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a b s t r a c t 

Objectives: Despite continual improvement in the methods and devices used for treatment of proximal 

femoral fractures, unacceptably high failure rates remain. Novel screw-blade implant systems, combining 

a lag screw with a blade – the latter adding rotational stability to the femoral head – offer improvement 

of osseous purchase, especially in osteoporotic bone. The aim of this study was to compare biomechani- 

cally the head element (HE) anchorage of two screw-blade implant systems differing in blade orientation 

in the femoral head – vertical versus horizontal. 

Methods: Twenty paired human cadaveric femoral heads were assigned to four groups ( n = 10), im- 

planted with either Rotationally Stable Screw-Anchor HE (RoSA-HE, vertical blade orientation) or Gamma3 

Rotation Control Lag Screw (Gamma-RC, horizontal blade orientation) in center or off-center position, and 

biomechanically tested until failure under progressively increasing cyclic loading at 2 Hz. 

Results: Cycles to failure and failure load were significantly higher for Gamma-RC versus RoSA-HE in cen- 

ter position and not significantly different between them in off-center position, p = 0.03 and p = 0.22, 

respectively. In center position, the progression of both rotation around implant axis and varus deforma- 

tion over time demonstrated superiority of the implant with horizontal versus vertical blade orientation. 

Compared with center positioning, off-center implant placement led to a significant decrease in stiffness, 

cycles to failure and failure load for Gamma-RC, but not for RoSA-HE, p < 0.01 and p = 0.99, respectively. 

Conclusion: Horizontal blade orientation of screw-blade implant systems demonstrates better anchor- 

age in the femoral head versus vertical blade orientation in center position. As the stability of the im- 

plant system with horizontal blade orientation drops sharply in off-center position, central insertion is 

its placement of choice. 

© 2021 The Authors. Published by Elsevier Ltd. 
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. Introduction 

The incidence of comminuted unstable trochanteric fractures 

ith a basicervical component continues to increase with the in- 

reasing rate of elderly population [1,2] . These fractures, often 

ssociated with comminution of the posterior cortex, are known 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

https://doi.org/10.1016/j.injury.2021.04.058
http://www.ScienceDirect.com
http://www.elsevier.com/locate/injury
http://crossmark.crossref.org/dialog/?doi=10.1016/j.injury.2021.04.058&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:clemens.schopper@hotmail.com
https://doi.org/10.1016/j.injury.2021.04.058
http://creativecommons.org/licenses/by/4.0/


C. Schopper, K. Keck, I. Zderic et al. Injury 52 (2021) 1861–1867 

t

T

h

m

t

A

i

t

s

f

c

o

d

b

w

c

t

T

fi

b

G

m

G

R

c

s

s

i

l

p

R

a

t

f

t

w

e

p

s

h

2

2

b

c

h

s

c

a

s

H

a

c

R

r

G

w

fl

2

f

(

m

l

m

E

o

Q

s

c

t

w

f

e

i

s

i

H

f

2

n

m

g

g

[

f

i

w

t

i

t  

d

o be at high risk of fixation failure, including implant cut-out [3] . 

herapy failure is mainly caused by varus collapse of the femoral 

ead fragment and/or implant cut-out [4] . Rotational femoral head 

oments are reported as a precursor for this phenomenon [5–7] , 

ogether with implant migration and femoral neck shortening [8] . 

lthough some consensus exists about the ideal patient character- 

stics and the correct operative technique [9] , less is known about 

he ideal features of the osteosynthesis hardware that should be 

elected for use [5] . The anchorage of the lag screw within the 

emoral head plays – depending on the implant design – a cru- 

ial role for fracture fixation [5] . A novel approach to improve the 

sseous implant purchase, especially in osteoporotic bone, is intro- 

uced with the use of newly developed screw-blade systems com- 

ining the advantages of screw and blade components. Compared 

ith blades, screws provide higher pull-out resistance and higher 

ompression forces [6] . On the other hand, blades offer better ro- 

ational stability resulting from their volumetric impact effect [10] . 

wo screw-blade implant systems for proximal femoral fracture 

xation are currently available on the market: The Rotationally Sta- 

le Screw-Anchor (RoSA, Koenigsee, Allendorf, Germany) and the 

amma3 Rotation Control Lag Screw (Gamma-RC, Stryker, Kala- 

azoo, MI, USA), the latter used in combination with either the 

amma3 Trochanteric Nail or the Long Length Gamma3 Nail. Both 

oSA and the Gamma-RC hip screw systems have proved to in- 

rease significantly the migration resistance compared with single 

crew systems [5,8,11,12] . However, the clinical results, mainly pre- 

ented by retrospective studies, did not show a conclusive picture 

n this regard to date [13–15] . 

