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Introduction

Several diseases affect the hip in small breed dogs and
cats.1–4 These processes include but are not limited to hip
dysplasia leading to osteoarthritis, traumatic luxation of the
hip, capital physeal fractures, comminuted femoral neck or
head fractures, osteoarthritis of the hip joint secondary to
previous trauma or fractures, failure of a previously per-
formed femoral head and neck excisional arthroplasty
(FHO), Legg-Calvé-Perthes disease and, unique to cats,
spontaneous physeal dysplasia with slipped capital femoral
epiphysis.4,5

Some of the above conditions can be medically managed
with non-steroidal anti-inflammatory drugs, and other anal-
gesics, weight optimization to decrease the load resisted by
the joint, chondroprotectants and specific physical rehabili-
tation protocols.5 Surgical procedures are considered when
the patient becomes refractory to medical or conservative
management or in the case of irreparable fractures; themost
used procedure in small-breed dogs and cats is excisional
arthroplasty of the femoral head and neck (FHO).4–6 One
long-term study found significant gait abnormalities in cats
1 year following FHO.5 Another study that included both cats
and dogs evaluated the clinical, radiographic and gait

Keywords

► arthroplasty
► hip disease
► joint replacement
► soft-tissue surgery
► THA in small dogs and

cats

Abstract This report aims to describe implant characteristics and procedure for implantation,
and comment on and report the clinical outcomes in small dogs and cats using the new
Zurich mini cementless total hip system. This study involved 8 cats and 42 dogs, with 3
cats and 6 dogs having bilateral total hip arthroplasties (THA). The mean body weight
for cats was 6.5 kg, and themean body weight for dogs was 9.2 kg. In the group of THAs
in cats, capital physeal fracture was the reason for performing a THA in six cases (60%),
hip dysplasia was the underlying reason in four cases (30%) and hip luxation in one case
(10%). Among the 48 THAs in dogs, hip dysplasia was the underlying cause for
performing THA in 27 cases (56%), avascular necrosis of the femoral head in 12 cases
(25%), traumatic luxation with underlying hip dysplasia in 4 cases (8.5%), capital
physeal fracture in 4 cases (8.5%), and traumatic femoral head fracture in 1 adult dog
(2%). Seven postoperative complications were encountered, and all were solved
without the need for explanting the prosthesis, except in one case because of the
owner’s decision. In conclusion, the Zurichmini cementless total hip system performed
well in this study, with most dogs and cats having an excellent outcome and no patient
being too small for the available implant sizes.
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analysis findings following FHO, revealing functional deficits
in small and large breed dogs and cats of varying magnitude
and frequency.6

Total hip arthroplasty (THA) is now commonly used in
medium and large breed dogs for the previously mentioned
hip conditions affecting the hip with favourable and predict-
able outcomes.7,8 The total hip replacement procedure in
dogs eliminates pain secondary to osteoarthritis, and force
plate analysis demonstrated regular leg use following a THA
procedure.9 There is a limited number of case series involving
THA surgeries in small-breed dogs and cats; all report
favourable outcomes following the THA procedure.1–4 In
these publications involving small-breed dogs and cats, the
Micro and Nano BioMedtrix Cemented total hip systems
were used, and most dogs and cats had excellent outcomes.
The most common postoperative complication encountered
was prosthetic dislocation, femoral fracture and aseptic
loosening.1–3 Several studies evaluating the Zurich Cement-
less Total Hip System (Kyon AG, Zurich CH) in medium to
large breed dogs have demonstrated good to excellent out-
comes.10–14 There are no current reports in the veterinary
literature assessing the use of the sixth-generation Zurich
mini cementless total hip system, which became available in
early 2020 by the same manufacturer. This report aims to
describe implant characteristics and procedure for implan-
tation and to comment on and report the clinical outcomes in
42 small dogs and eight cats using the sixth-generation
Zurich mini cementless total hip system.

Materials and Methods

Zurich Cementless Mini-THR Implants
The Kyon mini-THR stem component implants are like the
standard-size implant system. The modular construct con-
sists of a stem secured to the medial cortex with locking
screws, a neck in different offset lengths, a ceramic head and
an acetabular cup. The stems are manufactured from
Ti6Al7Nb titanium alloy and are available in sizes XS, SN,
S, M, L, and XL (►Fig. 1). ►Fig. 1 shows the stem width and
the number of holes for screws in the stem. The stems
undergo specific surface processing to improve fatigue
strength, followed by plasma coating of Ti and HA (hydroxy-
apatite) coatings on the cranial, medial and caudal surfaces
to enhance early bone ongrowth. The stems have four or five
tapered holes, depending on the length of the stem, which
are directed medially, allowing screw heads to lock into the
stem. The screws differ in diameter and length according to
the stem size.

