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Chapter 2 

2. Radiostereometric Analysis (RSA) 

The purpose of this chapter is to provide an overview of the development of 

radiographic analysis techniques used to assess movement of Total Hip Arthroplasty 

components within the bone into which they have been implanted and discuss the 

clinical importance of modern computer-assisted techniques such as Radiostereometric 

Analysis (RSA). 

For decades, surgeons have observed that components implanted during arthroplasty 

surgery have the potential to move within the bone from their original implanted 

position(1). This phenomenon is referred to as migration, and the direction and extent to 

which the component moves is dependent upon the direction and size of the force 

vector acting upon the component. In Total Hip Arthroplasty both the acetabular and 

femoral components have the potential to migrate, and studies have shown that 

cemented acetabular components do have significant migration potential(2). However, 

the majority of acetabular components used in primary arthroplasty today have a 

cementless, press-fit design and these components migrate notably less than their 

cemented counterparts(3). On the femoral side however, the converse is true – 

cementless femoral components have been shown to migrate up to three times more 

than cemented femoral components within the first 6 post-operative months(4). 

Measuring the extent of component migration has presented a unique challenge to 

surgeons over many years, with techniques to accurately quantify the phenomenon 

becoming more refined with advancements in technology. Ever since the advent of plain 

film radiographs, surgeons have been able to compare 2 radiographs from different 

follow-up visits and measure the distance between a fixed point on the component and 

a fixed point on the bone. After accounting for magnification error, one can then 

estimate based on the change in the measurement, the extent of component migration. 

The accuracy of this technique was limited when using hard copy plain film radiographs, 

although with the widespread adoption of computer-based radiographic imaging 
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software, the ability of the software to standardize the magnification in its display did 

afford this technique an increased level of accuracy. 

Different measurements can be used to describe different patterns of migration. Figure 

2.1 Indicates the most commonly used measurements to assess femoral component 

migration. The distance from the tip of the greater trochanter to the shoulder of the 

component (A) is used to measure how far the femoral component subsides down into 

the femur over time. The distance from the component to the inner surface of the 

medial(C) and lateral(D) cortices respectively and the angle portended between the 

lateral surface of the component and the inner surface of the lateral cortex of the 

femur(B) are all used to measure changes in the alignment of the component within the 

sagittal plane i.e. shift of the component into varus or valgus. 

 

Figure 2.1 – Radiographic Analysis parameters 

There are still significant limitations to this technique – the radiographic measurements, 

particularly ones measuring movement in the sagittal plane, are susceptible to 
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variations in rotation of the operative leg when obtaining the radiograph. This may 

create artificial differences in the measurements, and ultimately misleading data. It is 

also limited in its accuracy to measure small amounts of migration, with research 

suggesting that a minimum of 5mm of movement is necessary to prove migration when 

utilizing this method(5). 

The underlying principles of the Radiostereometric Analysis (RSA) technique were first 

described in 1898 by a UK radiologist who investigated a method(6) of determining the 

exact position of an object in space by placing 2 X-ray rubes at different points on a 

horizontal beam, then taking a radiograph of the same object from 2 different angles 

(commonly referred to as the “stereo” method). He then placed the radiographic film 

underneath the X-ray rubes and used pieces of string to indicate beam trajectories for 

the 2 different angled films and used the intersection of the string as the true position in 

space of the object (Figure 2.2). 

 

Figure 2.2 Calculating position in space based on 2 image and fixed focus points 
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The same basic principles of this method apply to modern RSA methods, however 

instead of using a “localizer” (an apparatus using known focus and film position), 

modern techniques use a cage with fiducial and control markers to generate a 3-

dimensional co-ordinate system. 

Modern RSA techniques have become invaluable to surgeons in that they produce an 

accurate and reliable estimate of the amount of migration an arthroplasty component 

undergoes over time in vivo. It does, however, operate under a number of assumptions. 

The first is that the rigid body model theory applies to our components and environment. 

This is a mathematical model using simple geometry to describe movement of one rigid 

body relative to another. A rigid body is defined as any 3 pairs of non-co-linear points 

within a body matrix where the distance between each pair of points is consistent. If the 

distances between these points are variable, the body is referred to as deformable. 

In RSA, if the distances between paired points of two rigid bodies all change, this is 

referred to as translation. Rotation is defined as the points along the rotation axis not 

changing but all other paired points within the matrix of the rigid body changing. The 

overall movement of a rigid body is the sum of translation of all points within its matrix 

and rotation about an axis through a point in the matrix or in space. 

The rigid body we are interested in measuring the movement of is the component itself. 

The second rigid body that we use as a reference point is the bone. However, 

identification of accurately and easily reproducible landmarks in the bone is almost 

impossible. Therefore, as a surrogate measurement, we use small tantalum beads that 

we implant into the bone at the time of surgery. The position of these beads remains 

constant within the bone, and can therefore be used as a proxy for the bone as they are 

easily visible on radiographs and do not change in position over time. The beads are 

highly biocompatible and resistant to corrosion, making them ideal choices for this 

process. The beads are available in 0.6mm, 0.8mm and 1mm diameter. Although using 

smaller beads increases the accuracy of the measurements, they are more difficult to 

visualize in radiographs, particularly when there is a large amount of soft tissue 
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coverage. For this reason, the most common bead diameter in hip or knee arthroplasty 

is 1mm. 

Although only 3 marker beads are theoretically necessary to calculate, usually between 

5 and 9 are implanted around each component to compensate for invisible or loose 

beads. The distribution should be random as the goal is to create a large rigid body(7) - 

the more the orientation of the beads resembles a straight line, the higher the condition 

number (an inverse measurement of accuracy) and the less accurate the technique will 

be. Most studies will exclude patients with condition numbers greater than 300(8). It is 

also important to be aware how much (if any) movement of the beads occurs – this is 

commonly measured via computer algorithms and is represented as a value referred to 

as the mean error. Values for the mean error greater than 250m are usually excluded. 