The aim of this study was to compare biomechanically the iso- 

ated head element (HE) anchorage of these two screw-blade im- 

lant systems in the femoral head, namely of the fully sheathed 

oSA-HE and the partially sheathed Gamma-RC. In addition, it was 

imed to analyze their sensitivity towards the accuracy of implan- 

ation, investigating two different HE positions in the femoral head 

or each of the implant systems. Based on the similarities between 

he two HE designs and the basic lag screw design, each implant 

as expected to demonstrate comparable failure rates [5] . How- 

ver, considering the differences in the orientation of the HE com- 

onents, it was hypothesized that (1) RoSA-HE would be more re- 

istant to rotational moments and (2) Gamma-RC would absorb 

igher axial loads. 

. Materials and methods 

.1. Implants 

RoSA-HE resembles an anchor with a blade, the latter being 

rought with vertical, craniocaudal orientation, while Gamma-RC 

ombines a lag screw with a U-shaped Clip (U-clip) brought with 

orizontal, ventrodorsal orientation. Fig. 1 a presents RoSA-HE con- 

isting of a 90 mm screw and a 100 mm cannulated vertical blade 
Fig. 1. Photographs of the investigated screw-blade 

1862 
onnected together, while Fig. 1 b depicts Gamma-RC, consisting of 

 100 mm long screw and a horizontal spreading U-clip of the 

ame length. Despite the similar designs of both implants, RoSA- 

E represents rather a blade while Gamma-RC – rather a screw. In 

ddition, they differ from each other in the way the anti-rotation 

omponent is inserted in the femoral head. Whereas the blade of 

oSA-HE is hammered in with its wings orientated in vertical di- 

ection to achieve compaction of the cancellous bone, the U-clip of 

amma-RC is pushed forward using a special inserter, so that its 

ings, oriented in horizontal direction, are spread and rest in the 

utes of the screw. 

.2. Specimens and study groups 

Twenty pairs of fresh-frozen (-20 °C) human cadaveric femora 

rom 12 male and 8 female donors aged 61.4 years on average 

range 31–81 years) were used. Bone mineral density (BMD) was 

easured in a cylinder with 20 mm diameter and 30 mm length, 

ocated centrally in the femoral head, by means of computed to- 

ography (CT, SOMATOM Emotion 6, Siemens Healthcare GmbH, 

rlangen, Germany) at a slice thickness of 0.63 mm with the use 

f a calibration phantom (European Forearm Phantom QRM-BDC/6, 

RM GmbH, Möhrendorf, Germany) [16,17] . Based on BMD, the 

pecimens were first randomized to two paired treatment groups, 

onsisting of 10 pairs each, for center or off-center positioning of 

he implants during their insertion in the femoral head. Second, 

ithin each paired group, the two femora of each pair were split 

or implantation with either RoSA-HE or Gamma-RC, so that an 

qual number of right and left specimens were allocated for each 

mplant type. As a result, the specimens were assigned to four 

tudy groups consisting of 10 specimens each ( n = 10) and paired 

n two clusters (paired groups) for implantation with either RoSA- 

E or Gamma-RC in center or off-center implant position in the 

emoral head. 

.3. Surgical technique 

Each femur was sawed in the proximal third of the femoral 

eck orthogonally to the neck axis to collect femoral head frag- 

ents of the same length among all specimens. 

Implant insertion was performed according to the surgical 

uidelines of the manufacturers and controlled radiologically. Tar- 

eted tip-apex distance (TAD) of all specimens was set to 20 mm 

18] . First, the cutting plane of each femoral head was divided in 

our quadrants defined by distance measurements. Figs. 2 and 3 

ndicate that for central implant insertion a Kirschner (K-) wire 

as first placed centrally in the femoral head in both anteropos- 

erior and axial views. Fig. 3 indicates that for off-center implant 

nsertion, the entry point was relocated posteriorly from the cen- 

er of the femoral head at a distance equal to 50% of the implant

iameter. 
implant systems: (a) RoSA-HE, (b) Gamma-RC. 
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Fig. 2. Anteroposterior X-rays of centrally inserted RoSA-HE (left) and Gamma-RC 

