
J Spine Surg 2020;6(Suppl 1):S249-S259 | http://dx.doi.org/10.21037/jss.2019.08.02© Journal of Spine Surgery. All rights reserved.

Original Study 

Surgeon motivation, and obstacles to the implementation of 
minimally invasive spinal surgery techniques

Kai-Uwe Lewandrowski1,2,3, José-Antonio Soriano-Sánchez4, Xifeng Zhang5, Jorge Felipe Ramírez 
León3,6, Sergio Soriano Solis4, José Gabriel Rugeles Ortíz3,6, Carolina Ramírez Martínez3,  
Gabriel Oswaldo Alonso Cuéllar7, Kaixuan Liu8, Qiang Fu9, Marlon Sudário de Lima e Silva10,  
Paulo Sérgio Teixeira de Carvalho11, Stefan Hellinger12, Álvaro Dowling13,14, Nicholas Prada15, Gun 
Choi16, Girish Datar17, Anthony Yeung18,19

1Center for Advanced Spine Care of Southern Arizona and Surgical Institute of Tucson, Tucson, AZ, USA; 2Department Neurosurgery, UNIRIO, 

Rio de Janeiro, Brazil; 3Spine Surgery Program, Universidad Sanitas, Bogotá, D.C., Colombia; 4Spine Clinic, Neurological Center, ABC Medical 

Center, Mexico City, Mexico; 5The Chinese PLA General Hospital, Beijing 100853, China; 6Reina Sofía Clinic & Center of Minimally Invasive 

Spine Surgery, Bogotá, Colombia; 7Center of Minimally Invasive Spine Surgery, Bogotá, Colombia; 8Atlantic Spine Center, West Orange, NJ, 

USA; 9Department of Orthopedics, Shanghai General Hospital, Shanghai, China; 10Endoscopic Spine Clinic, Belo Horizonte, Minas Gerais, Brazil; 
11Department of Neurosurgery, Universidade Federal do Estado do Rio de Janeiro, Rio de Janeiro, Brazil; 12Orthopaedic Surgeon, München, 

Germany; 13Endoscopic Spine Clinic, Santiago, Chile; 14Department of Orthopaedic Surgery, USP, Ribeirão Preto, Brazil; 15Foscal International 

Clinic, Florida, USA; 16Gun Hospital, Pohang, Korea; 17Center for Endoscopic Spine Surgery, Sushruta Hospital for Orthopaedics & Traumatology, 

Miraj, Sangli, Maharashtra, India; 18University of New Mexico School of Medicine, Albuquerque, New Mexico; 19Desert Institute for Spine Care, 

Phoenix, AZ, USA

Contributions: (I) Conception and design: KU Lewandrowski, JA Soriano-Sánchez, X Zhang, JF Ramírez León, A Yeung; (II) Administrative support: 

KU Lewandrowski, A Yeung, JA Soriano-Sánchez, X Zhang, JF Ramírez León; (III) Provision of study materials or patients: All authors; (IV) 

Collection and assembly of data: All authors; (V) Data analysis and interpretation: KU Lewandrowski, A Yeung, X Zhang; (VI) Manuscript writing: 

All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Kai-Uwe Lewandrowski. Center for Advanced Spine Care of Southern Arizona and Surgical Institute of Tucson, Tucson AZ, USA. 

Email: business@tucsonspine.com.

