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Background: Simulation-based learning is increasingly prevalent in many surgical training programs, as medical education
moves toward competency-based curricula. In orthopaedic surgery, developmental dysplasia of the hip is a commonly treated
condition, where the standard of care for patients less than sixmonths of age is an orthotic device such as the Pavlik harness.
However, despite widespread use of the Pavlik harness and the potential complications that may arise from inappropriate
application, we know of no previously described formal training curriculum for Pavlik harness application.

Methods: We developed a video and model-based simulation learning module for Pavlik harness application. Two novice
groups (residents and allied health professionals) were exposed to the module and, at pre-intervention, post-intervention,
and retention testing, were evaluated on their ability to apply a Pavlik harness to the model. Evaluations were completed
using a previously validated Objective Structured Assessment of Technical Skills (OSATS) and a global rating scale (GRS)
specific to Pavlik harness application. A control group that did not undergo the module was also evaluated at two time
points to determine if exposure to the Pavlik harness alone would affect skill acquisition. All groups were compared with a
group of clinical experts, whose scores were used as a competency benchmark. Statistical analysis of skill acquisition and
retention was conducted using t tests and analysis of variance (ANOVA).

Results: Exposure to the learningmodule improved resident and allied health professionals’ competency in applying a Pavlik
harness (p < 0.05) to the level of the expert clinicians, and this level of competency was retained onemonth after exposure to
the module. Control subjects who were not exposed to the module did not improve, nor did they achieve competency.

Conclusions: The simulation-based learning module was shown to be an effective tool for teaching the application of a
Pavlik harness, and learners demonstrated retainable skills post-intervention. This learning module can form the cor-
nerstone of formal teaching of Pavlik harness application for developmental dysplasia of the hip.

S
imulation-based education has become increasingly prev-
alent in many surgical training programs as a result of re-
strictions in resident work hours, heightened concerns for

patient safety, and a shift toward competency-based curricula1-4.
Compared with traditional models of medical education, simu-
lation offers a standardized approach to the acquisition and
evaluation of technical skills, with limitless practice opportunities
and no risk to patient safety5. Systematic reviews have shown that
simulation-based education provides a learning environment in
which the acquired technical skills are transferable to clinical

practice5-8 and are retained over time9-11. The features of effective
simulation-based education include proficiency-based training,
the provision of summative feedback, repetitive practice oppor-
tunities, and integration into the standard training curriculum5,8.

Developmental dysplasia of the hip is a congenital hip
joint disorder in newborns with a rate of one to thirty per 1000
live births12. The Pavlik harness is one of the most common
orthotic devices used to treat developmental dysplasia of the
hip in children who are less than six months of age. Used
incorrectly, the harness can lead to serious complications,
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including osteonecrosis of the femoral head and femoral nerve
palsy13,14. Despite this, we know of no previously described
formal training curriculum for Pavlik harness application.

In this study, we developed amodule for simulation learning
that was based on a previously validated Objective Structured As-
sessment of Technical Skills (OSATS) for teaching Pavlik harness
application, and we evaluated the educational outcomes of the
simulation-based learning. We hypothesized that exposure to our
learning module would improve novice learners’ skill to the level
of that of experts and that these skills would be retained.

The primary objectives were to (1) develop a simulation-
based learning module for Pavlik harness application, (2) assess
the improvement in skill competence after exposure to the
module, and (3) assess skill retention following exposure to the
learning module.

Materials and Methods

This study was conducted under approval from our institution’s research
ethics board.

Development of the Learning Module
The learning module incorporated the use of instructional media and an infant
model. The instructionalmediawas developed with one content expert (S.P.K.),
whowas recorded on video applying a Pavlik harness to the infant model. Video
recording was completed using a GoPro video camera, which was fastened by
the GoPro head strap to the expert’s forehead to enable an unobstructed,
forward-facing demonstration from a first-person point of view, showing the
application of the Pavlik harness. Verbal instructions were later incorporated as
narration, as shown in Video 1 (online). The steps and instructions provided in
the video followed those previously identified in a validated OSATS for Pavlik
harness application

15
. Video editing was performed using Adobe Premiere Pro

software (Adobe Systems) and was timed to allow the viewer the opportunity to
practice on the simulator model as the steps were explained on the video. Two
additional content experts (M.L.M. and C.S.B.) then evaluated the video using
the OSATS to ensure that each step was accurately portrayed.

