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Objective—To evaluate the results of application, and identify complications, of the 2nd generation
of Zurich Cementless Total Hip Replacement (ZCTHR).
Study Design—Case series.
Animals—Client-owned dogs (n¼ 60) that had ZCTHR (n¼ 65).
Methods—Dogs with ZCTHR (2001–2003) with a minimum follow-up � 6 months were eval-
uated. Data included signalment, cup position, longest follow-up, complications, management of
complications and outcome.
Results—Mean follow-up was 22.68 months. Eleven cases (17%) had postoperative complications:
femoral fracture (n¼ 1; 1.5%), prosthesis luxation (7; 11%), cup loosening (2; 3%), and implant
failure (1; 1.5%); 9 cases were successfully revised. Explantation of implants was performed in 1 case
because of infection, and 1 dog was euthanatized after reluxation.
Conclusions—ZCTHR can restore function in dogs affected by disabling diseases of the coxofem-
oral joint. The press-fit fixation of the cup allowed for corrections in cases of incorrect positioning.
Cases with aseptic loosening were revised successfully by impacting larger cups. Newer stems of this
generation are shot peening treated to increase their resistance to breakage. In our cases, infection is
a disastrous event, leading to implant removal. After resolution of complications, a successful final
outcome was achieved in 97% of THR.
Clinical Relevance—ZCTHR offers a reliable alternative for treating dogs with disabling diseases of
the hip joints.
r Copyright 2009 by The American College of Veterinary Surgeons

INTRODUCTION

TOTAL HIP replacement (THR) is an accepted
method of treatment for dogs with disabling dis-

eases of the hip joints. Hip dysplasia, coxarthrosis, coxo-
femoral luxation, and intra-articular fractures are some
indications for canine THR.1–5 Cemented and cementless
THR systems are clinically used.1,5–10 A cementless THR,
Zurich Cementless Total Hip Replacement (ZCTHR;
Kyon Inc., Zurich, Switzerland), was developed at the
University of Zurich in the late 1990s. The most impor-
tant characteristic of this prosthesis is anchorage of the
stem to the medial cortex of the femur with locking
screws. As a result, avoidance of the coupling effect of the

medial and lateral femoral cortices, and reduced stress
shielding in the proximomedial femoral cortex, is
achieved.11–13 Initial fixation of the cup is obtained by
press fit. The porous design of the cup and its elasticity
supposedly allow for fluid convection and long-term fix-
ation by bone ingrowth (Appendix A).3,11,13 Similar flex-
ible press-fit cups have been successfully used in human
surgery for many years.14,15

Various generations of models have been developed.
The 2nd generation was launched in 2001, to address
problems related to luxations, to increase the press fit of
the cup, and to reinforce the stem. Modifications per-
formed to the cup were flattening of the polar region of
the cup, adding 3 parallel ridges to the periphery of the
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shell, extension of the polyethylene liner over the equator
to lateralize its center of motion and to provide 2001 of
head coverage, adding a plasma coat to the shell, and
changing the shell to pure titanium instead of titanium
alloy.3,11,16,17 Stem failure at the peg base was a reported
complication of the 1st generation ZCTHR.16,17 The
most important modification to the stem of 2nd gener-
ation was a redesign of the radius of curvature at the peg
base to reduce stress risers and implant failure at this
point. A reduction in the complication rate was reported
with use of this generation.16,17 From 2002 on, and in
response to nonreported breakage of stems of this gen-
eration, shot peening treatment was applied. This process
consists in impacting a surface with round glass, metal,
or ceramic particles with force sufficient to produce plas-
tic deformation. This deformation induces compressive
stresses in the surface that increases resistance to break-
age up to 40%.18,19

Frequently reported clinical complications of ce-
mented THR are: septic or aseptic loosening, luxations,
femoral fracture, pulmonary embolism, intramedullary
infarction, and sciatic neuropraxia.5,20–24

Our purpose was to evaluate use of, and to identify
complications of the ZCTHR in the first 100 consecutive
cases operated on with 2nd generation of implants. Our
hypothesis was that ZCTHR would provide long-term
satisfactory limb function with an acceptable rate of
complications.

MATERIALS AND METHODS

Inclusion Criteria

Medical records of the first 100 consecutive cases (April
2001–September 2003) with 2nd generation ZCTHR were re-
viewed. Telephone contact with owners who did not return for
re-evaluation was attempted. Only those dogs that had clinical
and radiographic evaluation with � 6 months follow-up were
included in this study.

