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�� Hip

Assessment of technical skill in hip fracture 
surgery using the postoperative radiograph
pilot development and validation of a final product analysis 
core outcome set

Aims
To develop a core outcome set of measurements from postoperative radiographs that can 
be used to assess technical skill in performing dynamic hip screw (DHS) and hemiarthro-
plasty, and to validate these against Van der Vleuten’s criteria for effective assessment.

Methods
A Delphi exercise was undertaken at a regional major trauma centre to identify candidate 
measurement items. The feasibility of taking these measurements was tested by two of 
the authors (HKJ, GTRP). Validity and reliability were examined using the radiographs of 
operations performed by orthopaedic resident participants (n = 28) of a multicentre rand-
omized controlled educational trial (ISRCTN20431944). Trainees were divided into novice 
and intermediate groups, defined as having performed < ten or ≥ ten cases each for DHS 
and hemiarthroplasty at baseline. The procedure-based assessment (PBA) global rating 
score was assumed as the gold standard assessment for the purposes of concurrent validi-
ty. Intra- and inter-rater reliability testing were performed on a random subset of 25 cases.

Results
In total, 327 DHS and 248 hemiarthroplasty procedures were performed by 28 postgrad-
uate year (PGY) 3 to 5 orthopaedic trainees during the 2014 to 2015 surgical training year 
at nine NHS hospitals in the West Midlands, UK. Overall, 109 PBAs were completed for 
DHS and 80 for hemiarthroplasty. Expert consensus identified four ‘final product analy-
sis’ (FPA) radiological parameters of technical success for DHS: tip-apex distance (TAD); 
lag screw position in the femoral head; flushness of the plate against the lateral femoral 
cortex; and eight-cortex hold of the plate screws. Three parameters were identified for 
hemiarthroplasty: leg length discrepancy; femoral stem alignment; and femoral offset. 
Face validity, content validity, and feasibility were excellent. For all measurements, per-
formance was better in the intermediate compared with the novice group, and this was 
statistically significant for TAD (p < 0.001) and femoral stem alignment (p = 0.023). Con-
current validity was poor when measured against global PBA score. This may be explained 
by the fact that they are measuring difference facets of competence. Intra-and inter-rater 
reliability were excellent for TAD, moderate for lag screw position (DHS), and moderate 
for leg length discrepancy (hemiarthroplasty). Use of a large multicentre dataset suggests 
good generalizability of the results to other settings. Assessment using FPA was time- and 
cost-effective compared with PBA.

Conclusion
Final product analysis using post-implantation radiographs to measure technical skill in 
hip fracture surgery is feasible, valid, reliable, and cost-effective. It can complement tra-
ditional workplace-based assessment for measuring performance in the real-world oper-
ating room . It may have particular utility in competency-based training frameworks and 
for assessing skill transfer from the simulated to live operating theatre.
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Introduction
Post-implantation radiographs are routinely used in 
orthopaedic practice to assess the success of hip fracture 
surgery and to predict risk of fixation failure. The position 
of the implant is widely believed to be an important factor 
in predicting clinical outcome1-4 and has been repeatedly 
shown in the simulation laboratory to be influenced by 
the technical skill of the surgeon.5-10

With the notable exception of tip-apex distance 
(TAD) for dynamic hip screw (DHS),4 there is a paucity of 
published evidence on the relationships between post-
operative implant position, patient outcome following 
hip fracture surgery, and technical skill of the surgeon 
in the real-world clinical environment. In the absence of 
accepted criteria, judgement as to the satisfactory posi-
tion of the implant in DHS and hemiarthroplasty appear 
to be made in everyday clinical practice using a global, 
qualitative ‘expert eye’ judgement, refined through 
experience.

The need to define a core radiological outcome set 
to assess a technically successful hip fracture opera-
tion is driven by the requirement in both the surgical 
training and educational research settings for a tech-
nical skills outcome measure that is clinically relevant 
and objectively measurable, reproducible, and reliable. 
The use of patient-centred outcome measures is key to 
being able to demonstrate the highest level of evidence 
of learning according to Kirkpatrick’s hierarchy (level 4; 
patient results).11 This is important for two reasons. First, 
in an increasingly competency-based training climate, 
residents must objectively demonstrate attainment of 
surgical skill in core procedures.12 Second, demonstrating 
skills transfer to the operating theatre with resultant 
patient benefit is necessary to justify financial investment 
decisions around simulation provision.