Extra-osseus beads reduce the usable bead pattern, and decrease the accuracy of the 

technique also – fortunately these are rare and usually lone single beads, with 

prevalence around the femur reported as 2% and around the pelvis as 6%(9) 

The same process is followed at most modern RSA labs (Figure 2.3) – 2 different 

radiographs are obtained at a known difference of angle from the perpendicular to the 

patient (the different itself varying between machines from anywhere between 20 and 

40 degrees). The radiographs are taken with the aforementioned cage (Figure 2.4) 

either behind or in front of the patient so that the markers essentially frame the joint 

being radiographed. The 2 radiographs are then obtained and digitally uploaded into the 

RSA software program. An RSA technician can then manually include or exclude 

marker beads wherever necessary before the software generates a digital projection of 

the prosthesis relative to the marker beads implanted in the bone around the prosthesis 

(Figure 2.5). 
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Figure 2.3 RSA Lab setup (Robarts Research Institute, London, ON, Canada) 

 

Figure 2.4 Fiducial bead marker cage 
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Figure 2.5 RSA Software digitally projecting prosthesis position based on RSA 

radiographs 

With multiple RSA radiographs taken over time at regular follow-up intervals, we can 

generate multiple digital projections of the position of the prosthesis relative to the 

marker beads, and therefore we can calculate the amount of movement from the 

original position of the component relative to the fixed point marker beads. 

The reported accuracy of RSA techniques in most studies approaches approximately 

0.2mm(4) in clinical studies, with increased accuracy of 0.047 to 0.121mm described 

from in vitro studies(10). With this increased accuracy as compared to more basic 

radiographic analysis techniques, it has been suggested that RSA is arguably the gold-

standard technique for evaluating new implants as failure can be predicted with fewer 

patients and shorter follow-up time(11). Karrholm et al.(12) suggested that >0.33mm of 

subsidence and >0.85mm of maximum total point migration before 6 months are factors 

highly predictive of the need for future revision surgery, with Teeter et al.(13) studying 
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survivorship of different cemented stems using >0.23mm or >1.2mm after 2 years as 

migration thresholds predictive of failure. These studies were conducted on cemented 

stems however and, as we have previously discussed in this chapter, cementless 

components can migrate up to 3 times more than their cemented counterparts without 

the risk for long term failure increasing(4). Although this does mean that it is more 

difficult to make long-term predictions from short-term RSA data when analyzing 

cementless stems, previous randomized controlled studies have shown improved 

fixation of hydroxyapatite coated stems when compared to beaded(14) and grit-blasted 

porous implant surfaces(15).  

Refining RSA techniques over many years has developed a reliable, reproducible tool 

for assessing component migration in arthroplasty surgery with a high degree of 

accuracy provided tantalum marker bead placement and radiograph film quality are both 

optimized(16). As a result, many renowned surgical journals now require 2-year follow-

up RSA data when articles investigating implant performance and survivorship are 

being submitted. RSA has also shown significant utility in accurately quantifying 

polyethylene wear, particularly when tantalum beads are incorporated into the 

polyethylene liner itself(17,18) 

In 2005, standardized guidelines for RSA technique were published in order to facilitate 

reliable comparisons between research groups(19). Audit study of published RSA 

literature since this date however, reveals that no study has fully adhered to all 

guidelines, with around half of published studies partially adhering to 10 of the 13 

guidelines published(20). The study did demonstrate improved methodological quality of 

studies published after the guidelines when compared to RSA studies published prior to 

their introduction in 2005. 

As advances in implant technology are made, we will continue to rely on RSA 

techniques to provide us with important data surrounding continued implant migration 

long before clinical signs of failure are evident. This data is key to improving implant 

selection and design, and ultimately improving patient outcomes in the ever-growing 

arthroplasty patient population. 
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Chapter 3 

3. Objectives 

The objectives of this thesis include: 

1) Demonstrating the extent and nature of component subsidence after Total Hip 
Arthroplasty in patients who receive a collared femoral prosthesis through both 
anterior and lateral surgical hip approaches measured via a retrospective 
analysis of serial post-operative plain radiographs, and how this correlates with 
revision rate between the two approaches. 
 

2) Using RadioStereometric Analysis (RSA), demonstrating the extent and nature of 
component subsidence after Total Hip Arthroplasty in patients who are 
prospectively randomized to either receive a collared or collarless femoral 
component of an otherwise identical design femoral prosthesis, and how this 
correlates with early implant migration patterns between direct anterior and direct 
lateral approach surgery. 
 

3) Discussing, and making direct comparisons where appropriate, the 
retrospectively analyzed plain radiograph data and the prospectively collected 
RSA data and conclusions that can be drawn from this study, including the 
implications for component design selection in both anterior-approach Total Hip 
Arthroplasty, and Total Hip Arthroplasty patients in general. 
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Chapter 4 

4. Collared stems in Direct Anterior and Direct Lateral Primary 

Total Hip Arthroplasty: A Retrospective Cohort study 

4.1 Introduction 

Total Hip Arthroplasty (THA) is one of the most reliable and reproducible procedures in 

orthopedic surgery today, with recent published outcomes achieving as high as 97% 

success(1). One of the key requirements in accurately measuring this success is regular 

follow-up, consisting of serial clinical examinations, plain-film radiographs and validated 

patient-reported outcome measures (PROMs). The follow-up clinic visit is a unique 

opportunity to collect important data regarding patient outcomes that can be analyzed 

and form the basis of well-designed clinical studies which, in turn, can be compared to 

other studies of similar design to produce high-level evidence supporting the high 

success rates of THA(2,3). Types of obtainable data can be broadly classified into either 

patient-reported or physician-reported. Both have important roles – patients must report 

satisfaction in order for a procedure to be considered successful, but true success is 

only achieved when both the patient and the physician report favorably. 

One of the important assessments an arthroplasty surgeon must make when assessing 

a patient post-operatively is the patients’ post-operative radiograph. Although surgeon 

preference for post-THA plain film radiograph frequency varies significantly(4), most 

surgeons agree that serial radiographs must be taken during the first post-operative 

year to have sufficient information to be able to be confident of the long-term success of 

the arthroplasty. Numerous important pieces of information can be obtained from serial 

radiographic examination, including accuracy of appropriate component sizing, 

component orientation, any change in component position and signs of component 

subsidence as well as presence or absence of radiolucent lines. The latter plays a 

particularly important role in determining long term success, as numerous published 

studies have shown that the greater the degree of component subsidence, the greater 

the risk of requiring revision surgery(5,6). 
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Subsidence tends to occur more on the femoral side of the joint due to the direction of 

the force vectors that occur around the hip during normal mobilization. Using an 

inappropriately small femoral component is a risk factor for subsidence. Subsidence can 

cause adverse symptoms such as thigh pain, difficulty mobilizing and can result in 

symptomatic leg-length discrepancies and even, in more extreme cases, periprosthetic 

fracture(7). However, it is important to note that implant migration and subsidence does 

still occur in appropriately sized femoral components, albeit to much lesser degree. It is 

essential that the surgeon monitor for signs of gross component subsidence when 

examining post-operative plain film radiographs. 

