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Abstract
Between 1974 and 1989, 315 primary total hip replacements (274 patients) were 

done using the cemented Weber Rotation prosthesis and a standardized operation 

technique, which was modified for the stem in 1978. After the first postoperative 

year, all patients had routine clinical and radiological examinations at 2-year  

intervals. Twenty-one patients (22 hips) were lost to follow-up. At the most recent 

follow-up, 30 of 293 hips (253 patients) had been revised: 24 hips for aseptic 

loosening, five hips for infection, and one hip for a femoral fracture. Survivor-

ship analyses with revision for aseptic loosening as an end point for the 315 hips 

showed 93% and 78% survival after 10 and 15 years, respectively. Separate  

survival analyses for the socket showed 99% and 89% survival after 10 and 15 

years, respectively. The stem had a survival of 94% and 81%, respectively during 

the same time. Survival at 15 years with radiological evidence of loosening as an 

end point was 85% for the socket and 72% for the stem. The cementing technique 

and the design of the acetabular component significantly influenced the rate of 

loosening. Survivorship analyses with revision for aseptic loosening of the socket, 

using a modified second generation cementing technique and a hemispheric 

socket, showed 100% survival after 10 years and 98% after 13 years.

Introduction
Since 1974, the modular Weber Rotation (Allopro, Baar, Switzerland) total hip 

prosthesis has been used by the senior author (RKM) as the standard for all primary 

total hip replacements. A special feature in this design was the head-to-neck  

junction, which consisted of a cylindrical rotating trunnion. This secondary joint 

was designed to diminish movement and wear in the primary head-to-socket joint 

and to reduce torque stresses on the femoral component41.

A similar trunnion bearing was used in the Christiansen total hip prosthesis in  

combination with a 37-mm, steel-capped, polyethylene head. However, this 

polyacetal-coated trunnion bearing frequently was observed to be jammed  

during revision surgery and was taken off the market because of a high wear  

rate and disappointing survival rates1,30. 

Certain aspects of the Weber Rotation total hip replacement such as wear of the 

polyethylene socket and of the rotating trunnion have been reported34,40. These 

studies were based on patients included in the current study. Schüller and Marti

34 showed that after an average of 10 years, polyethylene wear, using the metal 

rotating head of the Weber Rotation prosthesis averaged 0.96 mm with an average 

wear per annum of 0.1 mm. The use of a ceramic head on the rotation prosthesis 

reduced this wear to 0.26 mm at 10 years, with an average annual wear of 0.03 

mm. Van der Vis et al40 looked at differences in wear between the Weber Rotation 

prosthesis and the Weber fixed prosthesis, both with a ceramic head. The average 

linear wear was 0.034 mm for the rotating bearing and 0.069 mm for the fixed 

head. In both studies, measurements were made radiographically according to the 

method of Scheier and Sandel32 as modified by Buchhorn et al4. Van der Vis also 

did a retrieval study39 and calculated the mean wear of the trunnion bearing of 12 

retrieved stems to be 2.4 μm per year (standard deviation, 1.4 μm). All the trunnion 

bearings functioned well after a mean follow-up of 11 years. 

After reported experience with the Weber Rotation total hip replacement used in 

cemented revision hip surgery25, the current authors reviewed the long-term clini-

cal results of its use in primary total hip replacement. 

Materials and methods

Features of the Weber Rotation total hip replacement System

The stem of the prosthesis was made from a wrought CoNiCrMo alloy (Protasul® 

10, Sulzer AG, Winterthur, Switzerland), and the cylindrical neck (the trunnion) 

was made of a cast CoCrMo alloy (Protasul® 2) composite welded to the stem. 

With exception of the cone where the ball head is seated, the entire stem is grit-

blasted with glass particles, resulting in a surface roughness of 1 μm to 2 μm. 

Two types of stems were used: four curved stems with increasing lengths and one 

straight stem, although only three curved stems were available until 1980. The 

cross-sectional geometry of the stem is trapezoidal with rounded corners. 

