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Background: Regional differences in acceptance and utilization of MISST by spine surgeons may have
an impact on clinical decision-making and the surgical treatment of common degenerative conditions of the
lumbar spine. The purpose of this study was to analyze the acceptance and utilization of various minimally
invasive spinal surgery techniques (MISST) by spinal surgeons the world over.

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. Surgeons were
asked the following questions: (I) Do you think minimally invasive spinal surgery is considered mainstream
in your area and practice setting? (II) Do you perform minimally invasive spinal surgery? (III) What type of
MIS spinal surgery do you perform? (IV) If you are performing endoscopic spinal decompression surgeries,
which approach do you prefer? The responses were cross-tabulated by surgeons’ demographic data, and
their practice area using the following five global regions: Africa & Middle East, Asia, Europe, North
America, and South America. Pearson Chi-Square measures, Kappa statistics, and linear regression analysis
of agreement or disagreement were performed by analyzing the distribution of variances using statistical
package SPSS Version 25.0.

Results: A total of 586 surgeons accessed the survey. Analyzing the responses of 292 submitted surveys

regional differences in opinion amongst spine surgeons showed that the highest percentage of surgeons
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in Asia (72.8%) and South America (70.2%) thought that MISST was accepted into mainstream spinal
surgery in their practice area (P=0.04) versus North America (62.8%), Europe (52.8%), and Africa & Middle
East region (50%). The percentage of spine surgeons employing MISST was much higher per region
than the rate of surgeons who thought it was mainstream: Asia (96.7%), Europe (88.9%), South America
(88.9%), and Africa & Middle East (87.5%). Surgeons in North America reported the lowest rate of MISST
implementation globally (P<0.000). Spinal endoscopy (59.9%) is currently the most commonly employed
MISST globally followed by mini-open approaches (55.1%), and tubular retractor systems (41.8%). The
most preferred endoscopic approach to the spine is the transforaminal technique (56.2%) followed by
interlaminar (41.8%), full endoscopic (35.3%), and over the top MISST (13.7%).

Conclusions: The rate of implementation of MISST into day-to-day clinical practice reported by spine
surgeons was universally higher than the perceived acceptance rates of MISST into the mainstream by their

peers in their practice area. The survey suggests that endoscopic spinal surgery is now the most commonly
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performed MISST.
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Introduction

The authors of this publication were interested in better
understanding regional differences in acceptance and
utilization of various minimally invasive spinal surgery
techniques (MISST) and how these differences could
factor into the clinical decision-making process on a local
level when it comes to the choice of surgical treatment
of common degenerative conditions of the lumbar spine.
While MISST has developed some significant traction
among spine surgeons (1-22) in an attempt to lower
complication rates of open lumbar spine surgery and among
patients (23-26), who are now actively seeking out surgeons
and MISST centers (27,28) to receive treatments that
are less disruptive to their lives, significant disagreement
exists among the stakeholders of this public discussion as
to the best choice and effectiveness of the various MISSTs
with respect best clinical indications, outcomes and value
proposition.

The obvious is embraced and hardly disputed by nearly
everyone: MISST at least on the surface has the appearance
of fewer postoperative complications, shorter interval for
return to work and social reintegration (29). 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 surgery (30-51).
Initially, however, MISST may be associated with higher
direct cost due to additional capital and disposable expenses
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but may result in an overall lower societal burden in the
long run (52). Lower expenditure for un-intended aftercare
associated with decompensated cardiopulmonary medical
comorbidities or diabetes mellitus often seen following
open lumbar spinal surgery (52-58) alongside with less time
to postoperative narcotic independence and overall reduced
utilization of painkillers has been reported to drive the cost
reductions (59). The latter problem is of significance in lieu
of the opiate abuse epidemic in the United States (60-62).

