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Abstract:  Hydroxyapatite (HHA) has been evaluated for use in a variety of applications in
bone reconstruction surgery because of its high alfinity with host bone und bivcompatibility.
However, because of the difficulty in combining porosity (for bone ingrowth) and strength in
HA, it is gencrally considered inappropriate to use HA for high-load upplications such as
spinal interbody fusion. In the present study, we constructed a HA implant for spinal
interbady fusion, composed of a dual ITA composite (DIIC) that combines two 1A muderials
with dilferent porosities: A with 75% porosity, for bone ingrowth: and HA with 0%
porasity, for load bearing, We used a canine fumbay interhody fusion model to evaluate hone
conduction of the implant and its efficucy for bony fusion. Six months after the operation,
DHC exhibited almost the same efficacy for bony fusion as iliac bone grafts. Moreover, pores
of the porous part of the DUC were completely filled with newly formed hone and bone
marrew cells. The present findings indicate that DFHC is suitable for use as an implant material
for spinal interbody fusion as a substitute for iliac bone grafts, which could eliminate the
disadvantages associated with autograft harvesting. © 2006 Wiley Pericdicals. Inc. 3 Biomed Mater

Res Part B: Appl Biomater 788: 378--384. 2006

Keywords:  hydroxyapatite; spinal fusion: composite

INTRODUCTION

When instability of the spine causes persistent local pain or
newrological impairment. it is often treated by fusion of the
affected vertebral motor segments with autoiogous hone gralt
by itself” or in combination with carbon or titanium cage.'™
So at this point, autologous bone graft from the iliac crest is
the gold standard material for spinal fusion, despite disad-
vantages such as limiwed supplies of suitable bone, cosmetic
damage at the donor site, and persistence of pain, nerve
damage, and fracture. Allografting is not associated with
donor site problems. but it involves risks of discasc transmis-
sion and immumnological reaction. Hydroxyapatite (HA) im-
plants arc an altractive alternative to bone grafts for use in
spinal arthrodesis. Porous ceramics provide a three-dimen-
sional (3D) scaffold for the ostcoconductive latticework that
is necessary for host ingrowth. HA can chemically bond with
host bone, and studies clearly indicate that it is a biocompat-
ible material. ™ However. the dilficulty in striking a balance
hetween porosily (for bone ingrowth) und strength has pre-
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vented widespread use of HA as an implant material for use
in spinal interbody fusion.”'" To address this problem, we
synthesized a dual HA composite (DHC) consisting of a core
of HA with 75% porosity (for bone ingrowth) surrounded by
solid HA with 0% porosity (for load hearing). The porous
part of the composite is a material that we previously reported
as mterconnected porous calcium HA ceramic (IP-CHA).
This porous material is synthesized using a unique “foam-
gel™ technique that produces s distinctive. uniform porous
structure, '

In the present study, we used an anterior interbody fusion
model of the canine lumbar spine to assess the cificacy of
DHC as a spinal interbody fusion implant, compared with
iliac bone gralls, in terms of bony fusion.

MATERIALS AND METHODS

Design of Implanis
The implants were designed to fit the canine intervertebral
space (Figure 1). Also. a stainless steel plate, with four screw
holes for internal fixation, was designed to it the canine spine
(Figure 1).
Preparation of Implants
Hexagonal prisms ol DHC were obtained {rom Toshiba Ce-
ramics (Kanagawa. Japan) (Figure ). The DHC consisted of
s + WILEY
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Figure 1. Macroscopic view (A) and dimensions (B) of dual hydroxyapatite composite (DHC) implant
for canine intervertebral body fusion. Hatched area represents porous part (75% porosity).

two forms of A with dilferent porosity. A porous HA
ceramic core with 75% porosity was surrounded by a solid
HA ceramic with 0% porosity. The naterial comprising the
porous HA ceramic core was IP-CHA. which has a uniform
interconnected porous structure with an average interconnec-
tion channel diameter of 40 pm. Theorctically, more than
00%: of the pores are connected o cach other by channels
with @ diameter greater than 10 um. allowing tissue (o spread
from pore to pore.'? Bricly, the method used to produce
DHC s us tollows:

I Preparation of Porous HA Ceramic:
A sturry containing HA (60 wi %) and a crosslinking sub-
strate (polyethylencimine, 40 wt %) was mixed with a foam-
ing agent (polyoxyethvlene lauryl ether, 1 wt % ). Then, the
slurry was gelatinized by adding another crosslinking agent
(poly-iunctional cpoxy compound). After the gelutinization, a
hexagonal prism was carved out ol the porous gel.

2. Preparation of Solid HA Ceranic:

A piece of the carved porous gel was placed in the center of

a hexagonal mold with larcer dimensions. A sharry with the
same composition as the above-mentioned shury, but facking
the foaming agent, was mined with the gelatimization agent
and poured into the mold so that it surrounds the porous gel.
The nonfoaming slurry infiltrated the surface layer of the
porous part and then hardened w form the solid HA ceramic,
such that the solid and porous parts of the composite were
tightly bound together. Then, the dual composite was re-
moved from the mold, dried. and sintered at 1200 C.