Procedure
The acquisition of skill competence in Pavlik harness application from exposure
to the learning module was assessed using data from forty-six participants in
four groups. The first group (experts) consisted of clinicians with expertise in
Pavlik harness application and included three staff orthopaedic surgeons, five
orthopaedic clinical fellows, and five orthotists. The second group (residents)
consisted of ten junior orthopaedic residents. The third group (allied health
professionals) consisted of eleven physiotherapists and one occupational thera-
pist who work in pediatric subspecialty care. The fourth group (controls)
consisted of eleven residents and allied health professionals who were randomly
allocated via number draw. The sample size was derived using an alpha level of
0.05, power of 0.8, and an effect size of 0.6 based on the Cohen sample-size
tables for analysis of variance (ANOVA)

16
. All subjects provided written con-

sent to participate and be video recorded during this study.
Prior to any exposure to the learning module, participants in all groups

were asked to apply a Pavlik harness (Wheaton Brace) to the simulator model
while a GoPro camera was used to record their performance (testing time point
1). The camera was positioned on the participant’s forehead using the GoPro
head strap, to provide a recording of the Pavlik harness application from a first-
person point of view while ensuring that only the participant’s hands and the
Pavlik harness infant model were captured in the video frame. We further de-
identified participants by having them wear long-sleeved gowns and remove all
jewelry. Video editing and sound removal were undertaken using Adobe Pre-
miere Pro software.

The expert group was not exposed to the learning module and was only
tested at time point 1. The expert group’s data were compared with those of the
other three groups at each time point.

The resident and allied health groups were exposed to the learning
module; participants were allowed as much time and as many repetition op-
portunities during the learning simulation as they deemed necessary to achieve
competency. To assess skill acquisition, both of these groups were recorded and
retested in their ability to apply a Pavlik harness following exposure to the
learning module (testing time point 2). To assess skill retention, the two groups
were also recorded and retested one month post-baseline (testing time point 3).

The control group was not exposed to the learning module but was
retested thirty minutes after the baseline assessment to determine if exposure
to the Pavlik harness without instruction had any effect on skill acquisition.
An overview of the study protocol is presented in Figure 1.

Fig. 1

Study layout. The expert group included thirteen

clinicians with expertise in Pavlik harness appli-

cation, the resident group included ten junior

residents, the allied health group included eleven

physiotherapists and one occupational therapist,

and the control group included eleven control

subjects. Groups were tested at three time points:

prior to the intervention, immediately after, and at

one month after the intervention for retention

testing.
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Outcome Measures
One content expert (M.L.M.) evaluated all videos using the OSATS and a global
rating scale (GRS) for the assessment of performance and final product, which are
specific to Pavlik harness application. The OSATS, developed according to inter-
national expert consensus using Delphi methodology, is a twenty-five-item rating
scale that evaluates the steps required for appropriate Pavlik harness application

15
.

Inter-rater and test-retest reliability of all threemeasures are considered excellent at,
respectively, 0.96 and 0.98 for the OSATS; 0.90 and 0.93 for the GRS performance;
and 0.93 and 0.94 for the GRS product

15
. These previously established reliability

measures obviated the need for multiple reviewers of the videos.

Statistical Analysis
Statistical analysis was undertaken using SPSS software, version 20 (IBM).
Differences among the expert, resident, allied health, and control groups at each
available time point were assessed using one-way ANOVA. The change in scores
among baseline, post-intervention, and retention testing for the two test groups
(residents and allied health professionals) were assessed using repeated-measures
ANOVA. The change in scores between baseline and repeat testing for the control
group were assessed using paired-sample t tests.

Results

None of the participants in either of the test groups (resi-
dents and allied health professionals) or the control group

had previously applied a Pavlik harness. All self-reported their
competence to be either “very weak” or “weak.” Participants
in the expert group had prior clinical experience with Pavlik
harness application, and all considered their competency in this
task as either “good” or “very good.” Group mean scores and
standard deviations at each time point are presented in Table I.

Pre-Intervention Testing
The overall ANOVA demonstrated that there were differences
among the groups in the OSATS and GRS scores at time point

1 (p < 0.001). Post-hoc testing using the Tamhane T2 analysis
demonstrated that the scores of the resident, allied health, and
control groups at time point 1 did not differ significantly, but
all of these groups had significantly lower scores than the expert
group on each of the three measures (p < 0.001).

Post-Intervention Testing
The scores of the resident and allied health groups improved post-
intervention, and there were no significant differences found at
time point 2 among the expert, resident, and allied health groups
for any of the threemeasures, with the exception of a slightly higher
OSATS score in the resident group comparedwith the expert group
(p = 0.006). Pre-intervention and post-intervention Pavlik harness
application is shown in Figures 2 and 3, respectively.

