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Abstract

Background Total knee arthroplasty (TKA) in patients

with skeletal dysplasias is particularly challenging as a

result of the anatomic variances and substantial bony

deformities. Little has been written regarding technical

considerations that should be made when performing TKA

in skeletal dysplasia.

Questions/purposes We describe special operative con-

siderations that must be made when performing TKA on

patients with skeletal dysplasia, including implant selection

and ligamentous balancing.

Patients and Methods We retrospectively reviewed 12

TKAs in eight patients with varying degrees of deformity

(ranging from 30� of varus to 45� of valgus) secondary to

three types of skeletal dysplasias: multiple hereditary

exostosis, achondroplasia, and osteogenesis imperfecta.

Clinical notes, operative records, and radiographic data

were reviewed. Minimum followup was 1 year (average,

4 years; range, 1–10 years).

Results We used customized implants in three of the

12 knees. Constrained tibial inserts were used in five knees.

All 12 knees underwent releases (soft tissue or epicondylar

osteotomy) to address gap balancing or patellar tracking.

Average Knee Society scores improved from 35.9 preop-

eratively to 82.9 postoperatively and average function

scores improved from 47.9 preoperatively to 96.7 postop-

eratively. Complications included two transient peroneal

nerve palsies.

Conclusions Special considerations must be made with

regard to implant selection and ligamentous balancing as a

result of the unusual anatomy and deformities that

accompany skeletal dysplasia, but the short-term clinical

results reveal consistent improvements in pain and

function.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.
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Introduction

As a result of the unusual anatomy and the severe defor-

mities, special considerations must be made when

performing TKA in patients with skeletal dysplasia. Three

skeletal dysplastic conditions that may present with con-

comitant end-stage arthritic knees include multiple hered-

itary exostosis (MHE), achondroplasia, and osteogenesis

imperfecta (OI). TKA in patients with skeletal dysplasia

provides technical challenges with regard to implant

selection and soft tissue balancing, but the short-term

clinical results reveal consistent improvements in pain and

function.

MHE is an autosomal-dominant condition secondary to

a disorder in the EXT family of tumor suppressor genes

[14, 18]. This genetic condition leads to multiple cartilage-

capped bony excrescences arising from the metaphyseal

ends of rapidly growing long bones. Patients commonly

present with painless, slow-growing masses on both the

upper and lower extremities. The most common location

for these chondral masses are the metaphyses of long

bones, particularly the distal femur [5, 12]. Deformities are

also common in MHE, including valgus deformities of the

knee [14] (Fig. 1).

Achondroplasia is another skeletal dysplasia resulting

from an autosomal-dominant mutation in the gene encod-

ing fibroblast growth factor receptor-3 resulting in defects

in enchondral bone formation [17]. Pertaining to knee

anatomy, patients with achondroplasia have wide, flared

metaphyses and metaphyseal angulation [1, 19]. They may

also have lateral collateral ligament laxity and restriction in

ROM with major flexion contractures [1, 19] (Fig. 2).

A third type of skeletal dysplasia is OI, which arises

from an abnormality in Type 1 collagen secondary to

Fig. 1A–D Preoperative (A) AP and (B) lateral radiographs of a

patient with multiple hereditary exostosis demonstrate exostoses and

valgus alignment. Postoperative (C) AP and (D) lateral radiographs

demonstrate corrected deformity with use of a varus-valgus con-

straining implant and lateral tibial augment.

Fig. 2A–D Preoperative (A) AP and (B) lateral radiographs of a

patient with achondroplasia demonstrate metaphyseal flaring and

varus deformity. Postoperative (C) AP and (D) lateral radiographs

demonstrating use of a mobile-bearing TKA in the setting of severe

deformity.
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mutations in the COL1A1 and COL1A2 genes [4]. As a

result of the collogeneic abnormalities, both qualitative

defects (manifested by abnormal collagen crosslinking),

and quantitative defects (secondary to decreased produc-

tion of collagen molecules) are present [3]. Patients present

with bone fragility, multiple fractures, and limb deformities

[3] (Fig. 3).

The purpose of this article is to present the technical

considerations involved when performing TKA in patients

with skeletal dysplasia.

Patients and Methods

We retrospectively reviewed eight patients with skeletal

dysplasia who underwent 12 TKAs between October 1993

and July 2008. Clinical notes, radiographic images, and

operative records were reviewed. Clinical data included

length of followup, age, gender, height, weight, ROM,

Knee Society scores and function scores [11], and any

complications. Operative records were reviewed for

exposure and special techniques used during the procedure

(Table 1). One surgeon (RHK) evaluated all radiographs

for preoperative alignment and deformity, postoperative

alignment, and implant failure in accordance with the Knee

Society radiographic evaluation system [7]. Operative

records were reviewed to identify technical considerations

used with regard to implant customization, surgical expo-

sure, management of deformity, and soft tissue balancing

(Table 1). No patients were recalled specifically for this

study; all data were obtained from the medical records. We

had prior Institutional Review Board approval.