Mechanical Compression Test

Compression tests were performed using AUTOGRAPH AG-
FOIKNT (Shimadzu Corp. Kyoto, Japan). with o compression
speed of T wmm/nun, Compression load was applicd scparately
to the porous and solid parts, and the compressive strength
was determined. Maximum breaking load of the hexagonal
DHC implant was measured by applying a vectical compres-

Jowrnal of Biomedical Materials Research Pars B2 Applicd Biomarerials
DOV 0 1002/jbimb

sive load 1o the specimen, across the hexagonal surlfuce plane
(N = 4). Al data were expressed as the average value &
standard error.

Animal Experiment

Fight adult, female, pure-bred beagles aged - 1.5 years and
weighing 12-14 kg underwent surgical opening of a left
retroperitoneal approach o the Jumbar spine. The surgery
was performed using general anesthesia, aseptic conditions,
and perioperative antibioties. The seagimental vessels of 1.2
and 1.3 were coagulated and transeeted to expose the bodies
of 1.2 and L3, Then, the center portion of the intervertebral
disc was wdentified and evacuated including the adjacent
endplates of 1.2 and 1.3, using steel and diamond burrs o
expose biceding subchondral bone. The defect size was ad-

justed using a metal trial tool that was the same size as the

implant. We then performed one-level arthrodesis by placing
an iliac bone graft (IBG group) or o DHC gralt (DHC group)
in the defect. I all animals, internal fixation was achieved
using a plate and four cortical screws (€2, 4.0 mm) (Figure 2).
The antmals were allowed unrestricted activity afier the op-
crative procedure, and were kept in accordance with our
institutional guidelines for care and use of laboratory animals.
Dogs were killed by overdose anvsthesia, and the spine
segment from LI o L4 was harvested 6 months after oper-
ation. Then. the internal fixators were removed. All proce-
dures involving animals were approved by the Animal Care
and Use Committee of Shin Nippon Biomedical Laboratorics
and performed in accordance with standards published by the
National Research Council.

Radiographic Examination

All harvested tissues were fixed with 10%: neatral formalin,
and were then radiographed with o soft X-ray apparatus
(M-60, SOFTEX Corp.. Ebina. Japan) and micro-focus CT
scanning appuratus (SMX-100CT, SHIMADZU, Kyoto. Ja-
pan). On radiographs and CT images, fusion was defined as
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Figure 2. Postoperative A-P radiographic view of canine lumbar
spine.

a continuous trabecular bone bridge across the inner part of

the tmplant, with no obvious interruption by a radiolucent
line.

Histological Evaluation

All ussue samples harvested together with the neighboring
verteheal bone from cach group were deminerahized with 50%.
formic acid and 107% sodivm civaee, dehvdrated through an
ethanol series and cihedded in paraffin wax. Sections (thick-
ness, 5o were cute stained with hematoxylin and cosin,
and cxamined under a light microscope.

Bony union was quantified by calculating 4 length of

bony fusion. which is judged by bridging wabecular bone
hetween host boae and porous part o DHC or iliac bone graft
histomorphometricully. Solid parts of DHC were evaluated
independently. The number of mvaded blood vessels was
guantiticd by counting vessels i wbitrary 10 ticlds of histo-
logical sections i porous part of DHC or IBG.

Statistical Analysis

Compressive sticoath was compared beoween the porous and
solid parts of the DHC unplas, using Student’s test. p <
0.05 was considered significant.

RESULTS

Mechanical Compression Test

The compressive steength ol the porous (inmer) part ol the
DHC was 12,0 = 04 Mpa. which s comparable 1o the
compressive strength of cancellous bone. In contrust. the

compressive strength of the solid (outer) part was 5718 =
66.7 Mpa, which is equal to or greater than the compressive
strength of cortical bone. The strength of the outer part of the
composite was more than 50-lold greater than that of the
inmer part. and the difference was statistically significant. The
breaking load of the DHC implant was 9.6 = 0.3 kN.

Radiographic Evaluation

In the DHC group, the radiolucent line between the implant
and host bone faded with time, but on the cranial side of the
implant. the radiodensity between the mmplant and host bone
remained low, compared with other boundarics. None ol the
implants were found (o have collapsed. In the IBG group. all
saudal and cranial junctions appeuared to have fused with host
hone on radiographs. In both groups, the height of the inter-
vertebral space remained constant throughout the follow-up
period (Figare 30 Tuble D.

Micro-Focus CT Evaluation

In the DHC group. the plain radiographic findings correluted
well with the CT findings. In all cuudal junctions of the DHC
group, trabecular bone extended from the host bone and
spread to the porous part of the composites, However, on the
cranial side of the implant, none of the specimens contained
bridging trabecular bone between the implant and host bone.
One specimen had a nondisplaced crack line through the
inner part of the implant [Figure 4(A-4)]. and another spee-
imen had a small cruck at the cranial edge of the tmplant
[Figure HA-].

In the IBG group. 5 of the 8 junctions were bony {used.
and the remaining 3 junctions (which were initially judged w
be bony fused. based on X-ray findings) were classitied as
nonbony fused junctions. based on micro-focus CT findings,
All of the nonhony fused junctions were on the cranial side of
the gralt bone (Figure 4, Table D).