(right). 
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Fig. 4. Setup with a specimen mounted for biomechanical testing; embedded image 

visualizes 149 ° implant shaft inclination to the vertical. 
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.4. Biomechanical testing 

Biomechanical testing was performed on a servohydraulic test 

ystem (MTS Mini Bionix II; MTS Systems, Eden Prairie, MN, USA) 

ith a 25 kN load cell, using a test setupl adopted from previ- 

us work [19,20] to simulate an unstable trochanteric fracture with 

ack of medial support and load sharing at the fracture gap ( Fig. 4 ).

he implant shafts were inserted in flange sleeves rigidly mounted 

o a base fixture inclined 149 ° to the vertical to mimic a 130 °
aput-column-diaphyseal angle, a 16 ° resultant joint load vector 

rientation to the vertical, and 3 ° lateral inclination of the femoral 

haft axis. The implants were free to slide along their shaft axis 

ithout rotating around it during testing. 

The femoral heads were attached to spikes on a polycarbonate 

late resting on a roller bearing – allowing rotational movement 

f the plate and the femoral head around its axis – and on two 

ylindrical rollers allowing varus-valgus tilting. An inclinometer 

8.IS40.23321, Kübler Group GmbH, Villingen-Schwenningen, Ger- 

any) was attached to the polycarbonate plate for data acquisi- 

ion to monitor the rotational and varus-valgus movements of the 
Fig. 3. Photographs of Gamma-RC inserted in ce

1863 
emoral head. A K-wire was inserted in the femoral head in the 

rontal plane for better radiological visualization of varus-valgus 

eformations. Axial loading was transferred to the specimens by a 

olymethylmethacrylate shell covered with a copper foil for elec- 

rical detection of possible implant cut-out and interruption of the 

iomechanical test if necessary. The loading protocol implemented 

estructive cyclic axial loading along the machine actuator axis at 

 Hz. The profile of each loading cycle reflected a loading trajec- 

ory from in vivo measurements at the human hip transferred to 
nter (left) and off-center (right) position. 
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Table 1 

Age, BMD and head fragment length distribution in the four study groups with 

Gamma-RC and RoSA-HE implanted in center and off-center position, presented in 

terms of mean value and standard deviation. 

Parameter Group 

Center Off-center 

Gamma-RC RoSA-HE Gamma-RC RoSA-HE 

Age [years] 62.4 ±16.7 62.4 ±16.7 60.4 ±12.6 60.4 ±12.6 

BMD [mgHA/cm 

3 ] 283.1 ±52.1 280.4 ±55.1 293.2 ±59.5 285.4 ±53.2 

Head fragment 

length [mm] 

38.9 ±6.0 38.9 ±6.1 41.5 ±3.3 41.3 ±3.3 
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Fig. 5. Cycles to failure and failure load in the four study groups with Gamma- 

RC and RoSA-HE implanted in center and off-center position, presented in terms of 

mean value and standard deviation, with a star indicating significant differences. 

3

(

d  

i

(

C

m

b

3

v

g

3  

t

c

l

c

d

f

l

t

s

w

c

3

i

c

c

o

b

R  

C

s

f

s

3

c

he femoral head [21] . Starting at 10 0 0 N, the peak load of each

ycle progressively increased by 0.1 N/cycle, whereas its valley load 

emained constant at 100 N [21] . The test was stopped at either 10

m axial displacement of the machine actuator, 10 ° varus defor- 

ation, 15 ° rotation of the femoral head around implant axis, or 

ut-out. Each one of these stop criteria was considered as provok- 

ng a distinct failure at the bone-implant interface to allow mean- 

ngful retrospective evaluation. 

.5. Data acquisition and analysis 

Machine data in terms of axial load and displacement were 

ecorded at 64 Hz. In addition, the test was paused for five seconds 

fter every period of 25 cycles at a valley load to record femoral 

ead rotation around implant axis and varus-valgus deformation 

ith the use of the inclinometer. Moreover, anteroposterior X-rays 

ere taken every 250 cycles with the use of a triggered C-arm. 

