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Abstract

Objective: The purpose of this study was to determine if a Sawbones Scoliosis Model could be used as a simulator
to train residents in placing pedicle screws—a complex procedure with a steep learning curve. Surgical simulation, a
common tool teaching residents complex procedures in a safe environment, was staged using a Sawbones Scoliosis
Model. Ten junior and ten senior residents out of 25 total possible residents (80%) were instructed how to place pedi-
cle screws using the free-hand technique. They were then asked to place them unilaterally from T4 to L4 and were
assessed on completion time, accuracy placement accuracy, and overall competency using an objective rating scale.

Results: Senior residents had an average time to completion of 38.9 £ 4.7 min vs. junior’s 50.1 & 11.7 min, and a
pedicle screw accuracy of 43.6 £ 6.4% vs. junior’s 44.4 4 17.4%. Overall competency scores were similar for both
groups; however, senior residents scored higher in the time and motion subdomain. Senior residents had a faster
completion time and were more efficient, suggesting greater experience in spine surgery. The low rate of screw accu-
racy in both groups validates that simulation is a safe way for trainees to learn complex tasks.
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Introduction
Complex surgical procedures are often described as
having a learning curve where technique improves with
experience. One such procedure is placement of pedicle
screws in the treatment of scoliosis [1-5]. With knowl-
edge of spinal anatomy and surface landmarks, pedicle
screws can be placed safely using the free hand technique
described by Lenke [6, 7]. The rate of screw misplace-
ment has been characterized as 14-25% (8, 9]. Screw
malposition has the potential for catastrophic neuro-
logic and vascular complications [10]. While placement
of pedicle screws remains a complex procedure best left
to experienced surgeons, orthopaedic surgical residents
must learn this technique during their training.
Historically, surgical education included trainees per-
forming procedures on real patients while attending sur-
geons supervised. With the ever-increasing complexity of
procedures, this method of training may not prove safe or
provide maximal educational benefit.
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Simulation as an educational tool for complex proce-
dures has been used in other industries, such as airlines,
with much success. Only recently has surgical simula-
tion been developed to train surgical residents. In ortho-
paedics, simulators have been described in arthroscopy,
fracture surgery and joint arthroplasty [11-14]. Pedicle
screw simulation has been described before, but not with
a Scoliosis Model [15, 16]. Idiopathic scoliosis is associ-
ated with dysplastic pedicle morphology and a complex
three-dimensional deformity that makes pedicle screw
placement more challenging [17, 18].

The purpose of this study is to validate a Scoliosis
Training Model as a simulation technique in training res-
idents how to place pedicle screws. Our hypothesis is that
senior residents will have a faster completion time, pedi-
cle screw accuracy rate, and higher score on an objective
rating scale compared to junior residents.

Main text

Methods

This project was reviewed by the institutional review
board and determined to be exempt.
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The model

A Scoliosis Spine Model (Model 1323021; Sawbones,
Vashon, Washington) comprising of T1 to the sacrum
was used for the simulation. This model has a 55° right
thoracic curve with an associated 25° rotation. A scoliosis
spine holder (Model 1703-100; Sawbones, Vashon, Wash-
ington) was used to secure the model during instrument
insertion. To simulate surrounding musculature, the
model was supported in the holder by polystyrene foam
peanuts and the model secured in place up to the level
of the transverse processes. Peanuts were also inserted
between the spinous processes and vertebral foramen in
order to prevent direct visual assistance of insertion of
the pedicle or spinal cord.

Subjects and simulation

Ten senior (fourth and fifth year) and ten junior (first,
second, or third year) residents from a US orthopaedic
residency program, out of a possible 25 total residents
(80%), were recruited for this study. Participation in the
study was voluntary.

Prior to beginning the simulation, the residents were
given verbal instructions describing the simulation by
a fellowship trained orthopaedic surgeon. The free hand
technique for placement of pedicle screws was explained
in detail. The subjects were randomized either the right
or left side of the spine. Pedicle screws were placed from
T4 to L4, and each participant was instructed to place
one screw at a time. The hand dominance of the sub-
jects was recorded. All required instruments and pedicle

Table 1 Objective rating scale
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screws (Medtronic, Memphis, TN) were laid out next to
the model. Subjects were timed from start to task comple-
tion. Videos of the simulation were delivered to a blinded,
experienced pediatric spinal deformity surgeon for review.
A checklist of steps and global rating scale (Table 1) was
developed for this exercise. To prevent bias, the videos
were cropped so as only to only show the model and the
hands of the subject. The global scale used is a modified
version previously validated in the literature [19-21].