Histology

The macroscopice appearance of the histological sections was
consistent with the findings of micro-focus CT. In the DHC
group. all vaudal junctions were found (o contain rabecular
bone and blood vessels that had spread from host bone into
the porous part of the implanes [Figure S(AT-A4.0)f. At the
center of cach implant, ncarly all pores were completely tilled
with trabecular bone and hematopoictic marrow, including
the region that originally contained the vertebral dise {Figure
3] On the craniad side of the implant, a good portion of the
imitial gap between the implant and host bone was filled with
a fibrocartilage tssue. rather than mineralized bone matriy
[Figure Sta)l.

In the IBG group, the caudal side of cach gralt was bony
fused i frge parte and 1t was impossible 1o idenufy o
boundary between host and graft bone,

The cranial side ol | ol the 4 grafts was mostly bony fused,
but in the other 3 samples. there was @ thin Tayer of cartiluge
tissue between host and graft bone [Figure S(BY]. Solid part
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DUAL HYDROXYAPATITE COMPOSITE WITH POROUS AND SOLID PARTS 381

Figure 3. Soft X-ray radiographs. DHC group 6 months after operation (A1-A4). IBG group 6 months
atter implantation (B1-B4). In both groups, radiopaque shadows were observed at caudal junctional
siles. Granial junctions of DHG group had lower radiodensity than other boundarizs between DHC and
host bone {A1-A4). Both cranial and caudal sides of all IBG specimens appearsd to be radiograph-

ically fused (B1-B4).

of the DHC showed by Tar lower [usion rawe when compared
with porous part ol DHC wnd TBG.

There was no ditference in the invasion of the material by
blood vessels between IBG and DHC group.(Figures 6 and 7,
Table 1.

DISCUSSION

Because of problems including graft extrusion and collapse in
animal models and clinical study. HA spinal interbody fusion

TABLE 1. Summary of Radiographic Evaluation

X-ray By aluation Micro-Focus CT Evaluation

Cruck
Fusion Fusiosg Whale
Groups  Fusion Rate (21 Fusioi Rite {737) Partial Length
DHC 478 <0 HY 174 14
IBG 8/8 10 Rz

Fach implants or grafts bos ovo junctions betweer host hone, These dag shows
union junctious per tal pactions cot 1

Jowrnal of Biomedical Meicrials Researel Pare Be Applic d Bionuaterials
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implants are generally considered unsuitable for clinical ap-
plivations, despite their high aflinity with host bone and their
bivcompatibility.*"' Among currently existing porous HA-
based bone substitves, TP-CHA und coralline HA have
highly imterconnected porous structure with average intercon-
nection channel diwmeter of 40-60 wm. Those materials have
been reported  show excellent bone ingrowth in the mate-
rials but their initial compressive strengths are no more than
12 MPu. which is far less than buman cortical bone. A porous
HA bone substitute with lowest porosity (40%) accomplished
the greatest compressive strength of 60 MPa at the sacrifice off
osteoconduction but the strength is not stil comparable 1o
cortical bone. Our novel dual HA implant (DHC) has well-
organized. interconnected. highly porous structure in the po-
rous purt and durability under high loads al the same time. In
our development ol a HA tmplant for use in spinal interbody
fusion. rather than use u material of homogenous composi-
ton, we created w composite HA nuderial consisting of two
parts with diflferent porosities to produce an implant that
combines strength with bone conduction. The outer solid pant
of the composite (0% porosity), which can chemically bond
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A3

Figure 4. Sagitlal reconstruction image of operated spine, based on micro-focus CT data. DHC group
& months after operation (A1-A4). IBG group 6 months aftor implantation (3 1-B4). In both groups, the
caudal side of all junctions was bony fused (A1-Ad, B1-B4). Only one sample of the IBG group
exhibited osseous union at the cranial junction (B2). At other cranial junctions of both groups, we did
not observe bridging trabecular bone between the implant and host bone (A'1-Ad, B1, B3, B4).

with host bone. is mainly responsible for load bearing, which
is the role normally played by cortical bone. The inner porous

part of the composite (75% porosity) assumes the role of

scalfold to fucilitwe integration with host bone and thus
further strengthen the vepuir stracture.

In the present study. the junctionad bony union rate of
DHC was S0% and was less than that ol the thace bone grafis,
However, most of the junctional gap without bony union was
filled with fibro-cartilageous Gssue and seemed o be stahi-
lized. Also, only one specimen from the DHC group exhib-
wed a nondisplaced crack spanning the entire fength of the
implant. None of the DHC implants exhibited axial collapse
at any time dunng the 6-month experimental period. Tmplant
fragmentation 1s one ol the most frequent complications of
porous HA implants for intervertebral fusion, DHC scems o

TABLE {l. Summary of Histological Evaluation

have less fragmentation rate but further study with large
number is needed o clanfy the rate of complications and the
advantage of DHC.

