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Background and Aim: Neurovascular lesions can cause death or disability. Some of them 
are operable, but surgical approaches are complicated, and proper access to these lesions 
is crucial. A few of these surgeries occur during the residency educational program, and 
residents’ experience in operating these lesions may be quite inadequate. Using new 
technologies like 3D-reconstruction of vascular lesion images may result in better training 
and improve residents’ knowledge and understanding of these operations.

Methods and Materials/Patients: Four senior neurosurgery residents were enrolled in this 
study. They were taught to use a 3D image rebuilding program (3D Slicer). They were then 
asked to rebuild a 3D image of every patient lesion, practice different surgical views, and 
review anatomical structures around the lesion before surgery

Results: All residents mentioned that their knowledge of surgical approaches improved, and 
they learned more from each operation. Two of them commented that more self-trust during 
surgeries led to more effective education. Their ability in surgical planning was enhanced too. 
Attending physicians of these residents believed that this practice improved the residents’ 
skills and educational quality.

Conclusion: New technologies can promote residency educational programs. It seems that 
working on 3D images of lesions before surgery can boost residents’ educational attributes.
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1. Introduction

erebrovascular diseases are among the 
leading causes of long-term morbidity 
and the second leading cause of mortality 
in the world [1]. These diseases include a 
wide range of vascular conditions, includ-
ing ischemic or hemorrhagic brain disease, 

carotid or vertebral artery stenosis, intracranial artery 
stenosis, aneurysms, and Arteriovenous Malforma-
tions (AVM). In developed countries, there has been a 
decline in mortality and morbidity from cerebrovascu-
lar diseases, but in recent years this decline seems to 
have stopped, and the prevalence of these diseases has 
increased in younger adults (35 to 64 years) [2, 3]. For-
tunately, great steps have been made in treating these 
diseases [4, 5]. Treatment of cerebrovascular diseases 
depends on their causes and other risk factors, and sur-
geons should usually decide between supportive thera-
py and surgical treatment [6, 7]. 

Surgical treatment is considered in cerebrovascular le-
sions, especially aneurysms and AVM. The appropriate 
treatment is determined according to the risk factors 
which include position, size, morphology, presence or 
absence of thrombosis, multiple aneurysm lobes, and 
patient’s risk factors, such as age, family history, medical 
history, and history of subarachnoid hemorrhage in the 
patient or his/her family [6, 8, 9]. Moreover, the surgi-
cal treatment of these lesions requires proper access 
to them [10, 11]. As a result, a 3D model of lesions re-
constructed from CT-scan and MRI images can improve 
residents’ knowledge on operating these lesions and 
enhance the quality of training during surgery. 

The 3D model can help surgeons know the shape and 
borders of the lesion and its anatomical location. There 

are a lot of 3D reconstructing applications in the market. 
ITK-Snap, DtiStudio, FreeSurfer, FSL, SPM, OsiriX, BioIm-
age Suite, MIPAV, ImageJ, and 3D Slicer are used for this 
purpose. Meanwhile, 3D Slicer is a powerful software 
used for medical and educational purposes [12]. It is a 
free and open-source program with the ability to add 
new tools for computer calculations and medical im-
aging. The program was created by combining several 
independent projects to illustrate and navigate surgery 
and to create graphic appearances for users [13]. 

Functionality, upgradeability, ability to transfer be-
tween different platforms, no software license restric-
tions, compatibility with PACS (Picture Archiving and 
Communication System), clinical system, and software 
support are some of the advantages of this program 
compared with other programs on the market with 
open-source tools and same goals. There are also vari-
ous software packages with a set of analytic tools for 
this program (some of which have even been approved 
by the Food and Drug Administration (FDA) for certain 
clinical use) [13]. Unlike similar applications, 3D Slicer is 
free and does not require specialized equipment. This 
software is not limited to a specific process or research 
use because it is very expandable. Other similar pro-
grams include OsiriX, BioImage Suite, MIPAV, and ImageJ 
but they are not open source, and other programmers 
cannot upgrade them [13]. In this study, we intended 
to use 3D Slicer software to increase the quality of resi-
dents’ training for cerebrovascular surgeries.

2. Methods and Materials/Patients

In this study, 4 senior Neurosurgery residents volun-
teered. First, they were taught how to use 3D Slicer to re-
construct 3D models. Then residents were taught how to 
extract a 3D image of the cerebrovascular structure using 
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Highlights 

• This study shows the 3D Slicer program can enhance the residents’ ability in surgery.

• Surgical planning can be more precise with a 3D Slicer program. 

