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Abstract 

The posterior approach to the hip in total hip arthroplasty (THA) was first 

described in 1874. Since then it has undergone several modifications. Most 

recent changes include the posterior capsulotendinous repair to improve 

stability, and minimally invasive techniques to improve function. One such 

short incision technique is the Piriformis-sparing minimally invasive 

(PSMI) approach. The aim of this thesis was to describe and analyse the 

approach to establish that it was safe, and to compare it to the standard 

posterior approach. 

Initially, a retrospective pilot study was performed comparing the PSMI 

approach to a control group by the standard posterior approach, with 

minimum 2 years’ follow-up. Then, in a prospective study, 

radiostereometric analysis (RSA) was used on a small cohort of patients to 

assess the integrity of repair of the posterior capsulotendinous structures. 

Stress radiographs taken at 3 months were compared with immediate 

post-operative controls. A blinded randomised controlled trial (RCT) was 

commenced to compare the PSMI approach with the standard approach 

with minimum 2 years’ follow-up. A subgroup of this study was analysed to 

assess the impact of dividing and repairing versus preserving Piriformis, 

using MRI. 
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The pilot study demonstrated the PSMI approach to the hip was safe. 

Findings suggested it resulted in less blood loss, shorter inpatient stay and 

better early function. The RSA study demonstrated that the majority of 

capsulotendinous repairs remain intact in the PSMI approach, conflicting 

with other studies. The findings of the RCT failed to support those of the 

pilot study – the PSMI approach resulted in early improved function, but no 

difference in any outcomes after 6 weeks when compared to the standard 

posterior approach. The procedure was noted to be technically more 

difficult, particularly in the obese patient. The subgroup analysed with MRI 

showed that the PSMI approach avoids the marked wasting and 

deterioration in muscle grade that occurs when the tendon is divided and 

repaired by the standard approach, but this was not reflected in a better 

Oxford Hip score. 

The author recommends routinely preserving Piriformis and performing a 

capsulotendinous repair at THA. The short incision should be reserved for 

those with suitable body habitus only. 
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Chapter 1 

Introduction 
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1. Introduction 

The posterior approach to the hip was first described in 1874 by von 

Langenbeck [1] in order to drain the hip of pus in cases of septic arthritis. 

The original approach involved detachment of all muscles, including 

gluteus medius and minimus from the greater trochanter (GT). Although 

offering excellent exposure of the joint, this came at the cost of 

defunctioning the abductor mechanism, with its own ensuing problems such 

as Trendelenberg gait. The approach was modified several times, most 

notably by Kocher in 1907 [2] and Osborne in 1930 [3] The modification by 

Osborne was published in the United Kingdom. It was significant in that the 

gluteal attachments to the GT were preserved, thus improving hip abductor 

function. Osborne recommended the approach for all “quiet” (uninfected) 

procedures where hip exposure was required. Gibson is often credited with 

introducing the posterior approach to North America [4]. In his detailed 

description of the approach published in 1950, he describes a modification 

of von Langenbeck’s original approach, involving detachment of gluteus 

medius at its tendinous insertion into the GT. Gibson’s approach was 

modified by Marcy and Fletcher in 1954 [5] bringing it in line with the 

earlier changes in Europe – namely preserving the gluteus medius and 

minimus tendons. This has become the basis of the posterior approach 

performed today [6;7]. 
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Proponents of the posterior approach argue that it is straightforward, 

relatively blood-less, extensile, follows an inter-nervous plane and has a 

low incidence of heterotopic ossification [4]. Thus, it has become the 

favoured approach for treating posterior column fractures and posterior 

acetabular fractures, as well as one of the most commonly used approaches 

for hip arthroplasty. The main criticism of the approach is the higher 

dislocation rate compared to its main rival, the anterolateral approach [8-10]. 

Thus, junior surgeons and those unfamiliar with the posterior approach tend 

to opt for the latter [11]. 

Over the past 20 years, the posterior approach has undergone further 

modification in order to improve the dislocation rate generally quoted to be 

around 3% [12]. Emphasis turned to reconstruction of the posterior 

structures, including the joint capsule and short external rotator (SERs) 

muscles (Piriformis, obturator internus (OI)/ gemelli complex and 

quadratus femoris (QF)) previously left unrepaired. A series of empirical 

studies were published describing various trans osseous repair techniques, 

each reporting a lower dislocation rate or improved function when 

compared to a no repair control. Three studies described repairing the 

capsule and SERs as separate layers through drill holes into the back of the 

GT [13-15]. Pellici et al. [13] reported a fall in dislocation rate from 4% to 0% 

with one surgeon and 6.2% to 0.8% with another. Goldstein and Branson et 

al. [14] reported a fall in dislocation rate from 2.8% to 0.6%. Yamaguchi et 
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al. [15] reported significantly better hip abductor and external rotator muscle 

strength in the repair group. Three other studies [16-18] recommended 

repairing the capsule and SERs as a single, combined layer: White et al. [16] 

reported a fall in dislocation rate from 4.8% to 0.7%. Two studies with no 

control group reported dislocation rates of 1.36% [17] and 0.8% [18] with 

combined repair. Dixon et al. [19] described a soft tissue repair of the 

capsule alone to the posterior edge of gluteus medius; they reported a 

dislocation rate of 0.4%, with no control. The over-riding criticism of these 

studies is their retrospective design, relatively short follow-up and lack of 

adequate control. However, the consistent reporting of low dislocation rates 

suggests the benefit is real rather than the effect of bias. 

These observational studies have been supported by laboratory studies 

[20;21]. In a cadaver model, Sioen et al. [21] compared no repair, with soft 

tissue repair of SERs, with trans osseous capsulotendinous repair. They 

demonstrated that trans osseous repair of the capsulotendinous envelope 

resulted in better restoration of normal anatomy, significantly increased 

torsion strength and range of motion prior to dislocation than the other two 

groups. Comparing the same groups, Mihalko and Whiteside [20] reported 

similar findings. They demonstrated a more normal load deflection curve 

(range of internal rotation) in the capsulotendinous repair group compared 

to the no repair and soft tissue repair groups. In addition, they found that 

significantly higher torque was needed to dislocate the hip in flexion in the 
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trans osseous capsulotendinous repair group. They also noted that the 

majority of repairs were at least partially intact after the forced dislocation. 

Despite the empirical and laboratory evidence supporting the reconstruction 

of the posterior structures, sceptics of these modifications have argued that 

such repairs were unable to withstand the forces that occur during 

post-operative rehabilitation [22-24]. Direct assessment of the integrity of 

repair is difficult: despite advanced imaging now available, the capsule 

remains poorly visualised even on high grade MRI because of oedema, 

disruption of tissue planes and metal artefact after a hip arthroplasty. 

Exploring surgical repairs routinely is not viable. Thus, most evidence to 

date has been empirical. Three studies have attempted to assess the integrity 

of repair using indirect techniques [22-24]. Markers were placed in bone and 

the SERs tendons, and the distance between them measured. The distance 

was remeasured at follow-up using antero-posterior radiographs. The 

assumption was made that separation of greater than 25mm at follow-up 

compared to the measured distance intra-operatively, or, a distance twice 

that of the original distance between markers, may be interpreted as failure 

of repair. Kao and Woolson [22] and Stahelin et al. [23] assessed trans 

osseous repair of the SERs alone. It is not surprising that there was a high 

failure rate (70-80% by 6 weeks) of the SERs repair given that the capsule 

was routinely excised. The protective role of the capsule, preventing 

excessive internal rotation was lost. Also, the pull-out strength of the suture 
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would have been significantly weaker. Another study by Stahelin et al. [24] 

assessed a combined capsulotendinous trans osseous repair and noted 63% 

failure of repair by 3 months. The authors admitted being surprised at the 

high failure rate which they were unable to explain. The technique used by 

these studies, involving plane radiographs has not been validated and has a 

number of flaws: it takes no account of the stretching of tissues that might 

occur during healing, it assumes tendons lie in a coronal or axial plane and, 

therefore, that the measured distance on anterior-posterior or lateral 

radiograph is a true distance, and no attempt was made to standardise the 

tension in the capsule. Unsurprisingly, high failure rates were reported. 

Thus, a discrepancy exists between the above studies and empirical and 

laboratory findings with regard to the benefits of a posterior repair. 

Over the past 10 years, orthopaedic interest has turned towards minimally 

invasive surgery (MIS). MIS is a generic term covering a plethora of 

surgical techniques. Initially the definition, referring to THA, was based 

upon an incision of less than 10cm [25]. Early publications were 

predominantly uncontrolled retrospective studies or simply approach 

descriptions without clinical information [26-32]. All involved division of the 

SERs and some the release of the proximal insertion of gluteus maximus 

into the femur [33;34] and violation of the trochanteric bursa [30]. Bold 

conclusions were drawn, and the MIS cause became championed by the 

press, the media and implant companies. Early reports promised less pain, 
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better mobility and function, earlier discharge from hospital, better 

satisfaction and improved cosmesis [27;28]. On the other hand, sceptics were 

concerned about increasing complications as a result of reduced exposure, 

including neurovascular injury, component malposition and dislocation, leg 

length discrepancy and loss of implant fixation [31]. 

The wide variety of approaches described was generally grouped under the 

same umbrella, despite having little in common other than a shorter 

incision. More recently, greater effort has been made to classify the eclectic 

mix of MIS approaches, in order to establish which if any are beneficial and 

which are harmful. All MIS approaches involve a shorter incision; the main 

difference between them is whether or not there is muscle-sparing. A better 

classification would, therefore, be into ‘muscle-sparing’ approaches that 

incorporate a shorter incision with dividing fewer muscles, and 

‘mini-incision’ approaches that only use a shorter incision [35]. MIS 

approaches can also be classified by surgical approach and number of 

incisions: single incision (anterior, antero-lateral or posterior) or dual 

incision. For the purposes of this thesis, I will be focusing on the single 

incision minimally invasive posterior approaches (both mini-incision and 

muscle-sparing). 

At the time of commencement of the PhD, there had been no studies 

published comparing a true muscle-sparing approach with the standard 

posterior approach. However, there had been a number of studies 



– 8 – 
 

comparing the standard posterior approach and the mini-incision posterior 

approach; the majority were retrospective [33;36-38] and only three were 

RCTs [39-41]. In the largest and most methodologically rigorous study to 

date, Ogonda et al. [40] compared 109 patients by the mini-incision 

technique with 110 by the standard posterior approach, looking at early 

outcome (follow-up of 6 weeks). They reported no significant differences 

between the groups in any of the outcome parameters measured, and 

concluded that although the mini-incision technique offers no significant 

benefit, it is safe and reproducible. Subgroup analysis of the same cohort 

looked at early post-operative function (rate or ability of patients to 

mobilise and perform functional tasks necessary for safe discharge) [42] and 

gait kinematics up to 6 weeks post-surgery [43], both reporting no difference 

between the groups. After a pilot study that confirmed the mini-incision 

technique was safe [44], Chimento et al. [39] compared 28 patients by the 

mini-incision approach with 32 by the standard posterior approach, with a 

minimum of 2 years’ follow-up. The only differences reported were less 

blood loss and quicker return to normal gait in the former group. Hart et al. 

[41] randomised 60 patients to the mini-incision approach and 60 to the 

standard posterior approach. Their only outcome was component position 

and no difference was reported between the groups. DiGioia et al. [36] 

compared 33 patients in each group, in a retrospective study, with a 1-year 

follow-up. They reported improved function (limp, stair climbing and 

walking distance) in the first 6 months, and less blood loss, in the 



– 9 – 
 

mini-incision group; there was no difference at 12 months. Woolson et al. 

[37] compared 50 patients by the mini-incision approach with 85 patients by 

the standard approach. Follow-up was short, surgeons were not trained to 

perform the MIS technique prior to the commencement of the study and 

there was marked selection bias. They reported a higher risk of wound 

complication, acetabular component malposition and poor ‘fit and fill’ of 

uncemented femoral components in the mini-incision group. Nakamura et 

al. [38] compared 50 patients who received a mini-incision with 42 that 

received a standard posterior approach. Follow-up was short (6-32 months). 

They reported no difference in any outcomes (radiological or clinical) other 

than less blood loss and shorter operative time in the mini-incision group. 

Wright et al. [33] compared 42 patients in each group with a 1-year 

follow-up. There was a bias in the allocation since heavier patients received 

the standard approach. Once again, no difference in clinical or radiological 

outcomes were noted. The generalisability of the results of mini-incision 

studies to muscle-sparing approaches is questionable, and comparisons 

should be interpreted with caution. 