The purpose of this chapter is to describe a retrospective study examining serial post-

operative radiographs in THA patients from the database of our academic centre who 

received a fully hydroxyapatite-coated collared femoral component (Corail, Depuy 

Synthes, Raynham, MA, USA) and describing changes in component position and 

quantify any migration or subsidence that may occur. 

We will also assess revision rates between patients who received THA via a direct 

anterior or a direct lateral approach and compare the cohorts, examining reasons for 

revision specifically and identifying any discrepancy between the surgical approach 

groups. 

4.2 Materials & Methods 

After obtaining Research Ethics Board approval, the database of our tertiary care 

academic centre was searched, and anonymized data on all patients who had received 

a fully hydroxyapatite-coated collared femoral stem as part of primary THA surgery 

between January 2012 and September 2017 was extracted. The index arthroplasty 

surgery was performed by one of three consultant surgeons from our institution (BL, JH 

and EV). The data was formatted into an Excel spreadsheet (Microsoft, 2016) and each 

patient had three post-operative radiographs examined – the immediate post-operative 

radiograph taken on the day of surgery, the 1 year follow-up radiograph and the 2 year 
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follow-up radiograph. These radiographs were retrieved and viewed using our 

institutions’ Centricity PACS system (General Electric Healthcare, 2018). Analysis of 

each radiograph included the following specific measurements: 

 

1) The distance from the tip of the greater trochanter to the shoulder of the femoral 
component 

2) The angle formed between the lateral border of the component and the lateral 
cortex 

3) The distance from the mid-point of the femoral component to the lateral cortex 
4) The distance from the mid-point of the femoral component to the medial cortex 

 

Figure 4.1 Radiographic analysis parameters 

The dataset was analyzed between two reviewers (SH and MP) who analyzed the first 

100 patients in the database together, comparing agreement between their values using 

a Pearson Correlation Coefficient. Each reviewer was then assigned half of the 

remaining data each to analyze independently using the same technique. 
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The above values were obtained for all patients in the extracted data, and these were 

then recorded in a separate spreadsheet to enable calculation of means/medians and 

standard deviations for each separate value. 

Once all radiographs had been analyzed, the data was then examined for any patients 

who had received revision surgery, and the values for these patients were compared 

directly to the means/medians and standard deviations of the cohort as a whole to 

determine whether these patients were deemed to be outliers. The reason for the 

revision surgery was also recorded. 

We used an unpaired t-test for statistical comparisons between mean values where 

appropriate (e.g. comparing the mean age and BMI of the direct anterior and direct 

lateral cohorts respectively). We used a chi-squared test for statistical comparisons 

between event rates where appropriate (e.g. revision rates between the cohorts). 

Statistical significance was considered to be present where the p-value < 0.05. 

4.3 Results 

For the aforementioned 100 patient cohort analyzed in tandem, the Pearson Correlation 

coefficient value for measurement A = 0.97, B = 0.75, C = 0.81 and D = 0.92, indicating 

good agreement between reviewers values. 

Table 4.1 indicates the patient demographics from the entire retrieved cohort and their 

distribution across key factors such as gender, BMI, age and indication for surgery. 

Table 4.2 illustrates a demographic comparison between the two surgical approach 

cohorts respectively, along with p-values to indicate any statistically significant 

differences between the cohorts in each category. 
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Table 4.1 – Patient demographics & information 

Number of patients (number of hips) 695 (778) 

Mean age at time of surgery +/- SD 

(range) 

70 +/- 12 (21-95) 

Mean BMI +/- SD (range) 30 +/- 6.9 (15-74) 

Sex  

Male 337 

Female 358 

Side  

Left 359 

Right 419 

Surgical Approach  

Direct Anterior 281 

Direct Lateral 497 

Indication (%)  

Osteoarthritis 677 

Osteonecrosis/AVN 21 

Post-traumatic 20 

Fracture 5 

Hip Dysplasia 3 
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Inflammatory Arthritis 3 

Tumour 2 

Perthes 2 

Osteopetrosis 1 

 

Table 4.2 – Demographic comparison between cohorts & statistical significance 

 Direct Anterior Direct Lateral  

Age 69.1 (+/- 11.4 SD) 70.6 (+/- 14.5SD) p = 0.152 

BMI 28.1 (+/- 15.7 SD) 30.3 (+/- 8.0 SD) p = 0.0447 

Sex M = 123, F = 151 M =  222, F = 265 p = 0.984 

Side L = 139, R = 134 L = 221, R = 267 p = 0.132  

A total of 809 hips in 734 patients received a full-hydroxyapatite coated femoral stem 

were retrieved from the institutional database search. We excluded 48 patients who had 

reported surgical approaches other than an anterior or lateral approach, leaving 761 

patients for analysis. Of this cohort, 96% (n = 734) had retrievable radiographs both 

post-operatively and at the 1-year follow-up. Thirty-four percent (n = 275) had post-

operative, 1 year and 2 year radiographs available for analysis (Figure 4.2). 
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Figure 4.2 – Patient follow-up Flow Diagram 

This loss to follow-up at the 2-year mark is likely due to either patient non-attendance at 

scheduled 2-year clinic follow-up appointment or physician judgement that the patient 

did not require a 2-year follow-up appointment during their 1-year assessment and 

therefore scheduling a follow-up at the 3-year post-surgery point instead. 

Between the post-operative radiograph and the 1-year follow-up radiograph, the mean 

stem subsidence (as indicated by the distance measured from the tip of the greater 

trochanter to the shoulder of the femoral component) was 1.24mm (+/- 12.1mm SD) 

with the median value being 0.98mm (0 – 34.8mm Range). At the 2-year follow-up 

809 Patients 

Received THA with fully HA-coated 

femoral stem from database retrieval 

Excluded non-DA and DL patients 

• 48 patients (5.9%) 

Excluded patients without post-op 

AND 1 year radiographs 

• 27 patients (4.0%) 

Patients without 2 year follow-up 

radiograph 

• 534 patients (66.0%) 

275 patients 

Have post-op, 1 year AND 2 

year radiographs available 
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radiograph, the mean stem subsidence from the initial post-operative radiograph was 

2.09mm (+/- 8.3mm SD) with the median value being 1.88mm (0 – 26.34mm Range), 

indicating that on average, the stem subsided approximately a further 1mm between the 

first and second post-operative year. 

