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ORIGINAL STUDY

The Thrust Plate Prosthesis : Long-term clinical and radiological results

Leon W. DiepErix, Peter J.T.S. VAN WINTERSWIK, Sander B. ScHoUTEN, Pieter A.G.M. Bakx, Jaap Huu

From the Maasstad Hospital, Rotterdam, The Netherlands

The Thrust Plate Prosthesis is a femoral implant de-
signed for total hip arthroplasty, based on the princi-
ples of physiologic loading of the metaphysis of the
proximal femur, and preserving the bone stock. This
study presents the long-term clinical and radiological
results of 34 patients with 36 Thrust Plate Prostheses.
In a retrospective analysis, we investigated the re-
operation-free survival as well as the clinical and
radiological results. Mean age at operation was
51+6.4 years. Mean follow-up length was 11.9 =
1.6 years. Reoperation-free survival was 88.9% . Four
(11.1%) reoperations were performed, in three pa-
tients due to aseptic loosening and in one patient be-
cause of a fracture distal to the lateral plate. Three of
the reoperations were performed between 12 and
32 months postoperatively. The major complaint was
pain at the lateral side of the hip (44%). Radio-
lucencies did not exceed 1 mm, but 35% of the hips
showed resorption of the cortex directly under the
thrust plate, together with cancellous bone hyper-
trophy at the calcar, noted in 97 %.

Because of the relatively high reoperation-free sur-
vival and favourable radiological results, the Thrust
Plate Prosthesis appears as a possible alternative to
stemmed total hip arthroplasty, especially in relative-
ly young patients.

Keywords : hip arthroplasty ; young patients ; survival
analysis.

INTRODUCTION

The Thrust Plate Prosthesis (TPP, Zimmer,
Winterthur, Switzerland) was introduced by Huggler
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and Jacob in 1978. This stemless femoral implant
designed for total hip arthroplasty (THA) is based
on the principle of physiological loading of the me-
taphysis of the proximal femur. Results of biome-
chanical studies of the TPP have confirmed the the-
ory (1,7,9,12). Non-physiologic loading of the
proximal femur could indeed induce aseptic loosen-
ing. Another important advantage of the TPP de-
scribed by Huggler and Jacob (72) is the fact that the
intramedullary channel is left untouched, preserv-
ing the bone stock (Fig. 1). This makes a potential
revision procedure relatively less complex, as it can
now be performed with a stemmed prosthesis nor-
mally used for primary THA. As younger patients
are now undergoing THA, the number of revisions
will increase in the coming decades. The purpose of
this study was to analyse the long-term clinical and
radiological results of the TPP.
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Fig. 1. — The third generation thrust plate prosthesis

Buergi et al have extensively described the char-
acteristics of the TPP (2). The first-generation TPP
underwent the following modifications in 1987 : the
circular thrust plate was made oval to better fit the
femoral neck, the thrust plate was made of titanium-
alloy (TiAINb) and cobalt-chromium-molybdenum
(CoCrMo) instead of CoCrMo alone and the shape
of the lateral plate was altered to prevent it from
moving proximo-laterally and to prevent breakage
of the screw-arms through which the screws were
drilled. There is no hydroxyapatite coating. A total
of 102 second generation TPPs were implanted be-
tween 1988 and 1991. From 1992 onward a third-
generation TPP was produced. As of the 1990’s it
was generally accepted that a smaller head diameter
would give less polyethylene wear. Therefore mod-
ification of the second generation TPP included a
smaller head (28 mm) and neck diameter. To ratio-
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nalize the production process, the third generation
TPP consisted of a mandrel and thrust plate in one
piece. The texture of the underside of the thrust
plate is corundum blasted to enhance bone on-
growth. The bolt is forged CoCrMo. There are three
thrust plate sizes : 44,40 and 38 mm, and the bolt is
also produced in three different lengths : 73, 81 and
89 mm.