Less approach-related access trauma and reduced
surgical pain 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 (54-58).
In comparison to traditional open approaches, application
of MISSTs has been shown to be associated with higher
patient acceptance (50,52-54) due to fewer anesthesia-
related problems (postoperative nausea) (53), and lower
exposure to the risk of hospitalization including surgical
site complications, medication errors, and hospital-acquired
infections. In comparison, MISSTs afford the ability to
perform the spinal surgery in an ambulatory surgery center,
often under local anesthesia and sedation, with an overall
reduced burden and cost to the patient (54-58).

While these overarching goals are universally agreed
upon, individual implementation from surgeon to surgeon,

institution to institution, or country to country may
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substantially vary as the application of MISST is carried
out in a different demographic, and economic context
locally. Also, different competing health care policy agendas
may have a supportive or conflictive impact on MISST
implementation in various countries. The purpose of this
study was to better understand these regional consensus
variations by analyzing the current state of acceptance and
utilization of MISST by spinal surgeons the world over.
It was intended to further future opinion-based research
on 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
via these social network media. 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 respondents retention and improve survey
completion.

The survey consisted of five questions. The first four
questions were aimed at clinically relevant information,
whereas the fifth question requested demographic
information of the respondent including his/her age,
country of residence, and practice setting. 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 to facilitate ease of use and to maximize respondent
retention once on the web site and survey completion.
Surgeons were asked the following five questions:

(I Do you think minimally invasive spinal surgery is
considered mainstream in your area and practice
setting?

(II) Do you perform minimally invasive spinal surgery?

(IIT) What type of MIS spinal surgery do you perform?

(IV) Ifyou are performing endoscopic spinal decompression
surgeries, which approach do you prefer?

© Journal of Spine Surgery. All rights reserved.
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(V) ‘Tell us a little about yourself:
(1) Whatis your gender?
(i) Whatis your age?
(i) What's your country of residence?
(ivy How many peers/colleagues does your
organization have?

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.

Various statistical cross tabulation methods and statistical
measures of association were computed for two-way tables.
Descriptive statistic measures were used to calculate the
mean, range, and standard deviation as well as percentages.
Additional crosstabulation methods were used to assess for
any statistically significant association between the different
surgeon responses using Pearson Chi-Square and Fisher’s
Exact Test. Expected cell counts, continuity corrections, and
likelihood ratios were calculated for some analyses. Kappa
statistics were performed to test for statistical significance
of agreement between the individual responses. As another
method to assess for agreement or disagreement between
the entered responses, linear regression analysis was
performed to determine whether the variances in surgeons’
opinions were normally distributed (agreement) or showed
asymmetric distribution (disagreement). The authors also
used linear regression analysis in an attempt to measure the
presumed consistency of the submitted responses in lieu of
unknown sample size required to have sufficient power for
clinically meaningful statistical analysis. A P value of 0.05
or less was considered statistically significant. A confidence
interval of 95% was considered for all statistical tests.

The responses from spine surgeons to the four clinical
questions were analyzed as categorical variables using their
country of residence as the data key variable. This allowed
plotting percentage differences in opinions amongst spine
surgeons from different countries by region using the SPSS
“Pie of counts on a map” function. To facilitate statistical
analysis, responding surgeons were categorized according
to their country of residence into of five global regions of
the world: North America, South America, Europe, Asia,
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m Do you think minimally invasive spinal surgery is considered mainstream in
your area and practice setting?

273 out of 293 people answered this question

70.7% Yes 193 Responses

29.3% No 80 Responses

m Do you perform minimally invasive spinal surgery?

293 out of 293 people answered this question
86.3% Yes 253 Responses
13.7% No 40 Responses

What type of MIS spinal surgery do you perform?

291 out of 293 people answered this question (with multiple choice)

60.1% Endoscopic Surgery 175 Responses

55.7% Mini Open Surgery

162 Responses

42.3% Tubular Retractor System 123 Responses

7.9% N.A. 23 Responses

$263

If your are performing endoscopic spinal decompression surgeries, whit

approach do you prefer?

