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Clinical Results of Distal Femoral Osteotomy for Treatment of Grade 4 

Medial Patella Luxation with Concurrent Distal Femoral Varus

in Small Breeds Dogs: 13 Cases
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Abstract : The purpose of this study was to determine the outcome of distal femoral osteotomy for distal femoral
varus and medial patellar luxation (MPL) grade 4 in small-breed dogs. Radiographs and medical records were reviewed
to collect data and plan the surgery in small-breed dogs with MPL grade 4. Computed tomography (CT) imaging
was also performed in cases of severe bone deformities. Signalment, weight, medial patellar luxation and lameness
grade, radiographic bone union, complications, pre- and postoperative femoral varus angle, passive range of motion,
static weight bearing distribution and visual analogue scale scores were recorded. Thirteen corrective distal femoral
osteotomies were performed with ancillary and additional procedures in 9 dogs; 4 dogs had staged bilateral procedures;
and four stifles were suspected to have partial or complete rupture of the cranial cruciate ligament. One stifle underwent
patellar groove replacement. The mean ± SD pre- and postoperative femoral varus angles were 109.15o± 3.71o and
96.30o± 2.97o, respectively. Significant improvements in passive range of motion, thigh circumference and visual
analogue scale (VAS) scores were observed. There was no reluxation of the patella. This study suggests that distal
femoral osteotomy with traditional and additional procedures provided satisfactory outcomes in patient healing and
functional recovery in small-breed dogs with excessive femoral varus angles.
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Introduction

Medial patellar luxation (MPL) is one of the most common

orthopedic diseases causing lameness in small and large-

breed dogs (14,27). MPL often presents bilaterally, occur-

ring in 50% of cases (34). A recent study reported that 93%

of Pomeranian dogs presenting with MPL were affected

bilaterally (35). Some small-breed dogs, including Chihua-

hua, Pekingese, Pomeranians, Miniature and Toy Poodles

and Yorkshire Terriers, are 12 times more likely to develop

MPL than large-breed dogs (3,25).

Although the exact etiology of MPL has not been clarified

so far, several results have been published in various papers.

Alignment of the quadriceps extensor mechanism, which

comprises the quadriceps muscle group, and the patellar liga-

ment has been implicated in the pathogenesis of MPL (13,27).

The MPL stage is divided into four classes. In grade 4 patel-

lar luxation, the patella is permanently luxated and cannot be

returned to its anatomically original position by hand (28).

Malalignment-associated skeletal abnormalities, including

coxa vara, decreased femoral neck anteversion, genu varum,

distal femoral varus or external torsion and tibial valgus or

internal torsion, also tend to be present (32). It has been

reported that skeletal abnormalities are related to the severity

of MPL grade (4,35).

The re-luxation rate in MPL surgery ranges from 8% to

12% (3,10), with a lower rate achieved with the use of more

advanced current surgical techniques. However, surgical cor-

rection of grade 4 MPL is still very challenging, and the

prognosis is poor to guarded (27). In one study, it was found

that the reluxation rate was 36% after grade 4 MPL surgery

in small-breed dogs, specifically Pomeranians (35). In grade

4 MPL, not only internal rotation of the tibial tuberosity and

shallow or absent trochlea ridge of the femur but also femo-

ral varus or angular deformity may also be present (8,16,20).

Therefore, although tibial tuberosity transposition (TTT) and

wedge or block trochleoplasty are common operations for

correcting grade 4 MPL, currently, distal femoral osteotomy

(DFO) is gaining attention in the correction of excessive

femoral varus, a contributor to malalignment of the quadri-

ceps mechanism (8,30). When the femoral varus angle (FVA)

is greater than 10-12 degrees, which corresponds to an ana-

tomic lateral distal femoral angle (aLDFA) that is greater than

100-102 degrees, DFO is recommended (29,30).

However, these surgical standards are based on empirical

facts and applied to large dogs, such as Labrador retrievers

(29). The results of DFO application have been reported in

various studies. However, most cases have been applied to

large-breed dogs with variable MPL grades, and cases in

which DFO is applied to small dogs only are extremely rare

(5,9,12,26,30).

