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Abstract Cementless total hip replacement (THR) is rapidly
being accepted as the surgery for arthritic diseases of the
hip joint. The bone-ingrowth rate in porous-type cementless
implants was about 90% over 10 years after surgery, showing
that biological fixation of cementless THR was well main-
tained on both the stem and cup sides. As for the stress shield-
ing of the femur operated using a distal fixation-type stem,
severe bone resorption was observed. The severe bone resorp-
tion group showed continuous progression for more than 10
years after surgery. Stem loosening directly caused by stress
shielding has been considered less likely; however, close atten-
tion should be paid to bone resorption-associated disorders
including femoral fracture. Cementless cups have several spe-
cific problems. It is difficult to decide whether a cup should be
placed in the physiological position for the case of acetabular
dysplasia by bone grafting or at a relatively higher position
without bone grafting. The bone-ingrowth rate was lower in
the group with en bloc bone grafting, and the reactive line was
frequently noted in the bone-grafted region. Although no data
indicated that en bloc bone grafting directly led to poor out-
comes, such as loosening, cup placement at a higher site
without bone grafting is now selected by most operators.
The polyethylene liner in a cementless cup is thinned due to
the metal cup thickness; however, it has been suggested that
the apparent relation between the cup size and the wear rate
was absent as long as a cementless cup is used. Comparative
study indicated cementless THR was inferior with regard to
the yearly polyethylene wear rate and incidence of osteolysis
on both the stem and cup sides. Meta-analysis study on the
survival rate between cement and cementless THR reported
that cemented THR was slightly superior. It should be con-
sidered that specific problems for cementless THR, especially
with regard to polyethylene wear, do occur.
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Introduction

Although the total Japanese population is slowly
decreasing, the elderly population is increasing. Elderly
persons want to continue voluntary movement and
exercise freely. They are positive about undergoing sur-
gical therapy for their motor organs, and government
health policy attaches a greater importance to healthy
longevity than to mere expectation of life. The Japanese
Orthopaedic Association (JOA) has been making
efforts to respond actively to the needs of this elderly
population by providing opportunities for JOA members
systematically to learn the appropriate surgical tech-
niques. Based on this background, the number of appli-
cations of total hip replacement (THR) for hip joint
disorders has increased rapidly. The number of stem
implants shipped in fiscal year 2006 in Japan was about
82 000, and about 72% were applied by a cementless
procedure (Fig. 1). Although the use of cementless
THR has been rapidly spreading, it should be remem-
bered that problems specific for cementless THR
do occur, as with cemented THR." In this report,
the history and changes (in the past) of this surgical
procedure, achievements and problems of the current
models (the present), and new attempts (future) are
reviewed, described as the past, present, and future of
cementless THR.

History of the development of cementless THR

Total hip replacement development began with cement-
less THR. McKee and Watson-Farrar documented
an early model of an artificial hip joint between 1956
and1960.* They applied it into 40 patients with hip dis-
ability. The system was cementless on both the acetabu-
lar and femoral sides. They reported 51% good or fair
clinical results. THR was thus performed first using a
cementless system, then followed by a hybrid system
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(cemented Thompson femoral prosthesis combined
with an uncemented cup) by Charnley.” Charnley sys-
tematically promoted THR based on the concept of low
friction arthroplasty by: (1) fixation with bone cement;
(2) adoption of a 22-mm femoral head; (3) adoption of
ultra high molecular weight polyethylene (UHMWPE);
and (4) preparation of a manual of the surgical proce-
dure. Wroblewski et al. reported that the mean survival
rates of cases in which the original Charnley cemented
THR was applied were 84.7% and 74.3% at 15 and 20
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Fig. 1. Total number of stem implants used in Japan. Squares,
cementless stems; triangles, cemented stems

229

years after surgery, respectively, showing favorable out-
comes based on the current criteria.® However, the
outcomes of other cemented THR procedures were
markedly poor: loosening occurred in 34% at 7.4 years
after surgery using the Charnley-Miiller type, and 40%
at 10 years after surgery using the Miiller type.”®

These poor outcomes of early cemented THRs were
due to the implant design and cementing technique in
many cases. However, at that time cement itself was
considered the cause, and loosening was called “cement
disease.” Based on these backgrounds, cementless THR
was developed, but the outcomes of cementless THR
were also poor during the 1960s, although the original-
ity and devices made by predecessors were astonishing.
Figure 2 shows the Ring-type cementless THR used
during the late 1960s. The same concept as the current
cementless THR was adopted in many points, such as
metal-on-metal articulation, adoption of femoral head
with a large diameter, and cup fixation with a single
screw using a direction and depth indicator, a kind of
déja vu.’