Independent of the junctionud bony union. the inner part of
DHC exhubited excellent bone ingiowth. By covering the
porous HA with nonporous HAL the 3D struciwre of the
porous part was preserved throughout the bone conduciion
process, providing an oxcellent scatfold for bone ingrowth.
The interconnected  lghly porous swructure of TP-CHAL
which has an average interconnection diameter of 40 pm.
allows cfficient migration of bone-producing cells from pore
to pore as well as invasion by vascular vessels, which is
essential for new bone tormation. The present tindings help
clarify the importanee ol a stable 3D scalfold for bone in-
growth, The use of o divmond burr in the present procedure

Junctions® Tissue Conduction
Vessel” Bone*
Average Bony-Fusion Rate Average Number of the
Groups (%) Blood Vessels Cranial Center Caudal
Porous part of DHC 48 20 H4 44 4/
IBG 53 o3
Solid part o DHC 19

“lach voplants or @rdis fas tw o pmctons between host bone, These data shows et bony wmon fength per wad junchonal length ¢V 0.
" Lotal number of mvaded blood vessels mto poraas part of DHC and 1RG in atbitcay 10 nelds (N = 4

C Porous part of DHC was divaded fnt theee pants These dats siows bone: conducted pants per total DEHC implanis el )
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Figure 5. Low-power photomicrographs of operated spines: DHC (A1-A4); and {BG (B1-B4). High-
power photomicrographs of DHC group 6 months afier operation (a~c). At the cranial side of the
implant, we did not observe continuous mineralized trabecular bone between host bone and DHC (a).
Almost alf pores in the DHC were evenly filled with trabecular bone and hematopoietic marrow (b). At
the caudal junction, trabecular bone infiltrated the porous part of DHC, and the gaps were filled with
mineralized trabecular bone (c). me, marrow cavity; IC, IP-CHA, Arrows indicate implant end (mag-
nification: X40).
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Figure 7. The number of invaded blood vessels were counted in
Figure 6. Bone union rates of porous part of DHC, IBG, and solid part arbitrary 10 fields of histological sections of porous part of DHC or
of OHC were measured histormorphometrically. Each data bar repre- IBG. Each data bar represents an average and standard deviation
sents an average and standard deviation (N = 5). (N = 5).
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generates frictional heat. which may have an adverse affect
on cell protection and congruency hetween host bone and
implant, and this may inhibit junctional bony union. In terms
of their role as scufTolding, interconnecied HA and auwtoge-
nuus bone have neuarly identical characteristics. In the present
animal experiment, the internal ixation at the operative site
consisted of a single plate. and was not rigid: no external
fixation was applicd: and animals were allowed complete
freedom of movement immediately afier the surgery. How-
ever. none of the animals expuericnced major implant-related
complications such as implant collapse. displucement. disto-
cation. or spinal palsy. Although we observed minor cracks
(which did not alfect the stability of the implanted sites). our
results suggrest that DHC has sufticient compressive strength
o endure typical inteevertebral mechanical loads. The high
compressive strength of DHC and the excellent bone in-
growth into the porous part of DHC observed i the present
experiment indicate that DHC 15 highty suitable as o spacing
implant material for inteevertebral fusion.

However. autogenous bone has the advantage of contain-
ing bone-producing cells and several eytokines that contrib-
ute to bone induction. LA is an osteoconductive material, but
it must be combined with bone-growth-inducing cytokines or
bone-producing cells before it can provide results comparable
to those of autogenous bone gralts. Ay we reported previs
ously. porous HA can exhibit good bone-growth-inducing
characteristics when it is combined with a cytokine delivery
system! 2!
stem eells. DHC <applemented with those eytokines and cells

or hone-producing cells such as mesenchymal

would be an excetlent interbody fusion biomaterial, due to the
combination of bone-growth-iducmg characteristics and me-
chamcal strength, and 10 would be o viable substtute tor
auntografts.

CONCLUSIONS

The present findings demonstrate that DHC produces bony
tusion that is comparable o that of autogenous thac bone
graft, with strength that s sufficient to withstand normal
compressive loads. Further tmprovement of this inaterial,
including incorporation of bone-growth-inducing agents, will
increase its usefulness lor clinical applications.

We thank Toshiba Ceranmies Coo Lide, for Kindly domaang -
plants.
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Hydroxyapatite

\frophy in Total Ankle Rej
Rheumatoid Arthritis

Kenrin Shi, MD, PhD," Kenji Hayashida, MD, PhD,? Jun Hashimoto, MD, PhD,*

Kazuomi Sugamoto, MD, PhD,* Hideo Kawai, MD, PhD,® and Hideki Yoshikawa, MD, PhD®

Although total ankle replacement is routinely used for rheumatoid arthritis of the ankle, it has been
hampered by early implant failures such as loosening and subsidence of the tibial component due to poor
bone quality. To prevent this complication, total ankle replacement augmented by a specially designed
hydroxyapatite coating was used in 14 patients (16 feel). Patients were reviewed after an average
follow-up of 23.1 months, and the mean clinical rating scale significantly improved from 30.7/100 points
preoperatively to 65.9/100 at final follow-up, especially with respect to pain relief. Radiographs taken
immediately postoperatively and at final follow-up were analyzed for the position and sinking of the tibial
component. The position was evaluated by measurement of the alpha and beta angles, formed by the
tibial long axis and tibial component on anteroposterior and lateral radiographs, respectively. The mean
alpha and beta angles were 87.4" and 79.3” postoperatively and 87.7° and 81.0” at final follow-up.
respectively. No significant change was noted in either angle between the immediate postoperative views
and at final follow-up. and no significant subsidence was noted. Radiographs were also assessed for the
presence of a lucent zone: 1 case demonstrated a clear zone between hydroxyapatite and bone, 8 cases
between hydroxyapatite and the tibial component, and 6 cases between the tibial component and bone.
These results suggest that hydroxyapatite helps to secure implant fixation firmly to the bone, making it
a useful augmentation for tibial bone atrophy in total ankle replacement for rheumatoid arthritis. (The