The 32-mm head was made from Protasul® 2 or Al2O3 ceramic (Biolox®, Feld-

mühle, Plochingen, Germany) and placed on a Protasul® 2 cylinder (Fig 1). This 

ceramic head is fixed on a taper cone on top of the rotation cylinder before placing 

the cylinder on the trunnion (Fig 2). Three different cylinder lengths are available: 

short (42 mm), medium (47 mm), and long (52 mm). The outer diameter of the 

all-polyethylene (RCH-1000 Chirulen®, Hoechst, Germany) socket ranged from 40 

to 64 mm. The depth ranged from 24 to 37 mm. There was a choice of a standard 

hemispheric socket and a flat socket, which was designed for a shallow dysplastic 
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acetabulum (Fig 1). In the flat socket, the thickness of polyethylene was reduced. 

The difference in polyethylene thickness at the apex was 4 mm for the smallest size 

flat socket and 10 mm for the largest size. The stem and the all-polyethylene socket 

were cemented using low viscosity Sulfix® (Sulzer AG) cement.

 

Operative Technique and Postoperative Treatment

The operative procedure consisted of an anterolateral (Watson-Jones) approach 

with an osteotomy of the greater trochanter if necessary. Full bony coverage of the 

socket was considered imperative and in cases with acetabular roof deficiencies, 

either superolateral bone grafting was done using a hemispheric socket23, 24, 26, 33 

or a flat socket was used.

Six to nine 8-mm drill holes were made in the subchondral layer of the acetabulum 

and the underlying cancellous bone was impacted before cementing the socket. 

The stem was positioned in valgus in all patients. A first generation cementing  

technique was used until 1978. The technique subsequently has been modified  

by using a polyethylene intramedullary cement restrictor and vacuum suction  

during introduction of the cement. This technique is referred to in this study as 

second-generation cementing technique.

Five days after surgery patients were mobilized non weightbearing. Full weight-

bearing was permitted after 8 weeks. Routine clinical and radiological  

examinations were done at 8 weeks, 4 months, and 1 year postoperatively  

and biennially thereafter.

 

Patients

Between 1974 and 1989, 315 consecutive primary total hip replacements in  

274 patients were done by the senior author (RKM), using the cemented Weber 

Rotation modular total hip prosthesis. Twenty-one patients (22 hips) were lost to 

follow-up, or had a follow-up less than 2 years. Forty patients had bilateral hip  

replacements. Of the 253 patients (293 hips) included in the study, 188 were 

women and 65 were men. The average age of the patients was 68.4 years (range, 

23-86.6 years). The 224 patients (263 hips) who did not have revision surgery  

had a mean follow-up of 10.5 years (range, 3.8-20.3 years). 

The numeric distribution for the different parts used was as follows: 127 Protasul 

and 166 ceramic heads, 27 straight and 266 curved stems, and 85 flat and 208 

hemispheric sockets. Preoperative diagnoses included primary osteoarthritis  

(162 patients, 187 hips), dysplasia or congenital luxation or subluxation (56 

patients, 68 hips), rheumatoid arthritis (seven patients, eight hips), posttraumatic 

(11 patients, 11 hips), avascular necrosis (10 patients, 12 hips), and other (seven 

Fig 1. The hemispheric (left) and flat sockets (right) and 

the straight (left) and curved (right) stems of the Weber 

Rotation total hip replacement, with the Protasul (right) 

and ceramic (left) heads are shown

Fig 2. This illustration shows the rotating trunnion with 

a Protasul head.
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patients, seven hips). Sixty-two patients (70 hips) had surgery before the total  

hip replacement: intertrochanteric osteotomy (53 patients, 60 hips), acetabular 

reconstruction (three patients, four hips) and internal fixation (six patients, six  

hips). Functional activity was assessed according to the classification of DeLee  

and Charnley8. Eighty-eight hips were Grade A, 105 hips were Grade B, and  

100 hips were Grade C. 