For the angle portended between the lateral cortex of the femur and lateral surface of 

the femoral component, the mean difference between the post-operative and 1-year 

follow-up radiograph was 0.2 degrees (+/- 0.14 degrees SD) with the median value 

being 0.1 (0 – 7.9 degrees Range), indicating a very minor varus change of the overall 

component alignment. Comparing the 2-year follow-up radiograph to the initial post-

operative radiograph results in a mean difference of 0.36 degrees (+/- 0.11 degrees SD) 

and a median value of 0.4 degrees (0 – 4.3 degrees Range), indicating that 

approximately a further 0.2 degrees of varus shift occurs between the first and second 

year post-operatively. 

These alignment findings are further confirmed by the results of the analysis of the 

distance of the component stem at its’ midpoint from the medial and lateral cortices. 

Between the post-operative and 1-year follow-up radiograph, the distance from the 

medial cortex increase by a mean of 0.12mm (+/- 0.17mm SD) and a median of 0.17mm 

(0 – 5.74mm Range) and further increased at the 2-year radiograph by a mean of 

0.18mm (+/- 0.13mm SD) and a median of 0.14 (0 – 4.9mm Range). The lateral cortex 

distance decreased at the 1-year radiograph by a mean of 0.45mm (+/- 0.2mm SD) and 

a median of 0.1mm (0 – 1.8mm Range) and maintained this change at the 2-year 

radiograph with a mean of 0.44mm (+/- 0.27mm SD) and a median of 0.28 (0 – 3.75mm 

Range). 
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Table 4.3 – Radiographic Analysis by Surgical Approach 

Examining our radiographic analysis data when broken down by surgical approach 

allows us to compare the migration of the femoral component implanted via both direct 

anterior and direct lateral approaches respectively. The mean changes in each value 

between the post-operative radiograph and the 2-year radiograph are indicated in Table 

3. The anterior approach cohort stems subsided 1.88mm on average, compared to 

0.47mm in the lateral cohort. Varus tilt occurred in both groups, with the lateral group 

experiencing slightly greater tilt of 0.418 degrees compared to the anterior groups’ 

0.176 degrees. The distance measurements from each cortex exhibited minimal 

difference between cohorts. No statistically significant differences exist between the 

cohorts for any of the measurements described. 

Table 4.4 – Indications for Revision Surgery 

 Direct Anterior Direct Lateral Chi-squared 

Aseptic Loosening 1.42% (n=4) 0.4% (n=2) p = 0.118 

Periprosthetic 

Infection 

0.7% (n=2) 1% (n=5) p = 0.676 

Periprosthetic 

Fracture 

0.4% (n=1) 0.6% (n=3) p = 0.643 

 Measurement 1 Measurement 2 Measurement 3 Measurement 4 

Direct Anterior 1.88 (+/- 18.5) 0.176 (+/- 0.45) -0.463 (+/- 2.79) 0.116 (+/- 2.12) 

Direct Lateral 0.47 (+/- 7.03) 0.418 (+/- 0.16) -0.435 (+/- 1.44) 0.027 (+/- 1.48) 

Unpaired t-

test 

 

p = 0.31 

 

p = 0.89 

 

p = 0.69 

 

p = 0.29 
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Instability 0% (n=0) 0.4% (n=2) p = 0.916 

Our overall revision rate was found to be 2.5%, with 19 patients in the analyzed cohort 

receiving revision surgery to date. There was no statistically significant difference 

between the revision rate for the two surgical approaches with the revision rate in the 

anterior approach cohort being 2.4% and the revision rate in the lateral approach cohort 

being 2.5% (p=0.95). 

The most common reason for revision across both approach cohorts was periprosthetic 

infection, with 36.8% (n=7) of patients who underwent revision surgery doing so for this 

diagnosis. Second most common was revision for aseptic loosening – 31.6% (n=6) of 

patients were revised for this indication. Periprosthetic fracture necessitating revision 

surgery was third most common with 21.1% (n=4). 2 patients were revised for recurrent 

instability 

4.4 Discussion 

The outcome of our radiographic analysis broadly confirms our expected results – there 

is subsidence of the implant over the first 2 post-operative years and a small amount of 

shift in alignment toward the varus direction is observed over this time also. This has 

been theorized to occur in collared femoral components like the one investigated in our 

study due to the weight bearing force vectors acting on the femoral component, with the 

collar contacting the calcar bone and subsequently acting as a fulcrum around which 

the component can tilt into varus. This theory, however, is predicated on several 

prerequisites: 

1) The femoral component is undersized sufficiently to allow some varus alignment 
within the femoral canal. 

2) The femoral component is not already in significant varus at the time of surgery 
3) The femoral component subsidence that occurs during the post-operative period 

does not prevent this varus shift from happening 

Further examination of our results reveal that, compared to research examining the 

extent of subsidence of a fully-hydroxyapatatite collarless coated stem post-operatively, 

our mean value is significantly lower than values recorded(8) – supporting the 
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hypothesis that having a collared femoral implant reduces overall subsidence. This 

finding, however, is mitigated by the standard deviation values for our subsidence 

measurements at 1 and 2 years post-operatively being 12.1mm and 8.3mm 

respectively. This indicates a broad range of values for subsidence that are more in 

keeping with existing published literature on this topic. 

When we examine our data with a view to directly comparing the two approaches, we 

are able to make several observations. The only statistically significant difference when 

comparing the demographics of patients in each cohort was in BMI, where patients who 

had a direct lateral approach have a mean BMI 2 points higher than those who had 

surgery via direct anterior approach. No other statistically significant differences were 

observed. 

Despite recently published literature suggesting that the anterior approach carries a 

higher risk of femoral fracture as compared to other approaches(9), this has not been 

observed in our cohort. Although there appears to be a trend toward a higher infection 

rate in the lateral approach (n=5, 1%) when compared to the anterior approach (n=2, 

0.7%) a chi-squared test reveals a p-value of 0.676 indicating no statistically significant 

difference. The aseptic loosening rate appears higher in the anterior approach cohort (n 

= 4, 1.42%) as opposed to the lateral approach cohort (n = 2, 0.4%). A chi-squared test, 

however, reveals a p-value of 0.118, indicating the difference is not statistically 

significant. 

Examining the radiographic measurement data for each cohort respectively, we see 

large standard deviation values for each measurement indicating the limited accuracy of 

this technique. What we are able to observe, however, is that no statistically significant 

differences exist between anterior and lateral approaches for any of the measurements. 