291 out of 293 people answered this question (with multiple choice)
56.4% Transforaminal 164 Responses
41.9% Interlaminar 122 Responses

35.7% Full Endoscopic 104 Responses

21.6% N.A.

63 Responses

13.7% Over The Top 40 Responses

-1 What is your gender?

288 out of 293 people answered this question

94.8% Male 273 Responses

3.8% Female 11 Responses

1.4% | prefer not to answer

4 Responses

0% Non-binary/third gender 0 Response

Figure 1 Responses to questions one through five of the regional variations questionnaire on acceptance, and utilization of minimally

invasive spinal surgery techniques among spine surgeons.

and Africa & Middle East. Their percentage breakdown of
surgeon responses to the four clinical opinion questions was
plotted as pie charts on the world map for the five global
regions using the surgeon’s country of residence as the key
data variable in the analysis.

Results

The online survey was access by 586 surgeons of which
293 submitted a survey recording 292 submissions as
valid responses. The survey site had 741 total visits.
The completion rate was 50.5% and the average time
to complete the survey was 03 minutes and 37 seconds.
Thirty surgeons completed the survey on a PC or laptop
with 54 total and 41 unique visits with a completion rate
of 73.2% and average time to complete 03 minutes and
50 seconds. The majority of surgeons [262] responded to
the survey using their smartphones during 681 total and
535 unique visits with a completion rate of 49% taking an

© Journal of Spine Surgery. All rights reserved.

average time of 03 minutes and 37 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
(Figure 1). 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 (Figure 2), 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
regions (16.8%).

A regional breakdown of responding surgeons
(Tuble 1) showed the majority of them were residing in
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What's your region of residence?

286 out of 293 people answered this question

27.6% Mexico 79 Responses
16.8% China 48 Responses
10.8% Brazil 31 Responses
5.9% India 17 Responses
4.2% United States of America 12 Responses
2.8% Germany 8 Responses
2.8% Taiwan 8 Responses
2.4% Colombia 7 Responses
2.4% South Korea 7 Responses
21% Argentina 6 Responses
21% Egypt 6 Responses
1.4% Spain 4 Responses
1% Italy 3 Responses

Lewandrowski et al. Regional Variations in MIS acceptance

1% Russia 3 Responses
1% Turkey 3 Responses
1% Ukraine 3 Responses
0.7% Croatia 2 Responses
0.7% France 2 Responses
0.7% Guatemala 2 Responses
0.7% Hong Kong 2 Responses
0.7% Peru 2 Responses
0.7% Thailand 2 Responses

How many peers/colleagues does your organization have?

286 out of 293 people answered this question

43.7% 2 to 10 125 Responses
17.5% 11to 50 50 Responses

15% 51 to 200 43 Responses
12.6% It's just me 3) 36 Responses
1.2% 500 or more 32 Responses

Figure 2 Frequency distribution of responses by region of residence, and the number of peers of responding spine surgeons.

Table 1 Spine surgeon respondent's by region

Region Frequency Percent Valid percent Cumulative percent
Africa & Middle East 16 5.5 5.5 5.5

Asia 92 31.5 31.5 37.0
Europe 36 12.3 12.3 49.3

North America 94 32.2 32.2 81.5

South America 54 18.5 18.5 100.0

Total 292 100.0 100.0

North America (32.2%) and Asia (31.5%), followed by
South America (18.5%), and Europe (12.3%). 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 (Table 2). Kappa analysis of agreement and

© Journal of Spine Surgery. All rights reserved.

linear regression analysis of showed consistent asymmetric
distribution of variances suggesting consistency in the
responses as the survey submissions increased over the
three-week data acquisition time.

