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Table 1. Studies Assessing Arthroscopic Performance 

Author Study Aim 
Assessment 

Format 
Resident 

Participants Skills Assessed 
Tools or 
Metrics Results 

Findings Relating to 
Assessment Tool(s) 

STUDIES IN SIMULATED SETTING 

An et al6, 2018 To determine the 
effect of simulation 
training on gaze 
fixation strategies 

SDM 16 PGY? Diagnostic 
Knee 
Arthroscopy 

Eye 
movements, 
PT 

Correlation seen 
between PT and gaze 
fixation strategy with 
repeated instruction 

Content, construct and 
criterion validity of 
gaze tracking is 
demonstrated 

Angelo et 
al114, 2015 

To assess construct 
validity of the tool on 
a cadaveric shoulder 
and establish a 
proficiency 
benchmark for 
arthroscopic bankhart 
repair 

Expert 
assessor 
review of 
video footage 

12 PGY 4-5 Arthroscopic 
Bankhart repair 

TSC IRR = 0.92, novice 
surgeons made 50% 
more errors and 
demonstrated increased 
performance variability 
and procedure time 

Construct validity is 
demonstrated in the 
cadaveric model. A 
proficiency benchmark 
can be established as 
the mean performance 
of the expert group 

Angelo et al7, 
2015 

To compare 3 training 
protocols for learning 
to perform and ABR 

Expert 
assessor 
review of 
video footage 

44 PGY 4-5 3-anchor ABR Bankart 
procedure 
metric tool 

A proficiency-based 
progression training 
curriculum and 
protocol coupled with 
the use of a shoulder 
model simulator 
produces a superior 
arthroscopic bankart 
skill set 

Bankart procedure 
metric tool appears 
construct valid in this 
setting 

Alvand et al74, 
2012 

To assess the ability of 
novel visual 
parameters to 
objectively 
discriminate between 
various levels of 
arthroscopic 
experience 

Live 
observation, 
SDM 

15 PGY? Diagnostic 
Knee 
Arthroscopy 

HMA, hand 
position 
checking, 
instrument 
loss, 
triangulation 
time 

Significant difference in 
performance between 
the three groups was 
seen with visual 
parameters, GRS and 
motion analysis 

Visual parameters are 
construct and criterion 
valid in this setting 
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Alvand et al75, 
2013 

Determine if a 
modified GRS can be 
used to assess the 
learning curve during 
simulated arthroscopic 
knee meniscal repair 

Expert 
assessor 
review of 
video footage 
and SDM 

19 PGY2-4 Arthroscopic 
knee meniscal 
repair 

GRS, 
BAKSS, 
HMA 

Moderate correlation 
observed between GRS 
and HMA parameters 

Arthroscopic modified 
GRS can be used for 
modelling skill 
development in knee 
meniscal repair 

Bayona et al76, 
2014 

To assess the validity 
of the IGARS using a 
VR shoulder simulator 

Expert 
assessor 
review of 
video footage 

39 PGY? Diagnostic 
Shoulder 
Arthroscopy 

IGARS IGARS demonstrated 
high internal 
consistency 
(Cronbach’s alpha 
=0.92). IGARS can 
distinguish between 
different levels of 
experience on a VR 
simulator 

IGARS demonstrates 
face, content and 
construct validity. It 
has high internal 
consistency and 
excellent IRR 

Bhattacharyya 
et al8, 2017 

Evaluate the 
effectiveness of 
cognitive task analysis 
for training in 
diagnostic knee 
arthroscopy 

Expert 
assessor 
review of 
video footage 

16 PGY? Diagnostic 
Knee 
Arthroscopy 

ASSET The Cognitive Task 
Analysis showed 
improved technical skill 
compared to the 
control group as 
measured by the 
ASSET 

ASSET is construct 
valid in this setting 

Brusalis et al32, 
2017 

Evaluate a low-fidelity 
simulation model for 
ACL graft preparation 

Live 
observation 

10 PGY 1-4 ACL graft 
preparation 

Error-
focussed 
scoring 

The simulator trained 
group performed 
significantly better than 
controls in overall 
performance, critical 
steps and errors 

Assessment tool was 
construct valid in this 
model 

Camp et al9, 
2016 

Compare the impact 
of cadaveric 
simulation training 
compared to VR 
training in diagnostic 
knee arthroscopy 

Expert 
assessor 
review of 
video footage 

45 PGY 1-5 Diagnostic 
Knee 
Arthroscopy 

PT, ASSET PT and ASSET scores 
improved in both the 
cadaveric and VR 
groups as compared to 
the controls 

ASSET and PT are 
construct and 
concurrent valid in this 
setting 

Cannon et al33, 
2014 

To assess the 
construct validity of a 
VR arthroscopy 
simulator 

SDM PGY 1, 6 
PGY 5 

Diagnostic 
Knee 
Arthroscopy 

PT The mean PT 
correlated with 
experience, and was 
significantly different 

Construct validity is 
demonstrated. 
Educational benefit is 
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between PGY 1 and 
both PGY 5 and expert 
groups. The difference 
between PGY 1 and 5 
was approaching 
significance (0.055). the 
level of completeness 
was NS suggesting all 
groups achieved a level 
of consistency in their 
performance of the 
procedure. Times 
improved across 3 trial 
repetitions in all groups 

seen in repetitious 
practice. 

Cetinkaya et 
al10, 2017 

Evaluate the impact of 
a simulation course on 
psychomotor skill 
performance 

Live 
observation 

70 PGY? Basic 
arthroscopy 
skills 

Psychomotor 
test metrics 

Scores improved 
significantly for time to 
completion and error 
rate for all 
psychomotor tests 
post-course 

Construct validity of 
psychometric testing 
tools for measuring 
basic arthroscopic 
skills is demonstrated 

Chong et al11, 
2016 

Define the early 
learning of 
arthroscopic knot 
tying 

Biomechanic
al testing 

3 PGY 1, 3 
PGY 3 

Arthroscopic 
knot tying 

FPA, PT Scores improved in the 
inexperienced group 
across 3 stages of 
simulator training 

Construct and 
concurrent validity of 
knot tensile strength 
testing demonstrated 

Colaco et al34, 
2017 

To assess the 
construct validity of 
three skill 
deconstructed models 

Live 
observation 

12 PGY 1-
10+, 7 

Basic 
arthroscopy 
skills 

PT, Hand 
position 
checking 

Average PT and hand 
position checking 
frequency correlated 
inversely with 
experience level 

Construct validity of 
simulator and 
educational impact 
demonstrated 

Coughlin et 
al35, 2015 

To assess construct 
validity of the 
simulator model using 
an aggregate assigned 
score for the six 
component tasks 

Live 
observation, 
Expert 
assessor 
review of 
video footage 

12 PGY 2-
3, 16 PGY 
4-5 

Basic 
arthroscopy 
skills 

Aggregate 
arthroscopic 
skills score 

Construct validity 
demonstrated by 
significant 
improvement in scores 
by increasing levels of 
training between all 
groups. The model was 

Construct validity and 
reliability 
demonstrated 
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highly reliable with ICC 
=0.99 for both IRR 
and intra-rater 
reliability 

Dwyer et al36, 
2015 

To validate dry knee 
simulator model for 
assessing performance 
of ACLR 

Live 
observation 

29 PGR 1-5 ACLR ASSET Internal reliability using 
the total ASSET score 
was very high (>0.9). 
Construct validity 
demonstrated in 
significant observed 
score differences by 
level (p<0.05) 

ASSET is reliable and 
construct valid 

Dwyer et al77, 
2016 

To determine if an 
OSATS is valid for 
assessing residents 
performance of sports 
surgery procedures in 
a competency-based 
model 

Expert 
assessor 
review of 
video footage 

27 PGY 1-5 Partial 
menisectomy, 
Whipstitch 
hamstring graft, 
ACL femoral 
tunnel drilling, 
labral suture 
passing, 
insertion of 
rotator cuff 
anchors, 
passing rotator 
cuff sutures, tie 
sliding 
arthroscopic 
knot 

ASSET, 
OSATS TSC 
and GRS 

A significant difference 
by PGY was seen for 
the overall GRS, total 
ASSET score and total 
checklist score, as well 
as for each procedure 
(p<0.001) 

Construct and 
concurrent validity 
demonstrated 

Dwyer et al37, 
2017 

To evaluate the use of 
dry models to assess 
performance of 
arthroscopic rotator 
cuff repair (RCR) and 
labral repair (LR) on a 
dry model 

Live 
observation, 
expert 
assessor 
review of 
video footage 

LR: 39 
PGY 1-5, 
RCR: 35 
PGY 1-5 

Arthroscopic 
RCR and LR 

TSC, ASSET 
non-OSATS 
GRS 

Internal consistency 
and IRR using total 
ASSET score was high 
(>0.9). Construct 
validity of the model 
was demonstrated 

ASSET demonstrated 
internal consistency, 
IRR, construct validity 
and concurrent validity 

Elliot et al78, 
2012 

To develop a scoring 
system to evaluate 
individual proficiency 
at diagnostic knee 
arthroscopy 

Live 
observation 
(remote for 
blinding) 

20 PGY 1-
5) 

Diagnostic 
Knee 
Arthroscopy 

PT, 
Arthroscopic 
Skills 
Assessment 
form 

Statistically significant 
differences in total 
score, procedure time 
and number of missed 
structures between 

The tool is face, 
content and construct 
valid for assessing 
diagnostic knee 
arthroscopy 
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participants grouped by 
experience level 

performance in the 
simulated setting 

Escoto et al38, 
2012 

To evaluate the 
construct validity of a 
force-sensing 
simulator for knee 
arthroscopy skill 
assessment 

SDM 10PGY? 
‘novices’ 

Diagnostic and 
therapeutic 
knee 
arthroscopy 

PT, 
Instrument 
collision 
force 

Performance difference 
between experts and 
novices was seen in 9 
of 14 tasks. The 
difference in force 
applied to the femur is 
statistically significant 
for the two oscillating 
shaving tasks with the 
novices applying more 
force than the experts 
on average 

