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ABSTRACT 
 

Lumbar microdiscectomy (LM) is the index spinal surgical opera+on for neurosurgery and 

orthopaedic surgery trainees. Surgical training has moved towards competency-based 

training, yet there is no objec+ve competency-based assessment tool for LM. In this thesis, 

we reviewed the literature on educa+onal tools in spinal surgery. While we iden+fied a 

number of models with which to educate spinal surgery trainees, at this stage, there are no 

procedure-specific assessment tools in spinal surgery. In order to develop an objec+ve 

evalua+on tool for assessment of LM, the procedure was broken down into its composite 

steps using a hierarchical task analysis. We then performed a Delphi analysis with both 

interna+onal and local neurosurgeons working in teaching hospitals to reach expert 

consensus on the lumbar microdiscectomy assessment scale (LMAS). Finally, to ensure 

reliability and validity of the tool, we used the LMAS to assess the video recordings of eight 

expert and eight novice performance of LM. We were able to demonstrate that the LMAS is 

a valid and reliable tool for assessing performance of LM surgery.  
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PREFACE 
The need for rigorous assessment of surgical skills in neurosurgery 

Spinal surgery is one of the fastest growing areas of medicine. It is rapidly evolving with new 

technology emerging on a yearly basis. Spinal surgery has always been associated with 

complica+ons, some of which are serious enough to cause pa+ents permanent disability. 

Indemnity premiums for spinal surgery have skyrocketed as there has been increased 

li+ga+on related to the complica+ons of spinal surgery. More recently public examples of the 

devasta+ng impact of poorly trained spine surgery have been illustrated through the book 

and then television representa+on of Dr Christopher Duntsch who devastated spinal pa+ents 

in Texas. Christopher Duntsch was a spinal surgeon trained at the reputable Semmes-

Murphey Clinic in Memphis Tennessee. He was thought to have par+cipated in fewer than 

200 spinal surgical procedures. He was able to work in Texas and unfortunately due to his 

lack of training maimed and killed several pa+ents1. What was evident was the lack of 

training that Dr Duntsch had. This and other examples in other forms of surgery have led to 

rigorous creden+alling processes for spinal surgeons. Medicine in the modern era and 

especially spinal surgery has moved towards a competency-based model of training. 

However, the means with which we assess spinal surgery trainees s+ll u+lises tradi+onal 

Halstedian rubrics. 

Development and validity of assessment tools 

The development of assessment tools is a careful process guided by a number of educa+onal 

theories. The first step is to clearly define the purpose and the specific skills or knowledge to 

be measured, a task typically informed by research. This founda+on then dictates the type of 

assessment method and how its individual items are created. The en+re process is built on 
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two pillars: validity, which ensures the tool accurately measures its intended target, and 

reliability, which guarantees consistent results over +me. AJer the ini+al design, the tool 

undergoes a rigorous process of pilot tes+ng, sta+s+cal analysis, and itera+ve revisions 

based on feedback from both experts and users to ensure it is fair, useful, and contextually 

appropriate2-4. 

Procedure specific assessment tools have been developed in other surgical fields including 

general surgery and gynaecology5-7. These tools have been demonstrated to improve pa+ent 

outcomes and reduce complica+ons2,8. It was in this context that the idea for this thesis was 

borne.   

 

Educa9on theory and conceptual model 

The theore+cal founda+on for this research is post-posi+vist pragma+sm, a philosophy that 

guided the development of the LMAS assessment tool9. This approach aims to achieve 

objec+ve assessment in surgical learning by acknowledging that complete objec+vity is 

impossible. Instead, it seeks to get as close as possible by emphasising prac+cal u+lity, 

reproducibility, and evidence-based methods10. The aim is to develop the “probable” truth. 

This differs from the “posi+vist” philosophy of knowledge that has historically dominated 

medical educa+on, where “objec+vity” exists10. 

This perspec+ve is par+cularly effec+ve for surgical training because it values reliability and 

fairness. Unlike tradi+onal assessment methods that might ignore the context of a training 

environment, post-posi+vist pragma+sm integrates these real-world influences into the 

design of the LMAS. The use of standardised criteria, for example, reduces subjec+ve 
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interpreta+on and ensures consistent, scien+fically sound, and ac+onable feedback for 

trainees. This approach was essen+al for the thesis's goal of crea+ng a dependable and 

context-sensi+ve assessment for lumbar microdiscectomy.  

Work-based assessment as a concept is rela+vely novel. There has been an emergence in the 

medical educa+on literature, that provision of feedback, within a framework of expected 

competencies, allows a trainee to be steered towards achieving a desired outcome11,12. It is 

from this perspec+ve that I chose to develop a procedure-specific learning tool for the index 

opera+on of spinal surgery, lumbar microdiscectomy. Feedback has been demonstrated to 

promote learning in students by informing trainees of progress, inform them of learning 

needs and mo+va+ng trainees11. Forma+ve assessment using feedback to achieve goals of 

learning has been demonstrated to increase +me spent preparing for skills training sessions. 

In surgical training programs, work-based assessment has been used to improve trainee 

achievement of technical and non-technical competency. However, to date, procedure-

specific assessment tools have been rare, and none have been developed for lumbar 

microdiscectomy.  

 

Thesis structure and aims 

I therefore sought to iden+fy what educa+onal tools currently existed within the literature 

for spinal surgery trainees. The general outline of the thesis is seen in Figure 1 below. 
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Figure 1: Thesis flowchart 

 

Chapter 1 is the systema+c review that was performed to iden+fy if there were exis+ng 

procedure-based assessment tools. Once I iden+fied that none had been developed, I set 

about the task of developing a procedure-based tool specific for lumbar microdiscectomy. 

Using a hierarchical task analysis and Delphi methodology I was able to develop the Lumbar 

Microdiscectomy Assessment Scale (LMAS) in Chapter 2 with the input of a number of 

experienced spinal surgeons from mul+ple ins+tu+ons. Once this was developed it was 

important that it was validated to confirm that it was a reliable, feasible tool for assessing 

performance of lumbar microdiscectomy. As described in Chapter 3 I did this using video 

analysis of expert and novice spinal surgeons. Having confirmed that the LMAS is valid and 

reliable, in Chapter 4 I discuss future steps and some concluding thoughts.  

 

Ch 1: Systematic 
review of 

educational tools 
in spinal surgery

Ch 2: Development 
of a tool to assess 

performance in 
spine surgery

Ch 3: Determining 
reliability and 
validity of this 

assessment tool

Ch 4: Discussion 
and conclusions
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While these are the very first steps in developing and valida+ng a tool for assessing 

performance of lumbar microdiscectomy surgery, it is very exci+ng in the context of 

reforming competency-based medical educa+on within spinal surgery. My hope is that I can 

validate the LMAS at other ins+tu+ons and obtain buy-in from supervisors, trainees and 

spinal surgery training socie+es. In this manner, change the way we train surgeons to 

perform lumbar microdiscectomy, and then other spinal opera+ons. It is only by training our 

future surgeons in the best possible way, that we can prevent the catastrophe of Dr Duntsch 

from happening again.  
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CHAPTER 1: SYSTEMATIC REVIEW OF EDUCATION TOOLS IN SPINE 

SURGERY 
 

In this chapter we describe a systema2c literature review of educa2onal tools used for spinal 
surgery trainees.  

This chapter is in manuscript form with view to submission in a peer reviewed journal.  

 

ABSTRACT 
 

Purpose 
 

Spinal surgery is an ever increasing around the globe. The poten+al for serious complica+ons 

exists and there are examples of surgeons with poor training causing devasta+ng pa+ent 

outcomes such as the infamous Dr Duntsch. Therefore, we aimed to understand the exis+ng 

educa+onal tools that are being u+lised in spinal surgery and performed a systema+c review 

to do this. 

 

Methodology 
 

Using Medline, Embase and Cochrane review databases we conducted a search for: surgery, 

spine, educa+on, training, assessment, virtual-reality, simula+on, laminectomy, pedicle 

screw  
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Results 
 

The systema+c search aJer exclusion criteria iden+fied 30 ar+cles on spinal surgical 

educa+on with trainee involvement. The educa+onal tools involved included saw-bone 

models, 3D printed models, custom designed simula+on models, cadaveric models, virtual 

reality simula+on and augmented reality tools. There were no procedure-based assessment 

tools used to evaluate performance during simulated or actual spine surgery. 

 

Conclusion 
 

We performed a systema+c review of spinal surgical educa+onal tools involving trainees. We 

iden+fied that whilst there were several educa+ons tools used to simulate spine surgery, 

there were no procedure-based assessment tools in spinal surgery. Through this systema+c 

review a gap in the literature has been iden+fied and provided the impetus to develop a 

procedure-based tool for use in assessment of lumbar microdiscectomy, the most common 

procedure in spine surgery. 
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INTRODUCTION 
 

Surgical training has tradi+onally been an appren+ceship model first introduced by Halsted 

in the 19th century. The adage “see one, do one, teach one” has long purveyed medicine 

and especially surgery. In the past trainees have therefore learned and prac+sed surgery 

simultaneously13,14. However, as we con+nue on in the 21st century, medicine and surgery 

have evolved, pa+ent and societal expecta+ons have altered, work-hour regula+ons have 

changed and instead of a longitudinal assessment of experien+al learning, competency 

assessment is becoming the standard of surgical training. Competency-based training sets 

predefined standards, technical and non-technical, that trainees must achieve by comple+on 

of training15. Despite moving towards competency-based assessment, tradi+onal assessment 

tools such as objec+ve structured clinical examina+ons (OSCEs) or viva examina+on remain 

prevalent2. There remains a focus on case logbook numbers in assessment which indicate 

the volume of surgery, not how well the surgery has been done. These assessment tools 

provide only a snapshot of a trainee’s performance and are therefore not necessarily an 

accurate reflec+on of competence.  

 

Training is evolving for the modern era. Virtual reality 3D simula+on training tools, have 

become part and parcel of training16-18. However, as competency-based training establishes 

itself as the leading training model, they must include tools to assess competence. These 

tools should be rigorously developed, and ideally be standardised, valid, and reproducible in 

a global context15. The earliest competency-based assessment tools were global assessment 

scores, the Objec+ve Structured Assessment of Technical Skill (OSATS)19 and Global Ra+ng 

Scale (GRS)20. These tools have formed the basis for a number of more specific procedure-
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based assessment tools21. Global ra+ng scales can evaluate generic surgical skills by breaking 

down opera+ve competence into smaller, component skills. Each skill can be rated on a 

Likert scale. The Objec+ve Structured Assessment of Technical Skill (OSATS) is the most 

researched observa+onal assessment tool19. Introduced in 1997, it takes a comprehensive 

approach to assessing technical skills. OSATS focuses on six universal surgical skills, such as 

+ssue handling and surgical flow. Each skill is rated on a Likert scale to generate an overall 

performance score. OSATS has proven reliable, feasible, and valid, with adapta+ons for 

various medical fields. In response to the rise of laparoscopic surgery, OSATS has been 

modified for this specific technique. A study by Aggarwal et al. inves+gated the reliability 

and validity of both original and modified OSATS tools in assessing laparoscopic 

cholecystectomy performance22. The original OSATS tool demonstrated moderate reliability, 

with both inter-rater and test-retest reliability scores with a Cronbach alpha of 0.72. The 

modified OSATS tool showed slightly higher inter-rater reliability (0.76) but similar test-retest 

reliability (0.72). Both tools successfully dis+nguished between experienced and 

inexperienced surgeons, indica+ng their validity22. 

 

The Global Assessment of Laparoscopic Skill (GOALS) tool, developed in 2005, assesses key 

laparoscopic skills using a five-item Likert scale23. It has shown high inter-rater reliability 

(0.89) and has been validated through video-based performance assessments. A significant 

study by Birkmeyer et al. linked lower OSATS scores in bariatric surgery to poorer pa+ent 

outcomes, including higher complica+on and mortality rates, longer procedure +mes, and 

increased reopera+on rates24. While beneficial, global ra+ng scales do not provide 

procedure-specific feedback to the trainee25.  
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Procedure-based assessment tools have the advantage over global ra+ng scales in that they 

can be validated for a specific procedure by experts in that procedure, and are reproducible 

across varying contexts5,7,25,26. These tools represent a hybrid between global ra+ng scales 

and checklists, which are more prescrip+ve tools7,25-27. Checklists break opera+ons down 

into individual steps and require surgeons to complete them in a specific order. Devia+ng 

from this sequence can lead to a low checklist score. While these checklists can offer 

structured feedback to trainees, their rigid format has been linked to issues with validity and 

reliability7,25,27. Procedure-specific tools are less rigid but they s+ll provide specific forma+ve 

feedback to the trainees. These tools are feasible and validated for each of the opera+ons 

they are designed to assess. When used in a standardised curriculum for a specific opera+on 

in a training seing, surgical trainees that used the objec+ve assessment tool had a superior 

improvement in knowledge and technical skills than those that did not6. While procedure-

specific tools are known to provide an important means of assessing a surgeon’s 

performance in a specific procedure, they are limited to a few laparoscopic surgical 

procedures at present7,25,26,28-30. 

 

Spine surgery is one of the fastest growing areas of surgical prac+ce in the Western world31. 

Complica+ons associated with spine surgery can have significant impacts on the quality of 

life of pa+ents. Therefore, spine surgery is also one of the most li+gated special+es with 

increasing malprac+ce claims resul+ng in increasing indemnity insurance for spine 

surgeons32,33. The troubling case of Dr Christopher Duntsch outlines all too clearly what can 

happen if a poorly trained spine surgeon enters into prac+se and performs rou+ne spine 
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surgery1. Ques+ons remain around his training, his low case numbers and supervision. His is 

obviously a rare and hopefully singular excep+on. However, even well-trained surgeons 

performing complex spine surgery can have one documented complica+on in up to 87% of 

cases1,34. Even for a simple spine opera+on, a lumbar microdiscectomy, complica+ons occur 

at an increased level in a public hospital with neurosurgical trainees than in the private 

seing with neurosurgical consultants35. Public hospital pa+ents have longer length of stay, 

longer dura+on of surgery, increased rate of recurrent surgery than consultant surgeons 

working in private prac+ce35,36. Therefore, it is important that neurosurgical and orthopaedic 

trainees learning spine surgery are provided with appropriate training to safely perform this 

common opera+on.  

 

Tradi+onally, surgical training was a +me-based approach, requiring a certain number of 

years of experience. However, the focus has shiJed to a competency-based model. The 

Royal Australasian College of Surgeons uses a competency-based model of training across all 

its subspecial+es including neurosurgery and orthopaedic surgery. However, there are s+ll 

minimum +mes to comple+on of these competencies. Therefore, there is s+ll a +me-based 

longitudinal approach to surgical training. To address concerns about the effec+veness of 

this shiJ, there has been a push to replicate real-life surgical experiences through 

simula+on6,37. There are various simula+on models used in surgical training, including saw 

bone models, 3D printed models, custom designed models, cadaveric models, and virtual 

reality models. 
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Despite the sophis+ca+on of these models, current assessment methods in spinal surgery 

are not procedure-specific. As discussed above procedure-specific assessment tools improve 

performance of trainees. Therefore, in line with the PRISMA statement we performed a 

systema+c review of tools currently being used in educa+on in spinal surgery38.  We aimed 

to iden+fy the tools that exist, and if any of these were procedure-specific assessment tools. 
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METHODS 
 

On February 6th 2022, Medline, Embase and Cochrane review databases were searched. The 

following search terms were used to conduct the study: surgery, spine, educa+on, training, 

assessment, virtual-reality, simula+on, laminectomy, pedicle screw (Figure 1.1). MeSH terms 

were exploded for relevant terms that met the inclusion criteria, and Boolean terms were 

used to combine search terms. The searches were limited to English-language, peer-

reviewed ar+cles published between 2002 and February 6, 2022. 
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 Figure 2.1: Search terms used in this review
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To ensure the inclusion of relevant studies, we adopted a rigorous inclusion and exclusion 

criteria. Ar+cles were included if they specifically focused on the educa+on of adult spine 

surgery trainees. This criterion excluded studies that did not involve trainees or fellows, such 

as those solely focused on the development of educa+onal models without implementa+on. 

Addi+onally, ar+cles that were primarily commentaries, reviews, or abstracts were excluded 

to maintain a focus on empirical research. By adhering to these criteria, we aimed to iden+fy 

studies that directly address the educa+onal needs of spine surgery trainees and provide 

valuable insights into effec+ve training strategies. 

 

Three independent reviewers performed a +tle and abstract screening followed by a full text 

review.  Ini+ally, eligibility was deemed by evalua+ng study +tles and abstracts. Those 

studies that were not relevant were excluded. If it was unclear whether the study should be 

included from the +tle and abstract alone, the full text was assessed. Studies which involved 

educa+on and adult spine surgery were included. Duplicates and review ar+cles were 

excluded once bibliographies were searched. 

