" The Journal of Arthroplasty Vo!. 13 No. 7 1998

Bilateral Total Hip Arthroplasty
Comparing Hydroxyapatite Coating
to Porous-Coated Fixation
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Abstract: Fifteen patients had bilateral hip replacement with a porous-coated hip
replacement in one hip and in the contralateral hip the same design, which had
adjunctive hydroxyapatite coating on the porous coating. These patients were
followed for an average of 6.5 years (range, 5-7.9 years). There was no difference in
the clinical Harris Hip Scores between the two hips in these patients. The radiographic
measurements did show improved bone remodeling in hips with adjunctive hydroxy-
apatite coating as measured by proximal cancellous hypertrophy and evidence of a
buttress sign. The fixation of stems with hydroxyapatite coating showed fewer
radiolucent lines {P = .013). The improved bone remodeling, which we had previ-
ously reported, has been maintained in these hips at intermediate-term follow-up
and the fixation of the hydroxyapatite-coated stems is also now better. The results in
these patients with bilateral hips, which allows complete control of the bone type,
immunology, weight, activity, and age of the patient, suggests that the use of
hydroxyapatite coating does provide improved fixation and the possibility of
improved durability. Key words: hydroxyapatite, bilateral total hip arthroplasty,
noncemented stem, fixation of stem.

Within the controversy about the advantages of
bone ingrowth total hip arthroplasty stems is a
separate concern about the efficacy of hydroxyapa-
tite as a fixation surface material [1-9]. Does hy-
droxyapatite promote earlier fixation of the stem
and by doing so enhance fixation? Will earlier
fixation result in a more stable and durable clinical
outcome?

Several reports have shown satisfactory early
clinical results with hydroxyapatite-coated hip pros-
theses. Clinical series by both Geesink et al. [10,11]
and D’Antonio et al. [12] have reported excellent
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clinical and radiographic results with the Omnifit
stem (Osteconics, Allendale, NJ}, which has proxi-
mal hydroxyapatite coating on a textured surface. A
matched-pair comparison of proximal hydroxyapa-
tite on plasma-spray surface stems (Taperloc, Biomet,
Warsaw, IN) versus plasma-spray surface alone has
better clinical results in the first 6 months with
hydroxyapatite but no other clinical or radiographic
differences at 2 years after surgery [13]. McPherson
et al. [14] found better bone remodeling but no
clinical differences in a 3-year matched-pair compari-
son of hydroxyapatite on a proximal patched porous-
coated stem versus porous-coated-only stem (Ana-
tomic Porous Replacement, APR-1, Intermedics
Orthopedics, Austin, TX). Hydroxyapatite coating
has been found to reduce subsidence of the femoral
stem compared to both porous-coated-only and ce-
mented stemns at 1 and 2 years after surgery [15,16].
‘These short-term studies have shown that increased
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early bone remodeling and stability may or may not
be correlated with better clinical hip scores, but
there has been no evidence that these findings
mean prolonged better fixation.

Many factors affect both the clinical and radio-
graphic results after total hip arthroplasty. The use
of matched-pair studies is an accepted means of
comparing results between two groups of patients.
Even more reliable is the use of a randomized study
for comparison. Another method of comparing pros-
thetic design differences is the use of these implants
in the same patient in opposite hips. We used this
method of comparison of the same hip replacement
design in patients who have bilateral hip replace-
ment with one of the hips having the addition of
hydroxyapatite coating to the porous-coated stem,
which was implanted. The purpose of this study was
to determine if there is a difference between the
response to two different types of fixation within
the same patient at 5 years or more after surgery.