Force applied to joint 
structures has 
construct validity in 
assessing arthroscopic 
skill level 

Fucentese et 
al39, 2015 

To determine the face 
and construct validity 
of a new VR simulator 
for therapeutic and 
diagnostic knee 
arthroscopy 

SDM 33 PGY? Diagnostic and 
therapeutic 
knee 
arthroscopy 

PT, 
Instrument 
path length 

Face validity and 
educational impact of 
simulator was good. 
Experts performed 
better than novices in 
all domains however 
performance difference 
between the three 
groups individually did 
not reach significance 

SDM not construct 
valid in this model 

Garfjeld 
Roberts et al63, 
2017 

To assess the face and 
construct validity of a 
passive haptic VR 
simulator 

SDM and 
expert 
assessor 
review of 
video footage 

25 PGY?Ω Diagnostic and 
therapeutic 
knee and 
shoulder 
arthroscopy 

PT, path 
length, novel 
SDM: 
scratching 
score, % of 
normal 
meniscus 
removed and 
% of lesion 
removed. 
ASSET GRS 

ASSET GRS score, PT 
and path length 
demonstrated construct 
validity. Good IRR 
with ASSET. Mixed 
construct validity 
evidence for the novel 
metrics 

ASSET and 
established SDM 
metrics showed good 
construct validity 

Gomoll et al40, 
2007 

Test the construct 
validity of a shoulder 
arthroscopy simulator 

SDM 25 PGY2-5 Diagnostic 
shoulder 
arthroscopy 

PT, 
Instrument 
path length, 
collisions 

A significant 
association was 
observed between all 
tested parameters and 
level of surgical 
experience 

SDM are construct 
valid in this model 
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Gomoll et al12, 
2008 

To assess the skill 
retention/improveme
nt 3 years after 
arthroscopic simulator 
training 

SDM 10 PGY? Diagnostic 
shoulder 
arthroscopy 

PT, 
Instrument 
path length, 
Collisions 
and Injuries 

Subjects improved 
significantly across all 4 
parameters at 3 year 
retest 

PT, path length 
demonstrated 
construct validity. 
Collisions and injuries 
did not. 

Howells et 
al41, 2008 

Test the construct 
validity of a motion 
analysis system for 
assessing performance 
of simple arthroscopic 
tasks 

SDM 20 PGY? Diagnostic and 
therapeutic 
knee 
arthroscopy 

HMA Significant performance 
differences seen 
between surgeons and 
non-surgeons 
(p<0.0001) and 
between senior and 
junior surgeons 
(p<0.05) – trend 
towards decreased PT 
and improved economy 
of movement with 
increasing arthroscopic 
experience 

HMA has construct 
validity in this setting 

Insel et al42, 
2009 

To develop and 
validate an objective 
model for assessing 
basic arthroscopic 
proficiency 

Live 
observation 

59 PGY 1-5 Diagnostic 
Knee 
Arthroscopy 

BAKSS Strong correlation 
between GRS scores, 
YIT and number of 
previous arthroscopies 
performed (r=0.88, 
p<0.01). TSC scores 
were moderately 
correlated with YIT 
(r=0.73, p<0.01) and 
number of previous 
arthroscopies (r=0.64, 
p<0.01) 

The BAKSS tool is 
construct valid for 
assessing proficiency 
in diagnostic knee 
arthroscopy 

Jackson et al13, 
2012 

Demonstrate learning 
curve for meniscal 
repair and determine 
impact of task 
repetition on retention 
of this skill 

Live 
observation 
SDM 

19 PGY? Arthroscopic 
meniscal repair 

HMA All subjects 
demonstrated a clear 
learning curve during 
the initial learning 
phase. There was no 
loss of skill seen after a 
6 month break on task 
repetition 

HMA can be used to 
model learning curves 
in arthroscopic 
meniscal repair 

Khanduja et 
al43, 2017 

To test the construct 
validity of the hip 
diagnostics module of 

SDM 10 PGY 1-6 Diagnostic hip 
arthroscopy 

PT, error 
rating 

Increased experience in 
hip arthroscopy was 
reflected by 

Construct validity of 
SDM demonstrated 
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a virtual reality hip 
arthroscopy simulator 

significantly better 
performance on the 
simulator across 2 tasks 

Koehler et 
al80, 2013 

To evaluate the 
content and 
concurrent validity 
and reliability of the 
ASSET for 
performance of 
diagnostic knee 
arthroscopy 

Expert 
assessor 
review of 
video footage 

28 PGY 1-5 Diagnostic knee 
arthroscopy 

ASSET Significant score 
differences between 
novice, intermediate 
and advanced groups 
was seen. Scores were 
strongly correlated 
between raters (r=0.91, 
p<0.01) and for 
sequential procedures 
by each surgeon 
(r=0.79, p<0.01) 

Construct and 
concurrent validity, 
inter-rater reliability 
and test-re-test 
reliability were 
demonstrated for 
diagnostic knee 
arthroscopy in the 
cadaveric model 

Koehler et 
al79, 2013 

To test the validity 
and reliability of the 
ASSET as a pass-fail 
examination of 
arthroscopic skill 

Expert 
assessor 
review of 
video footage 

28 PGY? Diagnostic knee 
arthroscopy 

ASSET Raters agreed on pass-
fail rating for 56/60 
videos (ICC=0.83). 
Logging>80 
arthroscopic cases or 
performing more than 
35 knee arthroscopies 
was predictive of 
passing 

ASSET is valid and 
reliable as a pass-fail 
examination of 
diagnostic arthroscopy 
of the knee in the 
simulation setting 

Martin et al44, 
2011 

Evaluate the 
correlation between 
timed task 
performance in an 
arthroscopic shoulder 
simulator and timed 
task performance in a 
cadaveric shoulder 
arthroscopy model 

Live 
observation, 
SDM 

15 PGY? Diagnostic 
shoulder 
arthroscopy 

PT PT on the simulator 
was strongly correlated 
with PT on the 
cadaveric model 
(r=0.736, p<0.001), 
and experience 
predicted performance 
in both models 
(p=0.016) 

PT is a construct valid 
measure of 
arthroscopic skill in 
VR and cadaveric 
simulation settings 

Martin et al45, 
2012 

To evaluate the 
correlation between 
timed task 
performance on an 
arthroscopic shoulder 
simulator and resident 
experience 

SDM 27 PGY 1 Diagnostic 
shoulder 
arthroscopy 

PT PT correlates with 
experience. For every 
PGY increment, there 
was a 16 second 
improvement in the 
time required to 
complete the simulator 
task (p<0.005) 

PT as measured on the 
simulator is a 
construct valid 
measure of 
arthroscopic skill 
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Martin et al14, 
2015 

To determine if low-
fidelity arthroscopic 
simulation training 
improves basic ankle 
arthroscopy 
performance 

Expert 
assessor 
review of 
video footage 

29 PGY 1-5 Diagnostic 
ankle 
arthroscopy 

ASSET Simulation group 
outperformed the 
control group in total 
ASSET and checklist 
scores (p<0.001) 

ASSET is construct 
valid 

Martin et al110, 
2016 

To evaluate the 
correlation between 
timed task 
performance on a VR 
shoulder arthroscopy 
simulator and 
participation in an 
expert arthroscopy 
course 

SDM 99 PGY 
(mean) 3 

Diagnostic 
shoulder 
arthroscopy 

PT, path 
length 

Significant 
improvements in PT 
and path length 
(camera and probe tip) 
were seen after training 

PT and path length are 
construct valid in this 
VR model 

McCarthy et 
al47, 1999 

To evaluate the 
construct validity of 
the Sheffield Knee 
Arthoscopy Trainer 

SDM 6 PGY? Diagnostic knee 
arthroscopy 

PT, probe 
collisions 

Experienced surgeons 
performed best with 
fewer instrument 
collisions 

PT and error counting 
is construct valid 
measure of 
arthroscopic skill 

McCarthy et 
al48, 2006 

To evaluate the 
Sheffield Knee 
Arthroscopy Training 
System 

SDM 13 PGY? Diagnostic knee 
arthroscopy 

PT, path 
length, 
collisions 

Experienced surgeons 
performed better with 
shorter procedure time, 
probe path length and 
found more pathology. 
After SKATS training, 
novices showed 
improvements across 
all domains 

SDM construct valid 
in this simulator model 

Middleton et 
al81, 2016 

To compare three 
GRS tools for the 
assessment of 
simulated arthroscopic 
skills 

SDM, expert 
assessor 
review of 
video footage 

21 PGY? Knee: 
diagnostic 
arthroscopy, 
basic 
triangulation 
and medial 
menisectomy. 
Shoulder: 
diagnostic 
arthroscopy, 
basic 
triangulation 
task, advanced 

ASSET, 
BAKSSS, 
IGARS 

All GRS demonstrated 
construct validity with 
significant differences 
between each skill level 
and arthroscopic task. 
IRR was high for all. 
Correlation with time 
taken and path length 
was significant for all 

No single GRS tool 
demonstrated 
superiority 
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triangulation 
task 

Nwachukwu 
et al82, 2016 

To test the ability of a 
procedure specific 
checklist to detect 
performance 
improvement over 
time 

Live 
assessment 

21 PGY 3 Diagnostic knee 
arthroscopy, 
diagnostic 
shoulder 
arthroscopy 

Diagnostic 
Shoulder 
Arthroscopy 
Checklist, 
Diagnostic 
Knee 
Arthroscopy 
Checklist 

Mean time to checklist 
(procedure) completion 
improved pre- and 
post- intervention 
(6/52) 

The checklists are 
construct valid to 
measure operative 
efficiency. They do not 
measure quality of 
performance. 

Olson et al83, 
2013 

To test the construct 
validity and reliability 
of a modified 
BAKSSS (GRS only) 
using mixed-level 
assessors 

Live 
assessment 

23 PGY1-5 Diagnostic knee 
arthroscopy 

BAKSSS 
GRS 

The modified BAKSSS 
demonstrated construct 
validity with junior 
residents achieving 
lower scores (mean 20 
vs mean 30 for senior 
residents). 

