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ABSTRACT: Microradiography, backscattered elec-
tron microscopy, and histological analysis were used
to conduct a quantitative postmortem study of seven
consecutively retrieved anatomical porous replace-
ment acetabular components that had been inserted
during total hip arthroplasties. Screws had been used
for the initial fixation of six components. The microra-
diographic analysis of all seven components showed
that an average (and standard deviation) of 84 + 9 per
cent (range, 72 to 93 per cent) of the porous coating
was in direct apposition to the periprosthetic bone. The
backscattered electron images demonstrated that an
average of 12 I 6 per cent (range, 4 to 21 per cent) of
the space available in the porous coating was occupied
by ingrown bone. The amount of bone ingrowth was
not significantly different among the three zones delin-
eated by DeLee and Charnley. Uniformity of bone
growth into the porous coating suggests that the pref-
erential loading that occurs in the superior region did
not differentially affect the bone ingrowth. The present
study showed that consistent bone growth into anatom-
ical porous replacement acetabular components can be
achieved.

In a previous study?, it was concluded that porous-
coated acetabular components may not be as clinically
durable as components inserted with cement. Addi-
tional investigation has suggested that bone ingrowth
over large surface areas of porous-coated implants is
difficult to achieve'®”. Two reasons that have been cited
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for the lack of consistent bone ingrowth are initial in-
stability of the implant and gaps between the implant
and the host bone*"**, Some authors have reported
that the use of screws improves initial fit and stability**,
helps to reduce micromotion'*, and therefore contrib-
utes to increased bone ingrowth compared with that
found in components implanted without screws. How-
ever, Peters et al.” reported that screws are associated
with migration of particulate debris along the screw
tracks into the periprosthetic tissue, leading to large
regions of osteolysis. The benefit of screws as an adjunc-
tive method of initial fixation is still in question.

The purpose of the present investigation was to de-
termine quantitatively the response of bone in a series
of clinically successful porous-coated acetabular com-
ponents retrieved postmortem from previously active
patients. Three hypotheses were tested. The first hy-
pothesis was that there would be more bone ingrowth
in the superior region than in the medial and inferior
regions because of preferential loading — that is, that
increased formation of bone at this location would lead
to increased bone ingrowth compared with that in the
other regions. This hypothesis was based on observa-
tions of the wear patterns in the superior portion of the
acetabular inserts as well as on studies concerning the
trajectorial theory of Wolff**. That theory states that
there is increased formation of bone and cancellous
bone orientation along the strain trajectory in areas in
which the loads are higher than the loads in other re-
gions. Skedros et al.**' and others®** have confirmed that
differences in regional loading cause differences in the
amount of bone mineral and in the morphology of the
bone.

The second hypothesis was that the amount of bone
growth into the porous coating would be equal to the
amount of periprosthetic bone in the region directly
adjacent to the porous coating. Bone ingrowth was mea-
sured as a per cent volume fraction of the bone present
in the total available pore space, and the periprosthetic
bone was measured, with identical measurement param-
eters, as the per cent volume fraction of the bone di-
rectly adjacent to the porous coating. This hypothesis
was based on the assumption that cancellous bone may
be genetically limited to form a given volume of bone,
thereby maintaining a volume of bone ingrowth equal
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TABLE 1
CLinicaL DATA OBTAINED FROM THE PATIENTS' RECORDS
Reason for Time Implant Last Harris Age at
Case Side Gender Arthroplasty in Situ Hip Score!® Death Cause of Death
(Mos.) (Points) (Yrs.)