Materials and Methods

From 1988 to 1991, there were 96 hips that had
hydroxyapatite coating plasma-sprayed onto porous
coating implanted by one of us (L.D.D.). In 15
patients with 30 bilateral primary total hip arthro-
plasties, one hip was implanted with a proximal
porous-coated femoral stem and the contralateral
hip with a stem that had hydroxyapatite plasma
sprayed onto the porous coating. Nine patients had
both hips replaced at the same operation; in four
patients the hydroxyapatite hip was implanted first
with 3, 8, 10, and 21 months’ difference; in two
patients the porous hip was implanted first with 3
and 22 months’ difference. An anatornic porous
replacementi-I hip stem {APR I, Intermedics Ortho-
pedics, Austin, TX) was implanted in 9 patients (18
hips) and 6 patients (12 hips) had an anatomic
porous replacement-II femoral stem (APR-II, Inter-
medics Orthopedics} (Fig. 1). The femoral compo-
nent size was identical in 12 patients, and in 3
patients the hydroxyapatite-coated stems were one
size larger (sometimes one hip has more disuse
osteoporosis than the other). The neck length used
was equal in six patients, longer in the hydroxyapa-
tite hip in three, and longer in six porous hips (the
neck length can vary by depth of acetabular ream-
ing). In the 12 hips with anatomic porous replace-
ment-II siems, 11 had a diaphyseal sleeve. All
acetabular components were those of the anatomic
porous replacement hip system (Fig. 1).

The anatomic porous replacement-I hip stem was
made of titanium alloy and had cancellous-struc-
tured patched porous coating placed on the proxi-

Fig. 1. The stem on the right side of this figure is the
anatomic porous replacement-I with patched porous coat-
ing. On the left is the anatomic porous replacement-IT
which has no porous coating on the lateral side of the
stem.

mal 20 to 30 mm according to implant size. The
porous surfaces were applied by a heat sintering
process. There was a porous-coated collar and a
posterior bow of 10°. The porous coating had pores
that averaged 450 pm and volume of porosity that
averaged 55%. The pore size was increased to 750
pm on the hydroxyapatite-coated stems to accom-
modate the partial closure of pores that occurs when
hydroxyapatite is plasma-sprayed onto the porous
coating. The average pore size after application of
the hydroxyapatite coating was 490 * 30 pm. The
average thickness of the hydroxyapatite coating was
55 = 5 pm. The hydroxyapatite porous coating used
has been analyzed chemically by the manufacturer
(Intermedics Orthopedics) and is 94% pure hydroxy-
apatite, with crystallinity of 72% and specific grav-
ity of 3.02 with a calcium:phosphate ratio of 1.75:1.
Materials tested by the manufacturer showed that
the hydroxyapatite bond to titanium alloy substrate
had a shear strength of 34 to 48 MPa and a tensile
strength of 45 to 48 MPa.

The anatomic porous replacement-1II femoral com-
ponent used the same hydroxyapatite and applica-
tion method for the hydroxyapatite to the porous
coating. The anatomic porous replacement-II im-
plant did not have patched porous coating but had a
continuous porous coating over the same area of the
prosthesis on the medial, anterior, and posterior
surfaces but not on the lateral surface (not circum-
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ferential). The anatomic porous replacement-11I ge-
ometry was lengthened by 25 mm from that of the
anatomic porous replacement-I stem length and
had a round stem rather than a rectangular stem.
The posterior bow with the anatomic porous replace-
ment-II geometry is 12° compared to 10° with the
anatomic porous replacement-I geometry. With the
anatomic porous replacement-II the pore size was
not increased before application of the hydroxyapa-
tite. The pore size of the anatomic porous replace-
ment-II had been increased to 558.8 * 34.8 um
with a pore volume of 56.5 * 4.3%. With the
plasma-spray application of the hydroxyapatite the
pore size is reduced to 442.9 = 16.5 pm with a pore
volume of 41.9 * 4.1%.

The acetabular components for the porous con-
trol hips were fully porous-coated except fora 1-cm
area on the central dome. The hydroxyapatite po-
rous acetabular components were identical with the
addition of hydroxyapatite coating applied without
a prior increase in pore size. These acetabular
components were titaninm—aluminum-vanadium
alloy and were hemispheric in shape with 3-mm
thick walls. There was a cluster hole pattern of
screw holes that varied in number from 7 to 9
according to the size of the acetabular component.

Clinical and radiographic data were collected
before surgery, at 3, 6, and 12 months, and yearly
thereafter. The level of pain, as well as functional
parameters such as the walking distance, stair climb-
ing, need for external support, sitting ability, limp,
range of motion, and participation in recreational
activities were evaluated at each visit, providing a
composite Harris Hip Score [6].