The BAKSS GRS 
showed construct 
validity and fair inter-
rater reliability 

Pedowitz et 
al49, 2002 

To evaluate the 
construct validity of a 
novel shoulder VR 
simulator 

SDM 22 PGY? Diagnostic 
shoulder 
arthroscopy 

Instrument 
path 
length/ratio, 
error scoring 
(collisions/in
juries) 

Test time and path 
ratio differed 
significantly as a 
function of surgical 
experience 

Limited construct 
validity of SDM 

Pedowitz et 
al84, 2015 

To a) assess a new 
biomechanical 
assessment of 
arthroscopic knots 
and to b) establish 
proficiency 
benchmarks using the 
fundamentals of 
arthroscopy trainer 

Biomechanic
al testing 

44 PGY4-5 Arthroscopic 
knot tying 

FPA Performance was 
inconsistent between 
experience levels, and 
failure rate could not 
predict experience level 

The results suggest 
that FPA of 
arthroscopic knot 
quality is not construct 
valid, or that there 
might be performance 
heterogeneity amongst 
even the most 
experienced 
arthroscopic surgeon 

Phillips et al85, 
2017 

Evaluate the use of a 
TSC, ASSET, PT and 
GRS for assessing 
performance of 
arthroscopic hip labral 
repair in a dry model 

Expert 
assessor 
review of 
video footage 

37 PGY NS Arthroscopic 
hip labral repair 

TSC, 
ASSET, 
novel GRS, 
PT 

Dry models to assess 
the performance of 
arthroscopic labral hip 
repair by residents is 
both reliable and valid 

ASSET demonstrated 
IC, IRR, construct 
validity and concurrent 
validity 
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Pollard et al50, 
2012 

To compare learning 
curves in diagnostic 
hip arthroscopy on a 
low fidelity simulator, 
in lateral and supine 
positions 

SDM 20 PGY (1-
4) 

Diagnostic hip 
arthroscopy 

PT, HMA Both groups 
demonstrated learning 
in all parameters 
(p<0.001). Junior 
participants achieved 
performance parity 
with senior participants 
after 12 attempts 

Construct validity of 
SDM demonstrated 

Price et al86, 
2015 

Evaluate the number 
of arthroscopies 
needed to achieve 
consultant level 
performance 

Expert 
assessor 
review of 
video 
footage, 
SDM 

28 PGY (1-
8) 

Diagnostic knee 
arthroscopy 

BAKSSS 
GRS, HMA, 
PT 

There was significant 
improvement in 
performance with 
increasing experience 
(p<0.05) 

BAKSSS, PT and 
HMA is construct and 
concurrent valid 

Rahm et al51, 
2016 

To assess face and 
construct validity of a 
VR based model for 
shoulder arthroscopy 

SDM 25 PGY? Diagnostic hip 
arthroscopy 

PT, 
Instrument 
path length 

Simulator positively 
rated as educationally 
valuable. Experts were 
significantly faster and 
demonstrated better 
economy of movement 

Construct validity of 
metrics demonstrated 

Rahm et al15, 
2018 

Test a standardized, 
competency based 
training protocol on a 
VR arthroscopy 
simulator 

Expert 
assessor 
review of 
video 
footage, 
SDM 

20 PGY 1-5 Diagnostic knee 
and shoulder 
arthroscopy 

ASSET, PT, 
Instrument 
path length 

The residents 
performance 
significantly improved 
post-training in ASSET 
and SDM parameters. 
Expert ASSET score 
was significantly higher 
than the residents post-
training score, 

ASSET was construct 
valid. SDM showed a 
mixed validity picture; 
for shoulder it was 
construct valid, but 
not for knee 

Rebolledo et 
al16, 2015 

To compare 
performance of 
arthroscopic simulator 
trained and didactic-
trained residents in 
diagnostic knee 
arthroscopy 

Live 
observation 

14PGY 1-2 Diagnostic 
shoulder 
arthroscopy 

PT, IGI Participants trained on 
the simulator 
outperformed the 
didactic trained group 
on the cadaveric model 
test by PT (-35%, 
p=0.02) and IGI (-
35%, p=0.01) 

Educational value of 
simulator 
demonstrated. IGI 
appears to be 
construct and 
concurrent valid but 
not formally evaluated 
here 

Rose et al52, 
2015 

To assess the 
construct validity of 
three skill-

SDM 10 PGY NS Basic 
arthroscopy 
skills 

PT, HMA 2 assessments (Steady 
and Probe and Track a 
Moving Target) 
demonstrated construct 

VR task 
deconstruction could 
be used for assessment 
and development of 
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deconstructed VR 
models 

validity. 1 assessment 
(Steady and Telescope) 
did not 

early arthroscopic 
skills 

SladeShantz et 
al87, 2013 

To determine whether 
a global assessment of 
arthroscopic skills was 
valid for blinded 
assessment of 
cadaveric diagnostic 
arthroscopy 

Expert 
assessor 
review of 
video footage 

13 PGY 1-3 Diagnostic knee 
arthroscopy 

OAAS The agreement between 
global assessment 
scores was strong 
(ICC=0.80). Internal 
consistency was 
excellent (Cronbach’s 
alpha=0.97) and test re-
test reliability was 
strong. The test is 
construct valid and able 
to discriminate between 
various levels of 
training (p<0.0001) 

The OOAS is reliable 
and construct valid in 
this setting 

Srivastava et 
al53, 2004 

To evaluate the 
construct validity of a 
novel shoulder 
simulator 

SDM 21 PGY? Diagnostic 
shoulder 
arthroscopy 

PT, 
collisions/err
ors 

The expert group 
performed the task 
more quickly (p=0.013) 
and more accurately 
(p=0.002) 

Construct validity of 
procedural accuracy 
demonstrated. PT not 
construct valid in this 
model 

Tuijthof et 
al54, 2010 

To evaluate face and 
construct validity of a 
knee arthroscopy 
simulator 

SDM 8 PGY? Diagnostic knee 
arthroscopy, 
diagnostic 
shoulder 
arthroscopy 

PT The experienced 
(consultant) group were 
more time efficient 
than the residents in 
task completion for 
each repetition 
(p<0.05). The 
participants reported 
overall good face 
validity of the simulator 

Face and construct 
validity of the 
simulator is 
demonstrated 

Tashiro et al55, 
2008 

To test the construct 
validity of a knee 
arthroscopy simulator 
with force evaluation 

SDM 24 PGY? Diagnostic and 
therapeutic 
knee 
arthroscopy 

PT, 
instrument 
path length, 
instrument 
forces 

The experienced group 
performed both tasks 
more efficiently and 
competently than the 
less experienced 
groups. Path length was 
shorter, velocity faster 
and forces applied 
lower 

SDM construct valid 
in this model 
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Tofte et al56, 
2017 

To validate a VR 
arthroscopy simulator 

SDM 35 PGY 1-6 Diagnostic knee 
and shoulder 
arthroscopy 

PT, 
instrument 
path length 

Significant correlations 
between experience 
level and performance 
as measured by PT and 
instrument path length 

PT and SDM 
construct valid in this 
model 

Wong et al123, 
2015 

To test the construct 
validity of the 
Arthroscopic Knot 
Trainer 

Expert 
assessor 
review of 
video footage 

21 PGY 1-
3, 11 PGY 
4-5 

Arthroscopic 
knot tying 

PT, number 
of knots tied 
in pre-
specified 
time limit 

The simulator could 
discriminate 
performance by level of 
experience. Positive 
qualitative feedback on 
educational value 

PT construct valid in 
this model 

STUDIES IN LIVE THEATRE SETTING 
Cannon et al17, 
2014 

To assess the transfer 
validity of skills learnt 
on a VR simulator to 
the operating room 

Expert 
assessor 
review of 
video footage 

54 PGY 3 Diagnostic knee 
arthroscopy 

TSC and 
GRS 

The simulator trained 
group performed 
significantly better as 
measured by the TSC 
(p=0.031), including 
probing skills (p=0.016) 
but not visualisation 
skills (p=0.34), 
compared to the 
control group (the TSC 
weighted probing skills 
double the weight of 
visualisation skills). The 
GRS failed to reach 
significance, probably 
because of an extreme 
outlier 

The TSC has a mixed 
validity picture, and 
the weightings of 
probing skills vs 
visualisation skills may 
need adjusting. GRS 
not construct valid in 
this setting 

Dunn et al18, 
2015 

To test the impact of 
a simulation training 
intervention on a) the 
initial skill 
improvement, and b) 
retention of skill 
longitudinally in 
performance of 
diagnostic shoulder 
arthroscopy 

Live 
observation 

17 PGY 1-5 Diagnostic 
shoulder 
arthroscopy 

ASSET No performance 
difference between 
simulator trained and 
untrained at baseline, 
the simulator trained 
group improved as 
compared to baseline in 
mean ASSET 
(p=0.023) and PT 
(P=0.01). The training 
effect was lost by 12 
months follow-up. 