Of the 12 TKAs, five were performed in patients with

MHE, five in patients with achondroplasia, and two in

patients with OI. The average age at the time of surgery

was 52 years (range, 23–80 years). There were three

women and five men. Three of the 12 knees had prior

proximal tibial osteotomies. The mean height of the

patients was 57.9 inches (range, 42–66 inches) and the

mean weight was 155 pounds (range, 95–220 pounds).

The average preoperative coronal malalignment was 30� of

varus to 45� of valgus as measured with a goniometer on

the AP radiographs. Three patients underwent staged

bilateral TKA, whereas one patient underwent bilateral

TKAs under the same anesthetic. Minimum followup was

1 year (average, 4 years; range, 1–10 years).

All surgeries were performed by two of the authors

(GRS, DAD). We used an anterior midline incision and

standard medial parapatellar arthrotomy in all patients,

converting to a quadriceps snip [6, 9, 20] when necessary.

A quadriceps snip was used in two knees when there was

concern about adequate exposure and the attachment of the

patellar tendon on the tibial tubercle. One knee was in a

patient with achondroplasia with a preoperative valgus

deformity of 15� and a preoperative ROM of 0� to 120�.

The other knee was in a patient with MHE with a preop-

erative valgus deformity of 45� and preoperative ROM of

0� to 100�.

Fig. 3A–C (A) A preoperative

radiograph (oblique view as a

result of torsional deformity) of

a patient with osteogenesis

imperfecta demonstrates contorted

tibial geometry. Postoperative (B)

AP and (C) lateral radiographs

demonstrate use of an all-polyeth-

ylene tibial component with

modification of the tibial stem to

accommodate the tibial deformity.
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Preoperative placement of soft tissue expanders [13]

was performed in one patient with OI with a severe pre-

operative varus deformity of 25� and a preoperative ROM

of 5� to 45� to avoid potential postoperative wound

complications.

Using standard instrumentation in 10 knees, attention

was given to the angle of bone resection (based on pre-

operative radiographic templates), the depth of resection,

and femoral and tibial rotational alignment. Computer

navigation was used on two knees, one knee in a patient

with achondroplasia with a 14� varus deformity and

considerable varus femoral bow and in another patient

with achondroplasia with a 25� varus deformity also with

substantial bowing of the femur in patients with achon-

droplasia. Navigation was used in anticipation of difficulty

with intramedullary instrumentation as a result of varus

deformities and substantial femoral bowing [8].

For patients with large flexion contractures, additional

distal femur was resected to achieve an acceptable exten-

sion gap. The femoral rotation was determined by a

combination of techniques, including the epicondylar axis,

AP axis, and gap balancing. Tibial rotation was based on

anatomic landmarks.

Customized implants were used in three patients. Based

on preoperative CT scans with three-dimensional recon-

structions, custom tibial components with custom tibial

inserts were manufactured for two knees as a result of the

unusually small dimensions of the native tibia in a patient

with achondroplasia. In one patient with OI, the all-

polyethylene tibial component keel was customized intra-

operatively by the surgeon to accommodate the deformed

metaphyseal geometry.

One knee in a patient with achondroplasia with a pre-

vious proximal tibial osteotomy underwent removal of the

proximal screw to allow the tibial component to seat

properly.

To achieve proper ligamentous balancing, nine of the 12

knees in our series underwent soft tissue releases to achieve

balanced gaps. Three knees with considerable preoperative

valgus deformity required lateral epicondyle sliding

osteotomies [2]. Two were in a patient with MHE with

preoperative valgus deformities of 45� and another knee

was in a patient also with MHE and a 45� preoperative

valgus deformity. Six knees with preoperative varus

deformities underwent medial releases. One knee was in a

patient with OI with a preoperative varus deformity of 25�.

Two knees were in a patient with achondroplasia, one knee

with a preoperative varus deformity of 10� and the other

knee with a 5� varus alignment. One patient with achon-

droplasia had knees with 30� and 25� varus deformity,

which both required medial releases. Another knee was a

14� varus knee in a patient with achondroplasia. Varus-

valgus constraining implants were used in five knees as aT
a

b
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result of the inability to balance the flexion and extension

gaps, whereas seven knees accepted posterior-stabilized

tibial inserts.

To obtain central patellar tracking, lateral retinacular

releases were performed in six knees. Two of these knees

were in a patient with MHE who had a 45� preoperative

valgus deformity on one knee and a 15� valgus alignment

on the other knee. The knee with a 45� valgus deformity

also underwent a concomitant proximal extensor mecha-

nism realignment [10] to prevent lateral patellar

subluxation. Other knees that underwent lateral release

were in patients with MHE, one with a 45� preoperative

valgus deformity and one with an 11� valgus deformity. A

patient with OI with a preoperative valgus deformity of 17�
also underwent a lateral release. One patient with achon-

droplasia with a 30� preoperative varus deformity also

underwent a lateral release.