The surface of most cementless implants during the
1970s was smooth, for which strong adherence to bone
could not be expected, and a macro lock implant with
a window or fin was inserted into bone by press-fitting.
The outcomes of these smooth-surface-type cementless
THRs (including bipolar-type femoral prosthesis)
were poor, causing aseptic loosening several years after
surgery, and many cases required revision surgery."

Fig. 2. Cementless total hip replacements (THRs) performed
during the 1960s. Ring-type cementless THR was used during
the 1960s.” Ring-type THR adopted many points of the same
concept as the current cementless THR including metal-on-

metal articulation, a femoral head with a large diameter,
and cup fixation with a screw using a direction and depth
indicator
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Fig. 3. Relation of bone, connective tissue formation, and
total bone ingrowth with the pore size of the implant in an
animal model. Dotted line, bone formation; dashed line, con-
nective tissue formation; solid line, bone ingrowth
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The development of material engineering during the
1980s completely changed the condition because mate-
rials that allow bone ingrowth became available. Animal
experiments showed that the pore size of porous materi-
als is important. Bone formation into the porous implant
increased as the pore size increased, but the connective
tissue amount also increased. Thus, the maximum bone
ingrowth capability was obtained when the pore size
was 100200 um (Fig. 3). Most of current cementless
THR are bone ingrowth or bone ongrowth type. For
surface processing of the bone-ingrowth type implant,
titanium (Ti) fiber mesh was adopted in the Harris/
Galante-type THR, cobalt-chromium (Co-Cr) beads in
the AML-type THR, and Ti plasma spray in the Mallory-
Head-type THR (Fig. 4).

Ti plasm spray
Mallory-Head

Fig. 4. Types of surface structure in bone ingrowth cementless implants. Magnified appearances of the implant surfaces are
shown at the top. 77, titanium; Co-Cr, cobalt-chromium; AM L, anatomical medullary locking
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Clinical results and problems of current models

Biological fixation of cementless THR

X-ray radiographic results of the Anatomical Medullary
Locking (AML)-A stem and Tri-Lock cup we have used
were as follows: The AML-A stem is a distal fixation
type with a porous structure, with a mean pore size of
275 um in 5/8 of the stem. Based on the Engh et al. clas-
sification," biological fixation at a mean of 13 years after
surgery was bone ingrown in 94.7%, stable fibrous in
4%, and unstable in 1.3% (Fig. 5), showing that the
distal fixation-type stem achieved excellent biological
fixation for a middle term after surgery. The biological
fixation of the Tri-Lock cup was bone ingrown in 88%,
stable fibrous in 8%, and unstable in 4% (Fig. 6). In
previous reports, the bone ingrowth rate in the AML
stem was 81%-90% at 10 years after surgery,”" to
which our outcomes were comparable, showing that
biological fixation of AML-type cementless THR was
well maintained on both the stem and cup sides for at
least 13 years after surgery.

Stable fibrous
4%

Bone-ingrown
94.7%
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Stress shielding in distal fixation-type cementless stems

Implants are fixed to the bone tissue by bone ingrowth
in cementless THR. Transmission of weight-bearing
stress to the femur via the cementless stem is different
from that with the cement stem, and it is impossible to
avoid its influence on bone tissue within in a long-term
period. A typical influence is stress shielding in distal
fixation-type stems. In patients who have a distal fixa-
tion-type stem, weight-bearing stress is not transmitted
in the proximal femur, and bone resorption occurs.
Yoshihara et al. reported the clinical results of AML-
type cementless THR applied to 67 joints in 60 patients
and new radiological assessment for the bone resorp-
tion caused by stress shielding."* Defining apparent
bone resorption as reduction of cortical bone by half on
X-ray radiography, the level at which “the cortical bone
thickness was %” was measured in the X-ray AP view
immediately after surgery and at the final follow-up."
The medial cortical thickness in the distal region of the
stem on the same side was regarded as the baseline. The
most distal point in the region with reduced medial

Unstable
1.3%

Fig. 5. Results of biological
fixation of AML-A stems
(average 13 years after opera-
tion). Biolological fixation of
the AML-A stem implant
was evaluated radiologically
according to the classification
of Engh et al."" There were
76 total joints, and the aver-
age postoperative follow-up
period was 13 years
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Fig. 6. Results of biological fixation of AML Tri-Lock cups
(average 13 years after operation). Biological fixation of the
AML Tri-Lock cup implant was evaluated radiologically
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femoral cortical bone thickness to %2 or less of the base-
line was determined, and the percent ratio of the length
between the distal end of the stem and this point to the
whole length of the stem was calculated (Fig. 7). The
“level with half cortical thickness” immediately after
surgery was slightly lower than the lower margin of the
lesser trochanter (mean level was 63.7% * 5.1%),
showing a normal distribution-like single peak (Fig.
8A). In contrast, the mean “level with half cortical
thickness” was 50.0% = 11.1% on the final follow-up,

