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Coxa vara and shepherd’s crook deformity represent the most common femoral
deformities in patients affected by polyostotic fibrous dysplasia (PFD) and McCune
Albright syndrome (MAS). The tibia is also commonly affected, with antero-medial
bowing and valgus deformity. Surgical treatment of these deformities are technically
demanding and, in most cases, intramedullary nails are the preferred method to stabilize
corrective osteotomies. Genu valgus may also be present, as a residual defect after the
surgical correction of the aforementioned deformities. The aim of our study was to report
the outcomes obtained in five patients with PFD or MAS operated on for complex
deformities of the lower limbs with an associated residual genu valgum greater than 15°.
It was surgically treated by distal femoral or proximal tibial osteotomy stabilized with a
screw plate. The osteotomy was performed distal to the intramedullary nail in femurs,
while it was performed after removing the intramedullary nail in the proximal
metaphysis of the tibia. In latter cases, the intramedullary device was reinserted at least
6 months after surgery. At follow-up, the femoro-tibial angle was corrected in all cases
and the patients were satisfied with the final result. Two patients showed mild limping,
unrelated to the alignment of the knee. In our opinion, residual valgus deformities of the
lower limb greater than 15 degrees should be corrected to improve function and cosmetic
appearance of these patients. The osteotomy of the distal femur or of the proximal tibia
stabilized by a screw-plate represent the treatment of choice for the correction of these

deformities.

INTRODUCTION

Fibrous Dysplasia is an uncommon disorder of the bone
caused by mutations of the G, protein encoded by gene
GNAS, in which bone is replaced by fibro-osseous tissue.
The disease may be monostotic or polyostotic (PFD), and in
some cases may associated with café-au-lait skin pigmen-
tation and hyperfunctioning endocrinopathies, such as in
McCune-Albright Syndrome (MAS).1-8

The proximal part of the femur is commonly affected.
The mechanical stress causes progressive varus and bowing
of the bone, resulting in coxa vara and shepherd’s crook
deformity, which represent the most common femoral de-

formities. In some cases, they are associated with further
deformities of the diaphysis or of the distal part of the fe-
mur. The tibia is also commonly affected, with valgus and/
or procurvatum deformities. To the best of our knowledge,
two classifications of femoral deformities have been pro-
posed.?10 Ippolito et al in 2014° identified six reproducible
patterns of femoral deformities, after reviewing the radi-
ographs of 127 affected femurs, while Zhang et al,10 one
year later, classified 227 femurs in five types. Some defor-
mities may change their pattern during skeletal growth.!1
Both classifications analysed the deformities of the femoral
neck or of the proximal femoral shaft and are useful in ad-
dressing the best surgical correction. The deformities of the
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knee caused by axial deviation of the distal femur or of the
proximal tibia, as well as the deformities of the tibial shaft,
have never been classified, and are usually described as sec-
ondary deformities.

Surgical treatment of proximal femoral deformities in
PFD is technically demanding and the optimal surgical
management is still controversial. However, in the majority
of cases, cervico-diaphyseal interlocking intramedullary
nails are preferred to other devices in stabilizing the correc-
tive osteotomies, because failures are very likely to occur
when using screw or blade plates.12-17 However, some au-
thors deem appropriate the use of screw or blade plates
in stabilizing corrective valgus osteotomy of the femoral
neck.18:19

Some patients affected by PFD may have a genu valgum
caused by axial deviation of the distal femur or proximal
tibia that are hard to manage using intramedullary nailing.
In some cases, knee deformities are difficult to recognize
and can get worse after surgical correction of the proximal
femoral shaft.%10 Genu valgum in PFD, may be surgically
corrected with medial distal femoral or medial proximal tib-
ial epiphysiodesis if performed during skeletal growth,20
while a varus osteotomy is needed in adults.

The aim of our study was to report the outcomes ob-
tained in a series of adult patients with PFD or MAS oper-
ated on for complex deformities of the femur and/or tibia
and stabilized with intramedullary nails. An associated
residual genu valgum greater than 15° was present and
surgically treated by distal femoral or proximal tibial os-
teotomy stabilized with a screw plate.

MATERIALS AND METHODS

Five patients with PFD or MAS were identified for this study
from a pool of patients surgically treated at our Institution
between 1998 to 2016. Mean age at surgery was 23.6 years
(range 15-37 years). All these patients were operated on
by femoral and/or tibial osteotomy stabilized with in-
tramedullary nail. Some cases with severe coxa vara and
shepherd’s crook deformity were corrected in two stages,
using peripheral plate first and then the intramedullary
nail. The inclusion criteria for this selection was the pres-
ence a residual genu valgum greater than 15°. In these
cases, additional surgery was perfomed, consisting of a dis-
tal femoral opening wedge varus osteotomy in three cases
and a proximal tibial closing wedge varus osteotomy in the
remaining two cases, stabilized in all cases with a periph-
eral screw plate. Of the three cases operated on by distal
femoral osteotomy, two patients showed worsening of their
genu valgum after surgical correction of the shepherd’s
crook deformity and internal fixation with intramedullary
nail.

These five patients were followed up clinically and radi-
ographically to evaluate the correction of the valgus defor-
mity of the knee. From a clinical point of view, we evaluated
pre and postoperative pain, range of motion of the knee,
presence of limp, limitation in daily and social activities,
and satisfaction with the final result. From a radiographic
point of view, we evaluated, on weight bearing radiographic

Figure 1.

