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B Joint replacement of the lower extremity in Juvenile Idiopathic Arthritis (JIA) is becoming more commonly
performed worldwide. These young adults experience severe pain and disability from end-stage arthritis, and
require joint replacement of the hip or knee to alleviate pain, and restore ambulation and function. These
procedures are very challenging from the anesthesia and surgical point of view, due to small overall proportions,
numerous bony and other deformities and soft tissue contractures. Joint replacement operations for JIA are best
performed by experienced teams, where pre-operative and peri-operative care, and post-operative rehabilitation
can be optimized in a collaborative, patient-centered environment.

Introduction

Juvenile Idiopathic Arthritis (JIA) is a broad
classification for inflammatory disease of the
joints in patients who are less than 16 years
of age [1, 2]. The incidence is approximately
1:10,000 children. JIA is an autoimmune
disease of unknown etiology. Although various
classifications are reported, practically speaking
the disease may be oligoarticular (affecting 4
or fewer joints), polyarticular (affecting more
than 4 joints but without systemic symptoms)
or systemic (“Still's Disease”). Still's Disease is
a systemic illness that occurs in infants and
children that is characterized by fever, rash,
lethargy, poor appetite and inflammation (pain
and swelling) of many joints. The disease may
affect the eyes (iridocyclitis), and be associated
with hepatosplenomegaly, lymphadenopathy and
inflammation of other organs. In general, more
severe forms of JIA (and treatment) lead to
stunting of overall growth.

Most of the JIA patients seen by orthopaedic
surgeons for reconstructive surgery later in life
have had polyarticular arthritis or “Still's Disease”
many years earlier 3. They are sent to the surgeon
by the rheumatologist because of recalcitrant
pain, swelling, deformity, stiffness and poor
ambulation. Often these patients are in their
teenage years in high school or university, or early
in their working career. In obtaining the history,
the clinician should remember that the patient is
the one with JIA, not the parent! The clinician

should stand or sit directly in front of the patient,
because their neck motion is often limited or
painful. The history is of paramount importance.
Not uncommonly, there have been interruptions
in the patient’s schooling, and the family situation
needs some discussion regarding social support
systems (especially if surgery is contemplated).
The patient and their family need to be realistic
with regards to the patient’s physical limitations
when it comes to determining later potential
employment. Unrealistic expectations will lead to
disappointment. Inquiry into systemic illnesses
must be complete. Current and past medications
should be determined, as some of these may
have to be discontinued peri-operatively if they
interfere with wound or bone healing, or the
patient’s ability to fight infection. Corticosteroid
replacement therapy may be necessary during
the added stress of surgery if the adrenal axis has
been recently suppressed.

The physical examination must encompass a
general examination and an appreciation of the
movements of all relevant joints. Special attention
should be paid to mobility of the neck, and
whether the patient can open the mouth widely,
as this will make successful anesthesia even more
challenging. Gentle but thorough examination
of the limbs will give the surgeon a clear picture
of deformities and contractures, range of motion
and stability, and the gliding potential of muscles
and tendons around the joints. Assessment of
the general nutritional status is important to help
ensure adequate wound healing.
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The surgeon should watch how the patient
walks, and performs activities of daily living
such as putting on their shoes and socks. Simple
requests such as asking the patient to raise both
upper extremities “to the sky”, put their hands on
their head (simulating combing of the hair), place
both hands to their groin and backside (simulating
toileting activities), and other simple maneuvers
will give the clinician an idea of how JIA has
impacted the patient’s activities of daily living.

