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Influence of cementless cup surface on stability
and bone fixation 2 years after total hip arthroplasty
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Loss of fixation between bone and implant surface is one of the main treatment problems in total hip arthroplasty. It might lead to
implant instability, bone loss and treatment failure resulting in revision surgery. Surface modification is a method for improving bone
response to implant and increasing implant osseointegration. However, the currently applied modifications such as hydroxyapatite coat-
ings do not meet expectation and do not provide good clinical result.

The object of the study was to evaluate the influence of acetabular cup surface modification on fixation and bone remodelling in total
hip arthroplasty. Clinical and radiological outcomes were evaluated in patients two years after cementless total hip replacement. Two
groups were compared: patients with acetabular component with uncoated titanium surface and patients with hydroxyapatite-coated
acetabular surface. Hips X-rays were analysed for early signs of losing stability of acetabular cups. Two years after surgery the analysis
of X-rays did not reveal any statistical differences in stability, migration of acetabular components of endoprosthesis between both
groups. No differences were also observed in bone remodelling around implants. Particularly high percentage of cups, i.e. 17.64%, were
classified into the group with high risk of early implant loosening, i.e., the group with HA coatings. Hydroxyapatite coatings on titanium
cementless acetabular cups implanted by press-fit technique have no influence on their stability, bone–implant fixation and the remodel-
ling of bone surrounding an implant two years after surgery.
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1. Introduction

Total hip arthroplasty (THA) became one of the
most popular procedure in orthopaedic surgery and
the number of patients requiring THA continuously
increase due to demographic changes and life style
trends. Regardless of huge clinical success of THA,
the procedure is not free of complication and has
some limitations. Modern anaesthesiology, programs
of antibiotic and antithrombotic prophylaxis and prog-
ress in surgical technique significantly decreased the
number of early complications but late complications
still have occurred [1]. Among them the most impor-
tant is aseptic implant loosening [2]. It is a main cause

of THA treatment failure – 70% of all revision proce-
dures of THA and 44% of total knee arthroplasty
(TKA) are caused by aseptic loosening [3], [4].

Aseptic loosening is (a primary or secondary) loss
of implant fixation in bone, its instability and even
implant migration caused mainly by biomechanical
impairment or low implant surface biocompatibility
and osteconductivity. Cemented endoprosthesis fixa-
tion is based on pure mechanical manners [5], ce-
mentless implant is supposed to create chemical and
biological binding with host tissues [6]. A full under-
standing of osseointegration (first described by Bra-
nemark), exploration of bone–implant reactions might
help to improve clinical performance of implants.
These processes directly depend on biomaterial surface

______________________________

* Corresponding author: Szymon F. Dragan, Department and Clinic of Orthopaedic and Traumatologic Surgery, Wrocław Medical Uni-
versity, ul. Borowska 213, 50-556 Wrocław, Poland. Tel: +48-71-734-32-00, e-mail: szymondragan@wp.pl

Received: January 4th, 2012
Accepted for publication: March 29th, 2012



W. URBAŃSKI et al.28

properties. The construction of new biomaterials and
modification of their surfaces are crucial for the im-
provement of their physicochemical, mechanical and
biological interactions, leading to successful and per-
manent implant integration with bone tissue. Biomate-
rial surface modification, e.g., changing surface topogra-
phy, chemical composition or addition of biologic
compounds [42], is a method for achieving those goals.

Creating rough or porous coatings on the surface
of implant used in THA is a very common procedure.
The synthesis of a thin layer on an implant surface
(composite) is a method for eliminating some disad-
vantages of both materials and maintaining their
advantages. Porous calcium phosphate- or hydroxy-
apatite (HA)-based ceramic materials are known for
their good biocompatibility and osteoconducitivity;
nevertheless, the usage of these biomaterials alone
in weight bearing applications is not possible be-
cause of their rigidity and fragility. However, coating
a metallic implant with HA layer enables us to im-
prove biomaterial osteoconduction and to maintain
anticipated metal mechanical properties. Recent
years have brought more and more data that HA
coatings do not fulfil expectations. This is mainly
due to poor durability of the coatings which are de-
stroyed by cell resorption (macrophage and osteo-
clast activity), mechanical factors (mechanical abra-
sion), dissolving and delamination.

