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Introduction 
OThe medial parapatellar approach (MPP) described by Von 

Langenbeck in 1879 has become established as the standard 
technique in the approach to total knee arthroplasty (TKA) (Figure 
1) [1]. According to the United Kingdom National Joint Registry, 
of the 87500 primary total knee arthroplasty (TKA) procedures 
completed in 2014, 93% were performed via the MPP approach 
[2]. It is familiar to most surgeons, provides excellent exposure 
to all three knee compartments and provides consistent clinical 
outcomes. However, the relatively extensive exposure leads to soft 
tissue disruption including division of the quadriceps tendon. The 
technique usually involves eversion of the patella and is associated 
with anterior tibio-femoral subluxation. There are concerns that 
these factors can impede recovery and exacerbate post-operative  
pain [3,4]. Less invasive techniques, as well as providing improved  

 
cosmesis, may offer reductions in post operative pain and 
rehabilitation time, allowing for accelerated discharge and cost 
savings [4]. 

A number of less invasive or quadriceps sparing techniques 
have been described including the midvastus and subvastus 
approaches (Figure 1). These techniques represent a spectrum 
of invasiveness and aim (to varying extents) to minimize soft 
tissue trauma, particularly to the vastus medialis insertion. 
They are generally associated with a smaller skin incision than 
the standard MPP approach. However, even with the subvastus 
approach where vastus medialis is completely avoided the medial 
intercompartmental fascia and underlying synovium are divided 
with the potential to cause bleeding and pain.
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Purpose: The median parapatellar (MPP) approach is commonly utilised for total knee arthroplasty (TKA). There is an increasing trend towards 
enhanced recovery and shorter length of hospital stays. It is suggested that the minimally invasive quadriceps sparing (MIQS) TKA can provide both a 
shorter incision and, by minimizing soft tissue disruption, a quicker recovery. Being technically more demanding the MIQS approach has the potential 
for increased early complication rates. We performed a systematic review and meta analysis comparing MPP vs MIQS TKA.

Methods: A systematic literature search was performed with only randomised controlled studiesincluded for analysis. Data reported on incision 
length, knee flexion, straight leg raise,component positioning, knee society scores and post-operative complications were analysed.

Results: Nine studies were included: 342 patients in the MIQS group and 351 in the MPP group. There were statistically significant differences 
between the groups in terms of operative time, incision length and ability to straight leg raise within the first week. There were more outliers for 
tibial and femoral component positioning in the MIQS group. There was also a higher complication rate in the MIQS group. There was no statistically 
significant difference in post-operative functional score.

Conclusion: MIQS TKR allows shorter incision and earlier straight leg raise. This analysis raises concerns regarding the rate of complications, 
particularly component malpositioning, compared with MPP TKA. Over our relatively short term follow up this did not present a statistically significant 
difference in terms of overall outcome; longer term follow-up is needed to assess this.
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Figure 1: Medial Parapatellar and Midvastus Approaches.

Figure 2: Minimally Invasive Quadriceps Sparing (MIQS) 
Approach.

The minimally invasive quadriceps sparing (MIQS) TKA was 
first introduced by Tria and Coon in 2002 who considered it a less 
damaging approach to the quadriceps mechanism (Figure 2) [5]. 
Whereas the subvastus approach involves splitting the fascia and 
synovium deep to the vastus medialis muscle, the MIQS approach 
avoids this completely: A medial incision is extended from the 
superior pole of the patella to the tibial joint line with the arthrotomy 
in line with the incision with its proximal termination at the inferior 
edge of the vastus medialis. The quadriceps mechanism is therefore 
completely avoided: the authors describe making a transverse 
extension laterally below the vastus if required for exposure. 

The MIQS approach offers the least invasive technique described 
to date and therefore potentially the greatest benefit in terms of 
accelerated post operative recovery and pain relief. However, 
concerns remain regarding the potential risk of component 

malpositioning due to the restricted visual field and resulting early 
revision rates [6,7]. 

The hypothesis of this study is that there are significant benefits 
of utilising the MIQS approach as opposed to using the standard 
MPP approach on both radiological and clinical grounds in the 
short term. This hypothesis was tested using a meta-analysis of 
randomised controlled trials comparing the above two techniques 
for primary TKA.