Retention Testing
Overall ANOVA demonstrated no significant differences at
time point 3 among the experts, residents, and allied health
professionals for both GRS measures, but there was a signifi-
cant difference in the OSATS scores at the one-month retention
test. Post-hoc testing of the OSATS scores revealed that the
significant difference was between the allied health group and
the experts, with the allied health group scoring slightly
higher on the OSATS (p = 0.005; 95% confidence interval
[CI], 0.8 to 5.1).

Repeated-Measures Testing
Repeated-measures ANOVA of the scores of the resident and
allied health groups demonstrated a significant difference be-
tween baseline and post-intervention testing and between

Fig. 2 Fig. 3

Fig. 2 Improper application of a Pavlik harness prior to the educational intervention. Fig. 3 Improved application of a Pavlik harness, with appropriate

hip adduction and flexion, following the educational intervention.
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baseline and retention testing for all three measures (p <
0.001). A comparison of post-intervention and retention test-
ing demonstrated no significant differences in GRS scores for
either the resident group (p = 0.31 for performance and p =
0.31 for product) or the allied health group (p = 0.12 and 0.99)
and no significant difference in OSATS scores for the allied
health group (p = 0.54). However, there was a small decrease in
OSATS scores (p = 0.04) for the resident group at retention
testing.

All individual participants in the resident and allied
health groups were scored as competent on all three scales post-
intervention and at retention testing.

Control Group Testing
While there were no significant differences among the resident,
allied health, or control groups at pre-intervention testing, the
controls were found to be significantly worse than all other
groups at time point 2 for all three measures (p < 0.001).
Paired-sample t tests revealed no difference for the control
subjects between time point 1 and time point 2 testing for any
of the measures. In addition, no participant in the control
group was scored as competent on any of the measures at either
time point.

Discussion

There has been a recent shift from traditional time-based
residency training toward competency-based curricula.

Evidence regarding improved resident satisfaction, efficiency
in training, and proficiency using this model is emerging17,
and simulation-based education offers an effective educational
basis for such training programs.

Developmental dysplasia of the hip is a very common
pediatric orthopaedic condition, and the standard of care for
patients who are less than six months of age is the use of an
orthotic device such as the Pavlik harness. In our institution,
the clinical management of these patients as well as the
contraindications, complications, and use of orthotic de-
vices are well taught. However, understanding the technical
application of a Pavlik harness is an essential part of an or-
thopaedic residency curriculum for which, to our knowl-
edge, no formal training exists. This study addresses the lack
of previously published educational methods for teaching
this skill and has demonstrated that the developed simula-

tion module is effective among learners in achieving and
retaining competency.

The importance of repetitive practice in simulation-
based education is well known, but there is a lack of consensus
in the literature regarding specific metrics8. The authors of
previous studies have reported a range of repetitions deemed
necessary for optimal acquisition of surgical skills, from nine-
teen practice sessions for medical knot-tying18, to ten additional
repetitions once competency had been achieved for a laparo-
scopic procedure19, to enough repetitions until automaticity
is reached20. However, for simpler tasks, it has been noted
that overtraining may adversely affect performance20. In our
study, learners were allowed as many practice opportunities
with the instructional media and the simulator model as they
thought necessary, and all learners were able to reach compe-
tency without requiring a set number of practice events. This
suggests that Pavlik harness application can be learned relatively
easily with our module and that it accommodates different
learning styles.

Retention of skill is an important measure of any edu-
cational intervention. However, skill retention, skill decay, re-
training, and interventions for skill maintenance are poorly
understood8. There is some evidence to support retraining for
skill maintenance, but there is little consensus regarding ap-
propriate intervals for skill-retention testing. In one study of
skill retention in training for robotic-assisted surgery, the au-
thors reported no skill decay at one and three months of re-
tention testing21. In another study of simulation-based training
in laparoscopy, minor skill decay was noted in the first two
weeks following training, but skills then stabilized in the seven-
month follow-up, with no retraining in the interim19. These
findings suggest that one-month retention testing is sufficient
and that interval was, therefore, selected for this study.
Among our test groups, we demonstrated the retention of
skill at one month post-intervention with no evidence of
decay in competency.