Piriformis is a stabiliser of the hip by mechanically limiting excessive 

internal rotation on weight-bearing [45], as well as by acting as an external 

rotator and abductor of the hip in flexion and holding the femoral head in 

the socket [46]. That preserving Piriformis results in better early function has 

not been demonstrated, but it is intuitive that it may contribute toward 
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improved function and stability. Preserving Piriformis in hip arthroplasty 

was first suggested by Moore in 1957 [47]. Curiously, however, most 

subsequent descriptions of the posterior approach describe dividing the 

tendon [6]. As documented above there has been mixed opinion regarding 

management of the divided tendon, some advocating repair and others not. 

The tendon became of interest to the author when this discrepancy in its 

management was noted. Why did recent descriptions of the posterior 

approach suggest dividing the tendon when even as far back as 1957 it was 

reported it should be spared? As MIS started to receive more attention, it 

seemed natural to return to Piriformis preservation, particularly if the 

results reporting high failure rates of repair were correct [23]. In the early 

2000s, Professors Duwelius and Berger in the USA developed a novel 

minimally invasive technique for THA, which incorporated preservation of 

Piriformis (thus muscle-sparing) with a shorter incision and a trans osseous 

repair of the divided SERs and capsule. It represented a natural evolution of 

the posterior approach incorporating the key advances and changes over the 

past 20 years. 

The authors hypothesised that such changes would possibly provide the 

optimal approach to the hip. However, at the time of commencement of this 

thesis the benefits of sparing Piriformis had not yet been proven, the smaller 

incision remained hypothetically advantageous, and the evidence regarding 

integrity of repair of the capsulotendinous structures was equivocal. All 
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relevant literature up to thesis commencement date has been reviewed. For 

the purposes of this thesis, the approach will be termed the PSMI. 

The aim of this thesis is to: 

• Establish whether or not the PSMI approach is safe, with a pilot study 

• Assess the integrity of the trans osseous repair of the posterior 

capsulotendinous structures using RSA 

• Assess the impact (on muscle bulk and quality) of preserving or 

dividing and repairing Piriformis using MRI 

• Compare the PSMI approach to the standard posterior approach in a 

RCT. 
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Chapter 2 

Methodology 
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2. Methodology 

2.1. Pilot study to assess efficacy of the PSMI approach 

2.1.1. Participants 

A cohort of THA patients by the PSMI approach was compared 

retrospectively with a control group by the standard posterior approach. 

Inclusion criteria to this study were primary THAs with a principal 

diagnosis of osteoarthritis or rheumatoid arthritis. Exclusion criteria 

included revision arthroplasty, congenital hip anomaly and previous hip 

surgery or infection; no patients were excluded because of age or body 

mass. 

2.1.2. Interventions 

The PSMI approach is performed with one or two assistants. No specialised 

instruments are required. The patient is placed in the lateral decubitus 

position. Leg lengths are noted and the leg positioned in 45 degrees of 

flexion at the hip and 90 degrees of flexion at the knee. Landmarks for the 

skin incision are identified (Figure 2.1): the tip, anterior and posterior 

borders of the GT forming an equilateral triangle (with sides of 

approximately 4-6cm). A 6cm incision is made, starting one finger’s 

breadth anterior to the posterior corner of the triangle, extending cranially 

and posteriorly at an angle of 30 degrees to the long axis of the femur, such 

that 2/3 of the incision is distal to the tip of the GT and 1/3 proximal. In all 
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but the very slimmest of patients the incision is extended, distally if there is 

inadequate access of the acetabulum or proximally for better access to the 

femur. In the non-obese patient, an incision of 7-10cm is the norm. Longer 

incisions are needed in the obese or highly muscular patient, and the 

surgeon must have no hesitation in extending the incision in these cases. 

Figure 2.1 Landmarks for skin incision (right hip) 

 

 

Sharp dissection is continued to gluteus maximus which is split in the line 

of the incision and fascia lata is split distally. Soft tissues are retracted with 

a single Norfolk and Norwich retractor. Meticulous haemostasis is required 

to optimise visibility. The incision will be located obliquely over the 

posterior aspect of the GT. The sciatic nerve is palpated and visualised to 

identify anomalies and check location. The leg is internally rotated with the 



– 16 – 
 

hip in slight flexion and gravity adduction. A pointed Hohmann retractor is 

placed under the posterior edge of gluteus medius and over the femoral 

neck (thus retracting gluteus medius anteriorly), to expose the posterior 

structures (Figure 2.2). The fascial layer overlying the SERs is incised, and 

fat swept posteriorly to reveal Piriformis. The leash of vessels overlying the 

SERs is cauterised. With a finger overlying the sciatic nerve the capsule is 

incised using cutting diathermy commencing half way along the inferior 

border of Piriformis from the edge of the acetabulum to the posterior border 

of the femur (Figure 2.3); the incision is continued distally in an ‘L’ shape – 

it is imperative that the capsule is removed as close to its insertion into bone 

as possible to leave enough tissue to allow reattachment at the end of the 

procedure. Thus, the posterior capsule and tendons of the gemelli and OI 

are detached as one from their insertion. Two stay-sutures (of 2 Vicryl) are 

placed into the conjoined capsule and SERs (taking care to pick up the 

tendon of OI) prior to dislocation, and reflected posteriorly to improve 

visualisation and protect the sciatic nerve. QF may be partially detached, as 

required, to visualise the distal part of the neck. In order to achieve 

effortless dislocation the capsule is released inferiorly from the neck. 
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Figure 2.2 Retraction of gluteus medius exposing SERs; pointer on 
Piriformis tendon 

 

Figure 2.3 Capsule and SERs incised along inferior border of Piriformis 

 



– 18 – 
 

 

Once the femoral head has been dislocated the neck is osteotomised. A 

Hohmann retractor is placed just distal to the lesser trochanter in order to 

retract the distal part of QF distally, to give better visualisation of the calcar 

(this generally results in detachment of the remaining QF); a second 

Hohmann may be required to prevent fascia lata from sliding over the GT 

(Figure 2.4). After the neck cut the proximal femur is retracted anteriorly by 

a curved Hohmann retractor placed in front of the anterior column. The 

anterior capsule may need to be released if tight (seldom required in a 

routine osteoarthritic hip). A second curved Hohmann retractor is placed 

under the transverse ligament (holding the inferior capsule out of the way) 

and a Norfolk and Norwich retractor in the proximal part of the wound 

between the fibres of gluteus maximus (superficially) and the posterior 

capsular flap (deep). Taking care to preserve the capsule and Piriformis the 

labrum is excised with a long handled scalpel. With correct placement of 

the retractors, adequate soft tissue release, correct location of the incision, 

and sufficient length of incision in the obese, the view into the acetabulum 

should be excellent, with a 360 degree view of the acetabular margin 

(Figure 2.5). The inferior capsule may be incised to facilitate entry of the 

reamers. The acetabulum is then reamed in the normal manner, and cup 

inserted (45-50 degrees of abduction and 20 degrees of anteversion). Care is 
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taken to prevent the reamers from levering on the femur or retractor 

contributing to the creation of an eccentric socket. 

Figure 2.4 Hohmann retractors exposing dislocated femoral head prior to 
osteotomy. Diathermy mark demonstrates relationship between 
inferior border of Piriformis and femoral head 
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Figure 2.5 360 degree view of acetabulum 

 

 

The femur is presented by flexing, adducting and internally rotating the hip; 

the incision ‘mobile window’ is moved appropriately. A Hohmann retractor 

is placed medially (just proximal to the lesser trochanter) to give access to 

the femoral canal. A second retractor may be placed under the femur to 

elevate it. A Langenbeck retractor is often required to prevent Fascia Lata 

subluxing over the GT. At this point the intact Piriformis tendon may be 

seen and palpated as a tight cord exiting its insertion and passing posteriorly 

(Figure 2.6). The femur is then prepared with broaches, placed in 15-20 

degrees of anteversion. With an overhanging GT the Piriformis tendon may 

be damaged by the broach if care is not taken. Retraction of the proximal 
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part of the incision with a Langenbeck is required in the obese to prevent 

skin abrasion with the femoral broaches. With trial components in place, 

hip stability is tested, leg lengths checked and the definitive components 

inserted. This approach does not preclude normal balancing of the hip when 

required (eg capsulotomy, tendon release or osteophyte removal). 

Figure 2.6 Presentation of femoral canal; note lateral position of 
Piriformis insertion (marked) 

 

 

Closure commences with repair of the posterior capsulotendinous complex 

which is sutured to the back of the GT (using the stay-sutures in place) 

through two drill holes in the bone, 1cm apart. At this stage the entire 
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posterior envelope has been anatomically reconstructed (Figure 2.7). The 

remaining tissues are closed in layers over a drain. Neither hip abduction 

wedge nor pillow is used. Patients are mobilised without restrictions. 

Figure 2.7 Repaired posterior structures demonstrated by retraction of 
inferior edge of gluteus medius. White arrow demonstrates 
intact Piriformis; black arrow demonstrates repaired posterior 
capsule through bone 

 

 

In the standard posterior approach, the SERs, including Piriformis and all of 

QF, are detached. Similar care is taken to detach the tendons as close to 

their insertion as possible. The same double loop stay-suture of 2 Vicryl is 

placed into the conjoined capsule and SERs. One suture passes through the 

tubular tendon of Piriformis and capsule and the other through the OI and 

capsule. After component insertion the capsulotendinous repair is 
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performed using the stay-sutures in place, passing these through two drill 

holes in bone, and the sutures tied to each other. In both approaches, the 

SERs and capsule are reattached close to their correct anatomical locations. 

Aside from the longer incision and division and repair of Piriformis in the 

standard posterior approach, there is no other significant difference between 

the two approaches. Patients are immobilised with an abduction wedge or 

pillow until the following day. Routine restrictions are enforced for 6 

weeks, such as avoidance of hip flexion beyond 90 degrees, and the use of 

raised seats. 

No intra-operative imaging is used for either technique. Doppler ultrasound 

is performed routinely to exclude a deep vein thrombosis 5 days 

post-operation. 

All operations were performed by the same surgeon [DW] familiar with 

both techniques, in Hollywood Private Hospital [Perth, WA]. Uncemented 

acetabular cups were used routinely, augmented with screws where 

necessary. All liners had a 20 degree elevated rim. Older less active patients 

received a cemented stem and younger more active ones an uncemented 

stem. The femoral head was 28mm in size in all patients. 

There was no change in rehabilitation policy: patients received the same 

amount of physiotherapy and all were encouraged to mobilise on the first 

post-operative day. The only difference lay in the restrictions imposed on 

the standard approach group. There was no change in anaesthesia or 
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analgesia protocols during the period of the study. Blood loss was estimated 

from drain volume and swab weights. 

2.1.3. Objectives and hypotheses 

The aim of this pilot study was to compare the clinical and radiological 

outcomes of the PSMI approach with the standard posterior approach 

group. The hypothesis was that the minimally invasive approach would 

result in less blood loss and earlier return of function without an increase in 

complication rates or mal positioned prostheses. 

2.1.4. Outcomes 

Patients in both groups were prospectively assessed. Evaluations were 

performed pre-operatively, at 6 weeks, 3, 12 and 24 months 

post-operatively. 

Primary outcomes were clinical scores including WOMAC and SF-36 

physical component scores (SF-36 PCS). These were measured by an 

independent observer. Secondary outcomes included radiographic analysis 

and complications. Radiographs were taken post-operatively and then 

annually, and analysed by two blinded observers. Component position was 

assessed using the criteria of malposition described by Dorr et al. [31] for the 

femur (within 3 degrees of neutral) and Lewinnek et al. [48] for the socket 

(acetabular inclination of 40 +/-10 degrees and anteversion of 15 +/-10 

degrees). Complications were recorded from hospital notes and by direct 

questioning of patients. 
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2.1.5. Statistical methods 

Categorical variables are presented as the percent frequency of occurrence, 

and the groups compared with chi-squared tests. Continuous variables are 

presented as means with standard deviations or 95% confidence intervals, 

and comparisons performed with t-tests. To minimise the effects of multiple 

testing, P values were calculated for comparisons of prime interest only. A 

P value less than 0.05 was considered to be statistically significant. 

