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Abstract: The Preserve stem is a modified Zweymüller femoral stem that omits the trochanteric wing. Omission of the 

trochanteric wing of the prosthesis might influence its rotational stability, but, there are no reports about the rotational stability of 

a modified Zweymüller femoral stem. The purpose of this study was to investigate the effect of the trochanteric wing on 

rotational stability by comparing the modified Zweymüller femoral stem and the original Zweymüller femoral stem. Computed 

tomography of the right femur was used to construct a resin model of the proximal femur. Three types of uncemented stems were 

used in this study: Preserve α, β, and exemplary Zweymüller stem. Preserve β is a modified Zweymüller-type of stem with a 

reduced trochanteric wing. Preserve α is also a Zweymüller-type of stem with a further reduced trochanteric wing. The resin bone 

model was mounted on a universal testing machine. The stem was inserted into the bone model manually and loaded vertically up 

to 600 N. Then the stem was rotated posteriorly by 1°/sec until angular rotation was achieved to 5°. The torque at 5° was 

compared among the three stems. Vertical displacement of the stem during rotation testing was also recorded as a correlative 

measure for prosthetic subsidence. The results showed that the mean torque at 5° was not significantly different among the 

Preserve α, β, and exemplary Zweymüller stem (Tukey-Kramer test). Furthermore, the mean vertical displacement amounts 

during rotation testing were not significantly different among the three stems (Tukey-Kramer test). This study indicate that the 

Preserve α and β, modified Zweymüller stems, are rotationally as stable as the exemplary Zweymüller stem. 
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1. Introduction 

Uncemented femoral stems have beeSn widely used in total 

hip arthroplasty for osteoarthritis, osteonecrosis, and 

rheumatoid arthritis or hemiarthroplasty for hip fracture [1-11]. 

When using uncemented femoral stems, achieving sufficient 

primary stability is crucial to ensure good long-term results. 

Lack of primary stability leads to thigh pain and eventually 

causes loosening or sinking of the prosthesis due to a 

continuous disruption of bone formation around the implant. 

Primary stability is ensured by excellent rotational stability. 

Rotational stability is defined as the implant’s mechanical 

resistance to joint forces that induce rotation around the 

longitudinal axis of the implant [12]. 

In 1979, Prof. Dr. Karl Zweymüller introduced a tapered, 

rectangular, uncemented femoral stem [13]. The design of the 

stem provides four-point support on the cortical bone in the 

meta-diaphyseal region of the femur, and the stem broadens in 

the proximal region to ensure good rotational stability. 
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Recently, Kolb A et al. reported that 20-year survival of the 

Alloclassic Zweymüller stem (Zimmer, Winterthur, 

Switzerland) was 96%. Nevertheless, the authors stated one 

disadvantage of the prosthesis was the extensive trochanteric 

wing of the implant, which should provide stability, but does 

not allow tissue-sparing surgery [14]. Another problem of 

implants with trochanteric wing is a thinning of the proximal 

lateral femur which can result in avulsion fractures of the 

major trochanter causing abductor weakness and gluteal pain. 

Therefore, these implants should be adapted for the needs of 

less invasive surgery. 

The Preserve stem (TEIJIN NAKASHIMA MEDICAL CO., 

LTD., Japan) is a modified implant of the Zweymüller femoral 

stem. The major change is omission of the trochanteric wing 

to protect bone of the trochanteric region and avoid 

trochanteric fractures. Omission of the trochanteric wing of 

the prosthesis might influence its rotational stability. A 

Hypothesis that the rotational stability of the Preserve stem 

was smaller than that of original Zweymüller femoral stem 

was formed.  

Thus, the experimental study was conducted to clarify the 

effect of the trochanteric wing on rotational stability by 

comparing the modified Zweymüller femoral stem and the 

original Zweymüller femoral stem. 

2. Materials and Methods 

2.1. Preparation 

Computed tomography (CT) of the right femur of a normal 

83-year-old man was used to construct a model of the 

proximal femur. The scan range was 515mm and the CT dose 

index volume was 7.42mGy. Digital imaging data from the 

scans was then imported into commercial software for medical 

image processing (Mimics, Materialise, Belgium), in which 

the bony anatomy was segmented from surrounding structures. 

Image processing components of the software were used for 

further refinement of the bony anatomy. The stem was inserted 

in neutral position, so that the stem axis corresponded with the 

bone axis of the 3D bone model in the virtual space of the 3D 

CAD software SOLIDWORKS (Dassault Systems S. A., 

France). The data were exported in stereo-lithography (STL) 

format. This STL file was imported into a multi-material 3D 

printer (Connex 350, Stratasys, USA) to establish the resin 

femur model (Figure 1). The area of stem implantation was 

subtracting from the bone model by using Boolean formula. 

To fabricate this resin model, hard resin Full Cure 720 (tensile 

strength 50-65 MPa, Young’s modulus 2-3 GPa) was used to 

replicate cortical bone and soft resin was used to replicate 

cancellous bone. 

Three types of uncemented stems were used in this study: 

Preserve α (TEIJIN NAKASHIMA MEDICAL CO., LTD., 

Japan), Preserve β (TEIJIN NAKASHIMA MEDICAL CO., 

LTD., Japan), and exemplary Zweymüller stem. The external 

appearances of the three stems are shown in Figure 2. Preserve 

β is a modified Zweymüller-type stem with a reduced 

trochanteric wing compared to the exemplary Zweymüller 

stem. Preserve α is also a Zweymüller-type stem with a further 

reduced trochanteric wing. 