Measurement of technical skill in the real-world ortho-
paedic theatre is fraught with methodological chal-
lenges, and a recent systematic review showed that none 
of the technical skills assessment tools in current use in 
orthopaedic training around the world satisfy the Norcini 
criteria for effective assessment.13 Most have not been 
validated beyond the simulated environment, and are 
unsuitable for use in real life due to reliance on simulator-
derived metrics for assessment of technical skill.

There is growing interest in the use of ‘final product 
analysis’ (FPA) to objectively assess the real-world tech-
nical skill of the trainee orthopaedic surgeon. There is an 
increasing body of evidence to show that FPA in the simu-
lation laboratory is face,14 content,5,14 construct,5-7,9,14-17 
and concurrent14 valid, and educationally impactful5,18 
for orthopaedic surgery. There is no evidence to date of 
the utility of FPA in the clinical setting using real patient 
operations.

Postoperative radiographs are an attractive candidate 
for FPA in the real-world clinical setting as they are objec-
tive, proximate to the time of surgery, non-invasive, and 
routinely collected as part of usual care. They are a useful 
surrogate measure where measurement of traditional 
gold-standard clinical outcomes such as revision rate and 
mortality is impractical. The ideal radiological measures 
for this purpose are those that are easily perceptible on 
a radiograph, that are clinically relevant, and which have 
sufficiently high resolution to be responsive to small 
incremental changes in technical skill.

This study is the first investigation into the real-world 
utility of using postoperative patient radiographs for tech-
nical skills assessment of junior surgeons. Our hypothesis 
is that postoperative patient radiographs can be used to 
measure technical skill in junior residents performing hip 
fracture surgery on real patients in the operating theatre, 
and that this will satisfy four of the domains of effective 
assessment described by Van der Vleuten:19 validity; reli-
ability; feasibility; and cost-effectiveness.

Methods
National research ethics approval was granted for this 
study by the NHS Research Authority South Birmingham 
Research Ethics Committee (15/WM/0464). Confidenti-
ality Advisory Group approval was granted for accessing 
radiological data without patient consent (16/CAG/0125).
Phase 1: Consensus exercise to define core outcomes.  An 
informal scoping literature review was undertaken to 
identify current evidence for assessing technical skill us-
ing postoperative radiographs in hip fracture surgery. 
When none was found, the focus of the scoping review 
was moved to look for evidence of radiological features of 
DHS and hemiarthroplasty that predict clinical outcome. 
There were no studies found relating hemiarthoplasty 
implant position to clinical outcome, and so the total 
hip arthroplasty literature was used. A list of candidate 
measurements was developed from the scoping litera-
ture search and externally checked with internationally 
recognized experts in the field to ensure that they were in 
line with leading opinion.

An e-Delphi exercise was undertaken to systematically 
combine expert opinion and achieve consensus where 
none currently exists. Consensus was determined to have 
been reached when there was ≥ 75% panel agreement, 
which is a widely accepted benchmark in the consensus-
setting literature.20 The consultant orthopaedic surgeon 
cohort in a major regional trauma centre in the UK were 
invited to participate (n = 39). Nineteen consultants 
completed all three survey rounds (49%). All consultant 
orthopaedic surgeons were invited regardless of subspe-
cialism or involvement with the on-call trauma service, as 
hip fracture operations are a basic core trauma procedure 
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Fig. 1

Overview of the consensus process.

in which independent competence is required before 
completion of surgical training.21 The Delphi panel demo-
graphic information is shown in Supplementary Table i.

The survey was built using an online survey platform 
(Survey Monkey Inc, San Mateo, California, USA) and 
administered in three rounds. An overview of the Delphi 
process is shown in Figure  1. In round 1, participants 
were presented with the candidate measurements and 
given binary yes/no answer options to indicate if they 
believed each of the proposed measures were important 
for assessing the skill of DHS or hemiarthroplasty. There 
was free text space to record opinion. In round 2, items 
that had achieved consensus were re-presented with 
proposed cut-off thresholds of acceptability, in a binary 
yes/no format, and free text space was provided for 
elaboration. Items that had not reached consensus 
were re-presented with the level of participant agree-
ment (expressed as percentage) with additional details 
of supporting literature evidence. In round 3, items that 
had still not achieved consensus were represented with 
new acceptability threshold proposals in line with panel 
opinion from round 2, along with relevant supporting 
published evidence where appropriate. Items that failed 
to reach consensus after three rounds were abandoned.
Phase 2: Feasibility testing.  The feasibility of obtaining 
the measurements identified in phase 1 was assessed by 
two of the authors (HKJ and GTRP). Measurements were 
taken within the hospital electronic Picture Archiving and 
Communication System (PACS) using the inbuilt user in-
terface tools. Intraoperative Image Intensification (II) im-
ages were used for DHS, as postoperative radiographs for 
DHS are not routinely taken in UK orthopaedic practice. 