Journal of Foot & Ankle Surgery 45(5):308~315, 2006)

Key words: rheumatoid arthritis, total ankle replacement, hydroxyapatite

A rthritic invelvement of ankle jomnt s often observed in
patients with rheumatoid wthritis (RA) in middle to Tate
stiges of the disease. Michlke et al (1) stated that 52% of
300 paticnts had presented ankle and subtalar involvement
with an average duration of 9.5 years. Because the ankle
joint is a weight-bearing joint like the hip and knee, ankle
destruction severcly impairs standing and walking ability
and disturbs a patient’s quality of life. Arthrodesis had long
been almost the only surgical treatment for this condition
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before the introduction of total ankle replacement (TAR).
However, high nondelayed or delayed union rates after
arthrodesis cxist, possibly because of poor immunologic
and metabolic conditions in patients with RA treated with
steroid-type or antimetabolite-type medications (2).

TAR was first introduced in the carly 1970s as an alter-
native to ankle arthrodesis, but high complication rates of
carly prosthesis designs such as severe osteolysis, compo-
nent loosening, impingement, infection, and sofl tissue
breakdown were reported (3). These first-generation TAR
prosthescs often consisted of 2 components. tibial and talar,
with a highly constrained design. and were thought to result
in carly failure because of the increased force between the
bone and implant (4. 5).

The second-generation TAR with a less constrained com-
poncnt design was introduced in the 1980s; some can be
fixated without cement and some possess a mobile-bearing
(three-component) design. Kofoed and Sorensen reported
no significant difference in clinical outcomes in patients
with RA versus osteoarthritis (OA) with the use of the
cemented Scandinavian Total Ankle Replacement (STAR)
prosthesis. one of the second-generation TAR implants (6).
These recent successful results have encouraged surgeons to
perform TAR instead of arthrodesis, cven in RA.
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FIGURE 1 HA usad in this study for tibial augmentation.

Although TAR has been performed in paticnts with RA
increasingly in this decade, and Favorable clinical outcomnics
with significant pain reliel have been achieved, carly -
plant failare such as foosening and subsidence of the tm-
plants is sliil a problem, often because of poor bone quality
of the implanted site (4). As an attempt to solve this prob-
fem, especially in fixation of the tibial component, we used
a specifically designed hydroxyapatite (HA) to augment the
tibial bone atrophy in conjunction with TAR for rheumatoid
ankles. The purpose of this article is to report the short-term
outcomes and radiographic findings of this procedure,

Materials and Methods

HA (Boneccram; Olympus Biomaterial Corp., Tokyo,
Japan) was-designed and {ormed such that it could be
inserted into the tibia easily, but would fit within the inner
cortex ol the distal tibia (Fig 1). The sizes of the HA

TABLE 1 Clinical rating scale
Pain
None 40
Mild 30
Moderate 20
Severe 10
Disabled o]
Function
Walking distance
Unlimited 20
2 km 15
0.5-2 km 10
Indoors only 5
Unable to walk 0
Limping
None 4
Moderate 2
Unable to walk Q
Stairs (up)
Normally 4
Needs banister 2
Unable 0
Stairs (down)
Normally 4
Needs banister 2
Unable 0
Standing on operated lag
Norrnally 4
Needs support ?
Unable 0
Sitting Japarese style
Normally 4
Easy posture 2
Unable 0
Dorsiflexion
11 10
G -10°¢ 7
175 4
0" 0
Plantarflexion
36°- 10
21+-35% 7
620 4
5" 0

component were determined according to previously ob-
tained data of the transverse and sagittal diameter of the
inner cortex of the distal tibia on anteroposterior (AP) and
lateral radiographs of patients with RA (K. S., unpublished
data, 1999).

Outcomes were cvaluated clinically and radiographically.
Clinically, cach ankle was scored according 1o a rating scale
created by Takakura ct al (7), which includes an assessment
ol pain relief as well as functional improvement such as
walking ability, the ability to climb stuirs, and range of
motion (Table 1). The physical examination and patient
intervicw were conducted by cach surgeon preoperatively,
but by the first author (K. S.) at final follow-up. Scores rated
before the surgery and at the last [ollow-up were compared
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FIGURE 2 Radiographic evalua-
tion of placement and subsidence
of the tibial component. (A) Alpha
angle. (B) Beta angle. (C) Gamma
length. &

and statistically examined by Wilcoxon signed-rank test. P
values <205 were considered o be significant.