ASSET is construct 
and concurrent valid in 
the live theatre setting 
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Gallagher et 
al88, 2018 

To determine the IRR 
of a TSC 

Expert 
assessor 
review of 
video footage 

44 PGY 4-5 Arthroscopic 
Bankhart 
Repair 

TSC Mean IRR = 0.93 
(range 0.84-0.99) 

High IRR 
demonstrated, tool 
suitable for high stakes 
assessment 

Garfjeld 
Roberts et al31, 
2019 

Investigate transfer 
validity of simulation 
training using elbow-
worn motion sensors 

SDM 30 PGY 2-3 Diagnostic 
Knee 
Arthroscopy 

Elbow 
motion 
analysis, PT 

The intervention group 
outperformed the 
control group in all 
metrics 

Intra-operative elbow 
motion analysis 
metrics are construct 
valid in the live theatre 
setting 

Hodgins et 
al89, 2014 

To describe the 
learning curve for 
diagnostic knee 
arthroscopy 

Live 
observation 

20 PGY 1-5 Diagnostic 
Knee 
Arthroscopy 

BAKSSS, 
GRS, LC-
CUSUM 

Competency as 
assessed by the TSC 
was achieved by 40% 
of trainees after a 
median of 16 
procedures and by the 
GS for 1 trainee 

LC-CUSUM is an 
effective method to 
evaluate procedural 
competence in 
arthroscopic training 
and can provide 
objective feedback and 
benchmarks in the 
learning phase 

Howells et 
al19, 2008 

To evaluate the 
transfer validity of 
arthroscopic skills 
from simulator 
training to the 
operating theatre 

SDM, live 
observation 

20 PGY 1-2 Diagnostic 
Knee 
Arthroscopy 

HMA, 
OSATS GRS 
and PBA 

Simulator trained group 
performed significantly 
better than untrained 
group using PBA and 
OSATS GRS 
demonstrating the 
transfer of skills from 
simulator to live theatre 

HMA has construct 
and criterion validity in 
this setting 

Hoyle et al90, 
2012 

Develop and validate 
a new GRS for 
shoulder arthroscopy 

Expert 
assessor 
review of 
video footage 

10 PGY? Diagnostic 
shoulder 
arthroscopy 

GRSSA Good construct 
validity, mixed 
reliability 

GRSSA is construct 
valid for assessing 
performance in 
diagnostic shoulder 
arthroscopy, and can 
be used remotely from 
the procedure 

Koehler et 
al91, 2015 

To determine the 
validity and reliability 
of using ASSET to 
assess arthroscopic 
skill in the operating 
room 

Expert 
assessor 
review of 
video footage 

8 PGY 3-5 Diagnostic 
shoulder and 
knee 
arthroscopy 

ASSET The senior group 
achieved significantly 
higher mean ASSET 
scores compared to 
junior group for both 
procedures. ICC for 
total scores was good 
(knee = 0.81, shoulder 

ASSET is feasible, 
reliable and construct 
valid for assessing 
diagnostic arthroscopy 
in live theatre 
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= 0.84). Raters 
concurred on pass-
failure evaluation in 
89% of procedures 

Talbot et al92, 
2015 

To assess the 
reliability and validity 
of the shoulder OPAT 
when performing 
diagnostic shoulder 
arthroscopy 

Live 
observation 
and expert 
assessor 
review of 
video footage 
(for IRR 
assessment) 

6 PGY 3-10 Diagnostic 
shoulder 
arthroscopy 

Shoulder 
OPAT 

Internal consistency = 
0.77, IRR=0.6, 
IRR=0.82. Face, 
content, construct and 
concurrent validities 
were demonstrated. 

Shoulder OPAT fulfils 
several aspects of 
reliability and validity 
and is perceived as 
superior to PBA 

Waterman et 
al20, 2016 

To assess the training 
impact of a shoulder 
arthroscopy simulator 
model 

SDM, Expert 
assessor 
review of 
video footage 

22 PGY? Diagnostic 
shoulder 
arthroscopy 

ASSET, PT 
instrument 
path length 

The simulator trained 
group showed 
improvement in 
ASSET score in the live 
theatre environment. 
There was no 
significant 
improvement in PT 
seen in the live 
environment 

ASSET is construct 
valid in this setting. 

*TSC part-validated in live theatre environment, study took place in simulation lab. ∝Validation involved multiple surgical specialities including (T&O), specialty specific data was not provided. 
Abbreviations; ACLR = Anterior Cruciate Ligament Reconstruction, TSC = Task Specific Checklist, ASSET = Arthroscopic Surgical Skill Evaluation Tool, PT = Procedure Time, FPA = Final 
Product Analysis, SDM = Simulator Derived Metrics, IGARS = Imperial Global Arthroscopy Rating Scale, GRS = Global Rating Scale, BAKSSS = Basic Arthroscopic Knee Skills Scoring System, 
GRSSA = Global Rating Scale for Shoulder Arthroscopy, HMA = Hand Motion Analysis, VR = Virtual Reality, PGY = Postgraduate Year, NS = Not Specified, RCR = Rotator cuff repair, LR 
=Labral repair, OPAT = Objective practical assessment tool, OAAS = Objective Assessment of Arthroscopic Skills, LC-CUSUM = Cumulative Summation Test for Learning Curve, IGI = Injury 
Grading Index, NOF = Neck of Femur, TAD = Tip Apex Distance, COR = Cut Out Rate. 
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Table 2. Studies Assessing Open Surgical Performance 

Author Study Aim 
Assessment 

Format 
Resident 

Participants Skills Assessed 
Tools or 
Metrics Results 

Findings Relating 
to Assessment 

Tool(s) 
STUDIES IN SIMULATED SETTING 

Akhtar et 
al58, 2015 

To assess the 
construct validity of 
a VR trauma 
simulator for 
performing DHS 
fixation of 
trochanteric fracture 

SDM 10 PGY1-4, 10 
PGY5-12 

DHS fixation of 
trochanteric fracture 

FPA, 
fluoroscopy 
time 

Statistically significant 
differences seen across 5 
of 6 performance indices 
(excluding total procedure 
time) which correlated 
with frequency of 
exposure of operating 

Construct validity 
of FPA 
demonstrated in 
the simulated 
model 

Anderson et 
al93, 2016 

To determine if 
OSATS predicts 
surgical quality of 
the procedure 

Live 
observation, 
Biomechanic
al testing, 
FPA 

21 PGY 1-2 
(A) + 30 PGY 
2-5 (B) 

A) Tibial Plafond 
Fracture Reduction 
B) Distal radius 
ORIF 

OSATS, FPA OSATS did not correlate 
with the articular 
reduction quality (A) or 
the integrity of the 
mechanical fixation (B) 

OSATS do not 
effectively assess 
the quality of the 
surgical result 

Aoude et 
al59, 2016 

To assess the utility 
of computer-assisted 
surgery in pedicle 
screw placement 

Expert 
assessor 
review of CT 
images 

24 PGY 1-4 Pedicle screw 
placement 

FPA Experience level did not 
predict screw placement 
accuracy 

FPA not 
construct valid in 
this setting 

Backstein et 
al94, 2004 

To compare the 
effect of three types 
of feedback on 
resident post-test 
performance; control 
group (no feedback), 
video and self-review 
and expert feedback 

Expert 
assessor 
review of 
video footage 

29 PGY 1-5 Plating of long bone 
fracture, TBW 
olecranon, Z-plasty 

Video 
assessment 
with feedback 

GRS scores across the 3 
groups and tasks were not 
significantly different 

Video feedback 
assessment failed 
to demonstrate 
an improvement 
in technical skills 

Bergeson et 
al95, 2008 

To evaluate the early 
learning curve of 
pedicle screw 
placement 

Live 
observation 

3 (PGY1 and 
3) 

Thoracic pedicle 
screw placement 

FPA Acceptable placement 
accuracy levels were 
achieved by the fourth 
attempt 

Construct validity 
and educational 
impact of FPA is 
demonstrated 

Bernard et 
al96, 2016 

Compare the 
reliability and validity 
of OSATS checklist, 
GRS score and 
subjective pass/fail 
to assess resident 

Live 
observation 

23 PGY 1-5 Open surgical 
approaches to the 
shoulder 
(deltopectoral, lateral 
deltoid-splitting and 
posterior) 

OSATS 
checklist, 
GRS, pass-fail 
assessment 

Concurrent validity shown 
between OSATS and 
GRS for the 3 shoulder 
approaches. OSATS has 
superior reliability 
compared with GRS and 
pass/fail 

OSATS checklists 
are a valid and 
reliable 
assessment of 
technical skills 
across 3 open 
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operative skill in 
shoulder surgery 

surgical shoulder 
approaches 

Blyth et al60, 
2008 

To test the construct 
validity of a 
computer-based VR 
simulator 

SDM 6 PGY1-2, 
6PGY3-5 

DHS PT, 
Composite 
score derived 
from 
simulator 
metrics 

Accuracy, number of x-
rays and speed were 
significantly different 
between experience levels, 
critical error rate was 
inversely associated with 
experience level. PT was 
not predictive of 
experience 

x-ray use, speed 
and critical error 
rate demonstrate 
construct validity. 
PT did not in this 
model 

Burns et 
al97, 2017 

To evaluate the 
educational value of 
low fidelity ORIF 
simulation and 
objective measures 
of performance 
using biomechanical 
means 

Biomechanic
al testing 

16 PGY 1 Ulnar ORIF FPA Pre-to post-simulation 
operative success rates 
were significantly 
improved (p<0.001) and 
were maintained at 3/12 
follow-up 

Biomechanical 
construct failure 
testing is a valid 
method of 
measuring 
operative success 
in the simulated 
setting 

Butler et 
al*21, 2017 

Evaluate a training 
course for interns on 
closed reduction and 
pinning of paediatric 
supracondylar 
fractures 

Live 
observation 
and written 
examination 

19 PGY 1-5 Closed reduction and 
pinning of paediatric 
supracondylar 
fractures 

TSC and 
written exam 

Post-training there was no 
difference in MCQ scores 
and TSC score comparing 
interns and senior 
residents (significant 
difference prior) 

Written 
examination and 
TSC construct 
valid in this 
model 

Christian et 
al61, 2018 

Assess whether VR 
simulation platform 
can distinguish 
between novice and 
experienced 
surgeons when 
performing 
percutaneous hip 
pinning 

SDM 17 PGY2-5 Percutaneous 
fixation of valgus 
impacted fractured 
NOF 

FPA, PT, 
fluoroscopy 
time 

Significant association 
between performance and 
experience in 10/15 
outcome measures. 

FPA and PT 
construct valid in 
this model. 
Fluoroscopy time 
not construct 
valid. 

Froelich et 
al62, 2011 

Evaluate the 
construct validity of 
a haptic VR surgical 
simulator for 
assessing 
performance in 
centre-centre 

SDM 15 PGY1-5 Guidewire insertion 
for DHS 

FPA, PT, 
fluoroscopy 
time 

No difference seen 
between groups for 
procedure time or TAD. 
Significant difference 
observed in final wire 
position on lateral view 
(p=0.01), wire passes 

Mixed picture of 
construct validity 
although some 
measures show 
discriminatory 
ability. Potential 



Copyright © 2020 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. 