Seventeen year-old patient affected by PFD with significant residual valgus femoral de-
formity of the right knee (A); radiographic examination in postero-anterior view showed
a valgus deformity of the right knee measuring 18°, after intramedullary femoral and
tibial nailing (B); the deformity was corrected by distal femoral opening wedge varus os-
teotomy stabilized with a screw plate. Three years later, radiographic examination
showed a good correction of the femoro-tibial angle (C).

examination, the improvement of the anatomic/mechani-
cal axis of operated lower limb, measuring the femoro-tib-
ial angle centred on the knee. Healing of the osteotomy and
possible failure of the fixation implant were also investi-
gated.

ETHICAL CONSIDERATIONS

The study has been approved by the ethical committee of
our Hospital - Policlinico di Tor Vergata, Rome, Italy. Infor-
mal consent was obtained from all partecipants.

RESULTS

The mean age at follow-up was 32 years, while the mean
length of follow-up was 8.4 years.

Regarding the surgical treatment of femoral deformities,
we performed an additional osteotomy just distal to the in-
tramedullary nail, close to the knee joint; the osteotomy
line was oblique from lateral to medial until the proximal
part of the medial femoral condyle; the triangular gap was
filled by a synthetic triangular graft, while the osteotomy
was stabilized using a screw plate (Fig. 1).the tibial os-
teotomy was performed to correct genu valgum secondary
to tibial deformity, at the level of the proximal methaph-
ysis. The osteotomy line was directed from the medial to
the lateral side of the bone and stabilized by a screw plate.
In both tibial osteotomies, the intramedullary nail was re-
moved before surgery and reinserted after complete radi-
ological healing of the osteotomy, at least 6 months after
surgery (Fig. 2).

At follow-up, all patients were pain free, satisfied with
the final correction obtained, without significant limitation
of daily or social activities. Regarding the range of motion
of the knee, we observed a full extension of the joint in
all cases, while flexion ranged from 90° to 140°. Two pa-
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Figure 2.

Radiographic examination of the lower limbs in a 16 year-old patient affected by PFD
operated on for residual valgus tibial deformity of the right knee stabilized with a screw
plate (A); Nine years later, radiographic examination of both tibiae showed a stable cor-
rection after intramedullary nailing (B).

tients showed mild limping unrelated to the alignment of
the knee; one caused by a residual 3 cm lower limb inequal-
ity and the other due to hip muscles weakness. Femoro-tib-
ial angle was corrected in all cases and it ranged from 0° to
8°. All the osteotomies healed within 4 months of the op-
eration. No failure of the fixation implant was observed in
any case.

DISCUSSION

The proximal part of the femur is frequently affected in
PFD; coxa vara and shepherd’s crook deformity represent
the most common deformities and may worsen over time,
causing fractures, pain and limping. Treatment of these de-
formities is challenging, and it is generally based on single
or multiple osteotomies stabilized by intramedullary cer-
vico-diaphyseal rigid nails, as first described by Freeman
et al in 1987.2! In some cases, blade plate or screw plate
may be necessary, but they should be later converted in in-
tramedullary devices when possible.

Some patients affected by PFD may present a genu val-
gum caused by a juxtaarticular deformity of the distal part
of the femur or of the proximal part of the tibia. In some
cases, valgus deformity of the knee occurs after surgical
correction of the coxa vara and shepherd’s crook deformity.

The majority of the clinical studies regarding PFD are
focused on the management of the main deformities of
the proximal part of the femur, and do not report specific
data on the juxtaarticular deformities of the knee.522-29
In 2015, Zhang et all® reported some cases affected by
PFD, stating that “valgus deformity in the iuxta-articular
area may be secondary to surgical correction of the varus
deformity in the proximal femoral shaft”. In these cases,
when the femoro-tibial angle measured more than 10°, they
suggested a varus supracondylar osteotomy stabilized by a
screw plate. They also stated that this is the first report on

the correction of the secondary genu valgum deformity in
patients with PFD.

We operated on five patients affected by PFD or MAS
with genu valgum greater than 15°, performing a femoral or
tibial varus osteotomy stabilized with a screw-plate. In all
cases, we obtained a good realignment of the affected limb,
with a mild limitation of the knee flexion and mild limp-
ing in two cases. The osteotomies healed without signifi-
cant complications, such as delayed unions, nonunions or
infections.30

In agreement with other authors, !0 we believe that genu
valgum may occur in patients with PFD after a good correc-
tion of the main femoral and tibial deformities, caused by
residual deformities of the distal femur or proximal tibial
not realigned with intramedullary nail. In femoral deformi-
ties, the osteotomy and the internal fixation of the screw
plate may be performed with the nail in site, while in tibial
osteotomies the nail should be removed and reinserted af-
ter osteotomy healing.

The main limitations of the study are that it is retro-
spective, with a limited number of cases, without a control
group and statistical analysis.

CONCLUSION

In conclusion, we believe that residual valgus deformities of
the lower limb greater than 15 degrees should be corrected
with additional surgery to improve function and cosmetic
appearance of these patients. The osteotomy of the distal
femur or of the proximal tibia represent the treatment of
choice for the correction of this deformity, although in tib-
ial osteotomies the surgical procedure cannot be performed
in the presence of the intramedullary nail.
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