AP and lateral radiographs taken immediaiely postoper-
atively and at final follow-up were compared with respect to
the placement and migration ol the tibial componcent. Place-
ment was assessed with 2 angles: 1) the alpha Linglu formed
by the long axis of the tibia and the trunsverse line of the tibial
component on the AP radiograph (Fig 2, A); and 2) the beta
angle, formed by the long axis of the tibia and the sagittal
line of the tibial component on lateral radiographs (Fig 2,
B). Subsidence was cvaluated by the following measure-
ment on AP radiographs. First, a baseline that crossed the
most prominent part of medial malleolus was determined
perpendicular to the tibial long axis. Then, the length from
the center of the tibial component to the bascline was
measured and defined as the gamma length (Fig 2, Q).
Finally, the clear zone, determined as the radiolucent zone
around the implant with a width =1 mm. wus also assessed
on AP radiographs uas an indication of carly loosening, either
between the HA and the bone, HA and the tibial component.
or the tibial component and bone. These radiographic data
were obtained solely by the first author (K. S.), independent
from the operating surgeons. Data obtained from radio-
graphs taken immediately postoperatively and at the last
foltow-up were compared and statistically examined by use
of Wilcoxon signed-rank test. with P values <.05 recog-
nized as significant.

Surgical Technigue

All procedures were performed through an anterior ap-
proach. After bone resection from the distal tibia, retrograde
intramedullary rasping was performed (o allow insertion of
the HA. Then the HA was inserled into the tibia from the
inferior aspect of the tibia, with its apex directed proximally
and anteriorly. A TNK implant (Jupan Medical Materials
Corporation, Osuaka, Japan) was used in all cases except 1,

318 THE JOURNAL OF FOOT & ANKLE SURGERY

¢

in which a FINE (Nakashima Medical, Okayama, Japan)
was used. The TNK uses ceramic components with poly-
ethylene on a tibial-bearing surface (8), whereas the FINE
consists of metal tibial and talar components with a poly-
cthylene mobile bearing between the components (9). All
implants were fixated with bone cement. Concurrent subta-
lar joint arthrodesis was performed in 11 ankles that dem-
onstrated subtalar deformity, erosion, and/or instability. All
procedures were performed by onc of 3 senior authors
(K. H., J. H., K. Su.).

Anklcs without subtalar arthrodesis were immobilized in
a soft splint for 3 weeks, and then range-of-motion exercises
and full weight bearing were started. Ankles with subtalar
arthrodesis were immobilized in a short leg cast for 4 1o 6
weeks, and full weight bearing was permitted 10 weeks
postoperatively.

Results

Sixteen ankles (14 paticnts) were studied with a mean
follow-up period of 23.1 months (range, 7-73 months). Two
patients were men and 12 were women. Two patients un-
derwent surgery on bilateral ankles separately. The mean
paticnl age was 61.4 years (range, 4874 years).

Clinical rating scale scores improved from 30.7 points
(range, 14—-42) preoperatively to 65.9 points (range, 27-86)
at final follow-up (Fig 3).

Radiographic measurcments are shown in Table 2. The
mcan alpha angle was 87.4" (range, 82.5-93%) postopcra-
tively and 87.7° (range, 81.5-97°) at final follow-up. The
mcan beta angle was 79.3° (range. 72-89°) and 81.0°
(range, 49-102°), respectively. The change in each angle
from imimediately postoperatively to the time of final fol-
low-up was not found to be significant. The mean gamma
fength was 11.8 mum (range, 7-19 nun) postoperatively and
12.0 mm (range, 7.5-20 mm) at final follow-up, and no
significant differcnce was found between these values. The
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P<0.05

% Plantarflexion
Dorsittexion

Sitfing Jupanese style
5 Standing on operated leg
% Stairs (down)

E:] Stairs (up)

% Limplog

Walking distance

65.9 pts

Pain

Before surgery Last follow-up

FIGURE 3 Clinical rating scale scores before surgery and at last
follow-up.

TABLE 2 Resulls of radiographic evaluation of
tibial component

Postoperative Last
Follow-Up

87.4 8.7 NS

Alpha angle
Beta angle 79.3 81 NS
Ganima length {(mim) 11.8 12 NS

Abbreviation: NS, not sighificant.

mean amount of sinking. defined as the increase of gamma
length was 0.2 mm.

One ankle demonstrated a clear zone between the HA wed
bone, 9 exhibited a clear zone between HA and the tbial
component (Fig 4), and 6 demonstrated a clear zone be-
tween the tibtal component and bone. Two ankles demon-
strated carly loosening, recognized as implant migration on
radiographs. One of these underwent revision 6 months after
the primary surgery (Fig 5). No clear zone was obscrved
between HA and bone in cither of these 2 cases. In the ankle
that underwent revision, lirm fixation between HA and bone
was confirmed during the revision surgery.

Discussion

The first-generation TAR, introduced in the 1970s, re-
sulted in high complication rates and carly failures because
of increased force between the bone and implant due to their
highly constrained design (3=5). The sccond-generation
TAR, introduced in the 1980s. has a less constrained design
and, so far, has been used with favorable clinical results (6),
Anderson et al (10) also reported a similar revision and
loosening rate in paticnts with RA and OA aftcr uncemented
STAR prosthesis, with an estimated S-year survival rate of
70%. with revision as the end point. Another second-gen-
eration TAR was reported to present a S-year survival rate
ol 54%, in a study of mostly relatively young patients with
posttraumatic or primary OA (11},

However, even in such prostheses with advanced designs,

VOLUME 45

FIGURE 4
and the tibnzl compone
the: thial componatd
recorinzed batwean i JE 0oae o

COMmpGhent

AP radiograph Jdermonstrating a clear zone between HA
i, by thae case, a clear zone between HA and
5 no clear zone was
-iv bone and the sibial

Obvio R

arthritic involvemient and deformity in hindloot and other
major lower extremity joints can fod o carly failure of the
ankle prosthiesis in patieats with RA (17 Kofoed and
Sorensen reported that a progression of hindfoot valgus
detormity resubied in failure of TAR in patients with RA ().
A radiographic evaluation of the ankle and subcdar joint of
paticnts with RA has also shown that subtal pathology
precedes clanges in the ankle joint i the natural course of

RA (13, For this reason, the authors porfurmed corrective
arthrodesis of subtalar joint not only i paticnts with an
cxisting subtalar deformity, but also in those demonstrating
subtadar erosion and/or instabifity that would be expected to
cause valgus deformity or pain.