2.2. RSA assessment of integrity of repair of posterior 

capsulotendinous structures 

2.2.1. Participants 

A cohort of consecutive patients for THA was recruited. The inclusion 

criterion was osteoarthritis treated with a primary hip arthroplasty by the 

PSMI approach. Exclusion criteria were previous surgery to the hip, 

rheumatoid arthritis or an external rotation contracture beyond neutral. 

2.2.2. Interventions 

All operations were performed by the same surgeon [DW] using the PSMI 

approach. The same prosthesis was used and all components were 

uncemented. 

After component insertion, three to four tantalum beads were inserted into 

the GT using a special applicator. A radio-opaque Ligaclip [Johnson and 

Johnson Gateway®] was firmly attached to the cut edge of the capsule on 
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the outside of the joint, at the point that was likely to be closest to the beads 

on repair. Two 2mm drill holes were made in the GT exiting at the point of 

anatomical insertion of the conjoined tendons (OI and gemelli). The stay 

sutures (of 2 Vicryl) were passed through the holes with a wire passer. With 

the leg in slight external rotation the sutures were tied to each other, thus 

repairing the capsule and tendon to their anatomic location. The leg was 

rotated internally to 20 degrees to check the integrity of the repair. 

There were no restrictions to mobility, and full weight-bearing mobilisation 

was commenced on day 1 post-operatively. 

2.2.3. Objectives and hypotheses 

The aim of this study was to determine the integrity of capsulotendinous 

repair after primary THA by the PSMI approach using highly accurate RSA 

and stress testing. 

2.2.4. Outcomes 

The sole outcome was the integrity of trans osseous repair of the 

capsulotendinous complex using RSA. RSA radiographs were performed at 

3 months after the operation using the standard technique [49] and software 

[UmRSA 6.0, BioMedical Innovations AB, Sweden]. Stress views were 

taken with the hip in extension by asking the patient to maximally rotate 

their leg internally and then externally as far as they could without causing 

discomfort (Figure 2.8). The separation distance between the tantalum 

beads and radio-opaque Ligaclip was measured and compared in each 
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position to establish the integrity of repair. This measurement represents the 

distance between the capsule and bone when relaxed (in external rotation) 

and when under tension (in internal rotation). Precision was assessed by 

repeating stress measurements on five hips. 

Figure 2.8 Stress views of hip in extension (Figure A in maximal internal 
rotation and Figure B in maximal external rotation). Metallic 
markers in bone and metal clip in capsule visible 

 

 

2.2.5. Statistical methods 

Data were entered into Excel [Microsoft Inc, Redmond, Washington] and 

imported into SPSS [SPSS Inc, Chicago, Illinois] for analysis. 
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2.3. RCT assessing the impact on Piriformis of preserving 

or dividing and repairing the tendon 

2.3.1. Participants 

All patients admitted for a THA under the care of the author [RK] were 

considered for inclusion into the study. The patients represented a subgroup 

of consecutive patients in an on-going RCT comparing the PSMI approach 

with the standard posterior approach. Exclusion criteria included previous 

surgery to the hip (where the capsule or SERs may have been damaged), 

fixed external rotation contracture beyond neutral (resulting in excessive 

shortening of the capsule and tendons making repair difficult), 

claustrophobia (precluding use of MRI) and those under 60 or over 80 years 

(routinely treated with a different prosthesis). 

Ethical approval was granted by the Hospital Human Research and Ethics 

Committee. The trial was registered with the Australian New Zealand 

Clinical Trials Registry [ACTRN12610000551099]. Study design and 

reporting was based on the CONSORT principles [50]. All procedures were 

performed at Sir Charles Gairdner Hospital. The Spectron cemented stem 

and the Reflection uncemented cup [Smith and Nephew, Memphis, TN] 

were used routinely. All patients received an identical large dressing 

obscuring the size of the incision, and remained blinded to their allocation. 

Post-operatively patients in both groups were mobilised with no restrictions 

by blinded physiotherapists. 
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2.3.2. Interventions 

Patients were randomised to the PSMI approach or the standard posterior 

approach. All procedures were performed or directly supervised by the 

author [RK] with the patient in the lateral position. All patients received the 

same implants. 

The pre- and post-operative care programs were the same for all patients 

including peri-operative antibiotic cover and thromboprophylaxis (once 

daily subcutaneous low molecular weight heparin) during inpatient stay. 

The anaesthetic and post-operative pain management was standardised: all 

patients had a single-shot spinal supplemented with sedation as required, 

and a continuous infusion lumbar plexus block. The latter was removed at 

8am the day after surgery, and patients commenced on oral analgesics (a 

non-steroidal anti-inflammatory and a synthetic opioid). A single drain in 

the deep layers was used in all wounds for 24 hours. A standard identical 

absorbent dressing was applied, ensuring that patient and assessors 

remained blinded to allocation. Patients with a post-operative haemoglobin 

under 8mg/dl were transfused two units of blood. 

All patients were mobilised using a standardised rapid rehabilitation 

programme by a senior physiotherapist blinded to treatment allocation. 

There were no restrictions imposed, and patients are mobilised weight 

bearing-as-tolerated within 24 hours of surgery. Patients were discharged 

from hospital when independently mobile. 
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2.3.3. Objectives and hypotheses 

The aim of this study was to compare the properties of the preserved 

Piriformis by the PSMI approach with the control group of divided and 

repaired Piriformis by the standard posterior approach. In addition, the 

muscles bellies of OI, divided in both approaches, were assessed. The 

hypothesis was that the preserved Piriformis tendons would maintain their 

muscle bulk and quality to a greater extent than the divided and repaired 

tendons. 

2.3.4. Outcomes 

The primary outcomes were the muscle bulk and grade of the Piriformis and 

OI measured by MRI. The secondary outcome was the Oxford Hip score. 

MRI scans of the affected hip were obtained an average of 2 weeks (range 

2-5 weeks) prior to surgery and repeated at an average of 3 months (range 

3-4 months) and 2 years (range 24-28 months) post-operatively [1.5 Tesla 

GE Signa Horizon LX; General Electric Medical Systems, Milwaukee, 

Wisconsin]. Scans were obtained with a torso coil. Four sequences were 

obtained in each patient: axial T1 fast spin echo (FSE), axial T2 FSE, 

coronal T1 FSE and coronal short T1 inversion recovery (STIR). In order to 

reduce metal artefacts no frequency-selective fat-suppression was 

attempted; a heavily T2 weighted STIR image was performed instead, as 

STIR imaging is significantly less sensitive to inhomogeneities in the main 

magnetic field. Other methods employed were use of a high bandwidth, 
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FSE instead of classic spin echo and orientation of the frequency encoding 

gradient away from the direction of clinical interest. All scans were 

reviewed by a senior independent musculoskeletal radiologist [WB] who 

was blinded to the surgical approach. 

Muscle quality was graded according to the degree of fatty atrophy: grade 0 

being no fat present; grade 1 being the presence of fatty streaks; in grade 2 

fat was present but less than muscle tissue; in grade 3 fat and muscle tissue 

were present in equal amounts; and grade 4, being more fat than muscle 

tissue being present [51]. Muscle bulk was measured using commercial 

three-dimensional image analysis software [Volume Viewer, GE advantage 

workstation version 4.2], using a technique described and validated by 

Tingart et al [85]. The bulk of each muscle of interest was assessed by 

tracing around its border in each axial slice of the MRI in which the muscle 

was present. This two-dimensional data was then converted into a volume 

calculation by the software program. Volumetric analysis was performed by 

one of the authors blinded to surgical approach [LL]; quality grading was 

performed by the blinded musculoskeletal radiologist [WB]. 

Hip scores were measured by a blinded physiotherapist in the outpatient 

department. 

2.3.5. Sample size 

Preliminary power analysis was performed using the observed means and 

standard deviations as an estimate of the population values. Given this 
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information, and assuming an alpha error of 0.05 and a two-tailed test, the 

power for the variable 'grade' was 96.6% and for 'bulk' was 51.6%. Results 

were confirmed on interim analysis. 

2.3.6. Randomisation 

Patients had equal probability of being randomly assigned to each of the 

two arms. Randomisation occurred using a computer generated list with 

random permuted blocks of two [52]. Randomisation sequence, 

implemented by the primary author [RK], was concealed prior to enrolment 

and only made available on the morning of surgery. 

2.3.7. Blinding 

Patients were blinded to the trial arm they were in by the use of identical 

dressings. Investigators measuring the final outcomes were also blinded to 

which arm the patient was in. 

2.3.8. Statistics 

The data were determined to be not normally distributed, and therefore a 

non-parametric design was required for analysis of the data. 

An Exact Mann Whitney U test was used to evaluate the difference between 

treatment groups. 

In the first analysis, pre-operative measurements of the muscle volume 

(mL) and the muscle grade were performed to ensure that the groups had a 

similar base-line for these parameters. 
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In the second analysis, the post-operative scores were similarly analysed to 

determine a treatment effect (unadjusted data). Finally, the post-operative 

scores were evaluated after accounting for the pre-operative results (i.e. 

evaluating the change in the parameters from the pre- to post-operative 

stage – adjusted data). This analysis was performed using a ranked 

ANCOVA (analysis of covariance). 

2.4. RCT comparing the PSMI approach with the 

standard posterior approach 

2.4.1. Participants 

All elective patients admitted for a THA under the care of the author [RK] 

were considered for inclusion into the study. Exclusion criteria included 

previous surgery to the hip, post-traumatic arthropathy and those less than 

60 years of age. 

All procedures were performed at Sir Charles Gairdner Hospital, Perth, 

WA. Ethical approval was granted by the Hospital and university Human 

Research and Ethics Committee. The trial was registered with the 

Australian New Zealand Clinical Trials Registry 

[ACTRN12610000551099]. Study design and reporting was based on the 

CONSORT principles [50]. 
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2.4.2. Interventions 

All procedures were performed or directly supervised by the author [RK] 

with the patient in the lateral position. All patients received the same 

implants: the Spectron cemented stem and the Reflection uncemented cup 

[Smith and Nephew, Memphis, TN]. The largest head for the size of the cup 

was used: cups under 50mm had a 28mm head, 50-54mm cups a 32mm 

head, and over 54mm a 36mm head. Patients were randomly allocated to 

the PSMI approach or the standard posterior approach. 

The pre- and post-operative care programs were the same for all patients 

including peri-operative antibiotic cover (Cefazolin: 2g immediately 

pre-operatively, and 1g 8 and 16 hours post-operatively) and 

thromboprophylaxis (40mg once daily subcutaneous low molecular weight 

heparin during inpatient stay). The anaesthetic and post-operative pain 

management was standardised: all patients had a single-shot spinal 

supplemented with sedation as required, and a continuous infusion lumbar 

plexus block. The latter was removed at 8am the day after surgery, and 

patients commenced on oral analgesics (a non-steroidal anti-inflammatory 

and a synthetic opioid). A single drain in the deep layers was used in all 

wounds for 24 hours. A standard identical absorbent dressing was applied, 

ensuring that patient and assessors remained blinded to allocation. Patients 

with a postoperative haemoglobin under 80g/L were transfused two units of 

blood. 
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All patients were mobilised using a standardised rapid rehabilitation 

programme by a senior physiotherapist blinded to treatment allocation. 

There were no restrictions imposed, and patients are mobilised weight 

bearing-as-tolerated within 24 hours of surgery. Patients were discharged 

from hospital when independently mobile. Staples were removed on day 10 

by the community nurse, and a new large dressing applied until the 2-week 

review. Patients were followed-up at 2 weeks, 6 weeks, 12 weeks and 

annually. Patients remained clothed at follow-up and assessors were 

blinded to treatment allocation. 

2.4.3. Objectives and hypotheses 

The aim of this study was to compare the clinical and radiological outcomes 

of the PSMI approach with the standard posterior approach group. The 

hypothesis was that the former would result in less blood loss and earlier 

return of function without an increase in complication rates or mal 

positioned prostheses. 

2.4.4. Outcomes 

The primary outcome measures were length of hospital stay and patient 

function, assessed using the Oxford Hip score, the SF-12 general health 

questionnaire (physical and mental scores), the 6-minute walk test 

(6MWT), the Iowa Level of Assistance Scale (ILOA) and ability to walk 

independently of aids. The Oxford and SF-12 scores were recorded 

pre-operatively, at 6 weeks, 12 weeks and annually. The ILOA score [53;54], 
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developed for patients with hip and knee arthroplasty is a validated tool 

measuring level of assistance required to transfer and mobilise, velocity 

over 10m, and a stair climbing test. It is reported to be sensitive at 

measuring early changes following arthroplasty. The score ranges from 

zero (best) to 50 (worst). This was performed pre-operatively and on day 2; 

the velocity component [55] was also measured at 2 weeks and 6 weeks. 