1 R M Osteoarthrosis 10 94 68 Prostate carcinoma
2 R F Osteoarthrosis 36 85 52 Pulmonary carcinoma
3 R F Rheumatoid arthritis 19 65 35 Heart attack

L 27 65
4 R M Osteoarthrosis 64 100 71 Stroke

L 64 100 .
5 L M Osteoarthrosis 48 100 58 Stroke
Average and 38+21 57+14

standard deviation

to or less than the volume of periprosthetic bone avail-
able at the interface. If this assumption is true, then
logically there could not be more bone ingrowth than
periprosthetic bone. The studies by one of us (R. D. B.)
and colleagues’ as well as by Huntsman et al.'* showed
that the volume fraction and the surface area of cancel-
lous bone in healthy knees and hips ranges from 9 to 18
per cent. (The volume fraction is defined as the percent-
age of bone present in the total volume of tissue sam-
pled.) It was expected that the volume of bone growth
into the porous coating would also fall within this range.

The observation by Peters et al.” that polyethylene
particles can migrate along screws provided the basis for
the third hypothesis, which was that screws and screw-
holes would provide a path for migration of particu-
late debris that would subsequently lead to osteolysis in
these regions.

Materials and Methods

Seven anatomical porous replacement acetabular
components (Intermedics Orthopedics, Austin, Texas)
that had been retrieved from five cadavera at autopsy
form the basis of this study. The porous coating is a

Smooth - #} Porous-Coated

cancellous-structured commercially pure titanium with
an average pore size of 500 micrometers and a poros-
ity of 51 per cent. Three components had been posi-
tioned with two screws; one component, with three
screws; and two components, with four screws; the sev-
enth component had no screws. Each component also
had two to eight empty screw-holes: one component had
eight empty screw-holes, one had six, four had three, and
one had two. The average age of the patients (and the
standard deviation) at the time of death was 57 + 14
years (range, thirty-five to seventy-one years). The im-
plants were in situ for an average of 38 + 21 months
(range, ten to sixty-four months) (Table I).

All operations had been performed by one of us
(L. D. D.), an orthopaedic surgeon, according to a stan-
dardized operative approach with the use of instruments
specifically designed for the implants®. At postmortem
retrieval, the acetabulum was resected with the implant
in situ to ensure that the implant-bone interface re-
mained undisturbed. Gross photographs and contact ra-
diographs were made of the specimens, which were then
fixed in 70 per cent ethanol, dehydrated in ascending
grades of ethanol, infiltrated, and embedded in methyl-
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Fig. 1
Iustrations showing the orientation of the sections cut from the acetabular components.
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Section 4

FiG. 2

Illustration of a section of an implant visually divided into regions.
For example, 4.3 represents region 3 of section 4.

methacrylate*®. The polymerized blocks were cut seri-
ally into three-millimeter-thick sections on a custom,
water-cooled, high-speed cut-off saw*. An average of nine
sections per acetabulum were cut perpendicular to the
opening of the cup, from superior to inferior (Fig. 1).

Contact Microradiographic Analysis

Contact microradiographs were made of each sec-
tion with high-resolution film (Kodak SO343; East-
man Kodak, Rochester, New York) at fifty-five kilovolts
and 1.0 milliampere for 1800 seconds in a radiography
cabinet (Torrex 120D; Scanray, Hawthorne, California).
The microradiographs were used to calculate an appo-
sitional bone index for all sections of each component.
The microradiographs were viewed under eight times
magnification on a light box and were measured with a
calibrated, handheld digital caliper (CD-6B; Mitutoyo,
Tokyo, Japan). The total linear length of the porous
coating (ZL,) of each section was measured, as was the
total linear length of bone that appeared to be in direct
contact with the porous coating. The lengths of radiolu-
cent lines that were interposed between the bone and
the implant (XL,) were subtracted, causing a lower ap-
positional bone index. The appositional bone index for
the entire component was then calculated as the per-
centage of bone that appeared to be in direct contact
with the porous-coated regions of the component: appo-
sitional bone index = ([EL, — ZL,[/ZL,) x 100 per cent.
While not as accurate as backscattered electron image
analysis, as a result of the projection effect of the three-
millimeter sections, this method provides a good indica-
tion of the over-all apposition of bone to the surface
of the implant as well as of the amount of radiolucency
at the bone-implant interface. (The projection effect is
the superimposition of multiple tissue layers. The mag-
nitude of the errors caused by this is related to the
thickness of the specimen'.) The appositional bone in-
dex was developed because it is more accurate than
determinations of bone apposition and the presence of
radiolucent lines made from clinical radiographs, which
have comparatively larger errors due to the projection
effect.
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The microradiographs were also examined grossly
for osteolysis near screws, along the screw tracks, and
adjacent to empty screw-holes. All screw-holes, whether
or not they contained a screw, were accounted for and
examined.