The majority (70.7%) of responding surgeons (273/293)
thought that MISST had become mainstream in their
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Table 2 How many peers/colleagues does your organization have?
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Number of peers Frequency Percent Valid percent Cumulative percent
No answer 7 2.4 2.4 2.4

11to 50 50 171 171 19.5

2to 10 125 42.8 42.8 62.3

500 or more 32 11.0 11.0 73.3

51 to 200 42 14.4 14.4 87.7

It's just me :) 36 12.3 12.3 100.0

Total 292 100.0 100.0

practice area (Question 1; Figure ). A higher percentage
(86.3%) of responding surgeons (293/293) admitted
to employing MISST in their practice (Question 2;
Figure I). Allowing multiple choice answers, the majority
of the 291 responding surgeons indicated that spinal
endoscopy (60.1%) is their most commonly employed
MISST followed by mini-open approaches (55.7%),
and tubular retractor systems (42.3%). Of the surgeons
performing endoscopic spinal surgery, responses to another
multiple-choice question (Question 4, Figure I) indicated
that the transforaminal approach was the most commonly
employed MISST (56.4%) followed by the interlaminar
approach (41.9%), full-endoscopic technique (35.7%;
combined transforaminal & interlaminar approach), and
over the top method (13.7%; unilateral approach bilateral
decompression).

Analyzing regional differences in opinion amongst spine
surgeons showed that highest percentage of surgeons in
Asia (72.8%) and South America (70.2%) thought that
MISST was accepted into mainstream spinal surgery in
their practice setting and area (Figures 3,4; P=0.04). The
acceptance numbers were lower for surgeons from North
America (62.8%), and nearly equal for surgeons from
Europe (52.8%) and Africa & the Middle East region (50%).
The percentage of spine surgeons employing MISST was
much higher per region than the rate of surgeons who
thought it was mainstream in their area (Figures 5,6): Asia
(96.7%), Europe (88.9%), South America (88.9%), and
Africa & Middle East (87.5%). Surgeons in North America
reported the lowest MISST employment in their practice
globally (P<0.000).

Multiple choice questioning (7able 3) revealed that
spinal endoscopy (59.9%) is currently the most commonly
employed MISST globally (Figure 6) followed by mini-
open approaches (55.1%), and tubular retractor systems

© Journal of Spine Surgery. All rights reserved.

(41.8%). The most preferred approach (Table 4; Figure 7)
when employing endoscopic MISST was reported to be the
transforaminal approach (56.2%) followed by interlaminar
approach (41.8%), full endoscopic (35.3%), and over the
top MISST (13.7%). Various preferred combinations
of endoscopic MISSTs were reported and are listed in
Table 5. Further crosstabulation by region showed that full
endoscopic combination approaches were reported to be
performed most frequently by surgeons in Asia (63.1%),
and South America (41%), and Europe (30.6%). Surgeons
from Africa & Middle East (25.1%) and North America
(16%) reported to the lowest employment of combination
endoscopic MISST approaches (P<0.000).

Discussion

Findings of this opinion survey of spine surgeons around
the world confirmed the authors’ stipulation that significant
regional variations in local acceptance of MISST into
mainstream spinal surgery were reported by the 292
respondents who completed and submitted the online
questionnaire. Responses were blinded and the investigators
of this study had no way of researching causes for these
regional variations in the preferred utilization of MISST.
Linear regression monitoring of the change in response
rates to the four clinical 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 global polling sample. Understanding the
incoming data in real time was essential to the authors
since surgeons from some countries (Mexico, China, and
Brazil) were somewhat overrepresented in the survey
making up for 55.2% of all respondents. Besides, the effect
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Crosstabulation by region
Region Total
No Not answered Yes

Africa & Middle East

Count 8 0 8 16

Expected count 4.4 1.1 10.5 16.0

% within region 50.0% 0.0% 50.0% 100.0%
Asia

Count 18 7 67 92

Expected count 25.5 6.3 60.2 92.0

% within region 19.6% 7.6% 72.8% 100.0%
Europe

Count 16 1 19 36

Expected count 10.0 2.5 23.5 36.0

% within region 44.4% 2.8% 52.8% 100.0%

North America

Count 25 10 59 94
Expected count 26.1 6.4 61.5 94.0
% within region 26.6% 10.6% 62.8% 100.0%