• Neurovascular surgery is very sophisticated and needs precise planning

Plain Language Summary 

Neurovascular lesions can lead to death or disability. Some lesions can be operated but surgical approaches are 
complicated, and proper access to the lesion site is very important. Using new technologies like 3D-reconstruction of 
vascular lesion images may result in better training and improve residents’ knowledge of these operations.
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CT angiography and MR angiography samples and were 
asked to reconstruct two samples of each on their own.

After ensuring the ability of the residents to reconstruct 
the 3D models, they were asked to reconstruct the 3D 
model of any patient’s vascular lesion, who were consid-
ered for surgical treatment of aneurysm or AVM, before 
surgery from July 15, 1997, to July 15, 1998. They were 
also asked to evaluate the 3D model of the lesion, the ex-
act location of the pathology, different anatomical struc-
tures around the lesion, the surgical pathway to reach it, 
and review the surgical approach. They had to practice 
surgical planning in detail, imagine surgery procedures 
before the real surgery, highlight the important points 
at each stage, and conceive the step-by-step operation. 
During this period, 28 surgeries were performed, and 
one night before the surgery, at least one resident did 
this practice and the next day participated in the surgery.

At the end of the study, the residents and attending 
physicians who performed the mentioned surgeries 
were given a questionnaire designed for this purpose, 
and the results were recorded. The questionnaire in-
cluded questions about the understanding of the pro-
cesses and learning during the surgery, the ability to 
plan for surgery, self-confidence during surgery, a bet-
ter understanding of the surgical site anatomy, and the 
benefits of this training process for residency training. 
Finally, the results of the questionnaires were reported.

3. Results

In this study, we investigated the effect of an educa-
tional intervention on improving the educational quality 
of the residency course. Since no specific objective test 
was designed in this case, the results were expressed 
subjectively. The duration of this study was one year, 
during which 28 cases of cerebrovascular surgery were 
performed. Surgical outcomes of these patients were 
satisfactory, except for one case of mortality due to post-
surgery embolism and 3 cases of morbidity, of which 2 
were hemiplegia and 1 ptosis. All 4 residents mentioned 
that they had a better understanding of the approach 
to the lesion and learning during these surgeries com-
pared with other surgeries. Two residents also noted 
an increase in self-confidence during surgery, leading to 
better and more effective training.

In terms of the ability to plan before surgery, all residents 
had experienced significant progress in this area, noting 
that after this training course, they could make more ac-
curate planning with a greater sense of skillfulness.

Furthermore, 3 residents believed that the process in-
creased the quality of education in the training course, 
especially in the case of rare vascular lesions. It also 
helped them identify and diagnose the anatomy of 
the lesions and their surrounding structures that can 
be useful for any neurosurgeon. All residents believed 
that at the end of this period, by reconstructing the 3D 
structure of the lesion in each patient, the anatomy of 
the surgical site was much more apparent and more ac-
cessible. Therefore, less time was required before the 
surgery to study the anatomy of the lesion’s location.

A questionnaire was also obtained from the two at-
tending physicians who performed the surgeries. They 
both believed that the residents who participated in the 
surgeries were more skillful and self-confident. Their 
ability in surgical planning was also much better. Both 
attending physicians stated that using this method for 
less prevalent vascular lesions could increase the quality 
of residency training in neurosurgery.

4. Discussion

In recent years, studies on the use of new imaging 
technologies in medicine have developed. These tech-
nologies have increased the ability to produce 3D im-
ages that can be easier and faster for humans to under-
stand [14-17]. This technology is especially important in 
residency training because surgical training is very diffi-
cult, costly, and complex in terms of maintaining ethics, 
and has many risks for patients and residents [18, 19].

Because of the mentioned limitations, several efforts 
have been made recently to improve the quality of edu-
cation by creating simulations outside the clinical situa-
tions and especially by using new technologies [20-24]. 
In a study in China, the impact of using these technolo-
gies on the quality of the residents’ educational courses 
was evaluated in a randomized clinical trial. It was found 
that 3D modeling of spinal fractures makes them easier 
to understand for medical students who had studied 
anatomy from textbooks, cadavers, and computer simu-
lators before the study [25].

This study aimed to design a system to improve the 
residents’ training on complex and less common vascu-
lar surgeries, better planning of surgery, and improve 
the quality of residency training in general.