Methods
At follow-up, the Harris hip score12 was used to assess the clinical result. The 

standard system of terminology for reporting results as suggested by Johnston et 

al17 and the scoring system described by Dall et al 6 were used to evaluate the 

radiographic results. In the system described by Dall et al, points are given for the 

acetabular and femoral components separately. The maximum score for the acetab-

ulum is10, and the maximum score for the femur is15. Zero to 3 points are given 

for cement-bone radiolucencies, their width, and their localization. Migration and 

femoral subsidence also are considered5. The lower the amount of points given, the 

better the result. Grading this radiographic result in a scale from 1 to 3 is done as 

shown in Table 1. In Grade 1, there are only mild changes, usually of minor signifi-

cance; in Grade 2, there are moderate changes that need regular observation; and 

in Grade 3, there are severe changes indicating impending failure. Radiographic 

analysis was based on a lateral view and an anteroposterior radiograph of the  

pelvis taken with the patient standing, and with the ray centered on the hip.  

The first and third authors studied the first postoperative radiographs and all radio-

graphs taken at 2-year intervals including radiographs obtained at the most recent 

follow-up. The two other authors then reviewed the radiographs with a radiologist 

who specialized in skeletal radiology. Interobserver variability was calculated by 

cross tabulation resulting in kappa values and a Spearman correlation value.

Survivorship analysis was done using the life table method 9 with revision for  

aseptic loosening and radiographic evidence of loosening (Grade 3) as end  

points. Separate survivorship analysis for the cup and the stem were done. 

The influence of the shape of the cup, the cementing technique used, and the ma-

terial of the head was evaluated using log rank tests. Because the groups receiving 

a straight (27 patients, 27 hips) and a curved stem (187 patients, 266 hips) were 

not equal in duration of follow-up or in use of cementing technique, the influence 

of the shape of the stem on the results could not be evaluated. In most cases, the 

straight stems were used only when a curved stem did not provide an optimal fit. 

The relationship between radiographic signs of loosening (Grade 3) and a poor 

Harris hip score was evaluated using the chi square test.
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Socket Score 
(points)

Stem Score 
(points)

Extent of cement-bone 
radiolucency (DeLee and 
Charnley)

Cement-bone radiolucen-
cy; number of zones

   Type 1 1    1 zone 1

   Type 2 2    2 zones 2

   Type 3 3    3+ zones 3

Width of cement-bone 
radiolucency

Width of cement-bone 
radiolucency

   0 mm 0    0 mm 0

   1 mm 1    1 mm 1

   2 mm 2    2 mm 2

   3+ mm 3    3+ mm 3

Migration of socket Subsidence of stem within 
cement

   0 mm 0    0 mm 0

   1 mm 1    1-2 mm 1

   2 mm 2    3-4 mm 2

   3+ mm 4    5+ mm 3

Socket Score 
(points)

Stem Score 
(points)

Subsidence of stem with 
cement (cement mantle)

   0 mm 0

   1-2 mm 1

   3-4 mm 2

   5+ mm 3

Resorption of shaft (corti-
cal thinning)

   0 mm 0

   1 mm 1

   2 mm 2

   3+ mm 3

Maximum total score 
socket

10 Maximum total score stem 15

Total score socket Grade 
of ra-
diologic 
loosen-
ing

Total score stem Grade 
of ra-
diologic 
loosen-
ing

   1-2 1    1-4 1

   3-5 2    5-8 2

   6-10 3    9-15 3

Table 1. Scoring System of Dall et al.6 (with permission of DM Dall, and Springer Verlag GmbH & Co)

To make a comparison between two types of prostheses is difficult, because there are 

many factors influencing the outcome. The current authors searched the literature for 

similar studies of patients in the same age category who received a cemented total 

hip prosthesis, with the use of a first generation, second generation, or both genera-

tions cementing technique. The studies should include a survivorship analysis with 

revision as an end point. Eleven studies were found that met these criteria2, 3, 10, 11, 16, 

19, 27, 29, 31, 35, 36. Ten- and 15-year results were extracted from these studies and are 

shown in Table 2.
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Type of 
Prosthesis