The Rheumatologist has often already
performed radiographs of the joints. These should
be reviewed and other radiographs ordered as
appropriate, minimizing radiation exposure. For
potential hip replacement patients, we obtain an
anteroposterior pelvic radiograph, frog and cross
table lateral. The frog lateral is particularly useful
to assess the anterior femoral bow; the cross table
lateral will aid in the assessment of the femoral
and acetabular anteversion. For potential knee
replacement patients, we obtain a standing 3-foot
(91 cm) radiograph of the hips, knees and ankles
on 1 long film, and lateral, notch and patellofemoral
views of the knee. These are assessed for overall
lower extremity alignment, deformity, degree of
arthritis, bone quality, and subluxation, especially
of the patello-femoral joint. Note that contractures
can lead to overestimation of the size of bones
due to readiographic magnification. It is useful
to have a standard sized radio-opaque marker
ball adjacent to the limb on the radiograph for
templating purposes.

Prior to referral for hip or knee arthroplasty,
the rheumatologist or another orthopaedic surgeon
usually has tried different conservative treatments
including physical and occupational therapy,
analgesics, orthoses, anti-inflammatory and disease
modifying medications. The patient may have also
undergone soft tissue surgical procedures such
as arthroscopy, debridement, synovectomy and
tendon lengthening or releases [3, 4]. Osteotomies
are often performed in younger patients with open
epiphyses and deformity, with a joint that is still
salvageable.

If joint replacement of the hip or knee is
contemplated, the surgeon must realize that
this requires a team approach to include the
patient and their family, the rheumatologist,
anesthesia team, nursing, social work, physical
and occupational therapy, and other health care
personnel. As a general guide, given end-stage
arthritis of the hips and knees, we perform hip
replacement prior to knee replacement, as mobile
hips facilitate rehabilitation and make the knee
replacement much easier to perform. All but the

most simple foot and ankle surgery should follow
knee replacement, as frequently the knees are
aligned differently after knee replacement, thereby
affecting how the ankle and foot contact the
ground. This follows the general axiom of working
from proximally to distally in the lower extremity,
when considering surgical procedures.

Anesthesia is often very technically demanding
in JIA patients. This should be dealt with by a very
experienced anesthesiologist and not a novice!
There is often a small, under developed mandible
that is posteriorly located (retrognathia). The neck
may be stiff from chronic arthritis, degenerate
discs, and fusions in the cervical spine. There
may be arthritis of the temporal-mandibular
joint, arytenoid cartilages or other structure in
the larynx. The surgeon should be patient while
anesthesia is being induced! Regional anesthesia
is often a preferred course, but if general
anesthesia is given, this may require awake, fiber-
optic intubation. All pressure points should be
carefully padded during positioning of the limbs.
Contractures, deformities and prominences
should be accommodated and padded when
operating.

Surgical technique encompasses careful pre-
operative planning, meticulous surgical technique,
patience and experience [5]. It is important to
remember that in JIA, the bones are often small,
narrow and deficient with small intramedullary
canals, multi-planar deformities are common, and
the soft tissues are atrophic with contractures.
Because of this, the operative times are usually
longer than in adults having a similar reconstructive
surgery, and special instrumentation and small-
sized implants are necessary.

Total hip replacement (THR) in JIA

Indications for THA include a skeletally mature
patient with severe end-stage arthritis that is not
salvageable by other means. Contraindications
include open epiphyses, systemic or local
infection, severe abductor weakness and Charcot
neuropathic arthropathy.

JIA patients commonly have generalized
short stature, hypoplasia of the acetabulum and
femur, and excessive femoral and acetabular
anteversion [6]. Standard hip components made
for adults are usually too large for JIA patients.
Whereas previously small components made for
hip dysplasia and patients with small proportions
have been cemented, more recently the trend has
been to using cementless hip implants due to
the fact that smaller components are now being
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manufactured and theses patients may require
many revisions in the future [7-18].