Background: This study aimed to analyze the motivators and obstacles to the implementation of minimally 
invasive spinal surgery techniques (MISST) by spinal surgeons. Motivators and detractors may impact the 
availability of MISST to patients and drive spine surgeons’ clinical decision-making in the treatment of 
common degenerative conditions of the lumbar spine.
Methods: The authors solicited responses to an online survey sent to spine surgeons by email, and chat 
groups in social media networks including Facebook, WeChat, WhatsApp, and Linkedin. Descriptive 
statistics were employed to count the responses and compared to the surgeon's training. Kappa statistics and 
linear regression analysis of agreement were performed.
Results: A total of 430 surgeons accessed the survey. The completion rate was 67.4%. A total of 292 
surveys were submitted by 99 neurosurgeons (33.9%), 170 orthopaedic surgeons (58.2%), and 23 surgeons 
of other postgraduate training (7.9%). Personal interest (82.5%) and patient demand (48.6%) were the 
primary motivators for MISST implementation. High equipment (48.3%) and disposables (29.1%) cost were 
relevant obstacles to MISST implementation. Local workshops (47.6%) and meetings in small groups (31.8%) 
were listed as the primary knowledge sources. Only 12% of surgeons were fellowship trained, but 46.3% of 
surgeons employed MISST in over 25% of their cases.
Conclusions: The rate of implementation of MISST reported by spine surgeons was found to be high but 
impeded by the high cost of equipment and disposables. The primary motivators for spine surgeons’ desire 
to implement were personal interest and patient demand.
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Introduction

The authors of this publication were interested in better 
understanding the current motivators and deterrents for 
spine surgeons to implement minimally invasive spinal 
surgery techniques (MISST) into the day-to-day practice 
and how these factors could impact the clinical decision-
making process in the choice of surgical treatment of 
common degenerative conditions of the lumbar spine. 
MISST has developed some significant traction among 
spine surgeons (1). The lower complication rates with 
MISST, when compared to of open lumbar spine surgery, 
has become common knowledge among patients as well  
(2-5), who are now actively seeking out surgeons and 
MISST centers (6-8) to receive treatments that are less 
disruptive to their lives, allow earlier social reintegration, 
and return to work. Avoiding some of the traditional stigmas 
of inpatient open lumbar spine surgery by reducing the time 
to postoperative narcotic independence and diminishing the 
burden on patients caused by poorly managed postoperative 
transition of care episodes has become part of this public 
discussion among its stakeholders who have established the 
value proposition of the various MISST by demonstrating 
their safety and eff icacy for a number of cl inical  
indications (9).

The obvious is embraced and hardly disputed by nearly 
everyone: MISST is publically associated with fewer 
postoperative complications, shorter interval for return 
to work and an overall reduced burden to patients and 
the healthcare delivery system. Evidence has emerged to 
corroborate these ideas from a clinical equivalency point 
of view stating that MISST outcomes are no worse and at 
a minimum similar to open spine surgery (10-13). Lower 
expenditure for un-intended aftercare and readmission 
associated with decompensated cardiopulmonary medical 
comorbidities or diabetes mellitus often seen following 
open lumbar spinal surgery (14-18) alongside with reduced 
utilization of painkillers has been reported to drive the 
cost reductions (19). The latter problem is of significance 
in lieu of the opiate abuse epidemic in the United States 
(20-22). Therefore, it is no surprise that application of 
MISST has been shown to be associated with higher 
patient acceptance (13) due to less approach-related 

access trauma and surgical pain, fewer anesthesia-related 
problems (postoperative nausea) (14), and lower exposure 
to the risk of hospitalization including surgical site 
complications, medication errors, and hospital-acquired 
infections. These factors in combination with a recent 
push by payers to transition simple lumbar decompression 
surgeries into a more cost-effective outpatient setting have 
led to a substantial increase of lumbar MISST surgeries 
being done in an ambulatory surgery center; often under 
local anesthesia, sedation, and in some cases without 
intubation (11-13).

While these overarching goals are universally agreed 
upon, individual implementation from surgeon to 
surgeon, or institution to institution may substantially 
vary as the application of MISST is carried out in a 
different local context, where competing demographic, 
economic, and health care policy agendas may have a 
supportive or conflictive impact on MISST implementation 
and utilization. Some MISST may be associated with 
higher upfront direct cost due to additional capital and 
disposable expenses before producing cost savings in the 
long run (13). Spinal surgeons are not immune to these 
underlying dynamics. They may locally face very different 
circumstances in which they are wanting or are being asked 
to implement a MISST spinal surgery program.

