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Abstract  

Word count: 258 

Background: Restoring the original femoral offset is desirable for total hip replacements as it preserves 

the original muscle lever arm and soft tissue tensions. This can be achieved through lateralised stems, 

however, the effect of variation in the hip centre offset on the primary stability remains unclear.  

Methods: Finite element analysis was used to compare the primary stability of lateralised and standard 

designs for a cementless femoral stem (Corail ®) across a representative cohort of male and female 

femora (N = 31 femora; age from 50 - 80 years old). Each femur model was implanted with three designs 

of the Corail® stem, each designed to achieve a different degree of lateralisation. An automated algorithm 

was used to select the size and position that achieve maximum metaphyseal fit for each of the designs. 

Joint contact and muscle forces simulating the peak forces during level gait and stair climbing were scaled 

to the body mass of each subject.  

Findings: The study found that differences in restoring the native femoral offset introduce marginal 

differences in micromotion (differences in peak micromotion < 21µm), for most cases. Nonetheless, 

significant reduction in the interfacial strains (>3,000 με) was achieved for some subjects when lateralized 

stems were used.  

Interpretation: Findings of this study suggest that, with the appropriate size and alignment, the standard 

offset design is likely to be sufficient for primary stability, in most cases. Nonetheless, appropriate use of 

lateralised stems has the potential reduce the risk of peri-prosthetic bone damage. This highlights the 

importance of appropriate implant selection during the surgical planning stage. 
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Word count (Introduction – Conclusion): 3,687 words 

Introduction  

Total hip replacement (THR) provides an effective treatment that improves mobility and alleviates pain 

for patients with fractured or severely arthritic hip joints [1]. Restoring the native musculoskeletal 

geometry and alignment is desirable for THR [2], however, previous clinical studies demonstrated that 

restoring the native femoral geometry after THR can be difficult. Instead, THR is likely to result in some 

deviation from the native femoral geometry [3-8]. This is partly due to the limited options available in 

current implant designs, compared to the wide diversity in shape across the population of THR patients 

[9, 10].  

Lateralised stems, with a range of offset options have been used to restore the hip biomechanics and 

preserve the lever arm of the abductor muscles [11], which is believed to promote functional recovery and 

prevent early migration [12] for patients with high femoral offset [13, 14]. A reduction in the femoral 

offset, achieved through stem medialisation by more than 5mm was found to reduce the abductor muscle 

forces by up to 16% [15, 16]. However, short- to mid-term clinical  studies found a slight decrease in 

survivorship of lateralised stems, compared the standard option [17, 18], which raises concern. It has been 

suggested that this may be because lateralised stems tend to be subjected to high torsional loads, which 

may increase the risk of aseptic loosening of the implant [2]. In contrast, results from a recent in-silico 

study found that while lateralised stems may influence the muscle forces, the effect on even the peak 

implant micro-movement, with respect to the host bone is minimal (< 20 µm) to impact the primary 

stability [19], which is essential for the long-term success of cementless THRs . However, this was based 

on data for a single subject, which may not be representative of the variation within the THR population. 

In effect, the influence of stem lateralisation on the primary stability of femoral stems, and hence the 

short- and long-term success of the THR remains unclear [20].  
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Finite element (FE) modelling can provide detailed information of the initial mechanical environment, in 

terms of the interface strains and implant micromotion [21-27], which are indicators of implant stability 

[28-30]. As opposed to in-vitro studies, using FE modelling, the same femur can be implanted with 

different stem designs, which allows for the comparison between implant designs for each patient in the 

study. In addition, FE studies using diverse cohorts of femora that are representative of THR population 

has the potential to incorporate patient factors in the analysis as the same cohort of femur bones can be 

repeatedly implanted with different stem designs [31], which is not possible for in-vivo and in-vitro 

studies. In effect, FE studies using diverse cohorts of femora allow for subtle performance differences 

between implant designs to be identified, if present. However, FE modelling has not been applied to a 

representative cohort of THR patients to compare the primary stability of different implant design options 

that restore the femoral offset.  