All surgery was performed by the same surgeon (P.M.M.),
using a standard surgical technique.25 As reported previously,3

the central screw of the cup does not compensate for an in-
accurate press-fit of the cup and was used only in a very few
cases at the beginning of this study.3,25 In dogs with thin scle-
rotic femoral cortices, or in very young giant breeds, 2 bicor-
tical screws were used to increase the initial fixation of the
stem.25

Data Retrieved

Information obtained from medical records and radio-
graphs included: breed, gender, body weight, date of surgery,
indication for THR, operated side, surgical time, angles lateral
opening (ALO) and of inclination (AI) of the cup, and longest
clinical and radiographic follow-up. Complications (intra- and

postoperative), management of complications, and outcome
were recorded.

ALO and AI

Immediate postoperative lateral, and ventrodorsal or
oblique ventrodorsal radiographs of the pelvis were used to
evaluate complete insertion of the cup, caudal and cranial
contact between implant and bone, and to determine ALO
and AI of the acetabular component (Fig 1).

ALO was defined as the angle between the dorsal plane of
the pelvis and the plane of the ellipse formed by the inner
margin of the titanium ring, with an optimum ALO of
451.2,25,26 Measurements were performed with standard THR
transparencies (Kyon Inc., Zurich, Switzerland) superimposed
on laterolateral radiographs. These templates with ellipses of
different sizes allow for measurement of the ALO for all im-
plants with an accuracy limited to the nearest 101.

AI was also determined from the laterolateral radiograph.
The long axis of the ellipse used to evaluate the lateral opening
was extended caudally. A 2nd line was drawn from the mid
point of the ilium to the ischial tuberosity, defining the long
axis of the pelvis. The angle between these 2 lines was defined
as the AI of the acetabular component. AI was determined by
the anatomy of the dog by impacting the cup flat with the

Fig 1. The angle of lateral opening (ALO) of this Zurich

Cementless Total Hip Replacement (ZCTHR) is evaluated in

laterolateral radiographs, with the help of commercially avail-

able transparencies superimposed along the ellipse formed by

the inner margin of the titanium ring. The angle of inclination

(AI) is defined as the angle formed by a line drawn from the

center of the ilial tuberosity to the ischium (a), and a line drawn

along the long axis of the ellipse used to evaluate the lateral

opening (b).
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caudal acetabular lip.17,25 The cranial lip of the acetabulum
was not taken into consideration to plan for the acetabular
version, because of osteophytes typically present in this area in
severely osteoarthritic dogs. The stem was placed with � 101
more femoral anteversion of the head and neck than the cau-
dal inclination given to the cup.25

The position of the femoral component relative to the me-
dial cortex of the femur and the insertion of the screws were
evaluated from flex-leg ventrodorsal radiographs of the pelvis,
and later from a postoperative oblique view of the femur
(Fig 2). To take this projection, the dog was positioned in
lateral recumbency with the operated hip lying on the table.
The upper leg was abducted and the pelvis tilted dorsally to
avoid superimposition with the operated THR. The operated
leg was abducted and externally rotated, under fluoroscopic
control, until the X-ray beam was perpendicular to the screws
of the stem, and the radiograph was taken. Version of the stem
was not evaluated.

Clinical Evaluation

Clinical variables retrieved from the latest follow-up ex-
amination were presence of pain on manipulation of the hip
joint, range of motion, muscle mass compared with the con-
tralateral leg, and lameness. These variables were evaluated
using a previously reported scale5; THR function was graded
as excellent, good, fair, poor, or failed (Appendix B).

Radiographic Assessment

The latest follow-up radiographs were evaluated and com-
pared with immediate postoperative films. At least 2 radio-
graphic projections of each ZCTHR were available. The
acetabular component was assessed on lateral and ventro-
dorsal projections of the pelvis. The stem was evaluated on
lateral projections of the pelvis, and extended hip radiographs,
frog-legged projections, and/or oblique projections of the
femur.

Radiographs were assessed for signs of implant failure,
migration, or change in position, prosthesis luxation, signs of
bone remodeling secondary to nondetected bone fractures or
to infection, and for radiolucent zones between implants and
bone. For cases with positive radiolucent zones, radiographs
were compared with earlier radiographs to determine pro-
gression of lucency. Radiolucent zones were classified as either
focal or complete. Cup loosening was defined as the presence
of a complete uneven radiolucent zone around the acetabular
component with or without signs of implant migration. Bone
ingrowth cup fixation was characterized by the absence of
radiolucent zones around the cup, or when only focal zones of
radiolucency were detected, and no movement of the cup was
observed (Fig A1).

