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Abstract : A 3-year-old, 26 kg, castrated male Chow Chow was presented for assessment of weight-bearing lameness
of the left hind limb. The patient had a history of triple pelvic osteotomy on the left side to correct hip dysplasia
2 years prior to his presentation of clinical signs and underwent total hip replacement on the right coxofemoral joint
1 year later. Upon physical examination, pain and crepitus were noted on the left hip joint during extension. Radiological
examination revealed coxofemoral joint subluxation and moderate degenerative bone changes on the left hip joint and
pelvic axis, which relates to acetabular angles that were changed after triple pelvic osteotomy (TPO). Preoperative
computed tomography was used for 3-dimensional printing to establish an accurate surgical plan. The changed angles
of the acetabulum after TPO were evaluated, and rehearsal surgery was performed using a 3-demensional printing
bone model. Three months after the THR surgery, the function of the affected limb had improved, with no lameness.
Complications, such as luxation and implant failure, were not observed until 6 months after the operation. Accurate
evaluation of acetabulum angles and rehearsal surgery using a 3D-printed bone model is effective for total hip

replacement after unsuccessful TPO.
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Introduction

Canine hip dysplasia (CHD) is one of the most common
orthopedic diseases in medium to large breed dogs. It causes
subluxation and degenerative changes in the joints of dogs
(8,12,13). Discomfort may develop due to joint laxity, exposed
subchondral bone and stretching of soft tissue. When CHD
progresses to degenerative changes, the development of osteo-
arthritis (OA) results in pain (2,11).

To alleviate pain and prevent joint degeneration, a TPO
can be performed in young dogs without OA (i.e., skeletally
immature dogs approximately 6 to 12 months of age). TPO
surgery rotates the acetabulum ventrolaterally to increase
dorsal coverage of the femoral head. The loadbearing area of
the acetabulum increases, andcartilage injury is decreasedby
dispersing mechanical stress onto the articular cartilage.
Therefore, TPO limits hip subluxation and prevents OA
(8,11).

However, when a CHD patient still has pain and progres-
sive degenerative changes after preventative surgery, a sal-
vage procedure should be considered as a treatment option.
In a patient with degenerative changes and OA at the hip joint,
femoral head and neck osteotomy (FHNO) and total hip
replacement (THR) are generally considered to be a salvage
procedure. THR has the best clinical outcomes, regardless of
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weight, by replacing the diseased acetabulum and femoral
head with a prosthetic implant to relive pain and return the
patient to normal function (1,2,12).

Conversion to THR from failed TPO is a difficult surgical
techniquebecause of the morphological changesin the pelvis.
If a prosthetic THR cup is positioned as a changed anatomic
pelvic axis, then complications, such as ventral luxation and
impingement, may occur after THR. Therefore, meticulous
evaluations and technical considerations are needed preop-
eratively to adjust the cup positioning angle (5,9,10). Preop-
erative computed tomography was used for 3-dimensional
printing to establish an accurate surgical plan, and rehearsal
surgery was performed using a 3d-printed bone model.

This case report evaluates the changed acetabular angle
after failed TPO and describes a successful clinical outcome
of THR using a 3-d printed bone model.

Case

A 3-year-old, 26 kg, castrated male Chow Chow was pre-
sented for assessment of weight-bearing lameness of the left
hind limb. The patient had undergone TPO on the left side to
correct hip dysplasia 2 years ago. After 1 year, Zurich
cementless total hip replacement (ZCTHR) surgery was per-
formed on the contralateral hip. To prepare for THR surgery
on the right hip, a patient positioner (Kyon Inc., Zurich,
Switzerland) for the operating table was used to make the
patient’s spine horizontal and place the ilium bodies perpen-
dicular to the table. With the patient in the positioner, the left
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Fig 1. The lateral center edge angle (LCEA) and center distance
(CD) has been used as a parameter for hip joint congruity.
LCEA is the angle between the connecting line of the dorsal
edge of the acetabulum and the center of the femoral head, and
appears as a horizontal line on the CT image. CD is the distance
between the center of the femoral head and the acetabular center
on this CT image. (A) Six months after left hip TPO, the LCEA
of the acetabulum was 99.2°. (B) One year after right hip THR,
the LCEA of acetabulum was 55.1°. (C) Six months after left hip
TPO, the CD of the acetabulum was 1.22 mm. (D) One year
after right hip THR, the CD of the acetabulum was 6.56 mm.

hindlimb was hyperflexed, and dorsal pressure was applied at
the mid tibia. When excessive pressure was applied on the
left hip to correct the patient’s position, luxation occurred at
the left hip.