We have recently reported the intermediate
to long-term results of THR in JIA patients
5-20 years after surgery [19]. Thirty-seven THRs
in 16 women and 8 men were followed by serial
clinical examinations and radiographs. The mean
age of the patients was 22.6 year, with a range
from 14.4 years to 35.9 years. A direct lateral
approach to the hip was used in all cases. The
surgical technique involved the use of off-the-
shelf components including a cementless modular
acetabular component and screws, combined
with a cementless (26) or cemented (11) stem.
The cemented stems were performed early in the
series, in cases in which stable cementless fixation
could not be obtained. In cementless cases, gentle
flexible femoral reaming was performed prior
to rasping. Two patients with 3 hips died 7 and
15 years post-operatively. Two patients with 3
well-functioning hips refused formal follow-up,
but were reportedly doing well clinically. Three
more patients with 4 well functioning cementless
hips were lost to follow-up between 5 and 7.4
years post-operatively. Of the remaining 27 hips,
15 are intact whereas 12 (9 patients) have been
revised. Of the intact hips, follow-up averaged
15.8 years (range 6.5-19.6 years). The Harris
Hip Score [20] in these hips improved from an
average of 48.8 (SD=20.3) to 72.5 (SD=13.5)
(P=.003). Six cementless acetabular components
with conventional polyethylene were revised
because of wear and osteolysis after 5.5 to 14.5

Figure 1. Severe juvenile idiopathic arthritis (JIA) of the
left hip, demonstrating joint destruction, with proximal
and lateral migration of the femoral head

years. Two of these hips had severe proximal
femoral osteolysis with a well-fixed stem and
had femoral bone strut grafting with wires. All 3
adult-sized Biomet cementless C2 femoral stems
with minimal porous coating (used early in the
series) failed. Two of 23 cementless AML Bantam
stems (DePuy) loosened at 9.5 and 19.6 years.
The first was undersized and the second loosened
after a traumatic periprosthetic fracture. One of
eight cemented AML Bantam stems (done early
in the series) loosened at 3.5 years, and was
associated with subsidence, cement fracture,
and periprosthetic fracture with osteolysis. Pain
relief and functional improvement were dramatic
after total hip arthroplasty in juvenile idiopathic
arthritis. We no longer cement the stems and
utilize more modern bearing surfaces with highly
cross-linked polyethylene in these patients.

Revision total hip replacement in JIA

We recently reported an update and extension
(currently in press) of our results of revision THR
in JIA [21]. This encompassed 24 revision surgeries
in 15 patients with follow-up from 5-19 years.
The 24 revision cases included 6 bilateral cases,
9 unilateral cases, and 3 hips that were revised
twice. The indications for surgery included 22
hips with aseptic loosening and 2 hips that were
re-implanted for septic loosening. A posterior
approach was used in all cases, along with 2
sliding and 2 extended femoral osteotomies. Eight
of the revisions were of both the acetabular and

|
i

Figure 2. Post-operative radiograph showing a modern
cementless total hip replacement
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femoral components, 12 were socket revisions only
and 4 femoral components alone were revised.
All acetabular reconstructions involved impaction
grafting of morselized cancellous bone graft, along
with a cementless cup and screws (15) or a roof
(3) or reconstruction (2) ring. Eight revision
femoral components were cementless (1 strut graft
added), and 4 cemented stems had a proximal
femoral allograft (2) or strut allograft (2). Harris
Hip Scores improved from 54 (range=34-85) to 77
(37-100) (p<.001). Seventy-one percent of patients
reported no or slight pain post-operatively and
27% had improved functional status. At a mean 8.6
years (range 5-19 years), radiographs demonstrated
that 4/20 sockets were radiographically loose
(3 cementless cups, 1 reconstruction ring); two of
these have been revised. Two cemented femoral
stems have been revised for loosening, osteolysis
and periprosthetic fracture using a long stem
cementless stem and strut graft. There were 2
intra-operative femur fractures through osteolytic
bone, 1 permanent sciatic nerve palsy in a patient
with a reconstruction ring, 1 peri-operative and 2
late infections, andl late dislocation. Survivorship
of acetabular revisions at 9.5 years was 76%;
survivorship of the stem with loosening as the end
point was 80% at 9.8 years. Although the peri-
operative complication rate was low, survivorship
was limited by extensive bone loss, the availability of
suitable implants for revision in small proportioned
patients, and older conventional bearing surfaces.