JAMES ET AL. 
ANALYSIS OF TOOLS USED IN ASSESSING TECHNICAL SKILLS AND OPERATIVE COMPETENCE IN TRAUMA AND ORTHOPAEDIC SURGICAL TRAINING. A SYSTEMATIC REVIEW 

http://dx.doi.org/10.2106/JBJS.RVW.19.00167 
Page 17 

 
guidewire insertion 
during 
intertrochanteric 
proximal femoral 
fracture fixation 

(p=0.03) and fluoroscopy 
time (p=0.05) 

for educational 
impact 

Giurin et 
al64, 2018 

To evaluate a low 
fidelity simulator for 
nail bed repair 

Live 
observation 

12 PGY? Nail-bed repair PT PT was significantly faster 
for the experienced group 
(p=0.01) 

PT is construct 
valid in this 
model 

Gottschalk 
et al22, 2015 

To analyse the 
training effect of 3D 
simulation on lateral 
mass screw 
placement 

Expert 
assessor 
review of 
images 

15 PGY 1-6 Lateral mass screw 
placement 

FPA Subjects in the 3D 
training groups showed 
significantly improved 
drilling trajectories as 
compared to the controls 
(p<0.0001) 

FPA as measured 
by aggregate 
mean difference 
from ideal has 
construct validity 
in this model 

Hohn et 
al65, 2014 

To evaluate a novel 
set of low fidelity 
bone training models 

Live 
observation 

15 PGY 1-5 Basic orthopaedic 
surgical skills 

FPA The model was feasible. 
No significant difference 
in performance between 
experience levels was seen 

FPA was not 
construct valid in 
this low fidelity 
model 

LeBlanc et 
al124, 2013 

To compare task 
performance on a 
novel fracture 
simulator model 
compared to a 
bench-top model 

Live 
observation 

22 PGY 1-5 Surgical fixation of 
ulnar fracture 

OSATS, PT Both simulators 
distinguished between 
different experience 
levels, participants 
performed significantly 
better on the virtual 
simulator compared to 
bench model in all 
measures except PT 
(<0.05) 

Construct validity 
for OSATS 
demonstrated, 
not for PT in this 
model 

Leong et 
al66, 2008 

To evaluate the 
validity of three low 
cost models of 
fracture fixation in 
the assessment of 
technical skills 

HMA, Live 
observation 

15 PGY? DCP application, IM 
nail insertion, wrist 
ex-fix application 

HMA, OSATS 
GRS 

OSATS scored differed 
significantly between the 3 
groups and 3 procedures 
with high IRR 
(Cronbach’s alpha = 
0.88). Motion analysis 
distinguished between the 
three groups on the DCP 
model but a ceiling effect 
was observed in the IM 
nail and ex-fix procedures 

The DCP 
cadaveric porcine 
model has face, 
content and 
construct validity. 
The IM nail and 
Ex fix models are 
less sensitive and 
further work is 
needed 
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Lopez et 
al67, 2015 

To assess the 
construct validity of 
a cost effective 
psychomotor 
assessment tool; the 
Fundamentals of 
Orthopaedic Surgery 
(FORS) 

Live 
observation 

58 PGY? Basic psychomotor 
surgical tasks 

FORS Stratification by 
experience level was seen 
in all 6 tasks 

Construct validity 
demonstrated. 
Educational 
benefit seen in 
repetitious 
practice 

MacEwan 
et al98, 2016 

To compare the O-
SCORE to the 
OSATS in assessing 
performance of a 
simulated radius 
ORIF 

Expert 
assessor 
review of 
video footage 

19 PGY 1-5 ORIF midshaft 
radius 

O-SCORE, 
OSATS 
checklist, GRS 

O-SCORE demonstrates 
accurate and reproducible 
results compared to 
current gold standard 
tools (OSATS/GRS) 
when used in a 
randomised blinded 
fashion 

Construct, 
concurrent 
validity and 
reliability of O-
SCORE 
demonstrated 

Mayne et 
al68, 2016 

To evaluate a distal 
radius fracture 
simulator 

Expert 
assessor 
review of 
video footage 

20 PGY 1-5 Distal radius ORIF OSATS, FPA Significant performance 
differences between junior 
and senior residents was 
seen with OSATS 
(p<0.001). No difference 
in FPA was seen. IRR was 
high for all measures 

OSATS is 
construct valid. 
FPA is not in this 
model. 

Nousiainen 
et al24, 2012 

To compare 
performance change 
in naïve participants 
undergoing training 
in cannulated hip 
pinning on a 
simulator, using 
either computer 
assisted or 
conventional 
fluoroscopic 
techniques 

SDM 52 
PGY1/Medical 
Students 

Cannulated hip 
pinning for fractured 
neck of femur 

FPA, Image 
intensifier use 

All participants improved 
in hardware placement 
accuracy after the training 
(p<0.001) and the skill 
level was retained at post-
testing, retention testing at 
4/52 and transfer testing 
onto the opposite study 
arm. No significant 
change in guidewire 
parallelism was seen. 
Radiation time and dose 
varied by intervention but 
not reported by 
experience level 

FPA and image 
intensifier use 
were construct 
valid in this 
setting 

Pedersen et 
al99, 2014 

To develop and 
validate a tool to 
asses hip fracture 

SDM 10 PGY1 3 internal fixation 
procedures for 

Hip fracture 
performance 
score 

The combined score 
could discriminate 
between experience level. 

Construct validity 
and reliability of 
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fixation performance 
and set pass/fail 
benchmark 

undisplaced femoral 
neck fracture 

Inter-case reliability was 
083. Non of the individual 
SDM demonstrated 
discriminatory abilities 

the score 
demonstrated 

Putnam et 
al100, 2015 

Assess whether 
standardised OITE, 
OSATS and 
simulation based 
computer-animated 
testing can predict 
biomechanical 
construct 
performance 
following volar 
plating of distal 
radial fractures in 
cadaver 

Live 
observation, 
SDM and 
biomechanica
l testing 

15 PGY 3-4 Volar plating of 
distal radius fracture 

Fracture 
specific 
knowledge 
test, OITE, 
OSATS, GRS, 
TSC 

No statistically significant 
correlation seen between 
performance on 
biomechanical testing and 
that of knowledge tests, 
OITE, GRS or TSC 

Traditional 
written and 
computer-based 
testing methods 
failed to predict 
which 
participants 
fracture 
constructs would 
pass 
biomechanical 
testing 

Qassemyar 
et al69, 2014 

Evaluate the face 
and construct 
validity of a low-
fidelity hand trauma 
examination model 

Live 
observation 

19 (PGY 3-4) Hand trauma skills; 
Z-plasty, metacarpal 
fracture fixation, 
tendon repair 

OSATS There was significant 
performance differences 
seen between 
microsurgery experience 
levels 

OSATS was 
construct valid in 
this model 

Rambani et 
al70, 2014 

To validate a 
desktop simulator 
for spinal surgery 

Live 
observation 
and SDM 

12 PGY? Lumbar pedicle 
screw insertion 

TSC Improved performance in 
simulator trained group 

TSC appears to 
show construct 
validity in this 
model 

Ruder et 
al25, 2017 

Evaluate the 
effectiveness of a 
training session in 
orthopedic drilling 
technique 

Live 
observation 

5 PGY 1 Bone drilling FPA Plunge depth was 
significantly reduced in 
both groups post-training 
(p<0.05) 

FPA was 
construct valid in 
this model 

Sonnadara 
et al26, 2011 

To assess whether an 
intensive lab based 
skills course at the 
start of orthopedic 
residency is effective 
for teaching core 
skills 

Live 
observation 

22 PGY 1 Basic orthopedic 
surgical skills 

OSATS Residents in the 
simulation trained group 
performed better in in 
both checklist and GRS 
components of OSATS in 
post-training assessment 

OSATS are a 
construct valid 

Sonnadara 
et al27, 2012 

To examine 
retention rates for 
basic surgical skills 

Live 
observation 

18 PGY1-3 Basic orthopedic 
skills 

OSATS Mean GRS score for 
competency based 
curriculum (intervention) 

OSATS can be 
used 
longitudinally to 
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taught at the 
beginning of 
residency 

group was 4.3 and 
maintained 6/12 later. 
Both intervention and 
senior control group 
performed better than the 
junior resident control 
group (p<0.001) 

assess skill 
retention 

Sonnadara 
et al28, 2013 

Compare student-led 
and instructor-led 
techniques in 
improving 
performance in 4 
skills during a 
surgical boot camp 

Live 
observation 

12 PGY1 Basic orthopedic 
skills 

OSATS Checklist and GRS scores 
were improved in the 
student led group 

OSATS is 
construct valid 

Shi et al71, 
2018 

Assess validity of VR 
simulator to teach 
lumbar pedicle screw 
placement by 
comparing VR 
trained and 
untrained resident 
performance on 
cadaveric specimens 

Expert 
assessment of 
final product 
(scan images) 

10 PGY? 
(procedure 
naïve) 

Lumbar pedicle 
screw insertion 

FPA VR trained group had 
significantly lower screw 
penetration rates, 
improved penetration 
distances and placement 
acceptability compared to 
the untrained group 

FPA in this 
setting is face, 
content and 
construct valid 

Sugand et 
al72, 2018 

To validate a digital 
fluoroscopic 
simulator for guide-
wire insertion 

SDM 26 PGY 2-9 Dynamic Hip Screw 
guidewire insertion 

PT, FPA The expert group 
achieved significantly 
better TAD and COR. PT 
was not significantly 
different between experts 
and novices 

TAD and COR 
had construct 
validity. PT did 
not in this model 

Tonetti et 
al29, 2009 

To evaluate the 
educational value of 
a path simulator 
under fluoroscopic 
guidance in 
performing 
percutaneous 
iliosacral screw 
insertion 

Live 
observation 

23 PGY? Percutaneous 
iliosacral screw 
insertion simulator 

Number of x-
rays used, 
Iatrogenic 
Index 

Significant differences in 
the number of intra-
operative x-rays was seen 
between experience, prior 
procedural and technical 
knowledge subgroups. 
Iatrogenic index scores 
were not significantly 
different between groups 

Intra-operative x-
ray use has 
construct validity 
in this setting. 
Iatrogenic index 
failed to show 
construct validity 
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Williams et 
al101, 2017 

Test the utility of a 
battery of 5 motor 
skills tests (Grooved 
PegBoard test and 4 
novel tests) to 
evaluate potential 
orthopedic residents 

Live 
observation 

30 PGY1-4 
residents 

Closed fracture 
reduction, drilling, 
dexterity and 
visuospatial skills 

Psychometric 
test metrics 

Residents performed 
better than non-residents 
(p<0.0001) in every 
exercise but the drilling 
test 

Concurrent 
validity 
demonstrated by 
comparison to 
Grooved 
PegBoard test 
(internal control). 
Construct validity 
demonstrated in 3 
of 4 tests 

Van Heest 
et al102, 
2009 

To evaluate the 
reliability and validity 
of 4 tests for 
assessing 
competence in 
performing CTR; 
knowledge test, 
detailed TSC, GRS, 
pass/fail assessment 

Live 
observation 

28 PGY 1-6 CTR TSC, GRS, 
pass/fail test, 
knowledge test 

Correlation between YIT 
and knowledge scores 
(p<0.001) YIT and 
detailed checklist scores 
(p=0.002), YIT and GRS 
scores (p=0.04) and YIT 
and pass/fail (p<0.001). 
No correlation was seen 
between YIT and PT. 