The neck of the femoral prosthesis is tapered for the
locking attachment of the neck to the head. There is a default
head size for each stem size, as can be seen in ►Fig. 1. The
default head diameter is two times the stemwidth. However,
the cup size needed may not always fit the stem size; the
same stem size will accommodate different head sizes and
consequently different cups. Since the taper at the base of the
neck for coupling to the stem is independent of the taper at
the top of the neck for coupling to the head, several

Fig. 1 Stem sizes and compatibility.
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combinations of stem sizes to head diameters can be
achieved through different necks. To identify the necks
(►Fig. 2), a scheme with labels has been adopted to describe
the possible combinations for each neck. The necks are
marked with an ‘S’ for stem followed by the stem size
(number), then an ‘H’ for the head size followed by the
diameter of the head (number). For example, a neck to be
used for a 4-size stem and an 8mm head is marked as S4H8.
The necks have varying lengths to adjust the offset required
between the stem and the cup. Based on the stem’s size, the
necks’ offset increment varies from 1.1 to 2.5mm, as shown
in►Fig. 2, depending on the stem size, 3 or 4 length necks are
identified as S, M, L, or XL. The necks are produced from
Ti6Al7Nb alloy, and the surface is processed to improve
fatigue strength. The entire Kyon mini-THR chart covering
all stem sizes and the many combinations of caps that can be
used is shown in the Appendix. The size 6 stem can be used
with a neck designated as S6H16 for a 16mm diameter head,
corresponding to a 21.5mm or 23.5mm cup from the
standard implant sizes.

The ceramic heads are made of CeraVet (produced by
CeramTec, Plochingen, Germany, for veterinary use). It is a
blend of zirconia and alumina, equivalent to BioLox, used for
the ceramic heads in humanTHR. The CeraVet heads come in
6, 8, 10, and 12mm for the mini-THR system and 16mm
when combined with the standard size (►Fig. 1).

The cups for the mini-system are available in outer
diameters from 10 to 20mm in 1mm increments from the
10mm cup to the 14mm cup and then in 2mm increments
up to the 20mmcup (►Fig. 2). The two larger cupswith outer

diameters of 18mm and 20mm are constructed in the same
fashion as the standard THR system cups. They consist of four
components: an outer titanium shell with perforated holes, a
solid inner titanium shell, a polyetheretherketone (PEEK)
liner, and a carbon fibre reinforced PEEK (CFR-PEEK) ring in
the area of head contact in the pole of the cup (►Fig. 3).

The smaller cups with an outside diameter of 10mm,
11mm, 12mm, 13mm, 14mm, and 16mm, are engineered
as a single piece of CFR-PEEK, with a designed macrostruc-
ture on the outside for mechanical integration. The inner
diameter openings are 6mm, 8mm, and 10mm (►Fig. 3).
The outer surface is lined with Ti and HA coatings for early
bone integration. Additionally, since the CFR-PEEK cups are
radiolucent, a titanium ring (Grade 5 titanium) is placed in a
groove that runs around the cup’s circumference just below
the equator. The position of the cup opening can be evaluated
by the shape of the ring in the various radiographic projec-
tions. The inner shape of these CFR-PEEK cups is aspherical to
create the same contact with the head at 45 degrees,
achieved with the larger cups and the CFR-PEEK ring, as
declared by the manufacturer. The compatibility of each size
of the implants with the animal’s body weight, as suggested
by the manufacturer, is shown in ►Table 1.

Mini-THR Instrumentation
The instruments required for the mini-THR system are
scaled-down versions, like those used for Kyon’s standard
THR system. The stem insertion instruments consist of a jig
base, right and left arms for the jig, drill sleeves, drill bits, drill
stops and screwdrivers (►Figs. 4–7). The main difference

Fig. 2 Neck sizes and compatibility.
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from the standard THR system is that in the mini-system the
left and right arms are used to connect the stem to the base of
the jig. A series of intramedullary reamersmade from nitinol
with flexible shafts violin shaped are available for the
preparation of the intramedullary canal. These reamers
scrape the cancellous bone from the medullary canal. The
violin reamers start at 2.7mm and are in 0.5mm steps up to
6.7mm. The tips of the reamers have a smaller diameter
blunt nose to steer the reamer down the centre of the femoral
canal, which prevents the reamer from penetrating the
cortical wall. Those nitinol reamers are used with a low-
speed motor.

For the preparation of the acetabular cup, there is a set of
TiN-coated reamers. They are available in diameters from 8
to 14mm in 1mm increments. A cup impactor shaft with
orientation pins is available to impact the cups, like the
standard THR system (►Figs. 8 and 9). Impactor heads for

each cup size are available. The impactor head is assembled
onto the impactor shaft, and the orientation pins are placed
through the openings in the shaft.

Inclusion Criteria
Cats and dogs weighing from 2 to 18 kg with unilateral or
bilateral THR performed during a 20-time month-long peri-
od were included in this study. A client consent form was
signed by all the owners before the implantation of the new
THR system. Implant size was selected according to pre-
operative radiographic assessment studyand intra-operative
findings.

Surgical Technique
The technique of performing a primary THA using the mini-
system is like that of a standard Zurich THA.1,12–14 Still, it
requires dedicated instrumentation and careful preparation

Table 1 The compatibility of each size of the implants with the body weight

Stem size Stem width Stem length Body weight

XS 3mm 19 mm up to 4 kg

S narrow 4mm tapered 26 mm up to 6 kg

S 4mm 26 mm up to 8 kg

M 5mm 31.5mm up to 14 kg

L 6mm 40 mm up to 16 kg

XL 6mm 50 mm up to 18 kg

Fig. 3 Cup sizes and features.
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Fig. 4 Violin reamers for the femoral canal.

Fig. 5 Mini instruments for the stems.
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Fig. 6 Acetabular reamers.

Fig. 7 Cup impactor.
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Fig. 8 Four postoperative radiographs and measurements of implant orientation in the dog Lizzy, JRT, F, 6.5 months, 4.2 kg. Right cementless
mini-THR (total hip replacement) on aseptic necrosis of the femoral head, 4mm stem, 12mm cup, 8mm head, medium neck.