Anteroposterior view radiographs of the pelvis
and Lowenstein lateral view radiographs of the hip
were made before surgery and at each postoperative
visit. Correction for magnification was calculated for
each radiograph by the ratio of the measured diam-
eter of the prosthetic head to the actual known
diameter. The preoperative radiographs were evalu-
ated for the type of bone [17] and for the calcar:
canal ratio and the cortical index [18]. The percent-
age of the canal filled by the femoral component at
four levels was measured on anteroposterior view
radiographs. These levels are named calcar fill,
metaphyseal fill, midstern, and distal fill [19]. Stem
bone ratio was also measured from the anteroposte-
rior view radiographs of the pelvis. Lateral distal fill
was the only measurement obtained from the lat-
eral view radiograph [19].

Fixation was graded by the presence of radiolu-
cent lines and migration of the stem. Radiolucent
lines were measured by zones on radiographs show-
ing both anteroposterior and lateral views [20]. A
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total of 14 zones were measured with 7 on the
anteroposterior view and 7 on the lateral view
radiographs. A radiolucent line must encompass at
least 50% of the length of the zone 1o be recorded.
Subsidence of the stem was measured by using the
apex of the lesser trochanter as a reference point.

Bone remodeling was categorized as calcar resorp-
tion, distal cortical hypertrophy, and formation of a
proximal spot weld called the “buttress sign” [14].
Cancellous hypertrophy was defined as new bone
formation between the implant and endosteal sur-
face of the bone and is the bone remodeling change
that occurs with the buttress sign (Fig. 2). The
comparison used for bone remodeling is made
between the bone on the 6-week postoperative
radiographs compared with the 2-year and last
follow-up radiographs. Calcar resorption [21] and
distal cortical hypertrophy [22] were recorded. Het-
erotopic bone formation was recorded according to
the classification of Brooker et al. [23]. Focal osteoly-
sis [24] was measured by zones.

Migration of the acetabular component was de-
fined as linear (direction of medial, superior, or
both) or rotational (change in theta angle). Migra-
tion was determined by comparing sequential films

Fig. 2. Radiograph of bilateral total hip arthroplasties 5
years after surgery. The right hip has a hydroxyapatite-
coated stem which shows cancellous hypertrophy both
medially and laterally at the base of the porous coating
(buttress sign). The left hip is a porous-coated-only stem
with no evidence of the buttress sign. At the junctional
corner of the collar and the medial porous coating is
smooth metal (between the porous coating on the cotlar
and the medial porous coating). At this junctional corner
in both hips can be seen an area of bone loss from stress
shielding by failure of the bone to attach to the smooth
metal.
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and measuring the distance between the acetabular
component and both Kohler’s line and the tear-
drop [25]. The angle of inclination of the cup was
measured by the method described by Callaghan et
al. {26]. Polyethylene wear was measured by com-
paring the postoperative radiograph with that taken
at final follow-up [25]. Analysis of the radiolucent
lines and osteolysis about the acetabulum was
performed using the three zones described by DeLee
and Charnley [27]. One patient had a 28-mm
femoral head in the porous-coated hip and a 26-mm
head in the hydroxyapatite-coated hip. The other
14 patients with bilateral hips had the same head
size in each hip with 26-mm heads used in three
patients, 28 mim in six patients, and 32 mm in five
patients.

SPSS statistical software was used to analyze the
data (SPSS Inc, Chicago, IL). Clinical and radio-
graphic resuits were statistically compared between
the hydroxyapatite-coated and porous-coated hips.
Student’s ¢ test was employed for the calcar canal
ratio, cortical index, stem:bone ratio, calcar fill,
metaphyseal fill, anteroposterior midstem fill, an-
teroposterior distal fill, lateral view radiographic
distal fill, acetabular component angle, and polyeth-
ylene wear. The chi-square test was used for statisti-
cal comparison of clinical results, Dorr bone types,
bone remodeling, radiolucent lines, and osteolysis.

Results

The demographics for the patients are the same
for each comparison because each patient acts as his
or her own control. The average age at operation
was 35 years (range, 38-71 years); 5 patients were
women and 10 patients were men. Bilateral hips of
the patients had the same diagnosis before surgery,
with osteoarthritis in 10 patients, avascular necrosis
in 4, and rheumatoid arthritis in 1. The average
follow-up was 6.5 years (range, 5-7.9).