After insertion of screw from T4 to L4, each model
was photographed before removing the implants. Each
screw was evaluated for accuracy, and misplaced screws
were recorded as to their location. Average screw length
and diameter were obtained. The final results of screw
placement were recorded and shared with the blinded
reviewer.

Statistical analyses

For the statistical comparisons, data from post-graduate
year (PGY) 4 and 5 residents were grouped as seniors,
and data from PGY1, 2, and 3 residents were grouped
as juniors. The data were then presented as group
mean =+ standard deviation. An f test was performed
using Excel (Microsoft, Redmond, WA) to assess data
normality with multiple outcomes found to be non-
normally distributed. As such, significant differences
between groups were assessed using Mann—Whitney
tests in SPSS (Version 19, SAS Institute, Cary, NC).
For all tests, p values less than 0.05 were considered
significant.

1 2 3

4 5

Preparation Did not organize, has to stop
procedure frequently to prepare
equipment

1 2 3

Time and motion Many unnecessary movements

1 2 3

Repeatedly makes tentative or
awkward moves with instru-
ments

1 2 3

Frequently stopped procedure and
seemed unsure of next moves

Instrument handling

Flow of procedure

1 2 3

Knowledge of procedure  Deficient knowledge

1 2 3

Overall performance Very poor

Equipment generally organized

Efficient time and motion

Demonstrated some forward plan-
ning with reasonable progression
of procedure

Knew all important steps

Competent

All equipment neatly prepared and
ready for use

4 5

Clear economy of movement and
maximum efficiency

4 5
Competent use of instruments, Fluid moves with instruments and no
occasionally appeared stiff and awkwardness
awkward
4 5

Obviously planned course of proce-
dure with effortless flow from one
move to the next

4 5

Demonstrated familiarity with all
aspects of the procedure

4 5
Clearly superior

Grading rubric for steps and global rating scale for resident performance
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Results

Completion time was 50.1 £ 11.7 min for junior resi-
dents and 38.9 + 4.7 min for senior residents, revealing
a significant increase in speed for the senior residents
(p = 0.018) (Fig. la). Screw accuracy defined as the
pedicle screw being completely within the pedicle was
44.4 £+ 17.4% for junior residents and 43.6 + 6.4% for
senior residents, demonstrating no significant differences
in accuracy (p = 0.847) (Fig. 1b). The objective global rat-
ing scale showed no overall difference between junior
and senior residents; however, there was a statistically
significant difference in the time and motion subdomain
(Table 2).

Discussion

A common dilemma among those who educate residents
is how to impart procedural knowledge to the trainee.
Historically, resident education used an apprenticeship
model. With the increasing complexity of procedures and
breadth of knowledge required of residents during their
surgical education, educational tools have been devel-
oped to enhance the learning experience.

Simulation of the patient encounter has been the
standard in medical student education. Only recently has
simulation of complex procedures been developed. Simu-
lation as an educational tool has been given paramount
importance as the American Board of Orthopaedic Sur-
gery in concert with the Accreditation Council for Grad-
uate Medical Education mandated the development of a
surgical skills curriculum for orthopaedic interns.

With increasing complexity of a procedure, so increases
the corresponding learning curve. Pedicle screw place-
ment in idiopathic scoliosis is one such complex proce-
dure. The combination of a three dimensional deformity
along with dysplastic anatomy make this a difficult
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Table 2 Scores on objective global exam

Junior residents  Senior residents p value
Preparation 3294049 343 +£0.53 0.591
Time and motion 2.71 £ 049 3.71 £0.95 0.030
Instrument handling ~ 2.86 £ 0.90 3.14 £0.69 0.496
Flow 329+ 049 3.57+0.53 0.298
Knowledge 329+ 049 371 +£0.76 0.244
Overall 329+ 049 357+ 053 0.298

Compiled scores for residents based on rubric. This table presents the

mean =+ standard deviation for each of the five evaluated surgical skills
demonstrated by the junior and senior residents. p values obtained from Mann-
Whitney tests comparing the groups are presented in the last column with
significant values (i.e., p > 0.05) highlighted in italics

procedure even in experienced hands. In order to teach
this skill in a safe setting that had no associated risk to
real patients, a Scoliosis Model was tested.