Closed reduction of the luxated hip was performed and the
hindlimb was maintained in hobbles, with strict exercise
restrictions for 2 weeks. After 1 year from discharge, the
patient revisited the animal hospital with clinical signs.

During the physical examination, pain and crepitus were
noted on the left hip joint during extension, and medial patel-
lar luxation was identified on the same side. Radiological
examination revealed coxofemoral joint subluxation and
moderate degenerative bone changes on the left hip joint.
Based on comprehensive information, THR was planned for
revision of the left hip.

A CT scan was performed with 120 kVp, 500 mA, and
2 mm slice thickness with the patient under general anesthe-
sia. CT was performed twice: 6 months after the left hip TPO
and 1 year after the right hip THR. At each point, the lateral
center edge angle (LCEA) and center distance (CD), which
has been used as a parameter of hip joint congruity in previ-
ous articles (3,4,6), was measured from the left hip (Fig 1).
The acetabular angle (AA) and inclination angle of the pel-
vis were also measured to adjust the positioning angle of the
THR cup (Fig 2). CT data were reconstructed to print a 3D
bone model. With the 3D bone model, the acetabular wall
thickness and positioning angle of cup were confirmed.

Fig 2. The acetabular angle (AA) and inclination angle of the
acetabulum. Based on the AA, the decreasing angle of the lateral
opening (ALO) for the total hip replacement cup was deter-
mined. (A) The AA of the left acetabulum was 50.4°. (B) The
AA of the right acetabulum was 21.2°. (C) The inclination angle
of the left acetabulum was 29.3°. (D) The inclination angle of
the right acetabulum was 21.2°.

Fig 3. 3D-printed bone model was used for the rehearsal sur-
gery. (A) The red dotted line shows the altered inclination angle
of the left acetabulum after the TPO surgery. (B) The sagittal bar
was adjusted to decrease the inclination angle, not based on the
caudally lifted pelvic axis.

Rehearsal surgery was performed, and a preoperative plan
was determined (Fig 3).

Prior to surgery, the patient was premedicated with cefazo-
lin (22 mg/kg 1V, cefazolin®; Jong-keundang, Korea) and
midazolam (0.2 mg/kg 1V, Midazolam®; Bukwang, Korea).
Anesthesia was induced using propofol (6 mg/kg IV, Provive®;
Myungmoon, Korea) and maintained with isoflurane (Ifran®;
Hana Pharm, Korea), with oxygen, in a semi-closed circuit
system. An epidural local block was performed with bupiv-
acaine (bupivacaine HCL 0.5%"; Myungmoon, Korea). Remi-
fentanil HCI (0.1~0.6 pg/kg IV CRI, Ultiva™; Glakso, Korea)
was infused as a perioperative analgesia.

The patient was placed in lateral recumbency, with a posi-
tioning bag on the surgical table and was prepared for asep-
tic surgery. The Zurich cementless total hip replacement
(ZCTHR) procedure was performed, with Kyon implants
(Kyon Inc., Zurich, Switzerland). After using the craniolat-
eral approach, the femoral head was removed with an oscil-
lating saw, and the femoral canal was prepared using drill
bits and files. While the acetabular bed was reaming, exces-
sive bone loss occurred. Therefore, a 26.5 mm revision cup
was selected instead of the usual double shell cup, due to an
expected inadequate press-fit. Before the cup fixation, multi-
ple holes were drilled for osteostixis on the acetabular fossa
and then packed with a cancellous bone graft. The cup was
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Fig 4. A postoperative radiograph showing the left lateral view
(A) and ventrodorsal view (B) of the left hip. The angle of incli-
nation was 14.9°, and the lateral opening angle was 50°. The
ALO was confirmed through fluoroscopy during surgery.

stabilized with four cortical screws. A small stem and a 16-
mm head with a short neck prosthetic implant were inserted
at each position. A fentanyl patch was used for postoperative
analgesia.