The purpose of this study was to determine the clinical

outcome of DFO for grade 4 MPL with femoral varus defor-

mity in small-breed dogs as a component of surgical treat-
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ment combined with traditional methods. We hypothesized

that DFO with traditional surgical methods would provide

satisfactory and improved outcomes in the function of patients.

Materials and Methods

Case selection

The medical records revealed 9 dogs: 13 stifles that had

undergone surgical treatment for nontraumatic medial patel-

lar luxation at Chungnam National University Veterinary

Medicine Teaching Hospital, Daejeon, Republic of Korea,

from 2014 to 2018. Dogs were selected according to the fol-

lowing criteria: (1) grade 4 MPL; (2) DFO surgery was per-

formed; (3) weight  9 kg; and (4) over 6 months of follow-

up after surgery.

Procedure

Medical records and radiographs were reviewed to collect

data. The information collected included breed, sex, body

weight, general physical and orthopedic exam findings, date

of surgery, age at surgery and surgery procedure. Follow-up

data were obtained from medical records or telephone con-

versations with owners. A standard craniocaudal radiograph

(hip-extended view) was obtained as well as craniolateral and

mediolateral projections of the femur and tibia. In cases of

severe angular deformity in the femur and tibia, computed

tomography (CT) imaging was also performed. Femoral

varus was obtained by measuring the aLDFA. Correction of

concurrent diseases such as cranial cruciate ligament insuffi-

ciency or tibial torsion was planned using preoperative radio-

graphs or CT images.

The drug used for premedication was administered appro-

priately according to the condition of each patient, and propo-

fol (Anepol, Hana Pharm Co, Korea) (2-6 mg/kg IV) was used

for induction. Isoflurane (Ifran, Hana Pharm Co, Korea) was

given as the maintaining inhalant gas, and cefazoline (Cefazo-

line, CKD Pharm Co, Korea) (22 mg/kg IV) was administered

every 90 min perioperatively for prophylaxis. Remifentanil

(Remiva, Hana Pharm Co, Korea) (0.1-0.3 mcg/kg/min IV)

was used mainly for peri- and postoperative pain control.

The DFO surgery was performed according to the standard

procedure, and a locking plate was used after osteotomy at

the site of the center of angulation of rotation (CORA). In all

DFO surgery cases, lateral closing wedge ostectomy was

used. The reduction angle was determined as planned prior to

surgery (32). Surgical procedures, such as trochlear block

recession, tibial tuberosity transposition, medial releasing and

lateral imbrication, were also applied to all stifles. Antirota-

tional suturing was applied to two stifles. The ancillary pro-

cedures were carried out according to the preference of the

surgeon, and the degree of coverage was also adjusted appro-

priately according to the surgical site situation and the

patient’s condition. Usually, the patients were discharged one

week after surgery, and the dogs were rehabilitated at least

twice a week for a month or more.

Radiographic evaluation and data analysis

Standard stifle radiographic images (craniocaudal and

mediolateral views) were taken pre- and postoperatively to

compare aLDFA. We also assessed bone union 0, 4, 8, 12

and 24 weeks after surgery and osteoarthritis (OA) progres-

sion 0 and 24 weeks after surgery (7,17). Subsequent images

were taken every 6 months. Based on these radiographs, OA

progression was assessed by scoring based on synovial effu-

sion, osteophyte presence, and intra-articular mineralization

of the stifle joint. Synovial effusion and intra-articular miner-

alization were graded as 0-2 by subjective rating (0 - nor-

mal, 1 - mild, 2 - severe). Osteophytes generated around the

stifle joint were graded as 0-3 by subjective rating (0 - nor-

mal, 1 - mild, 2 - moderate, 3 - severe). A single observer

performed the radiographic scoring. Postoperative outcomes

were assessed using data including radiographic evaluation,

lameness scoring, thigh girth analysis, static weight bearing

evaluation and a questionnaire.