Statistical analysis (Number Cruncher Statistical
System, version 6.0; J. L. Hintze, Kaysville, Utah) was
performed with chi-square analysis and the Fisher ex-
act test to determine the significance of osteolysis in
empty screw-holes, holes with canted screws, and holes
with seated screws. Canted screws are those that are
off-angle to the perpendicular plane of the metal back-
ing of the acetabular component.

Backscattered Electron Microscopy

The sections were ground and polished to an optical
finish with a variable-speed grinding wheel (Buehler,
Lake Bluff, Tllinois) and were sputter-coated with a
conductive layer of gold for approximately one minute
with a Hummer-VI-A sputter unit (Anatech, Alexan-
dria, Virginia). The sections were then examined in
a scanning electron microscope (JSM T-330A; JEOL,
Peabody, Massachusetts) with the backscattered elec-
tron detector (Tetra; Oxford Instruments, Cambridge,
United Kingdom) at fifty times magnification. As pre-
viously described?, the entire porous-coated region of
the component was imaged (an average of seventeen
fields per section and 153 fields per component) and
analyzed with a semi-automated image-analysis system
(Crystal; Oxford Instruments, Foster City, California).
Each image was labeled by section number and region
along the entire length of the porous coating at the
time that it was made, which allowed each image to be
traced back to its point of origin (Fig. 2). Comparison of
the results for the different regions of a component
helped us to determine if the amount of bone ingrowth
or periprosthetic bone was influenced by anatomical
location. Bone ingrowth was measured as the per cent

Zonel

Hium Zone I1

Zone 111

Ischium
Fic. 3

Tlustration of a cut section, showing the three zones delineated by
DeLee and Charnley*!.
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volume fraction of bone in the total volume of available
pore space over all of the sections of all seven compo-
nents. Similarly, the periprosthetic bone was measured
as the per cent volume fraction of bone directly outside
of the porous coating over all sections of all compo-
nents. Three zones in each section were labeled, as de-
scribed by DeLee and Charnley" (Fig. 3): zone I was
superior, zone II was medial, and zone III was inferior.

Statistical analysis was performed with a paired t
test (StatView; Abacus Concepts, Berkeley, California)
to compare the percentages of bone ingrowth and peri-
prosthetic bone. Statistical analysis (Number Crun-
cher Statistical System, version 6.0) of the data from
the three zones delineated by Delee and Charnley"
demonstrated that the data were normally distributed;
therefore, analysis of variance and the Newman-Keuls
multiple comparison test were used to test for signifi-
cant differences among the three zones. The level of
significance was p < 0.05.

Histological Analysis

After the backscattered electron analysis was com-
pleted, the polished surfaces of sixteen sections were
attached to plastic slides (Wasatch Scientific, West Val-
ley City, Utah), ground to a thickness of approximately
fifty to seventy micrometers, stained with Sanderson
rapid bone stain (Surgipath Medical Industries, Rich-
mond, Illinois)?, and examined at 200 times magnifica-
tion for particles of debris as well as soft-tissue and
cellular response with the use of polarized and light
microscopy. The sections were selected for histologi-
cal analysis on the basis of the presence of screws,
screw-holes, and radiolucent lines. If there were any
unusual radiolucent lines on the microradiographs or
the backscattered electron images, then these sections
were also included in the histological review. Careful
histological analysis was made of the screws, the screw-
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TABLE 11