Fibrous stable
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Unstable
4%

according to the modified classification of Engh et al.* There
was a total of 76 joints, and the average postoperative follow-
up period was 13 years

Fig. 7. Method for evaluating
bone resorption of the proxi-
mal femur with cementless
stems. The level at which the
cortical bone thickness was
one-half (//2) was measured
in the radiographic antero-
posterior (AP) view. The
medial cortical thickness in
the distal region of the stem
on the same side was regarded
as the baseline. The most
distal point in the region with
reduced medial femoral cor-
tical bone thickness to one-
half or less of the baseline
was determined, and the
percent ratio of the length
between the distal end of the
stem and this point (A) to the
whole length of the stem (7)
was calculated'*'®

showing that the level shifted toward the distal side by
14% of the whole length, compared to the level imme-
diately after surgery (Fig. 8B), and the distribution
showed a biphasic pattern with a boundary at 40%-—
44%. Severe and mild bone resorption groups included
16 (24%) and 51 (76%) joints, respectively. On time-
course observation of the “level with half cortical thick-
ness” in the severe bone resorption group, the level
was continuously lowered for more than 10 years after
surgery (Fig. 9)."”
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Fig. 8. Bone resorption in AML-A cementless stems. The
“level with half cortical thickness” immediately after surgery
was slightly lower than the lower margin of the lesser trochan-
ter, showing a normal distribution-like single peak (A). In
contrast, the mean “level with half cortical thickness” was
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Fig. 9. Bone resorption in AML-A cementless stems. On a
time course observation of the “level with half cortical thick-
ness” in the severe bone resorption group, the level was
increasingly lower for more than 10 years after surgery'

The association between the measured “level with
half cortical thickness” and various risk factors was
investigated. Significant correlations with the age at the
time of surgery, bone quality score, canal flare index,
cortical ratio in the isthmus, and stem size were noted,
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50.0% =+ 11.1% at the final follow-up, showing that the level
shifted toward the distal side by 14% of the whole length,
compared to the level immediately after surgery (B); and the
distribution showed a biphasic pattern with a boundary at
40%—44%"

Table 1. Bone resorption of proximal femur after cementless
total hip replacement

Parameter Correlation coefficient P
Cortical index 0.361 <0.01
Bone quality score 0.431 <0.01
Canal flare index 0.446 <0.001
Distal canal filling rate —0.048 NS
Age at operation —0.337 <0.01
Stem size -0.360 <0.01
Follow-up period -0.220 NS

Radiological degree of bone resorption and several risk factors were
studied. A significant relation was observed with age at operation,
bone quality score, cortical index, and stem size'®

but no apparent correlation with the time after surgery
was detected (Table 1)."'°

There have been various discussions on femoral bone
resorption in distal fixation-type stems. Bugbee et al.
reported that radiographic bone remodeling occurred
within 1 year after surgery in many cases with an AML-
type cementless stem, and only a few new cases were
noted after 2 years.” Engh and Massin also reported
that bone resorption progressed to the diaphysis during
a period of 2-5 years after surgery in only 3 of 163
patients.” In contrast, Kilgus et al. investigated cases
using dual energy X-ray absorptiometry ( DEXA) and
found that bone remodeling progressed for several



234

years after surgery.” In Yoshihara’s study, weight trans-
mission from the AML-type stem to the femur was
taking place in the distal region in the group with the
half cortical thickness at a low level, accounting for only
about one-fourth of all cases, and weight was transmit-
ted in the proximal region of the stem in the other
three-fourths, suggesting that weight is transmitted in
the proximal region, not in the distal region, in many
cases even though they were using a distal fixation-type
stem. It was also clarified that bone resorption contin-
ued for more than 10 years in the severe bone resorp-
tion group, showing the necessity of long-term careful
follow-up.

Although stress shielding of AML-type cementless
stem is severe, impairment directly caused by bone
resorption has been considered less likely. However, we
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Fig. 10. Metaphysis fracture
of the femur with severe
stress shielding. This 53-year-
old woman with systemic
lupus erythematosus was
operated on using an AML-
A cementless stem as the
femoral endoprosthesis for
the treatment of idiopathic
osteonecrosis of the femoral
head. She was treated with
low-dose oral steroid admin-
istration. She complained of
no thigh pain or hip pain at 9
years after operation. Radio-
logical findings at 9 years
after operation indicated
no osteolysis or loosening;
however, there were severe
cortical hypertrophy and
bone resorption (A). She
slipped in the bathroom 10
years after her operation and
felt severe thigh pain. Radio-
logical  findings showed
metaphysis transverse frac-
ture of the femur with small
displacement (B)