 

Any disagreements were resolved by consensus discussion amongst all three reviewers with 

any discrepancies decided upon by the first author. The following exclusion criteria was used 

during the full text screening process: 

• Not focused on training or educa+on 

• Review ar+cle 

• Not adult spine surgery 
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• Did not involve trainees 

• Was not a full text ar+cle 

 

A data acquisi+on form was used which included study design, par+cipants and type of 

educa+on. Due to the breadth of the review where mul+ple educa+on types across spine 

surgery were being reviewed, a meta-analysis could not be performed. Therefore, we 

grouped the studies by educa+on type to provide an overview of the educa+on tools that 

are currently in use in spine surgery.  
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RESULTS 
 

Study Selec*on 
 

The systema+c search revealed 8,863 ar+cles from Medline, Pubmed and Embase. Of these 

there were 1,563 duplicates which were excluded. 7,300 +tle and abstracts were screened to 

include 70 ar+cles for full text review. 8 review ar+cles which did not present new research 

were excluded. Of these 27 were included and from hand-searching the references of these 

ar+cles a further 3 were included for a total of 30 ar+cles (Figure 1.2).   

 

Figure 3.2: PRISMA Flowchart38 

 



Objec&ve assessment of performance in lumbar microdiscectomy 
 

 24 

 
Study characteris*cs - demographics/specialty 
 

Thirty studies were included which were published between 2007 and 2021. 20 out of 31 

ar+cles were published in the USA. A number of different educa+onal designs were used 

including custom designed simula+on models, sawbone models, 3D printed models, cadaver 

simula+on, virtual reality simula+on, augmented reality simula+on and computer assisted 

naviga+on simula+on (Table 1.1).  Both neurosurgery and orthopaedic surgery were involved 

in the included studies. All included studies had trainee involvement in the use of the 

proposed educa+onal tool. The number of trainees involved ranged from 3 up to 72. 
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Author 

 
Year 

 
Country 

 
Design 

 
Participants 

 
Assessment 
timeframe 

 
Methodology 

 
Procedure-
based 
assessment 
tools used 

 
Measured 
outcomes 

 
Cost 

 
Conclusion 

 
Type of 
validity 

Andermann 
et al., 

2014 Germany Custom 
designed 
model 
simulation 

4 novice 
surgeons (not 
specified PGY 
level) 

One-day 
workshop 

 OSATS Improved intra-
operative 
orientation, 
improved 
surgical 
performance 

Not 
specified 

The designed 
model helped 
trainees to 
improve their 
confidence in 
spinal surgery 

Face 

Bhatia et 
al., 

2020 USA Custom 
designed 
simulation 
model 

72 
neurosurgery 
orthopaedic 
residents 

Same day 
assessment 

 Assessment 
of correct 
placement 
and 
identification 
of breach 

Accuracy of 
pedicle screw 
trajectory and 
ability to detect 
pedicle breach 

$30 The model 
helped trainees 
to identify 
pedicle wall 
breaches  

Construct 

Boody et 
al., 

2017a USA Sawbones 
model 

19 
orthopaedic 
residents and 
medical 
students 

Same day 
assessment 

Intervention 
group 
provided 20 
minutes to 
work with the 
models 
compared to  

OSATS, PPDIS 
Assessment 
of correct 
placement 
and 
identification 
of breaches 

Improvement in 
OSATS score, 
number of 
breaches, and 
number of 
breaches 
identified 

$72 The intervention 
group 
performed 
significantly 
better than the 
control group in 
both placement 
of screws and 
identification of 
breaches 

No 
discussion 
on 
validation, 
attempt at 
transfer 

Boody et 
al., 

2017b USA Sawbones 
model 

20 
orthopaedic 
residents and 
medical 
students 

Same day 
assessment 

Intervention 
group 
provided 40-
minute 
teaching 

OSATS, PPDIS, 
ODS 

Assessment in 
completion of 
decompression 
of 4 regions 

$240 The intervention 
group 
performed 
significantly 
better in all 
domains 

Not 
mentioned, 
attempt at 
transfer 
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session by 
senior resident 

Bow et al., 2020 USA 3D printed 
model 

6 
neurosurgery 
residents 

Same day 
assessment 

All participants 
underwent 
completion of 
three modules 
surrounding 
S2AI screw 
placement 

N/A Assessment of 
accuracy of S2AI 
screw 
placement, 
direction of 
breach 

$17 Following 
training on the 
module, trainees 
performed 
better on the 
first two 
modules (3rd 
module was 
identification of 
breach) 

Quasi-
transfer 

Buchanan 
et al., 

2019 USA Cadaver 
simulation 

8 
neurosurgery 
trainees 

2-week 
interval 

All participants 
underwent 
assessment of 
dural leak 
repair 

Likert scale on 
confidence in 
completing 
dural leak 
repair 

Time taken for 
dural tear 
closure, 
confidence in 
ability to 
perform a repair 

Not 
specified 

Following 
training, trainees 
were faster at 
closing dura with 
lower rates of 
persistent leak 

Quasi-face 

Calio et al., 2017 USA Cadaver 
simulation 

17 
orthopaedic 
residents 

Same day 
assessment 

Junior 
residents 
opened and 
closed a spinal 
wound, while 
senior 
residents 
performed a 
decompression 

Likert scale on 
confidence 
and safety of 
performing 
the allocated 
steps 

Assessment on 
the confidence 
in performing 
the steps 
allocated during 
training 

Not 
specified 

Residents at all 
levels felt more 
confident and 
safe in 
performing the 
allocated steps 

Quasi-face 

Chen et al., 2021 Canada Virtual 
reality 
simulation 

28 
neurosurgery 
and 
orthopaedic 
surgery 

Same day 
assessment 

All participants 
performed a 
single level 
spinal 
decompression 

N/A Assessment in 
the knowledge 
of anatomy and 
pathophysiology 
of the surgery 

Not 
specified 

Most 
participants felt 
it improved their 
knowledge  

Transfer, 
construct 
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residents and 
fellows 

Chitale et 
al., 

2013 USA Simulation 
model 

8 
neurosurgery 
trainees 

Same day 
assessment 

All participants 
underwent a 
practical and 
written 
tutorial lasting 
2 hours on 
pedicle screw 
placement 

Assessment 
on accuracy 
of screw 
placement 

Accuracy of 
screw 
placement, time 
using 
fluoroscopy 

Not 
specified 

Whilst the result 
trended towards 
significant, there 
was no 
conclusive 
improvement 

N/A 

Delgado-
Fernandez 
et al., 

2021 Spain Sawbones 3 
neurosurgery 
trainees 

Same day 
assessment 

All participants 
performed 
simulated 
pedicle screw 
placement 

OSATS, PPDI, 
accuracy of 
screw 
placement 

Accuracy of 
screw 
placement using 
post-operative 
scans 

Not 
specified 

OSATS and PPDI 
scores 
significantly 
improved 
following 
simulation 
experience 

Face 

Ferguson et 
al., 

2019 UK Simulation 
model 

10 
neurosurgery 
trainees 

Same day 
assessment 

All participants 
received 15 
minutes 
practice after 
their first 
attempt at 
dural closure 

OSATS Time taken for 
dural closure, 
quality of dural 
closure 

Not 
specified 

Significant 
improvement 
noted in trainees 
on both time of 
closure and 
quality of 
closure 

Face 

Gardeck et 
al., 

2020 USA Simulation 
model 

15 
neurosurgery 
and 
orthopaedic 
surgery 
trainees 

10-day 
interval 

All participants 
underwent 
training with 
one practice 
session then 
an additional 
assessment  

PPDIS, OSATS, 
accuracy of 
screw 
placement 
and timing 

Accuracy of 
screw 
placement and 
time to place 
the screw 

Not 
specified 

Both PPDIS and 
OSTAS scores 
increased over 
time, but no 
change noted in 
the accuracy of 
placement 

Transfer 
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Ghobrial et 
al., 

2013 USA Sawbones 4 
neurosurgery 
trainees, 1 
consultant, 1 
PA 

Same day 
assessment 

All participants 
had at least 
one attempt at 
dural closure 

Ad-hoc 
complication 
of questions 

Speed and 
quality of 
closure 

Not 
specified 

Amongst the 
trainees, there 
was uniform 
improvement on 
the scores with 
improved time 
and quality of 
closure 

Content 

Ghobrial et 
al., 

2015 USA Sawbones 20 
neurosurgery 
trainees 

Pre-test 
done 48hrs 
before the 
assessment 

All participants 
had three 
attempts at 
dural closure 
and one 
attempt at 
cervical 
foraminotomy 

OSATS OSAT 
assessment of 
various 
components of 
dural closure 
and 
foraminotomy 

Not 
specified 

Improvement in 
both dural 
closure and 
cervical 
foraminotomy 

Face 

Gottschalk 
et al., 

2015 USA Cadaver or 
sawbones 
simulation 

15 
orthopaedic 
trainees 

Same day 
assessment 

Participants 
divided into 
three groups, 
one control 
group without 
practice, one 
group with 3D 
simulation 
practice on 
sawbones 
model, and 
one cadaver 
group with 3D 
simulation 
practice 

N/A Assessment of 
the accuracy of 
screw 
placement 

Total 
cost 
$12,000 

Both the 
sawbones and 
cadaver group 
significantly 
improved 
compared with 
the control 
group 

Transfer 

Harrop et 
al., 

2013 USA Custom 
made 

8 
neurosurgery 

Same day 
assessment 

Participants 
underwent a 

Custom 
assessment 

Accuracy and 
technical 

Not 
specified 

Participants 
demonstrated 

Transfer 
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simulation 
model 

trainees and 
1 specialist 

2-hour 
teaching 
component 
with both 
lectures and a 
didactic 
component 

based off 
OSATS 

proficiency in 
screw 
placement 

significant 
improvement 
following 
simulation 

Hou et al., 2018a China Virtual 
reality 

10 
neurosurgery 
trainees 

Same day 
assessment 

Participants 
divided into 
control and 
simulation 
group. 
Simulation 
group given 30 
minutes to 
practice on the 
simulator 
placing pedicle 
screws, control 
group received 
didactic 
education 

N/A Accuracy of 
screw 
placement 

Not 
specified 

The simulation 
group 
demonstrated 
improved 
accuracy in 
placement of 
pedicle screws 

Transfer 

Hou et al., 2018b China Virtual 
reality 

10 
orthopaedic 
trainees 

Same day 
assessment 

Participants 
divided into 
control and 
simulation 
groups. 
Simulation 
group 
provided 30 
minutes of 
practice on 
virtual reality 

N/A Accuracy of 
screw 
placement 

Not 
specified 

The simulation 
group had 
significantly 
higher rates of 
accurate screw 
placement than 
the control 
group 

Transfer 
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simulation, 
control group 
given didactic 
feedback 

Luca et al., 2020 Italy Virtual 
reality 

7 orthopaedic 
trainees and 
3 surgeons 

Same day 
assessment 

Participants 
completed the 
VR teaching 
modules 
designed for 
this study 

N/A Evidence of any 
major operative 
errors 

Not 
specified 

For the trainees, 
use of the 
simulation 
significantly 
reduced the rate 
of simulated 
operative errors 
on the 
assessment 

Transfer 

Luciano et 
al., 

2011 USA Augmented 
reality 

51 
neurosurgery 
fellows and 
trainees 

Same day 
assessment 

Participants 
completed a 5 
minute 
training 
module then 
underwent a 
testing period 

N/A Accuracy of 
screw 
placement 

Not 
specified 

For trainees 
using the 
software there 
was improved 
accuracy in 
pedicle screw 
placement 

Transfer 

Luciano et 
al.,* 

2013 USA Augmented 
reality 

63 
neurosurgery 
fellows and 
trainees 

Same day 
assessment 

As above N/A Accuracy of 
screw 
placement 

Not 
specified 

Results between 
experiments 
were similar 
between the 
pre-test and 
post-test 

Transfer 

Mendelis 
et al., 

2020 USA Simulation 
model 

6 
inexperienced 
trainees 

Same day 
assessment 

Trainees were 
given 2 screws 
to place, then 
underwent 
education with 
subsequent 
assessment on 

Ad-hoc 
compilation 
of scoring 

Accuracy of 
screw 
placement, 
ability to 
identify breach 

Not 
specified 

Significant 
improvement in 
screw placement 
after education 
session 

Transfer 
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2 further 
pedicle screws 

Park et al., 2018 South 
Korea 

3D printed 
simulation 
model 

2 orthopaedic 
trainees 

Same day 
assessment 

Trainees 
inserted 100 
pedicle screws 
total, 
monitoring for 
the accuracy of 
each screw 

N/A Accuracy of 
screw 
placement 

Not 
specified 

With further 
experience 
working with the 
model spines, 
accuracy of 
screw placement 
improved 

Transfer 

Podolsky et 
al., 

2010 Canada 3D printed 
simulation 
model 

37 
neurosurgery 
and 
orthopaedic 
trainees 

Same day 
assessment 

Participants 
allocated to 
control or 
simulation 
groups. Both 
groups 
received 3 
hours 
teaching, 
simulation 
group had an 
additional 1 
hour with the 
simulation 
model to 
practice before 
the 
assessment. 

N/A Accuracy of 
screw 
placement 

Not 
specified 

There was no 
difference in the 
accuracy of 
screw placement 
between the 
simulation and 
control groups 

Face 

Rambani et 
al., 

2014 UK Computer 
assisted 
navigation 
simulation 

12 
orthopaedic 
trainees 

Not 
specified 

Participants 
split into 
control and 
simulation 
groups, 
unspecified 

Ad-hoc 
compilation 
of questions 
designed for 
the study 

Accuracy of 
screw 
placement 

Not 
specified 

There was 
overall 
improvement in 
pedicle screw 
placement for 

Transfer 
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amount of 
time spent 
training before 
assessment of 
placement 

the simulation 
group 

Ray et al., 2013 USA Simulation 
model 

3 
neurosurgery 
trainees, 2 
medical 
students and 
1 consultant 

Same day 
assessment 

Participants 
were given a 
total of 90 
minutes for 
education 
including 
simulation 
experience 
then testing 

Customs 
designed 
OSATS 

Assessment was 
done based on 
accuracy of 
each step of an 
ACDF 

Not 
specified 

There was a 
significant 
improvement in 
testing scores 
amongst all 
trainees and 
medical students 
who underwent 
the simulation 
training 

Face 

Sundar et 
al., 

2016 USA Sawbones 
model 

8 
neurosurgery 
trainees and 
2 medical 
students 

Assessment 
1-2 weeks 
post 
training 

Participants 
were divided 
into a control 
and simulation 
group, with 
both groups 
given a 1hr 
lecture on the 
basics. The 
study group 
experienced 
navigation-
based teaching 
on a sawbones 
model 

N/A Accuracy of 
pedicle screw 
placement 

Not 
specified 

The study group 
had significantly 
less suboptimal 
screw 
placements in 
cervical, thoracic 
and lumbar 
models. 