Materials and Methods
A systematic review and meta-analysis was conducted 

according to guidelines described in the Cochrane handbook for 
systematic reviews of interventions and PRISMA statement [8,9]. 
We followed the methods of [10].

Study selection criteria
Types of studies: Only randomised controlled trials were 

included in this study.

Types of participants: The participants were adult patients 
who underwent primary TKA using either a MIQS or MPP approach 
regardless of the type of prosthesis.

Types of interventions: The interventions were MIQS and 
MPP approaches. 

Types of outcome measures: The outcome measures were: 
Incision length, operation time, range of knee flexion, ability to 
straight leg raise within first post-operative week, tibial and femoral 
component coronal axis outliers in post-operative radiographs, 
Knee Society and Functional scores within the first 3 post-operative 
months and post-operative complications. Outliers were defined 
as more than 3 degrees of deviation from neutral alignment. 
Retrospective studies, animal studies, studies where the above 
mentioned outcomes are not evaluated, navigation procedures and 
those where MIQS techniques and MPP approach were not utilised 
were excluded from this meta-analysis.

Search methods for identification of studies
Finding existing systematic reviews and meta-analyses: The 

following databases were searched in September 2015 to identify 
meta-analyses comparing MIQS approach and MPP approach in 
TKA: Cochrane Database of Systematic Reviews (CDRS), Database 
of Abstracts of Reviews of Effects (DARE), and Medline (1950 to 
September 2015).

Finding published and unpublished primary studies: The 
following exploded MeSH terms were used for the literature search: 
“arthroplasty”, “replacement”, “prosthesis”, “invasive”, “minimal”, 
“quadriceps” and ‟ knee”. A MEDLINE search was then refined to 
find prospective studies and randomised controlled trials (RCTs) in 
adult humans. The search was extended to the EMBASE database 
for studies published in any language from 1966 to September 
2015. The bibliographies of retrieved trials were examined for 
additional articles. The following websites were searched to 
identify unpublished and ongoing studies: Current Controlled Trials 
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(controlled-trials.com); Centre Watch (www.centerwatch.com); 
Trials Central (www.trialscentral.org); System for Information on 
Grey Literature in Europe (www.opengrey.eu); The UK National 
Research Register (www.nihr.ac.uk). 

Data collection and analysis
Selection of the studies: Two authors (IA and CO) applied 

the search strategy independently and all relevant study abstracts 
were hand searched by them, after which potentially suitable 
studies were reviewed in full paper format by each of the authors 
independently. Disagreement was discussed and resolved with the 
other authors.

Assessment of methodological quality of included studies: 
The review authors used a modification of the generic evaluation 
tool used by the Cochrane Bone, Joint and Muscle Trauma Group 
(Table 1) [11]. This includes 12 points where each point is scored 
2, 1 or 0 (maximum score 24) depending on whether the question 
was fully, partly or not answered at all for each study. DC and IA 
performed the quality assessment scoring (QAS) independently, 
and any disagreements were resolved by discussion and mutual 
agreement. Total quality assessment score was calculated for each 
study for descriptive purposes, but it was not used to weight the 
studies in the meta-analysis or as strict criteria for inclusion/
exclusion.

Table 1: Quality assessment scores of included studies.

Paper A-L Score Comments

Chiang et al. [19] 2,0,1,0,2,0,1,2,2,2,1,1 14
Essentially same study as number 5 with some authors on both problems. 

Better discussion of inclusion criteria, no mention of what happened to those 
lost to follow-up.

Chin et al. [13] 2,0,1,2,2,0,2,2,2,1,1,0 15 Well-designed to answer specific question regarding implant positioning but 
no mention of pain scores, functional outcomes.

Karpman & Smith [20] 2,1,0,2,2,0,2,1,2,2,2,1 17 Loose exclusion criteria, not clear whether post-operative assessors were 
blinded.

Kim et al. [12] 2,1,2,2,2,0,2,1,1,2,1,1 17 Well-designed study but no muscle power assessment. Some ‘quads sparing’ 
incisions had quads cut termed ‘iatrogenic split’ and not classed differently.