Bone ingrowth stem fixation was characterized by no gap
increase between stem and bone with time, no signs of radio-
lucent zones between screws and bone, and no detectable mi-
gration of the implants (Fig A1). Stem instability was
characterized by the presence of a radiolucent zone around
the screws and the bone, a progressive increase in the gap
between stem and bone, presence of irregular new bone for-
mation along the medial aspect of the proximal metaphysis of
the femur, and thinning of the cortex in that area in follow-up
examinations.

RESULTS

From the first 100 consecutive cases operated on
with the 2nd generation ZCTHR, complete data with
follow-up � 6 months was retrieved from 65 THRs in 60
dogs.

Signalment

Eighteen breeds were represented, with a mean
(� SD) body weight of 32.78 � 9.77kg (range, 18–
64kg). There were 33 males (7 castrated) and 32 females
(20 neutered). Mean age at surgery was 3.80� 2.43 years
(range, 7 months–8.2 years). Breeds included were mixed
breeds (n¼ 15), Labrador Retriever (12), German Shep-
herd (11), Golden Retriever (7), Bernese Mountain Dog
(4), Border Collies (2), Pit Bull (2), Rottweiler (2), and 1
each of Belgian Shepherd, Doberman, Hovawart, Leon-
berger, Flat-Coated Retriever, Greater Swiss Mountain
Dog, Irish Setter, Magyar Vizla, Newfoundland, Riesen-
schnauzer.

Fig 2. Postoperative oblique radiographic projection of fe-

mur and pelvis. The X-ray beam is directed perpendicular to

the screws of the stem. Contact between stem and medial fem-

oral cortex, full insertion of screws, and full introduction of the

acetabular component with craniocaudal contact are assessed

in this radiograph.
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Surgical Results

Reasons for surgery were hip dysplasia and secondary
coxarthrosis (59), failure of conservative and/or surgical
management of traumatic coxofemoral luxation (5), and
an old Salter–Harris fracture of the proximal femoral
physis (1). Mean surgical time was 101 minutes (range,
57–150 minutes). The left coxofemoral joint was replaced
in 38 cases and the right hip in 27 cases.

ALO and AI

The acetabular component was impacted with a mean
AI of 24.17� 8.531 (range, 5–501) and mean ALO of
45.14 � 9.121 (range, 20–601). The cup was completely
impacted in all cases, and good contact was achieved
between bone and cup in the cranial and caudal aspects
of the acetabulum. Contact between the medial femoral
cortex and the stem were interpreted as acceptable in all
cases and all stem screws were fully inserted.

Complications

In 1 dog, a femoral fissure was created during reaming.
To prevent complete fracture of the bone, 3 cerclage wires
were placed around the proximal femur.

Postoperative complications occurred in 11 dogs (11
ZCTHR). One dog had a long oblique femoral fracture
1 week after surgery; the fracture extended from the 4th
screw hole to the midfemoral diaphysis (Fig 3). The frac-
ture was stabilized with a 3.5mm broad dynamic com-
pression plate (DCP; Synthes Inc., Solothurn,
Switzerland) with 3 screws in the greater trochanter and
5 screws in the distal femoral diaphysis. Additionally,
5 cerclage wires were added and the prosthesis was left in
place. The fracture healed uneventfully.

Seven dogs had prosthesis luxation (5 ventral, 2 dor-
sal). The first 5 luxations occurred in a caudoventral di-
rection during manipulation of the dogs under general
anesthesia. In 4 cases, luxation occurred during the vent-
rodorsal postoperative radiographic examination with
the hip joints held in flexion and adduction (Fig 4). The
5th case developed aspiration pneumonia immediately
after surgery and the prosthesis luxated during a diag-
nostic bronchial lavage 5 days later. Dogs that had
luxation during radiographic examination were revised
while anesthetized. In 3 cases and in the dog that had the
luxation 5 days postoperatively, the cup ALO was be-
tween 201 and 301 (Fig 5) and the AI between 201 and
301. The cups were removed and impacted again with an
ALO between 451 and 551 in revision surgery; the AI was
not modified. To remove the impacted cup, the plug
covering the central hole of the cup and the screw were
removed, the tip of a Hohmann retractor was placed in

Fig 3. (A) A long oblique femoral fracture starting at the

distal screws of the stem 5 days postoperatively. The femur

presents thin cortices. (B) Follow-up radiograph 7 months after

fixation is shown. Anatomical reduction was provided with a

3.5mm broad dynamic compression plate. The screws were

fixed to the greater trochanter and to the distal femoral area.