The analysis of clinical and radiological results of
patients after THA enables us to identify changes in

bone tissue which lead to acetabular cup loosening
[1], [9]. Roentgenometric analysis can prove cup
stabile fixation or instability and migration. As other
authors reported earlier, to evaluate bone remodel-
ling around implant it is crucial to evaluate bone
density and also to analyse qualitatively bone tissue
(e.g., osteolysis, osteosclerosis, bone–implant inter-
face) [10]–[16].

The aim of this study was to assess the influence
of acetabular cup surface modification on fixation and
bone remodelling in cementless total hip arthroplasty
based on X-ray analysis and clinical results of patients
2 years after implantation.

2. Material and methods

32 patients (32 hips) were treated with cementless
THA in the Department of Orthopaedic Surgery and
Traumatology of Wrocław University Hospital. The
patients were divided into two groups, depending on
the acetabular cup surface: 1) patients with titanium
cups and porous hydroxyapatite (HA)-coated cups,
17 endoprostheses, 2) patients with titanium implants
and porous uncoated surfaces (without HA), 15 endo-
prostheses (table 1). The patients with hydroxyapatite-
coated cups were divided into two subgroups, de-
pending on the type of articulation: steel–polyethylene

Table 1. Acetabular cups evaluated in the study

Implant
surface Trade names of acetabular cups and their surface characteristics Number

of assessed cups
Duraloc (DePuy, Johnson & Johnson). Spherical titanium cup coated
with porous pure titanium layer for better bone fixation and subsequent
osseointegration. The layer called “Porocoat Porous Coating” is formed
by sintering beads of titanium and form a porous surface, with an average
pore size of about 250 µm [16].

8

Uncoated Plasmacup (Aesculap, Braun). “Pure titanium” (Ti/ISO 5832-2) particles
are applied to the cup surface with “vacuum coating” method, creating
porous surface. This layer is called “Plasmapore”. It is 0.35 mm thick,
its microporosity reaches 40% and pore size ranges from 50 to 200 μm.
The rest of the acetabular component is made of a Ti6Al4V alloy
(ISOTAN®F, ISO 5832-3) [17].

7

15
(49%)

Trident (Stryker). On the cup surface porous layer of pure titanium
(arc deposition method), with an average porosity of 72% with additional
hydroxyapatite coating, layer thickness of about 50 microns. No details
available about the method of layer synthesis. Surface modification
called PureFix HA [18].

6

Ringloc (Biomet). Semi-spherical titanium (Ti4Al6V) cup with surface
coated with porous pure titanium and hydroxyapatite (“Plasmapatita”)
by plasma spray method [19].

9

Hydroxyapatite-
coated

Duraloc Option Cup (DePuy, Johnson and Johnson). Titanium semi-
spherical cups with the surface coated with aforementioned “Porocoat
Porous Coating” and then coated with 35 micron thick hydroxyapatite 17].

1

17
(51%)
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articulation (6 implants) and ceramics–ceramics ar-
ticulation (11 implants).

An average age of patients was 55 years, 20 women
and 10 men. THA was performed in 16 patients,
mostly because of primary osteoarthrosis; in 10 pa-
tients due to secondary osteoarthrosis caused by de-
velopmental dysplasia of hip (DDH); and in 4 pa-
tients suffering from avascular necrosis of femoral
head (AVN).

To standardize biomechanical conditions in all
patients with screw cups, any additional stabili-
sation (screws, pegs) were excluded. Only true press-
fit implants were evaluated. Patients with short and
classic stems were included. Severe primary deform-
ity of hips, low bone quality and bone loss were also
the criteria of exclusion from the experiment. Pa-
tients with infections and patients unable to walk did
not participate in the experiment.

Functional hip examination and X-ray pictures
were evaluated to determine the results of THA. The
X-ray studies conducted 3–5 days after surgery and
two years after the surgery were compared.