Anothier issue contributing to carly {ailure in TAR in RA
i implant migration due o poor bone quality. Of the 12
revistons i the report by Anderson et al (16). thic reason for
revision was toosening of the tbial component in 2 patierts,
the b vomponent in 2 patients, and both coimponents i 3
patients. Carlsson et al (14) also reported wstaniae migration
patiesn ol tibial and talar components of the STAR prosthe-
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FIGURES Acase of a 64 year-old
woman who demonstrated early
loosening that necessitated a revi-
sion surgery 5 months after the ini-
tial surgery. However, no clear
zone was observed between HA
and bone on radiographs, and firm
fixation between HA and the im-
planted site was confirmed during
the revision surgery. (A} Before sur-
gery. (B} After the initial surgery.
{C) Loosening of the tibial compo-
nent was noted. (D) Firm bonding
of HA with the implanted site bone
was noted after removal of the tibial
component. (E} After the revision
surgery.

sis after 3 to 5 years of follow-up. On the other hand, Su
ct al (15) reported that 3 of 26 ankles presented subsidence
of the tibial component after an uncemented TAR. In this
study, HA was only used for augmentation of tibial bone
atrophy, partly because subtalar arthrodesis was performed
in many cases, preventing the bulk augmentation of the talus
in those cases.

Over the last 2 decades, HA has been used (o augment
bone loss more in facial and dentai surgery than orthopedic
surgery because of concern about its ability to withstand
weight-bearing forces (16, 17). However, clinical reports of
HA used for spine surgery (I8) and revision total hip
arthroplasty (19) have encouraged its use in lower extremity
surgery. As for the HA used in this study. liokazu and
Matsunaga (20) reported the usc of this material as a graft in
bone defect in the treatment of tibial platcau fractures.
Koshino et al (21) used a wedge-shaped block of Bonece-
ram in a medial open-wedge proximal tibial ostotomy for
knee OA without collapse or subsidence.

The results of the current study show that the position of
the tibial implant was secured without migration in‘most
cases, and this compound could be helplul in sccm‘ing the
initial placement of the implant. Neither breakage nor col-
lapse of HA was observed. Tn addition, firm bonding with
the bone was demonstrated radiographically in most cases
and intraoperatively in | case during the revision surgery.
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Although histological examination was not performed in
this case, a previous study has shown incorporation into the
surrounding bone (20). Therefore. this material provides an
option for augmentation of tibial bone atrophy in TAR in
patiznts with RA.

HA is now also used in several types of cementless TAR
as o coating material over metal implants similar to other

joint prostheses, to promote firm bonding between the bone

and implant. Bonnin et al reposted decreased radiolucency
with the use of the Salto prosthesis (Tornier SA, Szint
Ismier, France) with HA coating (22). Kofoed reported a
tonger survival rate of cementless HA-coated STAR pros-
thesis (Waldemar Link, Hamburg, Germany) as compared
with a cemented implant at a mean 12 years postoperatively
(23). Morcover, a double-coated prosthesis, coated with 300
pm plus 25 pm thickness of HA, has recently been intro-
duced (24). Its radiostercometric analysis demonstrated ini-
tial migration of both tibial and talar components at 6 weeks
without progression or bone resorption, and there was no
dilference in these results between patients with RA and OA
(1-h). In addition to bulk augmentation as it was used in this
study, HA may also be a promising agent for implant
fixation in TAR.

The results of this study do demonstrate one major con-
cerns the high frequency of radiolucency. More than half of
the ankles studied demoustrated a clear zone between HA and
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the tibial component on radiographs at the tinal follow-up.
Twao ankles resulted i radiographic lToosening recognized
as implant migration, one of which required revision. Al-
though firm bonding hetween HA and bone was recognized,
a certain limitation remains, in that cement fixation between
HA and the implant was unsatisfactory. Perhaps the amount
of pressurization during solidification of bone cement may
not have been adequate.

In conclusion. the HA presented 1o (his study provides an
option {or augmentation of tibial bone atrophy in TAR for
patients with RA, because it bonded firmly o bone at the
implantion site. Migration or subsidence of the tibial im-
plant was not ohserved in most cases. Maihods Tor firm
fixadon of implants with T1A should be developed, and
bonding of HA with bone should be scrutinized over o
longer-term follow -up.