The clinical scores at follow-up, including the
pain score, limp score, and total Harris Hip Score,
were not significantly better in the hydroxyapatite-
coated hips. The pain score averaged 40.1 in the
hydroxyapatite hips and 41.7 in the porous-coated
only hips (P = .48); the limp score averaged 10.1
versus 10.8 (P = .65); the total Harris Hip Score
averaged 93.5 versus 95.5 (P = .45).

Bone parameters, including bone type and mea-
surements of stem fill in the bone, did not differ
(Table 1). Likewise, acetabular component theta
angles and anteversion were not statistically differ-
ent {Table 1).

Bone remodeling measurements revealed medial
metaphyseal cancellous bone hypertrophy in 12

Tabfe 1. Comparison of Parameters

Parameter Hydroxyapatite Porous Value

Dorr bone type (hips)
A

5 5 1

B 10 10

C t] 0
CC ratio 0.57 0.6 31
Cindex 0.55 0.53 .38
Stem bone ratio 0.55 0.55 .87
Calcar fill (%) 100 100.9 76
Metaphyseal fill (%) 95.6 95.3 .9
Midstem (%) 85.8 86.7 .B4
Distal fill (%) 96.6 97.6 .54
Lateral distal fill (%) 90.5 89.1 72
Cup angle {degrees) 47.7 45.1 .23
Polyethylene wear (mm) 0.13 0.14 75

hips with hydroxyapatite-coated stems and four
hips with porous-coated only stems. This increased
medial density was present by 1 year and continued
to increase in area and density until last follow-up
{Fig. 3A, B). Both medial and lateral cancellous
hypertrophy at the distal end of the coated surface
{buttress sign) was seen in nine hips with hydroxy-
apatite porous coating and no others (P = .001).
Atrophy of bone at the junction of the collar and
stemn occurred in eight hips with hydroxyapatite
stems and eight with porous-only stems (Fig. 3A, B).
This is expected because at this junctional corner of
the stem there is no coating (smooth metal). Distal
cortical hypertrophy was present in four hydroxy-
apatite-coated hips and four porous-coated-only
hips. Three hips with hydroxyapatite-coated stems
had Brooker grade I, and two had grade II hetero-
topic bone; three hips with porous-coated stems had
grade I and one grade II. No hip had grade IIT or IV
Brooker heterotopic bone.

Osteolysis was observed around three femoral
stems in the hydroxyapatite-coated group and five
in the porous-coated group. All these hips had
osteolysis in the proximal femur in zones 1 and 7.
Distal osteolysis also occurred in one hydroxyapa-
tite hip and three porous-only hips (Fig. 4). There
was no difference between the hips in the overall
incidence of osteolysis of the femur (P = 41).

Measurement of fixation in the proximal zones
(zones 1, 2, 6, 7, 8 9, 13, 14) showed fewer
radiolucent lines and stems with hydroxyapatite
porous coating {P = .013) (Table 2; Fig. 4). The
porous coating on the stem extends partially into
zones 2, 6, 9, and 13. There was no statistical
difference in the occurrence of radiclucent lines
between the stems for zones 3, 4, 5, 10, 11, and 12.
No stem in either group had measurable migration.

s
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Fig. 3. (A) Radiograph of bilateral total hip arthroplasties. The right hip has a hydroxyapatite-coated stem, which shows
dense medial cancellous hypertrophy in zone 7 at 1.5 years. The left hip is porous-coated-only stem without medial or
lateral cancellous hypertrophy. (B} Same hips 5 years later, which show extension of medial endosteal bone remodeling
into zone 6. There is development of a pedestal at the tip of the left hip, which is the porous-only stem.

Socket fixation revealed no radiolucent line
around any acetabular component in either type of
hip. One patient had osteolysis in zone 1 of both
acetabulae and also proximal osteolysis adjacent to
the hydroxyapatite-coated stem. She was reoper-
ated for exchange of the polyethylene and femoral
head of both hips, and all components were stable

Fig. 4. Radiographs of bilateral total hip arthroplasties 7
years after surgery. The right hip is a hydroxyapatite-
coated stem, which has osteolysis under the collar. The
left hip is a porous-coated only stem, which has osteolysis
in all zones around the stem. There is significant wear
with both hips which is equal.

and not revised. No acetabulum was radiographi-
cally loose and none was revised.

