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Background: Spondyloepiphyseal dysplasia is the clinical term applied to a group of rare
genetic disorders with primary involvement of the vertebrae and epiphyses, predisposing the
afflicted individuals toward the premature development of osteoarthritis. There are few
reports concerning joint replacement therapy in these patients, particularly describing the
role of total hip arthroplasty. In this report, we describe the anatomical and technical aspects
of spondyloepiphyseal dysplasia that must be considered during surgical planning and
performance of total knee arthroplasty.

Case Presentation: A 49-year old woman with a history of spondyloepiphyseal dysplasia
suffered from severe osteoarthritis of the knee and irreducible congenital dislocation of the
patella. After careful preoperative evaluations and planning, the knee joint deformity was
solved by knee joint replacement with realignment of the extensor mechanism using quad-
ricepsplasty. After 2 years of surgery, the patient showed no pain and was able to walk with
the help of elbow crutches. The Hospital for Special Surgery knee score increased from
preoperative 51 points to 85 points during the final follow-up. The postoperative range of
motion increased to final flexion of 0-115°.

Conclusion: The advances made so far in the medical care for patients with skeletal
dysplasia have improved their overall survival during adulthood. The case report described
herein demonstrates the numerous challenges and technical aspects of a successful total knee
arthroplasty in cases of spondyloepiphyseal dysplasia, highlighting the need to consider
skeletal and soft tissue abnormalities of skeletal dysplasia during the planning and perfor-
mance of joint replacement surgery.
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Introduction

Skeletal dysplasias are a group of more than 450 heterogeneous disorders char-
acterized by the abnormal growth and remodeling of bone and cartilage and whose
diagnosis is typically made through radiographic, clinical, and molecular criteria.'
Among the types of skeletal dysplasias, spondyloepiphyseal dysplasia includes
those disorders with the primary involvement of both vertebrae and epiphyses,
which is caused by the abnormal synthesis of Type II collagen. Thus, these types of
disorders result in disproportionate short-trunk dwarfism and abnormal epiphyseal
development.” Abnormal bone and joint development, in conjunction with altered
biomechanics, predisposes spondyloepiphyseal dysplasia patients toward the pre-
mature development of osteoarthritis, especially in hip and knee joints.** In the
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case of children, joint preservation techniques, including
osteotomies to achieve an upper femur and sagittal spino-
pelvic radiographic alignment, are recommended to
improve hip pain and range of motion.” However, altera-
tions in development, anatomy, and biomechanics may
require joint replacement surgery during the young adult
age.’

Joint replacement in skeletal dysplasia population is
a technically challenging procedure due to the abnormal
anatomy of the patient, eg, bone deformities, small bone
caliber, axis deviation, ligament laxity, and soft tissue
contractures. In addition, the young age of the patients
imposes the selection of the implant based on its long-
term survival.” The available literature on joint replace-
ment in these cases is limited by the heterogeneity of
series evaluating multiple forms of skeletal dysplasia or
different locations of joint replacement surgeries in
selected skeletal dysplasia.*”® There are only few reports
demonstrating significant pain reduction, improved func-
tion, and independent movement following total hip
arthroplasty in patients with spondyloepiphyseal
dysplasia.>”’

Each type of skeletal dysplasia has its own unique
pathological characteristics. However, none of the avail-
able studies evaluating total knee arthroplasty in multiple
forms of skeletal dysplasia describe the surgical technique
in patients with spondyloepiphyseal dysplasia.*’” Skeletal
and soft tissue knee abnormalities that are typical for
spondyloepiphyseal dysplasia should be taken into account
during the surgical planning and performance of joint
replacement surgery. In this case report, we describe
a patient with spondyloepiphyseal dysplasia who suffered
from severe osteoarthritis of the knee and irreducible con-
genital dislocation of the patella solved by knee joint
replacement with realignment of the extensor mechanism
using quadricepsplasty. In addition, we review the existing
literature and present technical observations on the man-

agement of this rare scenario.