2.1. Functional assessment

Two years after THA patients were examined in
outpatient clinic. Based on the Harris Hip Score
(HHS) [21], [22] we assumed the following results:
excellent, from 90 to 100 points; good, from 80 to
89 points; satisfactory, from 70 to 79 points; bad,
below 70 points.

2.2. X-ray assessment

Radiographs of hip joints in antero-posterior pro-
jections (AP) were taken by Siemens digital X-ray
for patients lying under standard conditions. X-ray
tube distance from the hip examined was 0.95 m.
Based on the evaluation of radiographs, we deter-
mined the stability of acetabular cups, implant–bone
fixation (the method described by Engh), the remod-
elling of bone surrounding a cup in DeLee–Charnley
zones [23].

Acetabular cup fixation parameters were evaluated
based on the methods described in the literature [10]–
[15] and using the K-PACS (Software version
V1.6.0). On the frontal plane, horizontal and vertical
migration of cups were determined. The authors
assumed that a change of cup inclination angle of at
least 3° and any parameter value of 2 mm or more
indicates cup instability. Changing the angle of 5° and
any distance parameter value at least 4 mm give
evidence of instability (figure 1).

The implant–bone fixation was assessed according
to modified criteria of ENGH et al. [15], MASSIN et al.
[16] and MANLEY et al. [24] distinguishing between
three types of bonding:

I. Stable fixation with bone ingrowth (osseointe-
gration). No radiolucent lines extending across 50%
or more of any DeLee and Charnley zone and there
was no measurable migration of the component.

II. Stable fixation with fibrous ingrowth if ra-
diolucent lines were present in all three zones but

Fig. 1. Acetabular cup position parameters on X-ray.
I – inclination angle, SK – Kohler line–cup tangent vertical line distance,

DKK – lower cup margin–both Kohler tears line distance,
GKK – upper cup margin–both Kohler tears line distance,

GK – upper margin–Kohler tear distance, DK – lower cup margin–Kohler tear distance
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the component had not migrated – measurement
change not greater than 4 mm and 5° inclination
angle.

III. Unstable. Radiolucent lines in all three zones
were present and the cup had migrated more than
4 mm.

Fig. 2. Pixel intensity (PI) measurement
of bone tissue surrounding implant in DeLee–Charnley zones.

White curved lines mark the area analysed

Average pixel intensity was measured using 3D
Doctor software. Bone area was analysed up to 0.5 cm
from the implant. The method is based on gray pixel
brightness scale whose range extends from 0 to 255,
where 0 is completely black image, while 255 is com-
pletely white area (figure 2).

3. Results

3.1. Functional assessment

According to HHS, the functional assessment
scale, one patient’s result was satisfactory (77 points),
in three cases a good outcome was achieved, while the
rest of the patients reported an excellent result. How-
ever, the differences between groups were small and
did not reach statistical significance levels in any of
the parameters assessed (table 2).

No significant differences were noticed in HHS
scale between endoprostheses with polyethylene/steel
and ceramic/ceramic articulations (table 3).

3.2. X-ray assessment

2 years after implantation the change of measuring
value, compared to the beginning, in most cases
(93.75% for SK, 90.62% for DK, 90.62% for DKK,
65.62% for GKK) did not exceed 2 mm, and usually it
approached 1 mm. Mostly these differences were not
statistically significant, with the exception of the dis-
tance measured from the bottom edge of the cup to the
Kohler lines (DKK) in HA-coated cups and the incli-
nation angle in cups without HA (t-test p-value more
than 0.05) (table 4).

If the changes of measuring values were observed
the authors noticed that directions of migrations were
similar in most cases. Migrated cups went valgus – the
angle of inclination (I) increased (only in five cases
decreased), migrated to the midline – parameters
determining horizontal stability as DK, SK, GK de-
creased (except for 4 cases), and migrated upwards
– measurements of GKK, DKK increased.

Comparison of changes (Δ – primary X-ray and
two years after implantation) for each measurement
between hydroxyapatite-coated cups and uncoated
cups revealed the differences in values’ changes
(greater in the group with HA) but no statistic signifi-
cance was proved.