Wei-Peng Lin et al. [15] 2,2,1,1,2,0,1,0,2,2,1,1 15
80 knees in 60 patients, 2nd knee done same as first therefore not 

randomised. ROM assessor not blinded, no inclusion criteria, not stated who 
operated, short follow-up

Lin et al. [21] 2,2,0,2,2,0,2,2,2,2,1,2 19
Not clear if navigated probes left external scars therefore not completely 
blind. No ongoing measurement of knee power. Single surgeon, standard 

protocols.

Matsumoto et al. [22] 0,0,0,1,2,0,1,0,2,2,0,1 9
Poor study. No mention of blinding procedure or operative protocol. No 

assessment of clinical outcomes. Use of unverified techniques to measure soft 
tissue tension

Shen et al. [23] 0,0,0,2,0,0,2,0,2,2,2,2 14 Good length of follow up on a variety of relevant outcomes.

Xu et al. 1,0,0,2,0,0,2,2,2,2,2,2 15 Well-designed study addressing wide variety of outcomes for good length of 
follow up.

Key:

A. Was the assigned treatment adequately concealed prior to allocation?

2 = method did not allow disclosure of assignment

1 = small but possible chance of disclosure of assignment or unclear

0 = quasi-randomised or open list/tables

B. Were the outcomes of participants who withdrew described and included in the analysis (intention to treat)?

2 = withdrawals well described and accounted for in analysis

1 = withdrawals described and analysis not possible

0 = no mention, inadequate mention, or obvious differences and no adjustment

C. Were the outcome assessors blinded to treatment status?

2 = effective action taken to blind assessors

1 = small or moderate chance of unblinding of assessors

0 = not mentioned or not possible

D. Were the treatment and control group comparable at entry? (Likely confounders may be age, partial or total

rupture, activity level, acute or chronic injury)

2 = good comparability of groups, or confounding adjusted for in analysis

http://dx.doi.org/10.31031/OPROJ.2018.02.000545
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1 = confounding small; mentioned but not adjusted for

0 = large potential for confounding, or not discussed

E. Were the participants blind to assignment status after allocation?

2 = effective action taken to blind participants

1 = small or moderate chance of unblinding of participants

0 = not possible, or not mentioned (unless double-blind), or possible but not done

F. Were the treatment providers blind to assignment status?

2 = effective action taken to blind treatment providers

1 = small or moderate chance of un blinding of treatment providers

0 = not possible, or not mentioned (unless double-blind), or possible but not done

G. Were care programmes, other than the trial options, identical?

2 = care programmes clearly identical

1 = clear but trivial differences

0 = not mentioned or clear and important differences in care programmes

H. Were the inclusion and exclusion criteria clearly defined?

2= clearly defined

1= inadequately defined

0= not defined

I. Were the interventions clearly defined?

2 = clearly defined interventions are applied with a standardised protocol

1 = clearly defined interventions are applied but the application protocol is not standardised

0 = intervention and/or application protocol are poorly or not defined

J. Were the outcome measures used clearly defined? (by outcome)

2 = clearly defined

1 = inadequately defined

0 = not defined

K. Were diagnostic tests used in outcome assessment clinically useful? (by outcome)

2 = optimal

1 = adequate

0 = not defined, not adequate

L= the surveillance active, and of clinically appropriate duration?

2 = active surveillance and appropriate duration

Data extraction and management
A data extraction form was designed and agreed by the authors. 

Initially, two authors (IA and MW) extracted the data independently 
which was later reviewed jointly to produce agreed accurate data. 

Statistical analysis
Meta-analysis, performed by Review Manager (Computer 

program). (Version 5.3. Copenhagen: The Nordic Cochrane Centre, 
The Cochrane Collaboration, 2012.), was used to combine the 
relevant estimates of the effect of interest from the selected studies 
to provide an overall estimate of the effect. The standard deviations 
were not present for two studies [12,13] and they were calculated 
using the range of values given as suggested by [14].