Face 

Tanner et 
al., 

2017 USA Sawbones 20 
orthopaedic 
trainees 

Same day 
assessment 

Participants 
were randomly 
allocated 

Global rating 
scale 

Accuracy of 
screw 
placement and 

Not 
specified 

Senior residents 
were faster at 
screw placement 

Construct 
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either right or 
left side. Both 
groups placed 
pedicle screws 
from T4 to L4 

total operative 
time 

and had less 
surgical errors 
than junior 
residents 

Tortolani et 
al., 

2013 USA Cadaver 3 orthopaedic 
trainees 

Assessment 
done one 
month after 
teaching 

Participants 
were given a 
1hr 
instructional 
session by the 
senior author. 
All residents 
were given 
cadavers to 
practice screw 
placement. 
One month 
later, the same 
process was 
repeated 

Ad-hoc 
compilation 
designed for 
the study 

Accuracy of 
pedicle screw 
placement 

Not 
specified 

During the 
second session, 
the trainees 
demonstrated a 
significant 
improvement in 
their accuracy of 
screw placement 

Face 

Walker et 
al., 

2009 USA Simulation 
model 

8 
neurosurgery 
trainees 

Same day 
assessment 

Participants 
were given an 
activity based 
on their level 
in training and 
given practice 
time with the 
simulator. 
They were 
asked to rate 
their 
confidence 

Ad-hoc self-
assessment 
questionnaire 

Trainee 
confidence in 
performing MIS 
procedures 

Not 
specified 

Trainees had 
significant 
improvement in 
confidence 

Face 
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Table 1.1: Data extracDon table from systemaDc review 

following the 
training 

Woodrow 
et al., 

2007 Canada Synthetic 
sawbones 
model 

12 
neurosurgery 
trainees 

Same day 
assessment 

Participants 
were given a 
model to place 
10 pedicle 
screws 

N/A Accuracy of 
screw 
placement 

Not 
specified 

Consultant 
surgeons 
performed 
better with the 
simulated model 
than residents. 
Residents had 
improved 
confidence after 
the assessment 

Construct 
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Type of educa*onal tool 
 

Sawbone model 
 

Sawbone models are a commonly used simula+on tool for spine educa+on due to their 

ability to replicate the complex 3D anatomy of the spine whilst avoiding the need for 

sourcing cadaveric or animal bone. They are made from foam and other plas+c composites 

to achieve specific characteris+cs depending on the purpose of the model. Sawbones are 

also cheaper than cadaveric specimens. Sawbones however cannot replicate the internal 

architecture of real bone and its viscoelas+c proper+es. Eight of the iden+fied studies in this 

review used sawbone models with the majority tes+ng screw placement17,39-43 with one 

assessing lumbar laminectomy44 and one assessing cervical foraminotomy45.  The majority of 

the studies used sawbone models as an assessment tool to evaluate performance of the 

primary interven+on. Boody et al used a bioskills training module where groups of trainees 

were randomised to either an interac+ve presenta+on or reading standard texts of their own 

choice39. The bioskills training module group had an improvement in OSATS as well as 

pedicle screw placement and iden+fying their own breaches and in their second study that 

assessed lumbar laminectomy, be:er decompressions were performed39,44. In their study of 

cor+cal bone trajectory screws Delgado-Fernandez et al demonstrated improvement in 

OSATS and Physician Performance Diagnos+c Inventory Scale (PPDIS), which is a five-point 

self-ra+ng score, for trainees using the sawbone model with 3D fluoroscopic naviga+on17. In 

a group of orthopaedic trainees, Go:schalk et al used sawbones and cadaver models for 

cervical lateral mass screw placement educa+on42. 3D naviga+on was used for training of the 

correct trajectory and found that with training, angle of screw placement, facet viola+ons 

and nerve injuries all improved. They also demonstrated no significant differences between 
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sawbone models and cadavers in educa+onal and training value42.  In a scoliosis sawbone 

model Tanner et al found that screw placement was performed quicker by senior trainees, 

however, screw placement accuracy was similar despite prior verbal instruc+on41. 

 

3D printed model 
 

3D prin+ng is a rapidly growing technology that has many applica+ons in medical 

educa+on46. Two of the included studies used 3D prin+ng technology for their training 

simula+on models47,48. The 3D printed pelvis made by Bow et al was used as an assessment 

tool for S2-Alar-Iliac screw placement via C-arm fluoroscopy. Their educa+onal tool improved 

both screw placement and obtaining C-arm fluoroscopic images to iden+fy breaches47. Park 

et al used a 3D printed spine model as a training aid for pedicle screw inser+on, and 

demonstrated an improvement in pedicle screw placement48. The 3D polymers used for 

prin+ng with these studies were combina+ons of polypropylene and polylac+c acid / 

polyvinyl alcohol filaments. 

 

Custom designed simula6on model 
 

A range of custom designed models were iden+fied in this review, aiming to replicate the 

op+c and hap+c feedback of real surgery by using a variety of mediums including wood, 

paper, cardboard, plas+c, latex, silicone and other synthe+c materials. A common theme to 

the development of the majority of the models was to create a low-cost subs+tute that 

would be an accurate representa+on of the surgical environment.     
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A custom designed model for simula+on was used in 11 of the reviewed studies, assessing 

various procedures including lumbar discectomy49, screw placement18,50-53, dural 

closure45,54,55, laminoforaminotomy56, Anterior Cervical Discectomy and Fusion (ACDF)52 as 

well as a variety of Minimally Invasive Spine (MIS) procedures 53,57. Adermann et al 

developed a custom-made spine model, which replicated all the anatomical features of an 

L4/5 disc49. Cerebrospinal Fluid (CSF) and dura were also replicated. Pressure sensors and 

ultrasonic signals were used to simulate unintended durotomy and compression forces on 

the nerve root. Following valida+on of the model, trainees underwent a workshop where 

they were able to achieve 100% of their predefined goals and improvement in their self-

assessment of discectomy49. The Fundamental of Spine Surgery simulator, a custom 

designed model by Bha+a et al, cost $30 USD to make and was used by 72 orthopaedic and 

neurosurgery trainees50. The vast majority (89%) of trainees who used the simulator felt it 

would improve their pedicle screw placement. Gardeck et al used the Medtronic TruTrainer 

(Medtronic Sofamor Danek, Inc., Memphis, TN, USA) in conjunc+on with 3D naviga+on for 

thoracolumbar pedicle screw placement training51. Their trainees demonstrated an 

improvement in OSATS and screw placement +me, although accuracy and angula+on error 

were no different51. A low-cost pedicle screw training model was developed by Mendelis and 

collaborators which demonstrated that with instruc+on and training, pedicle screw accuracy, 

+me for screw placement, and screw angula+on improved18. Ghobrial et al developed a 

dural repair and cervical laminoforaminotomy simula+on model45,54,56. Using a sawbone and 

then customising a dural subs+tute to mimic dura they were able to use the custom model 

to simulate dural repair. They provided instruc+on prior to using the model and 

demonstrated improvement in +me to repair, leak rate and technical improvements 

overall45,54. The laminoforaminotomy model was developed in conjunc+on with Stryker 
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(Kalamazoo, Michigan), trainees were administered a pretest on technical performance of a 

leJ C7/T1 laminoforaminotomy56. They then had an instruc+onal lecture followed by +me 

on a simula+on model. Finally, they had a post-test using the same ques+ons as the pre-test, 

however, reorganised randomly. All trainees demonstrated improvement on their custom 

assessment tool56. Following ini+al tes+ng with these two simulators, a neurosurgical 

curriculum was developed which again found significant improvement in performance on 

the post-test assessment as above45. The other dural closure model developed by Ferguson 

et al involved a tubular roll of wallpaper, a tubular glove-roll complex and a wooden box with 

a foam inset55. Following instruc+on, trainees demonstrated improvements in speed of 

closure, quality of closure and safety of closure using this model. A Medtronic (Medtronic 

Sofamor Danek, Inc., Memphis, TN, USA) ACDF model was developed by Ray et al to 

simulate this opera+on52. With pre-test, instruc+on and post-test, this model improved 

trainee performance using a custom assessment tool52. The two MIS models varied markedly 

in their design but both improved trainee performance and confidence53,57. The first model 

described by Walker et al developed a hybrid model using a deer lumbar spine that was 

affixed to components of a Halo orthosis frame and placed within a Plexiglas box to simulate 

MIS. Although only self-assessment was performed as part of this study, there was improved 

confidence in MIS skills53. The second model described by Chitale et al used a custom spine 

model with 3D naviga+on combined with pre-test, instruc+on and post-test57. Fluoroscopy 

+me and number of shots improved, while there was a trend towards improvement in screw 

placement57.        

 

Cadaver simula6on model 
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There were six studies which u+lised cadaver models for the training simula+on, with four 

studies assessing screw placement40,42,58,59, one study each for dural closure60 and spinal 

decompression with fusion61. Of the studies assessing screw placement, they ranged from 

cervical lateral mass screws42 to thoracic pedicle screws59  to lumbar pedicle screws with 

both Sundar et al and Podolsky et al examining all three regions within one educa+onal 

session40,58. The educa+onal session involved a three-day course covering cervical, thoracic 

and lumbar spine surgery. Three of these four studies demonstrated significant 

improvement in screw placement and accuracy following the educa+on session, with only 

Podolsky et al finding no significant differences when compared to the control group. Two 

studies40,59 were able to demonstrate how the educa+on session was able to provide 

longitudinal benefits to trainees. This was unique amongst studies as most protocols 

included only same-day assessment for all par+cipa+ng trainees, allowing for assessment of 

construct validity in proving model u+lity. Buchanan et al demonstrated that a custom 

cadaver model designed to mimic CSF leak in a cadaveric specimen can be effec+vely used 

for educa+on60. They assessed a group of eight trainees who improved in both objec+ve 

(+me taken for closure) and subjec+ve (confidence in comple+ng) measures of a minimally 

invasive dural closure. Calio et al presented a unique approach in that they made use of the 

cadaver to perform mul+ple different surgical procedures, maximising the educa+on 

poten+al of this valuable resource61. Through use of both an anterior and posterior 

approach, they were able to provide 17 trainees of varying skill levels with appropriate 

instruc+on and assessment on these skills. Following comple+on of the course, trainees had 

increasing confidence in performing the appropriate steps of the procedure. 
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Virtual reality simula6on 
 

Virtual reality simula+on provides an immersive surgical training experience that can be 

individually tailored to the trainee’s needs. Four of the included studies in this review 

u+lised virtual reality simula+on models, two of which focused on screw placement 

techniques62,63, one lumbar laminectomy64 and one lateral lumbar access to the spine65.  The 

two similar studies published in 2018 by Hou et al 62,63 compared a virtual surgery training 

system (VSTS) directly to tradi+onal training methods (procedure explana+on and video 

instruc+on) for cervical and thoracic pedicle screw placement respec+vely. The VSTS 

involved using a hand-held hap+c feedback device to place pedicle screws into a 3D 
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generated graphic spine (Figure 1.3).

 

Figure 1.3: The virtual surgery training system62 

  

Both groups were then tested on screw placement by inser+ng real screws into a cadaveric 

spine with post instrumenta+on imaging subsequently assessed by 3 independent 

observers. The conclusion of both studies found that the VSTS group had significant 

improvement in accuracy with decreased pedicle breach in both cervical and thoracic screw 

placement. Chen et al similarly u+lised a 3D simula+on training program looking at lumbar 

spinal stenosis and posterior decompression techniques64. This study showed an 

improvement in knowledge acquisi+on for anatomy and pathophysiology of spinal stenosis 

with VR technology, with greater improvements noted in more junior residents. Finally, Luca 

et al used a 3D headset and hap+c feedback devices to perform lateral access to the lumbar 
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spine65. They found that users who were inexperienced with the technique showed 

significant improvement between first and second a:empts, with a decreased number of 

major errors observed. The authors also included 3 senior surgeons into a separate group 

and commented that the users age or previous experience (or lack thereof) with VR 

technology did not affect the learning experience and usability of the device65. 

 

Augmented reality 
 

While VR replaces the physical world with an en+rely virtual world, AR technology aims to 

change the physical world by overlaying informa+on onto it. Luciano et al used the 

Immersive Touch (ImmersiveTouch, Inc) augmented reality system which combines real-+me 

hap+c feedback with high-resolu+on stereoscopic display66,67 (Figure 1.4). 

 

Figure 1.4: Immersive Touch66 

 Par+cipants used a hap+c stylus as a drill to place thoracic pedicle screws. The Immersive 

Touch system allowed them to have constant fluoroscopy while drilling and inser+ng screws 
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and provides realis+c drill feedback. In their first study, trainees were given a training 

module where constant fluoroscopic guidance was used. These adjuncts were then removed 

in the tes+ng module and therefore “learning reten+on” was assessed. FiJy-one fellows and 

residents were recruited and placed 301 pedicle screws in both prac+ce and test sessions. 

The failure rate of screw placement reduced from 16.9% to 12.5% demonstra+ng learning 

reten+on66. In their second study, Luciano et al used the Immersive Touch system to assess 

percutaneous pedicle screw inser+on67. Sixty-three fellows and residents were recruited and 

placed 126 needles. They again had a training session where they used the fluoroscopic 

guidance provided by the system. However, during the test session they were unable to use 

fluoroscopy, instead relying on the 3D anatomy and tac+le feedback they had learnt. 

Subsequently, the number of needle placement failures was the same in both sessions67.  

 

Cost of educa*onal tools 
 

The majority of the educa+onal tools that were included did not specify the cost incurred in 

manufacturing and developing the tool. Of those that provided cos+ngs, the most expensive 

was the funding for Go:schalk’s comparison of cadaveric and sawbone lateral mass screw 

inser+on, which was $12,00042. 

 

Assessment of trainees within each study 
 

Of the 30 included studies, 19 of them used the method of an assessment tool to evaluate 

the performance of their educa+onal tool. The most commonly used assessment tool was 

the Objec+ve Structured Assessment of Technical Skills (OSATS), used in 10 of 19 studies 
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where assessment was performed19. The OSATS is a 5-point global ra+ng scale which 

assesses 6 domains: respect for +ssue, +me and mo+on, instrument handling, knowledge of 

instruments, flow of opera+on, use of assistants and knowledge of the specific procedure. It 

has been widely validated as a tool for assessment of surgical trainees37,68. Six studies used 

custom assessments or ques+onnaires to evaluate their educa+onal tool. Five studies 

assessed pedicle screw placement based on accuracy of placement, and rate of breach. The 

Physician Performance Diagnos+c Inventory Scale (PPDIS) was used in 4 studies where 

trainees ranked themselves as unsa+sfactory, early learner, competent, proficient or expert. 

Likert scales were used in 2 studies60,61. Buchanan et al used a 5-point confidence Likert 

scale60. Using a cadaveric model to simulate CSF leak, neurosurgery residents used the 5-

point Likert scale from 1 = no confidence, to 5 = high confidence to rate their confidence 

with durotomy repair pre and post using the model. The mean pre model score was 1.88 

which improved to 4.25 aJer the simula+on model. Calio et al used a 10 point Likert scale to 

self-assess confidence, sa+sfac+on in training and percep+on of safety in spine surgery61. 

They again used a cadaveric model for performance of ACDF, posterior cervical spine and 

posterior thoracolumbar spine surgery. Residents then used a 10-point Likert scale from 1 = 

strongly disagree to 10 = strongly agree, to rate their confidence in the surgery, their 

sa+sfac+on in training and the percep+on of safety in performing the surgery61. 

 

Timeframe of assessment 
 

Of the 25 educa+onal tools assessed in this review, the majority evaluated trainee 

performance on the same day as the interven+on. This immediate assessment provides 
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+mely feedback and allows for immediate reinforcement of learning. However, it may not 

fully capture the long-term reten+on of knowledge and skills. 

 

One study incorporated a pre-test 48 hours prior to the interven+on, enabling the 

assessment of baseline knowledge and skills. This pre-post design provides valuable insights 

into the impact of the educa+onal interven+on on trainee performance. Addi+onally, one 

study reassessed trainees one month aJer the interven+on, offering a longer-term 

perspec+ve on knowledge reten+on and skill acquisi+on. While this approach is beneficial 

for assessing long-term learning, it may not be feasible for all training programs due to +me 

and resource constraints. 

 

The remaining studies reassessed trainees between one and two weeks aJer the 

interven+on. This +meframe allows for some consolida+on of learning and skill 

development, while s+ll providing a rela+vely immediate assessment of the impact of the 

educa+onal interven+on. However, it is important to acknowledge that longer-term follow-

up assessments may be necessary to fully evaluate the durability of knowledge and skills. 
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DISCUSSION 
 

Using a systema+c search strategy this review iden+fied the educa+onal tools that are have 

been u+lised for educa+ng spine surgery trainees in neurosurgery and orthopaedics. This is 

the first systema+c review of all spine educa+on tools and techniques. Due to changes in 

work-hour regula+ons, increased focus on pa+ent-safety and economical constraints have 

resulted in a growth in simula+on as an alterna+ve means of educa+ng surgical trainees69. 

We found varying forms of simula+on are used for spine educa+on including cadavers, 

custom models, 3D printed models and virtual and augmented reality simulators (Table 1.1).  

 

Comparison of models 
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The models used have varying advantages and disadvantages. 3D prin+ng is a rapidly 

growing technology that has many applica+ons in medical educa+on46. The versa+lity to 

create a range of individualised anatomical structures holds immense poten+al in the 

development of simula+on models. The main constraint of 3D printed models is the current 

limita+on in prin+ng materials, with difficulty replica+ng the natural biological structure of 

human +ssue46.  

 

Cadaveric laboratories have long been shown to be useful in spine surgical training but can 

oJen have difficul+es with limited availability, high cost and individual specimen variability70. 

There are also inherently different characteris+cs between cadaveric bone to living bone (i.e 

lack of bleeding). Furthermore, some specimens have anatomical factors such as 

osteoporosis or obesity that make them inappropriate for training as they are not 

standardised.  

 

Virtual reality simula+on provides an immersive surgical training experience that can be 

individually tailored to the trainee’s needs. Advancements in computer programming have 

resulted in the development of highly realis+c and more complex simula+on models, which 

can incorporate interac+ve feedback by adding input devices (i.e hap+c feedback devices) so 

the user can interact with the virtual world. Furthermore, VR educa+on may have greater 

advantages to tradi+onal teaching methods, illustrated by a study which compared VR 

technology with more tradi+onal educa+on methods (i.e mannequin and cadaveric) and 

showed improved efficiency of knowledge transfer and decreased cost for VR educa+on71. 