APPOSITIONAL BONE INDEX, BONE INGROWTH,
AND PERIPROSTHETIC BONE

Appositional Bone Periprosthetic
Case Bone Index Ingrowth Bone*
(Per cent) (Per cent) (Per cent)

1 72 4 29
2 85 10 39
3

R 89 9 37

L 93 17 56
4

R 74 . 15 26

L 82 5 31
5 93 21 NA
Average and 849 12+6 36+11

standard

deviation

*NA = not available.

holes, and the outer margins of the implant for possible
regions of osteolysis. If there were no abnormal bone
responses, radiolucent lines, or suspected regions of os-
teolysis, the section was not reviewed histologically. Os-
teolysis was defined histologically by regions of bone
loss with irregular surfaces of bone containing macro-
phages, giant cells, and fibrous connective tissue as well
as particles of debris. The regions were graded as 0, 1+,
2+, or 3+ on the basis of the number of metal or appar-
ent polyethylene particles or the number of giant cells
or macrophages found in the observation field, accord-
ing to the system of Dorr et al.”. A grade of 3+ indicated
the greatest number of particles or cells.

Results

Contact Microradiographic Analysis

The contact microradiographs of the seven compo-
nents revealed an average appositional bone index (and
standard deviation) of 84 £ 9 per cent (range, 72 to 93

FiG. 4

Microradiograph of a section, demonstrating a high appositional bone index (93 per cent) and a well seated screw. Bone apposition was

good in all regions, and there were no apparent signs of osteolysis.
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FiG. 5

Microradiograph of a section of the component that had been implanted without screws but that had a loose polyethylene insert,
demonstrating an appositional bone index of 75 per cent for this section and focal osteolysis at the empty screw-holes (H).

per cent) (Fig. 4; Table IT). Randomly dispersed radio-
lucent zones (0.2 to 0.5 millimeter in thickness) were
between the remaining 16 per cent of the porous coat-
ing and the bone. The component that had been im-
planted without screws had an appositional bone index
of 93 per cent, which was greater than the average for
the series.

Inspection of the microradiographs showed that,
of the forty-five screw-holes, twenty-eight (62 per cent)
were empty at the time of analysis, seven (16 per cent)
had a screw that was well seated, and ten (22 per cent)
had a canted screw. Osteolysis was observed adjacent

to six (21 per cent) of the twenty-eight empty holes
(Table 11I), three of the seven holes with a seated screw,
and six of the ten holes with a canted screw (Table IV).
The type of screw-hole (empty or containing a seated or
canted screw) was significantly related to the presence
of osteolysis (p = 0.0003; chi-square analysis).

We tested the hypothesis that the empty screw-
holes would be the least likely to be associated with
osteolysis since there was no screw-head to cause poten-
tial fretting corrosion with the hole. We were unable to
determine, with the numbers available, a significant dif-
ference between the prevalence of osteolysis associated

FiG. 6

Backscattered electron photomicrograph of a region exhibiting osseointegration of the porous coating (arrowheads) and a large area of

periprosthetic bone (neocortex) at the interface.
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TABLE 1III
NUMBER OF EMPTY SCREW-HOLES AND THOSE WITH A SCREW IN EACH ZONE!

Over-All Evidence of Osteolysis No Evidence of Osteolysis
Zonel Zonell Zonelll Total Zonel Zonell ZonelIll Total Zonel Zonell Zonelll Total
Empty 12 8 8 28 2 1 3 6 10 7 5 22
screw-holes
Screws 10 1 6 17 5 0 2 7 5 X 1 4 10

with the holes with a seated screw and that associated
with the empty holes (p = 1.000; Fisher exact test). In
contrast, the holes with a canted screw were associated
with a significantly higher prevalence of osteolysis than
the empty holes (p = 0.043). There was no significant
difference in the prevalence of osteolysis between the
holes that had a canted screw and those that had a
seated screw (p = 0.134).

