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Introduction

Distal femoral physeal fractures in dogs are predominantly
Salter-Harris (SH) type II or occasionally SH type I frac-
tures.1,2 SH type III and IV fractures of the distal femur are
infrequently reported, and there are no reports for SH type V
fractures in dogs.1–6 Early surgical reduction and stabiliza-
tion of these fractures are recommended to restore normal
femoral morphology and prevent malunion.2,4,7 Typically,

malunion results in caudoproximal epiphyseal displace-
ment, producing pronounced procurvatum of the distal
femur.3,5 Caudoproximal displacement occurs because of
tension exerted by semi-tendinosus and semi-membranosus
muscles on the caudal aspect of the proximal tibia.3–5

Another consequence ofdistal femoral physeal fractures is
premature physeal closure which can contribute to osseous
deformity.2,8 Symmetric premature closure of distal femoral
physis can result in a shortened femur. If the length
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Abstract Increased distal femoral procurvatum has been reported sporadically in dogs following
malunion of Salter-Harris type I, II, and III fractures of distal femur. The resultant
increased procurvatum can be poorly tolerated because of subsequent loss of stifle
extension. This case report represents a dog with the increased procurvatum of the
distal femur ascribed to a previous Salter-Harris type V injury. Surgical planning and
successful outcome following the corrective procedures have been documented. A 6.5-
month-old fox-terrier presented with a persistent weight bearing left pelvic limb
lameness, 2months after being hit by a car. The predominant orthopaedic findingwas a
20-degree decrease in left stifle extension. Radiographic and computerized tomogra-
phy evaluation revealed premature eccentric closure of the left distal femoral physis
ascribed to a previous Salter-Harris type V injury. The left femoral procurvatum was
30 degrees. The left tibial plateau angle was increased by 11.5 degrees compared with
the right. The femoral deformity was characterized, and a corrective procedure was
planned using Paley’s centre of rotation of angulation methodology. A cranial closing
wedge ostectomy of the left distal femur was performed and stabilized using a locking
plate. Proximal tibial epiphysiodesis was also performed to reduce the tibial plateau
slope. Union of the osteotomy site and reduction in tibial plateau angle by 5.4 degrees
were documented 50 days after surgery with a good functional outcome.
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discrepancy is less than 20%, limb function can be preserved
by compensatory increases in ipsilateral joint angles and/or,
less frequently, by tibial overgrowth.2,3,9–12 Asymmetric
premature distal femoral physeal closure can cause femoral
deformity in the frontal plane, transverse plane or combina-
tion which may affect alignment of the quadriceps mecha-
nism and lead to patellar luxation.4,11 In addition,
asymmetric distal femoral physeal closure can cause sagittal
plan deformity which has been rarely reported.7,13 In
humans, knee sagittal malalignment is generally tolerated
better than frontal malalignment because the hip, knee and
ankle move in the sagittal plane and can therefore compen-
sate for sagittal malalignment.14 Knee kinematics studies in
dogs15may suggest that a similar concept could be applied to
sagittal plane deformities in dogs. The loss of stifle extension
caused by severe distal femoral procurvatum, however, has
been associated with poor limb usage in both humans and
dogs.3,14 Increased femoral procurvatum in humans can
disrupt the femoral–patellar relationship and result in a
knee fixed flexion deformity, which is often debilitating.14

In dogs, persistent lameness was ascribed to a loss of more
than 10degrees of stifle extension.16 Stifle extension may be
further hindered by hamstring contracture and joint capsule
fibrosis due to limb disuse.3,5

There are a limited number of reports describing in-
creased distal femoral procurvatum and its surgical correc-
tion in dogs.3–5 None of the reports describe increased distal
femoral procurvatum resultant from SH type V injury of the
distal femoral physis. This case report describes a dog with
asynchronous premature closure of the distal femoral physis
ascribed to a distal femoral SH type V injury, which resulted
in increased distal femoral procurvatum. We further discuss
the diagnostic considerations, preoperative planning and
corrective procedure which yielded functional recovery in
this dog.