We can infer from this finding that surgical approach does not significantly influence 

migration of the femoral stem post-operatively. 

The limitations of our radiographic analysis technique must also be acknowledged. 

Although our analysis technique has been previously described in the literature(8), the 

chief limitation in using this technique to assess change in component position over time 
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is that measurements (particularly our angle and cortex distance measurements) are 

highly susceptible to error when the radiographs are taken with the limb in differing 

degrees of rotation. We must also recognize our limitations with respect to patient 

numbers within the study – despite having a significant size cohort for analysis, we 

remain underpowered to detect statistically significant differences for infrequent events. 

Although having 3 different surgeons perform the procedures introduces heterogeneity 

and bias into our study, this factor does have positive implications in terms of 

generalizability of results and eliminating a single-surgeon bias element. 

With recent advances in computer-based radiographic assessment tools and 

radiostereometric analysis (RSA) techniques(10), these are now considered the gold-

standard for examining component position changes over time. However, use of these 

tools requires a prospective study design and availability of an RSA lab to investigators. 

Conversely, when a study is retrospective or investigators do not have access to an 

RSA lab, the radiographic analysis technique we have described is the only way to 

quantify changes in component position over time. 

Our revision rates, both overall and in our approach-specific cohorts, are comparable to 

those reported in the literature when using a fully-hydroxyapatite coated femoral 

stem(11), and when using other femoral stem systems(12,13). Our data indicates no 

statistically significant difference in early revision rates between direct anterior and 

direct lateral surgical approaches when using this stem. This is in contrast to recent 

literature findings that suggest the direct anterior approach is a risk factor for higher 

early revision rates(14). When examining the indications for revision, we are able to 

demonstrate that the majority of revision surgeries are performed for indications that are 

unrelated to component position or subsidence. Where patients have undergone 

revision surgery for indications that may be related to these factors, we have 

determined that they are not considered outliers within our cohort, and femoral 

component position change is unlikely to have contributed to their indication for revision 

surgery. 
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Our results have significant implications from a health economic perspective – new 

research is emerging to suggest patients who receive THA via direct anterior approach 

present a significantly lower cost to the hospital when compared to those who receive 

THA via alternate approaches(15). This study suggests that this cost-saving is not 

subsequently offset by higher early revision rates in the anterior approach cohort, 

although further cost-efficacy analysis study is required to support these hypotheses. 

4.5 Conclusion 

In our patient population who received collared fully hydroxyapatite-coated femoral 

stems as part of a Total Hip Arthroplasty, we have observed a mean femoral stem 

subsidence of approximately 2mm during the first 2 post-operative years. The stems 

also appear to shift in the varus direction by 0.4 degrees during this time. Surgical 

approach does not appear to affect femoral stem migration patterns significantly. 

Further study with radiostereometric analysis in a prospective randomized trial will 

produce more accurate values for femoral component position changes. 

Our revision rates for patients in both the direct anterior and direct lateral cohort are 

comparable to prior studies and do not indicate a higher early revision rate in the 

anterior approach cohort as has been suggested in recent publications. 
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Chapter 5 

5. Collared vs. Collarless stems in Direct Anterior and Direct 

Lateral Primary Total Hip Arthroplasty: A Prospective 

Randomized Cohort study 

5.1 Introduction 

With a globally aging population, the burden of age-related hip pathology on healthcare 

systems is set to grow in line with recently observed trends(1). While this results in an 

increasing demand for Total Hip Arthroplasty worldwide(2), advances in component 

technology and evolving surgical techniques are expanding the indications for THA to 

include increasingly younger patients with symptomatic hip pathology. This paradigm 

shift in the field of hip arthroplasty is driving surgeons to devise and refine techniques 

that meet the increasing demands of the modern hip arthroplasty patient – decreased 

pain, shorter hospital stays and shorter times to return to work or other physical activity. 

Although Anterior hip arthroplasty has been well-described in the literature as meeting 

each of these requirements respectively (3,4,5) there is research to suggest that, in 

doing so, it also carries a higher risk of early revision when compared to alternative, 

more traditional surgical approaches(6). While the learning curve of the Direct Anterior 

approach has been documented in detail(7) and is often considered to be a factor when 

determining risk of early revision, another important question is raised – is our implant 

technology meeting the same demands that our surgical techniques are striving toward? 

The majority of early failures in Anterior hip arthroplasty occur on the femoral side(8), 

and recent literature has demonstrated that fully hydroxyapatite-coated bone impaction 

stems outperform flat-tapered stems in the early post-operative period(8). However, 

although there has been cadaveric study suggesting collared stems are able to 

withstand greater forces before failure(9), clinical research directly comparing collared 

and collarless stems (Figure 5.1) has revealed no major differences in survivorship at 5 
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years, with only increased radiographic pedestal formation observed in the collarless 

group(10). 

 

Figure 5.1 – Collarless and Collared Femoral Implants 

The purpose of our study is to investigate the differences between a collared and 

collarless femoral component of a fully hydroxyapatite-coated bone impaction design 

with respect to their early survivorship as well as their migration patterns using 

Radiostereometric analysis (RSA) techniques. 

5.2 Materials and Methods 

We obtained Research Ethics Board (REB) approval at our institution for our study 

protocol which includes recruiting and prospectively randomizing patients seen at our 

institution by one of two senior surgeons (BL and EV). The patients who were 
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approached by study personnel for recruitment were assessed and planned for primary 

Total Hip Arthroplasty on an elective basis. Recruitment occurred either in the outpatient 

clinic at the time of assessment, or in the pre-operative assessment clinic where 

patients are counselled and prepared for their surgery by a team including a nurse 

practitioner, Anaesthesiologist and Internal Medicine specialist. 

After obtaining informed consent to be included in the study, patients were then 

randomized using a sealed envelope technique to receive either a collared or collarless 

femoral prosthesis as part of their THA. The patient is blinded to their cohort, although 

surgeon cannot be for obvious reasons. The patient is identified as a study patient on 

the day of their surgery, and as part of their procedure they receive tantalum beads 

impacted into the bone surrounding the hip joint in a standard distribution protocol. They 

also receive whichever femoral component design they have been randomized to. The 

patients follow standard post-operative THA care pathways and are discharged from 

hospital accordingly. 