PATIENTS AND METHODS

We performed a retrospective case series analysis be-
tween 2009 and 2013. We investigated 36 third-genera-
tion TPPs implanted in 34 patients between July 1997
and December 2000. The age range at operation was 38-
61 years (mean: 51 = 6.4 years). Of all patients 59%
were male. The indication for total hip arthroplasty was
primary osteoarthritis in 20 patients (56%), idiopathic
femoral head necrosis in 8 (22%), hip dysplasia in 3
(8%), posttraumatic osteoarthritis in 2 (6%) and rheuma-
toid disease (M. Bechterew and SLE) in 3 (8%) patients.
No patients were excluded from this group. We chose not
to evaluate patients operated after 01-01-2000 in order to
achieve a long follow-up period. All patients gave in-
formed consent to participate in this study.

All patients had undergone at least 6 months of
conservative therapy including oral analgesics, physio-
therapy and weight reduction. Two orthopaedic surgeons
(PB and JH) performed the operations. In all cases they
aimed to create a caput-collum-diaphysis (CCD) angle of
130° ; the TPP was combined with a monoblock cement-
less Morscher press-fit acetabular component (Zimmer,
Winterthur, Switzerland) in all cases. Head size was
28 mm.

Endpoints and secondary outcome measures

The primary endpoint was reoperation-free survival.
Secondary outcome measures were clinical and radio-
logical results. Clinical results were analysed using the
Harris Hip Score (HHS) and range of motion
(ROM) (1,10,18,21). The HHS is reported as 90-100 for ex-
cellent results, 80-89 being good, 70-79 fair, 60-69 poor,
and below 60 a failure. The ROM was measured using a
goniometer. PA and axial radiographs were analysed for
possible radiolucencies and hypertrophy at the zones de-
scribed by Fink (6), and for change in the CCD angle.
Prosthesis loosening was defined as radiolucency ex-
ceeding Imm. The proximal femur was divided into 13
different zones of radiolucency (Fig.2) : 1. Radiolucency
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Fig. 2. — Zones of possible radiolucencies. Zones 1 and 2 cor-
respond to the area directly under the thrust plate.

directly under the thrust plate, cranially ; 2. Radiolucency
directly under the thrust plate, caudally ; 3. Radiolucency
at the TPP-ribs, cranially ; 4. Radiolucency at the TPP-
ribs, caudally ; 5. Radiolucency around the TPP ; 6. Ra-
diolucency around the TPP-bolt ; 7. Radiolucency under
the lateral plate ; 8. Radiolucency at the cranial plate-
screw ; 9. Radiolucency at the caudal plate-screw ;
A. Thinning of the cortex of the femoral neck cranially ;
B. Thinning of the cortex of the femoral neck caudally ;
C. Hypertrophy of the calcar ; D. Hypertrophy under the
lateral plate.

Complications (dislocation, periprosthetic fracture,
infection, pressure sores, thromboembolism, pneumonia,
and cardiologic complications) were documented. Re-
sults of the acetabular component will not be described in
this article.

Three patients were lost to follow-up. Two of them
had died of causes not related to the arthroplasty. In the
third case, clinical and radiological data could not be ob-
tained ; traveling distance was the only reason for his ab-
sence. Therefore the mean HHS and ROM were calcu-
lated over 33 hips.

Statistical analysis

Statistical analysis was performed using IBM SPSS
20.0.0. Reoperation-free survival was studied with the
use of a Kaplan Meier curve. HHS and ROM are pre-
sented as mean + standard deviation (SD).

Surgical technique

Under spinal anaesthesia, the patient was placed in the
lateral decubitus position. A straight lateral approach was
made. Distal to the greater trochanter, the proximal at-
tachment of the lateral vastus muscle was incised in the
direction of the muscle fibers to create sufficient space
for the lateral plate of the TPP under the muscle. A
4.5 mm hole was then drilled through the lateral femoral
cortex. Arthrotomy was performed and the hip was dislo-
cated anteriorly. A Kirschner wire and angle-measuring
device were used to check for the possibility of having a
CCD-angle of 130°. The femoral head was resected after
osteotomy of the neck in a plane perpendicular to its axis.
With an aiming device, a central hole was drilled from
the lateral cortex through the femoral neck. The acetabu-
lum was reamed and the acetabular component was
placed. With the leg in external rotation, the size of the
thrust plate was determined. The cancellous bone of the
femoral neck was then compressed with a rasp. The TPP
was introduced through gentle knocking to allow the
bone to adapt progressively to compression. The TPP
screw was fixed through the lateral plate in the thrust
plate. Two cortical screws secured the lateral plate. A ce-
ramic femoral head was placed ; the hip was relocated
and checked for stability. The wound was then closed.
Postoperative management consisted of 6 weeks 10%
weight bearing.