Initial stiffness of the bone-implant construct was calculated 

rom the ascending linear part of the load-displacement curve be- 

ween 400 N and 600 N during the first loading cycle. In addi- 

ion, rotation of the femoral head fragment around the implant 

xis was evaluated together with its varus-valgus deformation at 

eak cyclic loads of 1800 N, 2600 N and 3400 N. Clinically rele- 

ant failure criterion was defined as either 5 ° varus-valgus defor- 

ation, 10 ° femoral head rotation around implant axis, or implant 

ut-out, depending on which of these three events occurred first 

uring testing [19,22] . Correspondingly, the clinically relevant fail- 

re mode was identified as either varus-valgus collapse, rotation 

ailure or cut-out. The number of cycles until fulfillment of the fail- 

re criterion was defined as cycles to failure. The peak load of the 

orresponding cycle identifying the clinically relevant failure was 

efined as clinically relevant failure load. 

Normality of data distribution was checked and proven with 

hapiro-Wilk test. Paired-Samples T-test was used to detect signif- 

cant differences between the paired groups. One-Way Analysis of 

ariance (ANOVA) with Bonferroni Post Hoc test for multiple com- 

arisons was performed to identify significant differences between 

he non-paired groups. General Linear Model Repeated Measures 

ith Bonferroni Post Hoc test for multiple comparisons was ap- 

lied to check for significant changes in the progression of the 

emoral head rotation and varus-valgus deformation in each study 

roup among the three cyclic load levels of 1800 N, 2600 N and 

400 N. Fisher’s exact test was used to screen for significant differ- 

nces between the groups with regard to the failure mode. Level of 

ignificance was set at 0.05 for all statistical tests. 

. Results 

Age, BMD and length of the femoral head fragment did not dif- 

er significantly among the four groups, p ≥ 0.35 ( Table 1 ). Cen- 

rally inserted implants were placed with a significantly lower TAD 

11.8 ±2.8 mm (mean ±standard deviation)) compared to off-center 

ositioning (16.3 ±2.9 mm), p < 0.01. 
1864 
.1. Initial stiffness 

Initial stiffness of the centrally implanted RoSA-HE 

1402 ±228 N/mm) and Gamma-RC (1254 ±142 N/mm) did not 

iffer significantly, p = 0.10 ( Table 2 ). In contrast, it was signif-

cantly higher following off-center implantation with RoSA-HE 

1250 ±450 N/mm) versus Gamma-RC (843 ±227 N/mm), p = 0.01. 

ompared to its central insertion, the off-center implant place- 

ent resulted in significantly decrease in stiffness for Gamma-RC, 

ut not for RoSA-HE, p = 0.01 and p = 0.99, respectively. 

.2. Rotation around implant axis and varus deformation 

In each study group, both rotation around implant axis and 

arus deformation increased significantly between the three pro- 

ressively increasing cyclic load levels of 180 0 N, 260 0 N and 

400 N, p < 0.01 ( Table 2 ). For both Gamma-RC and RoSA-HE, rota-

ion around implant axis after off-center implantation was signifi- 

antly bigger compared with central insertion at each of these load 

evels, p ≤ 0.03. In addition, compared with central insertion, off- 

enter implant placement demonstrated significantly bigger varus 

eformation at any of the three load levels for Gamma-RC, but not 

or RoSA-HE, p ≤ 0.04 and p ≥ 0.16, respectively. Moreover, fol- 

owing central implantation at each of the load levels, both rota- 

ion around implant axis and varus deformation were significantly 

maller for Gamma-RC versus RoSA-HE, p ≤ 0.04. In contrast, they 

ere not significantly different between the two implants after off- 

enter insertion, p ≥ 0.21. 

.3. Cycles to failure and failure load 

In the centrally implanted groups, Gamma-RC resulted in signif- 

cantly more cycles to failure and higher failure load (32310 ±9848 

ycles and 4231 ±985 N) compared to RoSA-HE (18350 ±6229 cy- 

les and 2835 ±623 N), p = 0.03. On the other hand, these two 

utcomes were not significantly different in the off-center groups 

etween Gamma-RC (14756 ±8845 cycles and 2476 ±885 N) and 

oSA-HE (17067 ±9257 cycles and 2707 ±926 N), p = 0.22 ( Table 2 ).

ompared to its central insertion, the off-center placement re- 

ulted in a significant decrease in cycles to failure and failure load 

or Gamma-RC, but not for RoSA-HE, p < 0.01 and p = 0.99, re- 

pectively ( Fig. 5 ). 