Patients receive a baseline RSA radiograph within 24 hours after the operation. The 

patients then follow-up on an outpatient basis at 2, 4 and 6 weeks, and thereafter at 3 

months, 6 months, 1 year and 2 years. During these outpatient visits, patient-reported 

outcome measures (WOMAC, HHS, SF-12, UCLA Activity score) are recorded and, as 

well as having standard follow-up radiographs taken, they are also taken to the RSA lab 

where they have special RSA radiographs taken as per standard RSA protocol. 

Any revision surgery performed on any study patient within the first 2 years is recorded 

and the reasons for revision are also documented. RSA measurements are used to 

calculate implant migration at each follow-up time point, and total implant migration is 

also calculated based on these values. PROMs are also recorded and analyzed as per 

standard follow-up protocol. 

5.3 Results 

At the time of thesis submission, the prospective randomized trial is ongoing. 21 

patients have undergone THA (10 Collared, 11 Collarless) and have both RSA and 



 58 

PROM data available at 6 weeks post-operatively, 17 of these patients have RSA data 

available for the 3-month follow-up visit, 15 have 3-month PROM data available. These 

patients have undergone THA either through anterior or lateral approaches – since the 

study has not yet reached full recruitment for each cohort, we will report preliminary 

results across all approaches. 

There have been no patients who have undergone revision surgery for any reason at 

the time of submission. 

Table 5.1 – Mean UCLA Activity Score Improvement 

 2 weeks 4 weeks 6 weeks 3 months 

Collared -2.6 (+/- 2.06 

SD) 

-0.8 (+/- 1.33 

SD) 

0.4 (+/- 1.43 SD) 1 (+/- 1.41 SD) 

Collarless -1.75 (+/- 2.17 

SD) 

-0.58 (+/- 2.22 

SD) 

0 (+/- 2.55 SD) 1.63 (+/- 2.74 

SD) 

Our PROM data indicates that during the first 4 post-operative weeks, patients describe 

a decline in activity. At the 6 week mark, patients begin to report equivalent or greater 

activity level as compared to pre-op scores, and this increase continues at 3 months 

post-surgery. Unpaired t-test calculated at each time interval reveals no statistically 

significant difference between collared and collarless groups at 2 weeks (p = 0.37), 4 

weeks (p = 0.7887), 6 weeks (p = 0.6671) and 3 months (p = 0.5223). 

Table 5.2 – Mean RSA Maximum Total Point Motion 

 2 weeks 4 weeks 6 weeks 3 months 

Collared 2.6 (+/- 2.06 SD) 3.05 (+/- 1.79 

SD) 

3.61 (+/- 2.48 

SD) 

4.26 (+/- 2.72 

SD) 

Collarless 6.43 (+/- 4.31 

SD) 

6.93 (+/- 4.83 

SD) 

6.76 (+/- 5.2 SD) 7.86 (+/- 5.64 

SD) 
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Our RSA data reveals statistically significant differences between the collared and 

collarless cohort even at early time intervals – Table 5.2 shows mean values for the 

Maximum Total Point Motion at each time interval, indicating significantly more motion 

in the collarless group than in the collared group. Unpaired t-testing reveals statistical 

significance to this difference at 2 weeks (p = 0.0194) and 4 weeks (p = 0.0273) while 

the values at 6 weeks (p = 0.0978) and 3 months (p = 0.0828) approach significance but 

do not meet the threshold. 

Table 5.3 – Mean RSA Total Migration 

 2 weeks 4 weeks 6 weeks 3 months 

Collared 1.3 (+/- 1.31 SD) 1.78 (+/- 1.66 

SD) 

2.23 (+/- 2.56 

SD) 

2.73 (+/- 2.60 

SD) 

Collarless 3.92 (+/- 3.03 

SD) 

4.42 (+/- 3.25 

SD) 

4.33 (+/- 3.21 

SD) 

4.51 (+/- 3.67 

SD) 

The values in Table 5.3 illustrates the mean Total Migration for both groups. As per the 

Maximum Total Point Motion data, we observe notably less Total Migration in the 

collared group at each time point than in the collarless group. Statistical significance of 

this difference is achieved at 2 weeks (p = 0.0207) and 4 weeks (p = 0.0325) with the 

values for 6 weeks (p = 0.1162) and 3 months (p = 0.2194) not achieving statistical 

significance. 

5.4 Discussion 

Although interim analysis of the limited data available at the time of thesis submission 

makes drawing meaningful conclusion difficult, we are able to see a trend emerging 

even at this early stage of the study. With such small numbers in each cohort so far, 

and with follow-up data having only reached the 3-month mark, it is not surprising that 

no revisions have occurred given that the revision rate we have observed from our 

previous retrospective data is around 1-2%. Similarly, early PROM data has followed an 

expected pattern of initially decreased scores as compared to pre-operatively in the 
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weeks following the surgery while recovery occurs with the trend towards improvement 

in these scores beginning at around the 6-week post-operative visit. The presence of a 

collar does not appear to influence this process given no statistically significant 

differences between groups in the data we have thus far. 

However, our early RSA data tells a different story – even from the 2 week radiographs 

we have observed a statistically significant difference in the biomechanical behaviour of 

the collarless stems when compared to the collared stems. Greater values for Maximum 

Total Point Migration and Total Migration overall indicate the collarless stems are 

migrating more than the collared stems early on. Loss of statistical significance of this 

difference at the 6 week and 3 month marks may be due to increases in the standard 

deviations in both groups, and therefore a purely statistical phenomenon that will be 

eliminated when the study reaches its recruitment goal of 50 patients in each cohort. It 

remains possible, however, that this may be due to a true biomechanical phenomenon 

where stem subsidence occurs this early on in both groups, and is merely greater in the 

collarless group due to the limiting factor of the collar in the collared group. If this were 

the case, it would be more likely that no statistically significant differences between the 

cohorts will reveal themselves for the remainder of the follow-up visits, indicating that 

both stem designs have reached biomechanical stability at an early stage in the 

patients’ recovery. 

They key question that cannot be answered adequately by our data in its current limited 

state is: do collarless stems migrate more to a clinically significant extent? We may 

indeed see significant differences between Total Migration of the groups at the 

completion of the study, but if early revision rates remain equal, the clinical implications 

of using a collared stem as compared to a collarless stem may be less important than 

initially hypothesized. 