Five full cerclage wires were applied to reinforce fixation. A

total hip replacement (THR) was performed in the right hip 14

months previously. Both THRs were stable and functioning

well.
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the polar hole of the acetabular component, and the cup
was dislodged by leveling the retractor. After short ream-
ing and repositioning of a cup, a screw of the measured
length was inserted, and a polyethylene plug was im-
pacted again covering the head of the screw. The position
of the cup in the 5th case was considered adequate, but
some laxity was detected in the reduced prosthesis. The
head/neck unit was replaced with a longer one during
revision surgery, and no changes in the position of im-
plants occurred.

During revision surgery in the dog that had aspiration
pneumonia, and because of the suspicion of infection, the
wound was thoroughly lavaged, and an ingress–egress
drain was added. Two weeks later, the infection could not
be controlled, so the prosthesis was removed and con-
tinuous lavage performed for 2 more weeks through the
ingress–egress drainage. Escherichia coli was cultured
from the surgical wound and from the bronchial lavage.

Antibiotics selected based on susceptibility testing were
administered (amoxicillin–clavulanic acid) for 1 month.
Two-and-a-half months after explantation, after com-
plete blood work, clinical, radiographic, and negative
bacteriologic evaluation, a new ZCTHR was implanted.
A 200mg Garamycin

s

sponge (Essex Chemie AG,
Luzern, Switzerland) was placed in the surgical wound
before closure.

Bacterial culture from the surgical wound was nega-
tive. Four months later, the dog had lameness in the op-
erated leg and pain on manipulation. Loosening of the
acetabular and femoral components were detected in ra-
diographs. The prosthesis was removed leaving the dog
with an excision arthroplasty.

Two dogs had later luxations of the THR, one 2 weeks
postoperatively and the second 2 months postoperatively.
Cup ALO was � 601 in both dogs. In 1 dog, the cup was
impacted with � 351 of caudal inclination, and in the
second, � 151. During revision surgery, reaming of the
acetabulum was performed, and new cups of the same
size were impacted deeper with an ALO of between 401
and 451 and AI of 201 in 1 dog and 351 in the other dog.
This last dog had a new luxation of the THR 2 weeks
later and the owner declined further treatment and
euthanatized the dog.

Acetabular cup loosening occurred in 2 cases. Loos-
ening was evident 10 months after surgery in 1 dog ad-
mitted for chronic lameness on the operated leg. On
radiographic examination, the cup was medially dis-
placed and caudally rotated, and the head and neck unit
was dislodged from the stem. On revision surgery, the

Fig 4. Similar positioning of the leg during postoperative ra-

diographs led to caudoventral luxation of the prosthesis at the

beginning of the study. The extremity was held in strong ad-

duction and outward rotation of the hip to get the screws par-

allel to the radiographic plate. The positioning was improved

with abduction of the hip joint, as shown in Fig 2 and no post-

operative luxation reoccurred. Luxation of the prosthesis in the

original position was also dependent on closed angle of lateral

opening (ALO) of the cup insertion.

Fig 5. Luxation of a cementless total hip replacement (THR).

Note the closed angle of lateral opening of the cup. In this case,

the THR luxated in a caudoventral direction during manipu-

lation under general anesthesia, and later migrated dorsally.

74 ZURICH CEMENTLESS TOTAL HIP REPLACEMENT

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
 

KYON    
   K

YON    
    

    
KYON    

  K
YON    

    
    

KYON    
    

    
 K

YON    
    

    
 K

YON    
 K

YON    
    

    
   

KYON    
    

KYON  

KYON    
    

 

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON  

    
 
 

KYON    
    

    
    

    
    

  K
YON    

    
    

    
    

   K
YON    

    
    

KYON    
    

    
    

  K
YON  

 
 

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
 

KYON    
   K

YON    
    

    
KYON    

  K
YON    

    
    

KYON    
    

    
 K

YON    
    

    
 K

YON    
 K

YON    
    

    
  K

YON    
    

KYON 

KYON   

    
   

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON    

  

 
 

KYON    
    

    
    

    
    

  K
YON    

    
    

    
    

   K
YON    

    
    

KYON    
    

    
    

  K
YON 

 
 