Knowledge test 
and OSATS 
construct valid 

Van Heest 
et al103, 
2012 

To evaluate OSATS 
for 3 common upper 
extremity procedures 

Live 
observation 

27 PGY 2-5 TFR, CTR, DRFF TSC, GRS, 
PT, pass/fail 
test 

Construct validity 
between YIT and 
checklist scores 
demonstrated for TFR 
and CTR, between YIT 
and GRS scores for TFR 
and DRFF and between 
YIT and pass/fail for 
TFR. Criterion validity 
demonstrated between 
GRS, checklist scores and 
pass/fail for all 
procedures. Reliability 
poor. Participants rated 
OSATS as educationally 
valuable 

OSATS construct 
valid and 
educationally 
valuable. Not 
reliable in this 
model 

Xiang et 
al30, 2014 

Test the impact of a 
pre-operative 
planning simulator 
on junior surgeons’ 
pedicle screw 
insertion accuracy 

Live 
observation, 
SDM 

2 PGY? Pedicle screw 
insertion 

PT, FPA PT and positional 
accuracy improved with 
training (self-controls) and 
experts outperformed 
trainees 

PT and FPA 
construct valid 
here 
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Yehyawi et 
al73, 2013 

1. To develop a 
physical model to 
improve articular 
fracture reduction 
skills. 2. To develop 
objective assessment 
methods and 3. To 
assess the construct 
validity of the 
simulation 

HMA, Live 
observation 

7 PGY1/2, 
5PGY4/5 

Complex articular 
fracture fixation 

FPA, PT, 
HMA metrics, 
GRS 

Significant difference seen 
in cumulative hand 
distance travelled between 
junior and senior 
residents. There was no 
difference seen in FPA, 
PT or GRS 

Hand movement 
economy has 
construct validity 
in this setting 

STUDIES IN LIVE THEATRE SETTING* 
Beard et 

al∝104, 
2011 

Compare the 
acceptability, 
reliability and validity 
of three WBA 
methods of assessing 
surgical skill 

Live 
observation 

Not stated Not stated PBA PBA showed high 
reliability for assessing 
same index procedure 
(G>0.8) Good correlation 
was seen with PBA scores 
and specialist training 
level, years of surgical 
training and recent index 
exposure(r=0.31-0.71). 
Within test correlations 
were strong between 
checklist and global 
ratings for PBA (r=0.73) 

PBA showed 
construct and 
concurrent 
validity, reliability 
and feasibility 

Davies et 
al105, 2018 

Develop and validate 
a new operative 
assessment tool that 
addresses current 
barriers 

Live 
observation 

49 PGY 3-10 CTD GOSLE Strong correlation 
between PBA and PBA 
ratings (r=0.87, p<0.001). 
Positive participant 
feedback on feasibility and 
educational impact 

Psychometric 
performance of 
the GOSLE is 
comparable to 
the PBA but is 
preferred by 
trainees and 
trainers. High-
quality, actionable 
feedback better 
supports 
formative 
assessment 

Gofton et 
al106, 2012 

To pilot and evaluate 
the validity and 
reliability of the O-
SCORE 

Live 
observation 

22 PGY1-5 ORIF Wrist, ORIF 
Hip, ORIF ankle, 
hemiarthroplasty, 

O-SCORE Total performance scores 
were discriminated by 
year, PGY 1-2 lower than 
PGY3 (p<0.001) and 

O-SCORE 
successfully 
demonstrates 
construct validity, 
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THA, knee 
arthroscopy 

PGY 3 lower than PGY 
4-5(p<0.02) 

reliability, 
feasibility and 
educational 
impact across 
various PGY 
levels regardless 
of procedure type 

Hawkes et 
al107, 2017 

To evaluate the 
Fracture Fixation 
Assessment Tool for 
assessing the quality 
of surgical fixation 

Expert 
assessor 
review of 
final product 
(x-rays) 

Unknown 
number of 
residents 
performed test 
cases 

Various fracture 
fixation procedures; 
ORIF bimalleolar 
ankle/radius/ulnar/d
istal humerus/tibial 
plateau, TBW 
Olecranon/patella, 
IM nail tibia, DHS 

The Fracture 
Fixation 
Assessment 
Tool 

Internal consistency = 
0.98, inter-rater reliability 
=0.71, CVR = 0.65 

Internal 
consistency, 
reliability and 
content validity is 
demonstrated. 
May have 
applications in 
service evaluation 
as well as training 

Hoffer et 
al108, 1990 

To see if 
psychomotor tests 
on entry and exit to 
specialist training 
correlate with faculty 
ranking of surgical 
skill 

Live 
observation 

8 PGY 1 Unspecified The Crawford 
small-part 
dexterity test, 
steadiness hole 
test 
(unsupported), 
Bennett hand-
tool test. 
Purdue peg 
board test and 
Minnesota rate 
manipulation 
test 

The rankings from the 
Crawford and steadiness 
tests had significant 
correlation to subjective 
performance ranking by 
faculty 

Psychomotor 
performance at 
entry and exit of 
specialist training 
appears to predict 
surgical skill as 
assessed by 
subjective 
measures 

Marriott et 
al109, 2010 

Evaluate the validity, 
reliability and 
acceptability of the 
PBA 

Live 
assessment 

81 PGY? 
Across 6 
specialities (7 in 
T&O) 

Hip replacement and 
Knee replacement 

PBA Construct validity 
demonstrated by 
correlation of PBA scores 
with measures of surgical 
training and experience. 
Reliability of the adjusted 
total item score and GSS 
for any given procedure 
was achieved using 4 and 
3 assessor judgements 

PBA 
demonstrates 
construct validity, 
this evidence is 
limited to 2 T&O 
procedures 
performed by 7 
trainees 
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Ω - Number includes medical students. DHS = Dynamic Hip Screw, ORIF = Open reduction internal fixation, TBW = Tension Band Wire, IM = Intramedullary, FORS = Fundamentals of 
Orthopaedic Surgery, THA = Total Hip Arthroplasty, TFR = Trigger finger release, CTR = Open carpal tunnel release, DRFF = Distal radius fracture fixation, Ex-fix = external fixator, DCP = 
dynamic compression plate, GSS = Global Summary Scale, GOSLE = Generic Operative Supervised Learning Event, PBA = Procedure Based Assessment, T&O = Trauma & Orthopaedics. 
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Table 3. Utility evidence of the assessment tools used to evaluate surgical competency in T&O 

 
OBJECTIVE ASSESSMENT OF TECHNICAL SKILL 

Tool Characteristics Strengths Limitations Validity R
eliab

ility 
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TASK SPECIFIC CHECKLISTS 

OSATS Task Specific 
Checklist23, 26-28, 61, 68, 77, 96, 

98, 102, 103, 127, 128 

Checklist used to 
evaluate performance 
of individual 
component parts of a 
procedure – binary 
yes/no descriptors 

Can be used by 
non-expert 
assessors. Useful 
for teaching 
trainees 
sequencing of 
procedural steps 

Quality of performance and outcome are not 
captured. Rigid binary scoring does not allow 
for acceptable deviation from standard 
procedural steps. Early ceiling effect. 

Y96 Y96 Y26-28, 68, 77, 

96, 98, 102, 103, 

127N100 

Y77, 96, 

98, 102, 103 
Y96, 98, 

127, 128, 

N103 

Y26, 27, 

96 
Y28, 103 

Non-OSATS Task 
Specific Checklist17, 33, 37, 73, 

85, 88, 114 

Procedure 
deconstructed into 
steps, often by Delphi 
consensus. Largely 
binary descriptors. 

As above As above Y33, 

37, 85, 

114 

Y33, 

37, 85, 

114 

Y37, 85, 114 

M17N73 
Y37, 85 Y37, 88, 

114 
Y37, 114 - 

GLOBAL RATING SCALES 

OSATS Global Rating 
Scale26-28, 61, 66, 68, 69, 77, 93, 96, 

98, 100, 102, 128 

Objective Assessment 
of 7 generic open 
surgical skill domains 
(respect for tissue, 
time and motion, 
instrument handling, 
knowledge of 
instruments, flow of 
operation, use of 
assistants). 5 point 
Likert scale with 
middle and extremes 

Captures quality 
of performance, 
not procedure 
specific, can 
assess complex 
procedures 
where there is 
more than one 
acceptable 
method. Can 
discriminate 
between 

Need expert surgeon evaluators. More time 
consuming. Does not assess skills specific to 
procedure 

Y96 Y96 Y19, 26-28, 66, 

68, 69, 77, 96, 98, 

102, 103N93, 

100 

Y77, 96, 

98, 103 

N93 

Y66, 96, 

128, N103 
Y26, 27, 

96 
Y28, 103 
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anchored by explicit 
descriptors(1) 

‘competent’ and 
‘expert’ 
performance. 