recently encountered a patient with this stem in whom
diaphyseal fracture assumed to be due to bone resorp-
tion occurred. The patient was a 54-year-old woman
with steroid-induced osteonecrosis of the femoral head.
On a periodic follow-up 9 years after surgery, marked
bone resorption extending to the diaphysis was detected
by X-ray radiography, but no osteolysis or loosening
was present (Fig. 10A). Later, meralgia suddenly
appeared when she lost her balance in a bathroom, and
fracture in the center of the stem was noted on radio-
graphic examination (Fig. 10B). Although this case was
affected by oral steroids, stress shielding-induced bone
resorption may have been a cause of the fracture. The
mechanism of fracture with disposition around the stem
with completed bone ingrowth remains to be further
elucidated, but it was suggested that close atten-
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Fig. 11. Displacement of a polyethylene liner due to failure
of the locking mechanism. This 64-year-old woman with sec-
ondary hip osteoarthritis (OA) due to dysplasia was operated
on using a Harris/Galante-type cementless implant 6 years
earlier. She had no pain at 5 years after operation (A).

tion should be paid to bone resorption-associated
disorders.

Achievements of and problems with the cementless cup

Problems specific to cementless cups have been reported:
(1) failure of the locking system of polyethylene liner;
(2) use in patients with acetabular dysplasia (cup place-
ment level, influence of bone transplantation; (3) insuf-
ficient polyethylene thickness; and (4) use of screws.
Failure of the locking system of the polyethylene liner
of the early Harris/Galante-type is well known.”” The
stem neck contacted the rim of the polyethylene liner
and produced a turning moment in the liner; the system
holding the liner in the cup then ruptured, resulting in
a marked dislocation of the liner (Fig. 11), which sub-
sequently causes severe metallosis when untreated.
The incidence of acetabular dysplasia is high in Japan.
It is difficult to decide whether a cup should be placed
in the physiological acetabular position by concomitant
en bloc bone grafting or at a relatively higher level
without bone grafting. Placing a cup in the physiological
acetabular position is advantageous for most of the fol-
lowing points: leg length, range of motion (ROM), neck
impingement, and applicable cup diameter. However,
there are also disadvantages with concomitant bone en
bloc grafting: risk of future collapse of the grafted bone,
necessity of a long-term non-weight-bearing period, and
particularly the absence of bone ingrowth from the
grafted bone. Russotti and Hendricks reported that cup
placement at a relatively higher level was not involved
in the clinical outcome when no lateralization accompa-
nied.”’ Hendricks and Harris reported revision cases
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B

However, she felt severe hip pain suddenly and could not walk
(B). At revision surgery, displacement of the polyethylene
liner was apparent due to failure of the locking mechanism.
Metallosis was observed

with severe acetabular bone loss placed at a high hip
center (with an average duration of follow-up of 16.8
years). They noted that only 4.3% were revised because
of aseptic loosening and demonstrated that placement
of a cementless cup at a high hip center is an excellent
technique for selected patients with severe acetabular
bone loss.”

We divided patients who had undergone surgery with
an AML Tri-loc cup more than 13 years ago into groups
with and without concomitant en bloc bone grafting and
evaluated the biological fixation. The fibrous stable rate
was higher in the group with concomitant bone grafting
(Fig. 12), and the reactive line was noted at a high fre-
quency in the bone-grafted region (Fig. 13). Although
no data indicated that concomitant en bloc bone graft-
ing directly led to poor outcomes (e.g., loosening), we
also recently prioritize increasing direct contact with the
host bone with blood circulation. We frequently select
cup placement at a higher site, which can be handled
with chip-type or morsellized bone grafting, avoiding en
bloc bone grafting.

In a cementless cup, polyethylene is thinned due to
the cup metal thickness. Contact stress increases as
polyethylene is thinned, being disadvantageous with
regard to abrasion and breakage. On investigation of
the relation between the outer diameter of the cup
and abrasion of polyethylene, there was no significant
relation between the outer diameter of the cup and
polyethylene linear wear rate in our series. Similarly,
Crowther and Lachiewicz” and Shih et al.* reported the
absence of a relation between the outer diameter of the
cup and linear wear rate on investigation of Harris/
Galante cementless THR and Osteonics cementless
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THR, respectively. These findings suggested the absence
of an apparent relation between the cup size and the
polyethylene linear wear rate so long as a cementless
cup is used.