Therefore, the purpose of this study was to understand 
better what motivates spine surgeons in today’s healthcare 
environment to implement MISST in relationship to their 
training and which obstacles they perceive as relevant in 
their pursuits. Also, the authors were interested in analyzing 
how spine surgeons attempted to validate their local MISST 
clinical program to overcome any implementation obstacles. 
The authors intend to further this opinion-based research 
with future studies to understand better what drives decision 
making in common yet controversial clinical questions in 
spinal surgery.

Methods

The authors solicited responses to an online survey via 
email, and chat groups in social networks including 
Facebook, WeChat, WhatsApp, and LinkedIn. The survey 
was available online and distributed via a link distributed 
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through these social network media to surgeons worldwide. 
Upon clicking on the link, the prospective surgeon 
respondent was taken to the typeform website at www.
typeform.com where the survey opened automatically. The 
survey could be answered on the computer, laptop, and any 
hand-held devices such as an iPad, or a cellular smartphone. 
The typeform services were chosen because of its ease 
of use across multiple user-interface platforms. Survey 
accessibility on the personal smartphone by the surgeon was 
considered a significant advantage to facilitate recruitment 
of respondents, ease of use, and respondent’s retention to 
improve survey completion.

The  survey  cons i s t ed  o f  f i ve  ques t ions .  The 
questions were aimed at soliciting information deemed 
to be important motivators or deterrents of MISST 
implementation, whereas another question requested 
demographic information of the respondent including the 
gender, age, country of residence, practice setting, extent 
of postgraduate residency and fellowship training, and the 
percentage of his/her practice being devoted to MISST. 
Instead of user queries with a Likert scale, the survey was 
constructed of either simple “YES” or “NO” questions, 
or simple multiple-choice questions some of which with 
multiple possible answers for ease of use and to maximize 
respondent retention once on the web site and to facilitate 
survey completion. Surgeons were asked the following five 
questions:

(I) Tell us a little about yourself:
(i) What postgraduate residency training did you 

complete (please select one response)?
• Neurosurgery.
• Orthopaedic surgery.
• Other.

(ii) Did you complete a fellowship is spine surgery 
(yes/no)?

(iii) What percentage of your practice is devoted to 
MIS (please select one response)?
• I don’t exactly know.
• <25%.
• 25–50%.
• 50–75%.
• >75%.

(II) Which avenue did you use to train for the MISST 
you currently employ in your clinical practice today 
(please select all responses that apply)?
• I attended workshops and local meetings.
• I attended national and international meetings.
• I learned from likeminded peers in small 

groups.
(III) What is or was your primary motivation to 

implement MISST into your clinical practice 
(please select all responses that apply)?
• Personal interest.
• Patient demand.
• I use it for marketing & business development 

of my medical practice.
• I  perceive pressure from my peers and 

colleagues.
• I  am pressured by my organizat ion to 

implement MISST.
• I am afraid of being left behind and my practice 

could be perceived as outdated.
(IV) Which obstacles to MISST implementation apply 

to you (please select all responses that apply)?
• There are no obstacles.
• Lack of industry support.
• High upfront equipment cost is hindering me 

implementing MISST.
• High cost of disposables is problematic.
• Reimbursement is too low to economically 

justify MISST.
• Health insurance denial.
• MISST is considered experimental, outside the 

treatment- or coverage guidelines.
(V) How do you validate your clinical MISST program 

(please select all responses that apply)?
• I organize and present data of my clinical 

MISST program at local meetings.
• I attend and try to present data of my clinical 

MISST program at national and international 
meetings.

• I seek the exchange of ideas in small groups of 
likeminded peers.

• I seek validation of my clinical MISST program 
with peer-reviewed journal publications.