Case Description

A 4-month-old intact male fox-terrier, weighing 6.6 kg, was
presented to the University of Padova Veterinary Teaching
Hospital after being hit bya car. On orthopaedic examination,
the dog would not bear weight on the left pelvic limb. Pain
was elicited on stifle manipulation. The stifle was palpably
stable in the sagittal and frontal planes and the patella
position was normal. Radiographic evaluation of both pelvic
limbs obtained under sedation revealed irregularities in the
left distal femoral physis (►Fig. 1B,C). Because there was no
demonstrable clinical instability, conservative therapy with
cage confinement and administration ofmeloxicam (1mg/kg
per os every 24 hours for 10 days) was recommended.

The dog re-presented 2 months later with a persistent
weight-bearing lameness of the left pelvic limb. There was
moderate muscular atrophy in the left pelvic limb. The most
prominent finding of orthopaedic examination was a 20-
degree decrease in left stifle extension (►Fig. 1E). Flexion
angles were comparable in both stifles. Joint effusion, patel-
lar luxation and other orthopaedic abnormalities were not
appreciated in the affected stifle.

Radiographic Findings
Orthogonal radiographs of both pelvic limbs were obtained
under sedation (►Fig. 1F–I). On the frontal plane radiograph,
no valgus or varus deformity of the left femur was detected.
On sagittal plane radiographs, increased procurvatum of the
left distal femur was present. Definition of the left distal
femoral physis was indistinct along with sclerosis of the
distal metaphysis, increased opacity and irregularity of the
caudal aspect of distal physis and caudal cortical thickening
of the distal femur adjacent to the deformity. Asymmetric
premature closure of caudal portion of the left distal femoral
physis ascribed to a previous crushing type (SH typeV) injury
was diagnosed. Radiographic evaluation of the tibiae was
normal in the frontal plane, but the left tibial plateau angle
(TPA) was higher than right TPA in sagittal radiographs
(►Table 1, ►Fig. 1I). Additionally, a slight compensatory
increase in the length of left tibia was documented
(►Table 1). Computed tomography scan evaluation of both
femurs verified the radiographic findings of eccentric pre-
mature closure of left distal femoral physis (►Fig. 2).

Surgical Planning
Using the sagittal radiographic images of both femurs, centre
of rotation of angulation (CORA)methodologywas employed
to define the location and magnitude of the procurvatum
deformity in the left femur.3 Paley’s methodology was used
to define the joint orientation line (JOL) and anatomical axis
(AA) of the distal femur and to measure the anatomical
caudal distal femoral angle (aCdDFA).3,14,17 The normal right
aCdDFA (90.5 degrees) was used to measure the amount of
deformity in the left femur. The CORA, formedby intersecting
the left femoral distal AA with the transposed right aCdDFA,
was located 12mmproximal to the lateral trochlear ridge. As
determined by CORA, the excessive procurvatum of the left
distal femur was measured 30 degrees, which was also the
amount of correction needed to be addressed.1,3 A cranial
closing wedge ostectomy (CCWO)was plannedwith the apex
of thewedge positioned along the caudal cortexof the femur.
The height of cranial wedge (y¼7mm) was calculated using
the trigonometric formula (y¼ x ∙ tan u) where u is the
desired angle of correction (30 degrees) and x is the femoral
width (12.13mm)measured on calibrated radiographs along
the transverse bisecting line.12 Because the left TPA was
11.5 degrees greater than the contralateral tibia, a proximal
tibial epiphysiodesis (PTE) was also planned (►Fig. 3).