RESULTS

The follow-up period ranged from 108 to
178 months (mean : 143 months (11.9 + 1.6 years)
for patients who did not require a reoperation. Two
patients died from unrelated causes. One of these
two patients had undergone revision arthroplasty
before his death : the other patient had no problems
with the TPP. Regarding the third case that was lost
to follow-up, his current orthopaedic surgeon has no
clinical or radiological suspicion of aseptic loosen-
ing, 9 years postoperatively.

Acta Orthopeedica Belgica, Vol. 79 - 3 - 2013



296 L. W. DIEDERIX, P. J. T. S. VAN WINTERSWIIK, S. B. SCHOUTEN, P. A. G. M. BAKX, J. HUIJ

Reoperation-free survival

100 _;I

90

80

707

60

50

40

Cumulative Survival (%)

30

20

i

0 T T T T
0 2 4 6

T T T T
8 10 12 14

Time (years)

Fig. 3. — Reoperation-free survival Kaplan-Meier curve of the 36 TPPs

Primary endpoint

Reoperation-free survival was 88.9% after
11.9 years (Fig. 3). Four (11.1%) reoperations were
performed ; three of these were revisions. The revi-
sions were performed using a Cementless Spotorno
(CLS) stem (Zimmer, Winterthur, Switzerland),
normally used for primary total hip replacement.

The first patient who underwent a revision arthro-
plasty was reoperated on after 32 months. His his-
tory includes a left acetabular fracture (at the age of
44) and alcohol and nicotine use. He developed
femoral head necrosis and received a TPP at the age
of 48. It is unsure whether he complied with the in-
struction recommending partial weight bearing dur-
ing the first 6 weeks. Eleven months postoperatively
he returned with pain complaints. Radiological
examination showed progressive varisation of the
TPP. A revision arthoplasty was performed. Alcohol
and nicotine use may have played a role in the
aetiology of this aseptic loosening.

The second patient was 49 years of age when he
received a TPP on the left side for femoral head ne-
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crosis possibly induced by steroid use ; his history
included seronegative M. Bechterew. One year lat-
er, he underwent a similar arthroplasty of his right
hip. One and a half months later he developed pain
about the left hip. Radiological evaluation showed
varisation of the left TPP. A revision arthroplasty
with a CLS-stem was performed on the left hip
16 months after the index operation. This stem also
had to be revised because of loosening, 41 months
after implantation. An undiagnosed low-grade in-
fection may have been the cause of the early failure
of the left TPP and CLS. Before this reoperation,
the serum C-reactive protein was 76 mg/l ; the diag-
nostic work-up did not include bone scintigraphy
nor an image guided joint aspiration and culture.
Peroperative culture was negative, but the femoral
revision was performed after administration of
(standard) pre-operative antibiotics. The revision of
the CLS was performed with a larger CLS stem and
bone impaction grafting. This remains successful,
7 years after the second revision.

The third patient received a TPP for primary hip
osteoarthritis on the right side at the age of 54. Six
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months later, she developed a femoral fracture just
a few millimeters distal to the lateral plate. The TPP
plate was replaced by a longer six-hole TPP plate to
bridge the fracture without revision of the TPP
itself. This type of fracture has been reported ear-
lier (5,17,22). She recovered without further compli-
cations.

The fourth patient, who underwent a reoperation,
received a TPP at the age of 39. He had primarily
undergone open reduction and internal fixation of
an acetabular fracture with resection of the femoral
head. He developed a slow progressive varisation of
the TPP, which started 25 months postoperatively.
After being asymptomatic (with a HHS of 84.2) for
several years, he developed progressive pain
14.8 years postoperatively, and therefore underwent
a revision procedure of the TPP.

Secondary outcome measures : clinical and
radiological results

Postoperative HHS ranged from 35.9 to 100
(mean : 88.2 + 14). Physical examination of the
cohort showed the following average range of
motion : flexion 109° + 15°, extension 12° + 10°,
external rotation 29° + 13°, internal rotation 21° +
9°, abduction 24° + 15°, adduction 23° + 11°. Upon
specific inquiry, 16 patients (44%) said they experi-
enced some pain at the lateral side of the hip, mostly
when lying in bed on the operated side. Something
as simple as a pillow would give relief. Mean HHS
of these 16 patients is 83 and one patient even has a
HHS of 100.