The purpose of this study was to investigate, across a diverse cohort of femora (representative of a broad 

range of age, age, body mass and stature), the influence of restoring the femoral offset on the primary 

stability of cementless femoral stems, using a range of stem lateralisation options. For this study, the 

Corail® femoral stem (DePuy Synthes, Warsaw, USA) was selected as it is available with different 

offsets, with documented clinical history for all  of the design options [17, 18, 32-35]. Subject-specific FE 

modelling was used in this study to evaluate the primary stability of the different lateralisation options for 

the Corail® stem in a diverse cohort of femora for two of the most commonly encountered daily 

activities; level gait and stair climb activities. Hence, the data generated in this study will provide 

comprehensive and quantitative documentation of primary stability (micromotion and interfacial strain 

profiles) for the Corial® hip stem system, over a diverse cohort of patients. Such data is valuable for 

benchmarking future implants. 

Methods: 

Sample selection  
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Post mortem CT scans of 31 femora for donors that fall within the age bracket for total hip replacement 

population (50 and 80 years old) were obtained from the Melbourne Femur Collection (MFC) [36]. The 

selected cohort included 17 males and 14 females within a broad range of body mass values, bone quality 

and femoral geometry (Table 1). For each femur, scanning was performed using an Aquilion 16 MDCT 

scanner (Toshiba Medical Systems Corporation, Tokyo, Japan). All CT scans had phantoms (Mindways 

Software, Inc, Austin, USA) for densitometric calibration. A helical scan protocol was used (tube current: 

180 mA, 120 kVp), with slice thickness and gap spacing set to 2.0 mm and 1.6 mm, respectively, with the 

in-plane pixel dimensions of 0.976 x 0.976 mm.  

The use of MFC CT data for this study was approved by The University of Melbourne ethics committee 

(approval 115392.1), and the protocol for this study was approved by the Southern Adelaide Clinical 

Human Research Ethics Committee (protocol number 420.13). 

- Table 1 - 

 

Preprocessing 

For the selected sample, separate surfaces were generated for the external cortical bone and the inner 

cortex of each femur using a statistical shape model [37-39]. For each femur, the generated surfaces were 

imported into ScanIP (Simpleware, Exeter), registered to the CT images then superimposed as 

segmentation masks. Greyscale data, with Hounsfield units (HU) were sampled from the CT scans as per 

the recommendation of the calibration phantom manufacturer (Mindways Software, Inc, Austin, USA). 

HU values were then converted to Young’s moduli (E) using an established relationship [40]. The 

Young’s moduli were mapped onto first order tetrahedral meshes of the intact femora, with element sizes 

equal to or less than the voxel size of the CT scans. For this purpose, the average Young’s moduli for 

voxels bound within the volume of each element in the mesh were calculated and assigned to the 

corresponding elements. This procedure was performed using ScanIP (Simpleware, Exeter, UK).  
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Three sets of FE models for the implanted femora were generated. For each set, the 31 femora in this 

study were virtually implanted with variations of the Corail® stem; (i) standard offset with a 135° neck-

shaft angle (NSA) and a standard femoral offset, (ii) High Offset, high offset design with a 135° NSA and 

an extended (+7 mm in the lateral direction) femoral offset, and (iii) Coxa Vara Corail ® with a 125° 

NSA and an extended femoral offset (+7 mm in the lateral direction and -5mm in the superior direction). 

The High Offset design is a collarless implant, whereas the standard offset and Coxa Vara designs are 

collared implants (Figure 1). For convenience, models with the standard offset Corail® will be referred to 

as Group I, whereas, models with the High Offset and the Coxa Vara designs will be referred to as Group 

II and Group III, respectively.  