.4. Failure mode 

In the centrally implanted groups, Gamma-RC failed in three 

ases due to rotation and in seven cases due to varus collapse, 
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Table 2 

Initial stiffness, rotation around implant axis, varus deformation, cycles to failure and failure load in the four study 

groups with Gamma-RC and RoSA-HE implanted in center and off-center position, presented in terms of mean value 

and standard deviation. 

Outcome Group 

Center Off-center 

Gamma-RC RoSA-HE Gamma-RC RoSA-HE 

Initial stiffness [N/mm] 1254 ±142 1402 ±228 843 ±227 1250 ±450 

Rotation [ °] At 1800 N 0.4 ±0.3 0.8 ±0.5 3.3 ±2.6 2.9 ±2.1 

At 2600 N 0.9 ±0.7 2.8 ±1.5 7.2 ±4.3 6.3 ±3.7 

At 3400 N 2.1 ±1.9 3.7 ±2.1 10.4 ±5.5 9.5 ±5.1 

Varus [ °] At 1800 N 0.3 ±0.2 0.9 ±0.7 0.7 ±0.4 0.8 ±0.6 

At 2600 N 1.3 ±1.0 2.9 ±2.3 2.4 ±1.6 2.6 ±1.9 

At 3400 N 2.4 ±1.8 4.3 ±2.8 4.2 ±2.7 4.1 ±2.6 

Cycles to failure 32310 ±9848 18350 ±6229 14756 ±8845 17067 ±9257 

Failure load [N] 4231 ±985 2835 ±623 2476 ±885 2707 ±926 
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hereas RoSA-HE failed once in rotation and in nine cases due to 

arus collapse, p = 0.58. 

In the off-center groups, Gamma-RC failed in nine cases due to 

otation and once due to varus collapse, whereas RoSA-HE failed 

n eight cases due to rotation and twice due to varus collapse, 

 = 0.95. 

No cut-out failure was observed after either center or off-center 

mplant positioning. However, for both implants, failure mode in 

entral position was significantly different compared to off-center 

osition ( p ≤ 0.02), with more failure due rotation in eccentric po- 

ition. 

. Discussion 

Proximal femoral fractures represent an uprising global issue as 

he population in the western high income counries continuously 

ges, resulting in higher rates of morbidity and mortality in the el- 

erly [23] . Apart from general health issues, this is going to lead 

o specific complications including delayed unions and non-unions 

n the region of the proximal femur [23,24] . Delayed bone healing 

fter osteosynthesis can be detected in up to 5% of the cases with 

roximal femoral fractures, related to revision operations of high 

omplexity including implant replacement and grafting procedures 

25,26] . These issues, more likely to occur in the future, represent 

 major contribution to the costs of the health system with a seri- 

us socioeconomic burden [ 23 , 27 ]. To date, different surgical pro- 

edures are available to address such injuries, prevent limb short- 

ning and enhance early postoperative mobilization [27] . Recently 

eveloped screw-blade implant systems combine the advantages 

f the well-known principles of screw and blade anchorage in the 

emoral head. The current study was performed to investigate the 

iomechanical behavior of two screw-blade head elements featur- 

ng implants available on the market, using a human cadaveric 

odel under dynamic loading conditions. The main raised ques- 

ion was whether the different orientation of their blade compo- 

ent (vertical versus horizontal) would result in a significantly dif- 

erent biomechanical behavior. Each implant was inserted centrally 

nd eccentrically in the femoral head fragment to explore its sensi- 

ivity towards the accuracy of implantation as compared with pre- 

ious findings [28] . 

Being with a horizontal blade orientation, Gamma-RC was supe- 

ior to RoSA-HE (featuring vertical orientation) with regard to cy- 

les to failure, failure load, rotation around implant axis and varus 

eformation in central position. On the other hand, eccentric im- 

lant positioning of the horizontally aligned Gamma-RC led to sig- 

ificant decrease in stiffness and failure load. Moreover, with its 

ertical blade orientation RoSA-HE reacted less sensitively to varus- 

algus stress considering both center and off-center implant posi- 

ioning. 
1865 
In center implant position, the superiority of the implant with 

orizontal blade orientation was clearly demonstrated in terms of 

ess rotation and varus deformation over the three selected pro- 

ressively increasing cyclic load levels. However, in the course 

f increasing rotational moments in off-center position this ad- 

antage disappeared, resulting in a non-significant difference be- 

ween the two implants. Previous studies reported on RoSA rota- 

ional behavior following central placement in the femoral head 

 8 , 11 , 12 ]. While two of them, applying different methodical setting

nd using complete femora, did not observe any rotational move- 

ents [ 11 , 12 ], the third one [8] reported 2 ° rotation under 1800 N

nd 3 ° rotation under 2700 N axial load, which are comparable 

ith our findings (0.8 ° under 1800 N and 2.8 ° under 2600 N). 