According to the questionnaires filled out by the resi-
dents, this process not only makes it easier and more 
effective for the residents to learn from surgery but also 
gives them a better understanding of the anatomical 
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structures around the lesion and the surgical approach. 
It also provides better surgical planning and control and 
improves surgical outcomes even after the educational 
course. Recently, the relationships between anatomical 
learning using 3D image reconstruction software and 
improved surgeons’ performance (after residency) and 
patient specificity have been reported in several publi-
cations [26-28]. The results of our training package are 
similar. Besides, based on the questionnaires filled out 
by attending physicians, this process helps educate resi-
dents, especially for sensitive surgeries of cerebrovas-
cular lesions with less prevalence, and can increase the 
quality of the residency training course.

5. Conclusion

Because of the short period of residency and a few pa-
tients with cerebrovascular lesions who became candi-
dates for surgery, the number of cases registered in this 
study was small. No appropriate objective test is avail-
able to assess the impact of this training package on 
improving the quality of residency training accurately. 
These issues can lead to imprecise conclusions. Accord-
ing to the results of this study, we recommend that this 
package be studied in a larger group of residents and 
for a longer period. Designing an appropriate objective 
test may be useful to test the ability of residents in this 
particular process and other educational undertakings.

Ethical Considerations

Compliance with ethical guidelines

Informed consent was obtained from all participants.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Authors' contributions

Conceptualization and design: Amir Saied Seddighi, 
Afsoun Seddighi, Alireza Zali; Data collection: Shiva Jam-
shidi, Afsoun Seddighi; Data analysis and interpretation: 
Hesam Rahimi, Amir Saied Seddighi; Drafting the article: 
Mostafa Hosseini, Morteza Hosseini; Critically revising the 
article: Amir Saied Seddighi, Afsoun Seddighi; Reviewing 
submitted version of manuscript: Amir Saied Seddighi; 
Approving the final version of the manuscript: Alireza Zali.

Conflict of interest

The authors declared no conflict of interest. 

References

[1] Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, 
Connor M, Bennett DA, et al. Global and regional burden of 
stroke during 1990-2010: Findings from the global burden of 
disease study 2010. Lancet. 2014; 383(9913):245-54. [PMID]

[2] Yang Q, Tong X, Schieb L, Vaughan A, Gillespie C, Wiltz JL, 
et al. Vital signs: Recent trends in stroke death rates-United 
States, 2000-2015. MMWR. Morbidity and Mortality Weekly 
Report. 2017; 66(35):933-9. [PMID] [PMCID]

[3] George MG, Tong X, Bowman BA. Prevalence of cardio-
vascular risk factors and strokes in younger adults. JAMA 
Neurology. 2017; 74(6):695-703. [DOI:10.1001/jamaneu-
rol.2017.0020] [PMID] [PMCID]

[4] Hong KS, Bang OY, Kang DW, Yu KH, Bae HJ, Lee JS, et 
al. Stroke statistics in Korea: Part I. Epidemiology and risk 
factors: A report from the korean stroke society and clinical 
research center for stroke. Journal of Stroke. 2013; 15(1):2-20. 
[DOI:10.5853/jos.2013.15.1.2] [PMID] [PMCID]

[5] Kim HJ, Kim Y, Cho Y, Jun B, Oh KW. Trends in the preva-
lence of major cardiovascular disease risk factors among 
Korean adults: Results from the Korea National Health and 
Nutrition Examination Survey, 1998-2012. International 
Journal of Cardiology. 2014; 174(1):64-72. [DOI:10.1016/j.ij-
card.2014.03.163] [PMID]

[6] Jakubowski J, Kendall B. Coincidental aneurysms with 
tumours of pituitary origin. Journal of Neurology, Neu-
rosurgery & Psychiatry. 1978; 41(11):972-9. [DOI:10.1136/
jnnp.41.11.972] [PMID] [PMCID]

[7] Raaymakers TW, Rinkel GJ, Limburg M, Algra A. Mortality 
and morbidity of surgery for unruptured intracranial aneu-
rysms: A meta-analysis. Stroke. 1998; 29(8):1531-8. [PMID]

[8] Connolly ES, Solomon RA. Management of unruptured an-
eurysms. Management of cerebral aneurysms. In: In: Le Roux 
PD, Winn HR, Newell DW, editors. Philadelphia: Saunders; 
2004. https://www.google.com/books/edition/Manage-
ment_of_Cerebral_Aneurysms/1N9rAAAAMAAJ?hl=en

[9] King JT Jr, Berlin JA, Flamm ES. Morbidity and mortality 
from elective surgery for asymptomatic, unruptured, intrac-
ranial aneurysms: A meta-analysis. Journal of Neurosurgery. 
1994; 81(6):837-42. [PMID]

[10] David CA, Vishteh AG, Spetzler RF, Lemole M, Lawton 
MT, Partovi S. Late angiographic follow-up review of sur-
gically treated aneurysms. Journal of Neurosurgery. 1999; 
91(3):396-401. [DOI:10.3171/jns.1999.91.3.0396] [PMID]