A custom Matlab (The Mathworks, Natick, USA) script that automates the generation of subject-specific 

FE models of implanted femora was developed in a previous study [27]. The custom script automated 

implant sizing and positioning, model generation and FE analysis and post-processing. Details of the 

custom Matlab (version 2014b, The Mathworks, USA) script has been published previously [27], 

however, for completeness, a brief description is presented here. For each femur, the range of available 

sizes for each design  (Table 2) were positioned into the host bone by aligning the trunnion axis with the 

femoral neck axis, and the implant long axis with the femoral shaft axis, while minimising the vertical 

offset between the trunnion centre and the native femoral head centre. For such a position, the algorithm 

selected the size that achieved maximum fill of the medullary canal without breaching the cortical bone 

boundaries. The femoral neck was then resected by a plane parallel to the collar plane of the sized and 

positioned implant. Cavities that perfectly matched the implanted stem geometries were created using 

Boolean operations in Hypermesh (Altair Engineering, Troy, MI). Linear tetrahedral meshes (edge sizes 

between 0.5 mm and 0.8 mm) for the implanted bones were generated using Hypermesh (Altair 

Engineering, Troy, MI). Element size was based on a previous convergence study on implanted femur 

models (S-4 in Al-Dirini et al (2017) [27]), which found that elements with edge size between 0.5 mm 

and 0.8 mm were sufficient to ensure convergence of FE predicted interfacial strains and micromotion. 
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Material properties were interpolated, on an element-by-element basis, from the intact femur models to 

the implanted femur models. Peak joint contact and muscle forces associated with level gait and stair 

climbing were applied based on established, idealized load cases from the literature [41] and scaled to the 

body mass of the individual. The forces applied included the hip contact force, the abductors (gluteus 

maximus, medius and minimus), tensor fascia late, and the vastus lateralis muscle force. The hip contact 

force was equally distributed over the nodes within a diameter of 1 cm at the proximal surface of the 

femoral head. Muscle forces were also equally distributed over the nodes within a diameter of 1 cm from 

the insertions described by Heller et al. (2005) [41]. Femora were rigidly constrained at the condyles 

(Figure 2). Surface-to-surfaces contact, with no interference fit and  a coefficient of friction of 0.6 was 

used over the entire length of the stem to model the interaction between the stem and the host bone [22]. 

A Poisson’s ratio of 0.3 was assumed for the host bone for all simulations. The Corail® stem was 

modelled with Young’s elastic modulus of 115 GPa, density of 4.43 g.cm-3 and Poisson’s ratio of 0.3. All 

models were solved using Abaqus 6.12 (Dassault Systèmes, France), and custom Matlab (version 2014b, 

Mathworks, USA) scripts were used to extract relevant FE predictions from the models.  

 

- Figure 1 – 

- Figure 2 - 

- Table 2 -  

Post-processing 

Primary stability was studied using a range of metrics including (i) implant micromotion distribution as a 

measure of potential fibrotic tissue differentiation and (ii) equivalent strain distribution at the bone-

implant interface as a measure of potential peri-prosthetic bone damage [21]. The 90
th
 percentile was 

taken as an indicator of the peak micromotion/interface strain and the median (50
th
 percentile) as an 

overall indicator of the distribution. In addition, (iii) the percentage of the bone-implant contact were 

calculated for areas at which micromotion were less than 50 μm, or bone strain less than 2000 µε [42].  
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Statistical Analysis 

Values for FE predicted micromotion/ interface strains for each femur were compared across the three 

stem design groups (Groups I-III) to generate two additional groups (Groups IV-V). Group IV included 

designs that had the lowest micromotion prediction for each subject in the cohort. Similarly, Group V 

included designs with the lowest peak strain for each subject in the cohort. Friedman test was performed 

to compare the FE predictions (micromotion/interface strains) recorded across the five groups. Post-hoc 

analysis, using Wilcoxon sign-rank test was performed to compare the different groups to the optimal 

design groups (Groups I- III vs Group IV, Groups I- III vs Group V, and Group IV vs Group V; total of 7 

comparisons), if differences were detected using the Friedman test. Bonferoni-corrected alpha value (p < 

0.007) was used to account for the multiple comparisons performed. All statistical tests were run in 

Matlab (version 2014b, Mathworks, USA). 