ompared with superior implant positioning, inferior and poste- 

ior implant positions result in lower von Mises stress in the im- 

lant itself, with a smaller volume of cancellous bone strained 

o yielding in the femoral head [29] . This could be a reason for 

he superiority of the horizontal over the vertical alignment of 

he screw-blade head element regarding both rotation and varus 

eformity. 

The average number of cycles to failure and failure load of 

he centrally inserted RoSA-HE in the current study are in agree- 

ent with the findings of a previous investigation on complete hu- 

an cadaveric femur models tested with a different loading proto- 

ol [11] . However, in another study investigating RoSA in artificial 

emora (4 th generation, Sawbones, Malmö, Sweden) applying the 

ame previous loading protocol, remarkably high numbers of cy- 

les to failure and failure load were reported, which might have 

een due to the simulated better bone quality [8] . Bergmann et al 

easured in vivo hip contact forces during different activities, such 

s walking, climbing upstairs and going downstairs [21] . The aver- 

ge reported load during walking was 238% of the body weight 

BW), whereas climbing upstairs and going downstairs are related 

o even higher loads of 251% BW and 260% BW, respectively. The 

ailure loads of the implants tested in the current study correspond 

o approximately up to 5-fold BW for Gamma-RC and 3.5-fold BW 

or RoSA-HE. 

The reason why Gamma-RC resisted higher failure loads than 

oSA-HE in center implant position seems to be associated with 

he different orientation of its U-clip compared with the blade of 

oSA-HE. For vertical load absorption, an enlargement of the con- 

act surface in vertical direction is of advantage. This feature is in- 

erent to the design of Gamma-RC, as its U-clip is inserted hor- 

zontally. This finding is in agreement with the work by Born et 

l who highlighted that application of the U-clip resulted in a 15% 

igher migration resistance compared with the Standard Gamma3 

ag Screw. It was concluded that both higher resistance and rota- 

ional strength have arisen from the increased contact surface in 

ertical direction [5] . 
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The off-center groups were included in this study to investigate 

he influence of implant malpositioning – associated with a greater 

AD – on the biomechanical behavior of the tested constructs [18] . 

ultiple studies have shown that a TAD bigger than 25 mm is a 

ignificant predictor of cut-out failure and mobilization of the lag 

crew [ 18 , 30–33 ]. Even though authors emphasize the importance 

f a TAD being less than 25 mm in order to reduce reoperation 

33] and cut-out [32] rates, bigger TAD values are frequently ob- 

erved [ 31 , 33–35 ]. Schmidt-Rohlfing et al reported a TAD of less

han 25 mm in only 16% of the patients undergoing internal fixa- 

ion after trochanteric femoral fractures [33] . In the study by Aicale 

nd Maffulli this rate was even 53% [31] , which emphasizes the ne- 

essity of experimental evaluation of incorrect implantation. 

In the present study, the change from center to off-center posi- 

ioning led to a significant decrease in the cycles to failure, failure 

oad and stiffness for Gamma-RC, whereas specimens implanted 

ith RoSA-HE did not demonstrate this effect. Hence, RoSA-HE re- 

cted less sensitively to the change from centric to eccentric im- 

lantation than Gamma-RC. A reason for this result might be the 

eometry of RoSA-HE, which generally offers a larger contact sur- 

ace with the bone than Gamma-RC. In addition, RoSA-HE has a 

arger volume, possibly leading to a larger volumetric impact ef- 

ect during implantation. However, despite its higher sensitivity 

owards the accuracy of implantation, the biomechanical perfor- 

ance of Gamma-RC was still comparable with RoSA-HE in eccen- 

ric position. Gamma-RC benefits from a central position by having 

igher stability in terms of rotation around implant axis and varus 

eformation. However, with increasing rotational moments in off- 

enter position its stability drops sharply. Consequently, for screw- 

lade implant systems with a blade oriented horizontally, central 

nsertion seems to be the placement of choice from a biomechani- 

al perspective. 