Walking endurance, an important functional component of gait, is reliably 

measured by the 6MWT [56]. It represents the distance walked at maximal 

comfortable pace over 6 minutes. It was performed at 2 weeks, 6 weeks, 12 

weeks and annually. 

Secondary outcomes were patient-centred assessment, soft-tissue trauma, 

radiographic analysis and other miscellaneous outcomes. Patient-centred 

outcomes assessed pain and satisfaction. Pain was scored using a 10-point 

visual analogue scale. It was measured directly after the 10m walk 

pre-operatively and on day 2 after surgery, and after the 6MWT on weeks 2, 

6 and 12 weeks and annually. Patient satisfaction with surgery was recorded 

at weeks 6 and 12, and annually using a 10-point visual analogue scale 

(from ‘Extremely Satisfied’ to ‘Extremely Dissatisfied’). 

Soft-tissue trauma was assessed by fall in haemoglobin on day 1 

post-operatively, and blood transfusion requirements; also, C-reactive 

protein (CRP) on the second post-operative day was measured [57]. 
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Radiographic analysis of all patients’ post-operative films was performed 

by two surgeons, blinded to allocation [DM and MH]. X-rays were taken 

the day after surgery with the patient in the supine position. 

Measurements included cup abduction angles (measured against the 

interteardrop line [58], cup version (the short axis of the projected ellipse on 

an anterior-posterior radiograph is measured and related to the total 

cross-section of the projected cup along the short axis [59], femoral stem 

coronal plane alignment (degrees off neutral in varus or valgus), vertical 

position of centre of the hip joint (compared with contralateral side), off-set 

(perpendicular distance between the centre of the femoral head and the long 

axis of the femur, compared with the contralateral side), quality of stem 

cement mantle [60] and leg length discrepancy. Changes of greater than 1cm 

in vertical position of the joint centre, off-set and leg length were deemed 

‘outliers’. The cement mantle grading by Barrack et al. [60] divides stems 

into three groups: A, representing a cement white-out; B, where there is 

lucency involving less than 50% of the mantle; C, where there is a cement 

void or defect, or lucency of greater than 50% of the mantle. Radiographs 

were repeated annually for evidence of loosening. 

Miscellaneous outcomes included incision length, operation duration, 

complications, death, and surgeon’s perceived difficulty of the procedure. 

The latter was scored immediately post-operatively using a VAS from 0-10 

(where 0 represents the ‘easiest’ THA and 10 the ‘most difficult’ THA). 
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Complications were classified as either present or absent irrespective of the 

type of complication. 

2.4.5. Sample size 

The power calculations were based upon results from the pilot study [61], 

assessing and length of stay (LOS), estimated blood loss and differences in 

function at 12 months (using the WOMAC score) – see Results. A sample 

size of 34 in each group would have 90% power to detect a difference in 

mean LOS means of 2.57 (assuming that the common standard deviation 

was 3.0) using a two-group t-test with a 0.010 two-sided significance level. 

Similar analysis of WOMAC and estimated blood loss showed a sample 

size of 29 and 42 respectively were required per group. We aimed to recruit 

50 patients in each group to account for losses to follow-up. 

2.4.6. Randomisation and sequence generation 

Patients were randomised using computer generated random allocation [52], 

in sealed identical opaque envelopes opened in theatre immediately 

pre-operatively. Once randomised all patients remained within the group to 

which they were allocated. Enrolment, generation of allocation sequence 

and assignment of patients was performed by the lead author [RK]. 

2.4.7. Allocation concealment and blinding 

Patients, nurses and physiotherapists were blinded to the trial allocation by 

the use of identical dressings. Investigators measuring the final outcomes 

were also blinded. Dressings were kept in place until after the 2-week 
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assessment and then removed. Patients were not informed of the size of 

their incision unless they specifically requested to know. 

2.4.8. Statistical methods 

Descriptive data are presented for each treatment arm. For categorical data, 

numbers and percentages are provided. For continuous data, means with 

their standard error (SEM) are provided. Since this is an RCT, in 

accordance with the CONSORT statement, no formal statistical tests of 

baseline differences were undertaken. 

For continuous outcome measures recorded once during the study, 

unadjusted comparison of treatment arms was undertaken using an 

independent samples t-test. One-way analysis of covariance was used for 

adjusting this comparison for baseline value when a pre-operative 

measurement was available. For categorical outcome measures, an exact 

Chi-squared test was used to compare treatment arms. 

Where data sets were not normally distributed the Mann-Whitney test 

performed for comparing each individual variable with regard to Approach. 

Because the variables are nonparametric, the median values were reported 

and box plots used. 

For repeated outcome measures, a Generalised Estimating Equation (GEE) 

regression approach was used to compare treatment arms. GEE was used 

rather than a linear mixed model approach, as GEE is better able to handle 
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unequal time intervals. For each outcome measure, the independent 

variables were Group, Time and Group x Time interaction. Time did not 

include the baseline measure as this was used where available, as a 

covariate in analyses. The interaction term was used as a formal test of 

treatment effect. Analyses were undertaken in the PASW Statistics 17 and 

Stata 11 statistical packages. A P value of less than 0.05 was considered 

statistically significant for outcome calculations, and power calculations 

were based on a value of 0.01 to minimise the occurrence of type 2 errors. 
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Chapter 3 

Results: 

Pilot study to assess efficacy of the PSMI approach 

This chapter is based on the following publication: 

Khan RJK, Fick D, Khoo P, Yao F, Nivbrant B and Wood D. Less 

Invasive Total Hip Arthroplasty. Journal Arthroplasty 2006; 21 (7): 

1038-46. (Study 1). See Appendix A. 
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3. Results: Pilot study to assess efficacy of the 

PSMI approach 

3.1. Patient flow 

One hundred and forty-four consecutive THAs by the PSMI approach were 

included into the study. Forty-four patients were excluded: revision 

arthroplasty (31), congenital anomaly (4), previous surgery (3), infection 

(2) and intra-operative damage to Piriformis (4). A retrospective control 

group of 135 consecutive THAs by the standard posterior approach were 

identified. Thirty-five patients were excluded: revision arthroplasty (28), 

congenital anomaly (2), previous surgery (4) and infection (1). Four 

patients were lost to follow-up in both groups. 

3.2. Recruitment 

Patients in the PSMI group were operated on after April 2002. Patients in 

the standard group were operated on prior to January 2002. Mean follow-up 

was 41 months (range 25-44) in the standard approach group and 29 months 

(range 24-37) in the PSMI group. 

3.3. Baseline data 

The demographics and pre-operative functional scores of the two groups 

were similar though there was a higher proportion of males in the standard 

group (Table 3.1). 
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Table 3.1 Patient demographics 

Demographics Standard approach PSMI approach P value 

Number of cases 100 100  

Males (%) 52 42  

Age, mean (range) 69.3 (28-93) 68.9 (42-90)  

Left side (%) 40 51  

ASA, mean (range) 2 (1-3) 2 (1-3)  

BMI, mean (range) 25.4 (19.1-38.3) 26.2 (18.3-39.1)  

Primary diagnosis OA (%) 94 95  

Pre-op SF-36 PCS, mean (SD) 26.6 (6.7) 27.0 (6.4) P=0.78 

Pre-op WOMAC, mean (SD) 49.2 (16.6) 44.9 (14.9) P=0.11 

 

3.4. Numbers analysed 

A total of 200 patients were included in the study: 100 patients in the PSMI 

group and 100 in the standard group. For those lost to follow-up, the last 

data collected was included in the analysis. 

3.5. Primary outcomes 

There was a statistically significant improvement in WOMAC and SF-36 

PCS in both groups at 3, 12 and 24 months (p<0.0001); the difference 

between the scores was not significant. However, the relative improvement 

in WOMAC scores was significantly greater in the PSMI group compared 

with the standard group for up to 12 months (P=0.027). At 24 months, the 

difference was no longer statistical significance (Table 3.2). There was no 
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statistically significant difference in the relative improvement in SF-36 

scores at any time point (Table 3.2). 

Table 3.2 Relative improvement in WOMAC and SF-36 PCS 

 Change in WOMAC Change in SF-36 PCS 

 PSMI 
approach 

Standard 
approach 

PSMI 
approach 

Standard 
approach 

3 months 

Mean 33.73 28.54 11.35 12.31 

95% CIs 29.22-38.73 23.89-33.19 8.57-14.13 10.07-14.54 

P value P=0.047 P>0.05 

12 months 

Mean 38.45 30.25 14.58 14.02 

95% CIs 32.93-43.98 25.51-34.99 11.21-17.94 11.26-16.77 

P value P=0.027 P>0.05 

24 months 

Mean 36.41 34.86 15.18 15.36 

95% CIs 31.84-39.40 30.29-38.26 11.97-18.04 11.63-18.36 

P value P>0.05 P>0.05 

 

3.6. Secondary outcomes 

There was significantly more intra-operative blood loss in the standard 

group compared with the PSMI group (P<0.0001) (Table 3.3). However, 

there was no statistical difference in mean number of units transfused. 

Median inpatient stay was 5 days (range 3-47) in the PSMI group and 8 

days (range 5-28) in the standard group (P<0.001). 
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Table 3.3 Operative details 

Operative details Standard 
approach 

PSMI 
approach 

P value 

Incision length, mean 21.5cm 7.4cm  

Spinal anaesthetic (%) 85 96  

Anaesthetic time, 
mean (range) 

94.4mins 
(60-147) 

92.5mins 
(55-140) 

 

Operation time, 
mean (range) 

64.3mins 
(35-117) 

64.1mins 
(35-120) 

 

Blood loss, mean (SD) 838ml (601) 468ml (145) P<0.0001 
(95%CI 191-547) 

Units transfused, 
mean (SD) 

1.8 1.55 P=0.11 
(95%CI –0.57-0.56) 

 

There were no dislocations in the PSMI group and four in the standard 

group (P=0.045) (Table 3.4). Three dislocations occurred while the patient 

was transferring from bed to chair, between 10 days and 3 weeks 

post-operation. The fourth occurred when the patient fell from bed on the 

day of discharge. Two cases were successfully managed with closed 

reduction. In the other two, the cup was felt to be insufficiently anteverted 

and treated with early acetabular revision. There have been no further 

dislocations. There was one case of deep infection in the PSMI group that 

was treated with open washout, exchange of liner and antibiotics; there has 

been no evidence of recurrence and the inflammatory markers have 

returned to normal. One patient in the PSMI group required revision of cup 

for displacement following a fall; the revised cup was augmented with two 
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screws and the patient made an uneventful recovery. There were no 

peri-prosthetic fractures or neurovascular injuries in either group. 

Table 3.4 Complications 

Complications Standard 
approach 

PSMI 
approach 

P value 

Deep vein thrombosis 3 0  

Pulmonary embolus 1 0  

Dislocations 4 0 Chi Sq=4.0, 
1df, P=0.045 

Deep infection 0 1  

Superficial wound infection 5 5  

Cardiac (incl. atrial fibrillation, 
pulmonary oedema) 

4 5  

Urinary infection 2 1  

Chest infection 4 2  

Revisions 2 1  

 

Using the radiological criteria of malposition described, there were three 

outliers with regard to the acetabulum and four with regard to the femoral 

component in the PSMI group; in the standard posterior approach group 

there were three and five outliers respectively. Regarding the femoral 

stems, there was no difference in the quality of cement mantle, and degree 

of ‘fit and fill’ between groups. There was no radiographic evidence of 

loosening of acetabular or femoral components in either group (aside from 

the case of the fall described above) at last review. 
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3.7. Adverse events 

No adverse effects were noted 

3.8. Summary of results 

In conclusion, the PSMI approach to the hip is safe. Our findings suggest it 

results in less blood loss, shorter inpatient stay and better early function. 
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Chapter 4 

Results: 

RSA assessment of integrity of repair of posterior 

capsulotendinous structures 

This chapter is based on the following publication: 

Khan RJK, Yao F, Li M, Nivbrant B and Wood D. Capsular-enhanced 

Repair of the Short External Rotators After Total Hip Arthroplasty. Journal 

Arthroplasty 2007; 22 (6): 840-3. (Study 2). See Appendix B. 
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4. Results: RSA assessment of integrity of repair 

of posterior capsulotendinous structures 

4.1. Patient flow 

Of thirteen patients assessed for eligibility, three failed to meet the inclusion 

criteria: two had rheumatoid arthritis and one an external rotation 

contracture of the hip. 