Case History

A 49-year old woman with a history of spondyloepiphy-
seal dysplasia presented right knee deformity that became
symptomatic after a right hip joint replacement performed
one year earlier. She complained of right knee pain and
reduced walking distance secondary to knee osteoarthritis.
At the age of eight years, soft tissue release was performed
for flexion contracture of the right knee. Two years later,
she was diagnosed with unilateral congenital dislocation of

right patella and was treated nonoperatively. Physical
examination showed bilateral genu valgum deformity.
The right knee had an extension lag of 15° and range of
flexion to 150°. The right medial collateral ligament had
moderate laxity. Her right patella was laterally dislocated.
At 90° of flexion, the right tibia, including tibial tuberosity
and anterior aspect of ankle joint, was rotated 30° exter-
nally. This rotational deformity in flexion was partially
correctable in a passive manner. The patient was not able
to actively extend her right knee against gravity, peripheral
pulses were intact. A long-standing anteroposterior radio-
graph confirmed 16° of genu valgum deformity with the
mechanical axis passing through her lateral tibial plateau
(Figures 1 and 2). A CT scan evaluation revealed a narrow
medullary cavity of the distal femur as well as patellar
dislocation and severe osteoarthritis of the knee with com-
plete loss of the lateral compartment joint space (Figure 3).
Imaging tests disclosed gross osteopenia. The patient was
149-cm tall with a body mass index value of 23 kg/m?.
The medical comorbidities included hypertension, osteo-
porosis and severe thoracolumbar scoliosis. The patient
did not smoke. The patient elected to undergo right total
knee arthroplasty after discussing the benefits and risks of
the surgery.

On the day of surgery, a midline longitudinal skin
incision was made without tourniquet inflation. The vastus
medialis muscle was found in an anterior position covering
the femoral condyles in consequence of lateral dislocation
of the extensor mechanism. The inferior border of the
vastus medialis was dissected off the underlying joint
capsule and a dissection was continued underneath the
vastus medialis proximally. The patella was palpable on
the lateral aspect of the lateral femoral condyle (Figure 4).
The tibial tubercle and medial border of the patella were
marked with stitches. The medial parapatellar arthrotomy
was performed with the vertical limb of the incision taken
along the medial edge of the patellar tendon to the tibial
tubercle and the horizontal limb of the incision made along
the inferior margin of the vastus medialis. Retracting the
quadriceps laterally, the patella and the vastus lateralis
were identified and lateral patellar retinaculum release
was performed from inside the joint staying lateral to the
vastus lateralis. Both cut ends of the superior lateral geni-
cular artery were cauterized.

Total knee arthroplasty was done following a measured
resection technique by conventional intramedullary
femoral guide. The distal part of the femur was osteoto-
mized at 6° of valgus. The rotation of the femur was based
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Figure | Preoperative long-standing anteroposterior radiograph of the lower
extremity.

on the transepicondylar axis. After the proximal tibial cut,
the intramedullary tibial cutting guide was removed to

Figure 2 Preoperative lateral radiograph of the right knee.

assess the extension gap soft tissue balancing. With regard
to the identified medial instability of the knee joint,
a constrained condylar knee implant (NexGen Legacy
Constrained Condylar Knee, Zimmer, Warsaw, Indiana,
USA) was chosen for this case. Given the presence of
metaphyseal osteopenia, an uncemented 100-mm stem
extension was used to augment fixation in the tibia. The
shaft was reamed gently without complications. The rota-
tional alignment of the tibial component was determined
with reference to the middle of the tibial tubercle. Femoral
chamfer and box cuts were made after sizing the distal
femur. Considering the osteopenic change in the femoral
condyles, the small diameter of the medullary cavity, and
a sufficient interprosthetic distance, a cemented 30-mm
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Figure 3 Patellar dislocation on preoperative CT scan.

Figure 4 Intraoperative photography showing the patella located on the lateral
aspect of the lateral femoral condyle (medial border of patella was marked with two
stitches).

stem extension was selected to increase the fixation of the
femoral component. Both trial components with stems

fitted successfully and in correct rotational alignment;
however, good patella tracking could not be achieved
due to the tension of the vastus lateralis muscle.

After proximal extension of the skin incision, the vastus
lateralis was released from the lateral intermuscular septum
and anterior femur by submuscular dissection. Afterwards,
the quadriceps tendon and patella were centralized with
passive knee flexion. Patella resurfacing was not performed
because of its small size, only a prominent lateral osteophyte
was removed. The definitive components were cemented
(Figure 5). At this point, the knee was flexed 90°, and the
fibrous capsular flap originating in the space between the
adductor tubercle and the medial femoral epicondyle was
temporarily fixed to the superolateral aspect of the patella.
The condition of the knee was assessed through a 0—-100°
range of motion confirming central patellar tracking. The
distal part of the fibrous capsular flap was brought over the
patellar tendon and the redundant pouch of the capsule was
resected. The distal medial repair tied the capsule and the
patellar ligament in a secure manner. The proximal part of

the fibrous capsular flap was then pulled over the anterior

Figure 5 Intraoperative photography showing the patella centrally placed in the
groove of the femoral component.
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aspect of the patella and sutured to the extensor apparatus.
The medial capsular suture was completed proximally and
the wound was closed with suction drain. The intraoperative
range of motion was of 0—100°. Schematic diagrams present
a step-by-step description of the surgical technique (Figure
6A and B).