Fig. 9 Lizzy, JRT, F, 6.5 months old. Right cementless mini-THR (total hip replacement) on aseptic necrosis of the femoral head, pre-op and
12 months follow-up radiographs.
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of the femoral canal and acetabulum. Impaction of the cup
and reduction of the prosthesis are slightly different. The
animals are positioned on the surgical table with a custom-
made positioner and the superimposition of the pelvis is
checkedwith an image intensifier (C-arm) before starting the
surgical procedure. Awooden board is placed under the back
of the animal in direct contact to maintain higher patient
stability during the surgical procedure, especially during the
prosthetic cup implantation.

Femoral canal preparation: The femur is externally rotat-
ed perpendicular to the pelvis (patella facing the ceiling).
The femoral head is excised parallel and just distal to the
equator. Either by hand or using power, a 1.5 to 2.0mm drill
bit is used to open the femoral canal, with the drill bit
directed in a lateral and caudal direction to follow the
direction of the neck. Once the drill bit is seated in the
neck, the position of the drill bit is changed to be parallel to
the long axis of the femur to enter the femoral canal. The
trochanteric fossa is opened to the level of the intertro-
chanteric crest using small rongeurs and high-speed burr.
The femoral neck ostectomy can be refined using an oscil-
lating saw leaving 2 to 3mm of the femoral neck proximal
to the lesser trochanter, making sure to keep the initial
inclination of the ostectomy. The dedicated nitinol flexible
reamers (violin-shaped) are then used to complete the
femoral reaming. The tendons of the Gemelli and internal
obturator muscles are identified medial to the greater
trochanter by removing fat and joint capsule overlying
them. The tendons serve as a landmark to ensure proper
lateral reaming. A high-speed burr is necessary to widen the
entrance into the femoral canal to the tendons laterally. Fine
maxillofacial rasps can be used to refine the femoral canal
reaming to insert the trial stem, with some freedom in
rotation to account for the proper stem anteversion.

Acetabulum preparation: The femur is returned to a
neutral position, and a mini Hohmann retractor is inserted
caudally to the acetabulum perforating the joint capsule. The
femur positioning is maintained caudally and distally with
the Hohmann retractor. Two small Gelpi retractors are posi-
tioned, one in a craniocaudal and one in a ventrodorsal
direction, to properly retract the joint capsule and surround-
ing soft tissues away from the acetabulum. With sharp
dissection, the redundant joint capsule is removed to visual-
ize the acetabulum’s entire perimeter. It is also essential to
remove the remainder of the round ligament. Acetabular
reaming, with a power handpiece set on low speed, is started
initially with an acetabular reamer two sizes smaller than
originally templated, aiming in the direction of the fossa. In
cases of coxa plana, the reamer is aimed in a ventral direc-
tion, which will help excavate the filled acetabulum.

Reaming is continued with the power hand piece to the
acetabulum’s medial wall, ensuring to preserve it and the
caudal pillar. The presence of osteophytes protruding over
the reamer is checked and removed using rongeurs. This will
ensure that solid bone exists over the cranial and caudal
pillars of the acetabulum. Checking the radiographs is help-
ful in identifying the location of osteophytes, both cranial
and caudal, in the acetabulum. The final reaming is per-

formed with low-speed power, without wobbling with the
reamer 1mm smaller than the diameter of the cup. The final
reamer of the same diameter is used gently by the hand.
Osteostixis in cortical portions of the reamed acetabulum
should be performedwith a 1.5mm drill bit and a protective
drill sleeve set at a depth of 2mm.

Implant preparation: The femoral stem is assembled onto
the jig to align the screwholes on the femoral stem to the drill
sleeve holes on the jig. The set screw is tightened securely.
The drill stopper for the cis-cortex drill bits is set to avoid
contacting the femoral stemwhen drilling the lateral cortex.
The drill stopper for the transcortex drill bit is set to prevent
too much of the drill tip from passing into soft tissues on the
medial side of the femur.

Cup insertion: The anatomical retroversion of the acetab-
ulum is identified by inserting the final reamer and centring
it along the cranial and caudal pillars of the acetabulum, with
the cranial and caudal borders of the reamer equally distant
in respect to the pillars. The positioning bar orientation is
marked with a haemostat on the surgical field and partial
impaction of the cup is performed, aiming slightly ventral
with the bar aligned with the previously set orientation
marker (haemostat). Following the initial impaction with
the mallet, the positioning bar is lowered in a ventral
direction during the remaining impaction to have the posi-
tioning bar parallel to the floor at the conclusion, which
means 45 degrees angle of lateral opening (ALO), providing
that the pelvis is perfectly lateral. The ALO of the cup is
checkedwith the C-arm. Suppose the pelvis has shifted and is
not aligned due to the surgical manoeuvres. In that case, the
animal’s thorax is manipulated through the drapes to obtain
a lateral view of the pelvis, or the table is tilted dorsally or
ventrally. Complete impaction is performed if the ALO is
acceptable with gentle firm blows, or the ALO is adjusted
according to the C-arm’s findings, holding the bar firmly to
avoid tilting in a cranial or caudal direction and keeping the
orientation bar parallel to the floor. Counterpressure is
imperative in such small animals with light body mass and
is provided by the assistant by maintaining a solid instru-
ment, like a heavy hammer, against the patient’s pelvis. Full
seating of the cup is tested by inserting a no. 15 scalpel blade
between the acetabular cup and the dorsal acetabular rim.
Suppose the scalpel blade passes between the dorsal acetab-
ular ridge and the acetabular component. In that case, the
cup is impacted again. The ALO of the cup is again checked
with the C-arm to verify that the proper orientation was
maintained.