Results  

All FE models were run to completion with level gait and stair climb loads for the 31 subjects. FE 

simulations for level gait activity predicted micromotion that were well below 150 μm for all subjects 

(Figure 2 A), in all design groups (Group I – V), with the majority of the implant surface undergoing 

micro-movement less than 50 μm (Figure 2 C and E). Regions with large sliding micromotion were noted 

near the proximal region close to the resected bone. Similar results were predicted for the stair climb 

activity (Figure 3 D and F), however, one subject in the standard offset group (Group I), one subject in the 

Coxa Vara group (Group III) and two subjects in the High Offset group (Group II) had peak micromotion 

that were in excess of 150 μm (< 170 μm, Figure 3 B). The majority of bone-implant interface 

experienced strains less than 2000 με. Nonetheless, peak interfacial strains for some subjects were in 

excess of 7000 με, especially for the stair climb activity (Figure 4 B). For example, 18 subjects in the 

High Offset group (Group II), 13 subjects in the Coxa Vara group (Group III) and 11 subjects in the 

standard offset group (Group I) had peak strains  in excess of 7000 με when subjected to the stair 
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climbing load case. Regions of large strains were mostly in the anterio-lateral aspect of the stem, and near 

the medial calcar, when the collared design was used. However, these elevated strains were localized (< 

10% of the stem surface area) in the distal region of the contact area.  

Large variation in micromotion and interfacial strains across the cohort was also observed, regardless of 

which design was used. For example, ranges for the peak micromotion during stair climbing for the 

standard offset (Group I), Coxa Vara (Group III) and High Offset (Group II) designs were (35 – 150.4) 

μm, (35.5 – 150.2) μm and (36.4 – 154.3) μm, respectively. Interestingly, a trend of increasing magnitude 

and the degree of variation in the predicted strains and micromotions was noted (under level gait and stair 

climb activities) with increasing stem lateralization and offset (Groups III and II, Figures 2 and 3). The 

lowest magnitude and range of variation was observed in the standard offset group (Group I), when 

compared to the High Offset and the Coxa Vara groups (Groups III and II, see Figure 3). While this trend 

was consistently observed across all metrics, it was most evident in the percentage area of the implant 

with micromotion less than 50 µm (Figure 3 E and F) and the peak interfacial strains (Figure 4 A and B). 

On the cohort level, selection of implant design based on micromotion minimization resulted in only 

slight decrease in the FE predicted peak micromotion (<21 µm), compared to the standard offset group 

(Group I). In fact, at the cohort level, statistical analysis found significant differences between the optimal 

micromotion group (Group IV) and the High Offset (Group II, ppeak, pmedian and p%area < 0.001) and Coxa 

Vara (Group III, ppeak, pmedian and p%area < 0.001) groups, but not the standard offset group (Group I, ppeak = 

0.0156, pmedian = 0.125, p%area = 0.125), with the latter having an almost identical micromotion profile as 

Group IV (Figure 3). Even when the analysis was focused on subjects that had a reduction in micromotion 

prediction when the lateralised designs were used, compared to the case where the standard offset design 

was used, the reduction was too small to be clinically relevant. For example, the maximum reduction in 

the peak micromotion (during stair climb activity) when the Coxa Vara/High Offset designs were used 

was less than 21 μm (Figure 5 A and C). 
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Unlike the micromotion-based selection, stem selection based on strain minimization resulted in a 

reduction in the peak interfacial strains, at the cohort and the subject-specific levels. As can be seen from 

Figure 4A, the upper limit for Group V was lower than that of the standard offset group by about almost 

2000 µε. Statistical analysis found differences between all groups (ppeak, pmedian and p%area < 0.001), when 

compared to the optimal strain group (Group V), except for the standard offset group (Group I, ppeak = 

0.008, pmedian = 0.04, p%area = 0.023). A more focused analysis on subjects that had a reduction in the FE 

predictions when using the Coxa Vara/ High Offset designs revealed that the magnitude of reduction in 

peak interfacial strains were in excess of 1,800 με and 3,000 με when the High Offset and Coxa Vera 

designs were used, respectively. When the median values were considered, these differences were 

reduced to 920 με and 530 με for the High Offset and Coxa Vera designs, respectively (Figure 5).  