Non-OSATS Global 
Rating Scale37, 85 

5 point scale 
corresponding to 
Dreyful model of skill 
acquisition (novice, 
advanced beginner, 
competent, proficient, 
expert) 

Captures quality 
of performance. 
Quick. 

As above NR NR Y37, 85 Y85 Y37 NR Y85 

Non-OSATS procedure 
specific GRS A89, 127 and 
B17 

A) 2 item GRS on 5 
point scale (1=very 
poor, 2 = clearly 
superior), items are 
overall performance 
and quality of final 
product. 
B) 7 global 
impression items 
evaluated on an 
adjectival scale from 0 
to 4 (4 best) 

Captures quality 
of performance 

As above NR Y17 Y89, 127N17 Y17 Y17, 127 NR NR 

                      

ARTHROSCOPIC OBJECTIVE SKILLS ASSESSMENT TOOLS 

Basic Arthroscopic Knee 
Skill Scoring System 
(BAKSSS)42, 74, 75, 81, 89 

Objective assessment 
of 10 arthroscopic 
skill domains. 5 point 
Likert scale with 
middle descriptive 
anchors 

Captures quality 
of performance. 
Flexible in time, 
can be applied 
live or to 
recorded 
footage. GRS 
component 
appears to be 
reliable when 
used by 
inexperienced 
raters83 

Time consuming, does not assess skills 
specific to the procedure. 
Consent/knowledge domain may not be 
appropriate for technical skills assessment 

Y42, 

74, 75 
Y42, 

74, 75, 

83* 

Y42, 74, 81, 89 Y74, 75, 

81, 89 
Y81 
M83* 

Y74 - 
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Arthroscopic Skills 
Assessment Form78 

7 area TSC, points 
awarded for speed 
and deducted for 
cartilage injury. Scope 
score + time score = 
total score (max 100) 

Values 
procedural care, 
timeliness and 
avoidance of 
injury. Can 
probably be used 
in-vivo 

Needs expert evaluators Y78 Y78 Y78 - - - - 

Objective Assessment of 
Arthroscopic Skills 
(OOAS)87 

8 domain GRS with 
end and centre 
descriptive anchors 

Rich descriptors, 
could detect 
subtle 
improvement, 
can show 
mastery 

Anchor descriptors different for each domain 
and could be off putting for user 

Y87 Y87 Y87 - Y87 Y87 - 

Arthroscopic Surgical Skill 
Evaluation Tool 
(ASSET)8, 14, 15, 18, 20, 36, 37, 

63, 77, 80, 81, 85, 91 

Objective assessment 
of 8 generic 
arthroscopic skill 
domains, using 5 
point Likert scale 
with middle anchors 

Discriminates 
between 
‘novice’, 
‘competent’ and 
‘expert’. 
Captures quality 
of performance. 
Generalisable to 
multiple 
arthroscopic 
procedures. 
Potential for use 
in high stakes 
pass-fail 
assessments. 

Needs expert evaluators. More time 
consuming. Does not assess skills specific to 
procedure. 

Y85 Y80, 

85, 91 
Y8, 9, 14, 15, 18, 

20, 36, 37, 63, 77, 

80, 81, 85, 91 

Y9, 18, 36, 

37, 77, 80, 

81, 85, 91 

Y36, 37, 

63, 80, 81, 

91 

Y36, 37, 

80, 91 
Y85 

Injury Grading Index 
Performance Scale16 

Psychometric scale 
graded from 1-10(1 
best), similar to VAS, 
to subjectively 
evaluate for 
arthroscopic handling 
skills and intra-
articular injury 
potential 

Quick, easy to 
use, low cost 

Requires expert assessor. Injury severity 
descriptors not defined, potential for 
subjectivity 

- - P16 P16 - - - 

Aggregate arthroscopic 
skills score35 

Score based on PT 
and deductions for 

May be 
educationally 

Requires expert assessors, limited to simulated 
environment 

Y35 Y35 Y35 N Y35 Y35 Y35 
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technical errors (total 
score = timing score 
– penalty score) 

beneficial, score 
rewards 
efficiency and 
precision 

OPEN SURGERY OBJECTIVE SKILLS ASSESSMENT TOOLS 

O-SCORE: Ottowa 
Surgical Competency 
Operating Room 

Evaluation98, 106 

11 item tool. 8 items 
rated on a 5 point 
competency scale. 1 
item assessing overall 
procedural 
competence, 2 
feedback items 

Can be used on 
wide range of 
open and 
arthroscopic 
procedures 

Needs expert assessors Y106 Y106 Y98, 106 Y98 Y98, 106 Y106 Y106 

Generic Operative 
Supervised Learning 

Event (GOSLE) 105 

8 point global rating 
scale of construct 
aligned descriptors, 3 
boxes for free texst 
feedback; 2 are 
compulsory 
(reinforcing areas of 
good practice and 
areas for 
improvement) 

Quick to 
complete, can be 
used in live or 
simulated 
setting, not 
procedure 
specific, requires 
minimal training 
in its use, has 
educational 
impact 

Expert assessors Y105 Y105 Y105 Y105 Y105 Y105 Y105 

Procedure Based 
Assessment19, 104, 109 

Web or paper based 
assessment completed 
by trainer and trainee. 
Principle summative 
assessment tool in 
UK training 

Low-cost, use in 
simulated or live 
environment, 
encourages 
trainee reflection 
and discussion 

Cost to trainees (web subscription), need 
expert assessors. Blunt descriptors cannot 
distinguish mastery or higher order skills 

- - Y19, 104 Y19, 104 Y104, 

109 
Y104 Y104 

M109 

*Olson study(83); GRS component only 

 May also be used for arthroscopic procedures 

 Beard et al(104) study involved multiple surgical specialities, by-speciality data was not presented 
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PROCEDURE SPECIFIC RATING SCALES 

Tool Characteristics Strengths Limitations Validity R
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ARTHROSCOPIC PROCEDURES 

Shoulder 
OPAT 
(Objective 
Practical 
Assessment 
Tool)92 

Objective assessment across 4 domains; EUA, procedural 
standards, glenohumeral joint arthroscopy and bursoscopy. 
Individual step descriptors within each domain awarded points on 
graded scale. Global summary level 1-5 

Quick to complete, addresses 
perceived shortcomings of 
PBA92. Educational impact. 

Weak inter-
rater 
reliability92. 
Needs expert 
assessors 

Y92 Y92 Y92 Y92 M92 Y92 Y92 

Global Rating 
Scale for 
Shoulder 
Arthroscopy 
(GRSSA)90 

Objective assessment across 6 domains on a scale of 1-5 with 
descriptive anchors 

Quick to complete, can be used 
in a live or remote setting 

Expert 
assessors. 
Limited 
scope for 
educational 
impact 

Y90 Y90 Y90 - N90 - - 

Diagnostic 
Shoulder 
Arthroscopy 
checklist and 
Diagnostic 
Knee 
Arthroscopy 
Checklist82 

Checklist used to evaluate performance of individual component 
parts of a procedure – binary yes/no 

Quick to complete, can be non-
expert assessor 

Does not 
evaluate 
quality of 
performance. 
May over-
value speed 

Y82 Y82 Y82 - - - - 

Imperial 
Global 
Arthroscopy 
Rating Scale 
(IGARS)76, 81 

9 domains with 5 point Likert scale with middle and end anchors 
,and final global assessment score 

Can be used in-vivo or in 
simulated setting, and 
independent of time or place 

Needs expert 
assessors 

Y76 Y76 Y76, 81 Y76, 

81 
Y76, 

81 
Y76 - 

Bankhart 
Procedure 

45 steps in 13 phases, Y/N for performance. Errors scored (77 
possible errors, 20 sentinel) 

Could be used in vivo Needs expert 
assessors 

Y129 Y129 Y7 - Y88, 

114 
Y114 Y114 
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Metrics 
score7, 114 

OPEN SURGICAL PROCEDURES 

ACL error-
focussed 
scale32 

TSC with 9 critical steps, and GRS with error focus Could be used in vivo Needs expert 
assessors. 
Unclear how 
was adapted 
for use 

- - Y32 - - - - 

DHS 
guidewire 
placement 
scoring 
system118 

7 domains, weighted according to the importance of the step. 
Maximum score 100 

Could be used in vivo Limited 
validity 
evidence, 
unclear how 
was 
developed 
and used. 

- - Y118 - - - - 

Lumbar 
pedicle screw 
placement 
scoring 
system70 
 

8 domains, weighted according to the importance of the step. 
Maximum score 100 

Could be used in vivo Limited 
validity 
evidence. 
Unclear how 
was 
developed, 
and used. 
Evidence 
limited to 
use in 
computer 
based 
simulation 

- - Y70 - - - - 

Hip fracture 
performance 
score58, 99 

Weighted score based on SDM, expressed as ‘percentage of 
maximum’ to account for variability between procedures 

Easy, quick, automated, no 
requirement for assessor 

Restricted to 
simulator 

- - Y99, 
N58 

- Y99 - - 

Supracondylar 
fracture 
pinning 
checklist21 

15 item TSC of key procedural steps with descriptors, binary 
scoring 

Easy, quick could use in live 
theatre or simulator 

Needs expert 
assessor 

- - Y21 - - - - 

Validity evidence from Angelo 2015 study, which was not included in the review as it includes consultants only 

Limited description, details of validity testing not reported fully 
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INDIVIDUAL PROCEDURAL METRICS 

Tool Characteristics Strengths Limitations Validity R
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Final Product Analysis Objective assessment of final 
product quality eg. Guidewire 
position61, 72, tip-apex distance58, 62, 
wire-tip to subchondral distance24, 
screw position22, 30, 59, 71, 95, articular 
reduction error73, 93, biomechanical 
properties93, 97 articular surface 
congruency73 drill/probe 
accuracy65, plunge depth25, palmar 
tilt68 

Easy to measure in 
simulated setting can 
be objective 

Hard to measure in-vivo 
, case-specific, assessor 
rating can be subjective. 
Need expert rater 