This must be considered in the context of VR being expensive to obtain, develop and run, 
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and addi+onally, not necessarily available in all contexts, hence not allowing access for all 

trainees. 

 

Custom designed simulators were the most common form of spinal educa+onal tool. While 

the majority of these tools were focused on pedicle screw inser+on 18,50-53, ACDF52, lumbar 

microdiscectomy49, cervical laminoforaminotomy56 and dural repair54,55 models have been 

made and tested ensuring a good coverage of different spinal surgery. Sawbone models 

were the next most common model and again pedicle screw placement was tested in the 

majority of these tools17,39-43. In one study sawbones were found to be equivalent to 

cadavers, which is important as sawbones are much cheaper than cadavers51. Cadaveric 

models, and the newer technologies of 3D prin+ng, virtual reality and augmented reality 

have been less commonly used for the purposes of educa+on for the reasons stated above. 

However, in our search we did iden+fy a number of models that have been validated but not 

yet used on trainees as an educa+onal model. This included a number of 3D printed models, 

computer simula+on soJware, augmented/virtual/mixed reality simulators72-76. In +me, 

these may provide trainees with excellent learning opportuni+es.   

 

Providing educa+on with didac+c instruc+on followed by a form of simula+on resulted in 

improved surgical technique. In 28 of the 30 included studies, the educa+onal interven+on 

resulted in improved surgical accuracy, shorter opera+ve +me and improved confidence 

(Table 1.1). The percutaneous thoracic pedicle screw inser+on Immersive Touch augmented 

reality model did not allow trainees to use fluoroscopy during its test module67. The authors 

acknowledged that percutaneous spinal fixa+on “depends mainly on the ability to interpret 
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fluoroscopy images”. Podolsky et al58 use of a 3D computer naviga+on system as an 

educa+onal tool did not demonstrate an improvement in thoracic or lumbar pedicle screw 

inser+on despite a 3 day course with didac+c sessions included. As one of the older studies 

included, poten+ally this was related to the simulator itself.  

 

Procedure based assessment  
 

While the various simula+on tools described above offer valuable opportuni+es for trainees 

to enhance their spinal surgical skills, their implementa+on is not without associated costs. 

These costs can be significant and include both direct and indirect expenses. Direct costs 

encompass the ini+al investment in the development and manufacturing of surgical models, 

as well as ongoing maintenance and repair. Addi+onally, there may be costs associated with 

acquiring specialised equipment, such as virtual reality systems or robo+c simulators. 

Indirect costs, although less tangible, can also be substan+al. These include the +me 

required for trainees to engage with the tools, which may divert them from other clinical or 

educa+onal ac+vi+es, oJen reducing the +me they spend in the opera+ng theatre. 

Furthermore, there may be costs associated with faculty +me for supervision, feedback, and 

assessment. 

 

When assessing trainees the vast majority of educa+onal models used same-day assessment 

of trainees to evaluate their tool. This involves immediate feedback and assessment of the 

trainee's skills and knowledge, providing an opportunity for +mely reinforcement and 

correc+ve guidance. The means of assessment was via OSATS or a custom assessment tool 
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based on the OSATS19. None of these had been rigorously developed or validated in an 

evidence-based manner. Procedure-specific ra+ng scales offer a balanced approach between 

broad, overall assessments (global ra+ng scales) and detailed, task-by-task checklists. They 

focus on skills directly relevant to a specific procedure. 

 

To create these scales, a procedure is broken down into individual steps. Then, performance 

quality descrip+ons are developed for each step. Raters use a Likert scale to quan+fy 

performance at each step. This provides objec+ve feedback on technical skills, unlike global 

ra+ngs. Trainees receive specific feedback on strengths and weaknesses, pinpoin+ng areas 

for improvement. AJer targeted prac+ce, trainees can be reassessed using the same scales 

to track progress and iden+fy new development areas. While these scales offer significant 

advantages, their development and use remain rela+vely limited. 

 

While most surgical training programs have included competencies in their curricula, their 

assessment has been difficult. While some of the educa+onal tools included in this review 

used a custom designed assessment tool based on the OSATS56, no procedure-based 

assessment tool has been designed for any form of spine surgery. An objec+ve assessment 

scale for spinal surgery will improve the means by which competencies are assessed and 

produce be:er trained spinal surgeons.  

 

In order to be able to assess technical competency there needs to be an appropriate 

assessment tool. In general surgery, specifically laparoscopic general surgery, a number of 
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objec+ve assessment tools have been developed6,7,30,77,78. These tools are feasible, reliable 

and validated for each of the opera+ons they are designed to assess. When used in a 

standardised curriculum for a specific opera+on in a training seing, surgical trainees that 

used the objec+ve assessment tool had a superior improvement in knowledge and technical 

skills than those that did not6. In spinal surgery, through this systema+c review we have 

iden+fied a significant gap in the educa+onal landscape when it comes to an objec+ve, 

procedure-based assessment tool.  

Limita'ons of our study 
 

We acknowledge that there are limita+ons in our study. There are methodological 

limita+ons when performing a systema+c review. These include the exclusion of studies 

based on language, publica+on date and study design (reviews). We also acknowledge that 

there are likely other assessment tools that have been used in surgical educa+on and 

research in spinal surgery that may not have been published in the literature. This can 

introduce bias in to the results, and also limit the generalisability of the outcome of a 

systema+c review. However, our purpose was to iden+fy if there was a procedure-based 

assessment tool that existed for lumbar microdiscectomy. In terms of that specific goal, we 

were unable to iden+fy a paper that described such a tool, and thus we were able to 

proceed with development and valida+on of the lumbar microdiscectomy assessment scale 

(LMAS). 
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CONCLUSION 
 

To the best of our knowledge this is the first systema+c review of educa+on in spinal surgery. 

Current educa+onal tools include cadavers, 3D printed models, sawbone models, custom 

based simulators, augmented and virtual reality simulators. The majority of these have 

demonstrated improved trainee confidence, accuracy and speed with spinal surgical 

technique across all aspects of spine surgery. However, they either involve a financial or +me 

cost, and were not widely available to all trainees and centres. Procedure-based assessment 

tools on the other hand have been shown to improve performance, can be available to all 

trainees and are inexpensive. No procedure-based assessment tools currently exist in spine 

surgery, and as competency-based training becomes the most common form of training, a 

need exists for a procedure-based assessment tool in spine surgery. In the next chapter we 

discuss our development of the Lumbar Microdiscectomy Assessment Scale. 
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CHAPTER 2: DEVELOPMENT OF AN OBJECTIVE ASSESSMENT SCALE TO 

EVALUATE PERFORMANCE DURING LUMBAR MICRODISCECTOMY: A 

DELPHI ANALYSIS  
 

In the previous chapter we showed through systema2c review that there are no procedure-
based assessment tools currently u2lised or developed in spinal surgery. In this chapter we 
develop a procedure-based assessment tool for evalua2on of performance during lumbar 
microdiscectomy.  

This chapter is in manuscript form with view to submission in a peer reviewed journal.  

The findings described in this chapter were presented as an oral presenta2on at the Royal 
Australasian College of Surgeons Annual Scien2fic Mee2ng Surgical Educa2on sec2on in 
Christchurch on 7th May 2024. I was awarded the Jenepher Mar2n Prize for best presenta2on 
in the Surgical Educa2on sec2on of the mee2ng.  

 

ABSTRACT 
 

Purpose 
 

Lumbar microdiscectomy (LM) is the most common spinal procedure performed worldwide. 

Despite surgical training transi+oning towards competency-based training, there are no 

objec+ve methods of assessing competency in performing LM. The aim of this study was to 

reach expert consensus to create an objec+ve evalua+on tool for assessment of LM. 

 

Methodology 
 

Essen+al steps for LM and descriptors for “poor”, “average” and “excellent” performance at 

each step was developed. 16 surgeon experts were consulted and a Delphi methodology 

was used to obtain consensus on how suitable the steps and descriptors of performance 
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were for including in the assessment tool. Responses were obtained un+l consensus was 

achieved for each of these descriptors. 

Results 
 

Twelve experts from mul+ple ins+tu+ons par+cipated in the study. AJer two rounds of 

evalua+ons a Cronbach a of 0.99 was achieved, indica+ng a very high level of consensus. 

Steps and descriptors of performance that 80% of experts rated as 4 were used to create 

the final objec+ve evalua+on tool. 

 

Conclusion 
 

Using a Delphi methodology expert consensus was achieved for the first +me regarding the 

steps and descriptors of performance for LM. Subsequently an objec+ve assessment tool for 

LM surgery was created. This tool can iden+fy strengths and weakness in performance and 

allow competency-based assessment. 

 

 

 

 

 

 

 

 



Objec&ve assessment of performance in lumbar microdiscectomy 
 

 55 

 

 

INTRODUCTION 
 

Spine surgery is a rapidly expanding field in Western medicine31. Unfortunately, 

complica+ons from these procedures can severely impact pa+ents' quality of life. This has 

led to a surge in malprac+ce claims against spine surgeons, resul+ng in higher insurance 

premiums32,33. The case of Dr. Christopher Duntsch serves as a stark reminder of the 

poten+al consequences when poorly trained spine surgeons perform rou+ne procedures1. 

Ques+ons persist regarding Dr. Duntsch's training, limited experience, and supervision. 

While his case is undoubtedly an extreme outlier, even highly skilled surgeons performing 

complex spine surgeries may experience complica+ons in up to 87% of cases1,32. Even for a 

rela+vely simple procedure like a lumbar microdiscectomy, complica+ons are more likely to 

occur in public hospitals with trainee neurosurgeons compared to private seings with 

experienced consultants35. Therefore, it's crucial that neurosurgical and orthopaedic trainees 

receive adequate training to safely perform lumbar microdiscectomy surgery which is a very 

common spinal procedure. Lumbar microdiscectomy is an index spinal procedure which 

junior trainees are performing despite its significant risks. Thus, it is of even greater 

importance to ensure that training and assessment of performance of this opera+on is 

rigorous. 

 

The appren+ceship model, origina+ng with Halsted in the 19th century, has long been the 

standard for surgical training. In the past trainees have therefore learned and prac+sed 

surgery simultaneously7,31. But in the 21st century, advancements in medicine and surgery, 
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shiJing pa+ent and societal expecta+ons, revised work-hour regula+ons, and a move away 

from long-term experien+al learning assessments toward competency-based evalua+ons are 

reshaping surgical training. Competency based training sets predefined standards, technical 

and non-technical, that trainees must achieve by comple+on of training5. While there is a 

growing movement towards competency-based assessment in surgical training, tradi+onal 

assessment methods, such as objec+ve structured clinical examina+ons (OSCEs) and viva 

examina+ons, con+nue to play a significant role. These methods, while valuable for 

assessing knowledge and communica+on skills, may not adequately capture the complex 

and mul+faceted nature of surgical competence.  

 

Furthermore, a significant reliance on case logbook numbers persists in surgical training. 

While case volume is undoubtedly important, it may not be the sole determinant of surgical 

proficiency79,80. The quality of surgical performance, as measured by factors such as 

technical skill, decision-making, and pa+ent outcomes, should be given equal weight. These 

assessment tools provide only a snapshot of a trainee’s performance and are therefore not 

necessarily an accurate reflec+on of competence.  

 

The increasing complexity of spine surgery, coupled with the poten+al for severe 

complica+ons, underscores the cri+cal importance of rigorous training for neurosurgical and 

orthopaedic trainees. As spine surgery con+nues to evolve, it is impera+ve that future 

surgeons are equipped with the necessary skills and knowledge to perform these procedures 

safely and effec+vely. By providing comprehensive training programs that emphasize both 

theore+cal understanding and prac+cal experience, we can help to mi+gate the risks 
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associated with spine surgery and improve pa+ent outcomes. This includes exposure to a 

diverse range of cases, supervised opera+ve experience, and ongoing mentorship from 

experienced surgeons. Competency-based training is establishing itself as the leading 

training model to improve trainee skill acquisi+on and therefore, competency-based 

assessment tools must be developed. Ideally, a competency-based assessment tool should 

be standardised, valid, and reproducible in a global context5. The earliest competency-based 

assessment tools were global assessment scores, the Objec+ve Structured Assessment of 

Technical Skill (OSATS)19 (Figure 2.1) and Global Opera+ve Assessment of Laparoscopic Skills 

Global Ra+ng Scale (GOALS)20,23 (Figure 2.2). These tools have formed the basis for a number 

of more specific procedure-based assessment tools21. Procedure-based assessment tools 

have the advantage that they can be validated for the procedure by experts in that 

procedure, can be reproducible in a global context if developed rigorously and allow trainees 

to gain feedback on specific areas of the procedure that require improvement. These tools 

are feasible and validated for each of the opera+ons they are designed to assess. When used 

in a standardised curriculum for a specific opera+on in a training seing surgical trainees 

that used the objec+ve assessment tool had a superior improvement in knowledge and 

technical skills than those that did not6. 
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Figure 2.1: OSATS Global RaDng Scale19 

 

 

Figure 2.2: GOALS Global RaDng Scale23 

 

We have performed a systema+c review of the literature on educa+onal tools in spinal 

surgery and to date a procedure specific assessment tool for lumbar microdiscectomy has 

not been developed.  This would allow trainees the opportunity to have their performance 
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assessed objec+vely with construc+ve feedback that they can use to improve their execu+on 

of this surgery. By providing detailed feedback on specific areas of strength and weakness, 

this sort of tool would empower trainees to target their learning efforts and focus on 

improving their performance in areas that require further development. Iden+fying specific 

areas of weakness allows trainees to prac+ce deliberately on these areas. Deliberate prac+ce 

has been used in sports and music for decades. It is the concept of engaging in ac+vi+es 

created specifically to improve performance in a specific domain.81 A procedure-based 

surgical assessment tool would facilitate deliberate prac+ce and improve performance of the 

opera+on. This individualised approach to training can significantly enhance the efficiency 

and effec+veness of the learning process. The aim of this study was to develop a procedure 

specific tool for lumbar microdiscectomy to be used by neurosurgical and orthopaedic 

trainees to gain competence in lumbar microdiscectomy surgery.   
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METHODS 
 

Study Design 
 

A group of surgeon experts were consulted and a Delphi methodology used to obtain 

consensus regarding the essen+al steps for lumbar microdiscectomy. Descriptors for “poor”, 

“average” and “excellent” performance at each step were also developed and consensus 

achieved for each of these descriptors. The Delphi methodology was chosen due to its ability 

to allow expert opinions to be obtained in an anonymous manner and reassessed un+l 

consensus is achieved. It is a low cost, reliable and anonymous method of achieving expert 

consensus. Because there is no physical mee+ng, no single expert exerts dominance over the 

group and therefore it truly is a consensus-based approach. Ethical approval for the study 

was obtained from the human research ethics commi:ee – Liverpool Hospital, South West 

Sydney local health district (2021/ETH11525). 

 

 

Selec*on of Expert Surgeons 
 

Leading neurosurgeons in Australia, New Zealand and the United States working in ter+ary 

referral or academic neurosurgery centres with proven educa+onal experience were 

contacted. The surgeons chosen all had extensive experience in neurosurgical educa+on and 

training and directly supervised neurosurgical trainees. This was an essen+al criterion as the 

tool we are developing is for use by neurosurgical trainees. All surgeons contacted were 

involved anonymously.  
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Delphi Methodology 
 

A hierarchical task analysis was conducted with the aid of surgical textbooks, videos, and 

expert opinion from faculty neurosurgeons at Liverpool Hospital, Sydney, to develop a list of 

poten+al steps required for lumbar microdiscectomy. Descriptors of “poor”, “average” and 

“excellent” performance at each of these steps and sub-steps were also defined. Poten+al 

errors during lumbar microdiscectomy surgery were included in descrip+on of “poor” 

performance. Using a Delphi methodology, 16 experts from mul+ple ins+tu+ons were asked 

to rate on a Likert scale from 1-5 how suitable these steps and descriptors of performance 

were for inclusion into an objec+ve evalua+on tool for lumbar microdiscectomy surgery. 

Each par+cipant was emailed a link to an online survey using Google Forms that asked to 

rate each step, sub-step and descriptor using a Likert scale from 1 to 5 as to how important 

they felt these components should be included in a final assessment tool. Reminders were 

sent via email aJer 4 and 8 weeks.  