The median (range) for implant sizes selected by the automated algorithm were 12 (range = 8) for the 

standard offset design, 11 (range = 6) for the Coxa Vara design and 11 (range = 7) for the High Offset 

design. The smallest size selected was 9 for all designs in this study. The optimal design groups (Groups 

IV and V) were dominated by the standard offset stem (24/31 for Group IV and 23/31 for Group V), with 

less than a quarter of the cohort having either the High Offset (3/31 for Group IV and 1/31 for Group V) 

or the Coxa Vara (4/31 for Group IV and 7/31 for Group V) stems (Table 3 and Figure 5). 

- Table 3 - 

- Figure 3 – 

- Figure 4 – 

- Figure 5 – 

 

Discussion  
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This study investigated the influence of restoring the femoral anatomy, using lateralised stem 

designs, on the primary stability of THR, using subject-specific FE models for a diverse cohort of 31 

males and females. Based on FE simulations of two common daily activities; level gait and stair climbing, 

the study found that differences in restoring the native femoral anatomy introduce only subtle differences 

in micromotion, but can potentially impact the interfacial strain distribution, especially peak values of the 

distribution. This was particularly more evident in the lateralised designs, compared to the standard offset 

design. Ranges for peak interfacial strains were elevated and more variable than micromotion, however, 

these elevated strains only occur in localised regions of the contact (<10%), with the majority of the bone 

in contact with the implant (> 75% of area) being subjected to low strains. As a result, the elevated strain 

predictions are unlikely to have gross implications on the primary stability for most subjects in this study. 

Nonetheless, our results also show that appropriate use of lateralised stems to restore the patient’s femoral 

anatomy has the potential to introduce significant reduction the peak interfacial strains (in excess of 3,000 

με), which potentially reduces the risk of peri-prosthetic bone damage. This highlights the importance of 

appropriate implant selection during the surgical planning stage.  

Primary stability is essential for the long term success of cementless THR, whereas, adverse changes to 

the biomechanical environment, such as the formation of fibrous tissues and/or the damage of peri-

prosthetic bone can lead to aseptic loosening of the implant. The ranking of the stem designs based on FE 

predictions of micromotion/strains (Figures 2 and 3) agree with the ranking of the same designs on based 

on the “survival free of revision for aseptic stem non-integration” estimated from short to mid-term 

follow up (100% for standard offset Corail® and 94.6% for the lateralised Corail® stems, at 3.5 years) 

[32, 34, 35]. Furthermore, FE predictions indicative of fibrous tissue formation (micromotion) and peri-

prosthetic bone damage (interfacial strains) were within acceptable ranges, for most subjects, suggesting 

that the standard offset is sufficient to achieve primary stability. This is consistent with a previous in-

silico study on a single-subject [19], however, the analysis performed on the diverse cohort of femora also 
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highlighted the range of possible variation in micromotion/strains, and was able to identify subjects that 

would potentially benefit from lateralised femoral stems.  

The Matlab (version 2014b, Mathworks, USA) script used to automate the implant sizing and 

alignment predicted a median size that match previous reports (size 12 for standard offset Corail ® and 

size 11 for lateralised counter designs) in a retrospective study on 172 stems [18]. The micromotion 

values predicted in this study were also in agreement with those reported in previous in-silico literature on 

cementless implant primary stability (Peak = 20 - 356 μm) [25-27, 43-47]. This demonstrates that the 

Matlab (version 2014b, Mathworks, USA) script used in this study can potentially be used as a tool to 

automate virtual pre-clinical trials on large patient cohorts using existing and emerging femoral stem 

designs.   