Passive range of motion (PROM) was used to measure

the flexion and extension angle of the affected stifle using a

universal plastic goniometer (UPG). Measurements using a

UPG (IMEXX Veterinary, Inc., Longview, USA) were per-

formed as previously described 0 and 24 weeks after surgery

(22). A measuring tape with a spring tension device (Gulick

II: Country Medical Technology Inc., Gays Mills, WI, USA)

was used to measure thigh circumference on the affected

limb. The assessment was divided into unilateral and bilat-

eral groups. The technique used to perform the thigh circum-

ference measurement was based on a previous report, and

readings were made in triplicate (22). Thigh circumference

was measured 0 and 24 weeks after surgery. And the increase

in thigh circumference in 24 weeks was measured in percent-

age. For the visual lameness score, a numerical rating scale

(NRS) with 6 grades was used for lameness severity classifi-

cation, and it was evaluated under walking, standing and

trotting conditions (0 = no lameness detected; 1 = barely de-

tectable lameness; 2 = mild lameness; 3 = moderate lame-

ness; 4 = severe lameness but carries limb when trotting;

5 = non-weight bearing). The evaluation of lameness was

performed before surgery and 4, 8, 12, and 24 weeks after

surgery.

Static weight bearing distribution was measured when

the dogs held their head and neck in a relaxed, neutral posi-

tion and stared straight ahead on a force sensing resistor mat-

tress (Snowforce Matrix Sensor 1610, Kitronyx, Korea); they

maintained the same posture for 3 to 5 seconds in a quiet

place. These measurements were performed 0 and 24 weeks

after surgery.

A visual analogue scale questionnaire consisting of 12

questions were obtained either directly or by telephone inter-

view before and after surgery by the owner (15,30). The

postoperative response was at least 6 months postsurgery.

Statistical analysis

All statistical analyses were done using the SPSS software

version 24.0 (IBM SPSs statistics 24.0, IBM Corp., Chicago,

IL). Shapiro-Wilk tests were used to determine the normality

of the data. The data are summarized as the means ± standard

deviation (SD). The Wilcoxon signed rank test was per-

formed to compare the data for aLDFA, PROM, lameness

score and static weight bearing distribution. Values of p <

0.05 were considered statistically significant.
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Results

Nine dogs with 13 stifles were included in this study. The

distribution of dog breeds was as follows: 5 Maltese, 3 Chi-

huahua and 1 Pomeranian. All dogs were castrated males.

The mean body weight and age at the time of surgery were

3.75 ± 0.75 kg (range: 2.85-5 kg) and 3.2 ± 2.34 years (range:

0.8-9.3 years), respectively. The mean follow-up period was

550.38 ± 310.39 days (range: 207-1,215 days). Of the 9 dogs,

only 5 underwent unilateral surgery, and 4 underwent staged

bilateral surgery (Table 1). Four stifles were suspected to

have partial or complete rupture of the cranial cruciate liga-

ment. One of the dogs had a tibial plateau levelling osteot-

omy, and the others had cranial closing wedge osteotomies.

Tibial valgus was identified in 2 stifles and corrected with a

single tibial osteotomy. Femoral torsion was found in two

cases and was corrected with a DFO. One stifle that under-

went patellar groove replacement (PGR) showed impinge-

ment between the PGR and patella. This was thought to be

due to the small size of the PGR. Therefore, revision surgery

Table 1. Summary data for 9 dogs (13 stifles) with grade 4 medial patellar luxation treated with distal femoral osteotomy (DFO)

Limb Breed
Age

(years)
Sex

Weight

(kg)
Side

Pre-Op

aLDFA (o)

Post-Op

aLDFA (o)