 

Consensus And Crea*on of The Assessment Tool 
 

Determining consensus when using a Delphi survey is not standardised. Previous work in this 

area has used Cronbach’s α as a measure of the internal consistency of responses and as a 

marker of the consensus among a group of experts5,7,30. A Cronbach α approaching 1.0 is 

associated with greater internal consistency and therefore consensus. A value greater than 
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0.8 is suitable for the purposes of an evalua+on tool30. Therefore, we used this as the cut off 

for consensus in this study, and also required that more than 80% of the experts agreed or 

strongly agreed that the steps, sub-steps and descriptors should be included in the final 

assessment tool.  

Data Analysis 

Once all the responses from experts had been collated the mean and standard devia+ons for 

scores that were given to each step, sub- step and descriptors of performance were 

calculated. Using R Studio sta+s+cal soJware package (Boston, MA), the Cronbach’s α was 

calculated to determine the internal consistency of responses of the expert panel and 

therefore consensus. For each step, sub-step and descriptor the percentage of responses 

that agreed or strongly agreed was then calculated. If greater than 80% of responses agreed 

or strongly agreed then that step, sub-step or descriptor was included in the final evalua+on 

tool.  
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RESULTS 
 

Of the 16 experts contacted to be included in the study 12 par+cipated (75%). Nine of the 

expert par+cipants were from Australia, from seven different hospitals, while there were 

two from New Zealand and one from the United States. AJer collec+on of responses from 

the first round of the survey, the Cronbach α for the en+re survey was 0.99. For the steps 

and sub-steps, the Cronbach α was 0.93 and for the descriptors it was 0.98. Of the 25 steps 

and sub-steps at least 80% of par+cipants either agreed or strongly agreed that 22 should be 

included into the final lumbar microdiscectomy assessment scale (LMAS). “Prone”, “Make a 

midline incision” and “Placement of retractor to expose lamina, spinous process and facet 

joint” had less than 80% of par+cipants agreeing or strongly agreeing. The descriptors for 

the “Prone” sub- step also had less than 80% of par+cipants agreed or strongly agree. 

Therefore, aJer reviewing the comments the new step “Prone posi+on, ensuring pressure 

areas are a:ended to” as well as new descriptors, and “Skin incision and iden+fy 

subperiosteal plane, dissec+ng appropriately” were made. The step “Placement of retractor 

to expose lamina, spinous process and facet joint” was changed to “Placement of retractor 

to expose lamina, spinous process” following comments from the experts.  

 

These changed steps and sub-steps were sent as a survey to the 12 experts and aJer one 

further round, the same sta+s+cs were calculated. More than 80% of par+cipants now 
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agreed or strongly agreed with the new steps and sub-steps as well as the descriptors. With 

these new steps, sub-steps and descriptors the Cronbach α was calculated. For the en+re 

survey it was 0.99, for the steps, sub-steps it was 0.96 and for the descriptors 0.98. 

Therefore, with these changes the LMAS tool was made (Figure 2.3). 
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Figure 2.3: The Lumbar Microdiscectomy Assessment Scale 
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DISCUSSION 
 

Procedure-based assessment tools, such as this tool designed for lumbar microdiscectomy, 

are important and useful for transi+oning surgical training to a competency-based system. 

This shiJ towards competency-based educa+on emphasises the acquisi+on of specific skills 

and knowledge, rather than simply comple+ng a predetermined number of procedures. 

 

In this study, we have developed an objec+ve assessment tool for lumbar microdiscectomy 

using a rigorous Delphi methodology. By engaging a panel of expert neurosurgeons, from 

academic centres in three countries, through mul+ple rounds of anonymous surveys and 

feedback, we have achieved a high level of consensus on the key steps, sub-steps, and 

performance criteria that define a successful lumbar microdiscectomy. This tool provides a 

standardised framework for assessing trainee performance, iden+fying areas for 

improvement, which may improve the quality of surgical training. 

 

In designing this tool, we observed very high level of internal reliability across the en+re 

ra+ng scale, steps and sub-steps, and descriptors, with Cronbach α values >0.9.  This 

surpassed our threshold of 0.8, and exceeds the Cronbach α values in previous studies 

5,7,30,82. We have implemented rigorous quality control measures to ensure the validity and 

reliability of our assessment tool. A key aspect of this process involved obtaining a high level 

of consensus among the expert panel. We confirmed at least 80% of the experts who 

par+cipated in the Delphi methodology either agreed or strongly agreed with every 

component of the assessment tool. This substan+al level of agreement underscores the 
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robust nature of the tool and its poten+al to provide a reliable and objec+ve measure of 

trainee performance in lumbar microdiscectomy. In the first itera+on of the Delphi survey 

three steps and three descriptors had less than 80% agree or strongly agree. “Prone”, “Make 

a midline incision” and “Placement of retractor to expose lamina, spinous process and facet 

joint” each had 66.67% of par+cipants agree or strongly agree that they should be included 

as steps in the assessment tool. The comments for each step were reviewed and 

modifica+ons were made.  

 

Prone positioning was regarded as a fundamental component of the procedure, and thus 

the Delphi panel experts assumed that trainee neurosurgeons and orthopaedic surgeons 

would already possess this knowledge. Therefore, this step was changed and merged with 

the “Ensure pressure areas are a:ended to” step to form the step "Prone posi+on, ensuring 

pressure areas are a:ended to". The previous descriptors “Not performed” for poor 

performance, and “Performed aJer delay, promp+ng required, significant reposi+oning 

required” for average performance had 58.33% and 66.67% of respondents agree or strongly 

agree they should be included. Therefore, these were changed to “Unable to align pa+ent 

with table and pads, unsafe to turn prone” for poor performance and “Performed, however, 

some adjustments required” for average performance. “Make a midline incision” was also 

felt to be assumed knowledge and hence this was merged with “Dissec+on to expose 

subperiosteal plane” to form the step “Skin incision and iden+fy subperiosteal plane, 

dissec+ng appropriately”. The step “Placement of retractor to expose lamina, spinous 

process and facet joint” was changed aJer comments to “Placement of retractor to expose 

lamina, spinous process” as most experts felt exposure of facet joint was an unnecessary 
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step in the opera+on and can in fact be deleterious for novice surgeons. These changes were 

then put in to another survey and sent to the 12 experts. On this occasion the sub-steps and 

descriptors had more than 80% agree or strongly agree they should be included in the ra+ng 

scale. The Cronbach α was once again >0.9 for all components of the ra+ng scale indica+ng 

high internal reliability.  

The Delphi process is a structured communica+on technique used to achieve consensus 

among a group of experts83. The process involves anonymous response from these experts 

to a series of ques+onnaires over several rounds. This anonymity is a major advantage, as it 

reduces social pressure and bias, encouraging more honest feedback. The method is also 

geographically flexible, allowing experts from different loca+ons to par+cipate without the 

need for in-person mee+ngs. Its structured, itera+ve nature and controlled feedback loop 

help refine opinions and lead to a more informed consensus84. However, the process is not 

without its drawbacks. It is oJen +me-consuming, making it unsuitable for urgent decisions, 

and there's a risk of par+cipant dropout over the mul+ple rounds85. The success of the 

process heavily relies on a skilled facilitator to avoid introducing bias, and the lack of face-to-

face interac+on can s+fle spontaneous debate. Furthermore, while designed to prevent a 

group decision, the process can some+mes lead to par+cipants conforming to the majority 

opinion85,86. 

In our study using a Delphi methodology allowed anonymous expert opinion and made two 

rounds of surveys seamless. The ability to have expert opinion from around the world 

without mee+ng is a dis+nct advantage of Delphi87. Having experts provide their opinion in 

an anonymous fashion also allows them all to have equal input without having one more 

dominant expert exert more influence than the others87. This also reduces any poten+al bias 
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in the crea+on of the tool. It is a systema+c approach that strengthens the validi+y of our 

tool. Seventy-five per cent of the experts contacted par+cipated in the crea+on of our tool, 

which is higher than the 60-70% that has been typically seen in other health related Delphi 

analyses5,88. This also reduces bias and enhances validity of our tool88. 

 

Despite the systema+c approach of the Delphi analysis and the high level of internal validity 

and consensus amongst our experts there are some limita+ons of our study and the Delphi 

methodology. A primary concern is the poten+al for inves+gator bias in shaping the scale of 

the ques+ons. As the Delphi process progresses, subsequent rounds may inadvertently 

narrow the scope of inquiry, leading to the omission of cri+cal steps, sub-steps, or detailed 

descriptors. To mi+gate this risk, we employed a mul+-faceted approach: 

1. Comprehensive Literature Review: We extensively reviewed established 

neurosurgical textbooks to ensure a broad and comprehensive understanding of the 

surgical procedure. 

2. Expert Consulta7on: We engaged in in-depth discussions with local neurosurgeons 

to gather addi+onal insights and perspec+ves. 

3. Itera7ve Refinement: The itera+ve nature of the Delphi process may inadvertently 

narrow the scope of inquiry, leading to the omission of cri+cal steps, sub-steps, or 

detailed descriptors. To offset this, we ini+ated the Delphi process with a 

comprehensive list of over 30 steps, progressively refining it to 25 and ul+mately 22 

steps through mul+ple rounds of expert feedback. 
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Another poten+al limita+on stems from the inherent selec+on bias associated with expert 

panel recruitment. While we strived to involve a diverse range of experts from renowned 

academic ins+tu+ons across Australasia and the United States, it is possible that certain 

biases, such as geographic, ins+tu+onal, or disciplinary biases, may have inadvertently 

influenced the results. For example, experts from specific regions or ins+tu+ons may have 

had a stronger emphasis on certain aspects of the surgical procedure, poten+ally leading to 

a skewed perspec+ve. However, the high par+cipa+on rate among invited experts and input 

from surgeons from mul+ple ins+tu+ons with different prac+ces helps to mi+gate this issue, 

sugges+ng a broad consensus among the selected panel. 

 

 

CONCLUSION 
 

We were able to successfully u+lise the Delphi methodology to obtain mul+-ins+tu+onal 

expert consensus regarding the steps, sub-steps and descriptors of performance during a 

lumbar microdiscectomy. Using this, we then created the Lumbar Microdiscectomy 

Assessment Scale (LMAS)the first objec+ve procedure-based assessment tool for this index 

opera+on in spine surgery. This is a key step in developing a truly competency-based surgical 

training program. LMAS has the poten+al to enable trainees to develop a greater 

understanding of the steps and performance standards required to be proficient in lumbar 

microdiscectomy. Addi+onally, it can be used to enhance training and shorten learning 

curves by allowing trainees to understand what parts of the procedure require 

improvement. This is a key component in Deliberate Prac+ce. LMAS can also be used for 

creden+alling unsupervised prac+ce by comparing trainee performance scores experts. 
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However, prior to using LMAS for these roles, its reliability and validity needs to be tested. 

This is the focus of the next chapter in this thesis.  
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CHAPTER 3: DETERMINING THE RELIABILITY AND VALIDITY OF AN 

OBJECTIVE ASSESSMENT SCALE IN EVALUATING PERFORMANCE 

DURING LUMBAR MICRODISCECTOMY  
 

In the previous chapter we developed the Lumbar Microdiscectomy Assessment Scale (LMAS) 
a procedure-based tool to evaluate performance of lumbar microdiscectomy. In this chapter 
we use video analysis of novice and expert surgeons performing lumbar microdiscectomy to 
validate and assess reliability of the LMAS.  

This chapter is in manuscript form with view to submission in a peer reviewed journal.  

 

ABSTRACT 

 

Purpose 
 

We previously developed the Lumbar Microdiscectomy Assessment Scale (LMAS) using a 

Delphi methodology. We sought to assess the reliability and validity of this tool. 

 

Methodology 
 

Using two groups of surgeons, those who have performed >100 lumbar microdiscectomy, 

and those who had performed <10, we recorded video of their opera+ons. We obtained 8 

videos from each group and then had two fellowship trained spinal surgeons assess the 

videos using the LMAS and OSATS. 
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Results 
 

The overall ICC for the LMAS tool was 0.99 (95% CI 0.97-0.99; p<0.0001) with a correla+on 

coefficient between the two independent blinded surgeons of 0.95. A coefficient of 0.95 

(p<0.001) was observed between rater 1 and rater 2, and a coefficient of 0.82 (p=0.0001) 

between the combined LMAS and OSATS score for both raters.  

 

 

Conclusion 
 

We demonstrated that there is excellent inter-rater reliability and construct validity for the 

LMAS. We also confirmed concurrent validity when comparing the LMAS and the OSATS.  
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INTRODUCTION 
 

Lumbar microdiscectomy remains one of the most commonly performed spinal surgeries 

worldwide, represen+ng a cornerstone of spine surgery31. This procedure is frequently 

employed to alleviate pain and neurological symptoms associated with herniated lumbar 

discs, a condi+on that can significantly impact quality of life. However, complica+ons arising 

from spinal surgery can have severe and poten+ally life-altering consequences, including 

lower limb weakness, paralysis, and dysfunc+on of the bladder, bowel, or sexual func+on34. 

Given the poten+al for serious complica+ons, it is impera+ve that spine surgeons undergo 

rigorous training to ensure the highest standards of pa+ent care. By acquiring the necessary 

surgical skills, knowledge and judgment, surgeons can minimise the risk of complica+ons 

and op+mise pa+ent outcomes. This includes developing a deep understanding of spinal 

anatomy, surgical techniques, and poten+al piyalls, as well as honing their technical skills 

through extensive training and prac+ce. Rigorous training programs should emphasise a 

pa+ent-centred approach, priori+sing pa+ent safety and well-being throughout the surgical 

process. 

 

While experienced surgeons strive to minimise the risk of complica+ons through careful 

preopera+ve planning, me+culous surgical technique, and vigilant postopera+ve care, it is 

important to recognise that complica+ons can s+ll occur, even in the hands of skilled 

surgeons. Despite the many advances in surgical techniques and the exper+se of well 

trained, experienced surgeons, complica+ons can s+ll occur in up to 87% of lumbar 

microdiscectomy cases. 1,34. These complica+on rates can be even higher in public hospital 
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seings where pa+ents are oJen operated on by neurosurgical or orthopaedic trainees35. 

Trainees, while under the supervision of experienced surgeons, may have less experience 

and exper+se, which can increase the risk of complica+ons. Addi+onally, public hospitals 

may have higher pa+ent volumes and more complex cases, further contribu+ng to the 

increased risk of complica+ons35,36. 

 

Tradi+onally, surgical training has followed an appren+ceship model, whereby trainees gain 

experience through a combina+on of observa+on and ac+ve par+cipa+on in surgical 

procedures13. As trainees progress through their training, they are gradually granted 

increasing levels of responsibility, star+ng with simple tasks and progressing to more 

complex surgical manoeuvres under the supervision of experienced surgeons14. This 

appren+ceship model has been a cornerstone of surgical educa+on for centuries, providing 

trainees with hands-on experience and the opportunity to learn from experienced 

mentors89. However, this model has inherent limita+ons, as it relies heavily on the 

availability of surgical cases and the willingness of senior surgeons to dedicate +me to 

training. This “see one, do one, teach one” approach has permeated medicine and surgery 

for over a hundred years13,14,89. The reliance on tradi+onal appren+ceship models has led to 

inconsistencies in the way surgery is taught and performed, resul+ng in variability in surgical 

outcomes and pa+ent experiences. To address these challenges and improve the quality of 

surgical care, a paradigm shiJ towards competency-based training has gained prominence89. 

Competency-based training focuses on the acquisi+on of specific skills and knowledge, 

rather than simply comple+ng a predetermined number of procedures78. By defining clear 

learning objec+ves and performance standards, competency-based training ensures that 
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trainees achieve a consistent level of competence before progressing to more advanced 

procedures. This approach helps to reduce variability in surgical prac+ce and improve 

pa+ent safety.89.  

 

The Royal Australasian College of Surgeons (RACS) has moved towards competency-based 

modes of training, where surgical trainees move through the different training phases by 

comple+ng the requisite competencies within each phase90. In neurosurgery, lumbar 

microdiscectomy is one such competency, however, the way in which this is assessed 

remains a sign off from a consultant, rather than an assessment of the component steps of 

the opera+on. Following individual performance of surgery, more oJen than not, trainees 

are not provided with formal feedback on areas of improvement or methods to improve 

performance. 

 

Global assessment scales such as the OSATS19 were the earliest form of competency 

assessment for surgical procedures. They allow assessment generically in any surgical 

procedure. They provide a reliable and valid form of assessment of surgical performance. 