The II pictures are not autocalibrated within PACS and 
so were manually scaled using a known fixed implant 
dimension (the outer thread diameter of the DHS lag 
screw).
Phase 3: Validity and reliability testing.  Radiographs of 
operations performed by orthopaedic trainee partici-
pants of a multicentre randomized controlled education-
al trial22 (ISRCTN20431944) were used for validity and re-
liability testing. Cases were identified from the electronic 
surgical logbooks of operations performed by trial par-
ticipants. The corresponding radiographs were retrieved 
from the hospital servers.

Face and content validity were addressed in Phase 1. 
Construct validity, the ability of an assessment instrument 
to discriminate between experience levels, was measured 
by novice and intermediate-level trainee performance 
over the same time period and setting(s). Novice trainees 
were defined as having performed < ten DHS or hemi-
arthoplasty cases at baseline, and ‘intermediate’, defined 
as having performed ≥ ten DHS or hemiarthroplasty 
cases at baseline. Classification of trainee experience was 
independently assessed for each procedure. Ten cases 
was chosen because previous learning curve analysis 
of trainees performing simulated hip fracture osteosyn-
thesis suggests that around ten repetitions are required 
for performance to stabilize in the associative learning 
phase.23 For continuous outcomes, we compared the 
means between both groups using t-test, and tested 
whether the difference between groups was zero. For 
categorical outcomes, we conducted a chi-squared test 
of association, or Fisher’s exact test if cell counts were less 
than five.
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Table I. Baseline characteristics of surgeons.*

DHS Novice (n = 13) Intermediate (n = 15)

Mean age in years (SD) 28.8 (4.63) 29.9 (3.28)

Range 25 to 42 26 to 37

Male 5 (38%) 3 (20%)

Female 8 (62%) 12 (80%)

Mean completed months 
T&O training at baseline 
(SD)

6.42 (4.89) 20.73 (13.9)

Range 0 to 15 2 to 54

Mean DHS cases 
performed at baseline 
(SD)

3.08 (3.40) 19.20 (6.50)

Range 0 to 9 11 to 33

Hemiarthroplasty Novice (n = 19) Intermediate (n = 9)

Mean age in years (SD) 28.6 (3.86) 31.22 (3.63)

Range 25 to 42 26 to 37

Male 14 (74%) 6 (67%)

Female 5 (26%) 3 (33%)

Mean completed months 
T&O training at baseline 
(SD)

8.06 (5.46) 27.00 (14.53)

Range 0 to 20 2 to 54

Mean hemiarthroplasty 
cases performed at 
baseline (SD)

2.05 (2.78) 21.11 (5.82)

Range 0 to 8 13 to 29

*Reported by operation type as some residents were in the novice group 
for one procedure and intermediate group for the other.
DHS, dynamic hip screw; SD, standard deviation; T&O, trauma and 
orthopaedics.

Concurrent validity, the performance of an assess-
ment instrument against the current gold standard, was 
determined by comparing performance as measured by 
implant position on the radiographs against the global 
rating scale component of the procedure-based assess-
ment (PBA) scores. The PBA is the current gold standard 
summative assessment tool used in higher orthopaedic 
surgical training in the UK.24 They are collected routinely 
during training, although not mandated for every case. 
We assessed the same outcome measures for both proce-
dures described above.

All primary measurements were taken by one author 
(HKJ, orthopaedic trainee). An adequate reliability testing 
sample size was determined to be 25 cases. A randomly 
selected subset of 25 DHS and 25 hemiarthroplasty cases 
were re-measured on two occasions one week apart to 
determine intra-rater reliability, and on one occasion by 
a second rater (GTRP, attending orthopaedic surgeon) to 
determine inter-rater reliability.

We conducted both intra-and inter-rater reliability 
analyses to assess the reliability of the primary rater, and 
the comparability of measures with the independent 
rater, respectively. For measures which were continuous, 
we plotted Bland-Altman plots to assess differences in 
measures and then calculated intraclass correlation coef-
ficients to describe how strongly associated the scores 
were with accompanying 95% confidence intervals. For 
categorical outcomes, we used an equivalent measure for 
assessing agreement, the Cohen’s kappa statistic, and the 
crude percentage agreement in absolute terms.