[11] Kumar S, Patel A, Vaghela D, Singh K, Solanki R, Shah H. 
The brain arterio-venous malformations (BAVMs): A picto-
rial essay with emphasis on role of imaging in management. 
Indian Journal of Radiology and Imaging. 2006; 16(4):757. 
[Link not found] 

[12] Egger J, Kapur T, Fedorov A, Pieper S, Miller JV, Veerara-
ghavan H, et al. GBM volumetry using the 3D Slicer medical 
image computing platform. Scientific Reports. 2013; 3:1364. 
[DOI:10.1038/srep01364] [PMID] [PMCID]

[13] Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-
Robin JC, Pujol S, et al. 3D Slicer as an image computing 
platform for the Quantitative Imaging Network. Magnetic 
Resonance Imaging. 2012; 30(9):1323-41. [DOI:10.1016/j.
mri.2012.05.001] [PMID] [PMCID]

Seddighi et al. 3D Reconstruction System for Surgical Planning. Iran J Neurosurg. 2021; 7(4):191-196

https://pubmed.ncbi.nlm.nih.gov/24449944/
https://www.ncbi.nlm.nih.gov/pubmed/28880858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5689041
https://doi.org/10.1001/jamaneurol.2017.0020
https://doi.org/10.1001/jamaneurol.2017.0020
https://www.ncbi.nlm.nih.gov/pubmed/28395017
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5559660
https://doi.org/10.5853/jos.2013.15.1.2
https://www.ncbi.nlm.nih.gov/pubmed/24324935
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3779679
https://doi.org/10.1016/j.ijcard.2014.03.163
https://doi.org/10.1016/j.ijcard.2014.03.163
https://www.ncbi.nlm.nih.gov/pubmed/24742812
https://doi.org/10.1136/jnnp.41.11.972
https://doi.org/10.1136/jnnp.41.11.972
https://www.ncbi.nlm.nih.gov/pubmed/712374
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC493208
https://www.ncbi.nlm.nih.gov/pubmed/9707188
https://www.google.com/books/edition/Management_of_Cerebral_Aneurysms/1N9rAAAAMAAJ?hl=en
https://www.google.com/books/edition/Management_of_Cerebral_Aneurysms/1N9rAAAAMAAJ?hl=en
https://www.ncbi.nlm.nih.gov/pubmed/7965113
https://doi.org/10.3171/jns.1999.91.3.0396
https://www.ncbi.nlm.nih.gov/pubmed/10470813
https://doi.org/10.1038/srep01364
https://www.ncbi.nlm.nih.gov/pubmed/23455483
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586703
https://doi.org/10.1016/j.mri.2012.05.001
https://doi.org/10.1016/j.mri.2012.05.001
https://www.ncbi.nlm.nih.gov/pubmed/22770690
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3466397


195

October 2021, Vol 7, Issue 4, No 27

[14] AbouHashem Y, Dayal M, Savanah S, Štrkalj G. The appli-
cation of 3D printing in anatomy education. Medical Educa-
tion Online. 2015; 20:29847. [PMID] [PMCID]

[15] Adams JW, Paxton L, Dawes K, Burlak K, Quayle M, Mc-
Menamin PG. 3D printed reproductions of orbital dissections: 
A novel mode of visualising anatomy for trainees in ophthal-
mology or optometry. The British Journal of Ophthalmology. 
2015; 99(9):1162-7. [DOI:10.1136/bjophthalmol-2014-306189] 
[PMID]

[16] Lim KH, Loo ZY, Goldie SJ, Adams JW, McMenamin PG. 
Use of 3D printed models in medical education: A randomized 
control trial comparing 3D prints versus cadaveric materials 
for learning external cardiac anatomy. Anatomical Sciences 
Education. 2016; 9(3):213-21. [DOI:10.1002/ase.1573] [PMID]

[17] O’Reilly MK, Reese S, Herlihy T, Geoghegan T, Cantwell 
CP, Feeney RN, et al. Fabrication and assessment of 3 D 
printed anatomical models of the lower limb for anatomical 
teaching and femoral vessel access training in medicine. Ana-
tomical Sciences Education. 2016; 9(1):71-9. [DOI:10.1002/
ase.1538] [PMID]

[18] Bridges M, Diamond DL. The financial impact of teach-
ing surgical residents in the operating room. The American 
Journal of Surgery. 1999; 177(1):28-32. [DOI:10.1016/S0002-
9610(98)00289-X]