Total knee replacement (TKR) in JIA

Indications and contra-indications for TKR are
similar to those for THR. Severe hyperextension
deformity and marked extensor weakness/
discontinuity are also contra-indications to TKA
in this population.

In JIA, the knee is often very stiff due to
chronic contractures and the bone is very soft
due to limited weight-bearing, so careful gentle
exposure with extensive soft tissue release is
necessary [5, 22-24]. Quadriceps adhesions to the
femur should be released to enhance gliding. The
posterior cruciate ligament is always tight and this
author releases it routinely, along with releasing
the posterior capsule if flexion contracture is
present. The metaphysis is often angulated or
rotated on the diaphysis, so proper femoral bone
cuts and implant alignment rely on the diaphysis,
and not necessarily on the epicondylar axis or
posterior femoral condyles. Bone resection should
be conservative, but the aim is to get the knee
into full extension. The flexion and extension

gaps must be carefully balanced. The knee should
not be “overstuffed” with metal and plastic so
as to make subsequent motion a struggle. The
patellofemoral joint is frequently very hypoplastic
and mal-aligned, so that releases and guarded
bone resection are necessary. Irrigation of the
bone surfaces should be gentle or the soft bone
will wash away. Frequently the components
need to be cemented separately. Careful soft
tissue handling during closure is mandatory.
Post-operative range of motion exercises are
begun immediately, and pain medication must
be liberal, or compliance with rehabilitation will
be poor. Not uncommonly, night splinting in
extension will maintain a straight knee, whereas
daily therapy will obtain flexion and strength.

We have recently reviewed our total knee
replacements with at least 10 years of follow-up.
Off-the-shelf, small total condylar or posterior
stabilized knee replacements were used. The
mean age of the patients was 22.4 years (range=
15-40). Five knees in 3 patients have chosen
local follow-up by the family doctor, leaving
17 of 22 knees for full review. Mechanical axis
was corrected from 9.4+4.2 degrees to 6.6+ 5.0
degrees. The mean fixed flexion contracture
improved from 29 degrees to 7 degrees (p=.001),
and mean range of motion improved from 50 to
84 degrees(p=.003). One patient needed further
surgery for patellofemoral re-alignment and
another developed a regional pain syndrome
that resolved. This small series has shown that
pain relief is excellent, function and deformity
improved although range of motion is only fair
after TKR in JIA. In some cases, custom implants
may be necessary.

Recently a large international series of
TKRs performed for JIA between 1979 and
2011 by experienced surgeons at 5 hospitals
were combined, including those performed by
the author [25]. This comprised 349 TKRs in
219 patients, with a minimum follow-up of
2 years (mean, 12 * 8 years; range= 2-33 years).
The average age at surgery was 28.919.7 years
(range=11-58 years). The 10-year survivorship of
the TKR was 95%, however this decreased to 82%
at 20 years. Revision was performed in 31 of 349
TKRs (8.9%) for primarily due to polyethylene
wear and loosening, infection, stiffness, and
periprosthetic fracture.

Discussion

Patients with JIA and painful, debilitating end-
stage arthritis of the hip or knee have few options
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Figure 3. JIA patient with bilateral hybrid total hip
replacements with loosening of the right cemented femoral
component and periprosthetic osteolysis

Figure 4. Ten years post revision of the right hip seen in
Figure 3 with long stem cementless femoral component
and strut femoral allograft

Figure 6. This same patient shown in Figures 3, 4 and 5
Figure 5. Cross table lateral radiograph of the right revised has had bilateral total knee replacements
hip replacement
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other than joint replacement, if they want to remain
comfortable and ambulatory. These operations are
technically difficult and should be performed by
experienced surgeons in a comprehensive surgical
and rehabilitative setting [5, 10].