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
 

KYON    
   K

YON    
    

    
KYON    

  K
YON    

    
    

KYON    
    

    
 K

YON    
    

    
 K

YON    
 K

YON    
    

    
  K

YON    
    

KYON 

KYON   

    
   

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON    

  

 
 

KYON    
    

    
    

    
    

  K
YON    

    
    

    
    

   K
YON    

    
    

KYON    
    

    
    

  K
YON 

 
 

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
 

KYON    
   K

YON    
    

    
KYON    

  K
YON    

    
    

KYON    
    

    
 K

YON    
    

    
 K

YON    
 K

YON    
    

    
  K

YON    
    

KYON 

KYON  

    
    

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON    

  

 
 

KYON    
    

    
    

    
    

  K
YON    

    
    

    
    

   K
YON    

    
    

KYON    
    

    
    

  K
YON 

 
 

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
 

KYON    
   K

YON    
    

    
KYON    

  K
YON    

    
    

KYON    
    

    
 K

YON    
    

    
 K

YON    
 K

YON    
    

    
  K

YON    
    

KYON 

KYON    
    

 

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON    

  

 
KYON    

    
    

    
    

    
  K

YON    
    

    
    

    
   K

YON    
    

    
KYON    

    
    

    
  K

YON 

KYON    
    

    
KYON    

    
 K

YON    
    

KYON    
    

    
  K

YON    
    

    
KYON    

    
   K

YON    
    

    
KYON 

 
KYON    

   K
YON    

    
    

KYON    
  K

YON    
    

    
KYON    

    
    

 K
YON    

    
    

 K
YON    

 K
YON    

    
    

  K
YON    

    
KYON 

KYON    
    

 

    
 K

YON    
  K

YON    
    

    
   K

YON    
    

    
    

  K
YON    

    
   K

YON    
    

 K
YON    

  K
YON    

  K
YON    

  K
YON    

  

 
KYON    

    
    

    
    

    
  K

YON    
    

    
    

    
   K

YON    
    

    
KYON    

    
    

    
  K

YON 

 



acetabulum was reamed to the next larger cup size, the
bone defect was filled in with granulated tricalcium phos-
phate, and a new cup impacted. The last postoperative
radiographic examination was performed 3 years later
and the dog was walking without lameness (Fig 6). The
2nd dog was admitted 6 months after surgery, lame in the
operated leg with pain on hip manipulation. An irregular
radiolucent area was detected around the cup on radio-
graphs. Deeper reaming was performed during revision
surgery, until a bleeding bed was obtained, and a new cup
of the same size was impacted. No complications oc-
curred until 34 months later when the dog was admitted
for lameness in the operated leg. The acetabular compo-
nent was loose. Because this was the largest available cup,
a custom cup, 36mm diameter without polyethylene, was
impacted and additionally fixed with 4 selftapping 2.4

titanium screws to the acetabular bone, and a standard
32mm cup was impacted inside the larger one. No bac-
teria were isolated from cultures taken during surgery.

One dog had stem failure through the most proximal
hole 5 years after surgery. During revision surgery, a
window was created on the lateral cortex of the proximal
femur,27 but more proximally. The stem was removed
and replaced with a new one of the same size, and fixed to
the femur using the same holes as before. The 2 most
proximal screws were bicortical. The femoral window was
cerclaged with 1 polydioxanone and buttressed with a
locking compression plate (LCP; Synthes Inc.). Two
locking screws were inserted in the greater trochanter
and 2 in the femoral diaphysis, distal to the femoral stem
(Fig 7).

Outcome at Last Follow-up

Mean follow-up was 22.68 � 16.75 months (range, 6–
68 months). Of 65 ZCTHR, 60 were considered to have
an excellent clinical outcome, 3 a good outcome, and 2 as
failed. Radiographs of 63 ZCTHR were evaluated. Focal
radiolucent zones were observed in the acetabular com-
ponent of 23 cases and none of the THR had a complete
radiolucent zone around the cup or stem. No other com-
plications were detected. Findings compatible with bone
ingrowth fixation were observed for all acetabular and
femoral implants (Appendix A). Smooth bone thickening
along the medial femoral cortex and distal to the stem
was observed in 53 THR (Fig 8).

DISCUSSION

ZCTHR can restore function in dogs affected by dis-
abling diseases of the coxofemoral joint. Sixty-three of
65 cases (97%) had a good or excellent final outcome,
although 11 dogs (17%) needed one or more revision
surgeries.