Comparison of measuring changes between pa-
tients with polyethylene/steel and ceramics/ceramics
articulations revealed that three measurements: I, DK,
and GKK had higher average cup migration in poly-
ethylene articulation than in ceramic one. However,
only change of the inclination angle was significantly
higher in cups with polyethylene/steel articulation
( p = 0.027). The other parameters showed no statisti-
cally significant differences between groups.

Pixel intensity (PI) analysis revealed that the high-
est mean values of periacetabular bone PI occurred in
zone I and the lowest in zone III. This regularity

Table 2. Results of HHS evaluation form. Means from the groups examined

Harris Hip
Score

HA-coated
cups

Uncoated
cups

p-value
(the Mann–Whitney

U test)
Pain 42.67 42.80 0.914
Function 40.50 43.50 0.664
Deformations 3.83 3.80 0.914
Range of motions 4.81 4.61 0.233
Total 91.81 94.71 0.828
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concerned both groups (table 5). The values in the
group with HA-coated cups were generally higher in

all three zones; however, these differences were not
statistically significant (figure 3).

Table 3. Results of HHS evaluation form. Means from the group
with HA-coated cups with different articulations

HA-coated cups
Harris

Hip Score Polyethylene/
steel articualtion

Ceramics/ceramics
articualtion

p value
(the Mann–Whitney

U test)

Pain 42.00 43.00 0.633
Function 38.50 41.50 0.708
Deformations 3.50 4.00 0.178
Range of motions 4.80 4.82 0.953
Total 88.80 93.32 0.660

Table 4. Mean values from particular measurements just after surgery and two years after surgery.
The values in bold print represent statistically significant p values (change of measurements between primary X-ray and after 2 years)

Uncoated cups HA-coated cupsMean measuring
values

Parameter

After
surgery

(stan. dev.)

2 years
after surgery
(stan. dev.)

Change
(stan. dev.)

p value

After
surgery

(stan. dev.)

2 years
after surgery
(stan. dev.)

Change
(stan. dev.)

p value

Tilt
Inclination angle
(I) 43.27 0

(4.68)
43.53 0
(4.58)

–0.27 0
(1.53)
0.512

46.35 0
(8.83)

47.53 0
(8.24)

–1.18 0
(1.29)
0.002

Kohler line–cup
tangent vertical line
distance (SK)

5.09 mm
(3.17)

4.14 mm
(3.18)

0.95 mm
(0.74)
0.0002

6.64 mm
(3.70)

5.79 mm
(4.19)

0.85 mm
(0.87)
0.001Horizontal

migration Lower cup margin–
Kohler tear distance
(DK)

12.14 mm
(4.20)

11.15 mm
(4.05)

0.99 mm
(0.90)
0.001

16.18 mm
(5.60)

15.41 mm
(6.06)

0.77 mm
(0.80)
0.001

Upper cup margin–
both Kohler tears line
distance (GKK)

49.26 mm
(4.93)

50.29 mm
(4.62)

–1.03 mm
(1.57)
0.023

50.63 mm
(8.56)

52.46 mm
(9.56)

–1.83 mm
(2.29)
0.005Vertical

migration Lower cup margin–
both Kohler tears line
distance (DKK)

5.34 mm
(7.01)

6.17 mm
(7.17)

–0.83 mm
(0.84
0.002

4.36 mm
(12.31)

4.75 mm
(12.92)

–0.39
(1.03)
0.134

Table 5. Mean values of pixel intensities for each zone and p value
(Student’s t-test for comparison of coated and uncoated cups)

Zone I
( p = 0.46)

Zone II
( p = 0.79)

Zone III
( p = 0.79)

DeLee–Charnley
zones

116.6 113.6 102.5 total
123.5 116.1 104.8 HA-coated
112.0 112.0 101.0 uncoated

Fig. 3. Mean of pixel intensity (PI) values of bone tissue surrounding implant in the groups examined
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Within the group of patients with HA-coated cups
PI measurements were conducted in order to compare
articulations, but no statistically significant differ-
ences were noticed (figure 4, table 6).

