A, et al. High-rise
syndrome in cats (part 2): injury patterns and survival rate.
] Feline Med Surg 2025; 27. DOI: 10.1177 /1098612X251334096.
Daffner RH and Pavlov H. Stress fractures: current con-
cepts. AJR Am | Roentgenol 1992; 159: 245-252.

Gannon JR. Stress fractures in the Greyhound. Aust Vet
] 1972; 48: 244-250.

Reyes NA, Longley M, Bailey S, et al. Incidence and types
of preceding and subsequent fractures in cats with patel-
lar fracture and dental anomaly syndrome. | Feline Med
Surg 2019; 21: 750-764.

Perry KL. Tarsal fractures: part 2. Companion Anim 2020; 25:
1-8.

Hercock CA, Innes JF, McConnell F, et al. Observer vari-
ation in the evaluation and classification of severe central
tarsal bone fractures in racing Greyhounds. Vet Comp
Orthop Traumatol 2011; 24: 215-222.

Gielen I, van Bree H, Van Ryssen B, et al. Radiographic,
computed tomographic and arthroscopic findings in 23

31

32

33

34

35

36

37

38

39

dogs with osteochondrosis of the tarsocrural joint. Vet Rec
2002; 150: 442447

Butler D, Nemanic S and Warnock JJ. Comparison of radi-
ography and computed tomography to evaluate fractures
of the canine tarsus. Vet Radiol Ultrasound 2018; 59: 43-53.
Mahoney P. Musculoskeletal imaging in the cat: what's
normal? What's abnormal? | Feline Med Surg 2012; 14:
13-22.

Gielen I, Van Caelenberg A and van Bree P. Clinical appli-
cations of computed tomography and magnetic resonance
imaging in small animals. Eur | Companion Anim Pract
2012; 22: 84-103.

Perry KL. How I treat calcaneal fractures. Proceedings of
the 18th Annual European Society of Veterinary Ortho-
paedics and Traumatology; 2016; London, UK.

Perry K and Woods S. Fracture management in growing
animals. Companion Anim 2018; 23: 120-129.

Smith RN. Fusion of ossification centres in the cat. ] Small
Anim Pract 1969; 10: 523-530.

Perry KL, Fordham A and Arthurs GI. Effect of neutering
and breed on femoral and tibial physeal closure times in
male and female domestic cats. | Feline Med Surg 2014; 16:
149-156.

Miranda FG, Souza IP, Viegas FM, et al. Radiographic
study of the development of the pelvis and hip and the
femorotibial joints in domestic cats. | Feline Med Surg 2020;
22: 476-483.

Longo F, Castelli E, Lewis DD, et al. Minimally invasive
tarsal arthrodesis in 15 dogs. Vet Surg 2025; 54: 129-140.