Of 100 operated dogs, completed follow-up (including
radiographs) of � 6 months was available for 65 dogs.
Follow-up was shorter in 2 dogs (1 euthanatized dog, 1
dog that had infection and explantation). Of the 35 re-
maining dogs, some died before this study, some owners
had moved out of the country, and some did not want
their dogs re-examined. Patient signalment and indica-
tions for surgery were similar to other studies.2,6,26

Complications

Intraoperative complications were limited to a femoral
fissure during femoral stem insertion in a 6-year-old Ger-
man Shepherd that had end-stage degenerative joint dis-
ease (DJD) of the affected hip and had contralateral
THR 3 years earlier. Over-reaming of the femoral canal

Fig 6. (A) Ventrodorsal frog-legged radiograph 10 months

after total hip replacement (THR). The cup is displaced caudal

and medial, and the head and neck unit is luxated and dislodged

from the stem. (B) Follow-up radiograph 3 years after revision,

showing stable acetabular and femoral implants. On revision

surgery, the acetabulum was reamed again and a larger cup

was impacted. The defect was filled in with granulated trical-

cium phosphate.
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led to the creation of the fissure during stem insertion.
Three full cerclage wires were used to prevent fissure
propagation. In later cases, not included in this study,
and to avoid contact between full cerclage wires and
screws, the use of full cerclage wires has been replaced for
locking plates applied in buttress function and anchored
in the trochanteric and in the distal area of the femur.

A 7-year-old Bernese Mountain dog with radiograph-
ically thin and sclerotic femoral cortices had an oblique
femoral fracture 1 week after surgery without observed
trauma. The fracture was oblique and started from the
2nd most distal screw extending distally and ending in the
midfemoral diaphysis. This is a well-reported complica-
tion after THR in dogs, and appears to be more common
in old animals because of nonuse of the leg or other
pathologic conditions.23 Successful ZCTHR of the con-
tralateral hip 3 years earlier may have contributed to
reduced limb use affecting bone quality predisposing
to fracture. This single femoral fracture compares
similarly with fractures occurring with cemented THR
systems.22,23

Femoral cortical bone loss is a reported complication
of stable and unstable cemented THR, making revision
surgery more difficult.28,29 No femoral cortical thinning
was observed on long-term follow-up. This is likely a
consequence of additional physiologic load on the medial
cortex11,13 and reduced stress shielding created by this
fixation.11–13 Indeed, increased cortical thickening was
observed along the medial femoral cortex and distal to
the stem in most cases (Fig 8). This bone remodeling and
apposition may prevent occurrence of femoral fractures
in the long-term that occur with cemented THR because
of cortical thinning (Appendix A).23

Fig 7. (A) Ventrodorsal radiograph 5 years after total hip

replacement (THR). Rupture of the stem at the level of the

most proximal screw is observed with lucency around the stem

at the level of the 3 most proximal screws. (B) Open leg pro-

jection immediately after revision surgery. A window was open

in the lateral femoral cortex to facilitate removal of the stem

(arrows), and a new stem was positioned using the same screw

holes. The stability of the stem was augmented by placing 2

bi-cortical screws proximally. The window was buttressed with

a 3.5mm locking compression plate fixed with 4 locking

screws. Three of the locking screws engage only the cis-cortex.

Fig 8. Ventrodorsal frog-legged radiograph 12 (right total

hip replacement [THR]) and 14 (left THR) months after sur-

gery. Increased thickening of the medial femoral cortices along

the screws is shown. The gap observed between the distal part

of both stems and the medial cortices of the femurs is because

of placement of the stems in incomplete contact with the co-

rtices during surgery. It did not increase in following exam-

inations, and had no clinical significance.
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Luxation

Luxations occurred in 7 dogs. Many factors seemingly
contribute to luxation26: correct positioning for postop-
erative radiographs, correct surgical positioning of the
acetabular component, corresponding adequate antever-
sion of the stem, and the use of the correct length of head
and neck unit to obtain enough periarticular muscular
tension.30 Breed, body conformation, and an increased
range of motion are some factors that may also be rel-
evant in the incidence of luxations.2,30 Impingement be-
tween the acetabular component and femoral head
during motion results in levering of the femoral head
and subsequent prosthesis luxation.2,26,30 All of these
factors may be more relevant in younger dogs with less
marked signs of DJD and more range of motion of the
hip joints.11 No reluxation occurred after revision surgery
in 6 of 7 cases, so the cause of luxation was likely ad-
dressed. Given that radiographs did not allow evaluation
of the angle of version of the femoral component, the
cause of luxation is inconclusive.