Three patients had a HHS lower than 70. The fol-
lowing description includes details of these three
patients.

The first patient had a HHS of 35.9 after 9 years.
She received a TPP at the age of 60. Her medical
history includes restrictive pulmonary disease, a
coronary artery bypass, diabetes ; her BMI is 39. A
traumatic dislocation of her hip occurred 7 years
postoperatively ; its was reduced by closed manipu-
lation. Nine years postoperatively the ROM of the
hip was good, there were no radiological signs of
loosening and the CCD angle was unchanged. Her
general condition may have negatively influenced
her HHS.

The second patient had a HHS of 59.7. His medi-
cal history includes multiple sclerosis (MS), a cere-
bral vascular accident (CVA) 7 years postoperative-
ly, diabetes, and vascular encephalopathy. He
currently lives in a nursing home. He did not men-
tion any hip pain and could walk for 30 minutes be-
fore his CVA. Ten years postoperatively the ROM
of the hip was good. His comorbidities may have
influenced his HHS.

The third patient had a HHS of 63. She received
a TPP at the age of 55. Her medical history includes
a coronary stent and mild lumbar disc and facet de-
generation. Eight years after her hip arthroplasty,
she sustained a lower-leg fracture on the ipsilateral
side, which was treated conservatively. She states
that this has substantially influenced her mobility.
She has no complaints about her TPP. The low HHS
is probably caused by her limited mobility, which
she claims started after her lower-leg fracture. Phys-
ical examination of the hip (9.8 years postoperative-
ly) showed a good ROM. There were no radiologi-
cal signs of loosening, and the CCD angle was
unchanged.

Radiolucencies (Fig. 2) never exceeded 1 mm.
Radiolucencies occurred at the following zones :
directly under the thrust plate (zone 1 (16%) and
zone 2 (9%), under the TPP-ribs (zone 3 (3%), and
in 56% radiolucencies were seen cranial and caudal
to the TPP-bolt (zone 6). Notable is the frequent
change in morphology of the femoral neck (A and B
in Fig. 2). Resorption of the cortex under the thrust
plate occurred in 35%, both cranially and caudally.
Hypertrophy of cancellous bone at the calcar was
seen in all but one patient (Fig. 4). The trabecular
metaphyseal bone clearly shows increased density
and projects towards the TPP-ribs. Hypertrophy un-
der the lateral plate was seen in 64%. The position
of the TPP-bolt in the femoral neck was unchanged
in all 36 TPPs. Mean CCD angle change during
follow-up was 0.6° (95% CI : -1.3 to +2.5). A paired
samples t-test showed no significant change in the
CCD angles (p=0.517). The TPP’s that showed
radiolucencies showed no clinical signs of aseptic
loosening.

No septic complications occurred, although two
patients were successfully treated for a superficial
cellulitis with oral antibiotics. One traumatic dislo-
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Fig. 4. — Radiograph X-ray of a TPP ; hypertrophy of cancel-
lous bone at the calcar.

cation occurred, 7 years postoperatively ; closed
reduction took place. Pressure sores occurred in
5 patients (14%). This did not delay rehabilitation.
We assume that early weight bearing could possibly
prevent this complication (27). No other (pulmo-
nary, cardiac or thromboembolic) complications
occurred.

DISCUSSION

Physiological loading of the proximal femur and
preservation of the intramedullary channel are im-
portant in THA, especially in young patients. This
can be achieved with the TPP. The reoperation-free
survival was 88.9% with a mean follow-up of
11.9 years in this series. Our 10-year reoperation-
free survival rate was 91.7%, which complies with
the criteria of the National Institute for Health and
Clinical Excellence (15). This is a favourable result,
considering that our population was relatively
young and active. The learning curve of the two sur-
geons involved should also be taken into account.
Our reoperation rate is reasonably low, considering
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our longer follow-up (Table I). The Swedish Hip
Arthroplasty Register of 2010 showed a reopera-
tion-free survival of approximately 94% after
12 years for conventional THAs (8). The Norwegian
Arthroplasty Register 2010 showed a reoperation-
free survival of approximately 87% after
12 years (16).