Stem insertion: The clearance between the femoral osteot-
omyand a short trial neck with a proper head inserted inside
the cup is tested, pulling the femur distally with small-
pointed forceps. When the distance is not enough to accom-
modate the neck touching the femoral osteotomy (too short a
distance), the leg is externally rotated and 1 to 2mm of the
femoral neck is removed with a narrow saw blade. The
clearance test is repeated after returning the femur to a
neutral position. With the leg externally rotated, the femoral
stem with the jig is inserted inside the femoral canal, using
extreme care to avoid excessive rotational movement, which
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could lead to femoral fracture. While the stem is being
inserted into the femoral canal, it is also essential to dorsally
retract the soft tissues (glutealmusculature) to allow smooth
insertion of the stem. To insert the stem, the jig is advanced
distally while pushing the stifle proximally. In obese dogs, a
longer dorsal skin incision should be performed to provide
more freedom for stem insertion. The leg is internally rotated
only when the stem is fully inserted with the dorsal soft
tissues retracted. If not, the jig could lever against the soft
tissues proximally, risking a fissure or fracture of the femur.

Complete insertion of the stem is verified by checking that
the jig’s base is levelwith the femoral osteotomy.With the leg
in a neutral position, the stifle is flexed at 90 degrees, and the
tibia is kept parallel to the table. The anteversion of the stem
is checked by looking at the jig orientation using the gauge on
the tibia, aiming for 20 degrees (�5 degrees) of anteversion.
The fascia lata is elevated, and caudally retracted with the
biceps muscle by inserting a Gelpi retractor between the
fascia lata retracted caudally and the vastus lateralis muscle
cranially. Holding the jig firmly, the jig is pushed medially to
get the stem in contact with the medial wall of the femur
while the assistant counteracts the force by keeping the
femur elevated with a Hohmann retractor positioned medi-
ally on the proximal femur.

The more oversized drill sleeve is used for the lateral (Cis)
cortex, inserted in the 3rd hole of the jig and the lateral
cortex is drilled with the proper drill bit. The small sleeve for
the medial (trans) cortex is inserted to engage the conical
hole in the corresponding drill hole in the stem. The medial
cortex is drilled with the proper drill bit. All drilling should
be done with the assistant simultaneously flushing with
saline. A suitable size Torx screwdriver (prepared in advance
by the assistant) is used to place themonocortical screwuntil
it stops. The same procedure is repeated as above for the first
screw (most proximal screw) hole in the jig, looking at the
required length for the bicortical screw as indicated by the
drill sleeve (thefirst screw is bicortical towithstand torsional
forces). The sequence is repeated to insert the monocortical
screws in the last hole of the jig, then in the remaining holes.
All the screws are re-tightened in the same sequence with
uniform force. The limb is externally rotated, retracting the
soft tissues dorsally to allow access to the set screw of the jig,
which is unscrewed to remove the jig. The leg is returned to a
neutral position, and the tissues surrounding the acetabulum
are retracted with Gelpi retractors to check for potential
impingement from the exuberant joint capsule, which, if
present, is removed.

Reduction in the hip joint: The suitable neck and ceramic
head are assembled without touching the conical peg of the
neck and impacted with a few strikes of a Teflon impactor.
After insertion of the neck and head inside the cup, the femur
is retracted laterally and distally with a pointed bone holding
forcepsfixed at the greater trochanter. The peg of the femoral
stem is guided until it enters the recess of the neck. To
complete the insertion of the femoral stem’s peg inside the
neck’s cavity, the trochanter is pushed ventrally until the peg
will lock inside the neck. It is essential to check if any soft
tissue is entrapped between the head and the acetabular cup

and, if trapped, must be removed. The stability of the
reduction is tested using the baby Hohmann retractor doing
the pull-down test to evaluate the tightness of the reduction
(1mm is themaximal subluxation tolerated) and the pull-up
test to check for proper ALO of the acetabular component.
Gentle external rotation of the femur to test the resistance to
cranial-dorsal dislocation and full flexion with gentle inter-
nal rotation to test for caudo-ventral dislocation. Closure of
the surgical site is performed similarly to standard-sized
THA.

Postoperative radiographs: Four radiographic views are
required to evaluate the proper positioning and orientation
of the implants. Ventro-dorsal/frog leg view of the pelvis
(avoid extending the pelvic limbs, this will strain the sutures
of the deep gluteal tendon repair). The pelvis needs to be
positioned correctly (not tilted right or left), to evaluate the
proper positioning, orientation and proper impaction of the
cup. A lateral viewof the pelvis with perfect superimposition
of the ilium bodies andwings is required tomeasure the ALO,
using the formula sin-1 of the short diameter (dorsal-ven-
tral) divided by the long diameter (cranio-caudal) of the oval
projection of the cup.10,11 The retroversion of the cup is
measured between the axis joining the centre of a circle
inscribed in thewing of the ileum and the centre of a circle on
the ischial tuberosity, with the long axis of the cup. A
mediolateral view of the femur with the stifle positioned
at 90 degrees with superimposition of the femoral condyle is
required to measure the stem ante-version, which should be
converted to the actual ante-version using the formula: real
anteversion¼ sin-1 [(tan 55 degrees)� (tan of measured
angle)], which consider the 135 degrees of the inclination
angle of the neck.10,11 A caudo-cranial projection of the
proximal femur, keeping the femur perpendicular to the
pelvis and externally rotated away from the table by 60 to
70 degrees, makes the beam perpendicular to the stem and
the pelvis is tilted, making the beam perpendicular to the
cup. This view is used to evaluate the contact of the stem to
themedial femoral cortex, proper locking of the screws in the
femur, the centring of the cup about the cranial and caudal
acetabular pillars, and to evaluate appropriate seating of the
cup inside the acetabulum.