A group of novice learners who had not previously ap-
plied a Pavlik harness or been instructed on Pavlik harness
application was included in this study. The groups that un-
derwent exposure to the learning module improved in their
Pavlik harness application skill to the level of the experts, while
the control group showed no improvement. The residents
scored higher than the experts in post-intervention OSATS

TABLE I Mean Scores at Pre-Intervention (1), Post-Intervention (2), and One-Month Retention (3) Testing Time Points*

OSATS GRS Final Product GRS Performance

Group 1 2 3 1 2 3 1 2 3

Residents 11.14 (3.61) 23.90 (1.26) 23.29 (2.22) 2.00 (0.84) 3.95 (0.50) 3.95 (0.81) 1.86 (0.79) 4.10 (0.54) 4.05 (1.02)

Allied health
professionals

11.33 (2.90) 23.50 (1.45) 24.25 (1.22) 1.92 (0.79) 3.92 (0.52) 4.25 (0.62) 1.83 (0.72) 4.00 (0.43) 4.25 (0.97)

Controls 11.73 (2.83) 11.09 (2.84) NA 1.91 (0.54) 1.91 (0.30) NA 1.82 (0.60) 1.73 (0.47) NA

Experts 21.1 (2.29) NA NA 4.38 (0.71) NA NA 4.28 (0.72) NA NA

*The values are given as the mean, with the standard deviation in parentheses. NA = not applicable.
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scores. This difference reflects the nature of the OSATS
checklist; the residents achieved more points on the task-
specific checklist on which they were trained. The expert group
may have missed a few points or specific steps, as they were not
trained on the OSATS. However, the GRS final product and
GRS overall performance scores were indistinguishable be-
tween the residents and the experts.

We also demonstrated that our module can be used by
physical and occupational therapists to effectively learn Pavlik
harness application. Allied health practitioners are increasingly
delivering clinical care, and our study provides support for training
these learners, who may serve as a useful adjunct to the surgeon’s
clinical practice, in specialized procedures. A physiotherapist-
directed model of care was previously shown to be effective in
orthopaedics, where Ponseti treatment of idiopathic clubfoot
by physiotherapists resulted in fewer interventions with similar
clinical outcomes compared with surgeon-directed care22.

While there is well-established evidence demonstrating
that skills learned in a simulation environment are transferable
to the clinical setting5, the primary limitation of the present
study was that the direct link to clinical outcome was not
evaluated. However, this study establishes our module as an
effective learning tool and is the first step toward incorporating
simulation-based learning into studies of clinical impact and
outcomes. Our instructional media tool and the affordability of
our simulator model render study expansion both economic and
feasible.

Another limitation of our study was that we did not
provide our learners with summative feedback. It has previ-

ously been identified that skill retention may be improved on
the basis of how and when feedback is provided during sim-
ulation training18. However, we chose not to provide summa-
tive feedback in this study because we feared that information
might have been shared among participants, thus confounding
our results. Despite this, all learners improved in their ability to
apply a Pavlik harness to the level of an expert clinician and
maintained this competency at retention testing.

In summary, the simulation-based learning module de-
veloped in this study has been shown to be an effective tool for
teaching the application of a Pavlik harness, and learners
demonstrated skill retention post-intervention. This learning
module can form the cornerstone of formal teaching of Pavlik
harness application for developmental dysplasia of the hip. n
NOTE: The authors thank the International Hip Dysplasia Institute (IHDI) Study Group.

Joel Moktar, MD1

Catharine S. Bradley, BScPT, MSc1

Alexandra Maxwell, BSc1

John H. Wedge, MD, FRCS(C)1

Simon P. Kelley, MBChB, FRCS(Tr&Orth)1

M. Lucas Murnaghan, MD, MEd, FRCSC1

1Division of Orthopaedic Surgery,
The Hospital for Sick Children, Toronto,
Ontario, Canada