This study has several limitations. The study was performed using a small cohort, compared to 

registry- and long-term follow-up studies. However, our cohort spanned a wide range of age, body mass 

and bone quality and shape values that is representative of the general THR population. The study also 

used a simplified model to represent the musculoskeletal forces, which does not take into account the 

effect of changing the head centre location (which is a natural result of lateralization) on the 

musculoskeletal forces. While changes in the head centre location are expected to introduce differences in 

the muscle and joint contact forces (up to 15%), it is unlikely to induce changes in the peak micromotion 

and strains large enough to impact the primary stability of the implants [19]. Press-fit interference was not 

modelled in this study. Modelling an interference is expected to systematically reduce the micromotion 

and elevate the interfacial bone strains across all simulations [43], and hence is unlikely to impact the 

overall findings of this study. Loads applied to the models were based on earlier work from Heller et al 

(2005) [41], which was based on the HIP98 data. Bergmann et al (2016) [48] comments that their updated 

peak values were larger than those previously published in HIP98 by 11% to 25%. This is because their 

updated data was obtained from younger and more active patients. Using the loads published by 

Bergmann et al (2016) [48] is expected to increase the magnitude of the predicted micromotion and 
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interfacial strains for all patients in this study. However, this is not expected to affect the conclusions of 

this study, as it would affect all simulations, systematically. A relatively large coefficient of friction (0.6) 

was used in the simulations. However, a sensitivity analysis performed in a previous study showed that 

varying the coefficient of friction between 0.4 and 0.8 had little influence on even the 90
th
 percentile 

micromotion (differences < 5µm) and interface strains (differences < 300 µε) [49]. The High Offset 

design was a collarless design, whereas the other stem designs in this study were collared. While the 

absence of the collar may have contributed to the elevated FE prediction for the High Offset design 

(Group II), it is unlikely to increase the micromotion/strains by magnitudes observed in this study. In fact, 

a previous study [5] has found the addition of the collar is likely to influence the peak 

micromotion/strains by < 20 µm/ < 500 µε, when compared to the collarless counter design. Instead, it is 

possible that the observed increase in micromotion/strains for the High Offset design was driven by a 

combination of factors including the increased femoral offset, the absence of the collar and the size 

differences predicted (for some subjects) by the automated implantation algorithm. 

Conclusion  

This study investigated the influence of restoring the femoral anatomy on the primary stability of 

femoral stems in THR, using subject-specific FE models for a diverse cohort of 31 males and females to 

simulate level gait and stair climb activities. Assessment of the initial mechanical environment based on 

micromotion and interfacial strains showed that differences in restoring the native femoral offset 

introduce only subtle differences in micromotion, but can potentially impact the interfacial strain 

distribution, especially peak values of the distribution. Our findings suggest that while the standard offset 

design may be sufficient for most cases, appropriate use of lateralised stems to restore the patient’s 

femoral anatomy has the potential to introduce significant reduction in the interfacial strains (~3,000 με), 

which potentially reduces the risk of peri-prosthetic bone damage. This highlights the importance of 

appropriate implant selection during the surgical planning stage. 
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Figure 1: Illustration showing the three designs used for this study. The top design (standard offset Corail ®) has a 

neck-shaft angle (NSA) of 135° and a neutral offset of the head centre in the medial-lateral (ML) and superior-

inferior (SI) directions, as shown in the offset diagram (left column). The other two stem designs investigated were 

the High Offset (middle) and the Coxa Vara (bottom) designs, which introduce an offset of 7 mm in the medial 

direction (both designs) and an offset of 5 mm in the inferior direction for the Coxa Vara design only. The right part 

of the illustration shows how the automated Matlab script selected the implant size and orientation by evaluating the 

medulary canal fill at 6 different cross sections along the length of the stem long axis.   

Figure 2: (a) The loads applied during level gait simulations included the joint reaction force through the trunnion 

centre (P0), the resultant of the abductors and the tensor fascia latae at P1 and the resultant of the vastus lateralis at 

P2. Stair climb simulations also included contributions of ilio-tibial tract and the vastus medialis muscles at P3. (b) 

For both activities, the distal nodes at the condyles were fixed. 