Postoperative radiography showed that the angle of the lat-
eral opening was 50°, and the inclination angle was 14.9°
(Fig 4). Cage rest was prescribed for 2 weeks, and activity
was controlled for next 4 weeks. At 3 postoperative months,
radiographs revealed that the implants were well positioned.
The muscle mass of the affected limb was significantly im-
proved. The excursion angle of the left hip joint had
increased from 100° to 115°. Until 6 months after the opera-
tion, the function of the affected limb had been improving
without complications, such as luxation and implant failure.
At the last follow-up exam, the patient showed satisfactory
weight-bearing ambulation, without lameness associated with
activity.

Discussion

The change in congruity was confirmed with LCEA and
CD measurements. Increased LCEA and decreased CD indi-
cate increased congruity (3,4,6). In this case, incongruity
after recurrent luxation from a failed TPO was ascertained
through decreased LCEA and increased CD inversely. Due to
luxation and degenerative changes on the left hip, THR was
planned for revision. Unlike a normal hip, TPO-induced pel-
vic axis alterations results in technical difficulties for THR.
Thus, acetabular angles had to be considered for the surgery
plan, and they were thoroughly understood from the CT scan.

TPO has some complications, such as progressive degener-
ative joint disease and persistent joint incongruity. In dogs
with excessive joint laxity, performing TPO cannot avoid
joint incongruity. Recent studies have shown that TPO is
focused on mitigating subluxation and improving function
rather than completely preventing the onset or progression of
OA (3,14). In this case, degenerative changes on the left hip
joint started after ventral luxation during right THR surgery.
Other factors may affect degenerative changes after luxation.
First, TPO-induced morphologic changes at the pelvis are
prone to result in a luxated hip joint. The pelvic axis was
rotated ventrally and lifted caudally. A lifted caudal segment
in the pelvic osteotomyshowed an increased inclination angle

for the acetabulum, which increased the tendency of a femo-
ral head to luxate caudally, resulting in hip instability and
degenerative changes at the hip joint. Second, after closed
reduction of the left hip joint during THR surgery, luxation
occurred postoperatively. Recurrent luxation and instability
could lead to articular cartilage damage and progress to joint
degeneration. OA of the hip joint progresses in 55 to 62% of
dogs after coxofemoral luxation, and it occurs more fre-
quently in heavier patients.

For these reasons, OA eventually occurred, and THR sur-
gery was indicated. Hemipelvis was not superimposed due to
previous TPO surgery on the lateral radiographic view, which
made it difficult to evaluate the pelvic axis. CT was per-
formed to measure accurate acetabular angles. The measure-
ment method for the acetabular angles was based on a
previous paper (7,11).

If the THR cup is positioned according to altered angle of
acetabulum, the possibility of ventrocaudal coxofemoral lux-
ation could increase after actual surgery. Therefore, decreas-
ing the angle of lateral opening (ALO) and inclination angle
of the THR cup was planned for the rehearsal surgery using a
3D printed bone model. During the rehearsal surgery with the
bone model, the acetabular medial wall thickness was mea-
sured through pinning and reaming. The osteophyte loca-
tions were confirmed for removal. Considering the CT data,
when positioning the THR cup, the transverse bar of cup
positioner was paralleled to the table to create an ALO of
45°, and the sagittal bar was adjusted to decrease the inclina-
tion angle, which was not based on the caudally lifted pelvic
axis. The points derived from the rehearsal surgery were
equally applied during the actual surgery, resulting in a suc-
cessful outcome. In this case, the technical difficulties were
overcome by using a 3d-printed bone model, which demon-
strated successful results through customization of the surgi-
cal technique.

Conclusion

Hip joint incongruity after recurrent luxation was con-
firmed through CT. TPO has some complications, such as
progressive degenerative change and persistent incongruity.
In this case, a ventrocaudally lifted pelvic axis and luxation
resulted in degenerative changes to the hip joint. Accurate
measurement of the acetabular angles anda 3d-printed bone
model using CT data was useful in determining a surgical
plan. THR after failed TPO was performed successfully by
premeasuring the acetabular angles in the rehearsal surgery.
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