E-mail address for M.L. Murnaghan: lucas.murnaghan@sickkids.ca

References

1. Stefanidis D. Optimal acquisition and assessment of proficiency on simulators in
surgery. Surg Clin North Am. 2010 Jun;90(3):475-89.
2. Satava RM. Emerging trends that herald the future of surgical simulation. Surg
Clin North Am. 2010 Jun;90(3):623-33.
3. Karam MD, Pedowitz RA, Natividad H, Murray J, Marsh JL. Current and future use
of surgical skills training laboratories in orthopaedic resident education: a national
survey. J Bone Joint Surg Am. 2013 Jan 2;95(1):e4.
4. Atesok K, Mabrey JD, Jazrawi LM, Egol KA. Surgical simulation in orthopaedic
skills training. J Am Acad Orthop Surg. 2012 Jul;20(7):410-22.
5. Issenberg SB, McGaghie WC, Petrusa ER, Lee Gordon D, Scalese RJ. Features
and uses of high-fidelity medical simulations that lead to effective learning: a BEME
systematic review. Med Teach. 2005 Jan;27(1):10-28.
6. Dawe SR, Windsor JA, Broeders JA, Cregan PC, Hewett PJ, Maddern GJ. A sys-
tematic review of surgical skills transfer after simulation-based training: laparo-
scopic cholecystectomy and endoscopy. Ann Surg. 2014 Feb;259(2):236-48.
7. Cook DA, Brydges R, Hamstra SJ, Zendejas B, Szostek JH, Wang AT, Erwin PJ,
Hatala R. Comparative effectiveness of technology-enhanced simulation versus
other instructional methods: a systematic review and meta-analysis. Simul Healthc.
2012 Oct;7(5):308-20.
8. Stefanidis D, Sevdalis N, Paige J, Zevin B, Aggarwal R, Grantcharov T, Jones DB;
Association for Surgical Education Simulation Committee. Simulation in surgery:
what’s needed next? Ann Surg. 2015 May;261(5):846-53.
9. Waters PS, McVeigh T, Kelly BD, Flaherty GT, Devitt D, Barry K, Kerin MJ. The
acquisition and retention of urinary catheterisation skills using surgical simulator
devices: teaching method or student traits. BMC Med Educ. 2014;14(1):264. Epub
2014 Dec 21.
10. Barsuk JH, Cohen ER, McGaghie WC, Wayne DB. Long-term retention of central
venous catheter insertion skills after simulation-based mastery learning. Acad Med.
2010 Oct;85(10)(Suppl):S9-12.
11. Stefanidis D, Korndorffer JR Jr, Sierra R, Touchard C, Dunne JB, Scott DJ. Skill
retention following proficiency-based laparoscopic simulator training. Surgery. 2005
Aug;138(2):165-70.

12. Guille JT, Pizzutillo PD, MacEwen GD. Development dysplasia of the hip from
birth to six months. J Am Acad Orthop Surg. 2000 Jul-Aug;8(4):232-42.
13. Tibrewal S, Gulati V, Ramachandran M. The Pavlik method: a systematic review
of current concepts. J Pediatr Orthop B. 2013 Nov;22(6):516-20.
14. Murnaghan ML, Browne RH, Sucato DJ, Birch J. Femoral nerve palsy in Pavlik
harness treatment for developmental dysplasia of the hip. J Bone Joint Surg Am.
2011 Mar 2;93(5):493-9.
15. Bradley CS, Moktar J, Maxwell A, Wedge JH, Murnaghan ML, Kelley SP. A reli-
able and valid objective structured assessment of technical skill for the application
of a Pavlik harness based on international expert consensus. J Pediatr Orthop. 2015
Jun 5. [Epub ahead of print].
16. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. New
York: Lawrence Erlbaum Associates; 1988.
17. Ferguson PC, Kraemer W, Nousiainen M, Safir O, Sonnadara R, Alman B,
Reznick R. Three-year experience with an innovative, modular competency-based
curriculum for orthopaedic training. J Bone Joint Surg Am. 2013 Nov 6;95(21):e166.
18. Xeroulis GJ, Park J, Moulton CA, Reznick RK, Leblanc V, Dubrowski A. Teaching
suturing and knot-tying skills to medical students: a randomized controlled study
comparing computer-based video instruction and (concurrent and summary) expert
feedback. Surgery. 2007 Apr;141(4):442-9. Epub 2007 Jan 25.
19. Stefanidis D, Acker C, Heniford BT. Proficiency-based laparoscopic simulator
training leads to improved operating room skill that is resistant to decay. Surg Innov.
2008 Mar;15(1):69-73. Epub 2008 Apr 2.
20. Stefanidis D, Scerbo MW, Montero PN, Acker CE, Smith WD. Simulator
training to automaticity leads to improved skill transfer compared with traditional
proficiency-based training: a randomized controlled trial. Ann Surg. 2012
Jan;255(1):30-7.
21. Suh IH, Mukherjee M, Shah BC, Oleynikov D, Siu KC. Retention of fundamental
surgical skills learned in robot-assisted surgery. J Robot Surg. 2012 Dec 6;301-9.
22. Janicki JA, Narayanan UG, Harvey BJ, Roy A, Weir S, Wright JG. Comparison of
surgeon and physiotherapist-directed Ponseti treatment of idiopathic clubfoot.
J Bone Joint Surg Am. 2009 May;91(5):1101-8.

870

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 98-A d NUMBER 10 d MAY 18, 2016
SK ILL ACQUIS IT ION AND RETENTION FOLLOWING SIMULAT ION-
BASED TRA IN ING IN PAVL IK HARNESS APPL ICAT ION