Focal osteolysis was observed around some of the
empty screw-holes of the one component that had
been implanted without the use of screws (Fig. 5). In
some of the specimens, bone either had been impacted
into the screw-hole or had grown into the screw-hole.
In the components with seated screws, osseointegration
of the screw threads was observed.

Backscattered Electron Microscopy

Backscattered electron image analysis demonstrated
an average volume fraction of bone ingrowth (and stan-
dard deviation) of 12 £ 6 per cent (range, 4 to 21 per cent)
for the seven components (Table II). For the compo-
nent that had been implanted without screws, the aver-
age bone ingrowth was 21 per cent, which was greater
than the average for the series. Backscattered electron
imaging also revealed osseointegration of the porous
coating (Fig. 6) as well as of the threads of the well seated
SCTEWS.

For the seven components, there was an average of
14 £ 10 per cent (range, 2 to 28 per cent) bone ingrowth

in zone I", 11 + 4 per cent (range, 6 to 15 per cent) in
zone 11, and 13 * 5 per cent (range, 4 to 18 per cent) in
zone IIT (Fig. 7). With the numbers available, there was
no significant difference with regard to bone ingrowth
among the three zones (p > 0.05).

The average volume fraction of periprosthetic bone
adjacent to the porous coating was 36 + 11 per cent
(range, 26 to 56 per cent). The percentage of peripros-
thetic bone was determined for only the first six com-
ponents, as the remaining component was prepared for
histological analysis before the analysis of peripros-
thetic bone was completed. There was an average of 24
per cent (range, 11 to 39 per cent) more periprosthetic
bone than bone ingrowth, which was a significant differ-
ence (p < 0.05).

Histological Analysis

Particles of polyethylene (2+) and metal (3+) debris
were observed along the length of six of the ten canted
screws. The particles of debris (0.5 to one micrometer in
maximum length) were contained within a 0.2 to one-
millimeter-wide region by a composite fibrous connec-
tive tissue and boundary of bone sometimes referred to
as the neocortex. Few macrophages (1+) and giant cells
(1+) were observed.

The threads of the seven well seated screws were
osseointegrated. Bone marrow was observed adjacent
to the threads where bone did not abut them. Particles
of polyethylene (2+) and metal (3+) debris were seen in
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TABLE 1V
NUMBER OF CANTED OR SEATED SCREWS IN EACH ZoONE!

Over-All Evidence of Osteolysis No Evidence of Osteolysis
Zonel Zonell Zonelll Total Zone 1 Zone I ZoneIll Total Zonel Zonell Zonelll Total
Canted Screws 8 0 2 10 4 0 2 6 4 0 0 4
Seated Screws 2 1 4 7 2 0 1 3 0 1 3 4

the synovial fluid that had pooled between the screw-
head and the polyethylene liner when the head was
seated (Fig. 8).

Histological analysis confirmed that 21 per cent (six)
of the twenty-eight empty screw-holes were associated
with osteolysis. Two of the twelve holes in zone 1", one
of the eight holes in zone 1I, and three of the eight holes
in zone III were associated with an osteolytic region
(Table III). Each of the acetabular components had at
least two empty screw-holes adjacent to a region of
osteolysis.

In one specimen, the polyethylene liner was visibly
mobile when the rim of the insert was pushed with a
hemostat at the time of autopsy. This demonstrated ev-
idence of a so-called pistoning effect by the liner, which
may have caused the large deposits of particulate poly-
ethylene (3+) and metal (3+) debris in the region of the
hole. There was also a large number of macrophages
(3+) and giant cells (3+) in these regions (Fig. 9).