Traditionally, hip replacements were cemented
in JIA, but more recently smaller cementless
modular implants with different designs and
sizes are being used more commonly [12-18,
26]. This provides the clinician with numerous
options to re-establish more normal anatomical
relationships while minimizing the potential
risk of fracture or over-lengthening of the limb.
Cemented stems in patients with small femoral
canals left little room for the cement; modern
cement technique including centralization of the
stem in an adequate cement mantle was virtually
impossible. This would lead to cement cracks,
osteolysis, loosening and even late fracture. The
surgeon should be cognizant of the excessive
femoral and acetabular anteversion in JIA hips
[6]. Placement of the implants must provide a

stable range of motion without subluxation or
dislocation.

Total knee replacement provides even more
challenges in JIA. Due to chronic inflammation and
subsequent abnormalities in growth, the femoral
condyles are often large, externally rotated and
posteriorly located in relation to the shaft [22, 24].
This makes standard sized knee replacements
difficult to position accurately and fit onto the
bony surfaces. Post-inflammatory fibrosis leads to
contractures and adhesions that do not facilitate
the gliding of soft tissues over the prosthesis.
Balancing the flexion and extension gaps is also
challenging, and will lead to difficulties in range of
motion or instability if not accurately performed.
The bone is soft and care must be taken to
prevent intra-operative fracture or crushing of the
metaphyseal bone. Because of these challenges,
meticulous, gentle technique should be followed,
and components cemented. Clinical outcomes,
previously very guarded, seem to be improving
with newer more anatomical implants [25, 27-31].

Figure 7. JIA patient with bilateral total hip replacements has severe arthritis of both knees
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Figure 8. Post-operative radiographs after bilateral total knee replacement

Hip and knee replacements have the
potential to change the lives of young adults
afflicted with JIA. Continued improvements in
prosthetic design, bearing materials and surgical
technique offer hope that implant longevity will
be further extended and more normal function
restored.
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SHAOMPOTE3UPOBAHUE CYCTABOB HM)XKHUX KOHEYHOCTEN
Y NAUMEHTOB C IOBEHUAbHbBIM XPOHUYECKUM APTPUTOM

© Cmrwapm b. I'yoman

Crandoppacknit yausepcuret, Kamudopuus, CIIA

B OHponpoTesnpoBaHMe CYCTABOB HIDKHNMX KOHEYHOCTEll Y MAIVIEHTOB C IOBEHIWIBHBIM XPOHIMYECKIM apTPUTOM
CTAaHOBUTCA Bce 0ojlee pacpOCTpaHEHHOII Omepaiyieil BO BceM Mupe. OTU HAIVIeHTHI YXKe B MOJIOOM BO3pacTte
CTPAJAlOT OT TsDKETOro 00IeBOro CUHAPOMA ¥ JBUIAaTeTbHBIX OIPAaHNYEHMIT BCIEACTBIE HEOOPATHMBIX M3MeHe-
HUIT B CyCTaBe M HY)KJAIOTCA B 3aMelIeHUN Ta300ePeHHbIX U KOTEHHBIX CYCTAaBOB SHAONPOTE30M LA KYyNUpOBa-
HUA GOTIeBOr0 CMHAPOMA M BOCCTAHOBIECHM:A BUTATeTbHBIX (PyHKIMIT. DHIONPOTE3NpPOBaHNE B TAKUX YCIOBUAX
NpefcTaBIAeT co00ll CTOKHYI0 3aJjayy KaK ¢ aHECTe3MONOTMYeCKOl, TaAK M C XUPYPIrUYeCKOi TOYKU 3PEeHNA
BC/IEICTBYE OOIIMX MajIbIX Pa3sMepoB KOCTeil, X JeopManii M KOHTPAKTYPBI MATKUX TKaHeil. DHZONPOTE3NPO-
BaHMe CYCTaBoOB y nmanueHToB ¢ JOXA Hy>KHO NPOBORMTH IPY HAIWYMUM ONBITHON MHOTONPO(IIbHOI KOMaHIbI
CHenManicToB, 00ecleYnBaIIeil ONTHMANbHOE IIPe-, MHTPa- U MOCTeONepalIOHHOe BeleHle, IPeeMCTBEHHOCTD
M OPMEHTUPOBAHHOCTh Ha HAWIYYLINIA 7 MallMeHTa pe3ynbTaT.