Prosthesis luxations occur in dorsal and ventral direc-
tions.2,30 One difference from other studies was that more
ventral luxations occurred in our study.2,26,31 All ventral
luxations occurred during limb manipulation under
general anesthesia and, in 4, during the postoperative
ventrodorsal radiographic examination with the hip joint
in flexion and adduction, similar to a previous study.30 In
4 dogs, the acetabular components had an ALO o301,
which appears to be too closed and may predispose to
luxation.25,26 These dogs, except for 1 with infection, were
revised by changing ALO during the same anesthetic pe-
riod; no reluxation occurred. Nelson et al reported ven-
tral luxation in St. Bernard dogs with ALO o301.30

Other breeds of dogs in that study had ventral luxations
with normally open cups, suggesting that ALO is not the
only causative factor of ventral luxation.30 In fact, 2 other
dogs in our series had the acetabular component im-
pacted with 301 ALO without any complication.

Positioning of implants was judged as being correct in
a 5th dog, but not enough tissue tension was achieved
with the selected head and neck unit. Joint laxity may
predispose dogs to luxation.26 This dog was successfully
revised, replacing the neck with a longer one.

Retroversion of the stem was reported as being a cause
of ventral luxation.30 We speculate that by providing ad-
equate anteversion to the femoral component, to match
the retroversion given to the cup, the risk of caudal and/
or ventral luxations would be reduced. Unfortunately,
our radiographs did not allow evaluation of stem version.

Muscle relaxation and repair of the arthrotomy during
anesthesia could also be factors contributing to luxation.
A measure taken to reduce risk of immediate postoper-
ative ventral luxation was to eliminate the ventrodorsal

radiographic examination with the operated hip in ad-
duction. Instead, a more abducted projection of the fe-
mur is used, which avoids luxation and provides more
information about the positioning of the stem relative to
the medial femoral cortex, and allows for evaluation of
screw insertion.

Dorsal luxation occurred in 2 dogs with acetabular
components impacted with � 601 ALO, which has been
suggested to increase risk of luxation26; however, many
other dogs in our study had cups in such an open po-
sition, suggesting that other factors also contribute to
luxation. Both dogs were revised, 1 successfully and 1 had
reluxation 2 weeks later and the owner declined further
surgery. The cup in this dog was impacted in revision
surgery with a more closed ALO than before, but also
much caudal AI was given ( � 351); we speculate that this
was the cause of a possible caudal luxation.

Even when luxations occurred without known cause,
in most cases it was related to implant malpositioning
during surgery, which can be controlled by the surgeon.26

Intraoperative manipulation of the implants should be
performed to evaluate the stability of the prostheses and
to make required changes to prevent luxation. If too
much laxity is present during manipulation, the head and
neck unit should be changed for a longer one.

Component Loosening

Aseptic loosening of the femoral and/or acetabular
component is a common complication of THR.3,22,29,32–35

Loosening occurred in the acetabular component of 2
dogs, 6 and 10 months after surgery, and in the 1st dog
again at 34 months after revision surgery. Bacteriologic
samples taken in both cases during revision surgery were
negative. Both dogs were lame and had pain on hip ma-
nipulation. In a previous study, 11.8% of dogs were lame
after ZCTHR and were more likely to have acetabular
component–bone interface lucency3; however, only dogs
presented for reevaluation, or because of lameness were
included. Unfortunately not all operated dogs were eval-
uated, nor was the total number of operated dogs pro-
vided leading to speculation that lucency was
overrepresented in that study. Skurla and James reported
in a necropsy study of 38 cemented THR that only 4
specimens had both components firmly implanted and
both components were loose in 14 cases.34 Because our
dogs were alive, definitive assessment of aseptic loosening
cannot be provided.

In humans, a 2-stage procedure is a standard tech-
nique to treat infected THR.36–39 The current recommen-
dation for infection after THR in dogs is explantation.27

Trying to salvage the THR in our case, a 2-stage pro-
cedure was performed, and ultimately failed. More cases
are needed before definitive conclusions can be made.
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Implant stresses are higher in the ZCTHR stem com-
pared with cemented stems, reaching a maximum in the
neck region of the implant, with a second peak at the
level of the most proximal screw.12 In response to break-
age of the stem at the peg–stem interface in the 1st gen-
eration ZCTHR, redesign of the radius of curvature at
the peg base eliminated stress concentration in that
area16,17 and no failure in this area has been reported with
2nd generation stems. In response to sporadic, and un-
reported, breakage of stems distal to this area after 2002,
all stems are shoot-peened, causing plastic deformation in
the stem surface and increasing resistance of implants to
breakage.18,19 The broken stem in our series was placed in
2001, and therefore not shot peened. Longer follow-ups
are needed to ensure that late implant breakage does
not occur.