As we expected, senior residents, who have had more
surgical experience and training, had a faster completion
time for the task. On the objective rating scale, senior
residents had more economy of motion compared to less
experienced trainees.

The finding of low screw accuracy rate in both groups
suggests that placement of pedicle screws in scoliosis
remains an extremely challenging task. Most ortho-
paedic surgeons who place pedicle screws in practice
have completed advanced fellowship training. Given the
high malposition rate and the associated risk of injury
of misplacement, the effectiveness of simulation of this
technique becomes evident. Lieberman et al. showed
that robotic guidance was able to improve the accuracy
of pedicle screw placement in a cadaveric study of nor-
mal spines [16], but our simulation may be able to offer
similar improvements without the costs associated with
guidance systems. Similarly, Luciano et al., studied the
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Fig. 1 a Completion time in minutes for junior and senior residents. b Screw accuracy for junior and senior residents. Graphic illustrating compara-
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ability of a haptic feedback system to improve pedicle
screw placement [15], but did not find a significant effect
for their training. Combined with our study, these stud-
ies show there are many options for instructing residents
in pedicle screw placement in a safe environment with-
out any associated patient risk. Moreover, using the tools
outlined in our study, the experienced surgeon can use
objective measures to assess the trainee in any of these
modalities.

Limitations

The limitations of this study include selection bias since
it was limited to trainees at a single institution. Residency
programs are unique in their curriculum development.
Including institutions with more emphasize on orthopae-
dic spine surgery might have altered the results. Another
bias is the very nature of simulation. Even though
attempts were made to make this simulation feel as real
as possible, nothing can substitute for the operative expe-
rience on live patients. Finally, we did not have prelimi-
nary data to run a power analysis to establish a proper
sample size. Due to these limitations, other institutions
should weight the merits of our simulation against others
before adopting any specific training program. However,
it is our intent to further develop this training program
as validate protocol for improving the accuracy of pedicle
screw placement are needed. Further studies will confirm
if the skills learned in this exercise are transferable to real
clinical scenarios.

In conclusion, a Sawbones Scoliosis Model can be used
as an educational tool in teaching orthopaedic residents
how to perform the complex task of placing pedicle
screws. Senior residents, who had more surgical experi-
ence, scored higher on the objective measures of comple-
tion time and economy of motion subdomain on a global
rating scale. However, given the limitations of this study,
other residency programs will have to decide if this simu-
lation is appropriate for their training goals.

Abbreviations

US: United States; T4: 4th thoracic vertebrae; L4: 4th lumbar vertebrae; PGY:
post-graduate year; SPSS: Statistical Package for the Social Sciences; Min:
minutes.

Authors’ contributions
GT and SV facilitated testing. JB reviewed and ranked resident performances.
DK analyzed data. All authors read and approved the final manuscript.

Acknowledgements
The authors would like to thank Mike Mazella of MedTronic for supplying the
utensils for the study.

Competing interests
The authors declare that they have no competing interests.

Page 4 of 5

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This project was reviewed by the Stony Brook University Hospital Institutional
Review Board and determined to be exempt as per 41315. All volunteer par-
ticipants provided verbal consent to participation. The committee approved
this verbal consent procedure.

Funding

This study was funded by the OMeGA Medical Grants Association. The funds
were used to purchase the models used in the study. OMeGA had no role in
study design, data collection, data analysis, data interpretation, or drafting of
the manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 4 August 2017 Accepted: 29 November 2017
Published online: 04 December 2017

References

1. Lonner BS, Auerbach JD, Estreicher MB, Kean KE. Thoracic pedicle screw
instrumentation: the learning curve and evolution in the technique in the
treatment of adolescent idiopathic scoliosis. Spine. 2009;34(20):2158-64.

2. Bergeson RK, Schwend RM, Delucia T, et al. How accurately do novice
surgeons place thoracic pedicle screws with the free hand technique?
Spine. 2008;33(15):E501-7.