B OpToneamns, TODABMATOAOIMMS M BOCCTAOHOBUTEABHAS XMPYPIMA AETCKOro Bo3pacTta. Tom Il

Boimyck 1. 2014 ISSN 2309-3994



ORIGINAL PAPERS 11

YBaxxaemble Komneru!

[lna MeHs OonbIIas 4ecTh ONMyOIMKOBATb CBOI CTAaThI0 «DHIOIPOTE3MPOBA-
HI€ CYCTaBOB HIVDKHUX KOHEYHOCTEN Y MALVEHTOB C IOBEHM/IbHBIM XPOHUYECKUM
apTPUTOM» B HOBOM U MHOTOO0eIjaloleM POCCUIICKOM >KypHane «[leTckas Tpas-
MaToJIOTUsA, OPTOIEANs Y BOCCTAHOBUTE/IbHAS XUPYPIrUsi». JTa CTaThs 06061aeT
Moit 6oree 4eM 25-7IeTHMII OIBIT jIeYeHUsI I0BEHMUIBHOTO XPOHUYECKOTO apTpu-
ta B CToaH(}OpPACKOM YHMBepcuTeTe. DHAONPOTE3NPOBAHNE CYCTABOB B ILI€TIOM

VIHTEHCUBHO Pa3BUBA/NIOCh B Te€4YeHME IOCHAESHUX HNeCATUIETUN, COOTBETCTBEHHO
{ | PacCHIMpANICh BO3MOKHOCTH JIEYeHNA MOJIOAbIX TAIMEHTOB C apTPUTOM, obecre-

4yBasi CTOVKOoe obnerdeHue 601 U yayquieHus QyHKINIL.

Hamnmcanme 3T0ii CTaTby CBA3aHO C JIEKLMEN, KOTOPYIO A Mpo4uTan B [IeTCKOM OpTOIeqUYecKOM
uHcTUTyTe MMeHM TypHepa B CaHkT-IletepOypre B uione 2013 r. [To okoHUaHWM JIEKIIUY COCTOSIACH
IVIOJOTBOpHAA AMUCKyccuA ¢ Koteramu. Moit apyr, noktop Bragumup Kenuc, momoran MHe BO Bpe-
M BU3NTA U IEPEBE/ CTAThbI0 Ha PYyCCKMI A3bIK. Sl HaJeloCh, 4TO 3Ta CTaThsA OTKPOET JNOATOCPOYHOE
U TI0JIE3HO€ COTPYAHMYECTBO MEXJy HallMMM KIMHMKaMu. S MOo3gpaBiAr Bac ¢ BBIXOJOM HOBOTO

JKypHala, KOTOPpbIN ODO/KEH ITOMOYb B 3TOM.

Ceedenust 06 asmopax:

C HamTy4YImyMu IOXKeTaHUAMMY,
Crroapr b. I'ynman

Croapr b. Tyamsn — mpodeccop opromepuy u 6uonH-
xxerepuy CraHdoppackoro yHuBepcurera, Kamudopuns,
CIIA.

JlokTop MemUMUMHCKMX HayK, wieH Koponesckoro Xupyp-
TMYecKOro KoilemKa KaHappl, 4ieH AMepUMKaHCKON KO-
JIeTUM XUPYpProB, mpocgeccop. Xupypr-opronen MepuumH-
CKOTO IleHTpa yHuBepcuteTa, CTaHdOpS.

Koncynprant Crandoppckoit feTckort 6ompHMUIbL 1M. JIo-
cunb C. ITakkapp
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