Antibiotic prophylaxis lasted for 24 hours and low-
molecular-weight heparin was administered to prevent
thromboembolic  disease 5 weeks after surgery.
Physiotherapy began at post-operative day 1. Partial
weight-bearing was allowed immediately after surgery,
proceeding to a full weight-bearing walk after 6 weeks.

Step 5 —

.'00,00.0'"'.

Vastus Step 3
Medialis @
Muscle
Step 2
Step 4
— Step 1

A

At the 6-week follow-up visit, the patient reported pain
complete resolution and was able to actively extend her
right knee against gravity. She had a painless range of
flexion from 5 to 90° and ongoing physiotherapy was
prolonged. After 2 years, the patient had no pain and
ambulated with the help of elbow crutches. The preopera-
tive Hospital for Special Surgery knee score increased
from preoperative 51 points to 85 points at final follow-
up. The postoperative range of motion increased to final
flexion of 0—115°. Anteroposterior and lateral radiographs
were obtained, the patella was clearly seen on the lateral
view (Figure 7A and B). The patient has provided written

Vastus

Vastus

r Step 6

—

v,

Step 3 Step 4

B

Figure 6 Diagrammatic representation of the soft tissue release performed to correct congenital dislocation of the patella. (A) Step | — Vertical limb of the medial incision
(solid red line) made along the medial edge of the patellar tendon to the tibial tubercle; Step 2 — Horizontal limb of the medial incision (dashed red line) taken along the
inferior margin of the vastus medialis; Step 3 — Blunt dissection of the vastus medialis from the medial intermuscular septum (dotted red line) approximately 10 cm proximal
to the adductor tubercle; Step 4 — Lateral release of the patellar retinaculum (dashed blue line) performed from inside the knee joint staying lateral to the vastus lateralis;
Step 5 — Release of the vastus lateralis (solid blue line) from the lateral intermuscular septum and anterior femur by submuscular dissection. Schematic diagram of the
extensor mechanism realignment. (B) Step | — Temporary fixation of the medial retinaculum flap brought laterally and fixed to the superolateral aspect of the patella; Step
2 — Evaluation of the patellar tracking; Step 3 — Resection of the redundant pouch of the medial retinaculum flap pulled over the patellar tendon; Step 4 — Distal medial repair

with the suture of the medial capsule and the patellar ligament in a secure manner; Step 5 — Suture of the proximal part of the medial retinaculum flap (pulled over the
anterior aspect of the patella) to the extensor apparatus; Step 6 — The medial capsular suture completed proximally.
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informed consent for the case details and images to be
published.

Discussion
Although total knee arthroplasty has become a highly effi-
cient surgical technique for primary osteoarthritis, this proce-
dure remains challenging for the orthopaedic surgeon in
patients with spondyloepiphyseal dysplasia mostly due to
the unique anatomic considerations.” To the best of our
knowledge, only six knee replacements have been reported
in patients with spondyloepiphyseal dysplasia. However, de
Waal Malefijt et al, Guenther et al, and Raggio et al included
these cases in larger series evaluating multiple forms or
different joint replacement locations in specific types of ske-
letal dysplasia.*”'® Moreover, the published reports focused
on the identification of surgery and operative complication
risk factors in these individuals; further, the surgical techni-
que details were not elaborated upon. The characteristics of
the previously reported cases are summarized in Table 1.
There are two major variants of spondyloepiphyseal
dysplasia."' Spondyloepiphyseal dysplasia congenita is
inherited in an autosomal dominant manner, although most
cases arise due to de novo mutations with no previous family
history. Identified at birth by a disproportionately shortened

trunk, the afflicted newborns present wide-set eyes, short
neck, barrel-shaped chest with pectus carinatum deformity,
protuberant abdomen caused by lumbar lordosis, which may
be accentuated by hip flexion contracture. Gait problems are
common and often attributed to lower extremity deformities,
particularly coxa vara and genu valgum. Clubfoot deformity
can be seen in patients with congenital variant of the
disorder.'? Odontoid hypoplasia with atlantoaxial instability
may be present with subsequent development of cervical
myelopathy at 5-10 years of age."* Respiratory insufficiency
has been described in babies with spondyloepiphyseal dys-
plasia congenita secondary to thoracic dysplasia and second-
ary to cervical cord compression.'* Progressive thoracic
kyphoscoliosis develops in late childhood. Cleft palate is
also a common clinical feature of the disorder. Ocular
anomalies include myopia, retinal detachment, and cataracts.
Progressive sensorineural hearing loss may develop in chil-
dren with spondyepiphyseal dysplasia congenita.'? A rare
form of congenital variant is associated with nephrotic
syndrome. "

