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Abstract :A 2-year-old, castrated male Chihuahua dog was referred for revision surgery for reluxation of the patella
following surgery for medial patellar luxation (MPL) of the left stifle joint. On general inspection, the patient showed
bilateral hindlimb weight-bearing lameness. On physical examination, bilateral non-reducible MPL was detected through
palpation. Radiographs revealed bone deformities of both hindlimbs. Computed tomography (CT) was applied for a
three-dimensional (3D) printing bone model to establish an accurate surgical plan. The bone plate was pre-contoured
over the 3D-printing bone model after execution of corrective osteotomy and sterilized prior to use in surgery. Corrective
osteotomy was performed through a staged, bilateral procedure. The patient showed improvement of limb function
following surgery without reluxation of the patella. The use of 3D-printing bone model for accurate surgical planning
of corrective osteotomy appears to be effective in increasing the accuracy of surgery. That may lead to successful
surgical outcomes.
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Introduction

Medial patellar luxation (MPL) is one of the most com-

mon orthopedic diseases causing hindlimb lameness in dogs

(13,16,18). Malalignment of the quadriceps mechanism may

be the major cause of the condition (13). Therefore, appropri-

ate realignment of the quadriceps mechanism is essential to

have a successful surgical outcome for MPL. 

For realignment of the quadriceps mechanism, surgical

treatments for MPL such as trochlear block or wedge reces-

sion and tibial tuberosity transposition have been performed

(1,13,17,19). In general, the surgical outcome of MPL with

surgical treatments varies with the degree of luxation of the

patella. Grade 2 and 3 MPL are considered to have a good

outcome for treatment, whereas grade 4 MPL carries a poor

outcome (4,9,14,19,21). Especially, surgical treatment for grade

4 MPL with bone deformity is very challenging (22). 

Femoral corrective osteotomy has been recently reported

as the surgical treatment for MPL with deformity of the distal

femur (12). Corrective osteotomy combined with conven-

tional surgical treatments can help to reestablish appropriate

alignment of the quadriceps mechanism in a patient having

grade 4 MPL with bone deformity. The surgical correction of

MPL using corrective osteotomy has been reported to have a

good surgical outcome (12,15). However, it has been demon-

strated that inappropriate correction of femoral or tibial

deformities can be a cause of reluxation of the patella. There-

fore, it is important to accurately evaluate bone deformities,

make an accurate surgical plan and perform surgery accu-

rately (8).

Radiography has difficulties in the accurate evaluation of

bone deformity, in that it provides only two-dimensional data

and has difficulty in obtaining an ideal positioning (3,10). As

a solution for these limitations, corrective osteotomy using a

3D-printing bone model has been shown to produce a good

surgical outcome for the correction of bone deformities in

human medicine. However, report of corrective osteotomy

using a 3D-printing bone model is rare in veterinary medicine. 

The purpose of this case report is to describe the surgical

planning, the surgical technique and the clinical outcome of

corrective osteotomy using a 3D-printing bone model in a

patient having grade 4 MPL with severe bone deformities of

the distal femur and the proximal tibia.

Case

A 2-year-old, 2.85 kg, castrated male Chihuahua dog was

presented for revision surgery for reluxation of the patella

following surgery for MPL of the left stifle joint. On general

inspection, the patient showed score 4 bilateral hindlimb

weight-bearing lameness (9). Physical examination revealed

pain and grade 4 MPL in the bilateral stifle joint. Palpation

of the hindlimb allowed for appreciation of the deformity of

the femur and tibia. Radiographic examination of both hind-

limbs revealed varus deformity of the distal femur and valgus

deformity of the proximal tibia in both hindlimbs (Fig 1A). 

For the 3D-printing bone model, computed tomography

(CT) was performed with 130 kVp, 150 mA, 1 mm slice thick-
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ness under general anesthesia using propofol (4 mg/kg IV,

Provive®; Myungmoon Pharm, Korea) and isoflurane (Ifran®;

Hana Pharm, Korea). The reconstructed CT data were used

for rapid prototyping using a 3D printer. Bilateral femoral

varus angle (FVA), tibial valgus angle (TVA) and antever-

sion angle were evaluated using the 3D-printing bone model

(Fig 1B). 