The results of the implant–bone fixation assess-
ment revealed that 15 uncoated and 14 HA-coated
cups could be considered as stable (I and II types),
3 cups could be considered as unstable (III type), all
three belonged to the HA-coated group. This gives
17.64% of results with poor prognosis in HA-coated
group (9.37% in all hips). The differences between the
groups examined were not statistically significant.

In the present study, the type of articulation did not
affect the implant bone fixation ( p = 0.315) (table 8).
In the group with polyethylene/steel articulations,
good and very good results were obtained for 83.2%
of cups, whereas in the group with ceramics/ceramics
articulations – for 80%.

4. Discussion

Previous clinical and experimental studies indicate
that implant surface properties are essential for bone
implant response and osseointegration providing a long-
term functioning of the implant. However, these proc-
esses are still not fully understood. The use of biomi-
metic coatings like HA in orthopaedic surgery did not
resolve important problems dealing with long-term
bone implants as was mentioned in the introduction.

In the present study, the authors compared the re-
sults obtained for acetabular cups with varied bone
contact surfaces. The observations were based on
functional assessment but above all on X-ray analysis,
roentgenometric measurements of cup migration, bone
remodelling, bone implant fixation two years after
implantation.

Fig. 4. Mean of pixel intensity (PI) values of bone tissue surrounding implant in the groups examined

Table 6. Mean values of pixel intensities for each zone and p value
(Student’s t-test for comparison of two various articulations)

Zone I
( p = 0.47)

Zone II
( p = 0.68)

Zone III
( p = 0.33) DeLee–Charnley zones

132.91 121.68 89.22 polyethylene/steel CoCr
118.84 113.27 112.64 ceramics/ceramics

Table 7. Type of cup fixation in bone according to Engh
– number of cups in Engh groups

Cup fixation in bone (Engh) HA-coated cups Uncoated cups
1 Stable 7 6
2 Stable without bone ingrowth 7 9
3 Unstable 3 0

Table 8. Type of cup fixation in bone according to Engh
– number of cups in Engh groups with two different articulations

HA-coated cupsCup fixation in bone
(Engh) Polyethylene/steelCoCr Ceramics/ceramics

1 Stable 1 (16.6%) 5 (50%)
2 Stable without bone ingrowth 4 (66.6%) 3 (30%)
3 Unstable 1 (16.6%) 2 (20%)
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Except two patients with unstable cups (over
4-mm migration), usually the displacement value did
not exceed 2 mm in both groups. An increase or
a decrease of the measuring value was due to the di-
rections of forces acting on the hip during load-
bearing determining the direction of implant migration
[9]. These directions were consistent with observa-
tions of other authors [12].

The evaluation of bone remodelling provides cru-
cial information about osseointegration, but in an
available literature the analysis of this process is
usually based on densitometry [25], [26] or com-
puted microtomography [27]. On the other hand,
there is no indication for those routine tests because
they expose patients to additional radiation. In this
study, the authors evaluated routinely X-rays taken
on postoperative checks in outpatient clinic, not dis-
turbing standard postoperative proceedings. These
X-rays were analysed and average pixel intensity
values of bone at a distance of 5 mm from implant
were measured in all the DeLee–Charnley zones. In
our study, the distribution of PI varied, depending on
zone. PI of periacetabular bone in zone I had the
highest values (averaged 116.6), while the lowest
occurred in zone III (102.5) (figure 3, table 5).
These results correspond to bone density in DEXA
analysis [23] and show that PI analysis on plain
radiographs performed under standardized condi-
tions is a reliable method of describing bone remod-
elling. The method does not need either any changes
in post-operative routine, without exposing the pa-
tient to invasive tests, implantation of additional
markers or radiation.

Three acetabular cups were assigned to the im-
plants with high risk of early loosening. All three
patients had THA with HA-coated cups. Only one
cup of all poor outcomes was unstable in roentge-
nometric analysis and remaining two had unstable
fixation, linear radiolucencies (osteolysis), and low
values of PI. We analysed the factors leading to
those results. Preoperative conditions, both local
and general, and acetabular cup placement did not
differ from those of other patients. Two patients had
steel/polyethylene articulation, and one patient
ceramics/ceramics articulation. The only feature
which distinguished patients with poor outcome
from the other was HA-coating. Therefore the
authors made an assumption that a direct cause of
cups failure might lie in the HA-coatings on their
surface.