However, these tools focus on global assessments, rather than detailed evalua+ons of 

individual surgical steps and techniques. As a result, trainees may receive vague feedback 

that does not pinpoint specific areas for improvement. Without iden+fying the precise steps 

or sub-steps where a trainee may be struggling, it becomes difficult for them to target their 

prac+ce efforts effec+vely. This lack of specific feedback can hinder the development of 

essen+al surgical skills and may lead to ongoing performance deficits. 
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To address these limita+ons, procedure-specific assessment tools, such as the one we have 

developed for lumbar microdiscectomy, offer a more granular approach to evalua+ng 

surgical performance. By breaking down the procedure into its cons+tuent steps and sub-

steps, these tools enable a detailed assessment of each component of the opera+on. This 

level of specificity allows for targeted feedback, enabling trainees to iden+fy their areas of 

weakness and focus their prac+ce efforts accordingly. Some procedure specific assessment 

tools have been developed but they were ini+ally ins+tu+on specific26,28,29. This limits the 

u+lity of such a training tool with a na+onal based training program such as in Neurosurgery 

and Orthopaedic surgery in Australia and New Zealand.  

 

Palter et al. developed a procedure-specific tool for laparoscopic colorectal surgery that 

demonstrated both reliability and validity5. This tool has the advantage of being widely 

applicable, as it can be used to assess the performance of trainees across different 

ins+tu+ons. Inspired by this successful model and others in the field of general surgery7,30, 

we aimed to develop a similar procedure-specific tool for lumbar microdiscectomy surgery. 

This tool would provide a valuable resource for both trainees and educators, facilita+ng the 

acquisi+on of essen+al surgical skills and enhancing the overall quality of surgical training. 

We have designed a procedure specific assessment scale, the Lumbar Microdiscectomy 

Assessment Scale (LMAS) using a hierarchical task analysis and Delphi methodology. In doing 

so, we iden+fied and gained mul+-ins+tu+onal consensus regarding the component steps 

and sub-steps as well as descriptors of performance for these specific to lumbar 
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microdiscectomy surgery. Within this study, we aimed to assess the validity and reliability of 

the LMAS to assess performance during actual lumbar microdiscectomy. 

METHODS 
 

Study design 
 

A prospec+ve single-blinded observa+onal study design was used to evaluate the reliability 

and validity of the LMAS. Ethical approval for this study was obtained from the Human 

Research Ethics Commi:ee – Liverpool Hospital of the South West Sydney Local Health 

District. 

 

 

Par*cipants 
 

At three ter+ary hospitals in Sydney, New South Wales, pa+ents with scia+ca from lumbar 

disc hernia+on scheduled to undergo a lumbar microdiscectomy were iden+fied through 

daily review of the elec+ve neurosurgery opera+ng lists at these hospitals from January 2023 

to July 2024. Pa+ents scheduled to have lumbar microdiscectomy surgery were asked to 

provide informed consent to video record their opera+on. If the pa+ent agreed then the 

primary surgeon performing the surgery was also consented to include the video recording 

of their opera+on in the study.  

 

Surgeons were categorised based on their opera+ve experience in lumbar microdiscectomy 

surgery. Experienced surgeons were defined as those who were post-fellowship and had 
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performed >100 lumbar microdiscectomies as primary operator to ensure they were well 

beyond the learning curve. Novice surgeons were those who had performed less than 10 

lumbar microdiscectomy as primary operator. One surgeon could not provide more than two 

independent videos of surgery. 

Assessment tools 
 

We used the recently developed Lumbar Microdiscectomy Assessment Scale (LMAS) 

described in the previous chapter for this study. This is a procedure-specific ra+ng scale to 

assess performance during lumbar microdiscectomy surgery. It provides a structured 

framework for evalua+ng various aspects of the surgical procedure, including pa+ent 

posi+oning, dissec+on, discectomy, and closure. By using this ra+ng scale, educators can 

objec+vely assess trainee performance, iden+fy areas for improvement, and provide 

targeted feedback to enhance surgical skills. This tool was developed by obtaining consensus 

amongst a mul+-ins+tu+onal group of experts with regards to the important steps, sub-steps 

and descriptors of “poor”, “average” and “excellent” performance to include in an evalua+on 

tool. The final LMAS consisted of the agreed upon list of steps, sub-steps and descriptors of 

“poor”, “average” and “excellent” performance for each of these, scored on a Likert scale 

between one and five. The OSATS global ra+ng scale was also used. This Likert scale assesses 

trainees on performance of surgery across the domains of respect for +ssue, +me and 

mo+on, instrument handling, assistant use, opera+ve flow and knowledge of the 

procedure19. 

 

Video analysis 
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Video recordings were obtained from the opera+ng microscope aJer the surgical site had 

been adequately exposed and before any bone removal procedures were undertaken. 

Inexperienced surgeons were closely supervised by experienced surgeons throughout the 

procedure. Both groups of surgeons were encouraged to maintain their usual surgical 

prac+ces, including any guidance or advice that experienced surgeons would normally 

provide to junior colleagues. This approach aimed to minimise the impact of the video 

recording process on the surgeons' natural workflow and decision-making. 

 

Video recordings were reviewed by two trained independent post fellowship surgeons to 

assess opera+ve performance during each case using the LMAS and OSATS. These raters 

were post-fellowship surgeons, with an interest in surgical educa+on, who had performed 

more than 100 lumbar microdiscectomies. The raters were blinded to the experience level of 

the surgeon. Both raters were allowed to familiarise and calibrate themselves with each 

evalua+on tool. During this +me instruc+ons were given on the use of the descriptors of 

performance and Likert scale for each step. Videos could be played at faster playback speeds 

if it did not interfere with accurate evalua+on of performance. The raters were asked to 

mark any steps within the ra+ng scales but not visualised on the videos as “not applicable”. 

 

Data analysis 
 

The minimum number of video recordings required for each group was determined based 

on previous study that evaluated the Global Opera+ve Assessment for Laparoscopic Skills 

(GOALS). In this study, the minimum relevant difference in mean scores between novice and 
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experienced surgeons was 6.4.  Based on a standard devia+on of 4.5, a power of 80% and an 

alpha of 0.05, the minimum number of video recordings required in each group was 8. All 

sta+s+cal analyses were performed using R studio sta+s+cal soJware package (Boston, MA). 

Descrip+ve sta+s+cs were calculated for the LMAS scores using medians and interquar+le 

ranges. 

 

Inter-rater reliability and test-retest reliability were used to assess reliability of the LMAS. 

Inter-rater reliability was determined using the intraclass correla+on coefficient (ICC, 2-way 

mixed-effects model, absolute agreement), a measure of the internal consistency of the total 

scores and scores for each step as rated by the two blinded surgeons. A cut-off value of an 

ICC>0.8 has been acknowledged to be a benchmark for demonstra+ng good reliability26. 

Spearman’s correla+on coefficient was also used to assess correla+on between the two 

raters. Test-retest reliability was evaluated by correla+ng the total score for a single case 

rated at 2 different points in +me (index assessment and 3 months later) by each rater using 

ICC. 

Mann-Whitney U test before and aJer pooling the scores were analysed for the two raters 

for each step to detect differences in experience level between the groups and establish 

construct validity. Spearman’s correla+on coefficient was used to correlate the LMAS scores 

with the corresponding OSATS scores. This allowed for assessment of concurrent validity. For 

the analyses of validity, each rater’s scores as well as the combined LMAS scores were 

expressed as a percentage of the total possible score. Similarly, a percentage of the total 

score was used for the combined OSATS scores. This was conducted in case of a failure to 

capture or an inability to analyse part of a procedure.  
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RESULTS 
 

Sixteen video recordings of lumbar microdiscectomy opera+ons were obtained comprising 

of eight by novice surgeons and eight by expert surgeons.  There were seven different 

experienced surgeons and five different inexperienced surgeons. For all surgeons, the 

performance ra+ng for the step “Pa+ent posi+oning and prepara+on” and the sub-step “skin 

incision and iden+fy subperiosteal plane, dissec+ng appropriately” were excluded as this 

was not visible on the video. The LMAS was calculated out of a score of 60 and the OSATS 

out of a score of 35. 

 

Reliability assessment 
 

The overall ICC for the LMAS tool was 0.99 (95% CI 0.97-0.99; p<0.0001) with a correla+on 

coefficient between the two independent blinded surgeons of 0.95. Each individual step of 

the LMAS tool was also analysed and the ICC was calculated for each with a range of 0.84 to 

0.96 (table 3.1).  
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Component of LMAS N ICC 95%CI P value 
Correctly	place	retractor	to	expose	lamina;	spinous	process	 16 0.92 0.79-0.97 <0.0001 
Using	either	drill	and/or	Kerrison	rongeur	perform	laminotomy	to	expose	
ligamentum	flavum		 16 0.91 0.76-0.97 <0.0001 
Appropriate	partial	medial	facetectomy;	preservation	of	pars	 16 0.84 0.62-0.94 <0.0001 
Safe	opening	of	ligamentum	flavum	and	flavectomy	to	expose	dura;	nerve	root	 16 0.84 0.61-0.94 <0.0001 
Lateral	recess	decompression;	rhizolysis	of	nerve	root	 16 0.86 0.62-0.94 <0.0001 
Rhizolysis	of	nerve	root	from	origin	to	foramen	 16 0.89 0.72-0.96 <0.0001 
Careful	retraction	of	nerve	root	medially		 16 0.86 0.65-0.95 <0.0001 
Satisfactory	management	of	epidural	veins	 16 0.89 0.72-0.96 <0.0001 
Annulotomy	with	knife	or	dissector,	retraction	of	nerve	root	to	enter	disc	space	 16 0.89 0.72-0.96 <0.0001 
Retrieval	of	free	fragments	while	retracting	nerve	root	 16 0.96 0.89-0.98 <0.0001 
Decompression	of	nerve	with	free	passage	of	dissector	along	nerve	and	into	
foramen	 16 0.92 0.79-0.97 <0.0001 
Obtain	satisfactory	haemostasis	 16 0.92 0.81-0.97 <0.0001 

Table 3.1: Intraclass correlaDon coefficient for each component of LMAS 

 

The inter-rater agreement for the inexperienced surgeons was 0.90 (95% CI 0.61-0.98, 

p=0.0002), and for experienced surgeons was 0.89 (95% CI 0.57-0.97, p=0.0003). Test-retest 

ICC was calculated for the LMAS. For rater 1, this value was 0.91 (95% CI 0.78-0.98, 

p=0.0006), for rater 2, this value was 0.82 (95% CI 0.61-0.93, p=0.0006), when combined the 

two raters test-retest ICC was 0.92 (95% CI 0.76-0.99, p=0.003). 

 

Validity assessment 
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When the LMAS scores of experienced and inexperienced surgeons was compared there 

were significant differences in median scores (52.5% for the combined LMAS score of 

inexperienced surgeons and 99.2% for the experienced surgeons with p<0.0001) (Figure 3.1 

and table 3.2).  

 
Figure 3.1: Box plot of combined LMAS scores for inexperienced and experienced surgeons 

 

 

 
Inexperienced 
surgeon 

Experienced 
surgeon 

Rater 1 LMAS 51.7% (33.3-60%) 100% (86.7-100%) 
Rater 2 LMAS 53.3% (40-63.3%) 99.1% (90-100%) 
Combined 
LMAS 52.5% (36.7-60.8%) 99.2% (88.3-100%) 
Rater 1 OSATS 48.6% (37.1-68.6%) 94.3% (68.6-100%) 
Rater 2 OSATS 47.1% (37.1-60%) 99.1% (85.7-100%) 
Combined 
OSATS 46.4% (40-60%) 95.7% (82.9-100%) 

Table 3.2: Scores on LMAS and OSATS for inexperienced and experienced surgeons 
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Spearman’s correla+on coefficient was calculated for concurrent validity. A coefficient of 

0.95 (p<0.001) was observed between rater 1 and rater 2, and a coefficient of 0.82 

(p=0.0001) between the combined LMAS and OSATS score for both raters (Figure 3.2 and 

3.3).

 

Figure 3.2: CorrelaDon between the two LMAS raters for each surgeon 
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Figure 3.3: CorrelaDon between the combined OSATS and LMAS scores 

DISCUSSION 
 

We have demonstrated that procedure-specific evalua+on tool we developed for lumbar 

microdiscectomy surgery (LMAS) has excellent inter-rater reliability. We have also shown 

that this tool has construct validity on the basis that there were significant differences in the 

performance scores between novice and experienced surgeons. When compared with the 

gold standard OSATS tool, the LMAS scores correlated strongly indica+ng concurrent validity, 

confirming the LMAS tool can be used to accurately assess performance and most 

importantly, dis+nguish differences between varying skill levels. This procedure-based 

assessment tool could be used by trainees to evaluate their performance of lumbar 

microdiscectomy surgery and iden+fy areas of weakness that could be worked on. We have 

established that the LMAS is reliable. The LMAS tool represents a reputable method of skills 

assessment to assist trainees in iden+fying their weakness and targe+ng their prac+ce 

towards improving these. The tool has u+lity beyond trainees with poten+al to be used for 
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establishing competency benchmarks. These in turn can be used for performance goals or 

creden+aling trainees for independent prac+ce at lumbar microdiscectomy surgery, crea+ng 

and fostering a competency-based training culture. 

 

In our study we have demonstrated a higher reliability for the LMAS than that seen in 

studies of exis+ng ra+ng scales such as GOALS (ICC 0.89 for trained observers)23, OSATS 

(Cronbach’s alpha 0.72)22 and modified OSATS (Cronbach’s alpha 0.76)22. However, the 

reliability for the OSATS tool in our study was similar to that of the LMAS tool. Therefore, we 

believe the reason for our higher reliability is a func+on of the greater difference between 

the experience of the surgeons within the two groups. The inexperienced surgeons had 

performed less than 10 lumbar microdiscectomy surgeries, with novice skill levels, while the 

experienced surgeons had well over 100 lumbar microdiscectomy surgeries in their 

experience.  

 

The LMAS has advantages over a global ra+ng tool such as the OSATS tool as it delivers 

objec+ve feedback on performance of specific steps relevant only to the performance of 

lumbar microdiscectomy. Therefore, this procedure-based assessment tool could be used by 

trainees to evaluate their performance during lumbar microdiscectomy surgery and iden+fy 

specific areas of weakness that could be targeted for improvement. By reviewing the 

detailed feedback provided by the assessment tool, trainees can gain a deeper 

understanding of their strengths and weaknesses, enabling them to tailor their prac+ce 

efforts and focus on developing the necessary skills to achieve op+mal surgical outcomes. 

This tool empowers trainees to take an ac+ve role in their own learning and development 
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and gives trainers a framework with which to provide structured feedback and coaching, 

both of which foster a culture of con+nuous improvement in surgical educa+on. 

 

Global ra+ng scales whilst easy to use and widely applicable are imprecise and therefore do 

not provide the level of feedback oJen required to improve technique for a specific 

procedure25. Procedure-specific ra+ng scales confer a greater ability to differen+ate between 

the performance of surgeons with different experience levels91,92. However, Birkmeyer et al 

demonstrated that a higher score on a global ra+ng scale is associated with fewer 

postopera+ve complica+ons, lower reopera+on rates, and reduced readmission rates24. 

These findings suggest that a surgeon's technical skill and clinical judgment, as assessed by 

global ra+ng scales, can significantly impact pa+ent outcomes. Global ra+ng scales allow 

overall surgical skill evalua+on and so may have a role in overall cer+fica+on at a board or 

fellowship level8. While procedure-specific ra+ng scales, which focus on detailed 

assessments of surgical technique and performance, may be par+cularly well-suited for 

trainee creden+aling and sign-off for independent prac+ce in a specific opera+on, they may 

not capture the broader aspects of surgical competence8. These scales, while valuable for 

evalua+ng technical skills, may not adequately assess other important quali+es, such as 

clinical judgment, communica+on skills, and problem-solving abili+es78. 

To provide a comprehensive assessment of a surgeon's overall competence, it may be 

necessary to combine procedure-specific ra+ng scales with more global assessments, such 

as those based on pa+ent outcomes and pa+ent sa+sfac+on. By incorpora+ng a variety of 

assessment methods, we can obtain a more holis+c view of a surgeon's capabili+es and 

iden+fy areas for improvement and facilitate a comprehensive assessment 8. 
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All twelve of the components of the LMAS had an inter-rater reliability greater than 0.8 

which is considered good or excellent93. This is testament to the consensus-based approach 

of the Delphi methodology and hierarchical task analysis that was performed to develop the 

ra+ng scale. We believe the descrip+on of steps and sub-steps allows for ease of 

interpreta+on and our results support this. The calibra+on session held for the two raters 

also ensured clarity on what cons+tuted each of the scores on the Likert scale from 1 to 5. 

This supervised joint calibra+on session ensured there was reliability when the blinded 

raters then rated the individual videos. By calibra+ng their ra+ngs on a shared set of videos, 

the raters were able to establish a common understanding of the performance criteria and 

the nuances of the ra+ng scale. This process helped to minimise variability in the ra+ngs and 

enhance the overall reliability of the assessment. These “train the trainer” type sessions are 

important to the implementa+on of a procedure-based ra+ng scale such as the LMAS.  