5.5 Conclusion 

Although our early and incomplete data set shows collarless stems migrating 

significantly more than collared stems in the immediate post-operative time period, 

longer follow-up and a greater number of patients in the study are needed to fully 
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understand whether this is a true biomechanical phenomenon and not just a misleading 

statistical anomaly, and whether these findings translate to significant clinical 

differences between these two patient cohorts. 
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Chapter 6 

6. Conclusions 

Based on the research described in this thesis, we are able to draw the following 

conclusions: 

1. Despite existing published literature suggesting a higher early revision rate in 
Direct Anterior Total Hip Arthroplasty, our experience at our institution is that 
revision rates for DA THA patients are comparable to those for patients who 
receive THA through a more traditional lateral approach. 
 

2. Radiographic analysis of post-operative radiographs, while limited in its accuracy, 
can provide useful information regarding femoral component migration in the 
setting of a retrospective study design. Using this technique, we have observed 
no statistically significant difference in femoral stem migration between surgical 
approaches. 
 

3. Early prospectively collected data suggests the presence or absence of a collar 
on the femoral component does not influence patient-reported outcome 
measures at very short-term follow-up 
 

4. Although early RSA data suggests that collarless femoral components migrate 
more than collared femoral components to a statistically significant extent, the 
clinical implications of this information are not yet clear. Further study and data 
are necessary to determine how this affects survivorship. 
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Appendix A: The UCLA Score 
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Appendix B: WOMAC 

 

Your Full Name:        Today’s Date: 

     /     /      

Month Day Year 

 

WOMAC OSTEOARTHRITIS INDEX 
 

1. The following questions concern the amount of pain you are currently experiencing in your knees.  For 

each situation, please enter the amount of pain you have experienced in the past 48 hours. 

None mild moderate severe extreme 

A. Walking on a flat surface A.      

B. Going up or down stairs B.      

C. At night while in bed C.      

D. Sitting or lying D.      

E. Standing upright E.      

 

2. Please describe the level of pain you have experienced in the past 48 hours for each one of your knees. 

None mild moderate severe extreme 

A. Right knee A.      

B. Left knee B.      

 

 

3. How severe is your stiffness after first awakening in the morning? 

 

None mild moderate severe extreme 

     

 

4. How severe is your stiffness after sitting, lying, or resting later in the day?  

 

None mild moderate severe extreme 

     

 

5. The following questions concern your physical function.  By this we mean your ability to move around and 

to look after yourself. For each of the following activities, please indicate the degree of difficulty you have 

experienced in the last 48 hours, in your knees. 

 

What degree of difficulty do you have with: 

None mild moderate severe extreme 

A. Descending (going down) stairs A.      

B. Ascending (going up) stairs B.      

C. Rising from sitting C.      

D. Standing D.      

E. Bending to floor E.      

F. Walking on a flat surface F.      

G. Getting in/out of car G.      

H. Going shopping H.      

I. Putting on socks/stockings I.      

J. Rising from bed J.      

K. Taking off socks/stockings K.      

L. Lying in bed L.      

M. Getting in/out of bath M.      

N. Sitting N.      

O. Getting on/off toile O.      

P. Heavy domestic duties (mowing P.      

the lawn, lifting heavy grocery bags) 

Q. Light domestic duties (such as Q.      

tidying a room, dusting, cooking) 
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APPENDIX C: SF-12 Survey 

 

SF-12 Health Survey 
 
This survey asks for your views about your health. This information will help keep track of how you feel and how 
well you are able to do your usual activities. Answer each question by choosing just one answer. If you are 
unsure how to answer a question, please give the best answer you can. 

  

Patient name:                                             Date:                          PCS:                MCS: 
________________________ _____________________________________________ _____ 
Visit type (circle one) 
   Preop  6 week  3 month  6 month  12 month  24 month  Other:_________ 

 
1. In general, would you say your health is: 
  

□ 1   Excellent  □ 2  Very good   □ 3   Good   □ 4  Fair   □ 5  Poor 

The following questions are about activities you might do during a typical day. Does your health now 
limit you in these activities?  If so, how much? 
  
            YES,   YES,    NO, not 
                      limited       limited      limited  
            a lot          a little       at all  

2.  Moderate activities such as moving a table, pushing            □ 1         □ 2        □ 3 

     a vacuum cleaner, bowling, or playing golf.                         

3.  Climbing several flights of stairs.                                   □ 1          □ 2        □ 3 

During the past 4 weeks, have you had any of the following problems with your work or other regular 
daily activities as a result of your physical health? 
  
                  YES             NO  

4.   Accomplished less than you would like.      □ 1             □ 2 

5.   Were limited in the kind of work or other activities.         □ 1             □ 2 

During the past 4 weeks, have you had any of the following problems with your work or other regular 
daily activities as a result of any emotional problems (such as feeling depressed or anxious)? 
 
              YES                 NO  

6.  Accomplished less than you would like.     □ 1            □ 2 

7.  Did work or activities less carefully than usual.               □ 1            □ 2 

8.  During the past 4 weeks, how much did pain interfere with your normal work (including work outside 
the home and housework)? 
 

□ 1  Not at all  □ 2  A little bit   □ 3  Moderately      □ 4  Quite a bit        □ 5  Extremely    

These questions are about how you have been feeling during the past 4 weeks. 
For each question, please give the one answer that comes closest to the way you have been feeling.  
 
How much of the time during the past 4 weeks…      
                                                 

All of     Most     A good          Some        A little       None 
         the            of the        bit of           of the        of the         of the 
                                               time           time         the time       time        time            time 

9.  Have you felt calm & peaceful?        □ 1       □ 2         □ 3   □ 4   □ 5   □ 6 

10. Did you have a lot of energy?           □ 1       □ 2   □ 3          □ 4       □ 5          □ 6       

11. Have you felt down-hearted and       □ 1       □ 2         □ 3   □ 4       □ 5          □ 6         

 blue? 

12. During the past 4 weeks, how much of the time has your physical health or emotional problems 
interfered with your social activities (like visiting friends, relatives, etc.)? 
  