[19] Liu JK, Kshettry VR, Recinos PF, Kamian K, Schlenk RP, 
Benzel EC. Establishing a surgical skills laboratory and dissec-
tion curriculum for neurosurgical residency training. Journal 
of Neurosurgery. 2015; 123(5):1331-8. [DOI:10.3171/2014.11.
JNS14902] [PMID]

[20] Collins JP. Modern approaches to teaching and learning 
anatomy. BMJ. 2008; 337:a1310. [DOI:10.1136/sbmj.0811402]

[21] Lewis MJ. Computer-assisted learning for teaching anat-
omy and physiology in subjects allied to medicine. Medical 
Teacher. 2003; 25(2):204-6. [PMID]

[22] Tam MD, Hart AR, Williams S, Heylings D, Leinster S. Is learn-
ing anatomy facilitated by computer-aided learning? A review of 
the literature. Medical Teacher. 2009; 31(9):e393-6. [PMID]

[23] Turney BW. Anatomy in a modern medical curriculum. 
Annals of the Royal College of Surgeons of England. 2007; 
89(2):104-7. [DOI:10.1308/003588407X168244] [PMID] [PM-
CID]

[24] Yammine K, Violato C. A meta‐analysis of the educational 
effectiveness of three‐dimensional visualization technologies 
in teaching anatomy. Anatomical Sciences Education. 2015; 
8(6):525-38. [DOI:10.1002/ase.1510] [PMID]

[25] Li Z, Li Z, Xu R, Li M, Li J, Liu Y, et al. Three-dimensional 
printing models improve understanding of spinal fracture-
A randomized controlled study in China. Scientific Reports. 
2015; 5:11570. [DOI:10.1038/srep11570] [PMID] [PMCID]

[26] Kurenov SN, Ionita C, Sammons D, Demmy TL. Three-
dimensional printing to facilitate anatomic study, device 
development, simulation, and planning in thoracic surgery. 
The Journal of Thoracic and Cardiovascular Surgery. 2015; 
149(4):973-9. e1. [DOI:10.1016/j.jtcvs.2014.12.059] [PMID]

[27] Maragiannis D, Jackson MS, Igo SR, Schutt RC, Connell P, 
Grande-Allen J, et al. Replicating patient-specific severe aortic 
valve stenosis with functional 3D modeling. Circulation: Car-
diovascular Imaging. 2015; 8(10):e003626. [PMID]

[28] Narayanan V, Narayanan P, Rajagopalan R, Karuppiah R, 
Rahman ZA, Wormald PJ, et al. Endoscopic skull base train-
ing using 3D printed models with pre-existing pathology. Eu-
ropean Archives of Oto-Rhino-Laryngology. 2015; 272(3):753-
7. [DOI:10.1007/s00405-014-3300-3] [PMID]

Seddighi et al. 3D Reconstruction System for Surgical Planning. Iran J Neurosurg. 2021; 7(4):191-196

https://www.ncbi.nlm.nih.gov/pubmed/26478143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609651
https://doi.org/10.1136/bjophthalmol-2014-306189
https://www.ncbi.nlm.nih.gov/pubmed/25689987
https://doi.org/10.1002/ase.1573
https://www.ncbi.nlm.nih.gov/pubmed/26468636
https://doi.org/10.1002/ase.1538
https://doi.org/10.1002/ase.1538
https://www.ncbi.nlm.nih.gov/pubmed/26109268
https://doi.org/10.1016/S0002-9610(98)00289-X
https://doi.org/10.1016/S0002-9610(98)00289-X
https://doi.org/10.3171/2014.11.JNS14902
https://doi.org/10.3171/2014.11.JNS14902
https://www.ncbi.nlm.nih.gov/pubmed/26052729
https://doi.org/10.1136/sbmj.0811402
https://www.ncbi.nlm.nih.gov/pubmed/12745534
https://www.ncbi.nlm.nih.gov/pubmed/19811174
https://doi.org/10.1308/003588407X168244
https://www.ncbi.nlm.nih.gov/pubmed/17346399
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1964553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1964553
https://doi.org/10.1002/ase.1510
https://www.ncbi.nlm.nih.gov/pubmed/25557582
https://doi.org/10.1038/srep11570
https://www.ncbi.nlm.nih.gov/pubmed/26099838
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4477328
https://doi.org/10.1016/j.jtcvs.2014.12.059
https://www.ncbi.nlm.nih.gov/pubmed/25659851
https://www.ncbi.nlm.nih.gov/pubmed/26450122
https://doi.org/10.1007/s00405-014-3300-3
https://www.ncbi.nlm.nih.gov/pubmed/25294050


This Page Intentionally Left Blank