Measurement of polyethylene wear in these hips
is confourntded by the 0.5- to 0.75-mm gap between
the polyethylene insert and the metal component.
In the first 3 months postoperative the gap closes by
loading of the hip [19]. In these hips, after correct-
ing for this immediate creep of the polyethylene, the
average linear wear in hydroxyapatite-coated and
porous-coated hips with 26-mm heads was 0.14
min per year; in porous-coated hips with 28-mm
heads was 0.14 mm per year, in hydroxyapatite-
coated hips was 0.11 mm per year; and in porous-
coated hips with 32-mm heads was 0.134 versus
0.13% mm per year in HA hips. Overall, the average
yearly linear wear in porous hips was 0.14 mm and
in hydroxyapatite-coated hips was 0.13 mm.

Discussion
The use of comparison of results of arthroplasty

surgery by using bilateral operations in the same
patient has been previously reported. Wiesman et

Table 2. Comparison of Radiolucent Lines

Hydroxyapatite Porous P
Coating Coating Value
All zones 4,1 7.8 026
Zones 1,2, 6,7 1.3 3.6 013
Zones 3,4, 5 2.7 4.2 B
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al. [28] compared the resuits of total hip arthro-
plasty in 12 patients with one hip having trochan-
teric osteotomy and one a posterior approach. Dorr
et al. [29] compared posterior cruciate-sacrificing
versus saved total knee replacements implanted in
opposite knees in 12 patients using gait analysis. The
advantage of this method of comparison is that the
activity level, weight, age, bone metabolism, emo-
tional response, and immunology are absolutely
controlled. Probably no other comparative method
is as accurate in comparing muscle response and
bone response with an arthroplasty.

We reported that at an average 3-year follow-up
in matched-pair analysis there was no difference in
the clinical results between porous-coated stems
and hydroxyapatite porous-coated stems [14]. There
was a difference in bone remodeling between these
two groups at all time periods evaluated during this
3-year follow-up. Rothman et al. [13] confirmed
these clinical findings in a matched-pair study of 52
pairs of patients. No clinical or radiographic differ-
ences were cbserved. However, this same group of
investigators did report improved clinical results
with hydroxyapatite-augmented plasma-sprayed hip
stems at 3 and 6 months in a randomized study
using the Taperloc prosthesis (Biomet, Warsaw, IN).
Karrholm et al. [30] had no clinical differences with
proximal hydroxyapatite porous-coated stems com-
pared with a plain porous-coated stem and a third
group with a cemented stem.

The best prosthetic stability has been demon-
strated with proximal hydroxyapatite-augmented
stemns, which also had a diaphyseal grit-blasted
surface. Karrholm et al. [30] used stereophotogram-
metric analysi i i
the first 2 years postoperative when compared with
the same stern with porous-coated-only proximal
surface finish (TIFIT, Smith and Nephew Richards,
Memphis, TN} and a cemented stem in a third
group. In a second study in which a hydroxyapatite-
coated stem was compared with a cemented stem,
no difference in subsidence was measured during
the first 2 years after surgery [31]. This study
utilized a specially designed prosthesis to measure
radiographic vertical migration using a digitizing
tablet (Orthographics Inc., Salt Lake City, UT). A
third study using stereophotogrammetric analysis
compared proximal plasma spray-coated stems with
one having proximal hydroxyapatite added [16].
The results of this study again showed the hydroxy-
apatite stem stabilized at 3 months, and those hips
also had better clinical results at 2 years. Only the
study by Ciccotti et al. [32] had no difference by
stereophotogrammetric analysis between the proxi-

mal hydroxyapatite-coated Taperloc and the stem
without hydroxyapatite.