South America

Count 14 2 38 54

Expected count 15.0 3.7 35.3 54.0

% within region 25.9% 3.7% 70.4% 100.0%
Total

Count 81 20 191 292

Expected count 81.0 20.0 191.0 292.0

% within region 27.7% 6.8% 65.4% 100.0%

Chi-Square tests

Value df Asymptotic Significance (2-sided)
Pearson Chi-Square 16.135° 8 0.040
Likelihood ratio 16.577 8 0.035
N of valid cases 292

Figure 3 Do you think minimally invasive spinal surgery is considered mainstream in your area and practice setting? *, 4 cells (26.7%) have

expected count less than 5. The minimum expected count is 1.10.
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Do you think MIS spinal surgery is mainstream?

BNo ONot answered BmYes

Figure 4 Pie charts on map distribution of regional variations on
MISST acceptance showing statistically significant differences
(P=0.04) with surgeons in Asia (72.8%) and South America (70.2%)
showing the highest percentage, followed by surgeons from North
America (62.8%), and nearly equal for numbers of surgeons from
Europe (52.8%) and Africa & the Middle East region (50%).

MISST, minimally invasive spinal surgery techniques.

size of agreements or disagreements was not known when
launching the survey. 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.
As corroborated by the low P values calculated for most
Chi-square crosstabulations to be significantly less than
0.05 using the 95% confidence interval, the authors of this
study are confident that results presented herein are in
fact representative of current opinions regarding MISST
amongst spine surgeon the world over.

To our surprise, this team of authors learned that the
percentage of surgeons performing MISST was consistently
higher throughout the five regions than that of surgeons
who thought that MISSTs has become accepted locally into
mainstream spinal surgery (Figures 3,4). The acceptance-
to-performance lag gap was the highest for surgeons
reporting from Africa & Middle East (37.50%), followed
by surgeons responding from Europe (36.10%) and Asia
(23.90%), and South America (18.50%). Surgeons from
North America reported the smallest gap between perceived
public perception of MISST acceptance by their peers into
mainstream spinal surgery and the percentage of surgeons
employing MISST (10.6%). Reasons for these regional

variations in universally lower MISST acceptance and

© Journal of Spine Surgery. All rights reserved.
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higher performance rates could be multiple. Future studies
could focus on investigating the impact of formalized
surgeon training programs, support by national and
international societies by endorsing MISSTs in their formal
clinical treatment guidelines, local regulations and laws,
the local medical payer infrastructure, cultural factors, and
conceivably many others. This survey provides no further
inside, and any additional conclusions other than the ones
provided would be unsubstantiated. However, it seems
clear that there is a “silent majority” amongst the spine
surgeons polled that employ MISST in spite of lower public
perception of acceptability voiced by their local peers.

Another unexpected finding of this study was the high
preference for spinal endoscopy reported by participating
spine surgeons. From the contemporary MISST literature,
the authors of this study would have expected that tubular
retractor systems would have been reported as the most
preferred MISST (63-69). While the lag of the published
literature behind new trends in spine surgery is not
surprising in itself, this survey does suggest though that a
paradigm shift in the integration of various MISST into
day-to-day spine surgery practice is taking place. With the
early advances in MISST focusing on lowering the burden
associated with open lumbar spinal surgery by merely
limiting the size of the incision (mini-open approach)
(70-72), or minimizing the tissue disruption (tubular
retractor) (68,69), spinal endoscopy seems to be embraced
by a much larger percentage of spine surgeons—particularly
by younger surgeons between the ages of 34 and 45—
than this team of authors expected as this conceptually
different type of platform for surgery in the lumbar spine
has not been fully embraced by the prominent national and
international societies and has only found support in smaller
spine surgery subspecialty organization.