□ 1  All of the time  □ 2  Most of the time □ 3  Some of the time □ 4  A little of the time □ 5  None of the time
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Appendix D: List of abbreviations 

THA  -  Total Hip Arthroplasty 

DDH  -  Developmental Dysplasia of the Hip 

AVN  -  Avascular Necrosis 

SCFE  -  Slipped Capitofemoral Epiphysis 

FAI  -  Femoroacetabular Impingement 

RA  -  Rheumatoid Arthritis 

SLE  -  Systemic Lupus Erythematosus 

NSAID -  Non-Steroidal Anti-Inflammatory Drug 

ASIS  -  Antero-Superior Iliac Spine 

PSIS  -  Postero-Superior Iliac Spine 

RSA  -  Radiostereometric Analysis 

PROM -  Patient-Reported Outcome Measure 

BL  -  Brent Lanting 

JH  -  James Howard 

EV  -  Edward Vasarhelyi 

SH  -  Sebastian Heaven 

MP  -  Maxwell Perelgut 

PACS  -  Picture Archive and Communication System 

BMI  -  Body Mass Index 
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SD  -  Standard Deviation 

HA  -  Hydroxyapatite 

DA  -  Direct Anterior 

DL  -  Direct Lateral 

REB  -  Research Ethics Board 

HHS  -  Harris Hip Score 

WOMAC -  Western Ontario & McMaster Universities  

     Osteoarthritis Index 

UCLA  -  University of California, Los Angeles 

SF-12  -  12-item Short Form survey 
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Lower Extremity Reconstruction 

- University of Western Ontario, London, ON, Canada 

Lower Extremity Reconstruction 
  
2006 – 2012  Cardiff University 

   MBBCh (Medicine) 

Modules included: General Surgery & Orthopaedics, Cardiology, 

Respiratory Medicine, Gastroenterology, Community Medicine, 

Neurology, Paediatrics, Psychiatry, Obstetrics & Gynaecology, ENT, 

Ophthalmology, Dermatology, Infectious Diseases, Haematology and 

Internal Medicine 
  

1999 – 2006   King Edward’s School, Birmingham   

4 A levels:    Biology (B) Chemistry (A) Spanish (A) Gen Studies (A) 

10 GCSE’s:  French (A*) English (A*) Maths (A*) Biology (A) Physics 

(A*) Chemistry (A) Religious Studies (A*) Music (A*) English Literature 

(A*) Spanish (A*)  
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Medical Licensures 
 

2012 – 2017 College of Physicians and Surgeons of Ontario Postgraduate License 

2018 – present College of Physicians and Surgeons of Ontario Independent License 

 (ACTIVE) 
 

Publications 
 

Journal Articles 
 

1. Heaven S, de SA D, Simunovic N, Williams D, Naudie D, Ayeni OR Hip Arthroscopy in 

the setting of Hip Arthroplasty Knee Surg Sports Traumatol 2014 Nov 20 (PUBLISHED) 

2. Horner NS, de SA D, Heaven S, Simunovic N, Bedi A, Athwal GS, Ayeni OR 

Indications and outcomes of shoulder arthroscopy after shoulder arthroplasty J Shoulder 

Elbow Surg 2015 (PUBLISHED) 

3. Heaven S, de SA D, Simunovic N, Bedair H, Naudie D, Ayeni OR Knee Arthroscopy in 

the setting of Knee Arthroplasty J Knee Surg 2015 (PUBLISHED) 

4. Heaven S, de SA D, Duong A, Simunovic N, Ayeni OR Safety and Efficacy of Shoulder 

Arthroscopy in the setting of Shoulder Arthroplasty Curr Rev Musculoskelet Med 2015 

(PUBLISHED) 

5. De SA D, Holmich P, Philips M, Heaven S, Simunovic N, Philippon MJ, Ayeni OR 

Athletic Groin Pain: A Systematic Review of Surgical Diagnoses, Investigations and 

Treatment Br J Sports Med 2015 (PUBLISHED) 

6. Bedair H, Antioch V, Heaven S Line-to-line Reaming of Highly Porous Acetabular 

Components Improves Position and Reduces Variability of Component Placement J Hip 

Surg 2017 (PUBLISHED) 

 

Textbook Chapters 
 

1. Dugani S, Alfonsi J Shoulder, Elbow, Hand and Wrist – Clinical Anatomy Cases: An 

Integrated Approach with Physical Examination and Medical Imaging, Lippincott 

Williams 2016 
 

Presentations 
 

• 2011 - 1st All-Wales Student Research Symposium – “Outcomes of Oxford Unicondylar 

Knee Arthroplasty in a District General Hospital” (POSTER) 

• 2012 – 3rd International Student Medical Congress Kosice – “Outcomes of Oxford 

Unicondylar Knee Arthroplasty in a District General Hospital” (PODIUM) 

AWARDED 1st PLACE IN SURGERY CATEGORY 

• 2014 – Canadian Association of Sports and Exercise Medicine Annual Meeting – “Hip 

Arthroscopy in the setting of Hip Arthroplasty” (POSTER) 

• 2015 – Canadian Orthopaedic Assocation Annual Meeting – “Hip Arthroscopy in the 

setting of Hip Arthroplasty” (POSTER) 
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• 2015 – Canadian Orthopaedic Assocation Annual Meeting – “A Survey of Canadian 

Orthopaedic Surgeon use of Tranexamic Acid in Arthroplasty and Hip Fracture Surgery” 

(POSTER) 

• 2015 – International Society for Hip Arthroscopy “Athletic Groin Pain: A Systematic 

Review of Surgical Diagnoses, Investigations and Treatment” (POSTER) 

• 2016 – American Academy of Orthopaedic Surgeons Annual Meeting – “Line to Line 

Reaming of Porous Cups Improves Position and Reduces Variability in Acetabular 

Component Placement” (POSTER) 
 

 
 

Courses/Conferences Attended 
 

2013 – OTA Comprehensive Fracture Course for Residents 2.0 

2013 – AAHKS Resident Arthroplasty Course/Annual Meeting 

2014 – OTA Advanced Fracture Course 

2015 – ATLS Instructor Course 

2016 – CORR Trauma 

2016 – CORR Paeds 

2016 – CORR Recon 

2016 – SPORC St. Justine Review Course, Montreal 
 

Educational Responsibilities 
 

2009 Tutor to high school students during “MedWales” career experience event. 

2010  Clinical tutor to high school students for Cardiff University “Medical 

Roadshow”. 

 Interview panel member for prospective medical student admissions 

interview 

2011 Team member in development of the Clinical Skills Video project that 

won the 2010 International Journal of Clinical Skills award. 

Volunteer for Peer-Assisted Learning programme at Cardiff university. 

2012 Clinical Tutor to McMaster University medical students in core 

knowledge “MF2” modules and clinical skills sessions including suturing, 

casting & splinting workshops 

2013 Elected Orthopaedic Surgery co-ordinator and Vice President of 

McMaster University Surgical Foundations Committee 
 

Other Qualifications 
 

01.04.2012 - ACLS Certified 

15.02.2015 - ATLS Instructor Qualified 

 