Two different failure modes were observed in the current study 

failure due to rotation around implant axis and varus collapse 

f the femoral head fragment. While rotational failure was mainly 

ound after off-center implantation, varus collapse was the pre- 

ominant failure mode following central implant positioning. 

According to previous studies testing centrally inserted RoSA 

mplants in complete femur specimens, fracture collapse with ad- 

itional femoral neck fracture [11] , varus collapse [36] and cut- 

ut [ 8 , 11 ] were observed as modes of failure. Varus collapse with

dditional femoral neck fracture seems to be a typical failure 

echanism for vertically aligned implants, as well as for such in- 

ramedullary systems as the TRIGEN INTERTAN Intertrochanteric 

ntegrade Nail (Smith and Nephew Inc, Andover, MA, USA) [37] . 

o rotational failure or only a small tendency towards it were pre- 

iously reported, which is in agreement with our findings for the 

entrally implanted RoSA-HE [ 8 , 11 , 12 ]. 

In a biomechanical study testing Gamma-RC along with other 

mplants in synthetic femoral head models under cyclic loading, 

amma-RC failed due to varus collapse and predominantly mi- 

rated in cephalad direction [5] . 

The first existing clinical study on RoSA investigated mechan- 

cal complication rates following its use in combination with 

 trochanteric stabilizing plate (TSP) for fixation of unstable 

rochanteric fractures [13] . Advantages of the RoSA-TSP implant 

ystem were its high primary stability and limited femoral neck 

hortening, whereas the rigidity of the construct was commented 

s potential disadvantage, possibly impeding bone healing. Over- 

ll, it was concluded that the RoSA-TSP might be a good ex- 

ramedullary alternative for both primary fixation of unstable 

rochanteric fractures and use in revision cases [13] . In a recent 

linical study Lang et al reported a mechanical complication rate 

f 2.9% for Gamma-RC systems [15] . Compared with the Standard 

amma3 Lag Screw systems, their cut-out rate was not signifi- 

antly reduced (2.2% versus 3.7%) while the operation time was 
1866 
rolonged [14] . Han et al found low cut-out rates of 0.6% for 

amma-RC systems versus comparable cephalomedullary nails [4] . 

ll in all, Lang et al did not justify the use of Gamma-RC given its

onger time of surgery, whereas others authors considered it being 

 good option for trochanteric fracture fixation with comparable 

38] or even superior [39] performance versus other implant sys- 

ems. 

This study has some limitations inherent to those for all ca- 

averic investigations with limited sample size, being incapable to 

ompletely simulate in vivo situations with surrounding soft tis- 

ue following a bone fracture. In addition, some of the used cadav- 

ric specimens originated from rather younger donors and were 

ith slightly better bone quality, not being representative for the 

ypical patient population suffering from trochanteric femoral frac- 

ures. Further, a femoral head fragment was used instead of a full 

emur to concentrate on the investigation of the implant anchor- 

ge within the femoral head. For the same reason, isolated implant 

ead elements were tested, although these fixation devices are 

esigned for use in combination with other implant components, 

uch as nail shafts or lateral supporting plates. Besides, the tested 

odel represented rather an intracapsular femoral neck fracture 

han a trochanteric fracture, for which both investigated screw- 

lade implant systems (especially Gamma-RC) are most commonly 

sed. However, the incidence of comminuted trochanteric fractures 

ith a basicervical component continues to increase steadily [ 1 , 2 ]. 

inally, the bone-implant constructs were tested under progres- 

ively increasing cyclic loading to failure, in contrast to in vivo sit- 

ations where single extreme loads can occur, for example during 

tumbling [40] . 

. Conclusion 

From a biomechanical perspective, being a screw-blade implant 

ystem with horizontal blade orientation, Gamma-RC demonstrates 

etter anchorage in the femoral head versus RoSA-HE in central 

osition. As the stability of Gamma-RC drops sharply in off-center 

osition, central insertion is its placement of choice. In contrast, 

oSA-HE, with its vertical blade orientation, seems to react less 

ensitively to suboptimal implant insertion. 

As the clinical outcome depends on several factors besides the 

mplant design, such as quality of reduction, duration of surgery, 

oft tissue damage, potential wound infections and other postop- 

rative complications [41] , further prospective randomized clinical 

rials need to be conducted in order to make clear recommenda- 

ions for the clinical use of these two screw-blade implant systems. 
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