4.2. Recruitment 

Patients were recruited from the wait list of the author. 

4.3. Baseline data 

The mean age was 65.4 years, and there were three males and seven 

females. None had a flexion contracture. No patients were lost to follow-up. 

4.4. Numbers analysed 

A total of 10 patients were included in the study. 

4.5. Outcomes 

The mean rotation of the hips from maximal internal rotation to maximal 

external rotation was 31.4 degrees (SD 10.4). The differences in distance 

between the clips and beads in internal and external rotation are shown in 

Table 4.1. In two hips, the difference was greater than 15mm (15.7 and 
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16.4mm). In the remaining eight hips the difference was 8mm or less (mean 

3.51mm). In no cases was marker separation greater than 25mm. There 

were no dislocations. 

Table 4.1 Difference in Ligaclip and tantalum bead separation between 
maximal internal rotation and external rotation (in millimetres) 

ID xt Yt Zt 3D movement 

1 -0.079 -1.042 -1.062 1.490 

2 -0.565 -1.884 0.126 2.491 

3 0.709 -1.300 -1.085 1.835 

4 -0.161 0.661 -1.686 1.819 

5 1.167 3.755 -3.287 5.125 

6 -0.242 0.449 -0.042 0.512 

7 -4.539 14.684 3.352 15.731 

8 3.205 1.399 1.562 3.830 

9 -3.054 -7.218 -2.069 8.107 

10 -0.114 3.487 16.041 16.416 

xt indicates medial (+)/lateral (-) movement 
yt indicates proximal (+)/distal (-) movement 
zt indicates anterior (+)/posterior (-) movement 
3D indicates measurement of clip movement regardless of direction 

 

Double stress RSA examinations were conducted in five hips and the 

change in distance from the Ligaclip to the beads were calculated twice for 

each of the five hips. The 1.96 standard deviation of the mean of the double 

calculation was used to represent precision of the measurement. It was 

below 0.5mm for three-dimensional translation. 
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4.6. Adverse events 

There were no adverse events noted. 

4.7. Summary of results 

Our study suggests that using a less invasive approach with preservation of 

Piriformis, and in the absence of an external rotation contracture, the 

majority of capsulotendinous repairs remain intact. 
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Chapter 5 

Results: 

RCT assessing the impact on Piriformis of 

preserving or dividing and repairing the tendon 

This chapter is based on the following publication: 

Khan RJK, Lam L, Breidahl W and Blakeney W. Magnetic Resonance 

Imaging features of preserved versus divided and repaired Piriformis – a 

Randomized Controlled Trial – Journal Arthroplasty [in press]. (Study 3). 

See Appendix C. 
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5. Results: RCT assessing the impact on 

Piriformis of preserving or dividing and 

repairing the tendon 

5.1. Patient flow 

Of the 118 patients assessed for eligibility, 59 failed to meet the inclusion 

criteria and 37 declined to participate. Twenty-two patients were 

randomised to the two groups. Two patients in the control group (standard 

approach) failed to complete their post-operative scans. Two patients in the 

control group were unable to attend for their 2-year scans: one was 

terminally ill and the other had moved overseas (Figure 5.1). 
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Figure 5.1 Patient flow diagram 

 

5.2. Recruitment 

Patients were recruited from the wait list of the author [RK]. The 

recruitment period was longer than anticipated because of the high number 

of patients not meeting the inclusion criteria or being unwilling to undergo 

the three MRIs required in the study. 
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5.3. Baseline data 

There were four females out of 10 patients in the PSMI group, and six 

females out of 10 patients in the standard group. Mean age was 69 years 

(SD 4.8) in the PSMI group and 71 years (SD 4.6) in the standard group. 

Raw data is shown in Table 5.1. 

5.4. Numbers analysed 

A total of 20 patients were included in the study: 10 patients in the PSMI 

group and 10 in the standard group. Patients were analysed on an intention 

to treat basis. 

5.5. Outcomes 

Pre-surgery results are demonstrated in Table 5.2. The Piriformis grade and 

bulk was better in the PSMI group, but the difference failed to reach 

statistical significance. One Piriformis tendon in the PSMI group was found 

to have been divided at the end of the procedure; as per protocol the patient 

remained in the allocated group. 

Three-month post-operative data is shown in Table 5.3. Unadjusted and 

adjusted analyses of the post-operative data demonstrated Piriformis grade 

was significantly lower (better) and bulk was significantly greater in the 

PSMI group compared to the standard approach group (P=0.003 and 0.012 

respectively for adjusted scores). At 2 years post-operatively (Table 5.4) the 
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difference in grade remained significant (P=0.001). The difference in bulk 

failed to reach significance when adjusted for pre-operative scores 

(P=0.084). Six patients in the PSMI group showed an increase in Piriformis 

bulk at the 2-year mark compared to the pre-operative volume, whereas all 

patients in the standard group showed a reduction in volume at 2 years 

(Table 5.1). Figures 5.2-5.5 depict typical changes in Piriformis occurring 

in the PSMI and standard group respectively over 2 years. 

Figure 5.2 Pre-operative MRI demonstrating good bulk and quality of 
Piriformis (PSMI group). Arrow demonstrates right Piriformis 
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Figure 5.3 2-year post-operative MRI demonstrating preserved bulk and 
quality of Piriformis (PSMI group). Arrow demonstrates right 
Piriformis 
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Figure 5.4 Pre-operative MRI demonstrating good bulk and quality of 
Piriformis (standard group). Arrow demonstrates right 
Piriformis 

 



– 60 – 
 

Figure 5.5 2-year post-operative MRI demonstrating marked reduction in 
bulk and quality of Piriformis (PSMI group). Arrow 
demonstrates right Piriformis 
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Table 5.1 Grade and bulk of OI and Piriformis pre-operatively, and 3 months and 2 years post-operatively 

ID Approach Pre-OI 3 mths 
post-OI 

2 yrs 
post-OI 

Pre-Piri 3 mths 
post-Piri 

2 yrs 
post-Piri 

Pre-OI 3 mths 
post-OI 

2 yrs 
post-OI 

Pre-Piri 3 mths 
post-Piri 

2 yrs 
post-Piri 

  Grade Bulk 

1 PSMI 1.0 1.0 2 1.0 2.0 1 34.6 18.3 15.03 23.8 15.0 26.30 

2 PSMI 1.0 4.0 4 1.0 1.0 1 20.8 9.4 2.55 23.5 21.3 8.33 

3 PSMI 1.0 2.0 2 1.0 1.0 1 28.6 18.3 12.04 23.5 19.9 27.27 

4 PSMI 1.0 4.0 4 1.0 4.0 4 25.0 16.8 7.72 18.7 11.9 6.77 

5 PSMI 2.0 3.0 4 2.0 2.0 2 24.5 4.4 12.21 8.0 8.5 13.78 

6 PSMI 0.0 4.0 4 0.0 0.0 0 30.5 13.0 11.78 31.8 40.1 38.04 

7 PSMI 1.0 3.0 4 1.0 1.0 1 20.0 15.5 11.11 13.4 12.4 18.77 

8 PSMI 0.0 3.0 4 1.0 1.0 1 23.8 9.9 9.59 10.2 7.3 12.44 

9 PSMI 1.0 2.0 2 1.0 1.0 1 25.1 19.3 14.02 14.3 13.8 11.59 

10 PSMI 0.0 3.0 3 0.0 0.0 0 40.1 24.9 21.94 21.3 19.6 13.19 

11 Standard 1.0 3.0 4 1.0 3.0 4 20.8 9.4 8.98 10.5 8.6 5.67 
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12 Standard 2.0 3.0 4 3.0 3.0 4 12.6 7.9 6.18 8.9 7.6 6.82 

13 Standard 1.0 3.0 2 0.0 0.0 0 26.3 18.3 13.98 28.2 21.5 27.43 

14 Standard 2.0 4.0 4 1.0 4.0 4 22.4 11.3 2.06 4.8 2.1 4.88 

15 Standard 0.0 3.0 3 0.0 3.0 4 22.5 13.2 8.37 9.5 7.3 7.11 

16 Standard 1.0 4.0 4 0.0 2.0 2 22.7 15.8 7.38 11.8 5.6 5.88 

17 Standard 1.0 4.0 NA 1.0 3.0 NA 19.8 7.3 NA 9.6 6.5 NA 

18 Standard 0.0 3.0 3 1.0 3.0 3 16.5 7.7 7.01 13.1 10.7 9.68 

19 Standard 0.0 3.0 NA 0.0 3.0 NA 49.0 23.6 NA 23.3 9.7 NA 

20 Standard 0.0 1.0 4 0.0 1.0 2 48.4 30.0 14.72 23.4 11.8 11.43 

Piri = Piriformis 
NA = Not available 
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Table 5.2 Pre-operative analysis 

Measure OI grade Piriformis grade OI bulk (mL) Piriformis bulk (mL) 

 PSMI Standard PSMI Standard PSMI Standard PSMI Standard 

N 10 12 10 12 10 12 10 12 

Median 1.00 1.00 1.00 0.50 25.02 24.21 19.98 11.13 

95% CI Median 0.00-1.00 0.00-2.00 0.00-1.00 0.00-1.00 20.75-35.49 16.50-48.37 10.15-23.84 8.85-23.42 

Significance: 
PS vs Standard # 

1.000 0.312 0.225 0.138 

# Based on Exact Mann-Whitney U test 
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Table 5.3 3-month post-operative analysis 

Measure OI grade Piriformis grade OI bulk (mL) Piriformis bulk (mL) 

 PSMI Standard PSMI Standard PSMI Standard PSMI Standard 

N 10 10 10 10 10 10 10 10 

Median 3.00 3.00 1.00 3.00 16.18 12.26 14.36 8.08 

95% CI Median 2.00-4.00 3.00-4.00 0.00-2.00 1.00-3.00 9.42-19.28 7.69-23.56 8.53-21.26 5.64-11.76 

Significance: 
PS vs Standard # 

0.758 0.029 0.617 0.015 

Adjusted 
significance * 

0.631 0.003 0.445 0.012 

# Based on Exact Mann-Whitney U test 
* Based on Ranked ANCOVA where post-surgery results are adjusted for pre-surgery results 
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Table 5.4 2-year post-operative analysis 

Measure OI grade Piriformis grade OI bulk (mL) Piriformis bulk (mL) 

 PSMI Standard PSMI Standard PSMI Standard PSMI Standard 

N 10 8 10 8 10 8 10 8 

Median 4.00 4.00 1.00 3.50 11.91 7.88 13.48 6.97 

95% CI Median 2.84-5.16 3.18-4.81 0.68-1.32 1.98-5.02 9.53-14.29 4.33-11.42 5.44-21.53 3.28-10.65 

Significance: 
PS vs Standard # 

0.810 0.020 0.122 0.027 

Adjusted 
significance * 

0.752 0.001 0.526 0.084 

# Based on Exact Mann-Whitney U test 
* Based on Ranked ANCOVA where post-surgery results are adjusted for pre-surgery results 
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As expected, there was no statistically significant difference in grade or 

bulk for the OI muscle between groups (as this was treated the same way in 

both groups). Similarly, there was no difference in deterioration in grade or 

reduction in volume between the divided tendons of OI (in both groups) and 

the divided tendons of Piriformis (in the standard group). 

There was a significant effect of time on the Oxford Hip scores, but a 

time-treatment interaction was not significantly different indicating that the 

approach had no significant effect over time. Maximal improvement 

occurred within 3 months with minimal change occurring thereafter. 

5.6. Adverse events 

No adverse events were noted. 

5.7. Summary of results 

In conclusion, sparing Piriformis avoids the marked wasting and 

deterioration in muscle grade that occurs when the tendon is divided and 

repaired. However, this is not reflected in a better Oxford Hip score. 
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Chapter 6 

Results: 

RCT comparing the PSMI approach with the 

standard posterior approach 

This chapter is based on the following publication: 

Khan RJK, Maor D, Hofmann M and Haebich S. A comparison of a less 

invasive Piriformis-sparing approach versus the standard posterior 

approach to the hip. Journal of Bone and Joint Surgery 2012; 94B (1): 

43-50. (Study 4). See Appendix D. 