Whether a screw should be used for cementless cup
fixation is controversial. The use of a screw is advanta-
geous in that: (1) strong initial fixation can be obtained,
particularly for prevention of rotation; and (2) minute
movements can be prevented, and good bone ingrowth
can be expected. It is disadvantageous in that: (1) metal
wear debris is produced between the screw and cup; and
(2) osteolysis on the acetabular side is likely to expand
due to dispersion of wear debris through the screw hole.
Osteolysis along the screw is not rare in cases of severe
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Fig. 12. Biological fixation of cementless cups and en bloc
bone grafting. Biological fixation of AML cementless cups
(Duraloc and Tri-Loc) was evaluated according to the modi-
fied classification of Engh et al." There was a total of 77 joints,
and the average follow-up period was 13 years. The rate of
stable fibrous fixation was higher in the bone-grafted group
than in the non-bone-grafted group
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polyethylene wear. We grouped patients into those with
and without the use of screw, and investigated the bio-
logical fixation of the cup. We found that the fixability
was not different between the groups (Fig. 14). Previous
studies on the relation between the use of a screw and
the incidence of radiolucent line formation were contra-
dictory: The incidence of a radiolucent line was high in
cases with a screw in some reports but in cases without
a screw in other reports.” At present, there is no
evidence that screw fixation is related to osteolysis.
Although there is no apparent evidence for inappropri-
ateness of the use of a screw, it is also unclear whether
the use of a screw is advantageous. Thus, its use should
be minimized.

Influence of hydroxyapatite and tricalcium phosphate
on bone ingrowth

Coating the surface with bioactive materials, such as
hydroxyapatite (HA) and tricalcium phosphate (TCP),
improves biological fixation of porous implants. These
coatings were advantageous for a short time in many
reports.” HA coating enhanced weight transmission
and bone ingrowth in the proximal stem region.” In
clinical cases with HA coating on one side and no HA
coating on the other side, there was a less radiolucent
line on the HA-coated stem.” In a similar clinical study
with HA + TCP, earlier disappearance of the initial gap
has been confirmed.”” On the other hand, HA coating
has been suggested to have no influence on the revision
rate. In an analysis of patients aged 70 years or younger
using the Danish Hip Arthroplasty Registry, over 3.4
years on average and setting an endpoint to aseptic
loosening, HA coating did not affect the revision rate
on the cup or the stem side (Table 2).”!

Fig. 13. Biological fixation of
a cementless cup at the en
bloc grafted bone. Cement-
less THR was performed for
a 52-year-old woman with
severe acetabular dysplasia
using en bloc bone grafting
with a resected femoral head.
At 3 years after operation,
biological fixation was evalu-
ated as bone ingrown (A).
At 11 years after operation,
radiological findings indi-
cated an apparent radiolucent
line at zone 3 (arrows), and
biological fixation of the cup
was evaluated as fibrous fixa-
tion (B)
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Survival rate and failure

In our study, the survival rate of AML cementless THR
10 years after surgery was 95% on both the cup and
stem sides; it decreased to 89% on the cup side 13 years
after surgery and maintained it at 95% on the stem side.
Belmont et al. reported on 119 hips at a mean of 22.0
years after AML cementless THR. Kaplan-Meier anal-
ysis, with revision for any reason as the endpoint,
revealed that the survival rate at 20 years was 85.8%
for the acetabular shell and 97.8% for the stem. The
most common reoperation was polyethylene exchange
because of wear or osteolysis.” Generally, failure of
cementless THR on the cup side appears with dislodge-
ment of the polyethylene liner about 5 years after
surgery; and osteolysis due to wear of the polyethylene
liner, back side wear of the polyethylene, and expansion
of osteolysis via the screw hole occur about 10 years
after surgery (Fig. 15). The incidence of proximal
femoral fracture during and immediately after surgery
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Fig. 14. Biological fixation of cementless cups and use of
screws. Biological fixation of AML cementless cups (Duraloc
and Tri-Loc) was evaluated according to the modified classi-
fication of Engh et al.'' There were a total of 77 joints, and
the average follow-up period was 13 years. No significant dif-
ferences in the biological fixation was observed between those
without screws [screw (—)] and those with screws [screw (+)]
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is higher that in cases of cemented THR. Stress shield-
ing appeared soon after surgery, and it progressed for
a long time in about 25% of the cases with a distal fixa-
tion-type stem. Although stress shielding is unlikely
to directly cause loosening, fracture may occur during
the course in advanced cases. Appearance of osteolysis
becomes problematic about 10 years after surgery,
similar to that on the cup side (Fig. 16). A previous
report indicated that the failure rate is higher on the cup
side than the stem side with cementless THR.”