Authors Survival 

at 10 

Years

Survival at 

15 Years

Number 

of Hips

End Point 

definition

Charnley Garellick 
et al10

94 85* 95 Revision

Charnley Jacobsson 
et al14

93 89 70 Revision

Charnley Kavanagh 
et al17

92 89 333 Revision

Charnley McCoy 
et al25

95 93* 100 Revision

Charnley Neumann 
et al27

96 92 241 Revision

Charnley Ritter and 
Campbell 
30

91 65 242 Revision

Charnley Schulte 
et al34

97** 92** 330 Revision

Charnley Skeie et 
al35

94 88 629 Revision

McKee-
Farrar

August 
et al2

91 76 880 Revision

McKee-
Farrar

Jacobsson 
et al14

88 82 107 Revision

Stanmore Alsema 
et al1

95 91 146 Revision

Stanmore Emery 
et al9

95 85 804 Revision

*16 years

**calculated from graph

Results
At the latest follow-up, 30 revision surgeries had been done. Twenty-three patients 

(24 hips) had revision surgery for aseptic loosening, five patients had revision surgery 

for infection, and one patient had revision surgery because of a fracture. In addition, 

one patient had a second operation because of a nonunion after trochanteric  

osteotomy. In the group operated on after 1978, there were 20 revisions (15 for  

aseptic loosening). No fractures of the prostheses, including the ceramic heads,  

prosthetic disassemblies, or dislocations were seen during the follow-up. Of the  

24 revisions attributable to aseptic loosening, three revisions were done for loosening  

of the socket, 14 revisions for loosening of the stem, and seven revisions for loosen-

ing of both components. The cumulative survival with aseptic loosening of compo-

nents of the total hip replacement as an end point was estimated to be 93.3% at 10 

years (126 hips at risk) and 78% at 15 years (31 hips at risk) and 20 years (two hips 

left at risk) (Fig 3, Table 3). Survival of the socket at 10 years was 98.7% and 89.2%  

at 15 years. For the stem, this was 93.8% at 10 years and 81.5% at 15 years (Fig 4). 

Table 2. Overview of long-term follow-up studies of cemented total hip replacements
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Time in Years Cumulative 

Survival (%)

95% Confidence  

Interval

Number of Hips 

at Risk

0 100.00 0.00 315

1 100.00 0.00 296

2 100.00 0.00 285

3 99.64 0.04 276

4 98.92 0.07 270

5 98.92 0.07 267

6 98.92 0.08 243

7 98.05 0.12 214

8 96.10 0.19 183

9 95.51 0.23 149

10 93.47 0.32 126

11 91.09 0.45 95

12 91.00 0.61 73

13 86.30 0.80 60

14 82.66 1.16 44

15 78.52 1.65 31

16 78.52 1.96 22

17 78.52 2.91 10

18 78.52 3.76 6

19 78.52 4.61 4

20 78.52 6.51 2

Table 3. Life table for the Weber Rotation total hip replacement with revision for aseptic loosening as an 

end point.

Fig 3. The survival analysis with revision for aseptic loosening as an end point and 95% confidence intervals 

are shown.

Fig 4. The survival analysis with revision for aseptic loosening as an end point, compares survival of the 

socket with survival of the stem.
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One hundred ninety-one patients (218 hips) who did not have revision surgery were 

seen for clinical examination. In this group of patients, an excellent clinical result 

(Harris hip score > 90 points at the latest follow-up), was seen in 110 hips (51.4%), a 

good result (Harris hip score 80-90 points) was seen in 50 hips (23.4%), a fair result 

(Harris hip score 70-80 points) was seen in 26 hips (12.1%), and a poor result (Harris 

hip score < 70 points) was seen in 28 hips (13.1%). Forty-two patients (45 hips) were 

not seen by the authors during the investigative period, and records did not allow 

the authors to calculate a Harris hip score. Forty of these patients died in the time 

between their latest clinical visit and the investigative period. The remaining two 

patients were unable to come to the hospital and therefore were questioned via tele-

phone. Neither of these patients had any complaints of their total hip replacements.

Radiographs of 236 hips (201patients) were available for analysis. Survivorship analy-

sis with Grade 3 loosening as an end point showed 88.7% (95 hips at risk) survival of 

the Weber Rotation total hip replacement at 10 years and 67.8% (20 hips at risk) at 

15 years (Fig 5). For the socket, the survival was 98.6% at 10 years and 85.5% at 15 

years. For the stem, the survival was 89.5% at 10 years and 73.5% at 15 years (Fig 6). 