 



– 68 – 
 

6. Results: RCT comparing the PSMI approach 

with the standard posterior approach 

6.1. Patient flow 

Of the 153 patients assessed for eligibility, 42 failed to meet the inclusion 

criteria (previous surgery to the hip n=10, below 60 years of age n=28 and 

post-traumatic arthritis n=4) and 11 declined to participate. One hundred 

patients were randomised to the two groups. Four patients were lost to 

follow-up in the PSMI group and seven in the Standard group (Figure 6.1). 
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Figure 6.1 Patient flow diagram 

 

 

6.2. Recruitment 

Patients were recruited from the wait list of the author [RK]. 
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6.3. Baseline data 

There were 52 patients in the Standard group, with mean age (SEM) 72.8 

(1.1) years, and 48 patients in the PSMI group, with mean age (SEM) 72.3 

(1.0) years. Demographics are summarised in Table 6.1. Baseline scores are 

summarised in Table 6.2. The mean incision length was 19.3cm (SEM 0.37) 

in the standard group and 12.6cm (SEM 0.72) in the MIS group. All patients 

other than those lost to follow-up were seen at 2 weeks, 6 weeks, 12 weeks 

and annually to 2 years. 

Table 6.1 Patient demographics 

 Standard PSMI Total 

 N % N % N % 

Gender 

Female 33 63.5 24 50.0 57 57.0 

Male 19 36.5 24 50.0 43 43.0 

Total 52 100.0 48 100.0 100 100.0 

Side 

Left 23 44.2 22 45.8 45 45.0 

Right 29 55.8 26 54.2 55 55.0 

Total 52 100.0 48 100.0 100 100.0 

Reason for procedure 

Osteoarthritis 50 96.2 44 91.7 94 94.0 

Rheumatoid arthritis 1 1.9 2 4.2 3 3.0 

Avascular necrosis 1 1.9 2 4.2 3 3.0 

Total 52 100.0 48 100.0 100 100.0 

ASA score 
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1 3 5.8 2 4.2 5 5.0 

2 29 55.8 31 64.6 60 60.0 

3 19 36.5 15 31.3 34 34.0 

4 1 1.9 0 0 1 1.0 

Total 52 100.0 48 100.0 100 100.0 

Baseline walks 

With aid 28 53.8 27 56.3 55 55.0 

Unaided 24 46.2 21 43.7 45 45.0 

Total 52 100.0 48 100.0 100 100.0 

 

Table 6.2 Baseline scores 

 Standard PSMI Total 

 Mean N SEM Mean N SEM Mean N SEM 

BMI 28.9 52 0.6 28.5 48 0.7 28.7 100 0.5 

Pre-op 
Hb (g/L) 

136.9 52 2.2 135.1 48 1.8 136.0 100 1.4 

Baseline 
pain 

7.4 52 0.3 7.2 48 0.3 7.3 100 0.2 

Baseline 
speed (m/s) 

0.70 52 0.04 0.71 48 0.03 0.71 100 0.03 

Baseline 
Oxford Hip 
score 

44.0 52 1.2 44.5 48 0.8 44.2 100 0.7 

Baseline 
SF-12 PCS 

29.0 52 0.8 26.6 48 0.8 27.9 100 0.6 

Baseline 
SF-12 MCS 

45.1 52 1.71 46.2 48 1.7 45.6 100 1.2 
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6.4. Numbers analysed 

A total of 100 patients were included in the study: 48 patients in the PSMI 

group and 52 in the standard group. Patients were analysed on an intention 

to treat basis. For those lost to follow-up, the last data collected was 

included in the analysis. 

6.5. Primary outcomes 

There was a significant effect of time on the mean Oxford hip scores, but 

neither a group nor a time-treatment interaction was significantly different 

indicating that the approach had no significant effect over time (Figure 6.2). 

Maximal improvement occurred within 3 months with minimal change 

occurring thereafter. 

Figure 6.2 Oxford Hip scores (mean) 

 

S = Standard posterior approach group 
M = PSMI group 
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Time Significance * 

6 weeks 0.645 

3 months 0.304 

1 year 0.247 

2 years 0.421 

* Based on ANCOVA 

 

There was neither a significant effect of time, nor group, nor time-treatment 

interaction (P=0.236) for the mean SF-12 PCS variable (Figure 6.3). The 

relative improvement in the mean mental component score (MCS) of the 

SF-12 was greater in the Piriformis-sparing group at 6 weeks (55.3 [SEM 

1.46] vs 50.7 [SEM 1.64]) (Figure 6.4). 

Figure 6.3 SF-12 PCS (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Significance * 

Week 6 0.716 
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Week 12 0.279 

Week 52 0.270 

Week 104 0.375 

* Based on ANCOVA 

Figure 6.4 SF-12 MCS (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Significance * 

Week 6 0.049 

3 months 0.891 

1 year 0.515 

2 years 0.538 

* Based on ANCOVA 

 

The mean distance walked in 6 minutes (6MWT) was greater in the 

Piriformis-sparing group at 2 weeks. The difference was less evident at 6 

weeks and 3 months (Figure 6.5). There was no significant difference in 

mean ILOA score between the groups on day 2 (P=0.438) (Table 6.3). 
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There was no significant difference in mean 10m walking speed between 

the groups (Figure 6.6). There was no significant difference in the 

percentage of patients walking unaided at any point in time during the study 

(Figure 6.7). Mean LOS was 5.3 days (SEM 0.3) in the standard group and 

5.2 days (SEM 0.3) in the Piriformis-sparing group (P=0.767). 

Table 6.3 ILOA scores 

Change ILOA 
 Standard PSMI 
N 46 42 
Mean 20.3696 18.9762 
SD 11.92264 12.07999 
Std. error mean 1.75790 1.86398 
Significance * 0.588 
Adjusted significance # 0.438 

* Based on independent samples t-test 
# Adjusted for pre-surgery values using ANCOVA 

 

Figure 6.5 6MWT (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
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Time Significance * 

Week 2 0.043 

Week 6 0.471 

Week 12 0.655 

* Based on ANCOVA 

Figure 6.6 10m walk speed (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Preop 2 weeks 6 weeks 3 months 

Significance * 0.834 0.678 0.665 0.997 

Adjusted significance #  0.836 0.456 0.924 

* Based on independent samples t-test 
# Adjusted for pre-surgery values based on ANCOVA 
 



– 77 – 
 

Figure 6.7 Percentage of patients walking unaided 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Significance * 

Week 2 0.212 

Week 6 0.853 

3 months 0.873 

1 year 0.691 

2 years 0.483 

* Based on logistic regression 

 

6.6. Secondary outcomes 

There was no significant difference in mean pain scores between the 

groups. For example, mean day 2 pain scores in the Piriformis-sparing 

group was 3.82 [SEM 0.29] and standard group 3.95 [SEM 2.29], P=0.772. 

(Figure 6.8). Mean VAS scores for satisfaction were also not significantly 

different between groups; however, there was a higher level of satisfaction 
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measured in the PSMI group at 6 weeks (9.5 [SEM 0.15] vs 8.8 [SEM 

0.29]) which was less evident thereafter (Figure 6.9). 

Figure 6.8 Pain scores (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Significance * 

Week 2 0.080 

Week 6 0.901 

3 months 0.506 

1 year 0.417 

* Based on ANCOVA 
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Figure 6.9 Satisfaction score (mean) 

 
S = Standard posterior approach group 
M = PSMI group 
 

Time Significance * 

Week 6 0.047 

Week 12 0.320 

Week 52 0.091 

Week 104 0.687 

* Based on ANCOVA 

 

The mean fall in haemoglobin on day 1 post-surgery was 35.5g/L (SEM 

1.634) in the standard group and 31.4g/L (SEM 1.902) in the 

Piriformis-sparing group (P=0.105). There was no significant difference in 

the mean number of transfusions required between the groups (P=0.69). 



– 80 – 
 

There was no significant difference in mean CRP on day 2 between the 

groups (P=0.482). 

Four patients (8.3%) in the Piriformis-sparing groups and one (1.9%) in the 

standard group had leg lengthening of more than 1cm. Although not 

statistically significant (P=0.190), the result was deemed clinically 

significant (Table 6.4). There was no significant difference in the mean 

number of outliers between the groups with regards to off-set (P=0.618) or 

vertical position of joint centre (P=0.423). There was significantly less 

mean cup anteversion and inclination in the Piriformis-sparing group but no 

significant difference in femoral stem coronal plane alignment (Table 6.5). 

Table 6.4 Leg length difference 

  Standard PSMI Total 

  N % N % N % 

Leg length difference <1cm 50 98.0% 43 91.5% 93 94.9% 

>1cm 1 2.0% 4* 8.5% 5 5.1% 

Total 51 100.0% 47 100.0% 98 100.0% 

* P=0.191 based on an Exact Chi-squared test 

Table 6.5 Component alignment 

 Standard PSMI Significance * 

 Mean N SEM Mean N SEM  

Cup inclination 45.3 52 0.98 41.8 48 1.02 0.015 

Cup anteversion 20.1 52 1.25 15.5 48 1.01 0.005 

Femoral stem 
alignment 

0.4 52 0.23 1.2 48 0.35 0.054 

*Based on independent samples t-test 
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There was no significant difference in mean Barrack cementation scores 

between the groups: in the standard group 44 (85%) were graded ‘A’ and 8 

(15%) graded ‘B’; in the Piriformis-sparing group 40 (87%) were graded 

‘A’ and 6 (13%) graded ‘B’ (P=0.995 based on an Exact Chi-squared test). 

There was no significant difference in mean operation duration which was 

90 minutes (SEM 2.12) in the standard group and 87 minutes (SEM 2.97) in 

the Piriformis-sparing group (P=0.138). 

There was a 12% death rate in the standard group compared with a death 

rate of 6% in the Piriformis-sparing group (P=0.160). No deaths were 

related to surgery. Complications were considered for the subset of patients 

that did not die, and were classified as either present or absent irrespective 

of the type of complication. The mean complication rate was very similar 

between treatment arms, and the small difference observed was not 

significant (P=0.772). There was a single dislocation (1%) that occurred in 

the standard group, which was successfully treated by an open reduction. 

There was one early deep infection that was successfully treated with a 

washout and change of head and liner in the standard group. There was a 

late infection in both groups each requiring a two-stage revision. There was 

a single case of confirmed deep vein thrombosis in the standard group. 

There was one intra-operative femoral fracture (undisplaced – treated with 

plate and cables) and one confirmed pulmonary embolus in the 
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Piriformis-sparing group. There were no retained cement fragments 

identified on post-operative radiographs in either group. 

The Piriformis-sparing approach was perceived to be significantly more 

challenging than the standard approach (P=0.034) on visual analogue scores 

(Figure 6.10). The mean score was 3.5 (SEM 0.33) in the Standard group 

and 4.7 (SEM 0.37) in the Piriformis-sparing group (Figure 2.6). The mean 

perceived difficulty of the procedure, irrespective of approach was 3.4 

(SEM 0.36) in non-obese (BMI <30Kg/m2) and 4.5 (SEM 0.35) in obese 

(BMI ≥30Kg/m2) patients. 

6.7. Adverse events 

No adverse effects were noted 

6.8. Summary of results 

A Piriformis muscle-sparing approach in combination with a shorter 

incision results in early improved function, but no difference after 6 weeks 

when compared to the standard posterior approach. The procedure is 

technically more difficult, particularly in the obese patient. Care should be 

taken to avoid leg lengthening. 
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Figure 6.10 Perceived difficulty of procedure 

 
S = Standard posterior approach group 
M = PSMI group 
 
Mann-Whitney-U test p=0.034 
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Chapter 7 

Discussion 
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7. Discussion 

The term MIS has sparked controversy, since no open approach to the hip 

can truly be stated to be minimally invasive. Thus it has been described as 

an oxymoron when referring to hip arthroplasty [62]. The term ‘limited 

incision’ has been proposed since it acknowledges the approach is indeed 

invasive, and avoids the need for an arbitrary cut-off point for incision 

length [63]. Perhaps better is a definition that differentiates purely short 

incision (‘mini-incision’) approaches from short incision plus 

muscle-sparing (‘muscle-sparing’) approaches 

Since the commencement of this thesis, there have been a number of studies 

published comparing the mini-incision posterior approach to the standard 

posterior approach [35;64-66]. In a RCT involving 120 patients divided into 

four groups, Goosen et al. [64] found statistically significant but clinically 

insignificant better Harris Hip scores at 6 weeks and 1 year, and a better 

SF-36 score at 6 weeks in the mini-incision group (compared to the 

standard posterior, the standard anterolateral and the mini-incision 

anterolateral approaches); there was no difference in all other clinical and 

radiological outcomes. Pour et al. [65] randomised 100 patients into four 

groups: mini-incision versus standard incision, accelerated versus 

non-accelerated rehabilitation. They reported the extent of functional 

improvement, patient satisfaction and walking ability at discharge was 

better in both accelerated rehabilitation groups regardless of incision size. 
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Shitama et al. [66] randomised 62 patients to four groups: translateral 

approach (standard and mini-incision) and posterior approach (standard and 

mini-incision). They reported no difference in post-operative CRP, 

Interleukin-6 and haemoglobin, as well as Harris Hip scores and 

radiographic parameters at 6 months. Fink et al. [35] compared 50 patients 

in each group in a prospective non-randomised trial. They reported no 

difference in component position, elevation of CRP or muscle enzyme 

parameters (CPK, CK-MM and myoglobin) but significantly less blood 

loss, less pain at rest and faster recovery in the mini-incision group. 