Cementless THR versus cemented THR

Is cementless THR superior to cemented THR? Regard-
ing the common problems of THR—wear of polyethyl-
ene and osteolysis—the linear wear rate was 0.10 *
0.11 mm in our study on AML Duraloc cementless
cups (11.7 years after surgery on average), showing no
marked difference from previously reported values.
However, cementless THR was inferior in some reports.
McCombe and Williams applied a cement cup on one
side and cementless cup on the other using the same
implant excluding the fixation method in patients who
underwent bilateral THR, in which the cementless cup
was inferior with regard to the yearly polyethylene wear
rate and incidence of osteolysis on the stem and cup
sides (Table 3).** Morshed et al. compared the survival

Table 2. Revision rate and hydroxyapatite coating for cement-
less total hip replacements

No. of No. of

Device patients  revisions Adjusted relative risk
Cup

HA(-) 7737 17 1.0 (reference)

HA(+) 4125 7 0.89 (95% CI 0.37-2.20)
Stem

HA(-) 7737 14 1.0 (reference)

HA®+) 4125 6 0.71 (95% CI 0.27-1.90)

HA, hydroxyapatite; CI, confidence interval

The endpoint was aseptic loosening

The data shown here are the results of the Danish Hip Arthroplasty
Registry”

Table 3. Comparison of UHMPE wear and osteolysis between cement and cementless

cups
Linear wear rate Stem lysis Cup lysis
Cup fixation (mm/year) (%) (%)
Exeter (cemented) 0.07 4.8 0
Duraloc (cementless) 0.15% 25.0% 38

UHMPE, ultra high molecular weight polyethylene

A cement cup was applied on one side and a cementless cup on the other using the same implant
excluding the cup fixation method in patients who underwent bilateral THR (a prospective, ran-
domized trial). The cementless cup was inferior with regard to the yearly linear wear rate and

incidences of osteolysis on the stem and cup sides™
* P < 0.0001
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Failures of cementless cup after operation

|
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20y Fig. 15. Failures of cement-
A less cup implants after
operation
Failures of cementless stem after operation
- 'A
Ope « Intra-operative fracture

[]
>y « Stress shielding
* Fracture due to stress shielding
10y
* Osteolysis a
15y ‘
* Loosening .
20y :

rate between cement and cementless THR by meta-  the cup or the stem was regarded as failure, there was
analysis.”” Regarding revision surgery on one or both  no significant difference. At present, it cannot be con-
the cup and stem as the failure,cement THR was slightly ~ cluded which is superior.

superior (Fig. 17). However, when revision surgery of

Fig. 16. Failures of cement-
less stem implants (arrows)
after operation
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the stem as failure, cemented
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Bone resorption after cementless THR

Op. Sweeks

Acute resorption
after surgery

New attempt

An attempt to improve clinical outcomes of cementless
THR using bisphosphonate preparation is underway.
When bone resorption after cementless THR was eval-
uated based on a urinary marker of bone metabolism,
NTX, the maximum level was detected about 5 weeks
after surgery (Fig. 18). Surgical stress-induced marked
bone resorption occurred immediately after surgery. In
contrast, stress shielding-induced bone resorption con-
tinuously progressed slowly. It has been reported that

~1 year

Il . —-
Mild and continuous resorption
including stress-shielding

Fig. 18. Bone resorption
after cementless THR. A
marker of bone resorption
(NTX-I) was measured
after the THR operation.
Peak bone resorption was
observed at 4-5 weeks after
operation. Surgical stress-
induced marked bone resorp-
tion occurred immediately
after surgery. In contrast,
stress shielding-induced bone
resorption progressed slowly
but continuously

marked bone resorption by 6 months after surgery was
inhibited by oral administration of alendronate, and this
effect was particularly marked in zone 7.*° However, the
effect of bisphosphonate on the most problematic long-
term stress shielding was unclear. A meta-analysis of
six randomized controlled trials suggested that bisphos-
phonates have a beneficial effect with regard to main-
taining more periprosthetic bone mineral density than
that in controls.” Because bisphosphonate disturbs
bone mineralization, a negative effect on bone ingrowth
following the surgery of cementless THR was of concern,
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but zoledronate bound on the surface of porous implant
enhanced binding of the implant to bone, increasing the
pull-out strength in a canine study.”

Conclusion

Cementless THR has specific problems, and it was infe-
rior to cement THR with regard to at least wear of
polyethylene in many reports. Cemented THR has been
increasingly selected in Sweden because the revision
rate following cemented THR was lower than that
following cementless THR in the Swedish Total Hip
Replacement Register.” Why then, do surgeons increas-
ingly use cementless THR today? In my personal
opinion, biological fixation, in which the prosthesis is
directly fixed to the bone, is an ultimate fixation method;
and the absence of cement may be considered to reduce
a mechanically unstable interface. Expectation for
innovations (e.g., materials, surface property, implant
design) aiming at further improvement of outcomes
attracts many operators. In any case, whether cement-
less THR remains a truly useful procedure for hip
arthroplasty depends on detailed investigations by unbi-
ased orthopedic surgeons.