3. Samdani AF, Ranade A, Sciubba DM, et al. Accuracy of free-hand place-
ment of thoracic pedicle screws in adolescent idiopathic scoliosis:
how much of a difference does surgeon experience make? Eur Spine J.
2010;19(1):91-5.

4. Gang C, Haibo L, Fancai L, et al. Learning curve of thoracic pedicle screw
placement using the free-hand technique in scoliosis: how many screws
needed for an apprentice? Eur Spine J. 2012;21(6):1151-6.

5. Gonzalvo A Fitt G, Liew S, et al. The learning curve of pedicle screw place-
ment: how many screws are enough? Spine. 2009;34(21):E761-5.

6. KimYJ, Lenke LG, Bridwell KH, et al. Free hand pedicle screw placement in
the thoracic spine: is it safe? Spine. 2004;29(3):333-42.

7. SukSl, Lee CK, Kim WJ, et al. Segmental pedicle screw fixation in the treat-
ment of thoracic idiopathic scoliosis. Spine. 1995;20(12):1399-405.

8. Abul-Kasim K, Ohlin A. The rate of screw misplacement in segmental
pedicle screw fixation in adolescent idiopathic scoliosis. Acta Orthop.
2011,82(1):50-5.

9.  Liliengvist UR, Halm HF, Link TM. Pedicle screw instrumentation of the
thoracic spine in idiopathic scoliosis. Spine. 1997;22(19):2239-45.

10. Brown CA, Lenke LG, Bridwell KH, et al. Complications of pediatric thora-
columbar and lumbar pedicle screws. Spine. 1998;23(14):1566-71.

11. Van Heest A, Putnam M, Agel J, et al. Assessment of technical skills of
orthopaedic surgery residents performing open carpal tunnel release
surgery. J Bone Joint Surg Am. 2009;91(12):281-7.

12. Insel A, Carofino B, Leger R, et al. The development of an objective
model to assess arthroscopic performance. J Bone Joint Surg Am.
2009;91(9):2287-95.

13. YehyawiTM, Thomas TP, Ohrt GT, et al. A simulation trainer for complex
articular fracture surgery. J Bone J Surg Am. 2013;95(e92):1-8.

14. Podolsky DJ, Martin AR, Whyne CM, et al. Exploring the role of 3-dimen-
sional simulation in surgical training: feedback from a pilot study. J Spinal
Disord Tech. 2010,23(8):e70-4.



Tanner et al. BMC Res Notes (2017) 10:678

Luciano CJ, Banerjee PP, Bellotte B. Learning retention of thoracic pedicle
screw placement using a high-resolution augmented reality simulator
with haptic feedback. Neurosurgery. 2011;69(1 Suppl Operative).ons14-9.
Lieberman IH, Hardenbrook MA, Wang JC, Guyer RD. Assessment of
pedicle screw placement accuracy, procedure time, and radiation expo-
sure using a miniature robotic guidance system. J Spinal Disord Tech.
2012;25(5):241-8.

Berryman F, Pynsent P, Fairbank J, Disney S. A new system for measuring
three-dimensional back shape in scoliosis. Eur Spine J. 2008;17(5):663-72.
O'Brien MF, Lenke LG, Mardjetko S, Lowe TG, Kong Y, Eck K,

Smith D. Pedicle morphology in thoracic adolescent idiopathic

19.

20.

21.

Page 5 of 5

scoliosis: is pedicle fixation an anatomically viable technique? Spine.
2000;25(18):2285-93.

Reznick RK, MacRae H. Teaching surgical skills: changes in the wind. N
EnglJ Med. 2006;355(25):2664-9.

Winckle C, Reznick RK, Cohen R, Taylor B. Reliability and construct
validity of a structured technical skills assessment form. Am J Surg.
1994,167:423-7.

Martin JA, Regehr G, Reznick R, Macrae H, Murnaghan J, Hutchison C,
Brown M. Objective structured assessment of technical skill (OSATS) for
surgical residents. Br J Surg. 1997,84:273-8.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Development of a Saw Bones Model for training pedicle screw placement in scoliosis
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	The model
	Subjects and simulation
	Statistical analyses

	Results
	Discussion
	Limitations

	Authors’ contributions
	References