In summary, these studies support the findings of earlier studies that report 

short-term benefits, if any, associated with the mini-incision approach. The 

study by Pour et al. [65] suggests the incision length is less important than 

the rehabilitation. Extrapolating the results of the mini-incision studies to 

muscle-sparing studies is questionable. 

Only four studies have assessed a muscle-sparing approach, most 

comparing it with the standard posterior approach [67-70]. Two 

muscle-sparing approaches involved preservation of QF and the proximal 

insertion of gluteus maximus, one using a mini-incision in the MIS group 

[67] and the other the same sized incisions in each group [68]. Two studies 

preserved Piriformis, one without a control [69] and the other with a 

retrospective control [70]. In the study by Kim [67] 70 patients for bilateral 

hip replacements were randomised to receive a mini-incision plus 
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muscle-sparing approach on one side and a standard posterior approach on 

the other. Kim reported no significant difference in clinical or radiological 

outcomes at a mean of 2-3 years follow-up, other than longer operative time 

and increased volume in the suction drains with the standard approach. 

Based upon a single case of infection in the MIS group (1.4%) and none in 

the standard group the author spuriously attributes the higher infection rate 

to the approach. In the study by Dorr et al. [68], 60 patients were randomised 

to each group: muscle-sparing approach and standard approach; both 

groups received the same size incision. In addition the MIS group were 

computer navigated. Inpatient benefits of reduced pain, lower narcotic use, 

earlier independent mobility and shorter LOS were found in the MIS group. 

There was no difference in pain or function after hospital discharge. Procyk 

[69] reported a case series of 60 patients operated on using a similar 

technique to our own, with a year’s follow-up. In their study all patients 

received uncemented components, had a BMI less than 30 and were under 

70 years of age. The author concludes that the approach results in rapid 

functional recovery, minimal post-operative pain, reduced LOS, few 

complications and optimal component positioning. However, without a 

control group these conclusions cannot be substantiated. Prigent [70] 

reported on a series of 98 patients operated on by a Piriformis 

muscle-sparing approach, and used a retrospective control group who had 

received the standard approach, with a year’s follow-up. The technique was 

similar to our own, except that the capsule was resected in the standard 
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group and repaired in the Piriformis muscle-sparing group. The authors 

report a 3% dislocation rate in the standard group compared to 0% in the 

Piriformis-sparing group. This difference is stated to be ‘significant’ though 

no statistical analysis reported. In addition, the difference in dislocation 

rates is more likely to be related to the difference in treatment of the capsule 

rather than the preservation of Piriformis [71]. Without a prospective 

randomised control group the above results on Piriformis muscle-sparing 

approaches need to be interpreted with caution. 

Results from our randomised trial suggest there are some true benefits to the 

Piriformis-sparing approach, but that these are short lived. The benefits 

took the form of significantly better 6MWT results and a trend for less pain 

at 2 weeks, and significantly better SF-12 MCS and satisfaction at 6 weeks. 

At 2 weeks the patients were still blinded to allocation. The reduced pain 

and better 6MWT are likely therefore to represent a true treatment effect. 

However, at 6 weeks the patients were no longer actively blinded as 

dressings had been removed. The better satisfaction and SF-12 scores may 

be attributable to two elements. First, as with differences at 2 weeks, they 

may represent a true treatment effect. Second, since scars were exposed 

patients may have been aware of whether they had a shorter or longer 

incision. It has been elegantly demonstrated that patients with shorter 

incisions exceed their pre-operative expectations at 6 weeks [72;73], an 

important factor in achieving complete satisfaction with surgery [74]. 
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If the early benefits are a true treatment effect, which is likely since all other 

factors were controlled for, one may assume they are due to differences in 

the approaches. This difference can be summarised as a shorter incision 

length (mean 12.6 v 19.3cm) and less deep dissection (sparing of 

Piriformis). The mean difference in incision length was 6.7cm; in other 

words the incision in the standard group was approximately 50% longer. 

However, the age-old dictum that wounds heal from side to side not end to 

end suggests the size of the incision itself is unlikely to result in a difference 

in outcome. This is supported by most studies that have reported no 

difference in outcome when incision length is the only variable 

[40-43;65;66;75;76]. Thus it is possible that the difference lies in the treatment of 

Piriformis. From a pain point of view, one may hypothesise that the divided 

and retracted tendon exerts a traction force on the sciatic nerve, resulting in 

early increased pain. As the divided muscle degenerates the force 

subsequently diminishes. An alternative explanation is that dividing the 

tendon stimulates noiciceptors and results in more pain. 

From a functional point of view, Piriformis is a stabiliser of the hip by 

mechanically limiting excessive internal rotation on weight-bearing [45], as 

well as by acting as an external rotator and abductor of the hip in flexion and 

holding the femoral head in the socket [46]. The direct posterior relationship 

between Piriformis and the femoral head is nicely demonstrated in Figure 

2.4. That preserving Piriformis results in better early function has not been 
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possible to prove, but it is intuitive that it may contribute to better outcome. 

This is supported by our MRI findings of significantly better muscle bulk 

and grade for up to 2 years in the Piriformis muscle-sparing group 

compared to the divided and repaired group. 

It is likely the reduction in pain and faster 6MWT at 2 weeks are related, 

and these may have a positive effect on satisfaction and SF-12 MCS at 6 

weeks. By 3 months the effects of the larger incision and dividing 

Piriformis are no longer apparent using the outcomes measured, suggesting 

the tests are not sensitive enough to identify the difference, or that the 

differences are no longer clinically significant. 

The functional outcome scores used in the RCT were changed from those 

used in the pilot study. In the latter the WOMAC and SF-36 were measured. 

These were replaced by the Oxford Hip and SF-12 scores, since they were 

deemed the best disease-specific and general health questionnaires 

respectively following arthroplasty. Ironically, greater difference was found 

with the WOMAC scores, but this probably reflects a bias in the 

methodology of the pilot study than a true outcome difference. 

The downside to the muscle-sparing approach utilised in this study was an 

increased perceived difficulty of the procedure by the surgeon, particularly 

in obese patients. Contrary to expectation, however, this did not result in an 

increase in operation duration. The difference in perceived difficulty 

between the PSMI approach and the standard approach was the same as the 
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difference between operating on an obese compared to a non-obese patient, 

which most will recognise is not insignificant. 

Concerns have been expressed of the reduced visualisation of the operative 

field through smaller incisions resulting in an increased complication rate, 

particularly with regard to periprosthetic fractures and component 

malpositioning [77]. In our study, there were no intra-operative fractures. 

Interestingly, cups were slightly more ‘closed’ and less anteverted in the 

PSMI group. Since optimal cup inclination and anteversion has been 

reported to be 40 +/-10 and 15 +/-10 degrees respectively this was not 

deemed to be an adverse outcome [48]. There was a slight difference in stem 

alignment, but the difference was not statistically significant. Of greater 

concern was the increased number of patients lengthened by over 1cm in 

the PSMI group. The technique used by the author to achieve equal leg 

lengths is two-fold. First, the functional difference is assessed with blocks, 

and is confirmed to be perceived by the patient. Then, with the patient in the 

lateral decubitus position the difference in leg lengths noted by palpation of 

the patellae. The relative change in length required is then noted and 

checked after component insertion. The second technique used 

concurrently is by choosing the appropriate level of osteotomy on the calcar 

after templating. The higher rate of leg length discrepancy associated with 

the PSMI approach may be attributable to the lack of visualisation of the 
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lesser trochanter (due to incomplete detachment of QF) often used as a 

reference point for the femoral neck osteotomy. 

In an attempt to resolve the discrepancy between the improved stability 

reported with repair of posterior structures and the studies suggesting that 

the majority of repairs fail [22-24], we attempted to devise a more accurate 

technique to assess the repair after primary THA. Radiostereometric 

radiographs triangulate the metallic markers creating a three-dimensional 

mathematical model [49]. Marker separation represents a true distance 

between markers with very high accuracy. Although more accurate with 

RSA, we felt the technique of comparing the inter-marker distances 

(distances between markers in different patients) was still flawed since 

there was no control group, and the measurements failed to account for 

stretching of tissues or postural variations in capsule tension. To correct for 

this source of error, rather than compare inter-marker distances we 

compared intra-marker distances (distance between markers in the same 

patient) with the hip in full external rotation (capsule relaxed – control) and 

full internal rotation (capsule tight – cohort). We therefore reduced the risk 

of false positive results suggesting repairs were intact when in fact they 

were not. 

A difference in marker separation distance between internal and external 

rotation may be expected, since the posterior capsule (ischiofemoral 

ligament) is tightest on maximal internal rotation and relatively lax in 
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maximal external rotation [78]. Also, capsule contains elastin as well as 

collagen I and therefore has some capacity to stretch [78;79]. We are unable 

to say definitively that the two cases with separation of >15mm were not 

intact. However, the remaining eight cases, with a mean of 3.51mm of 

separation are most likely to be. Also, by virtue of the anatomical location 

and proximity to the joint, the capsule in these cases is likely to improve 

joint stability. Interestingly, had we used the criterion for failure used by 

previous studies (>25mm separation) we would have reported a 100% 

success rate in our repair rates. 

Despite using a simpler technique of repair (double stitch rather than the 

Kessler stitch), a weaker suture (2 Vicryl rather than 5 Ticron), repairing the 

soft tissues in external rotation (rather than internal rotation), and removing 

all post-operative restrictions to mobility (rather than avoiding any internal 

rotation for 2 months), our failure rate was lower than that reported by 

Stahelin et al. [24]. Since the repair was otherwise similar to that used in our 

study (a combined capsulotendinous trans osseous repair), the explanation 

to this probably lies in the more accurate technique of measurement that we 

used. Thus Stahelin et al. [24] possibly reported a high false negative rate 

using the inferior and unvalidated technique. An alternative explanation is 

that the preservation of Piriformis conferred a protective effect on the 

repair, theoretically limiting internal rotation. This, however, cannot be 

proven. 
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There have been no further reports in the literature assessing the integrity of 

the posterior repair following THA. However, there have been a number of 

empirical studies adding to the body of literature supporting the benefits of 

repair. In a retrospective study of 181 patients, Tsai et al. [80] compared the 

dislocation rates of a consecutive series in whom the capsule was excised 

and another group in whom it was repaired. With a minimum follow-up of 

12 months the dislocation rate was significantly higher in the capsulectomy 

group (6.38% versus 0%). Kim et al. [81], in a retrospective study of 557 

patients, compared three groups: no repair of SERs, division and repair of 

all SERs, and limited division (inferior gemellus and obturator externus) 

and repair of SERs; all had a capsulectomy. The dislocation rates at 

minimum 1-year follow-up were 5.3%, 3.9% and 0% respectively. Finally, 

in a meta-analysis of five studies [13;14;16;82;83], Kwon et al. [71] reported a 

dislocation rate of 4.46% in the no soft tissue repair group compared to 

0.49% in the repair group, with a relative risk or 8.21. 

The use of MRI in the assessment of muscle grade [84] and bulk [85] is 

recognised. It has been used to compare muscles around the hip with mild 

and advanced degeneration [86]. Until recently, MRIs have been hampered 

by metal artefact [87]. However, modern techniques of metal subtraction 

have allowed examination of soft tissue structures in close proximity to 

metal objects [88;89]. 