References

1. Engh CA Jr, Claus AM, Hopper RH Jr, Engh CA. Long-term
results using the anatomic medullary locking hip prosthesis. Clin
Orthop 2001;393:137-46.

2. Engh CA, Hopper RH Jr. The odyssey of porous-coated fixation.
J Arthroplasty 2002;17(suppl 1):102-7.

3. Gaffey JL, Callaghan JJ, Pedersen DR, Goetz DD, Sullivan PM,
Johnston RC. Cementless acetabular fixation at fifteen years:
a comparison with the same surgeon’s results following acetabular
fixation with cement. J Bone Joint Surg Am 2004;86:257-
61.

4. McKee GK, Watson-Farrar J. Replacement of arthritic hips by
the McKee-Farrar prosthesis. J Bone Joint Surg Br 1966:48:
245-59.

5. Charnley J. Arthroplasty of the hip: a new operation. Lancet
1961;1:1129-32.

6. Wroblewski BM, Siney PD, Fleming PA. Charnley low-frictional
torque arthroplasty in patients under the age of 51 years: follow-
up to 33 years. J Bone Joint Surg Br 2002;84:540-3.

7. Olsson SS, Jernberger A, Tryggé D. Clinical and radiological
long-term results after Charnley-Miiller total hip replacement: a
5 to 10 year follow-up study with special reference to aseptic
loosening. Acta Orthop Scand 1981;52:531-42.

8. Sutherland CJ, Wilde AH, Borden LS, Marks KE. A ten-year
follow-up of one hundred consecutive Miiller curved-stem total
hip-replacement arthroplasties. ] Bone Joint Surg Am 1982;64:
970-82.

9. Ring PA. Complete replacement arthroplasty of the hip by the
Ring prosthesis. J Bone Joint Surg Br 1968;50:720-31.

10. Kawamoto K, Hasegawa Y, Iwase T, Iwasada S, Kanamono T,
Iwata H. Failed cementless total hip arthroplasty for osteoarthro-
sis due to hip dysplasia: a minimum five-year follow-up study. Bull
Hosp Joint Dis 1998;57:130-5.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

H. Yamada et al.: Cementless total hip replacement

Engh CA, Massin P, Suthers KE. Roentgenographic assessment
of the biologic fixation of porous-surfaced femoral components.
Clin Orthop 1990;257:107-28.

Engh CA, Massin P. Cementless total hip replacement using the
AML stem: 0-10 years results using a survivorship analysis.
Nippon Seikeigeka Gakkai Zasshi 1989;63:653-66.

Engh CA, Hooten JP Jr, Zettl-Schaffer KF, Ghaffarpour M,
McGovern TF, Macalino GE, et al. Porous-coated total hip
replacement. Clin Orthop 1994;298:89-96.

Yoshihara Y, Hennmi O, Kawaji Y, Morita M, Date H, Fujikawa
K, et al. Assessment of femoral bone resorption after cementless
total hip arthroplasty using the AML stem. Hip Joint 2003;29:461—
5 (in Japanese).

Yoshihara Y, Shiromoto Y, Kaneko M, Kono T, Ohashi K, Morita
M, et al. Change of bone absorption of proximal femur after
AML: a cementless total hip arthroplasty. Nippon Jinko Kansetsu
Gakkaishi 2006;36:92-3 (in Japanese).

Yoshihara Y, Henmi O, Kawaji Y, Date H, Morita M, Fujikawa
K, et al. Quantitative analysis of femoral bone resorption after
cementless total hip arthroplasty using AML-A stem. Nippon
Jinko Kansetsu Gakkaishi 2003;33:159-60 (in Japanese).

Bugbee WD, Culpepper WJ 2nd, Engh CA Jr, Engh CA Sr. Long-
term clinical consequences of stress-shielding after total hip
arthroplasty without cement. J Bone Joint Surg Am 1997;79:
1007-12.

Engh CA, Massin P. Cementless total hip arthroplasty using the
anatomic medullary locking stem: results using a survivorship
analysis. Clin Orthop 1989;249:141-58.

Kilgus DJ, Shimaoka EE, Tipton JS, Eberle RW. Dual-energy
X-ray absorptiometry measurement of bone mineral density
around porous-coated cementless femoral implants: methods and
preliminary results. J Bone Joint Surg Br 1993;75:279-87.
Gonzilez Della Valle A, Ruzo PS, Li S, Pellicci P, Sculco TP,
Salvati EA. Dislodgment of polyethylene liners in first and
second-generation Harris-Galante acetabular components: a
report of eighteen cases. J Bone Joint Surg Am 2001;83:553-
9

. Russotti GM, Harris WH. Proximal placement of the acetabular

component in total hip arthroplasty: a long-term follow-up study.
J Bone Joint Surg Am 1991;73:587-92.