The survey ran from October 26 to November 14, 
2018. The authors were blinded as to the identity of 
the responding surgeon at all times. Individual personal 
identifiers were not recorded. The typeform.com survey 
created a time-stamp upon initiation of the study and once 
the completed questionnaire was submitted. Also, a unique 
network identifier (ID without IP address) was recorded for 
each responding surgeon. Upon completion of the survey, 
the responses were downloaded in an Excel file format and 
imported into IBM SPSS (version 25) statistical software 
package for further data analysis.
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Descriptive statistic measures were used to count 
responses and calculate the mean, range, and standard 
deviation as well as percentages. Wherever applicable, a P 
value of 0.05 or less was considered statistically significant, 
and a confidence interval of 95% was considered for all 
statistical tests. The responses from spine surgeons to the 
five questions were analyzed as categorical variables. The 
authors also used linear regression and kappa analysis 
of agreement in an attempt to measure the presumed 
consistency of the submitted responses in real time as they 
came in in lieu of unknown sample size required to have 
sufficient power for clinically meaningful statistical analysis.

Results

The online survey was accessed by 430 surgeons, of 
which 293 submitted a survey recording 292 submissions 
as valid responses. The survey site had 500 total visits. 
The completion rate was 67.4% and the average time 
to complete the survey was 08 minutes and 54 seconds. 
Twenty-eight surgeons completed the survey on a PC or 
laptop with 37 total and 34 unique visits with a completion 
rate of 87.5% and average time to finish 2 minutes and 30 
seconds. The majority of surgeons [261] responded to the 
survey using their smartphones during 459 total and 395 
unique visits with a completion rate of 66.1% taking an 
average time of 09 minutes and 38 seconds to complete. 
Only one surgeon used a tablet to complete the survey.

The vast majority of responding surgeons were male 
(94.8%) versus female surgeons accounting for 3.8% of 
respondents. Four surgeons preferred not to indicate their 
gender (1.4%). The age group crosstabulation by region 
showed that most responding spinal surgeons were between 
the age of 34 and 45 years of age in Asia (52.2%), Africa & 
Middle East (50.0%), North America (36.2%), and South 
America (33.3%). The majority of responding surgeons 
in Europe was between the ages of 44 and 55 (38.9%). In 
descending order, most responding surgeons were from 
Mexico (27.6%), China (16.8%), Brazil (10.8%), India 
(5.9%), United States (4.2%), Germany (2.8%), Taiwan 
(2.8%), Colombia (2.4%), South Korea (2.4%), Argentina 
(2.1%), Egypt (2.1%), Spain (1.4%), Italy (1%), and other 
countries (16.8%).

A regional breakdown of responding surgeons showed 
the majority of them were residing in North America 
(32.2%) and Asia (31.1%), followed by South America 
(18.5%), and Europe (12.3%). The majority of surgeons 
(170/292; 58.2%) participating in this survey were 

orthopaedic surgeons, followed by neurosurgeons (99/292; 
33.9%), and a small group of surgeons (23/292; 7.9%) who 
indicated that they completed another form of postgraduate 
residency program (Table 1). Concerning their practice 
setting, 42.8% reported that they worked in groups of 2–10 
peers, followed by 17.4% of surgeons indicating they were 
part of an organization employing 11–50 peers.

The vast majority (251; 86.0%) of the 292 responding 
surgeons were not fellowship trained in MISST. In 
contrast, only 14.0% (41/292) of surgeons had completed 
a MISST fellowship at the time they returned the survey. 
Thirty-five percent of spine surgeons indicated that more 
than half of their practice involves MISST cases compared 
to 26.7% who reported less than half of their cases 
employing MISST. The remaining 38.4% of surgeons 
were unsure what the exact percentage of MISST cases in 
their practice was (Table 1). The majority of spine surgeons 
(183/292; 62.7%) admitted to getting there continued 
medical education in the area of MISST from national and 
international meetings, followed by local meetings (139/292; 
47.6%) in their area that they either organized, or attended, 
and from meetings in small groups (93/292, 31.8%) of like-
minded peers.