Y71 Y61, 71 Y22, 24, 30, 

58, 61, 71, 72, 

97 M25, 62, 

93 N59, 65, 

68, 73, 84 

Y71 
N93 

- - Y61, 95 

Fracture Fixation 
Assessment Tool107 

Objective assessment of end 
product using radiographs across 4 
domains; reduction, stability, 
implant position, impression (0-3 
points max for each domain)107 

Can be used in any 
time or place setting. 
Can be used for service 
evaluation as a well as 
training 

Need expert assessor - Y107 - - Y107 Y107 - 

Error Rating43, 60, 67 Reports frequency of errors i.e soft 
tissue/bony collisions 

Can be used in any 
setting. Binary measure 
– easy to use 

Need expert assessor. 
May be more suited to 
arthroscopic procedures 
in a simulated setting 

- Y43 Y43, 60, 67 Y43 - - - 

Iatrogenic Index29 Score 1 to 5 (1 best) based on 
intra- and extra-ossesous aspect of 
trial and final screw trajectories 

Can be used in 
simulated and live 
settings 

Need expert assessor. 
Procedure specific 

- - N29 - - - - 
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Image Intensifier use24, 

29, 60, 72, 99/fluoroscopy 
time58, 61, 62, 99 

Number of x-rays used intra-
operatively/time under 
fluoroscopy 

Low cost, easy, can be 
used in simulated and 
live setting. Does not 
require expert assessor 

Does not account for 
procedure complexity 

- - Y24, 29, 58, 

60, 62, 72, 130 

N61, 99 

- - - - 

Procedure Time6,11,12, 

15, 18, 20, 30, 31, 33, 34, 38-40, 

43-45, 47, 48, 50, 51, 53-57, 60-64, 

67, 72, 73, 78, 86, 99, 102, 103, 110 

124  

Time for procedure or task 
completion 

Easy to measure in 
simulated and in-vivo 
setting 

Assumes speed = 
proficiency. In vivo 
patient and staff factors 
can affect procedure 
time 

- - Y6, 11, 12, 30, 

31, 33, 34, 40, 

43-45, 47, 48, 

50, 51, 53-56, 

61, 63, 64, 67, 

78, 86, 110 

M15, 38, 39, 

103 N18, 20, 

57, 60, 62, 72, 

73, 99, 102, 

124 

Y6, 18, 47, 86 

N102 
- - - 

Cumulative 
Summation Test for 
Learning Curve (LC-
CUSUM)89 

Derived from cumulative scores to 
determine when a trainee has 
reached a predefined level of 
competence 

Allows for quantitative 
individualised 
assessment of learning 
and a graphical 
representation of the 
learning curve. Data 
can come from live or 
simulated setting 

Requires sequential data 
points in series. Needs 
specialist statistican 
input to implement. 
Consensus required on 
pass threshold 

- - - - - Y89 - 

 
 

MOVEMENT ANALYSIS 

Tool Characteristics Strengths Limitations Validity R
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Hand Motion Analysis Systems, hand 
and instrument motion analysis13, 41, 50, 

73-75, 86 

Sensors attached to the dorsum of 
surgeons hands/instrument tips 
record speed, distance and number 
of movements, can generate 
efficiency and economy scores 

Sophisticated data 
profile enabling 
detection of subtle 
improvement in 
performance. May 

Difficult to use in-vivo 
because of sterility 
considerations. Invasive 
for the surgeon being 
assessed 

- - Y13, 41, 50, 73-

75, 86M66 
Y41, 66, 

74, 75, 86 
Y75 Y75 - 
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be able to measure 
attainment of 
mastery 

Elbow Motion Analysis31 Elbow worn sensors generate data 
on motion metrics; number of hand 
movements, number of minor 
movements, smoothness and time 

As above. 
More feasible to use 
in-vivo as sensors sit 
at elbows (above 
sterile area) 

Can be used in vivo - - Y31 - - Y31 - 

Gaze tracking using eye movements6 Glasses worn by surgeon with 
sensors to track eye movements. 
Expressed as time and proportion 
fixed on screen vs. hands 

Could be used in 
vivo. Sophisticated 
data profile enabling 
subtle performance 
improvement 

Invasive for surgeon 
being assessed 

- - Y6 Y6 - Y6 - 

Hand position checking Number of occurences of hand 
position checking during procedure 
is recorded (fq is inversely 
proportional to experience) 

Low/no-cost, easy, 
non-expert assessor, 
can be used in 
simulation and in-
vivo 

Does not assess quality 
of performance or 
outcome 

- - Y34, 74 Y34, 74 - Y34 - 

Instrument loss74 Number of instances during which 
the tip of the arthroscopy probe was 
not visible on the arthroscopy 
display unit. Assesses visuospatial 
awareness and fine motor dexterity 

Free of cost, easy to 
measure, can used in 
simulation and in-
vivo 

Does not assess quality 
of performance or 
outcome 

- - Y74 Y74 - - - 

Triangulation time74 Mean duration of instrument loss 
episodes during procedure (total 
duration of instrument loss in 
seconds divided by the number of 
instances of instrument loss) 

Free of cost Requires precise 
timekeeping, not easy for 
scrubbed trainer. Easier 
if video recorded 
procedure 

- - Y74 Y74 - - - 

Instrument path length/ratio12, 15, 40, 48, 

49, 51, 55, 56, 63, 110 
Composite measure of total distance 
travelled by camera and probe 
during an arthroscopic procedure, or 
ratio of measured path relative to 
the ideal path. Gives a measure of 
movement economy 

Easy to obtain Cannot be measured in 
vivo 

- - Y12, 40, 48, 49, 

51, 55, 56, 63, 

110 

M15 

Y40, 51, 

55 
- - - 

Instrument collision force38, 55 Precision, distribution of forces 
applied to the joint surface and 
efficiency of task completion can be 
characterised. 

Sophisticated data 
profile, can see 
subtle 
improvements in 
performance 

Cannot be measured in 
vivo 

Y38 - Y55 M38 - - - P38 

Collisions and injuries12, 40, 47-49, 53, 63 Number of times the 
probe/arthroscope contacts tissue, 

Easy to obtain Cannot be measured in 
vivo 

- - Y12, 40, 47, 48, 

53M63 N49 
- - - - 
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and injuries defined as contacts 
beyond a threshold force 

 
PSYCHOMOTOR TESTING 

Tool Characteristics Strengths Limitations Validity R
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Grooved PegBoard Test (Lafayette 
Instrument, Lafayette, IN)10, 101, 108 

Time to complete the 25-hole board 
is recorded for dominant and non-
dominant hand. Originally 
developed to test the dexterity of 
assembly line workers 

Cheap, easy, 
portable, non-
expert assessor 

Results do relate to 
patient or operative 
outcome 

- - Y101 
M10 

Y101 
N108 

- Y101 - 

Arthroscopic Knot Trainer11, 57 Non-anatomical, low-fidelity bench 
model with spring loaded eyelets to 
simulate tissue under tension during 
surgical repair 

As above Cannot use in-vivo Y57 Y57 Y11, 57 Y11 - - Y57 

The Crawford Small Parts Dexterity Test108 Tests hand eye co-ordination . Has 
application in the clinical setting for 
hand rehab by OT’s. Part 1 
measures dexterity in using forceps 
to insert metal pins in close-fitting 
holes and place collars over the 
pins. Part 2 measures dexterity in 
starting and setting screws in 
threaded holes in a metal plate 

As above As above - - - M108 - - - 

Steadiness Hole Test108 Measures hand steadiness as the 
ability to hold a metal stylus in a 
fixed position within holes of 
different diameters without 
touching the sides 

As above As above - - - M108 - - - 

Bennett hand-tool test108 Measures dexterity in handling 
ordinary mechanical tools. 
Developed for application in 
industrial apprentice training. The 
test consists of tools and two 

As above As above - - - N108 - - - 
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uprights with bolts, the objective is 
to disassemble the bolts from one 
upright and re-assemble them on 
the corresponding rows on the 
other tes-board uprights 

Minnesota rate manipulation test108 Tests hand-eye co-ordination, 
originally developed as pre-
employment screening tool, now 
mainly clinical application in rehab. 
Uses a hole-punched board and 
blocks, 5 sub-scores for complete 
score 

As above As above - - - N108 - - - 

Autoscoring Mirror Tracer(Lafayette 
Instrument, Lafayette, IN)10 

Tests reversal ability. Participants 
trace a star pattern whilst watching 
only a mirror image 

As above As above - - M10 - - - - 

Purdue Pegboard Test (Lafayette Instrument, 
Lafayette, IN)10 

Measures gross hand and finger 
movements in assembly tasks 

As above As above - - Y10 - - - - 

O’Connor Tweezer Dexterity Test(Lafayette 
Instrument, Lafayette, IN)10 

Tests fine manual dexterity, 
participants have to use tweezers to 
place 1/16” pins in holes 

As above As above - - Y10 - - - - 

Etch-a-Sketch with overlay(Lafayette 
Instrument, Lafayette, IN)10 

Tests two hand and hand-eye 
coordination, participants have to 
trace a pattern on a standard Etch-
a-Sketch 

As above As above 
 

- - M10 - - - - 

Two-arm coordination test (Lafayette 
Instrument, Lafayette, IN)10 

Tests coordination and balance. 
Participants trace an anodized star 
pattern with a two-handed 
triangular pointer. 

As above As above - - M10 - - - - 

 
SUBJECTIVE ASSESSMENTS 

Tool Characteristics Strengths Limitations Validity R
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Pass/Fail judgement96, 102, 103 Subjective global judgement by expert 
assessor as to complete the tasks and 

Any location and 
procedure 

Expert assessors only. 
Subjective. Not reliable. 

- - Y96, 102, 103 Y96, 103 N96 - - 
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perform each approach in a safe and 
controlled manner 

Video Feedback94 Operative performance is video 
recorded and then reviewed by the 
trainee, either with self –reflection or 
expert feedback 

Encourages reflection, 
learning from own 
mistakes, used 
effectively in other 
industries (eg athletics) 

Requires camera 
equipment set up, ethical 
issues with filming real 
operations 

- - N94 N94 - Y94 N94 
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