For accurate surgical planning, rehearsal surgery was per-

formed using the 3D-printing bone model. The center of rota-

tion of angulation (CORA) was found (Fig 2A). Each

distance between the femoral condyle and the location of

osteotomy and the correction angle of femoral torsion were

measured (Fig 2B and C). Femoral closing wedge osteotomy

was performed for a medial angular correction of 27o and an

internal rotational correction of 15o for increasing antever-

sion angle (Fig 2D). The bone plate was pre-contoured over

the 3D-printing bone model after the execution of corrective

osteotomy and sterilized prior to use in surgery (Fig 2E). The

identical method was used for the tibia.

Prior to surgery, premedication was carried out with glyco-

pyrrolate (0.011 mg/kg SC, Morbinull®; Myungmoon Pharm,

Korea), midazolam (0.2 mg/kg IV, Midazolam Inj®; Bukwang

Pharm, Korea) and hydromorphone HCl (0.1 mg/kg IV, Dilid

inj®; Hana Pharm, Korea). General anesthesia was induced

with propofol (4 mg/kg IV, Provive®; Myungmoon Pharm,

Korea) and was maintained with isoflurane (Ifran®; Hana

Pharm, Korea) delivered in oxygen. Cefazolin (22 mg/kg IV

q 2 hours, Cefazolin Inj®; Jong-Keundang, Korea) was ad-

ministered prior to induction of anesthesia. The patient

underwent epidural anesthesia with 0.5% bupivacaine (2 mg/

kg, Bupivacaine HCL 0.5%®; Myungmoon Pharm, Korea).

Intraoperative analgesia was maintained with remifentanil

Fig 1. Preoperative ventrodorsal radiograph of both hindlimbs

(A). 3D-printing bone model of both hindlimbs (B).

Fig 2. The center of rotation of angulation (CORA) visualized by Kirschner wires (A). Location of femoral wedge osteotomy (B). The

distal TPLO jig pin that was bent laterally 15o (C). 3D-printing bone model following corrective osteotomy (D). The bone plate was

pre-contoured over the postoperative 3D-printing bone model (E).

Fig 3. Intraoperative view. Lateral approach to the distal femur

and trochlear block recession (A). Femoral wedge corrective

osteotomy (B). Pre-contoured bone plate applied to the lateral

aspect of the distal femur (C). Tibial wedge corrective osteot-

omy and tibial tuberosity transposition combined with tension

band wiring (D). 
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HCl (0.1~0.6 µg/kg IV CRI, Ultiva®; GSK, UK). 

The patient was positioned with dorsal recumbency and

was prepared for aseptic surgery. A lateral approach was exe-

cuted to the right distal femur and stifle joint and trochlear

block recession was performed (Fig 3A). Then, the TPLO jig

pins were placed cranio-caudally at the proximal and distal

part of the osteotomy. The proximal jig pin was perpendicu-

lar to the proximal femoral sagittal axis and the distal jig pin

was parallel to the articular surface of the stifle joint. Femoral

closing wedge osteotomy with oscillating saw was per-

formed (Fig 3B). For the correction of torsion, the distal frag-

ment was rotated internally 15o using the distal jig pin. The

proximal and distal fragments were reduced and the pre-con-

toured bone plate was applied to the lateral aspect of the dis-

tal femur (Fig 3C). 

A medial approach was executed on the right proximal

tibia and tibial closing wedge osteotomy was performed with

an oscillating saw and two Kirschner wires as with the femur

(Fig 3D). The pre-contoured bone plate was applied to the

medial aspect of the proximal tibia (Fig 3D). Then, tibial

tuberosity transposition and tension band wiring were per-

formed after reevaluating patellar tracking and limb alignment

(Fig 3D). Imbrication and releasing were also performed.

The operative field was copiously lavaged and surgical inci-

sion was closed in layers.