Opinion research on their primary motivation for the 
implementation of a MISST program into their clinical 
practice revealed that spine surgeons listed their interest as 
the number one motivating factor (241/292; 82.5%). Patient 
demand (142/292; 48.6%) was the second most common 
reason why spine surgeons were implementing MISST into 
their clinical practice. Another significant group of spine 
surgeons admitted to using MISST to market themselves 
(59/292; 20.2%) and to drive business to their practice  
(Table 2). Other factors thought to be of relevance to the 
team of investigators of this study, such as pressure from 
peers and colleagues (17/292; 5.8%), pressure from their 
practice or employing organization (16/292; 5.5%), or 
fear of being left behind by their competitors and fear of 
negative impact on their reputation if they were not using 
MISST in their local health care markets (36/292; 12.3%), 
were of lesser concerns to the responding surgeons.

Of the 292 spine surgeons who completed the survey, 
218 (74.7%) indicated that they encountered obstacles 
with MISST implementation (Table 3). Spine surgeons 
universally listed the high cost of capital equipment 
purchases (141/292; 48.3%) necessary to successfully launch 
such a formalized program and high cost of disposables 
(85/292; 29.1%) as the leading obstacles. Health insurance 
company’s preauthorization request denials were the third 
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Table 1 Type of residency or following training, portion of practice devoted to MIS

Variable Frequency Percent Valid percent Cumulative percent

Residency training

Some other training 23 7.9 7.9 7.9

Neurosurgeon 99 33.9 33.9 41.8

Orthopaedic spine surgeon 170 58.2 58.2 100.0

Total 292 100.0 100.0

Fellowship training in MIS spinal surgery

Some other training 23 7.9 7.9 7.9

Neurosurgeon 99 33.9 33.9 41.8

Orthopaedic spine surgeon 170 58.2 58.2 100.0

Total 292 100.0 100.0

Percentage of surgeon’s practice devoted to MIS

I don’t exactly know 112 38.4 38.4 38.4

<25% of my practice is MIS 45 15.4 15.4 53.8

>75% of my practice is MIS 63 21.6 21.6 75.3

25–50% of my practice is MIS 33 11.3 11.3 86.6

50–75% of my practice is MIS 39 13.4 13.4 100.0

Total 292 100.0 100.0

Table 2 Responding spine surgeon’s motivation to implement MISST

Variable Frequency Percent valid percent cumulative percent

Personal interest

Not my main motivation 51 17.5 17.5 17.5

Personal interest 241 82.5 82.5 100.0

Total 292 100.0 100.0

Patient demand

I am not too concerned with patient’s demands 150 51.4 51.4 51.4

Patient demand 142 48.6 48.6 100.0

Total 292 100.0 100.0

Marketing & business development

I am not doing MISST marketing or use it for business development 233 79.8 79.8 79.8

Marketing/business development 59 20.2 20.2 100.0

Total 292 100.0 100.0

MISST, minimally invasive spinal surgery techniques.
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Table 3 Perceived obstacles to MISST implementation reported by spine surgeons

Variable Frequency Percent Valid percent Cumulative percent

Are there any?

There are some obstacles 218 74.7 74.7 74.7

No obstacles 74 25.3 25.3 100.0

Total 292 100.0 100.0

Are you being actively supported by industry?

I have no industry sponsorship 257 88.0 88.0 88.0

My MISST program is actively supported by industry 35 12.0 12.0 100.0

Total 292 100.0 100.0

High equipment cost

Equipment cost is not an issue 151 51.7 51.7 51.7

High equipment cost is hindering me to implement MISST 141 48.3 48.3 100.0

Total 292 100.0 100.0

MISST, minimally invasive spinal surgery techniques.