The second variant, spondyloepiphyseal dysplasia
tarda, was described as an X-linked recessive form; how-
ever, autosomal recessive and autosomal dominant var-
iants have also been reported.'' The individuals afflicted

Figure 7 Postoperative radiograph of the right knee: (A) anteroposterior and (B) lateral.
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by a milder spondyloepiphyseal dysplasia tarda have
a normal appearance at birth presenting a clinical symptom
onset between 4 and 10 years of age. Mild disproportion-
ate trunk shortening, barrel-shaped chest, atlantoaxial
instability secondary to odontoid hypoplasia, kyphoscolio-
sis, lumbar lordosis, and epiphyseal involvement in the
shoulders, hip, and knees are the common clinical symp-
toms. Most patients complain about progressive joint pain
caused by osteoarthritis, which commonly involves hip,
knee and shoulder joints."'

A 3- to 6-month time window was recommended for
patient- and diagnosis-specific preoperative evaluation to
minimize the probability and severity of perioperative and
postoperative complications in the patients with skeletal
dysplasia.* Further, surgery occurred in tertiary centers
able to resolve potential perioperative issues. Anesthesia,
radiology, cardiology, pulmonology, neurology, nutrition,
psychosocial, and physical therapy consultations are
necessary to create an optimal preoperative condition and
anticipate postoperative needs.'® Typically, the patients
with spondyloepiphyseal dysplasia are at risk for atlan-
toaxial instability.'""'* Therefore, preoperative evaluations
should include cervical spine imaging.'® Anesthesia con-
sultation should be focused on intraoperative airway main-
tenance, intubation techniques such as fibreoptic
intubation, and positioning on the table.*!” Most of the
patients with skeletal dysplasia are unable to receive neur-
axial anesthesia.'®

A full-length, weight-bearing lower extremity radio-
graph is required to properly determine the mechanical
and anatomical axis alterations. Bone deformities, small
bone caliber, axis deviations, ligament laxity, and soft
tissue contractures may require bone resections and pros-
thetic placement, which differ from knee replacement pro-
cedures in patients with primary osteoarthritis. Therefore,
the surgeon should thoroughly analyze the patient’s CT
scans for planning cuts and sizing implants. If preoperative
planning reveals particularly small bone anatomy, implants
with custom components should be considered.®
Moreover, decreased bone density is a frequently omitted
problem in patients with skeletal dysplasia.4 Poor bone
quality increases the risk of iatrogenic intraoperative frac-
ture. In these cases, DEXA scans should be obtained
preoperatively and the surgical team should be vigilant
for such event during the procedure.

Congenital dislocation of the patella is a rare condition
that may be associated with spondyloepiphyseal dysplasia.'’
There are several reports on knee replacement in cases of
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osteoarthritis ~ with  prolonged patellar  dislocation.
Realignment procedures such as the Insall technique, tibial
tubercle osteotomy, and the external rotation setting of the
tibia implant in addition to the lateral release of the patellar
retinaculum have been previously published.?>*' However,
in our case, we were unable to obtain a good patella tracking
through the lateral release of the patellar retinaculum alone.
Moreover, poor bone quality and small bone anatomy pre-
cluded tibial tubercle osteotomy.”> Based on the preopera-
tive surgical planning, quadricepsplasty was necessary to
mobilize and slide the quadriceps muscle during total knee
arthroplasty in a patient with spondyloepiphyseal dysplasia
and congenital dislocation of the patella.

Spondyloepiphyseal dysplasia commonly requires the
careful management of osteoarthritis during a young age.
There are few published cases of knee replacement in
patients with this diagnosis. The current case report
demonstrates the numerous challenges and technical con-
siderations of total knee arthroplasty in patients with spon-
dyloepiphyseal dysplasia. Moreover, special care should
be taken to protect the patient from potential complica-
tions, and strong emphasis should be set upon careful
planning in the preoperative period and vigilant monitor-
ing during and after the surgery.
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