Results
Overall, 28 core trainee 1 (CT1) to specialty trainee 3 
(ST3) trainees performed 327 DHS operations and 248 
hemiarthroplasty operations during one surgical training 
year (August 2014 to August 2015) in nine regional NHS 
hospitals in the UK. There were 109 PBAs completed for 
DHS and 80 for hemiarthroplasty in the study population. 
Baseline demographics of the trainee participants are 
shown in Table  I. Only operations coded as ‘supervised 
trainer scrubbed’ or ‘supervised trainer unscrubbed’ 
were included in the analysis, to ensure that the included 
operations were actually performed by the trainee partic-
ipants. Operations coded as ‘performed’ were excluded 
as these are unsupervised, non-training operations 
and therefore there would not be a corresponding PBA 
completed.
Face and content validity.  Face validity (that a tool is fit 
for purpose) and content validity (that a tool tests ap-
propriate domains) can both be demonstrated through 
expert consensus-setting exercises. Candidate items were 
externally checked by recognized international experts in 
hip fracture surgery. The items that achieved consensus > 
75% through the e-Delphi process, with descriptors and 
acceptability thresholds, are shown in Table II.

Four FPA radiological parameters were identified for 
DHS: tip-apex distance; lag screw position in the femoral 
head with reference to Cleveland’s zones;25 flushness of 
the plate against the lateral femoral cortex; and eight-
cortex hold of the plate screws (Figures 2 and 3). Three 
radiological parameters were identified for hemiar-
throplasty: leg-length discrepancy; femoral stem align-
ment; and femoral offset (Figure 4). Rejected items were 
‘cortical screws perpendicular to plate’ for DHS, which 
was rejected 68% against in round one, and ‘cement 
thickness’ for hemiarthroplasty, which failed to reach 
consensus after three rounds.

A schematic diagram of the measurement parameters 
is shown in Figures 2–4.
Construct validity.  Construct validity (the discriminant 
ability of a test instrument to distinguish between experi-
ence levels) was evaluated by comparing between-group 
differences for the various metrics. Results of construct 
validity testing are shown in Table III (DHS) and IV (hemi-
arthroplasty). For DHS, TAD as a continuous variable was 
found to be significantly different between experience 
levels, with the intermediate group having a lower mean 
TAD, signifying a technically superior result, 18.3 mm 
compared with 15.7 mm for novices and intermediates, 
respectively, p < 0.001.
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Table II. Candidate item inclusion and exclusion by Delphi round.

Dynamic hip screw

Included items

Item

Round in which
consensus was
achieved

%
agreement

1a. Tip-apex distance (TAD) 1 88

1b. Acceptable TAD < 25 
mm

2 90

2a. Lag screw position in 
femoral head

2 90

2b. Described according to 
Cleveland’s 9 zones

2 90

3a. Plate position 1 83

3b. Acceptable = plate flush 
with cortex on AP, no gaps 
seen

1 83

4a. Cortical screw position 1 88

4b. Acceptable = 8 cortex 
hold

1 88

Excluded Items

Item Exclusion reason

Screws perpendicular with 
plate

Rejected, 68% against in 
round 1

Hemiarthroplasty
Leg length discrepancy 
(LLD)

1 92

Acceptable LLD = ≤ 15 mm 3 89

Femoral stem alignment 
(FSA)

1 88

Acceptable alignment = ≤ or 
≥ 5 ° from neutral

3 95

Femoral offset 2 81

Acceptable = should be 
equal to native side

2 81

1. Excluded Items

Item Exclusion reason

Cement thickness Failed to reach consensus after 
3 rounds.

AP, anteroposterior.

Tip-apex distance < 25 mm as a dichotomous vari-
able was not discriminant between the two groups (p = 
0.222).

Mean PBA scores for DHS were seen to improve signifi-
cantly between the novice group with a mean global 
rating score of 2.4 and the intermediate group with a 
mean score of 2.8 (p < 0.001). There was no difference 
seen in lag screw position in the femoral head between 
the two groups (p = 0.393). There were fewer plates flush 
to the lateral femoral cortex in the novice group (58%) as 
compared with the intermediate group (66%), but this 
was not statistically significant (p = 0.153). Similarly, there 
were slightly more procedures that failed to demonstrate 
eight-cortex hold in the novice group (4%) compared 
with the intermediate group (1%) but this difference was 
again not significant.

For hemiarthroplasty, femoral stem alignment was 
found to be significantly better in the intermediate group 

than in the novice group, with a mean deviation from 
neutral of 3.1° for novices and 2.6° for intermediates; p = 
0.023. Leg length discrepancy and femoral offset differ-
ence were both found to be better in the intermediate 
group as compared with the novices, but these differ-
ences were not statistically significant.