 

A. frontal view; B. lateral view 

Figure 1. Photograph of a resin femur model. 

 

A. Preserve α; B. Preserve β; C. Exemplary Zweymüller stem 

Figure 2. Photograph of the four stems. 

2.2. Loading and Testing 

The bone model was mounted on a universal testing 

machine (Mini Bionix, MTS JAPAN Co., Ltd., Japan) 

(Figure 3), on which loading and torque could be smoothly 

changed. The maximum load cell capacity was 25 kN. The 

stem was inserted into the bone model manually and loaded 

vertically up to 600 N (10 N/sec). Then the stem was rotated 

posteriorly by 1°/sec until angular rotation was achieved to 

5°, while retaining 600 N of vertically loading. Torque 

versus angular rotation (degrees) and the torque at 5° were 

recorded and compared among the three stems. Vertical 

displacement of the stem during rotation testing was also 

recorded as a correlative measure for prosthetic subsidence. 
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Tests were repeated three times for each stem. 

 

(Mini Bionix, MTS JAPAN Co. Ltd. Japan) 

Figure 3. Photograph of the Universal testing machine. 

2.3. Statistical Analysis 

Statistical differences among groups were analyzed with 

Tukey-Kramer test. Probability values of less than 0.05 were 

considered significant. 

3. Results 

Figure 4 shows the results of the rotational stability test. 

There was no significant difference in the mean torque at 5° 

among three stems (Tukey-Kramer test). 

 

A. Preserve α; B. Preserve β; C. Exemplary Zweymüller stem 

Figure 4. Mean torque at 5 degrees. 

Furthermore, figure 5 showed that the mean vertical 

displacement amounts during rotation testing were not 

significantly different among the three stems (Tukey-Kramer 

test). 

 

A. Preserve α; B. Preserve β; C. Exemplary Zweymüller stem 

Figure 5. Mean vertical displacement. 

4. Discussion 

The proximal region of the Zweymüller stem is important to 

achieve good rotational stability. If the area of the proximal 

region is small, a relatively greater surface load is induced, 

which leads to rotational instability [12]. At first, A hypothesis 

that the rotational stability of the Preserve stem was smaller 

than that of original Zweymüller femoral stem was formed. 

However, the results show that the rotational stability of the 

Preserve α, β and exemplary Zweymüller stem were not 

significantly different. This result showed that trochanteric 

wing of Zweymüller stem was not so important for rotational 

stability. It is possible to speculate because Zweymüller stem 

are mostly fixed at femoral metaphyseal-diaphyseal junction 

and it’s rectangular cross section provides strong rotational 

stability with 4 corners embedding into endosteal bone.  
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Vertical displacement was not different among the three 

stems. This result shows that trochanteric wing is not so 

important to prevent sinking. 

Many studies have described good long-term outcomes of 

Zweymüller femoral stems. Suckel et al. reported a 

follow-up study of a minimum of 15 years of 320 

consecutive Zweymüller total hip arthroplasties [15]. The 

stem had a survival rate of 98.1% (308/314) and a 

Kaplan-Meier estimate of 0.98 (95% confidence interval, 

0.94-0.99) after 17 years. Of 101 patients available for 

radiographic follow-up, the rate of aseptic loosening was 1.0% 

(1/101). Ottink K. et al. also performed survival analysis of 

13 to 15 years of follow-up and found the probability of stem 

survival with revision for aseptic loosening was 0.99 at 10 

years and 0.95 after 15 years [16]. 

In contrast, several studies have reported complications 

attributed to the trochanteric wing of the Zweymüller stem. 

Investigators have reported the intraoperative fracture of the 

trochanteric region occurs between 1.0% and 5.3% of the 

time [17-20]. Kolb A. et al. expressed a preference for the 

Zweymüller stem because of its excellent primary stability, 

but also mentioned that the proximal trochanteric wing 

complicates bone-sparing implantation [14]. Preserve α and 

β reduce the trochanteric wing and this change has the 

possibility of reduce the risk of intraoperative or 

postoperative trochanteric fracture. To prove it, further study 

such as using finite element method is needed. 

The present study has several limitations. First, the effect 

of a single quasi-static torsional load was examined, whereas 

the forces on the femur in vivo are more varied and repetitive. 

It is difficult to replicate all in vivo forces in an in vitro 

experimental setup. Therefore torsional loading was decided 

to focus on because torsional loading, such as stair climbing, 

has been shown to cause largest displacements at the 

bone-implant interface.  

Second, a femur model made from resin was used. To the 

best of knowledge, no study of resin bone models has been 

reported. The advantages of using a bone model were that the 

stem could be inserted precisely, replicate exactly the same 

bone model, and it was cheaper than other methods, such as 

using cadavers. The disadvantage is that there is no evidence 

whether this bone model is suitable or not. However, it was 

able to indicate that the modified Zweymüller stems are as 

rotationally stable as the original Zweymüller stem 

relatively. 

5. Conclusions 

The experimental study was conducted to compare the 

rotational stability of modified Zweymüller stems to an 

exemplary Zweymüller stem using a resin bone model. 

Rotational stability of the modified Zweymüller stem was not 

significantly different from that of an exemplary Zweymüller 

stem. Furthermore, vertical displacement was not significantly 

different between modified Zweymüller stems and exemplary 

Zweymüller stem. The Preserve α and β, modified 

Zweymüller stems are rotationally as stable as the exemplary 

Zweymüller stem.  
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