Complication Rates

Previously reported complication rates ranged be-
tween 6.3% and 20.3%.5,22,30,40,41 Luxation in cemented
and cementless systems is the most frequently reported
complication, with rates from 1.1% to 11.8%.10,22,26,30

We report a complication rate of 17% and a luxation rate
of 11%. The high luxation rate in our cases presumably
reflects technical errors during surgery and postoperative
radiographic positioning, and therefore its incidence
should be reduced with increased surgeon experience.
Dogs not readmitted to our clinic for final follow-up ex-
amination were excluded from study. Because most of
these dogs were assessed clinically and radiographically
by referring veterinarians, and luxation is an early com-
plication after THR, we can assume that luxation rate is
overrepresented in our study.

The diameter of the heads used during this study was
16mm. Recently, 19mm diameter heads were developed
to be used with the 2 larger cup sizes. These heads have
increased the range of motion by 151, and therefore
should contribute to reduced incidence of luxation.

Revision surgery failed in 2 of 11 dogs (18.1%) com-
paring favorably with previous studies, with explantation
rates after complications ranging from 50% to 54%.5,22

Olmstead reported satisfactory resolution of � 60% of
the complications.40 We failed to solve luxation in 2 of 7
THR (28.5%). Dyce et al reported complications in 4 of
12 (33.3%) cases after revision surgery for luxation.26 A
study including cemented and cementless THR reported
failure to solve ventral luxations in 7 of 13 cases (53%).30

In our cases, instrumentation and implants are ade-
quate to treat medium to large size dogs. Even when no
complications occurred in smaller size dogs, we found
actual size of implants and instruments as being too large
to treat dogs o � 20kg. Smaller implants and instru-
ments should be developed to treat dogs of smaller size.

In conclusion, implantation of ZCTHR proves to be a
reproducible, acceptable surgical technique to treat dis-
abling diseases of the hip joint in medium to large size of
dogs, providing immediate and definitive anchorage. The
complication rate was high in our study (17%): most of
them being THR luxations (11%). Increased surgeon ex-
perience should help to reduce technical surgical errors and
therefore the rate of complications. After the resolution of
complications, a successful outcome was achieved in 97%
of the THR at an average of 2 years postoperatively, sim-
ilar to previous reported rates of 91–96%.5,7,8,40
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Appendix A. Examination of a ground section of a 6-year-

old Labrador male, 5 weeks and 4 days after implantation

of a Zurich Cementless Total Hip Replacement (ZCTHR)

system

Lymphangiosarcoma was detected at that time, and
the owner chose euthanasia and allowed the clinic to re-
trieve the implants for examination (Fig A1). (A) Ground
section made trough the acetabulum (arrowhead) and
one hole of the titanium shell of the cup (curved arrow)
showing new bone ingrowth in the hole (arrow). (B)
Ground section made trough the third screw of the stem
reveals good quality of the cortical bone around the screw
(curved arrow), presence of cancellous bone between stem
and cortex (arrow), and new periosteal bone apposition
(arrowhead). Images by Melinda Harman MSc, The
BioMotion Foundation, West Palm Beach, FL.

Appendix B. Grading scale for postoperative clinical

evaluation of hip function after ZCTHR

� Excellent: No pain on manipulation of the hip joint,
normal range of motion, muscle mass similar or
greater than in the other leg, no clinically detectable
lameness.

� Good: No pain on manipulation of the hip joint, re-
duced range of motion, mainly in extension, muscle
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mass similar or greater than in the contralateral leg,
clinically normal gait.

� Fair: Moderate pain during manipulation of the hip
joint, reduced range of motion, moderate muscular
atrophy, intermittent to persistent lameness.

� Poor: Pain easily detected during manipulation, range
of motion severely reduced, substantial muscular at-
rophy, and constant to no weight bearing lameness.

� Failed THR: The implants were removed or the animal
euthanatized because of the failure of the ZCTHR.

Fig A1. (A) Ground section through one hole of the titanium

shell of the acetabular cup. (B) Ground section though a screw

of the stem.
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