In an available literature, most authors in outcome
evaluation of THA focused on implant survival – the
period of proper functioning till implant loosening

with reoperation as the endpoint of the studies. In this
study, we presented two-year observation – a rela-
tively short period in comparison to an average time
of proper function of endoprosthesis. However, adap-
tation occurring in first two years after surgery, such
as cup migration, osteolysis, poor bone remodelling
around the implant, determines the final outcome of
surgical treatment [10], [14]. This means that in the
first two-year period after THA it is possible to detect
symptoms, predict final outcome but also to prevent
some of the complications.

The data obtained in this study suggests that HA
coatings on acetabular cup in THA do not improve
their biological and mechanical properties and do
not influence THA outcome. Stability, fixation, PI
analysis, osteolysis incidence and bone remodelling
surrounding implant did not prove superiority of
HA-coated cups over titanium-uncoated cups. Any
statistically significant differences between these
two types of cup surface did not clearly answer the
question as to which type had better clinical per-
formance. Nevertheless the research performed sug-
gests that HA coatings requiring additional biomate-
rial preparation do not protect against treatment
failure. The incidence of loosening is not lower than
in the case of other surfaces (such as titanium, tanta-
lum); furthermore, it is often higher, especially when
in THA with HA-coated cup a polyethylene articula-
tion is used [28]–[30]. It is known that HA has osteo-
conductive potential, but because of a considerable
fragility and low durability of HA coatings on metallic
surfaces, such a layer is active only during first few
months after implantation [7], [9]. HA coating does
not accelerate tissue mineralization and does not
stimulate significantly osteogenic cells [8]. As for the
stem of THA some authors did not observe any differ-
ences in outcomes of HA-coated and uncoated tita-
nium implants [31], [32], but there are some examples
in literature indicating a clear therapeutic benefits and
better clinical performance of HA-coated implants
[33]. The studies on cementless acetabular cups reveal
a clear predominance of reports with adverse effects
on the survival of HA-coated cups or at least lack of
differences between coated and uncoated cups [28]–
[30]. Furthermore, HAVELIN et al. analyzed data from
the Norwegian THA register and did not notice any
significant differences in survival between cementless
HA-coated cups and cemented cups [34]. BLACHA
[35] and STILLING et al. [29] and others noticed that
one of the major reasons for osteolysis and cup loos-
ening is polyethylene wear [29], [35]. These observa-
tions made the authors to undertake a further THA
outcome evaluation in patients with different articula-
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tion types (ceramics/ceramics and polyethylene/steel);
however, the results obtained did not confirm this
observation. Comparison of all parameters (cup migra-
tion, bone remodelling (figure 4), fixation (table 8))
showed no statistically significant differences between
THA with ceramics/ceramics or polyethylene/steel
articulations.

In recent years, numerous reports on clinical out-
comes of HA-coated implants and the present results
ask questions about true reasons for clinical applica-
tions of such implants [28]–[30], [35]. HA effect on
bone metabolism in first few months after surgery
may be favourable [36]. However, in permanent bio-
materials like implants for total joint arthroplasty, HA
may be the cause of osteolysis and loosening-induced
wear particles (“debris disease”). These concerns,
long-term bone implant complications and their ef-
fects on host tissues cause that main goals of biomate-
rial engineering (implants more biocompatible, bio-
functional) are still unattainable [1], [37]–[42].

5. Conclusions

Hydroxyapatite coatings on titanium cementless
acetabular cups implanted in press-fit technique have
no influence on their stability, bone–implant fixation
and remodelling of bone surrounding implant two years
after surgery. Percentage of cementless acetabular cups
with poor fixation in bone and hence poor outcome
prognosis with high risk of implant loosening concern
particularly hydroxyapatite-coated cups.
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