Surgery
The dog was premedicated by intramuscular injection of
methadone (0.2mg/kg), dexmedetomidine (4 µg/kg), and
ketamine (1mg/kg). Anaesthesia was induced with propofol
(3mg/kg intravenous) andwasmaintainedwith sevoflurane.
Cefazolin (22mg/kg, intravenous) was administered at the
time of induction and then repeated every 90minutes. The
dog was prepared for aseptic surgery and positioned in
dorsal recumbency. A lateral approach to the left femur
was performed which was extended to the craniolateral
aspect of the stifle. Two parallel Steinmann pins were placed
in the cranial surface of the femur and connected to a tibial
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Fig. 1 Radiographs obtained shortly after the dogwas hit by a car showing irregularities in the distal physis of the left femur (green arrow) (B, C) compared
with the right femur (blue arrow) (A). On the frontal radiograph, the lateral aspect of the distal physis of the left femur was poorly defined (green arrows) (B).
On the sagittal radiograph, the width of the distal femoral physis was irregular with possible caudoproximal displacement of the epiphysis (green arrow) (C).
Twomonths after injury (D–I), orthopaedic evaluation showeda20-degree decrease in extensionof the left stifle (E) comparedwith the contralateral limb (D)
(left stifle full extension angle: 160degrees, right stifle full extension angle: 180degrees). Radiographic evaluation of both femurs in orthogonal
views (F–I) suggested eccentric premature closure of the left distal femoral physis ascribed to a Salter-Harris type V injury (green arrow) (G). Sagittal
radiographs of femurs and tibiae (H, I) demonstrated increased left distal femoral procurvatum (double green arrows) and increased left tibial plateau angle
(white arrow) (I). All the radiographs are magnified.
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plateau levelling osteotomy jig to maintain the alignment
and facilitate reduction. For CCWO, the initial osteotomywas
made at the CORA location along the pre-determined trans-
verse bisecting. The second osteotomywasmade proximal to
the first osteotomy in a 30-degree oblique fashion to excise a

7mm cranial wedge. After reduction, a straight 6-hole Mini-
series Fixin plate (Intrauma S.r.l., Rivoli, Italy) was applied
laterally on the femur using 2.5mm locking screws. The PTE
was then performed under the fluoroscopy guide. A 2.4mm
cortical screw (DePuy Synthes, West Chester, United States)

Table 1 Measurements obtained from radiographic evaluations of the dog’s femurs and tibiae

Parameter Pelvic limb Initial post-trauma 2 months post-trauma Initial post-op 50 days post-op

Femoral length (mm) Affected 125.0 141.2 140.3 143.2

Unaffected 124.8 142.7 142.7 146.8

Tibial length (mm) Affected 109.3 136.5 138.2 138.7

Unaffected 110.3 131.9 NA NA

aCDFA Affected 83 degrees 60.5 degrees 95.5 degrees 90.6 degrees

Unaffected NA 90.5 degrees 90.5 degrees NA

TPA Affected 23.0 degrees 34.5 degrees 34.5 degrees 29.1 degrees

Unaffected NA 23.0 degrees 23.0 degrees NA

Abbreviations: aCdDFA, anatomical caudal distal femoral angle; NA, data not available; TPA, tibial plateau angle.
Note: Femoral and tibial length were measured on frontal radiographs, while aCdDFA and TPA were measured on sagittal radiographs. Two months
after injury, the left (affected) femur was 0.01% shorter than the right (unaffected) femur, with 0.03% compensatory overgrowth of the ipsilateral
tibia. The affected femur was 0.01 and 0.02% shorter than the right femur on radiographs performed immediately and 50 days after surgery
respectively.

Fig. 2 Computed tomographic scan of both femurs (three-dimensional multiplanar reconstruction view) obtained 2 months after a presumed
Salter-Harris type V injury to the distal physis of the left femur suggesting eccentric premature closure of the physis (orange arrows) (D–F).
Transverse (A, D), frontal (B, E), and sagittal (C, F) views of distal femurs showed a clearly definedW-shaped physis of the right femur (blue arrows)
(A–C). The distal physis of the left femur had a hazy appearance with metaphyseal sclerosis and caudal cortical thickening (orange arrows) (D–F).
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Fig. 3 Preoperative planning based on Paley’s centre of rotation of angulation (CORA) methodology on mediolateral radiographs. In the normal femur,
the distal femoral joint orientation line (JOL) was defined as the cranial and caudal exit of the distal femoral physis (yellow stars) (A); the anatomical
axis (AA) of the distal femur was identified as a line that bisected the distal femoral diaphysis. The anatomical caudal distal femoral angle (aCdDFA) was then
measured as an angle formed by JOL and AA (green lines) (B). In the affected femur, the axes and aCdDFA were defined (green lines) (C). The CORA was
measured at the intersection of the distal AA and the transposed right aCdDFA (D). Transverse angle was defined as the angle between the defined
anatomical axes formed at the caudal aspect of the CORA. The transverse bisecting line was described as a line bisecting the transverse angle (E). A cranial
closing wedge ostectomy was planned to correct the excessive amount of procurvatum (F). Tibial plateau angle (TPA) was identified at the intersection
of the tibial plateau axis and the mechanical axis of tibia (green lines) (G–I). TPA measurements after the dog was hit by a car (G) and 2 months after the
trauma (H, I) showed the left TPA was increased by 11.5degrees (H). Radiographs in A, D, E, and F are magnified.
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was inserted cranially in the tibial plateau and directed
parallel to the proximal tibial shaft using a limited medial
approach.18 The fascia, subcutaneous tissue and skin were
closed routinely in layers.