Postoperative care: All cases were discharged from the
hospital 24 hours after the surgery. Antibiotics medications
(amoxicillin-clavulanic acid, Konclav, ATI, Italy, 20mg/kg
three times daily per os) were given for 5 days and non-
steroidal anti-inflammatory drugs were prescribed (melox-
icam, Rheumocam Teknofarma, Italy, 0.7mg/kg, once daily,
for 5 days and then on alternated days for 2 weeks). Sedation
was recommended, especially in young dogs, to keep them
sedated for the first 3 to 5 weeks (trazodone, Trittico 150mg
retard tablets, ACRAF Italy, 7 to 10mg/kg twice daily), or
acepromazine (Killitam, ATI, Italy, 2–20 drops as needed) or
gabapentin (Pfizer, Italy, 300mg tablets, twice daily or thrice
daily). Confinement in an intimate environment with non-
slip flooring was required for 2 months, leash walking was
allowed, and off-leash activity was not permitted (no run-
ning, jumping, or playing with other dogs). After the clinical
and radiographic re-examination check 2 months following
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surgery, regular free activity was gradually permitted in the
following month.

Re-examination checks were mandatory to be included in
this study, to receive objective feedback on the outcomes and
identify any possible complications present, even without
clinical signs. The first re-examination check was required
after 2 months; the second 8 to 10 months after.

Data Collection
Signalment (breed, sex, body weight and body condition
score), underlying hip joint disease or trauma, side of
arthroplasty, implant size and implant positioning were
recorded. Pre-operative radiographic views with calibrated
digital radiography were required with five radiographic
views: ventrodorsally views in the hip-extended and hip
flexed positions, aiming for themost symmetrical viewof the
ilium, oblique view of the pelvis with the radiographic beam
tangential to acetabulum including the proximal part of the
femur held perpendicular to the pelvis, and with 60 to
70 degrees external rotation to obtain a craniocaudal view
and a mediolateral view of the femur with the stifle at
90 degrees and superimposition of the femoral condyles.
All radiographic projectionswere obtainedwithfluoroscopic
guidance for accurate positioning.

Postoperative radiographic evaluation: implant position-
ing (►Fig. 8) was evaluated for the acetabular cup, the ALO,
the retroversion angle and for the stem version angle. Cup
positioning was calculated from a lateral–lateral radiograph-
ic image of the pelvis. Stem positioning was measured as
previously described from a mediolateral radiographic im-
age of the entire femur with the stifle at 90 degrees, with
superimposition of the femoral condyles. All complications
were recorded. A complication was defined as any event
resulting in any outcome other than the normal function of
the prosthesis. Any revision procedures were documented.

In-Hospital Follow-Up Assessment
For inclusion in the study, follow-up examinations were
required at a minimum of 2 months and when available at
6 months postoperatively or/and later. At each follow-up, all
patients underwent a physical and orthopaedic examination
that included hind limbmusclemass evaluation, hip range of
motion to assess for pain or discomfort, video recording of
dogs when walking toward and away from the camera and
side views. Video recordings of cats at home were provided
by the owners. Any abnormal findings were documented. A
minimum of four radiographic projections were taken dur-
ing each follow-up examination: a lateral view of the pelvis
with ileum and ischium bodies superimposed, a ventrodor-
sally view of the hip with the hind limbs in extension, an
oblique view of the pelvis so that the radiographic beamwas
tangential to the cup equator, and the femur externally
rotated so that the radiographic beam was perpendicular
to the stem screws, and a mediolateral view of the femur
with the stifle at 90 degrees and femoral condyles super-
imposed. Radiographs were assessed for any evidence of cup
or stem failure or loosening, change in position, migration,
bone remodelling or radiolucent zones. The follow-up radio-

graphs were compared with the radiographs taken preoper-
atively (►Fig. 9) and immediately postoperatively, and any
changes noticed on the radiographs were recorded. Intra-
operative and postoperative complications were recorded.
Cup loosening was defined as a radiolucent zone around the
acetabular component. Stem looseningwas defined as two or
more screws with radiolucent lines or an increase in the gap
of the femoral prosthesis at the level of the medial cortex of
the femur. A good clinical outcome was defined as a regular
functioning prosthesis, at the last follow-up.

Statistical Analysis
Only descriptive statistics were performed using ‘R-4.0.5 for
Windows’, available under the General Public License (R Core
Team; 2013). Frequencies for nominal variables were de-
scribed, and for continuous data, normality was assessed
using Shapiro–Wilk normality test. Then, variables were
reported as mean and standard deviation.

Results

59 THAs in 50 animals were performed using theMini Zurich
cementless total hip system between January 2020 and
July 2021 at the Clinica Veterinaria Vezzoni, Cremona,
Italy, by the same surgeon (A.V.: 56 cases) and at VA-MD
College of Veterinary Medicine, USA, by the same surgeon
(O.L.: 3 cases). There were eight cats and 42 dogs, with three
cats and six dogs having bilateral THAs performed at an
interval variable from 2 months to 1 year.