Continuous data for each arm in a particular study were 
expressed as mean and standard deviation and the treatment 
effect as mean differences. Dichotomous data for each arm in a 
particular study were expressed as proportions or risks and the 
treatment effect as risk ratios. For dichotomous data, the Mantel–
Haenszel method was used to combine the estimates, whereas 
for continuous data the inverse variance method was utilised. 
Statistical heterogeneity was assessed using the value of I2 and 
the result of the chi-squared test. A p value of <0.1 and an I2 
value greater than 50% were considered suggestive of statistical 
heterogeneity, prompting a random effects modelling estimate. 
Otherwise, a fixed-effect approach was used. On the other hand, a 
non-significant chi-squared test result only suggested that there 
is no evidence of heterogeneity. It did not imply that there was 
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necessarily homogeneity as there may have been insufficient power 
to be able to detect heterogeneity.

Results
Searches for existing meta-analyses comparing MIQS versus 

MPP in TKA revealed no such meta-analysis in the literature 
at the time of our initial search in September 2015. However, 
in October 2015 a study comparing MPP with a range of less 
invasive approaches (i.e. including mid vastus and sub vastus) was 
published on line by [15] 1936 primary studies were identified. 
After duplicates were removed, 1326 studies were excluded based 
on the inclusion/exclusion criteria, leaving 29 potentially relevant 
papers for detailed evaluation. This was further reduced to 9 

studies for inclusion in the meta-analysis; Figure 3 shows the study 
selection flow according to PRISMA guidelines. Tomek et al. Yang 
et al. and Tasker et al. studies are excluded in this meta-analysis 
[16-18]. In the Tomek study the MIQS approach was actually the 
subvastus approach, in the Yang et al. study it was midvastus and 
in the Tasker study the authors mentioned the Bristol quadriceps-
sparing approach initially; however, the approach in fact was either 
a subvastus or a midvastus approach [19-23]. (Tables 1 & 2) show 
the included studies with their quality assessment scores and the 
characteristics. All the studies were randomised controlled trials. 
The MIQS approach was used in 342 patients whilst 351 patients 
underwent the MPP approach. 

Figure 3: PRISMA chart outlining the study selection process.

Table 2: Characteristics of the included studies.

QS MPP

Authors N Implant Male Female Age Approach N Implant Male Female Age Approach

Chiang et 
al.[19] 30

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

3 27 69.7 ±5.3 quadriceps 
sparing 30

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

3 27 69.8±5.4
standard 

medial 
parapatellar

Chin et 
al.[13] 30

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

6 24 69.0 (57-
80)

quadriceps 
sparing 30

NexGen, 
Zimmer, 
Warsaw, 

IN, USA & 
PFC Sigma 
Johnson & 

Johnson 
Plaza New 
Brunswick, 
New Jersey, 

USA

3 27 63.4 (47-
80)

standard 
medial 

parapatellar

Karpman & 
Smith [21] 20

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

8 12 73±7.4 quadriceps 
sparing 19

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

9 10 73±5.1
standard 

medial 
parapatellar
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Kim et al. 
[12] 120

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

27 93 65.4 (43-
88)

quadriceps 
sparing 120

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

27 93 65.4(43-
88)

standard 
medial 

parapatellar

Lin et al. 
[25] 35

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

5 30 67.7(60-
78)

quadriceps 
sparing 35

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

5 30 68.5 (55-
77)

mini medial 
parapatellar

Wei Peng 
Lin et al. 

[15]
30

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

3 27 70.2 (56-
82)

quadriceps 
sparing 30

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

3 27 69.6(57-
78)

mini medial 
parapatellar

Matsumoto 
et al. [23] 25

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

0 25 73.8 
(55–85)

quadriceps 
sparing 25

NexGen, 
Zimmer, 

Warsaw, IN, 
USA

0 25 73.7(55–
86)

standard 
medial 

parapatellar

Shen et al. 
[24] 26 N/S N/S N/S N/S quadriceps 

sparing 33 N/S N/S N/S N/S
standard 

medial 
parapatellar

Xu et al. 26

PFC Sigma 
Johnson & 

Johnson 
PlazaNew 

Brunswick, 
New Jersey, 

USA

7 19 63±8.7 quadriceps 
sparing 29

PFC Sigma 
Johnson & 

Johnson 
PlazaNew 

Brunswick, 
New Jersey, 

USA

11 18 64.2±9.3
standard 

medial 
parapatellar

Operative time
Six studies reported this outcome [12,13,19,20,24,25]. The 

Chi-square test for heterogeneity on the included six studies was 
65.55 (df=5, P<0.00001) and a random effects analysis model 

was performed. There were 283 knees in the MIQS group and 281 
knees in the MPP group. Operative time was significantly longer in 
the MIQS group (Table 3), with a mean difference of 19.58 minutes 
(95% CI 11.42 to 27.74, P<0.00001). 