Two knees used tibial augments to accommodate bony

defects in the lateral tibial plateau. Both of these knees

were in a patient with MHE with 45� preoperative valgus

deformities. The cement and screw technique [15, 16] was

used in one knee to compensate for a posteromedial tibial

defect in a patient with achondroplasia and a preoperative

varus deformity of 30�.

Postoperatively, all patients began passive motion on a

continuous passive motion machine. Physiotherapy was

initiated on the day of operation or the first postoperative

day and included walker or bilateral crutch ambulation

(weightbearing as tolerated), knee ROM, muscle strength-

ening, and stair climbing.

The routine patient followup intervals used in this

study were 2 weeks, 6 weeks, 3 months, 12 months, and

every 2 years thereafter. Initial postoperative radiographs

were obtained within the first 6 weeks after the surgical

procedure. These included a standing AP view, a lateral

radiograph, and a Merchant view. These same radio-

graphs were obtained at sequential postoperative visits

annually.

Results

Customized implants were used in three knees. Preopera-

tively manufactured custom tibial components were used in

two knees, and one all-polyethylene tibial component was

customized intraoperatively. Constrained tibial inserts were

used in five of the 12 knees when soft tissue balancing was

deemed inadequate. All 12 knees had releases of some

form (medial release, lateral epicondylar osteotomy, and/or

lateral retinacular release) to address gap balancing or

patellar tracking (Table 1).

Average Knee Society scores improved from 35.9

(range, 16–60) preoperatively to 82.9 (range, 68–90)

postoperatively and average function scores improved

from 47.9 (range, 20–60) preoperatively to 96.7 (range,

80–100) postoperatively. All 12 knees were pain-free at

their last followup. The preoperative coronal malalignment

ranged from 30� of varus to 45� of valgus, whereas the

postoperative coronal femoral-tibial alignment ranged

from 5� of varus to 8� of valgus. Preoperative flexion

averaged 103� (range, 45�–130�). Postoperative flexion

averaged 99� (range, 85�–120�). Preoperative extension

averaged 5� of a flexion contracture (range, 0�–26�)

Postoperative extension averaged 1.3� of a flexion con-

tracture (range, 0�–10�).

Complications included peroneal nerve palsies in two

knees.

Discussion

Skeletal dysplastic conditions typically have concomitant

anatomic variances with often substantial deformities that

amplify the complexity of the typical TKA. The chondral

metaphyseal masses and genu valgum deformity of MHE,

the metaphyseal flaring with a narrow diaphysis in con-

junction with genu varum and flexion contractures in

achondroplasia, and the posttraumatic deformities with

associated ligamentous laxity in OI require careful atten-

tion to preoperative planning and understanding the

principles for dealing with severe deformity. We present

the technical considerations involved when performing

TKA in patients with skeletal dysplasia as well as the

clinical knee scores, alignment, ROM, and complications.

This study has several limitations. First, as a result of the

low prevalence of TKAs in patients with skeletal dysplasia,

only a small cohort was available for review. Second, our

followup is short-term and longer followup is needed to

determine the long-term TKA outcomes in the setting of

skeletal dysplasia and severe deformity. Third, TKAs were

studied in three different types of skeletal dysplasias, each

having their own individual pathologic presentations and

deformities. Finally, full-length hip-knee-ankle radiographs

were not available on the majority of patients, which

impeded accurate alignment measurement and assessment

of the deformities. Despite these shortcomings, the tech-

nical considerations noted in these cases still provide

important points to consider when approaching patients

undergoing TKA who have skeletal dysplasia.

Preoperative evaluation of the bony dimensions is

critical, particularly in short-statured individuals such as in

achondroplasia and OI to ensure appropriate fit of the keels

and stems of the implants. Implant sizing in these cases of

skeletal dysplasia needs special attention. If preoperative

templating reveals particularly small bony anatomy, cus-

tomized implants may need to be considered. The aspect
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ratio of the medial-lateral width and AP height of the femur

should be determined to reestablish the femoral anatomic

dimensions.

During correction of severe deformities in skeletal

dysplasia, soft tissue imbalance must be anticipated. Soft

tissue releases may be performed to achieve symmetric

extension and flexion gaps once the deformities are cor-

rected. When adequate balancing is unable to be obtained,

increased constraint with the use of varus-valgus con-

straining tibial inserts should be available to achieve

satisfactory stability. A hinge should also be made avail-

able in cases of severe ligamentous compromise. To obtain

central patellar tracking, a lateral retinacular release may

be used.

Clinically, short-term results demonstrated improvement

in Knee Society scores and function scores as well as

improved alignment. Complications included peroneal

nerve palsies in two knees. These palsies both occurred in

knees with MHE and both had preoperative valgus defor-

mities of 45�. Both palsies were transient and had resolved

by the 3-month postoperative visit.

Although surgically challenging, TKA in the context of

skeletal dysplasia is a reasonable treatment option to pro-

vide pain relief and improved function. Technical

considerations must be made with regard to implant

selection and ligamentous balancing as a result of the

unusual anatomy and deformities that accompany skeletal

dysplasia.
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