Among the eight cats, there were three females and five
males. Themean bodyweight was 6.5 kg (standard deviation
[SD] 2.4); the median age was 24 months, (range: 11–37
months). Breeds included were as follows: Maine Coon cat
(n¼5), Domestic Shorthair cat (n¼2), and British Shorthair
cat (n¼1).

In the group of 11 THAs in cats, capital physeal fracture
was the reason for performing a THA in 6 cases (60%), hip
dysplasia was the underlying reason in 4 patients (30%), and
hip luxation in 1 cat (10%).

In the 11 THAs in cats, the 10mm cup for 6mm head was
used in 2 cases (18.3%), the 12mm cup for 8mm head was
used in 4 patients (36.3%), the 14mm cup for 8mm headwas
used in 1 case (9.1%), the 14mm cup for 10mm head was
used in 4 cases (36.3%). The 3mm femoral stemwas used in 2
cases (18.2%), the 4mm femoral stem was used in 5 cases
(45.5%) and the 5mm femoral stem was used in 4 cases
(36.3%). Among all neck sizes, the short neck was used in 6
cases (54.6%), the medium neck in 3 cases (27.2%) and the
long neck in 2 cases (18.2%).

Among the 43 dogs 25 were females and 18 were male.
The mean body weight was 9.2 kg (SD: 4.9); the median age
was 25 months (range: 4–114 months). Breeds included
were as follows: Toy Poodle (n¼7), Jack Russell Terrier
(n¼6), Cocker Spaniel (n¼4), Maltese (n¼4), mixed breed
dog (n¼4), Border Collie (n¼3), Yorkshire Terrier (n¼2),
American Cocker Spaniel (n¼1), Bolognese (n¼1), Breton
(n¼1), English Setter (n¼1), French Bulldog (Bouledogue
Français) (n¼1), Labrador (n¼1), Maltipoo (n¼1), Piccolo
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Levriere Italiano (n¼1), Pinscher Toy (n¼1), Scottish Terrier
(n¼1), Shetland Sheepdog (n¼1), West Highland White
Terrier (n¼1), and mongrel (n¼1).

Among the 48 THAs in dogs, hip dysplasia was the
underlying cause for performing THA in 27 cases (56%),
Legg-Perthes-Calvé disease in 12 patients (25%), traumatic
luxation with underlying hip dysplasia in 4 dogs (8.5%),
capital physeal fracture in 4 cases (8.5%), and lastly, trau-
matic femoral head fracture in one adult dog (2%).

In the 48 THAs in dogs, the 10mm cup for 6mm headwas
used in one case (2%), the 12mmcup for 8mmheadwas used
in 16 cases (33%), the 14mm cup for 10mmheadwas used in
8 cases (16%), the 16mm cup for 10mm head was used in 5
cases (10%), the 18mm cup for 12mm head was used in 9
cases (18%), the 20mm cup for 12mm head was used in 3
cases (6%), and the 21mm cup for 16mm head was used in 7
cases (hybrid combination with standard system) (15%).

The 3mm femoral stem was used in 9 cases (18%), the
4mm femoral stem was used in 14 cases (29%), the 5mm
femoral stem was used in 9 cases (18%), and the 6mm
femoral stem was used in 17 cases (7 L and 10 XL) (35%).
Among all neck sizes, the short neck was used in 27 cases
(56%), the medium neck in 18 cases (38%), and the long neck
in 3 cases (6%).

Intraoperative Complications
Three trochanteric fractures were repaired with a plate (1
ALPS 8 [Kyon AG, Zurich, CH] with ten holes and 3þ3 screws,
1 ALPS 5 with 11 holes and 3þ3 screws and 1 ALPS 3.5 with
11 holes and 3þ3 screws). Two screws subsided and were
stripped (4th screw distal hole in the femoral implant) in the
3mm stem, which was replaced with a bicortical screw.
Reinforcement of the femur with cerclagewires to reduce the
risk of femoral fractures in aged dogs (8 years or more) was
used in 6 and with an ALPS plate in 4 dogs, according to the
increased risk of peri-prosthetic femoral fracture in older
dogs with severe OA experienced with standard Zurich
THR.15–17

Postoperative Radiographic Findings
The ALO, cup retroversion and stem ante version were
measured in all cases. In the 48 THAs in dogs, ALO average
was 43.5 degrees and median 43 degrees (min 35–max
56 degrees), SD 4.5; average cup retroversion was
20.3degrees andmedian20degrees (min0–max40degrees),
SD 7.5; average stem ante version was 21.6, median
20.8 degrees (min 11–max 49 degrees), SD 5.7.

In the 11 THAs in cats, the ALO average was 43.5 degrees,
median 43 degrees (min 40–max 54 degrees), average
cup retroversion was 21.1 degrees, median 22 degrees
(min 5–max 30 degrees) and average stem ante version
was 19.3 degrees, median 17.7 (min 11.5–max 20.8 degrees),
SD 3.2.

Postoperative Follow-Ups and Outcome
All dogs’ radiographic and clinical follow-up examinations
had a mean follow-up time of 7 months (SD: 4.51) and a
median follow-up time of 8 months, with a range of 2 to

17 months and were available in all 48 cases (100%). All cats’
radiographic and clinical follow-up examinations had a
mean follow-up time of 9.4 months (SD: 4.23) and a median
follow-up time of 10 months, with a range of 4 to 16 months
and were available in all 11 cases (100%). Implant position
and orientationwere evaluated in the follow-up radiographs
and no changes were noted compared with postoperative
radiographs, except for the two below cases of cup dislodge-
ment and loosening. Postoperative complications occurred
in six dogs (12.5%) and one cat (9%). The remaining 52 cases
showed normal gait at the last follow-up, without lameness
or pain on manipulation of the operated leg.