The intermediate group achieved a significantly higher 
mean global PBA score than the novice group for hemi-
arthroplasty; the mean score was 2.4 for novices and 2.9 
for intermediates; p < 0.001.
Concurrent validity.  Concurrent validity was measured 
by examining differences between global PBA scores 
(treated as categorical variables) and each of the radi-
ological measurements for DHS and hemiarthroplasty 
(Table IV to Table V). No significant association between 
PBA global rating score and any of the seven tested radio-
logical parameters was found using the chi-squared test.
Reliability.  For DHS, both intra- and inter-rater reliabil-
ity were found to be excellent for TAD (Cohen’s kappa 
0.84 and 0.76), and moderate for position of lag screw 
(Cohen’s kappa 0.47 for both intra- and inter-rater reli-
ability) (Table VI). Intra-rater reliability was found to be 
poor for assessing whether or not the plate was flush 
to the lateral cortex of the femur (Cohen’s kappa 0.12). 
The Kappa statistic could not be calculated for intra- and 
inter-rater reliability for eight-cortex hold and for inter-
rater reliability for plate flush to femur due to one rater 
having no variation in measurement.

For hemiarthroplasty, the intra-rater reliability was 
found to be moderate for leg length discrepancy and 
femoral stem alignment (Cohen’s kappa 0.57 and 0.59, 
respectively), and excellent for femoral offset difference 
(Cohen’s kappa 0.79). The inter-rater reliability was 
moderate for leg length discrepancy (Cohen’s kappa 
0.54), fair for femoral stem alignment (Cohen’s kappa 
0.33), and poor for femoral offset difference (Cohen’s 
kappa 0.18)(Table VII).
Cost-effectiveness.  The radiographs that were measured 
were collected as a routine part of intra/postoperative 
care, and therefore represented no extra cost burden from 
an educational assessment or clinical care point of view. 
Assessor time in taking the measurements was recorded 
as a mean of 45 seconds per case for DHS and 57 seconds 
per case for hemiarthroplasty. This is significantly lower 
than the recommended average time to complete a PBA 
form of ten to 15 minutes.24

To be sure that the case mix encountered by the two 
groups was comparable, we classified the hip fractures 
into simple/moderate/complex for DHS and simple/
complex for hemiarthroplasty, based around the AO 
classification system.26 We found no differences in the 
fracture complexity between the novice and interme-
diate groups for either DHS or hemiarthroplasty (clas-
sification matrix, and table in Supplementary Tables ii 
and iii).
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Fig. 2

Schematic diagram of dynamic hip screw measurements, anteroposterior and lateral views.

Fig. 3

View looking at femoral head showing modified Cleveland zones.

Discussion
The ultimate goal of surgical training is to produce safe 
surgeons who perform good quality operations for their 
patients. The use of FPA to assess surgical skill using 
patient radiographs may help bridge the perceived gap 
between educational assessment and real-world clinical 
performance. Postoperative radiographs are a promising 
resource for real-world FPA as part of the move towards 
competency assessment in training, and also to measure 
transfer of skills from the simulated environment.

This is the first study to explore the use of patient 
radiographs for FPA assessment of technical skill, and we 
have systematically addressed the key domains of effec-
tive assessment: face, content, construct, and concurrent 
validity; feasibility; reliability; and cost-effectiveness.

Our results showed reasonable face and content 
validity of the radiological outcome measures within the 
limits of a Delphi exercise. As we are assessing the role 
of radiological FPA as a surrogate for clinical outcome in 
an educational assessment setting, it is difficult to show 
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Fig. 4

Schematic diagram of hemiarthoplasty measurements, anteroposterior view.

comprehensiveness and comprehensibility as is tradi-
tionally required of content validity. It is reasonable to 
say that this outcome set appears to be relevant for the 
population (trainee surgeons) and context of interest 
(hip fracture surgery).

The construct validity picture was mixed, with one of 
four measures for DHS (TAD) and one of three measures 
for hemiarthroplasty (femoral stem alignment) demon-
strating statistically significant differences between 
groups divided by experience level. The trend across 
all measurements showed improvement between the 
novice and intermediate groups, suggesting evidence of 
construct validity, although we cannot claim construct 
validity of the tool as a whole based on this pilot study. The 
construct validity of the global rating scale for PBA was 
found to be excellent for both DHS and hemiarthroplasty.