Comparing our results with the TPP to other
short-stemmed total-hip prostheses, in 2011 Ettinger
et al showed a higher reoperation-free survival rate
of 100% of the Nanos prosthesis (Smith & Nephew,
London,UK)atamean follow-upof52 + 0.7 months,
in a case series with a mean age of 63 + 8.3 years (4).
Toth et al presented a study in 2010 of 41 cases that
received the Proxima prosthesis (DePuy, Warsaw,
IN, USA). Mean age was 49 years and mean
follow-up was 26 months. No aseptic loosening
took place ; merely one intra-operative fracture was
treated with internal plate fixation (20).

A weakness of our study is that it is a retrospec-
tive analysis of a small number of arthroplasties. A
potential bias also lies in the fact that the authors
themselves performed the analysis. More specifi-
cally, the hypertrophy measurements were made on
conventional X-ray films, whereas Dual-emission
X-ray absorptiometry (DEXA) would have been
more precise. However, the bias mentioned above
could not have influenced the reoperation rate.

Three out of four revisions occurred early, be-
tween 12 and 32 months postoperatively. Possibly
patient selection could prevent these early failures.
Niggemeyer et al showed that patients with rheu-
matoid disease have a higher risk of TPP failure (17).
Because our three early failures were very dissimi-
lar, and because our cohort is small, we are reluctant
to advise as to which patients definitely should not
receive a TPP.

The high mean ROM and a mean HHS of 88.2
shows a good clinical result. Obviously, this has
been positively influenced by the relatively young
age of our patients. Pain at the lateral side of the hip
occurred frequently. This has been described earlier
(as “leash pain”), and should preferably not be treat-
ed surgically (2,79). We acknowledge that the 44%
occurrence of leash pain is a substantial part of our
case series, but it seems to have a minimal effect on
the HHS of these patients. In contrast to our result,
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Table I. — Reoperation-free survival of the current study in comparison to the literature

Reference Mean follow-up / follow-up range (months) |Reoperation free survival (n)
Corner et al (3) 71 95% (41)

Buergi et al (2) 58 98.1% (102)

Ishaque et al (11) 72 95.1% (70)

Jacob et al (13) 72-144 98% (102)

Fink et al (6) 26 97.2% (214)

Karatosun et al (14) 28-87 95.8% (71)

Zelle et al (23) 26 93.1% (58)

Niggemeyer et al (17) 120 73.8% (47)

Yasunaga et al (22) 156 97% (87) and 90.3% (79)
Current study 143 (108-178) 88.9% (36)

Yasunaga found only 2.7% of patients with lateral
thigh pain (22). A more meticulous placement of the
lateral plate under the lateral vastus muscle might
prevent this complication. We believe that the dis-
comfort is caused by the prominence of the lateral
plate, and not by micromotion.

In theory, the TPP has a risk for impingement be-
cause of the broad thrust plate, cranially. However,
we have not encountered this problem.

The interesting osseous morphological changes
that characterise the TPP have been described ex-
tensively (2,6,11,14,19,23). Our radiological findings
reflect these results. Adaptive bone remodelling of
zones A and B (Fig. 2) has caused cancellous bone
hypertrophy of the calcar in all but one of our
patients. Formation of trabeculae in the direction of
the TPP-ribs was clearly seen. The atrophy seen
directly under the thrust plate and hypertrophy at
the calcar indicates that the function of the thrust
plate may itself be only temporary. Directly post-
operatively the lateral plate and the thrust plate give
compression and therefore fixture of the TPP onto
the femoral neck (primary stability), until full in-
growth of cancellous bone onto the ribs of the TPP
has taken place (secondary stability) (/4). We be-
lieve the effect of bone remodelling, particularly the
hypertrophy at the calcar, is of high value in the
case of possible revision arthroplasty. Furthermore,
radiolucency around the TPP-bolt might have been
prevented with a hydroxyapatite coating.

Our findings are in line with most of those in ear-
lier studies on the TPP. Our results have shown a
favourable reoperation-free survival rate, good func-

tional results and valuable radiological changes in a
young and demanding patient group. Therefore we
continue considering this implant as an alternative to
stemmed total hip prosthesis for young patients.
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