Hendricks KJ, Harris WH. High placement of noncemented ace-
tabular components in revision total hip arthroplasty: a concise
follow-up, at a minimum of fifteen years, of a previous report. J
Bone Joint Surg Am 2006;88:2231-6.

Crowther JD, Lachiewicz PE. Survival and polyethylene wear of
porous-coated acetabular components in patients less than fifty
years old: results at nine to fourteen years. J Bone Joint Surg Am
2002;84:729-35.

Shih CH, Lee PC, Chen JH, Tai CL, Chen LF, Wu JS, et al.
Measurement of polyethylene wear in cementless total hip arthro-
plasty. J Bone Joint Surg Br 1997;79:361-5.

Roth A, Winzer T, Sander K, Anders JO, Venbrocks RA. Press
fit fixation of cementless cups: how much stability do we need
indeed? Arch Orthop Trauma Surg 2006;126:77-81.

Schmalzried TP, Brown IC, Amstutz HC, Engh CA, Harris WH.
The role of acetabular component screw holes and/or screws in
the development of pelvic osteolysis. Proc Inst Mech Eng [H]
1999;213:147-53.

Chambers B, St. Clair SF, Froimson MI. Hydroxyapatite-coated
tapered cementless femoral components in total hip arthroplasty.
J Arthroplasty 2007;22(suppl 1):71-4.

Abrahams TG, Crothers OD. Radiographic analysis of an inves-
tigational hydroxyapatite-coated total hip replacement. Invest
Radiol 1992;27:779-84.

Dorr LD, Wan Z, Song M, Ranawat A. Bilateral total hip arthro-
plasty comparing hydroxyapatite coating to porous-coated fixa-
tion. J Arthroplasty 1998;13:729-36.

Thanner J, Kérrholm J, Herberts P, Malchau H. Porous cups with
and without hydroxylapatite-tricalcium phosphate coating: 23



H. Yamada et al.: Cementless total hip replacement

31

32.

33.

34.

matched pairs evaluated with radiostereometry. J Arthroplasty
1999 ;14:266-71.

Paulsen A, Pedersen AB, Johnsen SP, Riis A, Lucht U, Over-
gaard S. Effect of hydroxyapatite coating on risk of revision after
primary total hip arthroplasty in younger patients: findings from
the Danish Hip Arthroplasty Registry. Acta Orthop 2007;78:
622-8.

Belmont PJ Jr, Powers CC, Beykirch SE, Hopper RH Jr, Engh
CA Jr, Engh CA. Results of the anatomic medullary locking total
hip arthroplasty at a minimum of twenty years: a concise follow-
up of previous reports. J Bone Joint Surg Am 2008;90:1524-30.
Harada Y, Mitsuhashi S, Suzuki C, Yamashita K, Watanabe H,
Akita T, et al. Anatomically designed prosthesis without cement
for the treatment of osteoarthritis due to developmental dysplasia
of the hip: 6- to 13-year follow-up study. J Orthop Sci 2007;12:
127-33.

McCombe P, Williams SA. A comparison of polyethylene wear
rates between cemented and cementless cups: a prospective, ran-
domised trial. J Bone Joint Surg Br 2004;86:344-9.

35.

36.

37.

38.

39.

241

Morshed S, Bozic KJ, Ries MD, Malchau H, Colford JM Jr.
Comparison of cemented and uncemented fixation in total hip
replacement: a meta-analysis. Acta Orthop 2007;78:315-26.
Arabmotlagh M, Rittmeister M, Hennigs T. Alendronate pre-
vents femoral periprosthetic bone loss following total hip arthro-
plasty: prospective randomized double-blind study J Orthop Res
2006;24:1336-41.

Bhandari M, Bajammal S, Guyatt GH, Griffith L, Busse JW,
Schiinemann H, et al. Effect of bisphosphonates on periprosthetic
bone mineral density after total joint arthroplasty: a meta-analy-
sis. J Bone Joint Surg Am 2005;87:293-301.

Peter B, Pioletti DP, Laib S, Bujoli B, Pilet P, Janvier P, et al.
Calcium phosphate drug delivery system: influence of local zole-
dronate release on bone implant osteointegration. Bone 2005;36:
52-60.

Malchau H, Herberts P, Eisler T, Garellick G, S6derman P. The
Swedish Total Hip Replacement Register. ] Bone Joint Surg Am
2002;84(suppl 2):2-20.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


