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SUMMARY 

Press-fit femoral stems rely on the strength of the interface 

between the stem and cortico-cancellous bone (primary 

stability) to prevent excessive micro-motion and migration of 

the stem under load. A shortened distal stem may result in 

improved intra-operative ease of implantation and in some 

instances may allow less invasive surgical technique. 

However, the risk that shortening the distal stem may lead to 

reduced primary stability must be addressed.  

 

The aim of this study was to compare the torsional and axial 

subsidence micro-motion and migration of the clinically 

successful proximally anchored CLS® Spotorno® stem 

(Zimmer GmbH), against a 30% distally shorten CLS 

Spotorno stem. Tests were performed using cadaveric contra-

lateral femurs in which CLS Spotorno and shortened CLS 

Spotorno stems were implanted, and then loaded cyclically 

either in torsion or axial. Micro-motion and migration of the 

femoral stems was measured. 

 

No significant difference between the interface micro-motion 

and migration was detected for the CLS Spotorno and the 

shortened CLS Spotorno stem, either under torsional or axial 

loading. Results indicate that for the mostly proximally 

anchored CLS Spotorno stem, stem shortening did not 

significantly alter initial primary stability. 

  

INTRODUCTION 

Press-fit femoral stems rely on the strength of the interface 

between the stem and the cortico-cancellous bone (primary 

stability) to prevent excessive micro-motion and migration of 

the stem under load. A shortened distal stem may result in 

improved intra-operative ease of implantation and in some 

instances may allow less invasive surgical technique. 

However, shortening the distal stem may lead to reduced 

primary stability.  

Aseptic loosening accounts for the majority of revisions 

required for stems and cups [1]. Loosening may be a result of 

migration or excessive micro-motion.  Excessive micro-

motion (elastic deformation) may result in generation of 

fibrous tissue rather than bone, affecting secondary stability 

[1]. Migration may result in disruption of the implant bone 

interface resulting in possible bone resorption and osteolysis, 

in addition to altering the intended biomechanical joint 

reconstruction [1].  

Two modes of stem micro-motion under load were analyzed in 

the current study: torsion and axial subsidence. High torsional 

loading about the femoral stem axis can occur during stair 

climbing and rising from a seated position. Axial subsidence 

may occur as a result of high axial loading of the implant 

(excessive activity post-operatively). In some studies, larger 

amounts of micro-motion have been observed for shorter 

stems [2,3].  

 

The aim of the study was to determine the influence of stem 

shortening on stem axial subsidence and torsional micro-

motion of a mostly proximally anchored femoral stem. 

 

METHODS 

Thirteen cadaveric femoral matched pairs were analysed, five 

in torsion and eight under loading required for axial 

subsidence. The CLS Spotorno stem (Zimmer GmbH, 

Switzerland) and a 30% distally shortened CLS Spotorno stem 

were tested. The CLS Spotorno stem has a good clinical 

history [4]. The anchorage concept of the stem chosen for the 

current study is fixation in the cortico-cancellous bone of the 

metaphysis region of the femur resulting in proximal transfer 

of hip loading to the femoral bone [5]. 

 

Prior to stem implantation, parameters describing specimen 

demographics (age, gender) and femoral morphology (bone 

quality (CT), geometry of proximal femoral canal) were 

analysed to determine the suitability of a cementless 

implantation and ensure that femurs of a matched pair were 

morphologically equivalent.  

 

Stems were implanted by two experienced surgeons. For a 

matched femoral pair, a normal CLS Spotorno and shortened 

CLS Spotorno stem of equal size were implanted. Intra-

operative parameters describing depth of insertion, anteversion 

of the femoral stem, resection cut and fit within the femoral 

canal (intra-operative fluoroscopy) were measured and used to 

ensure each matched pair was implanted in a similar manner. 

 

Torsional loading was applied to five matched pairs (10 

femurs) using a custom apparatus to apply pure moment about 

the femoral axis. Moment was applied to rotate the stem 

towards a retroverted orientation. Load was controlled using a 

tri-axial loading frame (EnduraTec) and was applied to 

maintain 10, 20, 30 and 40Nm of torque at the stem axis.  

 

Subsidence loading was applied to eight matched femoral 

pairs (16 femurs). The femoral condyles were removed and 

the distal portion of the femur was cemented at an angle of 12° 

in adduction (single leg stance) and 0° in flexion/extension. 