Table 3: Operation time.

Incision length
Seven studies reported on the incision length [12,19,20-23,25]. 

Again, a random effect analysis model used as Chi-square test for 

heterogeneity was 2397.81, (df=6, P<0.00001). There were 304 
knees in the MIQS group and 309 knees in the MPP group. Incision 
length was significantly shorter in the MIQS group with a mean 
difference of 2.81 centimetres. (95% CI, -5.52 to -0.09, P=0.04) 
(Table 4). 

Table 4: Incision length.
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Straight leg raise within the first week post-operatively 
4 studies reported on this outcome [19,21,23,24]. There were 

127 knees in the MIQS group and 138 knees in the MPP group. The 
results showed significantly more straight leg raises in the first 

post-operative week in the MIQS group in comparison to the MPP 
group (101 vs 95). The Chi-square test for heterogeneity was 2.96 
(df=2, P=2.3) and therefore a fixed effect analysis model was used. 
The odds ratio between the MIQS group and MPP group was 1.9 (CI 
95%, 1.00 to 3.64, P=0.05) (Table 5).

Table 5: Straight leg raise.

Knee flexion within the first week post-operatively
Only 3 studies reported this outcome involving 84 knees in the 

MIQS group and 89 in the MPP group [19,21,24]. The random effect 

model was used as the chi-square test for heterogeneity was 14.03 
(df=2, P=0.0009). The mean difference was 6.12 degrees (95% CI, 
-3.58 to 15.81, P=0.22). This difference between the MIQS and the 
MPP groups was not statistically significant (Table 6). 

Table 6: Knee flexion.

Knee society scores within the first three months post-
operatively

3 studies reported on Knee Society scores on 181 knees in 
the MIQS group versus 188 in the MPP group [12,20,24]. The Chi-

square test for heterogeneity was 7.77 (df=2, P=0.02) and random 
effect modelling was used. There was no statistically significant 
difference in the scores between the two groups. The mean 
difference was 1.21 points; 95% CI, -0.92 to 3.35, P=0.27 (Table 7).

Table 7: Knee Society scores.

Knee society functional scores within the first three 
months post-operatively

Only 2 studies reported on Knee Society functional scores in a 
total of 155 knees [12,24]. The Chi-square test for heterogeneity was 
3.02 (df=1, P=0.08) and random effect modelling was used. There 
was no statistically significant difference in the scores between the 
two groups. The mean difference was 1.60 points; 95% CI, -1.76 to 
4.96, P=0.35 (Table 8).

Coronal plane tibial component outliers
 4 studies were eligible for this outcome including 143MIQS 

and 142MPP knees [13,19,21,24]. There were 16 outliers in the 
first group and 3 in the second, with an odds ratio of 4.72 (95% CI, 
1.57 to 14.15, p=0.006) indicating a statistically significant result 
(Table 9). The test for heterogeneity showed a Chi-square test of 
0.66, df=3, P= 0.88 and fixed effect modelling was utilised. 
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Table 8: Knee Society functional scores.

Table 9: Coronal plane tibial component outliers.

Coronal plane femoral component outliers
The same 4 studies as above were suitable for assessment of 

coronal plane femoral component outliers in the same number of 
knees. There were 21 outliers in the MIQS group and 3 in the MPP 

group, with an odds ratio of 5.99 (95% CI 2.07 to 17.28, p=0.0009) 
(Table 10). This result was statistically significant in favour of the 
MPP group. The Chi-square test for heterogeneity was 1.91(df=3, 
P=0.59) hence a fixed effect model was used. 

Table 10: Coronal plane femoral component outliers.