The concurrent validity with PBA was explored by 
comparing the radiological parameters for operations 
which scored a PBA level 2 or 3 (Table VIIIa IVb). We did 
not show evidence of concurrent validity to our gold stan-
dard. The use of PBA as gold standard, as opposed to a clin-
ical outcome, is a significant limitation of this study. None 
of the parameters demonstrated a statistically significant 
relationship with PBA global rating scale score. This is the 

first investigation of the association between PBA and the 
quality of the outcome of the operation as measured by 
the radiograph. This finding might be a reflection of the fact 
that they are assessing different things; the PBA global rating 
scale is designed to assess the overall ability of the trainee to 
perform the procedure without supervision, rather than to 
assess the quality of the operation or technical skill in doing 
so. Hence the PBA and our radiological outcome measure-
ments are assessing two different facets of competence 
that are not directly comparable, which may explain the 
apparent observed lack of concurrent validity.

The intra-rater reliability was generally excellent for 
both DHS (with the exception of plate flush to femur) 
and hemiarthroplasty, and the inter-rater reliability was 
generally excellent for DHS, but moderate to poor for 
hemiarthroplasty. This finding might be explained by 
the fact that the measurement technique is more readily 
standardized for DHS, whereas there is greater scope 
for subjectivity in deciding on appropriate landmarks 
for measuring leg length discrepancy and offset. This is 
likely to be compounded by the fact that the postopera-
tive films were often of poor quality, supine and rotated, 
in contrast to standing films seen in the elective arthro-
plasty setting.



VOL. 1, NO. 9, SEPTEMBER 2020

ASSESSMENT OF TECHNICAL SKILL IN HIP FRACTURE SURGERY USING THE POSTOPERATIVE RADIOGRAPH 601

Table III. Construct validity of dynamic hip screw radiological outcome measures.

Outcome Variable Novice (residents < 10 cases) Intermediate (residents ≥ 10 cases) Total p-value

Tip-apex distance (TAD), mm Mean (SD) 18.3 (6.4) 15.7 (5.8) 16.8 (6.2) < 0.001

Number 138 185 323

Range 5.9 to 46.7 6.2 to 38.7 5.9 to 46.7

Position of lag screw in 
femoral head

Neither superior 
nor anterior

109 (76%) 137 (76%) 246 (76%) 0.393

Superior or 
anterior

34 (24%) 41 (23%) 75 (23%)

Superior and 
anterior

0 (0%) 3 (1%) 3 (1%)

Total 143 181 324

Plate flush to femur Yes 83 (58%) 121 (66%) 204 (62%) 0.153

No 60 (42%) 63 (34%) 123 (38%)

Total 143 184 327

Eight-cortex hold Yes 135 (96%) 181 (99%) 316 (98%) 0.082

No 6 (4%) 2 (1%) 8 (2%)

Total 141 183 324

PBA global rating scale 
(continuous)

Mean (SD) 2.4 (0.6) 2.8 (0.5) 2.6 (0.6) <0.001

Number 58 60 118

Range 1 to 4 2 to 3 1 to 4

PBA global rating scale 
(categorical)

1 1 (2%) 0 (0%) 1 (1%) 0.001

2 34 (59%) 16 (27%) 50 (42%)

3 22 (38%) 42 (70%) 64 (54%)

4 1 (2%) 2 (3%) 3 (3%)

Total 58 60 118

*Continuous variables: t-test comparing means, Categorical variables: chi-squared test where cells > five cases, Fisher’s exact test where cells ≤ five cases.
PBA, procedure-based assessment.

Table IV. Concurrent validity of dynamic hip screw radiological outcome measures.

Outcome Variable Novice (residents < 10 cases) Intermediate (residents ≥ 10 cases) p-value

Leg length discrepancy, mm Mean (SD) 3.7 (3.2) 3.5 (2.7) 0.756

Number 40 32

Range 0.1 to 13.0 0.1 to 10.2

Femoral stem alignment, degrees Mean (SD) 2.4 (1.4) 2.7 (2.0) 0.442

Number 37 34

Range 0.2 to 7.6 0.1 to 7.7

Femoral offset difference, mm Mean (SD) 9.9 (5.9) 10.3 (8.7) 0.792

Number 39 34

Range 0.1 to 24.5 0.1 to 43.6

*Continuous variables: t-test comparing means, Categorical variables: chi-squared test where cells > five cases, Fisher’s exact test where cells ≤ five cases.