References

b Michlhe W,
wrthitodesis of the thetnatond ankle and hindfoot Clin Orthop 3.40:
T5-80 1097

20 Nassar b Craccdoolo A Seds Conwlications in surgery of the toot and

Csehwend N Rappstem P Simen BRO Compressuen

anhle e paticls wihe chewmaond arthrins, Clin Orthop Relat Res
Qe B0 1820 1001

3o Bolton-Magp: BGL Sudlow RAL Breeman MAR. Toud ankle arthro-
plasty. A Tong-term review of the Tondon Hospital expertence J Bane
Jodnt Surg B 07 7RSO, 198

40 Cont SECWane VS Complications ot total ankle ceplacenict. Chin
Orthop 3WTOS 114 2001,

S Fasley MDD Verwldle CL Urbaa W Nunley 14U Perspeeinves ou
modern orthopacdies. Totad anbie arthioptasty T Ame Acad Oithiop
Sy H187-167, 2002,

6. Kotoed Ho Sercnsen TS Ankle anthrophasty tor vhewnstoid arthints
wnd vsteearthintis, Prospecnee Tong term siudy of cemented seplace-
ment F Bone fomt Swg By BOG328 23320 TuRs

7 Takakure Yo Tanaka Y. Suomete Ko Twoad SO Muschaa KooAnkle
arthroplets . A comparanye studs o cemented metd and uncemented

ceramie prostheses, Clin Orhop 252200216, 19v,
CTakabura Y. Tanaka Yo Kumar To Sugumoto Ko Obgoshi Ho Ankle

o

VOLUME 45,

20,

~135-

arthroplasty using three gencratonys ot mcsad and ceranie prostheses,
Clin Orthop 424:130-13¢ 2004

Nakashung Madical  Aviilable w0 hupZwww nakashimacojp/
Medical/product/ashi.iimi, Accessed Decewber 20, 2005.

. Anderson T, Montgomery F. Carlsson AL Uncemented STAR total

ankle prostheses. Three o vight-year Tollow-up ol tifty-one consecu-
tive ankles. J Bone Joint Surg Am 85:1321-1329. 2003,

. Spirt AA, Assal M, Hansen ST Jr. Complications and fuilure after total

ankle arthroplasty. J Boue Joint Surg Ani 86:1172-1178, 2004,

. Felix NA, Kitaoka B, Ankle arthrodesis i patients with rheumiatoid

arthritis. Clin Orthop 349:43- 47, 1998,

. Belt EA, Kaarela K. Macnpaa H. Kauppi M1 Leluinen JT, Lelto MU

Relationship of ankle joint involvement with subtalar destruction in
patients with rheamatoid wrthritis. A 20-vear Tollow-up study. Joint
Bone Spine 68:154-157. 2001,

4 Carlsson A, Markusson P Sundberg ML Rudiostercometric analysis of

the double-coated STAR total ankle prosthesis: a 3=5 year follow-up
of 3 cases with rheumatoid arthritis and 3 cases with osteoarthrotis.
Acta Orthop 76:573-579. 2005,

. Su EP. Kahn B, Figgic MP. Towl ankle eplacement i patients with

rheumatord arthritis. Clin Orthop 424:32-38, 2004

. Jarcho M Retrospeetive analyais of hydronyapatite developmem for

oral implant applications. Dent Clin North Am 3n:19-26, 1992,

o Zehser C Masella R Cholewa 1 Mercier P Surgieal and prosthodon-

tic residual ridge reconstruction with hydroxyapatite. J Prosthet Dent
020441448, 1989,

. Spivak JM. Hasharoni A. Usce of hydroxyapatite in spine surgery. Fur

Spine T HES107-5204, 2001,

. Qonishi Ho Twaks Y. Kin No Kushitan S, Murite N Wakitand 8, himoto

K. Hydroxyapatite in revision of total hip replacements with massive
acetabular defects: 4- to 10-year chineal vesults. J Bone Jomt Surg Br
FRRYEORREDOFR

Tohazu M. Matsunaga T, Arthroscopie restorittion ol depressed tibial
plaean flactures using bone and hydroxyapatte grafts. Arthiroscopy
9:40% 1108, 1993,

. Koshino 10 Murase T, Saito T Medial opening-wedge hizh ubial

ostetomy with ase of porous hydroxyapatire o treat aedial compart-
ment osteoarthrtis of the knee. J Bone Join Surg Am 85:78-83, 2003,

. Bonmin M. Judet T, Colombier JAL Buscayret F. Gravelean N, Piriou

P. Midterm results of the Salto Total Ankle Prosthesis. Clin Orthop
424:6-18. 2004,

. Kotfoed H. Scandimavian Total Avkle Replacement (STAR). Clin

Orthop 424:73-79, 2004,

. Anderson T Momgomery B, Carlsson AL Uncemented STAR wal

ankle prostheses. 1 Bone Joint Surg Am Soesuppl 101031110 2004,

NUMBER 5, SEPTEMBER/OCTOBER 2006 321



V- ST

B) EAELHE AR LIE R IA B FE AT AT

1) F— R GRRAE SE AR HI ) 97 R ARAT HF 20
OFRSACBBED DD F— AP LS R R T 25
@ ¥B IEAM B o J75 B 2 B R M AR AT T 92
2) B W A PR AT I 4
OB WL DIRREfRITHF ST
O FUE <7 AL BRAEE OMMP121& {577 Re fR T iF 22
GRANKLAE fEHER B /A2 3317 ARANKLYIWriE M D & 3%

OB Z DRAKF EHIRYE IR0 ) 2 R