Table 4 Perceived obstacles to MISST implementation reported by spine surgeons

Variable Frequency Percent Valid percent Cumulative percent

High disposables cost

Disposable cost is not a concern 207 70.9 70.9 70.9

High cost of disposables are problematic 85 29.1 29.1 100.0

Total 292 100.0 100.0

Low reimbursement

Reimbursement is adequate for MISST implementation 244 83.6 83.6 83.6

Reimbursement is too low to justify MISST implementation 48 16.4 16.4 100.0

Total 292 100.0 100.0

Health insurance denial

Health insurance approves my MISST surgeries 230 78.8 78.8 78.8

Health Insurance denies my MISST surgeries 62 21.2 21.2 100.0

Total 292 100.0 100.0

Is it considered experimental by your practice or organization?

MISST is considered within treatment & coverage guidelines 256 87.7 87.7 87.7

MISST is considered experimental and it is discouraged 36 12.3 12.3 100.0

Total 292 100.0 100.0

MISST, minimally invasive spinal surgery techniques.
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most common reason of failure to implement MISST 
programs reported by responding spine surgeons (62/292; 
21.2%). Low reimbursement (48/292; 16.4%) or being told 
that MISST are outside accepted clinical treatment and 
coverage guidelines (36/292; 12.3%) were less commonly 
reported obstacles. Only 35 of 292 (12.0%) responding 
spine surgeons indicated that their MISST program was 
actively sponsored by industry (Tables 3 and 4).

Spine surgeons were also polled as to how they use 
validation of their local MISST program. Over half of 
the responding spine surgeons (153/292; 52.4%) did not 
organize or present data of their clinical MISST program 
at local meetings implying that MISST utilization in their 
surgical practice did not impact their referrals. However, the 
remaining 47.6% (139/292) of spine surgeons were keenly 
aware of the need to present clinical data of their MISST 
program in local meetings that they either organized or 
attended. A more substantial portion of spine surgeons 
(183/292; 62.7%) utilized bigger national and international 
meeting venues to validate the status of the local MISST 
program. Nearly an equal one third of the polled spine 
surgeons submitted their clinical MISST data in the form of 
articles (105/292; 36.0%) for publication to peer-reviewed 
medical journals for validation purposes, and another one 
third preferred to validate data of their clinical MISST 
program in intellectual exchanges (93/292; 31.8%) in their 
familiar circles of small groups of like-minded peers. Kappa 
analysis of agreement and linear regression analysis of 
nominal variables recoded into numerical variables showed 
consistent asymetric distribution of variances of variables 
tested suggesting consistency in the responses as the survey 
submissions increased over the three-week data acquisition 
time.

Discussion

The authors solicited responses to an online survey from 
spine surgeons residing in Asia and other countries. The 
survey was distributed via email and social media. Average 
response rates have been reported for an in-person survey 
at 57%, mail survey at 50%, email survey at 30%, online 
survey at 29%, telephone survey at 18%, an in-app survey 
of 13%, with an overall average survey response rate of 
33% (23-29). Clinical examples include a postal survey 
sent to 2,048 prospective respondents with a response 
rate of 46% (30). Another web-based 59 items survey with 
260 respondents had a response rate of 60% (31), and a 
written paper survey reported a response rate of 49.5% 

(302/610) (32). An online patient satisfaction survey in 
9,975 Medicare beneficiaries with 434 unduplicated survey 
submissions had a response rate of 4.3% (33). Clinical 
opinion survey research amongst spine surgeons showed 
response rates ranging from 49% (n=51) obtained in a 
study on surgical management of spinal stenosis amongst 
Norwegian spine surgeons (34), to 61.3% (n=357) amongst 
members of the Scoliosis Research Society surveyed on 
use of MIS Techniques in the Treatment of Adult Spinal 
Deformity (35). In comparison, another sizeable online 
survey study sent to trauma, spine and craniomaxillofacial 
surgeon members of the AO Foundation, yielded 1,212 
valid and completed submission at an overall response 
rate of 4.1% (36). These examples illustrate that there can 
be a wide range of survey response rates and that 67.4% 
obtained in this study is higher than the average reported 
for clinical online survey research.