Outcome
Immediate postoperative radiographs revealed excellent
femoral alignment and bone apposition in the frontal plane.
The postoperative left aCdDFAwas 95.5 degrees as measured
on the sagittal view radiograph, indicating that procurvatum
of the left distal femur had been erroneously overcorrected
resulting in 5degrees of recurvatum (►Table 1, ►Fig. 4A,B).
After surgery, adequate analgesic, anti-inflammatory and
prophylactic antibiotic therapy was administered. The dog
was placing nominal weight on the affected limb when
discharged the day following surgery. The limb was not
bandaged. The owners were advised to restrict the dog’s
activity to short leash walks for 8 weeks.

Within 3 days of surgery, the dog started to bear weight on
the affected limb. A weight- bearing lameness was present
10 days after surgery. The dog was re-evaluated 50 days after
surgery and did not have appreciable lameness when walk-
ing and trotting and both stifles could be extended complete-
ly. Radiographs obtained at this time revealed union of the
osteotomy with a 4.9-degree reduction in the femoral recur-
vatum. Healing was notable by adequate formation of bridg-
ing callus which was suggestive of secondary bone healing
related to use of a fixed-angle construct. The left TPA was
reduced by 5.4 degrees (►Table 1, ►Fig. 4C–E). The owners
were advised to gradually increase the dog’s activity over the
next 2 weeks and then the dog could resume normal activity.
Mid-term follow-up was obtained by phone, 6 months after
surgery and the owner reported that the dog’s left pelvic limb
was normal.

Discussion

The dog in this case report likely sustained a SH type V injury
resulting in premature closure at the caudal aspect of the
distal femoral physis. We assume that continued growth
from the cranial portion of the distal femoral physis resulted
in accentuated distal femoral procurvatum. The injury sus-
tained by the dog reported in the current report varies from
the previously reported 7 cases of increased distal femoral
procurvatum, in which the deformity was caused by mal-
union of SH type I,3,5 type II,3 or type III4 fractures.

Femoral shortening secondary to distal femoral SH mal-
union was present in all seven previously reported dogs.3–5

The dog in the current case report had 1.5mm decrease of
femoral length in the affected limb which is nominal. Addi-
tionally, tibial overgrowth has been described as a compen-
satory mechanism for femoral shortening.2,12 In our case,
4.6mm of tibial overgrowth had occurred 2 months after
injury (►Table 1). An increased TPA identified in our case has
not been reported previously. We assume that the increased
TPAwas caused by an unrecognized injury to proximal tibial
physis sustained when the dog was hit by a car or by
anomalous biomechanical forces affecting the proximal tibi-
al physis resultant from increased femoral procurvatum.
These forces may have caused a delay in the growth of the
caudal part of the tibial physis, while the cranial part
continued to grow. This phenomenon, known as ‘Hueter-
Volkmann Law’, is well described in humans. Body weight
forces in human tibiae can retard growth in the posterior
portion of tibial condyles, resulting in posterior rotation and
so-called ‘rhomboid transformation’ of tibial condyles.19,20