No particles of debris were evident in areas in which
bone ingrowth had occurred. Evaluation of regions of
fibrous-tissue attachment demonstrated a predominant
fibroblast and collagen network within the porous coat-

ing. Particles of polyethylene debris (2+; one to seventy-
five micrometers in maximum length) and metal debris
(3+; 0.5 to one micrometer in maximum length) were
observed in the fibrous tissues along the outer margins
of the implants, as they were along the length of the
SCIEWS.

Discussion

Several observations were made on the basis of
the results of this investigation. The first hypothesis
that we considered was that bone ingrowth might be
preferential, occurring in greater amounts in the supe-
rior region of the implant (zone I"). This hypothesis
originated from the common observance of preferen-
tial wear in the superior hemisphere of the polyethylene
insert of retrieved implants and the effect of pref-
erential loading on the organization and remodeling
of bone**', However, our results show that bone in-
growth did not respond to preferential loading su-
periorly; instead, the components had uniform bone
ingrowth throughout. Carter et al.® noted that a metal-
backed implant provided a more uniform distribution of
stresses by maintaining stiffness, as opposed to a ce-

FiG. 8

Polarized light photomicrograph showing metal (black) and polyethylene (arrowheads) particles of debris in the synovial fluid exudate that
had pooled between the screw-head and the polyethylene liner (Sanderson rapid bone stain, x 200).
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FI1G. 9

Light photomicrograph showing macrophages (arrowheads) and giant cells (G) in regions around the screw-holes where large quantities
(3+) of debris were observed (Sanderson rapid bone stain, X 200). B = bone.

mented all-polyethylene component that had concen-
trated stress fields. This finding, along with good initial
fit and coverage, may explain why bone ingrowth was
similar among the three zones" in our study. Pidhorz et
al* reported on a series of eleven acetabular compo-
nents that had been implanted with screws and without
cement and were retrieved postmortem. The average
volume fraction of bone ingrowth (and standard devia-
tion) was 12.1 = 8.2 per cent, which is similar to the
average volume fraction of 12 + 6 per cent in our study,
and the bone ingrowth was determined to be uniform
in the nine defined anatomical regions of the compo-
nents. It was briefly noted that, when more radiolucent
lines were seen on the radiographs, less ingrowth was
seen*. The uniformity of the bone in apposition to the
implant was observed in our study during contact mi-
croradiographic analysis as well as during the corre-
sponding high-resolution backscattered electron image
analysis.

The second hypothesis examined was based on the
initial assumption made by Pidhorz et al.* that the max-
imum possible value for bone ingrowth is 100 per cent.
They later stated in the same article, however, that this
may be neither possible nor desirable. As a corollary,
we hypothesized that there would be equal amounts of
bone within the porous coating and at the interface.
Since human cancellous bone is not solid but rather is a
porous structure, 100 per cent bone ingrowth into the
porous coating is not possible. One of us (R. D. B.) and
colleagues’ as well as Huntsman et al.” found the vol-
ume and area fraction of human cancellous bone in the
proximal aspects of femora and tibiae to range from 9

to 18 per cent. This corresponds to the 12 per cent and
12.1 per cent average volume fraction of bone ingrowth
within the porous coating observed in the present study
and in that by Pidhorz et al., respectively. It may be that
cancellous bone is limited to forming a given volume of
bone.

Our investigation (of six components) determined
that there was, in all cases, a greater amount of peri-
prosthetic bone than ingrown bone, which disproves our
second hypothesis. It is possible that when the surgeon
prepares the bone for the implantation the resulting
bone chips cluster at the interface, effectively increas-
ing the amount of periprosthetic bone and allowing the
commonly observed neocortex to be formed in that re-
gion. This may explain the increased amount of bone in
apposition to the implant (an average appositional bone
index of 84 per cent). The inherent stability of the neo-
cortex is demonstrated by the lack of a linear pattern
of osteolysis at the implant-bone interface. There was
no such osteolysis along the interface caused by poly-
ethylene particulate debris, as was seen by Schmalzried
et al.”. Those authors attributed the loosening of ce-
mented acetabular components to this linearly pro-
gressive destruction of the interface. It could be argued
that as long as a large area (all three zones") of the
surface of the implant is osseointegrated, as observed in
the present study, the component may be sufficiently
stable to be clinically successful even with limited bone
growth in the porous coating. Additional investigations
are needed to confirm this hypothesis.