Figure 3: Micromotion profiles for the five groups studied during level gait (left column) and stair climb (right 

column) activities. Plots A and B show the peak micromotion, plots C and D show the median micromotion, 

respectively. The red region marks fibrous tissue formation threshold, which is undesirable in THA, while the blue 

region marks thresholds within which good bone osseointegration is known to occur. The bottom plots (E and F) 

presents the ranges of the percentages of the contact area experiencing micromotion less than 50 μm for level gait 

(left) and stair climb (right) activities. Statistically significant differences are shown with (*). 

Figure 4: Interfacial strain profiles for the five groups studied for level gait (left column) and stair climb (right 

column) simulations. Plots A and B show the peak interfacial strains, plots C and D show the median strains, 

respectively. The red region marks bone yield threshold, which is undesirable in THA. The bottom plots (E and F) 

presents the ranges of the percentages of the contact area experiencing strains less than 2000 με for level gait (left) 

and stair climb (right) activities. Statistically significant differences are shown with (*). 

Figure 5: Subject-specific micromotion (left) and interfacial strain (right) predicted for Group I (femora implanted 

with the standard offset Corail®), Group IV (micromotion-based selection) and Group V (microstrain-based 

selection). In these plots, black lines indicate that Group IV /Group V selected the standard offset design, whereas, 

blue and red lines indicate the selection the Coxa Vara and the High Offset designs, respectively. The top row shows 

the plots for the peak FE predictions, while the bottom row shows plots for the percentage of the contact area with 

micromotion < 50 µm (left) or strains < 2000 µε.    
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Table 1: Summary of study cohort demographics and femoral geometry and material properties. This table presents 

the mean and (standard deviation) for males and females, separately.  

 Males Females 

Age (years) 63.6 (7.4) 62.6 (8.7) 

Body mass (kg) 80.8 (15.5) 74.9 (14.7) 

Body Mass Index (BMI)  26.3 (4.8) 28.9 (4.9) 

Average Bone Density 0.57 (0.08) 0.55 (0.07) 

Average Bone Modulus of Elasticity (GPa) 4.8 (0.74) 4.8 (0.6) 

Femoral Offset (mm) 38.5 (4.9) 33.1 (4.0) 

Neck-shaft Angle (°) 130.2 (3.5) 132.9 (4.7) 

Head centre to Lesser trochanter (SI Offset) 61.5 (3.1) 53.8 (5.1) 

Femoral neck length (mm) 59.8 (2.9) 55.0 (2.9) 
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Table 2: Summary of stem sizes available for the different design options of the Corail® stem. Note that sizes 

ranged from 9 (8 for the standard offset Corail®) to 20, with 8 being the smallest size and 20 being the largest size. 

For all simulations, the stem was modelled with Young’s elastic modulus of 115 GPa, density of 4.43 g.cm
-3

 and 

Poisson’s ratio of 0.3.  

Stem size Standard Offset Corial® High Offset Corial® Coxa Vara Corial® 

M
in

           →
           M

ax
 

8 K8A - - 

9 K9A KHO9 KLA9 

10 K10A KHO10 KLA10 

11 K11A KHO11 KLA11 

12 K12A KHO12 KLA12 

13 K13A KHO13 KLA13 

14 K14A KHO14 KLA14 

15 K15A KHO15 KLA15 

16 K16A KHO16 KLA16 

18 K18A KHO18 KLA18 

20 K20A KHO20 KLA20 
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Table 3: Break-down of Group IV and Group V stem design composition. It can be noted that the standard offset 

design dominated both groups. The micromotion-based selection (Group IV) did not include Coxa Vara stems for 

males, nor High offset stems for females. The strain-based selection assigned the High Offset stem to only one 

female. 

Selection Criteria 

Design 

Standard Coxa Vara High Offset 

M F M F M F 

FE-based selection criteria 

Micromotion 

(Group IV) 

14 10 - 4 3 - 

Interfacial strains 

(Group V) 

`13 10 4 3 - 1 
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Highlights  

- For most cases, the standard offset design is likely to be sufficient for primary stability. 

- Appropriate use of lateralised stems can reduces the risk of peri-prosthetic bone damage.  

- Appropriate implant selection during the surgical planning stage is essential. 
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