Imaging

modality

Concurrent

diseases
Other procedures

01a Chihuahua 3.4 MC 2.85 R 115.0 97. Rad, CT
Femoral torsion,

CCLR
TBR, TTT CCWO

02a Chihuahua 3.8 MC 2.60 L 113.0 87. Rad, CT CCLR TBR, TTT CCWO

03b Maltese 1.7 MC 5.00 L 113.0 94. Rad
Trochlear ridge

abnormality
PGR, TTT

04b Maltese 2.3 MC 4.80 R 108.0 94. Rad None TBR, TTT

05 Maltese 1.8 MC 4.60 L 112.0 099.4 Rad None TBR, TTT

06 Chihuahua 1.3 MC 3.90 L 109.8 99. Rad None TBR, TTT

07 Maltese 5.0 MC 3.30 L 104.0 94. Rad, CT CCLR TBR, TTT, TPLO

08c Maltese 0.8 MC 3.10 R 111.0 91. Rad Tibial valgus
TBR, TTT,

Tibial osteotomy

09c Maltese 0.8 MC 3.10 L 104.0 92. Rad Tibial valgus
TBR, TTT,

Tibial osteotomy

10d Chihuahua 3.0 MC 3.75 R 104.0 93. Rad Femoral torsion TBR, TTT

11d Chihuahua 3.0 MC 3.75 L 107.0 100.0 Rad Femoral torsion TBR, TTT

12 Pomeranian 9.3 MC 3.95 R 109.1 095.7 Rad None TBR, TTT

13 Maltese 5.4 MC 4.00 R 107.1 096.3 Rad, CT CCLR TBR, TTT CCWO

aLDFA, anatomic lateral distal femoral angle; CCLR, cranial cruciate ligament rupture; CCWO, cranial closing wedge osteotomy; CT, com-
puted tomography; L, left; MC, male castrated; Pre-Op, pre-operation; Post-Op, postoperation R, right; Rad, radiography; TBR, trochlear
block recession; TTT, tibial tuberosity transposition.

Table 2. aLDFA, PROM (flexion and extension angle), lameness score, thigh circumference and static weight bearing distribution in
presurgery group and postsurgery group (24 weeks)

aLDFA

(Deg)

Flexion

angle

(Deg)

Extension

angle

(Deg)

Lameness

score

(number)

Thigh

circumference

unilateral (%)

Thigh

circumference

bilateral (%)

Static weight

bearing

distribution (%)

Presurgery group 109.15 ± 3.71 30.11 ± 4.04 156.89 ± 2.30 3.07 ± 0.71 - - 09.31 ± 5.71

Postsurgery group

(24 weeks)
096.30 ± 2.97 41.56 ± 2.30 162.78 ± 2.91 0.32 ± 0.61 13.24 ± 5.05 12.26 ± 3.43 18.63 ± 2.02

p value* 0.01 0.008 0.007 0.001 - - 0.0001

aLDFA, anatomic lateral distal femoral angle; Deg, degree; PROM, passive range of motion.
*Denotes significant difference (p < .05).

was performed with larger prosthetics. The problem did not

occur after revision surgery. In two cases, friction was felt on

the side of the DFO during manipulation. However, lame-

ness was not observed.

The results of the statistical analysis were summarized

(Table 2). The mean preoperative aLDFA of the stifle joint

that had femoral correction was 109.15o ± 3.71o (range: 104o-

115o). The mean postoperative aLDFA was 96.30o ± 2.97o

(Fig 1). Radiographic bone union of the DFO occurred after

92.22 days ± 22 days (range: 61-141). No other side effects,

such as implant failure, were observed. In the OA progress

assessment, synovial effusion was 1.75 ± 0.45 (range: 1-2)

preoperatively and 1.50 ± 0.52 (range: 1-2) 24 weeks after

the operation (p = 0.18). The mean osteophyte score was

1.90 ± 0.88 (range: 1-3) preoperatively and 2.00 ± 0.82 (range:

1-3) 24 weeks postoperatively (p = 0.32). The intra-articular

mineralization score was 0 before and after surgery (p = 1).

There were no significant changes in any OA evaluations.