The average 12 per cent bone ingrowth and 84 per
cent appositional bone index measured in the present

THE JOURNAL OF BONE AND JOINT SURGERY
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study indicate that the components were stable. The
presence of bone in the porous coating over large re-
gions of the implant is also thought to stabilize the im-
plant and to maintain this stability. Pilliar et al.** found
that large displacements between the implant and the
bone prevent bone ingrowth. Sgballe et al.”> supported
this finding and demonstrated that bone ingrowth was
affected by micromotion at the implant-bone inter-
face and that micromotion should be limited to less than
150 micrometers in order to achieve and maintain bone
ingrowth.

The third hypothesis involved the effect of screws
and screw-holes on bone ingrowth. Cook et al."” com-
pared porous-coated acetabular components fixed with
screws with those fixed with pegs or spikes. Their results
showed a decrease in radiolucent lines and an increase
in bone growth in the components with screws. Their
study was limited, however, by the use of components
retrieved at revision operations rather than at autopsy.
Cook et al. concluded that the pegs or spikes may have
prevented complete seating of the component on the
periprosthetic bone and that greater quantities of bone
ingrowth and more uniform ingrowth occurred in the
acetabular components for which screws had been used
for the initial fixation. One of us (R. D. B.) and col-
leagues® showed that human bone must be within fifty
micrometers of the porous coating to ensure bone
growth into implants. Screws assist in securing and main-
taining the implant against the bone, ensuring such bone
ingrowth. In contrast, pegs may interdigitate with the
bone first, preventing the porous coating from coming
into contact with bone, as described by Hedley et al.”,
and leading to stress-shielding at the implant interface.

The use of screws was associated with complica-
tions in the present investigation. Of the seven screws
with adjacent osteolysis, which was observed on micro-
radiographic and histological examination, five were in
zone I". It seems that the screws provided a pathway
for the migration of particulate debris, allowing it to

1021

stream along the screw-bone interface. With the num-
bers available, the statistical analysis indicated that
there was no significant difference between canted
screws and seated screws in terms of the occurrence of
osteolysis. However, the prevalence of osteolysis associ-
ated with the screw-holes with a canted screw (six of
ten) was greater than that associated with the empty
holes (six of twenty-nine). This suggests that, in order to
prevent osteolysis, it is better to leave a screw-hole in a
component empty than to insert a canted screw. The risk
of osteolysis around screws must be weighed against the
potential benefit of increased stability and gap closure
when use of screws in an acetabular component is being
considered.

Osteolysis was found near three of the eight empty
screw-holes in the inferior-region (zone III) and near
two of the twelve empty holes in the superior region
(zone I). Pidhorz et al.* observed that screws fretting
against the metal backing of the implant may not be
the sole source of particulate debris. This observation
was supported by the results of the current study, which
demonstrated osteolytic regions around empty screw-
holes. The empty screw-holes appear to have served as
reservoirs for the accumulation of particulate debris.

As mentioned, one component in the present se-
ries had been implanted without screws. The surgeon
was careful to determine that a proper press-fit of the
component and the acetabulum had been achieved, to
ensure stability of the implant. It may be possible to
eliminate fixation with screws or pegs if a press fit can
be reproducibly obtained. The results of mechanical
testing by Kwong et al.” support this hypothesis. Their
results showed that an acetabular cup press fit, without
screws, into a socket that had been underreamed one
millimeter had considerably less relative motion than an
exact-fit acetabular cup implanted with two, three, or
four screws. Additional investigations of a larger sample
of postmortem specimens are needed to confirm this
hypothesis.
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