Because femoral sagittal plane deformity has been poorly
described in dogs, Paley’s methodology used in human
orthopaedics was adopted to define and correct the femoral

Fig. 4 Postoperative radiograph of the left femur demonstrating a satisfactory femoral alignment in the frontal plane and the correct screw
direction for the proximal tibial epiphysiodesis (A). In the sagittal radiograph, the excessive procurvatum of the distal femur was resolved (B);
however, overcorrection resulted in 5 degrees of femoral recurvatum (B). Radiographs obtained 50 days following surgery showed union of the
femoral osteotomy with a decent-size bridging callus. The prevalence of secondary bone healing suggested a relative stability associated with
the application of the locking plate system (C, D). The left tibial plateau angle was decreased by 5.4 degrees at this time point (E).
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sagittal plane deformity in dogs.3,14 We found accurately
measuring the increase in procurvatum and planning the
sagittal plane correction challenging for two reasons.7,21

First, there is lacking information regarding assessing normal
femoral sagittal plane alignment and femoral sagittal plane
deformity in dogs.3,15Normal breed reference values are also
lacking.3,7,13,21 Second, methodologies proposed to measure
femoral sagittal plane alignment in dogs are vari-
able.3,7,17,21,22 In a recent study, Paley’s landmarks for defin-
ing distal JOL3,21 and distal AA of the dog’s femur3,22 were
assumed to be inaccurate because distal JOL landmarks may
be obscured by osteophytosis or alterations/abnormalities of
the distal physis.7,14 Interobserver variabilitymayexist in AA
identification. Although a consistent and accurate approach
for measuring femoral sagittal plane alignment in dogs has
been reported, the reliability of this methodology in femurs
with deformity and across breeds needs to be investigated.7

We performed a CCWO to address increased procurvatum
of the femur which yielded an excellent functional outcome.
In previous cases involving surgical management of dogs
with distal femoral procurvatum, caudal closing wedge
ostectomy (1 case),3 CCWO (2 cases),3,4 and simple ostec-
tomy for addressing quadriceps impingement without cor-
rective osteotomy (4 cases)5 were applied. Slight femoral
recurvatum (5 degrees) was present after surgery in our case
which is similar to the result obtained by others.3,23 This
illustrates the technical challenges in correcting distal femo-
ral procurvatum deformity due to the femur’s inherent
procurvatum and the short length of the distal segment,
which can limit distal osteotomies and cause a shift in CORA
location. We believe the femoral recurvatum in the current
report was produced by removing a larger wedge of the bone
during the corrective procedure. The accuracy of the correc-
tive osteotomy can be improved by use of a three-dimen-
sional-printed guide instead of the free-hand technique.24

Although theminor degree of recurvatumwas well tolerated
and did not appear to have an adverse impact on limb
function, increased recurvatum should be avoided.23 The
extent of the recurvatum has been shown to reduce over
time by bone remodelling, particularly in dogs with contin-
ued longitudinal growth.23

The PTE has been advocated for reducing the TPA in
skeletally immature dogs with cranial cruciate ligament
deficiency.18 The dog in our study did not have any clinical
abnormalities consistent with cranial cruciate insufficiency
during the study. We decided to perform the PTE as a
tentative procedure to reduce the high tibial slope. In our
case, PTE induced a 5.4-degeee decrease in the left TPAwhich
is indicative that some amounts of residual growing potential
were still available at the time of PTE. According to Vezzoni
and colleagues, the younger the animal at the time of PTE, the
greater the potential for TPA reduction. However, no similar
data are available regarding the performance of PTE in small-
breed dogs.18 The increased distal femoral procurvatum
resulted in restricted stifle extension and persistent lame-
ness in the dog described in this case report. The CCWO
yielded an excellent functional outcome in this dog. The stifle
extension was increased by 20degrees and overall limb

function was markedly improved. Our results are consistent
with prior reports describing dogs with distal femoral pro-
curvatum having good to excellent outcomes following sur-
gery.3–5 While the CORA methodology proved useful, the
inaccuracy we experienced suggests that further studies are
warranted to refine femoral sagittal plane deformity correc-
tion in dogs.
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