No torsion was applied. Load was applied using a tri-axial 



loading frame (EnduraTec) and was applied in four steps: 750, 

1250, 1750 and 2500N to the femoral head (maximum applied 

force). 

 

Loading for both torsion and axial subsidence was cyclic, 

sinusoidally applied at 0.5Hz for 100 cycles at each load and 

moment level. Rotational and subsidence micro-motion and 

migration of the stem relative to the cortical bone were 

measured using an LVDT (Hottinger Baldwin Messtechnik 

AG). The micro-motion and migration of the CLS Spotorno  

stems were compared using matched paired t-tests at each load 

level (p<0.05).  

 

RESULTS AND DISCUSSION 

No differences in the bone quality, morph-cortical index 

(femoral morphology), and stem placement (intra-operative 

measures and X-ray analysis) were observed for the CLS 

Spotorno and shortened CLS Spotorno groups. 

 Table 1: Mean torsional micro-motion and migration of the 

CLS Spotorno (normal) and 30% shortened CLS Spotorno 

stems (short). 

 Stem  10Nm  20Nm  

Micro-motion 

(°) 

Normal 0.08±0.03 0.42±0.24 

Short 0.07±0.06 0.37±0.07 

p-value 0.804 (n=5) 0.579 (n=4) 

Migration (°) Normal 0.08±0.09 4.5±3.9 

Short 0.15±0.17 7.7±6.7 

p-value 0.332 (n=5) 0.354 (n=4) 

 

No statistical difference was detected between the torsional 

micro-motion or migration of the CLS Spotorno and shortened 

CLS Spotorno stems for any applied moment (Table 1). A 

limitation of the current analysis is the small sample size. 

There was a trend towards higher migration for the shortened 

CLS Spotorno stem (3.26° difference at 20Nm, n=4); however 

this result was influenced by one specimen while all other 

matched pairs had similar migration values (0.29° difference 

at 20Nm, n=3). The shortened CLS Spotorno specimen with 

excessive migration was placed with 15° more anteversion 

than its normal CLS Spotorno size matched partner. Whether 

this was the cause of the excessive migration cannot be 

ascertained from the data. The specimens were only analyzed 

at 10 and 20Nm since excessive migration or failure of the 

femoral bone occurred at 30Nm for the majority of stems 

tested. Failure at 30Nm may be due to the experimental setup 

(uniaxial loading) or the surgical technique (deep resection 

line leaving some of the proximal stem without bone support).  

 

No statistical difference was detected between the axial 

subsidence micro-motion or the migration of the CLS 

Spotorno and shortened CLS Spotorno stems for any applied 

load (Table 2). Most specimens exhibited migration below 

1mm (Figure 1). Specimens that had higher migration also did 

not have a good fit within the femurs, indicated by a higher 

than average gap between the inner cortical margin and the 

stem (measured at the calcar, average all 3.97mm, specimen 1 

average 9.25mm).  
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Figure  1: Total migration after 2500N loading (n=8). Blue 

line – mean, Red line – median, Black lines connects matched 

pairs. 

 

CONCLUSIONS 

Shortening a stem which has a mostly proximal fixation 

philosophy by 30% did not appear to significantly affect the 

torsion or axial subsidence behavior of the stem.   
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Table 2: Mean subsidence micro-motion and migration of the stems. Median migration values are reported since the mean values 

were influenced by one specimen which had excessive migration. CLS Spotorno (normal), 30% shortened CLS Spotorno (short) 

 Stem 750N  1250N  1750N  2500N  

Micro-Motion  Normal 0.005±0.004 0.009±0.008 0.015±0.015 0.028±0.027 

(mm) Short 0.007±0.005 0.012±0.011 0.020±0.010 0.029±0.016 

 p value 0.413 (n=8) 0.679 (n=7) 0.512 (n=8) 0.948 (n=8) 

Migration 

(mm) 

Normal mean 

(median) 

-0.002±0.005 

(-0.000) 

-0.009±0.014 

(-0.007) 

-0.036±0.043 

(-0.023) 

-0.735±1.247 

(-0.237) 

 Short mean 

(median) 

-0.006±0.016 

(0.001) 

-0.207±0.491 

(0.001) 

-0.318±0.825 

(-0.001) 

-0.521±0.764 

(-0.310) 

 p value 0.451 (n=8) 0.322 (n=7) 0.350 (n=8) 0.312 (n=8) 

 