Post-operative complications
Table 11: Post-operative complications.
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7 studies included this outcome on 295 patients in the MIQS 
group and 303 patients in the MPP group [12,13,19,20,23-
25]. There were no complications in either group in 3 of the 7 
included studies [19,24,25]. The remaining 4 studies reported 53 
complications in the MIQS group and 12 in the MPP group. The Chi-
square test for heterogeneity was 8.82 (df=3, P=0.03), indicating 
statistical heterogeneity on all included studies and a random 
effects analysis model was used. The odds ratio between the MIQS 
and the MPP group was 2.85 (CI 95%, 0.61 to 13.23, P=0.18) and 
this result was not statistically significant (Table 11). Shen et al. 
reported one deep vein thrombosis (DVT) in MIQS and 3 in the MPP 
group as well as one superficial wound necrosis in the MIQS group 
[23]. In Chin et al.’s study, 1 patient required manipulation under 
anaesthetic for post–operative knee stiffness in the MIQS group and 
in the same group there was a superficial wound infection, whereas 
in the MPP group there were 2 cases of deep vein thrombosis [13]. 
In the Karpman et al. study there were no complications in the 

MPP group. However, there were 2 cases of infections in the MIQS 
group, one being deep which, despite initial surgical treatment, 
later required a revision procedure [20]. Kim et al. reported the 
most complications: 31 cases of quadriceps tendon lacerations, 2 
popliteal tendon lacerations, 2 deep peroneal nerve palsies (both 
resolved), 1 case of patellar tendon avulsion, 5 cases of femoral 
notching, 2 fractures, 1 deep and 1 superficial infection and finally 
a case of DVT in the MIQS group. In the same paper, there were 2 
cases of notching, 1 deep and 1 superficial infection and 3 fractures 
in the MPP group [12].

Publication bias
The incision length was one of the most commonly used 

outcomes by the studies. Therefore, a funnel plot was produced 
to assess publication bias. This showed a roughly symmetrical 
distribution indicating minimal evidence of a publication bias 
(Table 12).

Table 12: Funnel plot: incision length.

Discussion
Our findings showed that there was a statistically significant 

difference in the number of outliers in both coronal plane tibial 
and femoral components; with the medial parapatellar group 
performing better. This is consistent with Dalury and Dennis’ 
concerns and report on the potential for component malalignment 
in minimally invasive surgery [26]. There were no statistically 
significant differences between the groups on Knee Society Scores 
and Functional Scores within the first 3 months following surgery. 
However, it is worth pointing out that there were only 2 studies 
which looked at the functional scores and 3 studies on Knee Society 
Scores in the meta-analysis. The number of patients who were able 
to perform straight leg raises within the first postoperative week 
was significantly greater in the MIQS group (101 knees on 127 
cases vs. 95 knees on 138 cases).The other statistical difference 
between the groups was the longer operating time in the MIQS 
group. MIQS surgery took almost 20 minutes longer on average. 
Regarding the complications; there were more complications in the 
MIQS group but this did not reach statistical significance; it may 
however have clinical relevance. It is not clear from this study if 

the higher complication rate is due to the operative technique or 
related to the increased operative time. The knee flexion outcome 
was also not significantly different between the groups within 
the first week. Therefore; the MIQS approach is superior to MPP 
techniques in relation to straight leg raising within the first week. 
However, it takes significantly longer to perform and there are 
significantly more radiological outliers in the MIQS approach group 
in comparison to the MPP group.

Peng et al. recently published a meta analysis on a similar 
subject and concluded that quadriceps sparing approaches were 
associated with better outcomes in both Knee Society and visual 
analogue scores at the expense of operative time [15]. They also 
included 9 studies in their meta-analysis but chose to omit the 
randomised controlled trial comparing conventional and minimally 
invasive techniques for TKA by Chin et al, and yet included the study 
by Tasker, whose “quadriceps sparing’ group contained a mixture 
of both midvastus and subvastus approach depending on the 
operating surgeon [18]. We believe that our robust and consistent 
inclusion criteria of carefully selected studies combined with our 
meta-analysis methodology gives confidence to our conclusions.

The limitations of our study are significant heterogeneity 
between findings for some of the outcomes measured. Variations 
which may have accounted for such heterogeneity include the 
following; the difference in sample sizes, the variation of patients’ 
demographics such as race, age, gender and BMI, different 
inclusion and exclusion criteria for each study and the differences 
in management protocols between centres. Furthermore, there is 
insufficient data to support the analysis of medium or long term 
outcomes at present. Therefore, there is a need for well designed 
randomised controlled studies to investigate the long term success 
of this technique in the future. 
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