A femoral fracture occurred way distal to the femoral
implant 5 days following surgery in a very active cat, without
involving the stem, which was repaired using a Synthes 2.4
LCP plate. The femoral fracture healed without further
complications, with the latest follow-up at 9 months.

A cup dislocation occurred in the immediate postopera-
tive period in a Border Collie, in which the 20mm cup was
not fully impacted. Surgical revision with a new 20mm cup
was successful after re-reaming the acetabulum deeper. At
the 9-month follow-up, therewas complete osteointegration
of the acetabular cup, and the dog had a normal gait.

A ventro-caudal dislocation occurred 1 month after sur-
gery in a Yorkshire Terrier, in which a 3mm stem and a
10mm cup with a 6mm head were implanted. Two closed
reductions and one surgical revision using a longer neck
failed to resolve the dislocation. A second surgical revision
was done, and the acetabular cupwas replacedwith a 12mm
and an 8mm head, which successfully corrected the disloca-
tion at the 8-month recheck. The increase in head diameter
from 6mm to 8mm, increases the jump distance, which
decreases the incidence of dislocation.

Another ventral dislocation occurred in a 2-year-old
Cocker Spaniel 5 months following surgery while playing
with another dog. The hip was reduced in a closed fashion
and remained reduced at the 4-month recheck.

Asymptomatic loosening of a 21mm cup occurred at the
2-month recheck in an English Setter. Surgical revisionwith a
23mm cupwas performed 5 months after the initial surgery
because of a lack of osseointegration of the cup, presumably
due to poor press fit. At the 3-month follow-up following the
revision with a 23mm cup, there was complete osseointe-
gration of the acetabular cup, and the dog had a normal gait.

Stem-peg breakage of the 3mm stem occurred in a Toy
Poodle 8 months after surgery. The owner elected the
explant of the implants.

The uncoupling of the neck on the peg of a 3mm stem
occurred in a Toy Poodle 15months following surgery. During
the revision surgery, the peg of the stem appeared worn and
hadwearmarks on the inside of the neck. Therefore, removing
the 3mm stem through a lateral slot in the femur was neces-
sary, and inserting a 4mmstem. The femurwas repaired using
an ALPS 5 plate. At the 2-month follow-up, the stem showed
osseointegration and the dog had a normal gait.

No other complications were noted in the follow-up
period in the remaining dogs or cats. Also, there was no
evidence of femoral or screw loosening in any of the cases.
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Complete osseointegration was confirmed at the last follow-
up visit in all remaining cases.

In total, seven postoperative complications were encoun-
tered (12%), and all were solved without the need for the
explanting of the prosthesis, except for one case because the
owners were unwilling to have their dog undergo a revision.

Statistical Analysis
Continuous data normalitywas assessed using Shapiro–Wilk
normality test. Then variables were reported in ►Table 2 as
the mean and standard deviation for dogs and cats.

Discussion

Feasibility and Surgical Issues
Our clinical experience demonstrated that the Cementless
Z-Mini THR system is technically feasible and efficacious
both in cats and small and toy breed dogs. While a long-
term follow-up study would be required to establish the
longevity of the implants, their osseointegration was ap-
parent at the 2 to 3 months postoperative radiographs and
remained stable in all the cases with long-term follow-up
radiographs (12 months or longer in 26 cases). The surgical
technique was like the standard Cementless Zurich total hip
system, with dedicated instrumentation, which requires
extreme precision in preparation and surgical execution.
This is particularly true for the small stem sizes, the 3 to
5mm stems, and the smaller cup sizes, 10 to 16mm.
Smaller-sized implants make less error margin in the fem-
oral canal preparation and the acetabular reaming.1,2 The
use of special flexible nitinol reamers for the femoral canal,
which are available in 0.5mm incremental sizes, was found
to be extremely useful in entering the femoral canal,
especially when combined with a high-speed burr. To
achieve the proper press fit with the smaller diameter
cups without an outer titanium shell, from 10mm to
16mm, careful and precise preparation of the acetabulum

was required. In cats and dogs with low body weights,
counter force during acetabular impaction was required and
could be accomplished with the aid of a solid heavy
instrument placed dorsal to the wings of the ilium.

Different Combinations of Implants in Dogs and Cats
Several combinationswere possiblewith all sizes of implants
used for small dogs and cats in this study. Combining the
same stem size with different cup sizes and vice versa was
beneficial given the differences in anatomy, especially in
small animals. Small dogs routinely required smaller stems
and larger cups compared with cats of similar body weight,
where larger stems and smaller cups were needed. The
significant difference in size between the 3 and 4mm femo-
ral stems necessitated the production of a narrow4mmstem
(4N-SN) (►Fig. 1), which became available after this study. It
will be used in cases where a 3mm stem will be too small,
and a regular 4mm stemwill be too large. This new stemwas
used in the 3mm stem revision discussed above.

Implant Orientation and Intraoperative Fluoroscopy
Guidance
The use of intraoperative fluoroscopy is of great help in
standard THA procedures. Still, it has proved essential in
these smaller patients. The positioning of smaller patients
undergoing a THA procedure should be verified with fluo-
roscopy before starting surgery to assure the anatomical
landmarks are accurate. It was again used to check the
orientation of the cup after partial and after complete
impaction. The low body mass of these patients made
them prone to pelvic displacement during routine surgical
manoeuvres; therefore, it was essential to perform fluoros-
copy to verify the orientation of the cup.