Autopsy implant material is one accepted method
for evaluating well-functioning arthroplasties. An
autopsy implant retrieval analysis of bilateral hips
from a patient with an anatomic porous replace-
ment-I hip porous-coated stem and contralateral
hydroxyapatite-augmented stem showed more bone
attachment to the hydroxyapatite porous-coated
stem [33]. A second autopsy retrieval at 3 weeks
after surgery, reported from the same laboratory,
showed osteoid on 20% of the hydroxyapatite
surface and new bone on 10% at this early time
period [34]. Lintner et al. [35] studied an autopsy
retrieval 10 months after surgery, which showed
extensive new bone formation between the hy-
droxyapatite coating and host bone but also the
presence of resorption lacunae on the hydroxyapa-
tite coating. Bauer et al. [1] have also observed
resorption lacunae in stems with predominantly
bone-hydroxyapatite coating attachment.

These biomechanical and autopsy retrieval stud-
ies support the bioconductive capability of adjunc-
tive hydroxyapatite coating on porous coating to
provide earlier stability of the stem and more bone
attachment to the prosthesis. The finding by two
investigators that proximal coated hydroxyapatite
with distal grit-blasted stems have less subsidence
or migration than cemented stems is impres-
sive [30,31]. These findings explain the earlier
appearance and more frequent finding of a buttress
formation at the base of the fixation surface. Gee-
sink {10} reported 87% and D’Antonio et al. [12]
88% of hips with the hydroxyapatite Omnifit stem
had a buttress sign at 6 years postoperative. Soballe

I [16] at 2 years had 84% with buftress sign
remodeling with hydroxyapatite-augmented stem
and 33% in titanium plasma-sprayed-only Biomet-
ric stems. McPherson et al. [14), using the patched
porous-coated anatomic porous replacement-1, ob-
served more cancellous hypertrophy in the hydroxy-
apatite hips at all follow-up periods to 3 years
postoperative. At 3 years after surgery, 81% of hips
with hydroxyapatite porous coating had buttress
sign remodeling, and 55% of porous-coated hips
had medial-only cancellous hypertrophy. In this
current study of bilateral hips, nine hydroxyapatite
stems had a buttress sign, while none of the hips
with porous-coated-only stems did. In both the
study of McPherson et al. [14] and in our study, the
type and incidence of bone remodeling was not
correlated to bone type or bone measurements.
Therefore, the bone remodeling differences can
only be attributed to the difference of the adjunctive
hydroxyapatite fixation surface.
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Our study shows that early radiographic evidence
of endosteal bone formation appears to translate
into better fixation with the stems studied. There-
fore, the worse fixation grade in the hips in this
study with porous-coated only stems is predictive of
earlier loosening and failure. In anatomic porous
replacement-I1 hips with hydroxyapatite coating,
the occlusion of pores with plasma-sprayed hydroxy-
apatite did not change the improved radiographic
fixation. This finding, in concert with the results
with the Omnifit stem with only a textured surface,
suggests that hydroxyapatite needs only a rough-
ened surface to function well.

In our study, clinical results did not differ even
with better fixation, most likely because in this
study the patient is his or her own control. Pain
scores did not differ because none of the implants
are yet loose. The only patient with a painful hip
and revised stem was one with a hydroxyapatite-
coated stem. This patient’s painful hip was not
resolved with a cemented revision stem and was
ultimately resolved only after spinal surgery.

The overall wear in these hips was high with an
average of 0.136 mm per year of linear wear. The
reason for this wear rate is because of the liner fit
into the acetabular shell and has been discussed in
previous publications. Wear and osteolysis was not
increased in hips that had hydroxyapatite porous-
coated stems. This finding is important because
Bloebaum et al. [36,37] had anticipated this might
be the case, based on experience with implant
retrievals obtained at revisions. Buma and Garde-
niers [38] expressed similar concerns of fragmenta-
tion and loss of hydroxyapatite coating, as observed
from a single stem revised for thigh pain. D’ Antonio
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replacement-I was unacceptably high {19]. There-
fore, the success of the addition of hydroxyapatite to
the porous coating of these hip stems in these
bilateral arthroplasties accentuates the usefulness of
this bioconductive material. We still use the ana-
tomic porous replacement-II geometry with circum-
ferential proximal porous coating and grit-blasted
diaphyseal stems in all patients. We use this stem
with adjunctive hydroxyapatite proximal coating in
patients 60 years of age and younger.
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