Fig 5. The survival analysis with radiographic evidence of loosening (Dall Grade 3) as an end point is 

shown. The 95% confidence interval is indicated.

Fig 6. The survival analysis with radiographic evidence of loosening (Dall Grade 3) as an end-point, com-

pares survival of the socket with survival of the stem.

Analysis of the interobserver variability between the two observer groups showed a 

kappa value of 0.77 for the cups (Spearman correlation 0.84), and a kappa value of 

0.83 for the stems (Spearman correlation 0.9). There were no differences of opinion 

regarding the radiographs showing Grade 3 loosening between the two groups of 

observers. 

Because the authors thought there were some factors that might have influenced the 

outcome, these factors were evaluated. In the authors’ experience the use of flat cups 

frequently was associated with loosening. Therefore, a log rank test was used to see 

whether there was a significant difference. There was a significantly higher rate of 

loosening (p = 0.0018) when the flat cups (85) were compared with the hemispheric 

cups (208). 

Since 1978, a modified second-generation cementing technique was used. To study 

the influence of the cementing technique, the study group of 253 patients (293 hips) 

was divided into two groups. The first group consisted of 36 patients (39 hips) who 

were operated on before 1978 using a first generation cementing technique, and 

the second group included 223 patients (254 hips) who were operated on between 

1978 and 1989 using a second-generation cementing technique. When the results 

were compared between the first group and the second group, there was a significant 
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difference (p = 0.0083), with better results in the second group. Because the shape 

of the cup as well as the cementing technique seemed to influence the outcome, 

survivorship was analyzed in the group where a second-generation cementing tech-

nique was used in combination with a hemispheric socket (196 hips): at 10 years, the 

estimated survival with revision for aseptic loosening of the hemispheric socket was 

100% (67 hips at risk), and at 13 years this was 98% (27 hips at risk). At 15 years no 

socket had been revised for aseptic loosening, so survival remained 98%, but there 

only were eight hips at risk at 15 years. The use of a hemispheric acetabular com-

ponent and a second-generation cementing technique, also improved survival with 

revision for aseptic loosening in the overall group (loosening of stem and/or cup). At 

10 years survival was 96.7% (67 hips at risk) and 93.6% at 13 years (28 hips at risk). 

At 15 years, the survival was 86.4%, but there only were seven hips at risk. A log 

rank test was used to evaluate the influence of the choice of head on survival. It did 

not significantly change survival (p = 0.3048).

The clinical results of patients with Grade 3 radiographic loosening were excellent in 

six hips, good in four hips, fair in two hips, and poor in four hips. The chi square test 

showed that there was a very poor sensitivity when the Harris hip score was correlat-

ed to Grade 3 loosening. The chi square test could therefore not be applied. Fisher’s 

exact test gave a probability value of 0.051.

Discussion
The increasing turnover of different and innovative designs makes long-term follow-

up studies scarce. Although the failure rates of several total hip designs  

are low after 10 years follow-up, these rates increase considerably thereafter35.  

It therefore is essential to monitor the long-term survival of existing designs to be 

able to offer patients the best choice. To be able to compare the authors’ results with 

results from other long-term follow-up studies, revision for aseptic loosening was 

used as an end point in the survivorship analysis. There were 11 published studies 

on cemented total hip prostheses2, 3, 10, 11, 16, 19, 27, 29, 31, 35, 36 using a first or second 

generation cementing technique and including a survivorship analysis (Table 2). 

Survivorship analysis with revision for aseptic loosening as an end point showed a 

good result with the use of the Weber Rotation total hip replacement in primary hip 

surgery after 10 years in comparison with other well-documented cemented total hip 

replacements such as the Charnley, Stanmore, and McKee-Farrar prostheses. After 15 

years (20 hips at risk), the results seem less favorable in comparison. 

The survival rate at 15 years in the current study clearly was influenced by the 

higher number of stem failures (19%) as compared with the socket failures (11%) 

(Fig 4). This difference was even more pronounced in the cumulative survival with 

radiographic evidence (Grade 3) of loosening as an end point (Fig 6). This may be 

explained partly by the use of first generation cementing techniques until 197814. 