The feasibility was excellent, with the measurements 
easy and quick to obtain using readily accessible tech-
nology. The cost-effectiveness was also superficially 
excellent, with no additional cost associated with the 
radiographs other than the assessors’ time. Time-to-
assess per case was substantially lower for FPA using 
postoperative radiographs than for PBA completion by 
an order of magnitude of at least ten-fold.

A strength of our study is that we have systemati-
cally assessed nearly 600 real operations performed by 
28 trainees across nine hospital sites over one surgical 
training year, which is a much larger sample with 
longer follow-up than most educational studies. The 
large sample size and the multicentre nature of the data 

suggest that the generalizability of our results is good 
and the chance of a type 2 error small.

This study has several weaknesses. Our scoping review 
was informal, and therefore it is possible some outcomes 
could have been missed. We only considered four of five 
of the Van der Vleuten’s utility domains of effective assess-
ment, as we have excluded ‘educational impact’. This deci-
sion was taken because separate, qualitative assessment 
of the educational impact of using radiological measure-
ments for learning would be required and this analysis 
was conducted retrospectively. Previous work has shown 
that the morning trauma meeting, where radiographs 
are displayed and discussed, is educationally valuable for 
trainees.27 Other simulation-based studies have shown 
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Table V. Concurrent validity of dynamic hip screw radiological outcome measures.

Outcome Variable PBA score 2 PBA score 3 p-value

Tip-apex distance (TAD), mm Mean (SD) 17.2 (6.4) 17.5 (6.5) 0.815

Number 51 63

Range 5.9 to 39.3 8.4 to 38.0

Position of lag screw in femoral head, 
n (%)

Neither superior nor anterior 37 (74) 46 (73) 0.439

Superior or anterior 13 (26) 15 (24)

Superior and anterior 0 (0) 2 (3)

Total 50 63

Plate flush to femur, n (%) Yes 29 (57) 40 (63) 0.540

No 22 (43) 24 (37)

Total 51 64

Eight-cortex hold, n (%) Yes 47 (94) 64 (100) 0.082

No 3 (6) 0 (0)

Total 50 64

*Continuous variables: t-test comparing means, Categorical variables: chi-squared test where cells > five cases, Fisher’s exact test where cells ≤ five cases.
PBA, procedure-based assessment.

Table VI. Intra- and inter-rater reliability of dynamic hip screw outcome measures.

Outcome Measure
Intra-rater
(Rater 1 vs Rater 1)

Inter-rater
(Rater 1 vs Rater 2)

Tip-apex distance (TAD), mm ICC (95% CI) 0.835 (0.66 to 0.92) 0.763 (0.53 to 0.88)

Mean difference (95% LOI) 2.88 (-1.37 to 7.13) 2.24 (-3.14 to 7.16)

Position of lag screw in femoral head Cohen’s κ (95% CI) 0.468 (-0.18 to 1.00) 0.468 (-0.18 to 1.00)

Percentage agreement (95% CI) 92% (81% to 100%) 92% (81% to 100%)

Plate flush to femur Cohen’s κ (95% CI) 0.123 (-0.03 to 0.27) *

Percentage agreement (95% CI) 43% (22% to 65%) 33% (13% to 54%)

Eight-cortex hold Cohen’s κ (95% CI) * *

Percentage agreement (95% CI) 91% (79% to 100%) 90% (78% to 100%)

*Kappa statistic not calculated due to one rater having no variation so kappa statistic cannot be calculated.
CI, confidence interval.; k, kappa.; LOI, limits of agreement.

Table VII. Intra- and inter-rater reliability of hemiarthroplasty outcome measures.

Outcome Measure Intra-rater (Rater 1 vs Rater 1) Inter-rater (Rater 1 vs Rater 
2)

Leg length discrepancy ICC (95% CI) 0.573 (0.23 to 0.79) 0.541 (0.18 to 0.77)

Mean difference (95% LOI) 0.22 (-0.53 to 0.96) 0.03 (-0.46 to 0.53)

Femoral stem alignment ICC (95% CI) 0.594 (0.26 to 0.80) 0.326 (0.08 to 0.64)

Mean difference (95% LOI) 0.57 (-3.48 to 4.61) 0.41 (-2.68 to 3.51)

Femoral offset difference ICC (95% CI) 0.790 (0.57 to 0.90) 0.18 (0,0.54)

Mean difference (95% LOI) 0.40 (-3.32 to 2.52) 0.05 (-0.82 to 0.93)

CI, confidence interval; ICC, intraclass correlation coefficient; LOI, limits of agreement.