The mean flexion degree in the PROM of the affected limb

was 30.11o ± 4.04o and 41.56o ± 2.30o 0 and 24 weeks post-
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operatively. The mean degree of extension in the PROM of

the affected limb was 156.89o ± 2.30o and 162.78o ± 2.91o at

0 and 24 weeks postoperatively, respectively. The mean

lameness score was 3.07 ± 0.71 and 0.32 ± 0.61 at 0 and 24

weeks postoperatively. Significant improvement was observed

postoperatively. The mean difference of thigh circumference

of the affected limb between the 0 and 24 weeks postopera-

tively was 13.24% ± 5.05% in unilateral group and 12.26% ±

3.43% in bilateral group. Both groups showed a significant

increase in thigh circumference after surgery compared to

before surgery. The mean static weight-bearing distribution

of the affected limb was 9.31% ± 5.71% and 18.63% ± 2.02%

at 0 and 24 weeks postoperatively, respectively (p < 0.0001).

The questionnaire responses were obtained before the sur-

gery, and those from the most recent follow-up were obtained

by direct contact or a phone call. The results of the visual

analogue scale scores were summarized graphically. There

was a significant increase in the scores for all questions (Fig 2).

Discussion

In this study, DFO surgery in all patients with MPL 4 led

to satisfactory results regarding postoperative alignment and

function without any reluxation. There was no reluxation

after surgery, and median osteotomy union was achieved at

92.22 days of follow-up with no other side effects.

The reported rate of reluxation after conventional surgery

was 8%, with an increased incidence for higher grades (3).

One of the causes for this is thought to be related to exces-

sive femoral varus conformation (8,29). DFO has been rec-

ommended as a surgical correction of medial patellar luxation

with excessive femoral varus (30). Several reports have

shown good results after performing a DFO; however, there

are still controversies over the application and prognosis, and

these reports were based on large-breed dogs. To the authors’

knowledge, there are no specific reports about DFO applica-

tion in small-breed dogs with MPL grade 4 only.

A previous study advocated the correction of a femoral

varus deformity when the femoral varus angle is greater than

10o-12o or aLDFA  100o-102o. These figures are based on

Labrador retrievers, and the recommended aLDFA at which

to perform a distal femoral osteotomy is still controversial

(26,29). The normal aLDFA value was considered to be 94o-

98o. However, these values were difficult to apply to small

dogs because the previous study was based on large breeds

of dogs (33). The current literature suggests 94.21o ± 3.48o

and 94.5o ± 2.9o as the aLDFA for small-breed dogs (21,23).

The aLDFA reference values for Toy Poodles, Chihuahuas

and Yorkshire terriers with normal and grade 4 MPL stifle

joints have been reported, and DFO was recommended for

the treatment of MPL in those breeds (24,36,37). In this

study, the mean preoperative and postoperative aLDFA was

109.2o and 96o, respectively. The mean preoperative aLDFA

was higher than 102o, a recommended aLDFA for DFO in

large-breed dogs. But, it is reported that the measurement

aLDFA for the femur in small-breed dogs with MPL grade 4

Fig 1. Pre- and postoperative craniocaudal femoral projection from case 4 showing reference lines for the radiographic measurement

of the distal femoral varus deformity (A and B). Case 4 performed 2 staged bilateral DFO, and the plate on the left limb was removed

8 months later (C). Note the improved limb alignment and patellar location with aLDFA 96.3o postoperavely compared to the pre-

operative radiograph with aLDFA 110o (C). aLDFA, anatomic lateral distal femoral angle; DFO, distal femoral osteotomy.

Fig 2. Mean ± SD visual analogue scale (VAS) scores. Signifi-

cant improvement in the scores for all questions was observed

postoperatively.
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is 110.5o ± 5.5o in radiography and 108.1o ± 8.0o in CT (36).

Intraoperatively, when a DFO was performed in small-breed

dogs with an aLDFA larger than 109o, we could not find a

medially directed force from the quadriceps mechanism while

performing flexion and extension of the stifle joint (within

the normal ROM of the stifle joint). In addition, accompany-

ing diseases must all be corrected during the DFO to obtain

good results. Patients with grade 4 MPL with distal femoral

varus are more likely to have concurrent diseases than other

patients (6,9). Examples include femur or tibia torsion, cra-

nial cruciate ligament rupture (CCLR) and stifle cartilage

damage, including a worn-out trochlear ridge.