Several authors have reported improved results using second- and third-generation 

cementing techniques18, 22, 28. In the current material, nine of the 39 hips (23%) 

with a primary surgery before 1978 needed revision surgery for aseptic loosen-

ing. In contrast, 15 of the 254 hips (6%) operated on after 1978 with the use of a 

second generation cementing technique, needed revision for aseptic loosening. 

The results also are influenced by the use of the flat sockets in combination with 

the 32-mm head. These types of sockets have a relatively thin polyethylene layer 

centrally which could lead to more socket deformation by creep and subsequently 

to higher wear. Eight of the 10 socket revisions had a smaller sized flat socket (size 

130/133). 

 

When survivorship analysis with revision for aseptic loosening was done for  

the group in which second-generation cementing techniques were used in  

combination with hemispheric cups, the survival after 10 years was 96.7%  

(67 hips at risk) and 93.6% (28 hips at risk) at 13 years (Fig 7). This outcome is 

similar to the results that were published of well-established total hip replacements 

such as the Charnley and Stanmore prostheses (Table 2).
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Fig 7. The survival analysis of the Weber Rotation total hip replacement with revision for aseptic loosening 

as an end point, using the second generation cementing technique and hemispheric sockets, is shown.

The choice of femoral components was limited in the early years of the Weber  

Rotation total hip replacement, sometimes requiring the surgeon to choose a  

suboptimal stem size (too large or too small) which may have influenced the  

quality of the cement mantle, and therefore the anchorage. The current authors 

think the outcome of the cemented curved stems depends on an optimal proximal 

anchorage with a substantial amount of cement supporting the prosthesis  

medially. To achieve this, the curved stem has to be placed in a valgus position.  

In the authors’ experience, the straight stems used seem to be more forgiving as  

far as malpositioning is concerned. However, the small number of straight stems 

used in the current study did not allow for comparison to be made between the 

two types of design. 

The fact that a lower number of sockets needed revision as compared with the 

stems is in agreement with the results reported in the study of Dall et al 7 and 

do not encourage the authors to change to a hybrid system (uncemented socket 

and cemented stem)13. The excellent result of the all-polyethylene cemented 

hemispheric socket may be attributed to several factors, such as the cementing 

technique with impaction of cancellous bone in the 8-mm drill holes and the 

optimal bony coverage of the socket. Full bone coverage of the socket always was 

achieved, if necessary, with use of a superolateral bone graft23, 24, 33, 26. Finite  

element analysis showed that load transmitting superolateral bone grafts may  

normalize the stress patterns at the lateral part of the acetabular roof33.  

Full coverage was not achieved by medialization of the socket, because then  

the subchondral bone, which is necessary for optimal socket fixation, is lost15, 20. 

The use of a larger sized head (32-mm) may offer an explanation for the absence of 

early and late luxations in this study, although the anterolateral approach and the 

experience of the surgeon in this series are important additional factors. The use of 

a 32-mm head, however, is associated with a higher wear rate of the polyethylene 

socket21. This may be compensated by the design of the Weber Rotation total hip 

replacement because the rotating bearing was designed to reduce movement and 

wear in the joint between the head and the socket41. 

Furthermore, it was established that the use of ceramic versus metal rotating heads 

leads to a significantly lower annual linear wear of the socket (0.03 and 0.1 mm, 

respectively)34. 

However, in the current study, a significant difference was not found in survival 

between the two groups (ceramic versus metal). This might question the theory of 

wear particle-induced loosening and may underline the importance of an in vivo 

study that showed that polyethylene particles do not initiate aseptic loosening38. 

Mechanical factors such as micromotion and fluid pressure37 most likely play an 

important role in this process. 

The results of the current study suggest that if a second generation cementing 

technique is used in combination with a hemispheric cup, the use of the Weber 

Rotation total hip replacement leads to a similar survival in comparison with some 

of the more established cemented total hip replacements like the Charnley or  

Stanmore prosthesis. Therefore, although the design did not lead to an improvement 

of the long-term survival expectancy, the design of the Weber Rotation total hip 

replacement does have the benefit of the use of a larger diameter head with  

reduction of the chance of dislocation.
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