Cup, Appropriate Size with a Good Press Fit
In small dogs, especially cats, which have a shallow acetabu-
lum, it is highly recommended to use a cup size that provides

Table 2 Statistical variables in the groups of dogs and cats

THA in dogs
(n¼ 48)

Longer FU
(mo)

Age at
surg. (mo)

Body
weight (kg)

BCS ALO Cup
retroversion

Stem
anteversion

Surgical time

Mean 7 43 9 5 43 20 22 110

SD 4.51 38.02 5.01 0.88 4.50 7.50 6.11 36.21

Median 8 25 9 5 43 20 21 100

Min 2 4 2 4 35 0 11 75

Max 17 114 19 7 56 40 50 210

THA in cats
(n¼ 11)

Longer FU
(mo)

Age at
surg. (mo)

Body
weight (kg)

BCS ALO Cup
retroversion

Stem
anteversion

Surgical time

Mean 9.36 24.64 6.49 4.73 43.45 21.09 17.64 104.55

SD 4.23 8.00 2.36 0.79 3.91 6.56 2.48 21.38

Median 10 25 6.6 5 43 22 17.7 105

Min 4 11 3 4 40 5 11.5 75

Max 16 37 10.3 6 54 30 20.8 140

Abbreviations: ALO, angle of lateral opening; BCS, body condition score; FU, follow-up; SD, standard deviation; THA, total hip arthroplasty.
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adequate coverage from the cranial and caudal pillars and to
resist the temptation of using a larger cup. Thewear of the cup
in small patients is most likely minimal, due to the light body
weight and the resistance to wear in vitro of ceramic head on
CFR-PEEK liner18; therefore, most probably it is not necessary
to resort to a larger cup size. One reason for increasing the cup
diameter is to use a larger head. Still, apart from the Yorkshire,
in which a 6mm head was initially used, and that dislocated,
the incidence of dislocation with the other small diameter
heads (8, 10, and 12mm) was not significant (two cases, 3%).
Achieving the press-fit inmostminiature cups, from10mmto
16mm in diameter, requires extreme care when reaming the
acetabulum. The final reaming is performed by hand or low-
speed power with the acetabular reamer that is the same size
in diameter as the intended cup. It is imperative not towobble
the acetabular reamerduring thefinal reaming process, as this
could cause the cup not to press fit in the acetabulum. The
acetabulum and the cup must be thoroughly dry to achieve
maximum contact of the cup to the bone. Indeed, the smaller
the cup, the more difficult it is to prepare the acetabulum to
obtain a proper press fit. If the press fit is not obtained, one
should ream deeper with the previous small-sized reamer.
Thiswill keep the pole of the cup fromprematurely contacting
the medial wall before a press-fit is obtained. It is essential to
remember that in smaller patients, the assistant must effec-
tively counteract the mallet’s impact during the cup’s
impaction.

Complications and Their Management
Seven postoperative complications occurred among 59 cases
(12%), and all were successfully revised except one, in which
the owner refused a revision surgery.

Two complications among 7 (29%) occurred in cases
with the 3mm stem, highlighting how the smaller femoral
stem is at greater risk of complications. The use of a 4mm
narrow stem instead of a 3mm stem when feasible
seems to be a possibility to reduce this risk. Following
these complications, the manufacturer changed the peg’s
design to increase its mechanical strength. Furthermore,
the manufacturer added a size 4 narrow stem (4N-SN)
(►Fig. 1), which permits a stem with a more robust peg to
be used in cases when a patient is close to the upper
weight limit for a size 3 stem. Although it is advisable to
use the widest stem possible depending on the size of
the femoral canal, the ratio of stem size to patient weight,
as indicated in ►Table 1, must be respected to avoid
breakage risk. The patient’s weight must then be main-
tained throughout life to compatibility with the implant
used. Postoperative ventral-caudal dislocation occurred in
two cases, while no matter had a cranial-dorsal dislocation.
While the incidence of postoperative dislocation is
reported to be greater in the cranial-dorsal direction in
the standard THAs,16,17,19,20 this difference in the mini-
THAs could indicate that too closed an ALO should be
avoided with the mini-THAs. In the cases mentioned above,
the ALO was less than 40 degrees. An intermediate cup size
of 11mm holding an 8mm head was deemed to be more
suitable instead of the 10mm cup holding a 6mm head, for

higher resistance to luxation. This further size was asked
from the manufacturer and it’s now available, over the
13mm cup size (►Fig. 3).

Finally, as for the standard THAs, and all orthopaedic
surgeries, a certain percentage of complications is unpredict-
able, despite proper procedure execution, due to the postoper-
ative management of these cases. as for any orthopaedic
surgeries.

Conclusions

The Zurichmini cementless total hip systemoverall performed
well in the small breed dogs and cats in this study and was
associated with an excellent outcome in 98% of cases. Of the
seven complications encountered, five were all resolved with
surgical revision, one complication was resolved with closed
reductionandonewasexplanted.Noneofthedogsorcatsinthis
study were too small for the available prosthesis. And in one
patient only (1.7%), the prosthesis was explanted due to the
owner’s unwillingness to have a surgical revision. The Zurich
mini cementless total hip system is a practical and effective
surgical procedure for small-breed dogs and cats with hip
disease.
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Appendix

Kyon cementless mini-THR (total hip replacement) cart covering all stem sizes and the several
combinations of cups that can be used.
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