 

There are some important limita+ons of this study. The use of video to assess performance 

retrospec+vely meant that the “Pa+ent posi+oning and prepara+on” step and “Skin incision 

and iden+fy subperiosteal plane, dissec+ng appropriately” sub-step of the “Exposure” step 

were not assessed. Similarly, the “Closure” step was also not assessed. This may have 

allowed the lower scores of the novice surgeons to increase. On a video it is difficult to know 

how much “guidance” is being provided verbally. While microscope video recordings capture 

only visual aspects of the surgical procedure, they do not fully capture the nuances of verbal 

communica+on, such as real-+me feedback, explana+ons, and instruc+ons. This limita+on 

can poten+ally impact the objec+vity of the assessment, as it may be difficult to determine 
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whether a par+cular surgical step was performed independently or with significant guidance 

from the supervising surgeon. A prospec+ve intra-opera+ve assessment would have helped 

circumvent these problems. However, this would unblind the raters introducing bias. The 

blinded nature of the raters to the surgeons is a significant strength of the study. By ensuring 

that the raters were unaware of the surgeon's level of experience, we were able to obtain 

objec+ve and unbiased evalua+ons of surgical performance through video recording.  There 

may have been instances where the consultant surgeon took over from a novice surgeon, 

and we acknowledge that this may have unblinded the assessment if the raters were able to 

ascertain a difference in glove colour or hand size between the two operators in the 

microscope view. However, this approach helped to mi+gate the poten+al influence of 

factors such as surgeon reputa+on or ins+tu+onal affilia+on, which could otherwise bias the 

ra+ngs. Despite this, both raters were s+ll able to ascertain the difference between novice 

and expert surgeons’ performance based solely on the video data available using the LMAS.  

Requiring raters to watch a video for assessment may present a poten+al limita+on of this 

tool. Even though videos can be watched on increased speeds, the sheer volume of footage 

can pose a significant +me commitment. In our study, some videos, par+cularly those 

recorded by less experienced surgeons, exceeded an hour in length. This highlights the 

importance of efficient video review strategies. Zevin et al in their development of the 

BOSATS scoring system for Laparoscopic Gastric Bypass surgery were able to evaluate a 120-

minute video in 30 to 40 minutes7. Time has also been raised as a limita+on by others who 

have developed procedure-based assessment tools26. We interpret this as a valuable 

opportunity for trainees and surgeon educators to engage in construc+ve performance 

analysis. By u+lising the LMAS, educators and trainees can objec+vely review video 

recordings of surgical procedures and iden+fy specific areas for improvement away from the 
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immediate intraopera+ve pressures. This collabora+ve approach fosters a culture of 

con+nuous learning and enables trainees to develop the necessary skills to become 

proficient surgeons. The LMAS represents an invaluable learning opportunity and tool to 

allow objec+ve assessment of performance, with the goal of improved surgeon training and 

ul+mately pa+ent care and outcomes22. 

 

There were seven expert surgeons and five novice surgeons that made the 16 videos 

available for analysis. Recruitment was challenging because of the very small pool of novice 

surgeons with the ability to perform lumbar microdiscectomy with supervision who had 

completed fewer than 10 procedures.  This may have allowed some bias with the video 

recordings with poten+ally similar errors being noted by the raters for the novice surgeons 

that recorded two videos for inclusion in the study. The impact of this is minimal, as the 

LMAS scores for the performance of the novice surgeons remained consistent. 

 

This study was conducted primarily at one ins+tu+on, with two novice videos obtained from 

an external ins+tu+on, challenging the generalisability of the study results. However, the 

LMAS was developed using the Delphi methodology with surgeons from Australia, New 

Zealand and the United States contribu+ng to its design. This mul+na+onal input was 

inten+onally included in the design process so the tool could be widely applicable. Our 

results support wider generalisability with two raters finding consistency in the ra+ngs of 

novice and expert surgeons, but also a higher level of consistency with the LMAS compared 

to the OSATS for the same surgeons. For this reason, the LMAS has poten+al to be u+lised in 
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surgical training and assessment widely. Further reliability and validity tes+ng of the LMAS 

should be completed other ins+tu+ons, in addi+on to correla+on assessments. 

 
 

 
 

 

 

 

 

 

 

 

 

CONCLUSION 
 

We have demonstrated that a tool developed with expert input from around the world on a 

specific procedure, the lumbar microdiscectomy, can reliably evaluate performance of the 

opera+on in a reproducible manner. The ra+ng scale was able to differen+ate novice and 

expert surgeons. Therefore, this procedure-specific assessment tool has the poten+al to 

provide spinal surgical trainees with valuable feedback on their performance of the various 

steps and sub-steps involved in lumbar microdiscectomy surgery. By using the LMAS to 

evaluate their surgical videos, trainees can iden+fy areas of strength and weakness and 

target their prac+ce efforts accordingly. 

 

Furthermore, this tool can be used by novice trainees who are eager to learn lumbar 

microdiscectomy. By reviewing the detailed performance criteria outlined in the LMAS, 
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novice trainees can gain a clear understanding of the specific skills and knowledge required 

to achieve competency in lumbar microdiscectomy surgery. This can help to guide their 

learning and provide a benchmark for assessing their progress. Specific feedback on their 

performance of the steps and sub-steps allows them to focus their a:en+on, reading and 

prac+ce on be:ering those specific areas of weakness on assessment. A trainee’s individual 

progress can therefore be tracked by using the LMAS at varying +mepoints during their 

training. The LMAS can also be used as a final competency-based assessment to creden+al a 

trainee surgeon as experienced and independent in the opera+on. The LMAS could be 

u+lised in the RACS Neurosurgery Surgical Educa+on and Training program to ensure that 

trainees understand the steps and sub-steps involved in lumbar microdiscectomy within this 

new competency-based program. By promo+ng a culture of con+nuous learning and self-

assessment, the LMAS can empower trainees to develop the necessary skills and knowledge 

to become proficient and confident spine surgeons. 
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CHAPTER 4: DISCUSSION AND CONCLUSIONS 
 

In the previous chapter we validated the Lumbar Microdiscectomy Assessment Scale and 
demonstrated its reliability. In this chapter we discuss our findings and the implica2ons of 
this thesis on competency-based educa2on within spinal surgery.  

 

INTRODUCTION 
 

Spine surgery is an ever-evolving field of medicine which has impacts on up to 80-90% of the 

world35. Lumbar microdiscectomy is the most commonly performed spinal surgery 

worldwide35,94. The opera+on has been taught in the tradi+onal “do one, see one, teach 

one” appren+ceship model of surgical training31. Tradi+onally, surgical training has relied 

heavily on unstructured, subjec+ve methods of teaching, such as appren+ceship models. 

While these methods have historically been effec+ve in transmiing surgical skills and 

knowledge from experienced surgeons to trainees, they lack the rigor and objec+vity 

required for modern surgical educa+on. 

 

The aims of this study were to review the competency-based educa+on tools available in 

spine surgery and iden+fy if any procedure-based assessment tools existed. Iden+fying that 

there were no such tools, I aimed to develop one for lumbar microdiscectomy, which is the 

most commonly performed spinal procedure worldwide. A hierarchical task analysis and 

Delphi analysis were to be u+lised to achieve this. Finally, once the tool was developed it a 

valida+on study was conducted.  

 



Objec&ve assessment of performance in lumbar microdiscectomy 
 

 96 

In Chapter 1, I systema+cally reviewed the literature on educa+onal tools and models that 

are u+lised in spinal surgery training. These include saw bone models, 3D printed models, 

custom designed simula+on models, cadaveric simula+on models and virtual reality 

simula+on models. Despite the complexity of some of these models, none of the currently 

available assessment and learning tools within spinal surgery are procedure based. 

Procedure-specific assessment tools offer a more detailed and unbiased way to evaluate 

surgical performance. By breaking down a surgical procedure into the cons+tuent steps, 

these tools allow for a thorough assessment of each part of the opera+on. This specific 

feedback helps trainees pinpoint areas where they need improvement and focus their 

prac+ce efforts. 

 

Having iden+fied that there are no procedure-based assessment tools currently available for 

use in training spinal surgeons, in Chapter 2 I developed the Lumbar Microdiscectomy 

Assessment Scale (LMAS) using a hierarchical task analysis and Delphi methodology. While 

procedure-specific assessment tools have been developed for other surgical special+es5,7,26, 

the LMAS represents one of the first such tools specifically designed for spinal surgery. This 

innova+ve tool could provide a standardised framework for evalua+ng the performance of 

trainees in lumbar microdiscectomy, addressing a significant gap in surgical educa+on and 

assessment. However, in order to confirm this, I needed to validate and assess the reliability 

of this tool using novice and experienced surgeons performing the opera+on. 

 

In Chapter 3, I validated this tool using it to assess eight novice surgical videos and eight 

expert surgical videos in an independent blinded fashion. In doing so, we demonstrated that 
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the LMAS can be used in a validated fashion to assess trainee surgeons performing lumbar 

microdiscectomy surgery and iden+fy strengths and weaknesses in their opera+ve 

technique. This granular level of feedback can provide trainee surgeons with specific areas to 

prac+ce and improve their performance. By iden+fying their weaknesses, trainees can target 

their prac+ce efforts and focus on developing the necessary skills to achieve competency in 

lumbar microdiscectomy. This targeted approach to training can significantly accelerate skill 

acquisi+on and improve overall surgical performance. Furthermore, by seing clear 

performance benchmarks and providing regular feedback, procedure-specific assessment 

tools can mo+vate trainees to strive for excellence and achieve a high level of surgical 

proficiency. This can ul+mately lead to improved pa+ent outcomes and enhanced pa+ent 

sa+sfac+on. 

 

IMPLICATIONS OF THIS RESEARCH FOR COMPETENCY-BASED MEDICAL 
EDUCATION 
 

Several factors have contributed to the need for competency-based frameworks in surgical 

training. One significant factor is the reduc+on in training +me for surgical trainees. As 

healthcare systems evolve and pa+ent needs change, there is increasing pressure to shorten 

training programs while maintaining high standards of surgical competence. Competency-

based training offers a solu+on to this challenge by focusing on the acquisi+on of specific 

skills and knowledge. By seing clear learning objec+ves and performance standards, 

competency-based training allows trainees to progress through the training program at their 

own pace, op+mising their learning experience and maximising their poten+al. Work hour 

regula+ons, introduced first in the 1980s for pa+ent and doctor safety now limit shiJs to no 
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longer than 16 hours in Australia and New Zealand, with total hours limited to 72 hours in 

New Zealand since 198595. While this has not significantly affected surgical volumes in 

training, it does mean that trainees have less +me available in order to achieve the volume 

of cases they previously did. This is where competency-based training allowing trainees to 

achieve competency in a par+cular opera+on at their own +me is a more suitable approach.  

 

A longitudinal +me-based approach to training has inherent limita+ons, primarily that it may 

not adequately account for individual differences in learning pace and skill acquisi+on89. 

Therefore, in recent years, there has been a shiJ towards competency-based training, which 

focuses on the acquisi+on of specific skills and knowledge. This approach emphasises the 

development of core competencies, such as technical skills, clinical judgment, and 

communica+on skills, rather than simply comple+ng a predetermined number of years of 

training89,96. By seing clear learning objec+ves and performance standards, competency-

based training allows trainees to progress through the curriculum at their own pace, 

op+mising their learning experience and ensuring that they are adequately prepared for 

independent prac+ce8. 

 

Competency-based training establishes clear, predefined standards, both technical and non-

technical, that trainees must meet by the end of their training program and is a bridge 

between the didac+c methods of the past and the current climate of medicine15,30. The core 

principles of competency-based medical educa+on (CBME) are97:  

• Establishing a competency framework 
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• Emphasis on assessment and feedback 

• Individualised learning pathways 

• Lifelong learning and con+nuing professional development 

As previously discussed, surgical educa+on has already established a competency framework 

and there is an emphasis on assessment and feedback. This is where the LMAS is best 

posi+oned within the principles of CBME. The LMAS is a tool that allows a consistent, valid 

and reliable assessment of the performance of lumbar microdiscectomy surgery. It iden+fies 

areas of weakness so that trainees can use Deliberate Prac+ce to improve those specific 

areas. Thereby, individualising their own learning pathway. As discussed earlier, there are 

also opportuni+es with the LMAS to use it beyond trainees and training and as a 

creden+aling tool for specialist spine surgeons to ensure there is a set reproducible standard 

at which the lumbar microdiscectomy is performed. In this way, it has a place within a 

lifelong con+nuous medical educa+on framework.  

 

Other such competency based tools are already in existence such as the OSATS19 and 

GOALS23. These tools provide a reliable, feasible and valid assessment of surgical skills. The 

OSATS assesses six universal surgical skills assessed using a Likert scale: 

1. Respect for +ssue 

2. Time and mo+on 

3. Instrument handling 

4. Knowledge of instruments 

5. Use of assistants 

6. Flow of opera+on and Forward planning 
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7. Knowledge of specific procedure 

While these are very important “universal” surgical skills and widely applicable, they do not 

provide a trainee performing a lumbar microdiscectomy with specific feedback on if for 

example, the nerve root was adequately decompressed in the lateral recess. This is where a 

procedure-specific tool such as LMAS is more powerful for providing trainees with specific 

feedback on their performance of a specific opera+on, in this case lumbar microdiscectomy. 

They can iden+fy that they scored poorly in “Safe opening of the ligamentum flavum” and 

tailor their prac+ce and discussion with supervisors around this specific aspect of the 

opera+on. In doing so, they can improve that part of the procedure and progress towards 

achieving competence in performing the opera+on. In our analysis, the LMAS correlated 

strongly with the OSATS as described in Chapter 3, demonstra+ng concurrent validity.   

 

ONTOLOGICAL AND THEORETICAL FOUNDATIONS OF THIS RESEARCH   
 

This research is based on post-posi+vist pragma+sm, which aims for objec+ve assessment in 

surgical learning by balancing measurable results with the impact of contextual factors9. 

While acknowledging that complete objec+vity is impossible, this approach seeks to 

approximate it through prac+cal u+lity, reproducibility, and evidence-based methods. In the 

context of the LMAS, this meant using a structured, procedure-specific framework with 

predefined criteria to minimise judgment variability and ensure consistent feedback. This 

prac+cal focus maintains rigour while acknowledging the complexi+es of surgical training. 
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Post-posi+vist pragma+sm also addresses assessment fairness and reliability. Unlike 

tradi+onal approaches that ignore context, this perspec+ve incorporates contextual 

influences into tool design. For example, the LMAS uses standardised performance criteria 

to reduce subjec+ve interpreta+on across different seings. By combining the pursuit of 

objec+ve assessment with a flexible, outcomes-based framework, post-posi+vist pragma+sm 

argues that reliable, ac+onable, and scien+fically sound evalua+ons are achievable in real-

world surgical training. This theore+cal founda+on is crucial to this thesis' goal of crea+ng a 

robust and context-sensi+ve assessment for lumbar microdiscectomy. 

 

POSTIONING LMAS WITHIN THE CONTEXT OF WORK-BASED ASSESSMENT IN 
SURGERY 
 

The Royal Australasian College of Surgery in its prac+cal guide to Work-based Assessment 

(WBA)98 describes two forms of assessment – summa+ve and forma+ve. Summa+ve 

assessment u+lises a systema+c, standardised evalua+on process, characterised by the 

applica+on of rigorous, evidence-based standards, to ensure the accurate and reliable 

assessment of par+cipant performance and facilitate informed judgments regarding pass/fail 

outcomes98. While forma+ve assessment strategies incorporate a set of rigorous standards 

as an integral component of a comprehensive con+nuing professional development or 

lifelong learning framework to facilitate the iden+fica+on, through self-assessment or 

external evalua+on, of areas where further development or skill enhancement is required98. 

WBA is defined as a “a central and integra+ng concept for the development of an 

assessment system whose purpose is both forma+ve (educa+onal) and summa+ve (high 

stakes)”98. Miller’s work outlines this pyramid of assessment types and trainee performance 
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(figure 4.1)99.