– 96 – 
 

In our study group, preserving the Piriformis tendon by the PSMI approach 

avoided any deterioration in grade and significant decrease in muscle 

volume. These benefits were maintained at 2 years. On the other hand, 

dividing and repairing the tendon in the standard approach results in 

significant deterioration in both grade and bulk at 3 months, and further 

deterioration at 2 years. These differences failed to result in a difference in 

Oxford Hip scores, suggesting the assessments were not sensitive enough or 

that the difference was not clinically significant. Although the difference in 

grade remained significantly worse in the standard group throughout the 

study period, the difference in volume at 2 years, adjusting for pre-operative 

scores, failed to reach statistical significance. That all patients in the 

standard group demonstrated a reduction in volume of the Piriformis 

muscle, and most patients in the PSMI group demonstrated an increase in 

volume, suggests the study was underpowered to detect a true difference at 

2 years. 

The choice of stem used for patients in the randomised controlled trial was 

based upon a number of factors. First, the Spectron stem has excellent 

results and a long track record from the Swedish Joint Registry. Second, the 

stem has a gently curved shoulder that is easy to insert and protective of the 

greater trochanter (see figure 2.8B). The latter means that unlike straight 

tapered stems, once the entry into the canal has been made, relatively little 

lateral reaming of the GT is required for optimal insertion. This lends itself 
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to a minimally invasive approach and protection of the insertion of 

Piriformis. 

In a recent article by Professor Howie, concerns were raised that preserving 

Piriformis, rather than dividing and repairing it in THA, may result in 

over-stretching and loss of function [90]. This phenomenon may contribute 

to the reduction in volume of Piriformis that we observed in the PSMI group 

3 months post-operatively. Of greater concern however, is the significant 

deterioration that occurs when the tendon is divided and repaired. Thus, 

preserving Piriformis may result in overstretching and a transient degree of 

wasting, but in the majority of cases the Piriformis muscle belly recovered 

significantly and exceeded the pre-operative volume. Clearly this is 

preferable to the long-term degenerative changes that occur in the tendon 

when divided. 

The consequences of dividing and repairing the Piriformis tendon is 

reflected in the changes that occurred in OI, divided and repaired in both 

approaches. There was significant and enduring deterioration in both grade 

and bulk. Nevertheless, performing a careful repair of Piriformis, OI and the 

capsule has been shown to increase hip stability, reducing dislocation rates 

by the posterior approach from 4.46% to 0.49% [71]. The reason behind this 

has been attributed to the check-rein role of the repair, acting as a physical 

block to dislocation, and prevention of excessive internal rotation [83]. It has 

also been suggested that the repair acts as a biological scaffold which 
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allows the formation of a pseudocapsule [13]. It is intuitive that preserving 

any part of that complex would further enhance stability, as has been 

demonstrated by several studies [71;80;81]. Piriformis is a stabiliser of the hip 

by mechanically limiting excessive internal rotation on weight-bearing [45], 

as well as by acting as an external rotator and abductor of the hip in flexion 

and holding the femoral head in the socket [46]. In addition, it is probable 

that it has a proprioceptive function that provides feedback to reduce the 

chance of excessive internal rotation and ensuing dislocation. 

There has been one other study that has used MRI to assess the integrity of 

posterior soft tissue repairs after THA [91]. Capsule and SERs were repaired 

separately. Although the numbers involved were high (36 patients), there 

were methodological flaws that negatively impacted on the interpretation of 

results: failure of repair was based upon the unvalidated criterion defined by 

Kao and Woolson [22] (>25mm of separation); no stress testing was 

performed; absence of a control group; short follow-up (3 months); absence 

of metallic markers making accurate gap measurement difficult and 

dependent on orientation and thickness of MRI slices. Pellicci et al. [91] 

reported 90% of capsular repairs appeared intact but that approximately 

50% of SER repairs were not. Contrary to our study there was no 

correlation between gap size (failure of repair) and muscle atrophy 

suggesting an error in their assessment technique of failure of repair. 

Nevertheless the authors support performing the posterior soft tissue repair, 
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albeit in separate layers. Having demonstrated good repair rates of the 

combined capsulotendinous repair using an improved technique (RSA), we 

suggest the combined repair is preferable. The stronger capsule may confer 

a protective effect on the SER repair. We concur with Pellicci et al. [91], that 

despite atrophy of the SERs after division and repair, their integrity 

probably helps form a biologic scaffold for restoration of the posterior soft 

tissue envelope. Preferable still is the preservation of any part of that 

complex, such as Piriformis, which we have demonstrated avoids the 

unnecessary atrophy of the muscle. 

It is important to stress that there are many MIS techniques that have been 

described, and tempting as it is, the results of these different approaches 

must not be generalised as has been done in several methodologically 

flawed reviews to date [92-99]. Each approach has its own nuances and 

variations. This study has only attempted to assess single incision 

minimally invasive posterior approaches. Our conclusions cannot be 

extrapolated to all other MIS approaches. 

Another failure of the review literature is the grouping of studies of highly 

variable methodological rigor [95-98;100;101]. As is often the case, early 

studies tend to be retrospective case series. These are followed by 

prospective series, often with historical controls. Only later do RCTs and 

meta-analyses appear. Probably because of the paucity of literature on the 

subject, studies have been grouped together without regard for quality. 
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Hence the conclusions drawn from these reviews is of dubious significance, 

and the old adage ‘garbage in, garbage out’ is pertinent [102]. 

7.1. Limitations 

7.1.1. Pilot study to assess efficacy of the PSMI approach 

The chief limitations to the pilot study were that it was not a randomised 

trial, and the control group was retrospective. Although follow-up was 

relatively short, we felt justified in presenting our preliminary data because 

at that time there was very little data in the literature on minimally invasive 

approaches. An editorial in the American Journal of Bone and Joint 

Surgery in 2003 supported this with the following statement: “clinicians 

cannot be expected to wait for many years until definitive answers [about 

MIS] become available” [103]. 

7.1.2. Assessment of integrity of repair of posterior capsulotendinous 
structures 

The main limitation of the RSA study was that the results pertain to the 

PSMI approach, and cannot be generalised to other approaches. Thus, the 

better results reported in our study may be due to a protective effect of the 

preserved Piriformis. Alternatively, they simply highlight the failure of the 

unvalidated technique used by others to assess marker separation. 
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Until imaging techniques in the presence of metal artefact improves, direct 

assessment remains untenable, and techniques are confined to indirect 

methods of assessment. 

7.1.3. RCT assessing the impact on Piriformis of preserving or 
dividing and repairing the tendon 

The main criticism of this study was that it was not possible to calculate the 

sample size a priori, because of the difficulty recruiting patients and the 

time this would have taken. With the loss of two patients to follow-up the 

study was under-powered to detect a significant difference in Piriformis 

bulk at 2 years. 

Although the study demonstrates qualitative and quantitative benefits to 

preserving Piriformis, it provides no information regarding the clinical 

benefits from a stability or functional point of view. 

7.1.4. RCT comparing the new approach with the standard posterior 
approach 

Our study design may be criticised for lack of generalisablity, since all 

procedures were performed or directly supervised by a single surgeon, with 

2 years of experience with the approach, and the study group was restricted 

to patients over 60 years. It is possible that a younger, fitter and heavier 

muscled group with greater biomechanical forces across the joint might 

have demonstrated more of a difference. 
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The lack of difference in outcomes after 6 weeks may be attributable to the 

relatively small differences between the approaches. However, it was 

deemed unethical by the Human Research and Ethics Committee to make 

the standard approach more invasive (such as using incisions of the same 

length) for the purpose of the study. 

The surgeon’s perceived difficulty of the operation could not be assessed in 

a blinded manner thus introducing a possible source of bias. Pain was 

assessed using visual analogue scales. Although the measurement has been 

validated, narcotic usage would have added more information but was not 

assessed. 

7.2. Implications 

We have found that division of Piriformis is unnecessary; retaining it does 

not reduce the surgical field, and avoids the marked wasting and 

deterioration in muscle grade that occurs when the tendon is divided and 

repaired. Piriformis is known to be a stabiliser of the hip by virtue of its size 

and position, thus all authors of the mini-incision technique advocate its 

repair. By the same token, we feel it should be spared, especially given the 

evidence that a significant number of repaired Piriformis tendons may 

become detached [22-24]. 

The PSMI approach to the hip is safe, as demonstrated by the pilot study 

and confirmed by the RCT. We were not able to confirm the findings of the 
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pilot study suggesting it results in less blood loss and shorter inpatient stay, 

but the RCT concurred that it lead to better function. These benefits, 

although reported to be present at 1 year in the pilot study, were not present 

beyond 6 weeks in the RCT. 

Our RSA study suggests that using a less invasive approach with 

preservation of Piriformis, and in the absence of an external rotation 

contracture, the majority of capsulotendinous repairs remain intact. We thus 

support the empirical studies that demonstrate a significant increase in 

stability with the repair. It is intuitive that repairing both capsule and SERs 

increases the likelihood of pseudocapsule formation. Whether repaired 

individually or combined probably makes little difference. 

The PSMI approach is technically more difficult than the standard 

approach, and should be avoided in the obese patient. Care should be taken 

to visualise the lesser trochanter to aid in choosing the correct level for neck 

osteotomy, to avoid leg lengthening. This involves sacrificing QF. 

7.3. Future direction 

Reducing the size of the incision used in THA has evolved over the past 

decade, despite several studies reporting no difference in outcome. This has 

occurred for a number of reasons. Cynics argue it was market-driven 

stimulating patients’ desire for a ‘less invasive’ hip replacement. The 

genesis is unimportant. What is important is understanding the limitations 
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of this technique. Early publications were littered with ‘birthing shots’ of 

femoral heads being removed from incisions barely larger than their 

circumference [34;104]. The MIS pendulum has swung back to a more 

realistic position, and although MIS is mentioned less often, most surgeons 

admit they use a shorter incision than they used previously. But are THAs 

through less invasive approaches better? The evidence would suggest any 

benefit is short-lived. Therefore we need to ask – is it safe? Will it give us 

the durability we strive for – the ‘hip for life’? Most studies show 

component positions do not differ from those achieved by standard 

techniques, therefore durability of the prosthesis is unlikely to be altered 

[105]. If this is the case – and only longer-term studies will tell – then MIS 

will be a confirmed as positive development in the history of arthroplasty. 

Performing capsulotendinous repairs has unequivocally been shown to 

improve stability. This procedure can be incorporated in the standard and 

MIS posterior approaches. The question of whether sparing some of the 

external rotators enhances stability and function is more difficult to answer. 

If tests to date have been unable to demonstrate a difference the benefit if 

any may not be clinically significant. Gait analysis studies were not 

undertaken in this study, and should be considered in the future. Once 

again, whether the better quality of the preserved Piriformis improves 

stability will only be demonstrated with longer follow-up. Future 
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techniques should be aimed at direct assessment of repair. This may come 

through further advances in MRI. 

THA is one of the greatest advances in medical science of the last century 

[106]. For reliability and improvement in quality of life few operations can 

match it. The formula works. But that is not to say we shouldn’t strive to 

make it even better. When MIS techniques were being developed, many 

thought it ill-advised. It has a learning curve, and even those accomplished 

at the technique perceive it to be more challenging. Patients continue to 

demand it, associating MIS with less violation of their bodies, and quicker 

return to normality [73]. Surgeons need to weigh up the evidence, their 

experience and ability, and balance these against patient expectations. 

The author’s current practice is to preserve Piriformis and perform a 

capsulotendinous repair in all patients at primary THA. The short oblique 

incision described above is reserved for patients with suitable body habitus. 

Larger patients receive a standard longer curved incision. Whether 

cementing or not cementing the stem the author uses a prosthesis with a 

curved shoulder to protect the GT and insertion of Piriformis. 
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Chapter 8 

Summary 
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8. Summary 

The PSMI approach to the hip is a novel approach combining muscle 

preservation with a mini-incision. It is a variation of the single incision 

muscle-preserving minimally invasive posterior approach to the hip. It is 

safe, and results in some early functional advantages. However, there are no 

differences compared with the standard posterior approach after 6 weeks, as 

demonstrated in our RCT. The PSMI approach is more difficult in the 

obese. One concern is the non-statistically significant increased incidence 

of leg lengthening with the PSMI approach, possibly related to the reduced 

visualisation of the lesser trochanter. MRI analysis confirms that preserving 

Piriformis maintains its quality and bulk compared with dividing and 

repairing it. RSA analysis confirms the posterior trans osseous 

capsulotendinous repair (capsule plus OI/gemelli) remains intact in the 

majority of cases. These findings support sparing Piriformis and repairing 

the sacrificed short rotators and capsule to improve stability. 
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