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Abstract 

Introduction: In recent years small fragment compression plate designs have changed. Changes include locking screw 

technologies, anatomically contoured plates, and titanium material. Those changes make direct biomechanical comparison 

based on existing data difficult. Therefore, this study compares six locking plates used currently in clinics in order to compare 

their fatigue strength. Material: Six locking plates were compared: Stryker VariAx 2 Compression Narrow and Broad titanium 

plates, Synthes 3.5mm LCP titanium and stainless steel, and Acumed titanium ulna and radius midshaft plates. Method: The 

fatigue strength of the plates was evaluated by dynamic loading in a four-point bending setup. Results: The Stryker VariAx 2 

Compression plate broad shows the overall highest fatigue strength. The fatigue strength of the Stryker VariAx 2 Compression 

Plates, narrow and broad, is significantly higher than the fatigue strength of the Synthes LCP 3.5 Titanium plate (p=0.001) and 

the Acumed radius midshaft plate (p=0.031 and p=0.001). The Stryker VariAx 2 broad Compression Plate additionally shows 

higher fatigue strength compared to the Acumed ulna midshaft plate. All other group comparisons show no difference in 

fatigue strength. Conclusion: This biomechanical study provides valuable data facilitating in vitro fatigue strength comparison 

of six locking plates. Overall, the Stryker VariAx 2 Compression Plates showed equal or superior fatigue strength with respect 

to benchmark products used in the same anatomical region. 

1 Introduction 

Traditionally, there has been little difference 

among the various small fragment compression plate 

designs on the market. Most feature ISO standard 

non-locking screw technology. However, in recent 

years, plates design has changed featuring locking 

technologies and contoured plate shapes. 

Beside stainless steel, titanium implants have 

gained popularity. The usage of the latter is supported 

by studies proving titanium reducing up to 74% MRI 

artefacts when compared to stainless steel alloys [1]. 

Furthermore, a reduced infection rate of over 50% 

was shown in an experimental study comparing 

titanium and stainless steel implants [2]. Amongst 

other factors, the low infection rate has been 

correlated to the excellent biocompatibility of titanium 

[3][4]. 

Changes in medical devices material and design 

make direct biomechanical comparison based on 

existing data difficult. Therefore, this study compares 

six locking plates used currently in clinics in order to 

compare their fatigue strength. 

2 Material & Method 

The following six locking plates have been 

investigated: Stryker VariAx 2 Compression narrow 

and broad titanium plates, Synthes 3.5mm LCP 

titanium and stainless steel, and the Acumed titanium 

ulna and radius midshaft plates (Table 1, Figure 1). 
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Table 1: Description of tested locking osteosynthesis plates 

Manufacturer Plate Type Material 

Stryker 
VariAx 2 Compression, 

Narrow 
Titanium 

Stryker 
VariAx 2 Compression, 

Broad 
Titanium 

Synthes LCP 3.5mm Titanium 

Synthes LCP 3.5mm 
Stainless 

steel 

Acumed Ulna, Midshaft Titanium 

Acumed Radius, Midshaft  Titanium 

 

1) 

 

2) 

 

3) 

 

4) 
 

5) 

 

6) 

 

Figure 1: Top to bottom: 1) Stryker VariAx 2 Compression plate 

narrow, titanium (Ref#629508), 2) Stryker VariAx 2 Compression 

Plate broad, titanium (Ref# 629548) 3) Synthes 3.5mm LCP, 8-

hole, titanium (Ref#423.581) [5], 4) Synthes 3.5mm LCP, 10-

hole, stainless steel (Ref#223.6xx) [5], 5): Acumed midshaft ulna 

Plate, 8-Hole, titanium (Ref#70-0071) [6], 6) Acumed midshaft 

radius Plate, 8-Hole, titanium (Ref# 70-0067) [6]; (pictures from 

test summary [7]) 

For the six plate types the fatigue strength was 

determined and statistically compared by dynamic 

loading in a four-point bending according to ASTM 

F382-99 [8]. 

Plates were positioned in four point bending jigs 

with the bone side of the plate facing the support 

rollers having a defined roller distances, L1 and L2 

(Figure 2). 

A dynamic load F was applied with an electro 

pulse test machine (Instron) at 10Hz for 500,000 

cycles (run-out level) or until failure. Failure was 

defined as plate breakage. In case of failure the next 

sample was tested at a decreased load. In case of run-

out the next sample was tested at an increased load. 

With this method, described by Little [8][9], the 

median fatigue limit (MFL), a 50% probability of 

surviving 500,000 load cycles, was determined for at 

each plate type (n≥7). This fatigue strength values 

were statistically compared by Student’s t-test with a 

significance level of α = 0.05. 

3 Results 

The Stryker VariAx 2 Compression Plate broad 

shows the highest fatigue strength (Table 2). 