Accurate preoperative planning should be used to increase

the success rate of DFO. A well-positioned radiograph view

is especially important to accurately measure the aLDFA and

CORA. Currently, rather than the location of the fabella

bisecting the femoral cortices, the positions of the walls of

the intercondylar fossa and femoral trochlear ridges are con-

sidered to be the markers for well-positioned views (1,18). In

the case of distal femoral varus and other angular deformi-

ties, a preoperative plan was established through 3D recon-

struction after a CT scan, and the operation was successfully

completed. If the patient has multiple deformities, 3-dimen-

sional (3D) imaging is highly recommended.

In our study, the mean time to bone union was 92.22 ±

22.38 days. This is longer than what is reported in other

papers (5,30). The longer bone union time in this study may

have been influenced by the long interval of follow-up com-

pared to that used in a previous study (5). The radiographic

evaluation, PROM, lameness score, thigh circumference and

static weight bearing distribution were used to compare the

pre- and postoperative status. A positive significance was con-

firmed in almost all evaluation criteria, which may indicate

functional recovery after surgery. Satisfaction on the parental

questionnaire was also high. There was no significant change

in OA assessments, such as synovial effusion, osteophyte sta-

tus and intra-articular mineralization. The PROM using a

goniometer is an objective measurement of joint and muscle

problems, and the angle gradually increases as the stifle is

restored (31). However, the normal angle reference value is

based on large dogs, and there are no articles on normal

small dogs yet (11,19). Therefore, unilateral patients might

have be compared with their contralateral limb if it is nor-

mal, and bilateral patients should be compared with normal

small dogs of similar weight. The evaluation of thigh circum-

ference measurement is usually assessed by the percentage of

the affected limb compared to the normal contralateral limb.

However, because of the bilaterally affected patient, we eval-

uated pre- and postoperative values rather than using the

method mentioned above. Additionally, the postoperative

static weight-bearing distribution was 18.63% ± 2.02%, which

is close to the normal value of 20% and indicated complete

recovery.

There was one case of a major complication, which was

not a side effect of DFO but of a revision surgery for impinge-

ment between the patella and PGR due to the application of a

small implant size. It was replaced by a larger PGR. In two

cases, a little friction around the implant was felt during flex-

ion or extension. It seems that the muscle or joint capsule

was stimulated by the implant on the lateral femur epicon-

dyle. There was no pain or lameness, and no problem was

found within the radiographic image; however, implant

removal might be needed if there is a complication within the

continuous follow-up period. The reported rate of reluxation

was 0% after applying DFO to a mixed-size dog group with

variable MPL grade (5). The most common complications in

this paper were infection and delayed union (5). The reluxa-

tion rate in this study was similar to that in a previous report,

and complications were not found until now. However, latent

infection caused by biofilms must be fully recognized and

periodically inspected (2).

Limitations of this study include its retrospective nature

and that it did not have a normal distribution due to the small

population. Therefore, if more cases are gathered, it would be

possible to draw conclusions about the most effective angle

at which surgery would be indicated. The application of DFO

in small-breed dogs should be cautioned, and further studies

are warranted.

The results of the study reported here may provide other

surgeons with information on the optimal angle for DFO in

small-breed dogs.

Conclusion

It is common to see small-breed dogs that have grade 4

MPL with concurrent bone abnormalities. When evaluated

subjectively and objectively, these dogs, which were surgi-

cally treated with DFO, showed good results.

A cut-off value of aLDFA has not been still settled to pro-

vide a basis for DFO in small-breed dogs due to the varia-

tion of the muscles thickness and the sizes of the bone.

Further studies about this cut-off value will be needed to

accurately diagnose abnormal FVA in small-breed dogs. Nev-

ertheless, it seems that the results and considerations in this

paper could be a cornerstone to the further studies.
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