This survey on training and skill level of MISST 
amongst spine surgeons was blinded, and the team of 
authors had no information as to the identity of the 
responding spine surgeons, hence, minimizing the impact 
of intuition and hindsight bias amongst the investigators. 
With a response rate of 67.4%, the authors also considered 
the impact of non-response bias less problematic since it 
was still higher than the average reported response rates 
in several surveys amongst spine surgeons which were 
published in well-respected journals. Non-response bias 
has been recognized as an indicator of survey quality. 
Although lower response rates in the 20% range have 
been related to more accurate measurements than surveys 
with 60% to 70% response rates which are still considered 
preferable since the missing data have not been found to be  
random (37).  Nonetheless,  there could have been 
geographic bias where the digital communication used in 
this survey study could have obliterated existing geographic 
diversity and various cultural perspectives of responding 
spine surgeons. Therefore, the authors were cautious not 
to generalize the findings of this survey in the context 
of their preconceived notions of MISST and to counter 
the homogenizing effect of the digital data acquisition 
across multiple cultural boundaries while recognizing its 
limitations in the quest for genuinely alternative insights 
by other surgeons. To minimize the potentially distorting 
effects of such geographic biases, this team of authors 
from multiple countries in Asia, the Americas, and Europe 
worked closely together on the survey data analysis and 
interpretation taking the cultural diversities among 
respondents in the practice of MISST into account.
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Findings of this opinion survey of 292 spine surgeons 
who returned a completed online questionaire indicate 
that the primary motivation to implement MISST into 
their day-to-day practice was personal interest (82.5%) 
and patient demand (48.6%). Other motivators, such as 
marketing their practice (20.2%), peer-pressure (5.8%), 
and fear of their clinical practice being considered outdated 
and being left behind (12.3%) were by far less of a priority 
to spine surgeons. This suggests that MISST is embraced 
by the vast majority of spine surgeons as mainstream and 
considered integral part of their clinical practice.

Nearly three-quarters of spine surgeons polled (74.4%) 
reported some sort of an obstacle preventing them to 
effectively implement an MISST program. A current 
breakdown of the most significant implementation hurdles 
shows that their innovation attempts are being hampered 
by high cost of new capital equipment purchases (reported 
by 48.3% of surgeons) and high cost of disposables 
(reported by 29.1% of surgeons) suggesting that they 
are getting pushback from their institutions where 
they are wanting to perform MISST surgeries because 
higher upfront implementation cost and higher ongoing 
operational costs. Low reimbursement (reported by 16.4% 
of surgeons) was reported to be less of an issue as this 
team of authors expected. However, it is unclear whether 
surgeons only reflected on their professional fees, or on the 
facility fee paid to the institution where the surgeries were 
conducted. It is reasonable to assume that high cost for 
equipment and disposables is also an issue for the health 
care institution where MISST is being implemented. 
Industry support to absorb some of these high upfront and 
ongoing operational costs was reported by only 12% of 
spine surgeons. The authors of this survey have no further 
information as to the details of these arrangements. 
However, it seems clear that industry does play a role in 
overcoming MISST implementation hurdles and that 
they should be studied further. Preauthorization denials 
by health insurance companies alongside with pushback 
for seemingly attempting to perform MISST surgeries 
that are not considered within accepted treatment and 
coverage guidelines was less problematic than previously 
reported. This suggests that MISST today has gained in  
acceptance among the stakeholders of the patient care 
equation (38-40).

Validation of their local MISST program was sought 
by nearly half of the responding spine surgeons (47.6%) 
who did so by organizing, attending and presenting clinical 
data of their MISST program in local meetings and at 

national and international meetings venues (62.7%). 
The authors of this study were also surprised by the high 
percentage of spine surgeons who validated their clinical 
program with articles submitted to peer-reviewed medical 
journals (36%). This clearly suggests that a third of the 
spine surgeons polled recognized the burden of proof to 
justify the rationale for their innovation attempts during 
the MISST implementation. Unfortunately, this survey 
did not collect any information as to whether this subset of 
publishing surgeons was predominately in academic setting 
or not. Other means of MISST validation were used by 
another one third of responding surgeons who preferred 
exchanging ideas on MISST (31.8%) in their familiar circles 
of small groups of like-minded peers. Obviously, this mode 
of validation is less cumbersome and involves less formal 
analysis of clinical data and is the easiest way to position 
one’s clinical MISST program within the norm of what is 
being performed by others but does not exceed beyond level 
V evidence (personal communication).