FPA to be an educationally valuable assessment method 
in orthopaedic surgery.5,18 It is therefore not unreason-
able to assume that FPA, with appropriately delivered 
feedback, would be educationally impactful, although 
we did not specifically seek to address this in our study. 
Our gold standard, the PBA, may not have been the best 
comparator. Ideally, we would have compared the radio-
logical outcomes with clinical outcomes.

With the probable exception of TAD, given the weight 
of evidence supporting its clinical relevance and clearly 
significant construct validity demonstrated in our results, 
the measurements we have defined here are unlikely to 

be useful in isolation for assessing competence. Rather, 
they may be most useful as an adjunct to traditional tech-
nical skills assessment in the workplace, to help overcome 
the well-recognized limitations of these. The pilot FPA 
outcome sets we have described here may also be useful 
in developing competency thresholds for simulation-
based training. It is possible that the radiological metrics 
we have investigated in this study could be combined 
into a composite score, and further work is needed to 
ascertain appropriate weightings for the individual items 
and to pilot test these.
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Table VIII. Construct validity of hemiarthoplasty radiological outcome measures.

Outcome Variable Novice (residents < 10 cases) Intermediate (residents ≥ 10 cases) Total p-value*

Leg length discrepancy, 
mm

Mean (SD) 4.1 (3.4) 3.6 (3.2) 3.9 (3.3) 0.233

Number 120 119 239

Range 0 to 13.6 0 to 17.5 0 to 17.5

Femoral stem alignment 
(degrees)

Mean (SD) 3.1 (2.0) 2.6 (1.4) 2.9 (1.7) 0.023

Number 120 115 235

Range 0.1 to 9.6 0.1 to 7.6 0.1 to 9.6

Femoral offset difference, 
mm

Mean (SD) 9.0 (7.5) 7.9 (6.8) 8.5 (7.2) 0.246

Number 123 125 248

Range (SD) 0 to 43.6 0 to 44.1 0 to 44.1

PBA Global rating scale 
(continuous)

Mean (SD) 2.4 (0.5) 2.9 (0.6) 2.6 (0.6) < 0.001

Number 47 29 76

Range 2 to 3 2 to 4 2 to 4

PBA Global rating scale 
(categorical), n (%)

1 0 (0) 0 (0) 0 (0) 0.002

2 29 (62) 8 (28) 37 (49)

3 18 (38) 17 (59) 35 (46)

4 0 (0) 4 (13) 4 (5)

Total 47 29 76

*Continuous variables: t-test comparing means, Categorical variables: chi-squared test where cells > five cases, Fisher’s exact test where cells ≤ five cases.
PBA, procedure-based assessment; SD, standard deviation.

Conclusion
It is feasible to measure technical skill in orthopaedic 
trainees performing hip fracture surgery using intra- or 
postoperative patient radiographs, and this is prob-
ably cost-effective, and appears to be face and content 
valid. Performance was widely observed to be better in 
the intermediate than in the novice group suggestive 
of construct validity, and this was statistically signif-
icant for TAD in DHS and femoral stem alignment in 
hemiarthroplasty. Improvement in these measures with 
increased experience suggest that they are responsive to 
small incremental changes in technical skill. Concurrent 
validity was poor when measured against the PBA global 
rating scale score, but this may be because the PBA is 
not designed to assess technical skill. Procedure-based 
assessment may not be the best gold standard measure. 
Intra- and inter-rater reliability were variable, and found 
to be excellent for TAD, and moderate for lag screw 
position (DHS) and leg length discrepancy (hemiarthro-
plasty). Use of a large, longitudinal, multicentre educa-
tional trial dataset suggests the generalizability of these 
results is good. The FPA using patient radiographs is likely 
to be most useful as part of a battery of assessment of 
technical skill, and may have a role in complementing 
traditional workplace-based assessment in determining 
technical skill in the real-world OR. It may have particular 
utility in competency-based training frameworks, and for 
assessing skill transfer from the simulated to live oper-
ating theatre. These results should be regarded as provi-
sional, and until further validation evidence is provided, 
the PBA remains the best current tool for assessing tech-
nical skill in surgical trainees.

Take home message
- - Post/intra-operative radiographs can be used to assess 

technical skill in hip fracture surgery. This can complement 
traditional workplace-based assessment for measuring 

operative performance and may have particular value in competency-
based surgical training.

Twitter
Follow H. K. James @hannah_ortho
Follow G. T. R. Pattison @pattison_giles
Follow D. R. Griffin @DamianGriffin

Supplementary material
‍ ‍Tables showing demographics of Delphi Panel, 

fracture complexity by surgeon experience level, 
and fracture complexity codes by AO 

classification.
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