 

Figure 4.1: Work based assessment and Miller's Pyramid99 

 

The three pillars of WBA98 are that it 

1. is a competency-based assessment, which is a requirement to assess trainees within 

a competency-based training curriculum 

2. allows assessment against a set of external measures of performance, obvia+ng self-

assessment which in medicine is known to be inaccurate 

3. is in line with public expecta+on of con+nuing professional development and 

medical educa+on  

WBA includes Procedure-Based assessment (PBA), Clinical Evalua+on Exercise (CEX), Case-

Based Discussion (CBD), Direct Observa+on of Procedural Skills (DOPS)100. 
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The main cri+cism of WBA is that it does not oJen achieve the first two goals in a reliable 

fashion101. In a recent systema+c review of WBA, Aryal et al found only 23 studies that 

evaluated WBA in surgery100. The vast majority of the studies assessed PBAs, with only 1 

study on CEX, 2 on CBD and 3 on DOPS. Most of the included papers demonstrated that 

WBAs had good validity, reliability and acceptability. However, in a survey of 235 trainees 

and 239 trainers, (76% and 62% response rate), a number of cri+cisms of WBAs were 

iden+fied102. Over 90% of trainers reported providing feedback to trainees, while only 73% 

felt they received feedback. WBAs were perceived as an assessment of trainee learning, 

rather than an assessment tool for learning.  This undermines the forma+ve component of 

the WBA and instead, the majority of trainees felt it was a summa+ve assessment. There 

were also significant differences in the percep+on of +me spent being assessed as well as 

+me taken to receive feedback102.   

 

The LMAS with its procedure-specific component can be u+lised in both a forma+ve and 

summa+ve fashion. Novice trainees learning lumbar microdiscectomy can iden+fy gaps in 

their current skillset when performing the surgery and use deliberate prac+ce to improve 

upon this. Intermediate and senior trainees can use the LMAS as a summa+ve form of 

assessment to sign off on their competency in this opera+on. While self-assessment may be 

subjec+ve, it does allow trainees an opportunity to assess their own performance. The LMAS 

allows trainees to review their own videos and assess their own performance. Surgical 

assessors should also be able to perform assessment while watching their trainees in real 

+me. There is s+ll a +me-based component to comple+ng the LMAS at the comple+on of an 

opera+ve case, and there is s+ll the requirement for a trainee and supervisor to discuss their 
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score on the LMAS and iden+fy areas of strength and weakness. However, this should not be 

any different to exis+ng WBAs used for this procedure. 

Trainers oJen perceive work-based assessment (WBA) as providing a more significant 

opportunity for learning compared to the perspec+ve of trainees themselves. This disparity 

highlights a poten+al mismatch in percep+ons regarding the delivery and receipt of feedback 

within the WBA framework102. My hope is that with the LMAS and its procedure specific 

nature, the trainees can iden+fy areas in which they are performing the opera+on well as 

well as areas that require further effort. They can then use the LMAS in an ongoing fashion 

un+l such +me that they achieve competency across all the components of the opera+on. 

Despite this, there will s+ll be a considera+on among trainers that the on-the-job context of 

WBA, including the LMAS, facilitates authen+c learning experiences, allowing trainees to 

apply theore+cal knowledge in real-world situa+ons and receive immediate, relevant 

feedback from experienced prac++oners100,103. This can foster deeper understanding and 

skill development. Conversely, trainees may perceive WBA as primarily focused on 

assessment and mee+ng the requirements for cer+fica+on and more of a box-+cking 

exercise, which overshadows any poten+al learning opportunity101. Hopefully with the LMAS 

and the ability to use it along their journey of learning lumbar microdiscectomy surgery, they 

will not experience anxiety related to performance evalua+on that they have previously 

endured with other forms of WBA100-102.  

 

This mismatch in percep+ons between trainers and trainees can have significant implica+ons 

for the successful implementa+on of WBA. It underscores the importance of clear 

communica+on, shared understanding of learning objec+ves, and a strong focus on 
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providing meaningful and ac+onable feedback to trainees throughout the WBA 

process102,103. Another significant concern expressed by trainees, par+cularly those with 

advanced levels of training and experience, was the perceived lack of specificity in the 

assessment criteria, which did not adequately differen+ate performance expecta+ons based 

on individual levels of exper+se. Due to its procedure-specific nature, and the hierarchical 

task analysis breaking down the opera+on into its component steps, the LMAS directly 

addresses this concern. It is specific to the lumbar microdiscectomy procedure, with clear 

descriptors of performance. There was also high correla+on between the two raters of the 

LMAS, which demonstrates that even with minimal training, the LMAS can be used in a 

reproducible fashion. This should obviate another common complaint with PBA, that that 

trainees feel trainers have not had adequate training in using PBA101,102.  

 

In the RACS General Surgery training program DOPS forms include generic feedback such as 

seen on this form (Figure 4.2).

 

Figure 4.2: General Surgery DOPS 
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In the RACS Neurosurgery training program DOPS for Lumbar microdiscectomy the feedback 

is more specific, however, the way in which the components of the opera+on are rated is 

open to interpreta+on (Figure 4.3).

 

Figure 4.3: Lumbar microdiscectomy DOPS SET Program in Neurosurgery 

 

The LMAS provides clear descriptors of performance for all the component steps of the 

opera+on, making it clear for both trainee and supervisor the level of performance achieved 

by the trainee. This should provide trainees with an opportunity to target their areas of 

weakness un+l they achieve competence in the opera+on. 

 

IMPACT ON PATIENT OUTCOMES AND SAFETY 
 

The haun+ng example of Christopher Duntsch s+ll lingers in spine surgery. Pa+ents watching 

his documentary carry great fears regarding spine surgery and its outcomes, and it certainly 

adds to the nega+ve aitude toward the profession that purveys the community. His was 

hopefully a singular example, however there were great concerns and ques+ons raised 

regarding his training, and spine training in general1. More recently the man alleged to have 



Objec&ve assessment of performance in lumbar microdiscectomy 
 

 107 

murdered a health care execu+ve had a poor outcome from spine surgery also104. The 

overarching objec+ve of our spinal surgical trainee educa+on program is to cul+vate a new 

genera+on of highly skilled and compassionate surgeons who are equipped to consistently 

deliver the highest quality of care to spinal pa+ents, ul+mately contribu+ng to improved 

pa+ent outcomes, reduced complica+ons, and enhanced quality of life. The move towards 

competency-based training was aimed at achieving this.  

 

Birkmeyer et al.'s landmark 2013 study provided compelling evidence that increased surgical 

skill significantly impacts pa+ent outcomes24. Their findings revealed a strong correla+on 

between higher levels of surgical exper+se and reduced rates of postopera+ve 

complica+ons, the need for reopera+ons, hospital readmissions, and emergency department 

visits following surgical procedures24. This was reflected in another more recent study of 

colorectal surgery105. Therefore, using a tool such as the LMAS which should improve trainee 

surgical skills during training can translate in to improved surgical outcomes.  

 

This concept has been demonstrated in other special+es. An anaesthe+c review on 

competency-based learning for inser+on of central venous catheters demonstrated 

improved pa+ent outcomes and resultant cost-saving from $63,000 up to $700,000 in one 

study106. In surgery there has been less evidence of this direct benefit. In their systema+c 

review Meling and Meling found that opera+ve +me was reduced with competency-based 

training and on global ra+ng scores, and simula+on training improved scores107. Prolonged 

opera+ng +mes are known to be associated with a number of complica+ons including 

infec+on, thromboembolic phenomena, cardiorespiratory complica+ons and renal 
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impairment108. Accordingly, the reduc+on of opera+ve +me, facilitated through the 

implementa+on of rigorous simula+on training programs and a robust competency-based 

learning framework, can contribute significantly to enhanced pa+ent outcomes and 

improved surgical safety. 

 

Another example of a competency-based educa+on program improving performance of 

surgery and pa+ent outcomes is described in this urological study. In what is the first 

randomised controlled trials on competency-based educa+on, Aydin et al randomised 94 

urology trainees to simula+on-based (SBT) and non-simula+on-based training (NSBT) with a 

primary outcome of iden+fying the number of procedures to achieve proficiency in 

ureteroscopy, the index urology procedure109. The secondary outcome was the number of 

complica+ons in each group. They found that overall proficiency in flexible ureteroscopy, a 

technically more challenging procedure, was achieved by 20 par+cipants in the SBT group 

compared to only 9 in the NSBT group. Furthermore, there were fewer complica+ons in the 

SBT group (15 compared to 37, p=0.003). This RCT furthers the concept that if a 

competency-based program or tool, such as the LMAS, can improve proficiency of a surgical 

skill, this translates in to fewer complica+ons and therefore improved pa+ent safety.  

 

It has been demonstrated that enhancing the surgical skills of trainees can significantly 

impact surgical performance, ul+mately leading to improved pa+ent outcomes and 

enhanced surgical safety. The LMAS, with its demonstrated ability to differen+ate between 

expert and novice surgeons, presents a valuable tool for surgical skill assessment and 

development. Trainees should be encouraged to u+lise the LMAS throughout their surgical 
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training journey. By consistently tracking their LMAS scores and striving to achieve 

performance levels comparable to those of expert surgeons, trainees can ac+vely engage in 

a process of con+nuous skill refinement and improvement. This itera+ve approach, 

facilitated by the LMAS, has the poten+al to significantly enhance the performance of 

lumbar microdiscectomy surgery, thereby minimising complica+ons such as infec+on, nerve 

root injury, and prolonged recovery +mes. Ul+mately, by fostering a culture of con+nuous 

skill improvement and u+lising tools like the LMAS, we can contribute to improved pa+ent 

safety and significantly enhance the overall quality of pa+ent outcomes for this cri+cal spinal 

surgical procedure. 

 

STRENGTHS AND LIMITATIONS 
 

There are a number of strengths in the development of the LMAS and its valida+on. In 

seeking expert opinion for crea+on of a ra+ng tool such as the LMAS, there is poten+al for 

ins+tu+onal bias, one expert to overrule others and poten+al for other biases to be 

introduced. Geographical differences in technique, can result in experts from these areas 

priori+sing certain aspects of the procedure over others which can also lead to bias when 

developing a tool such as the LMAS. This would interfere in its ability to be widely applicable, 

reliable, valid and feasible as a tool to assess competency. To try and avoid this we used the 

Delphi methodology to develop the LMAS87. Using the Delphi method facilitated gathering 

anonymous expert opinions globally through two smooth survey rounds. This approach 

offers the significant benefit of collec+ng insights from interna+onal experts without 

requiring in-person mee+ngs87. Anonymity ensures that all experts contribute equally, 

preven+ng any single dominant voice from unduly influencing the process and minimising 
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bias in the tool's development. Especially when there are ins+tu+onal and even geographical 

preferences in terms of technical approaches to an opera+on, this Delphi methodology 

offsets this, and provided reliability from the outset in our development of the LMAS. 

 

Another important component of the LMAS is the use of video recordings. This was a 

significant strength of the valida+on of the LMAS because no altera+on to standard surgical 

management was required. Videos were recorded on the opera+ng microscope used in all 

cases. While this was a clear strength of the LMAS valida+on, there were other 

considera+ons also. While the opera+ng microscope is used for the majority of the 

opera+on, it is not introduced un+l aJer exposure of the spine and the level has been 

confirmed with x-ray. Therefore, the ini+al steps of “Pa+ent posi+oning and prepara+on” 

and “Skin incision and iden+fy subperiosteal plane, dissec+ng appropriately”, could not be 

assessed in the valida+on study. Similarly, “Closure” was not assessed as it was not on the 

video. If these steps had been included it may have increased the lower scores of the novice 

surgeons. To offset this an intraopera+ve assessment could have been performed by our 

raters, however, this would unblind the surgeons and introduce bias. Similarly, on video it is 

some+mes difficult to assess the degree of “guidance” being u+lised. Video analysis does 

not demonstrate all of the nuances of verbal communica+on, real-+me feedback, 

explana+ons, and instruc+ons. This can impact objec+ve evalua+on, as it can be challenging 

to dis+nguish between a surgical step performed independently versus one completed with 

substan+al guidance from a supervisor. Again, intraopera+ve assessment would have 

allowed for assessment of this but unblinded the assessors reducing objec+vity of 

assessment. This methodology minimises the impact of factors like surgeon reputa+on or 
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ins+tu+onal affilia+on, which could otherwise skew the ra+ngs. Nevertheless, even with this 

mi+ga+on, both raters were s+ll able to differen+ate between novice and expert surgical 

performance using the LMAS based solely on the available video footage. 

 

Finally, the sample size of our study to validate the LMAS was small. This can result in 

ques+ons regarding the generalisability of our results which is a valid concern. Other similar 

studies have used similar sample sizes, and the next steps would be to consider using the 

LMAS in other ins+tu+ons with larger numbers to confirm the generalisability and 

correla+on that we found in our study. 

 

IMPLEMENTATION AND FUTURE DIRECTIONS 
 

The aim of this thesis was to develop a procedure-based assessment tool for lumbar 

microdiscectomy that was valid, reliable and feasible for use in training surgeons who 

perform lumbar microdiscectomy. We have demonstrated that the tool is valid and reliable 

within the context of our study In achieving both goals, our next goals are that the LMAS can 

be introduced into spinal surgical training programs to improve trainee performance of 

lumbar microdiscectomy and thereby improvement of pa+ent outcomes. Ul+mately, 

ensuring there are no repeats of what happened with the pa+ents of Dr Christopher 

Duntsch.  

 

The first step for achieving this is to u+lise the LMAS in other ins+tu+ons and ensure 

reliability and generalisability of our tool beyond our study. With mul+-ins+tu+onal 
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confirma+on of its use, this will also introduce the LMAS to more supervisors and trainees. 

This is important for the next phase of implementa+on which is introduc+on into the 

training curriculum for both the Neurosurgery and Orthopaedic surgery training programs. If 

this can be achieved, the approach used in this thesis can be applied to other spinal surgical 

procedures to replicate the LMAS for these, ul+mately developing a surgical curriculum with 

procedure-specific assessment tools across all procedures.  

 

Once further mul+-ins+tu+onal valida+on has occurred, the LMAS could be used to 

demonstrate that it improves performance of lumbar microdiscectomy surgery. Trainees 

could use it throughout their training and informa+on such as the learning curve of lumbar 

microdiscectomy surgery can also be clarified. Furthermore, the LMAS playorm can be 

effec+vely leveraged for summa+ve assessment and creden+aling purposes. By analysing 

the performance of expert surgeons using the LMAS tool, robust performance benchmarks 

can be established. These benchmarks serve as aspira+onal goals for trainees, providing a 

clear and objec+ve standard for achieving surgical competence and proficiency in this 

opera+on.  

 

Upon consistently demonstra+ng performance levels that meet or exceed these established 

benchmarks, trainees can be deemed competent in lumbar microdiscectomy surgery and 

granted the necessary creden+als for independent prac+ce. This data-driven approach 

fosters a culture of con+nuous improvement, ensuring that gradua+ng surgeons possess the 

necessary skills and exper+se to deliver safe and effec+ve pa+ent care. 
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One method of ensuring ease of access and enhancing the prac+cal u+lity of the LMAS 

would be through the development of a user-friendly, cloud-based playorm. This playorm 

would feature individualised trainee accounts, providing secure and convenient access to 

performance data. During surgical procedures, assessors could effortlessly u+lise a mobile 

device to score trainee performance using the LARS tool. This real-+me data would then 

seamlessly uploaded to the trainee's account, crea+ng a dynamic and readily accessible 

record of their surgical progress. With further refinement of the technology areas of 

weakness in performance could be iden+fied and targeted interven+ons could be 

recommended for improvement. This may include enrolment in specialised skills labs, access 

to simula+on-based training modules, or mentorship from experienced surgeons to address 

specific areas of weakness. 

 

CONCLUSION 

In developing the LMAS and demonstra+ng its validity I have adhered to the core principles 

of competency-based medical educa+on. Using a competency framework the hierarchical 

task analysis and Delphi methodology outlined the steps of the opera+on that if performed 

at an “excellent” level on a Likert scale result in achieving competence at performing the 

surgery. In valida+ng the tool, I have demonstrated that it can be used in a reliable fashion 

by trainees and the LMAS has a strong correla+on with the OSATS when assessing trainee 

performance. In doing this the focus of the LMAS has been on assessment of performance 

and allowing supervisor feedback to improve this performance. The LMAS allows 

individualised learning and provides trainees with specific areas for improvement and 
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deliberate prac+ce to achieve this. Beyond these ini+al phases of development and 

valida+on, there are broader goals for the LMAS. 

 

If it can be validated more broadly in other ins+tu+ons and implemented by trainees in 

these ins+tu+ons to improve performance, I believe that there can be paradigm shiJ within 

spinal surgical educa+on star+ng with lumbar microdiscectomy the index procedure in this 

specialty. Some of this future direc+on of this thesis include demonstra+ng the 

improvement of trainee performance using the LMAS. Demonstra+ng benchmarks for 

performance of lumbar microdiscectomy as well as the learning curve of the opera+on are 

also important next steps. In providing more data for this index spinal surgical procedure my 

hope is that there can be more broad reform of how we educate spinal surgical trainees.  By 

integra+ng this innova+ve tool into the exis+ng training framework, we can establish a 

founda+onal step towards a broader, na+onwide transforma+on of surgical educa+on in 

Australia improving pa+ent outcomes along the way. 
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