The online survey proofed an effective means of 
collecting tangible clinical information from spine 
surgeons in real time. This survey reached 430 surgeons 
with 292 valid submissions. The completion rate was 
67.4% and surgeons that used a computer or laptop took 
significantly less time to complete. The smartphone 
accessibility of the survey clearly extended its reach to 
more surgeons who could respond on-the-go anytime and 
anywhere regardless of busy work schedules. However, the 
average time to completion more than tripled when using 
a smartphone (08:54) as if a computer or laptop was used. 
Presumably, the smaller screen size on the smartphone is of 
disadvantage when conducting a survey on complex clinical 
questions.

Analyzing the training background of the spine 
surgeons who responded to the survey revealed that the 
majority of them were orthopaedic surgeons (58.2%), 
followed by neurosurgeons (33.9%), and another small 
group of surgeons (7.9%) who completed another form 
of postgraduate residency program. This team of authors 
was surprised by the low percentage (14%) of responding 
spine surgeons performing MISST who had completed a 
formal spine fellowship. In spite of lack of formal fellowship 
training in the majority (86%) of spine surgeons, 61.6% 
of them indicated that a substantial portion of the clinical 
practice was devoted to performing MISST surgeries 
suggesting that they were self-taught. Unfortunately, this 
survey did not collect any information on how many years 
in practice these responding surgeons were after graduating 
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from the respective postgraduate training programs. 
Neither did the survey obtain any information as to whether 
spine fellowships are keeping up with the fast-moving field 
of MISST. However, the survey implies that they are not, 
or at a minimum not the training centers of contemporary 
MISST. In fact, most surgeons (47.6%) received their 
MISST training in small workshops corroborating the 
idea of spine fellowships lagging behind in teaching 
contemporary MISST.

Thi s  su rvey  s tudy  on  mot i va t ion  fo r  MISST 
implementation amongst spine surgeons, and the types of 
obstacles they encountered had the advantage of blinded 
responses which minimized the impact of intuition and 
hindsight bias amongst the investigators. After all, the 
study investigators did not know the distribution of 
responses and which underlying trends would emerge when 
the survey launched. Hence, it was unclear at the outset 
of the online data acquisition when sufficient statistical 
sample size would have been achieved to close the survey. 
Linear regression monitoring of the change in response 
rates to the questions over the three-week period and 
kappa analysis of agreement in the 292 survey submissions 
showed a relatively stable distribution of asymmetric 
variances suggesting that similar percentage response rates 
could have been reasonably expected with a broader polling 
sample. Therefore, the authors of this study are confident 
that results presented herein are in fact representative 
of current opinions regarding MISST implementation 
amongst spine surgeons.

Conclusions

This online survey reached 430 spine surgeons in just three 
weeks suggesting that making a questionnaire accessible 
on a hand-held device facilitates data acquisition. Personal 
interest and patient demand were the main motivators for 
spine surgeons to implement MISST into their clinical 
practice. High cost for upfront capital equipment purchase 
and high ongoing operational expenses for disposables 
was listed as the most significant obstacles to MISST 
implementation. One third of surgeons validated their 
clinical MISST with peer-reviewed journal articles, and 
another third preferred personal exchange in small familiar 
circles of like-minded peers. Two-thirds of responding 
spine surgeons attended national and international meetings 
to validate the position of their local MISST program. 
This survey clearly indicates that MISST have become 
mainstream in spinal surgery. Local workshops and 

meetings in small groups instead of spine fellowships are 
the main knowledge sources for spine surgeons trying to 
implement MISST.
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