Table 2: Fatigue strength ± standard deviation (STD) of the plates 

under investigation obtained in four-point bending [7] 

plate type 
Fatigue strength  

± STD [Nm] 

Stryker, VariAx 2 
Compression, Narrow, titanium 

6.37 ± 0.22 

Stryker, VariAx 2 
Compression, Broad, titanium 

7.00 ± 0.22 

Synthes, LCP 
3.5mm, titanium 

5.35 ± 0.11 

Synthes, LCP 
3.5mm, stainless steel 

6.29 ± 0.87 

Acumed, Ulna 
Midshaft, titanium 

5.84 ± 0.59 

Acumed, Radius 
Midshaft, titanium 

5.89 ± 0.41 

 

Figure 2: Four-point bending test setup based on ASTM F382-99 

[8] with the bone contact side of the plate facing down. 
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Table 3: Statistical comparison of groups fatigue strength by 

Student’s t-test (α = 0.05). (p ≤ 0.05 significant difference; n.s. =  

no significant difference) 
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Synthes ,  
LCP 3.5mm, titanium 

p = 0.001 p = 0.001 

Synthes, LCP 3.5mm, 
stainless steel 

n.s. n.s. 

Acumed, Ulna, Midshaft, 
titanium 

n.s. p = 0.004 

Acumed, Radius, 
Midshaft, titanium 

p = 0.031 p = 0.001 

4 Discussion 

The more flexible titanium plates feature an elastic 

modulus (Young’s modulus) which is about half as 

high as of stainless steel (Table 4). Therefore, the 

implants deform more under a given load. Allowing 

more deformation at each loading cycle one might 

expect the titanium plates to fail earlier during 

dynamic testing. However, this investigation shows 

that this higher flexibility combined with the specific 

VariAx 2 geometry results in higher fatigue strength 

with respect to similar devices made of titanium and 

comparable fatigue strength to similar devices made 

of stainless steel. Similar findings are reported by 

Merk et al. [10] when comparing the fatigue strength 

of titanium alloy Ti-6Al-4V, raw material of Stryker 

VariAx 2 Compression Plates, with stainless steel 

(Table 4).  

Table 4: Mechanical properties of commonly used biomaterials 

[10] 

Material 

Yield 

strength 

[MPa] 

Fatigue 

strength at 10 

million cycles 

[MPa] 

Elastic 

modulus 

[GPa] 

Stainless steel 690 310 200 

Ti-6Al-4V 
(Titanium 
alloy) 

795 520 114 

Another factor positively influencing the fatigue 

strength of the Stryker VariAx 2 Compression Plates 

might be their Type II anodization surface treatment 

(dark grey appearance) that purportedly improves 

fatigue strength by 15-20% [11]. 

This study has several limitations. It addressed 

only the in vitro fatigue properties of plates alone, 

neglecting influences of the screws or screw-plate 

interfaces. Plate fatigue strength obtained is primarily 

defined by the plate geometry, material, and 

manufacturing processes. In vivo other factors have a 

major influence e.g. plate fixation technique, bone 

The fatigue strength of the Stryker VariAx 2 

Compression plates, narrow and broad, is significantly 

higher than the fatigue strength of the Synthes LCP 

3.5 titanium plate (p=0.001 for both) and the Acumed 

radius midshaft plate (p=0.031 and p=0.001). The 

broad compression plate also shows significantly 

higher fatigue strength compared to the Acumed ulna 

midshaft plate (p=0.004). There was no significant 

difference among all other groups (Figure 3, Table 3). 

 
 

Figure 3: Fatigue strength results illustrated in high-low plot. The 

box represents the standard deviation of the MFL. The 

circle within the box represents the MFL or 50% 

survival rate. (* indicates significant difference between 

groups connected by the red line) 
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quality, and the environment of implantation [10]. 

However, in this study the plates were loaded in a way 

such that the highest bending moment occurs in the 

middle of the plate. Clinically, this represents the 

region in which the fracture gap would be located in 

most cases. Therefore, the in vitro testing investigates 

and compares the critical plate area. 

Finally, this fatigue analysis was not performed 

under physiological conditions. Wheeler and James 

[12] reported a significant, corrosion related,

reduction in the fatigue life of stainless steel 

specimens when tested in Ringer solution. Testing in 

physiological conditions might thus decrease the 

fatigue strength of stainless steel plates. The current 

analysis, however, aimed characterizing the implants 

in a reproducible in vitro environment not attempting 

to characterize the performance of the implants in a 

physiologic milieu.  

5 Conclusion 

This biomechanical study provides valuable data 

facilitating in vitro fatigue strength comparison of six 

locking plates with different designs and materials. 

Overall, the Stryker VariAx 2 Compression Plates 

showed equal or superior fatigue strength with respect 

to benchmark products used in the same anatomical 

region. 
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