Postoperative radiography revealed appropriate limb align-

ment and implant positioning. The FVA, TVA, and antever-

sion angle were evaluated with radiography and fluoroscopy

(Table 1). Exercise restriction and gentle passive range of

motion were performed on the patient for 6 weeks. Postoper-

ative analgesia was maintained with a fentanyl patch (Mat-

riphen patch 12 µg/hour; Daewoong Pharm, Korea) for 3

days following surgery. The patient was discharged with car-

profen (2.2 mg/kg PO, two times daily, Rimadyl®; ZOETIS,

Korea) and cephalexin (22 mg/kg PO, two times daily, Phal-

exin®; Dongwha Pharm, Korea) for 2 weeks.

On physical and radiographic examination at postopera-

tive 5 weeks, there were no complications associated with the

femoral and tibial osteotomy combined with conventional

surgical treatments for MPL. Rehabilitation including passive

range of motion, neuromuscular electrical stimulation, swim-

ming and underwater treadmill was performed two times

weekly. Three months postoperatively, the clinical function

of the right hindlimb was significantly improved and almost

normal. 

Then, corrective osteotomy of the left hindlimb combined

with conventional surgical treatments was performed identi-

cally. Postoperative radiographs revealed appropriate limb

alignment and implant positioning in common with the right

hindlimb. Six weeks postoperatively, the clinical function of

the left hindlimb was improved.

At 1 year after surgery, the patient had recovered well and

had a good functional outcome without lameness associated

with activity. Radiographs showed satisfactory limb alignment

and bone healing (Fig 4). The patient exhibited no luxation

of the patella or complications.

Discussion

The surgical correction of MPL with bone deformity is

challenging (19). It is difficult to reestablish an appropriate

alignment of the quadriceps mechanism using conventional

surgical treatments. 

In this case report, corrective osteotomy was performed for

a patient having grade 4 MPL with severe bone deformities.

The patient showed significantly improved limb function

without postoperative reluxation of the patella.

For a successful corrective osteotomy, it is important to

understand and evaluate the bone deformity accurately. How-

ever, accurate evaluation of bone deformity is hard to obtain

by radiography (8). Radiography has several limitations: it

provides only two-dimensional data for three-dimensional

bone morphology, it is difficult to obtain ideal positioning for

an accurate radiographic view and the surgeon has to reinter-

pret the results of radiography three-dimensionally. CT has

been reported to solve these limitations of radiography for

corrective osteotomy (2,6,17). In this case, a 3D-printing

bone model created using CT data was used for corrective

osteotomy. The 3D-printing bone model aided in evaluating

Table 1. Preoperative and postoperative measurement values for
bone deformities of both hindlimbs

Preoperative Postoperative Reference

Right hindlimb 

FVA 27o 4o < 5o

TVA 24o 7o 5 ± 3o

Anteversion angle 0o-1o 16o 15o-30o

Left hindlimb

FVA 22o 3o < 5o

TVA 20o 5o 5o ± 3o

Anteversion angle 0o-1o 15o 15o-30o

FVA, Femoral varus angle; TVA, tibial valgus angle.

Fig 4. Postoperative ventrodorsal radiograph of both hindlimbs

with appropriate limb alignment and bone healing at osteotomy

sites.
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bone deformity accurately, made it possible to make an accu-

rate surgical plan at a 1:1 ratio with the real bone of the

patient and allowed the surgeon to confirm the planned surgi-

cal procedure through a rehearsal surgery. Furthermore, the

rehearsal surgery using the 3D-printing bone model raised

familiarity with the surgical procedure and the confidence of

the surgeon and made the pre-contouring of bone plates pos-

sible. In human medicine, previous case studies have reported

that using a 3D-printing bone model allowed for a successful

clinical outcome by increasing surgical accuracy, decreasing

surgical and therefore anesthetic time and aiding understand-

ing both by the clinicians involved and by the client

(5,11,20). Patients who need a challenging corrective osteot-

omy for bone deformity are definitely expected to benefit

from the use of 3D-printing bone modeling (7).

3D-printing bone modeling using CT is disadvantageous in

that it may be expensive. However, considering the extra cost

from many radiographs and the inaccurate surgical plan and

surgical failure that requires prolonged hospitalization or

revision surgery, it may be rather economical.

Conclusion

In this case report, corrective osteotomy was performed for

the treatment of grade 4 MPL with severe bone deformity.

3D-printing bone modeling using CT can be very useful to

make an accurate surgical plan and perform corrective osteot-

omy successfully. 
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