A higher level of complexity of endoscopic spine
surgery was reported by spine surgeons between the ages
of 34 and 45 and residing in Asia and South America.
The most common of reported endoscopic combination
approaches were transforaminal, interlaminar and full
endoscopic techniques. A significant percentage of the
same group of surgeons also reported the use of the over-
the-top technique. Possible explanations for the higher
use of more complex lumbar spinal endoscopic surgery
techniques requiring a higher level of training and skill are
better-formalized training programs, clinical treatment
guidelines of professional societies and the impact of
well-published and charismatic opinion leaders in South
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Crosstabulation by region
Region Total
No Yes
Africa & Middle East
Count 2 14 16
Expected count 2.2 13.8 16.0
% within region 12.5% 87.5% 100.0%
Asia
Count 3 89 92
Expected count 12.6 79.4 92.0
% within region 3.3% 96.7% 100.0%
Europe
Count 4 32 36
Expected count 4.9 311 36.0
% within region 11.1% 88.9% 100.0%
North America
Count 25 69 94
Expected count 12.9 81.1 94.0
% within region 26.6% 73.4% 100.0%
South America
Count 6 48 54
Expected count 7.4 46.6 54.0
% within region 11.1% 88.9% 100.0%
Total
Count 40 252 292
Expected count 40.0 252.0 292.0
% within region 13.7% 86.3% 100.0%
Chi-Square tests
Value df Asymptotic significance (2-sided)
Pearson Chi-Square  22.233% 4
Likelihood ratio 23.106 4

N of valid cases

292

Figure 5 Do you perform minimally invasive spinal surgery? % 2 cells (20.0%) have expected count less than 5. The minimum expected

countis 2.19.

© Journal of Spine Surgery. All rights reserved.
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. . " . 2
Do you perform minimally invasive spinal surgery? Dojyauluss ajtibularretractor?

ENo, | don't use a MIS tube system [ Yes. | use MIS tubular retractor

[ONo, | do not perform MIS spinal surgery Yes, | perform MIS spinal surgery.

Do you perform endoscopic spinal surgery?

Do you perform mini open surgery?

BINo, | don't employ mini open approaches.MYes, | perform mini open MIS surgeries. BNo, | am not trained in spinal Endoscopy. M Yes, spinal endoscopy is my favorite MIS technique.

£
by
_- y @

Figure 6 Pie charts on map distribution of regional variations on the percentage of surgeons performing MISST (top left panel). The

percentage of MISST spine surgeons employing it was much higher per region at a statistically significant level (P<0.000) than the rate of
surgeons who thought it was mainstream in their area: Asia (96.7%), Europe (88.9%), South America (88.9%), and Africa & Middle East
(87.5%; P<0.000). Usage of the tubular retractor (top right panel) was the least commonly employed MISST (41.8%). Mini-open approaches
(left bottom panel) were the second most widely applied MISST (55.1%), and endoscopic surgery (right bottom panel) is currently reported
as the most commonly employed MISST globally. MISST, minimally invasive spinal surgery techniques.

Table 3 Frequency table of minimally invasive surgery techniques used by spine surgeon respondents

Type of MISST Frequency Percent Valid percent Cumulative percent

Tubular retractor system

No, | don’t use a MIS tube system 170 58.2 58.2 58.2
Yes, | use MIS tubular retractor 122 41.8 41.8 100.0
Total 292 100.0 100.0

Mini open surgery

No, | don't employ mini open approaches 131 449 449 449
Yes, | perform mini open MIS surgeries 161 55.1 55.1 100.0
Total 292 100.0 100.0

Endoscopic surgery

No, | am not trained in spinal endoscopy 117 40.1 40.1 40.1
Yes, spinal endoscopy is my favorite MIS technique 175 59.9 59.9 100.0
Total 292 100.0 100.0

MISST, minimally invasive spinal surgery techniques.
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Table 4 Frequency table of endoscopic techniques employed by responding spine surgeons

Type of endoscopic technique Frequency Percent Valid percent Cumulative percent

Transforaminal

Missing response 128 43.8 43.8 43.8
Transforaminal 164 56.2 56.2 100.0
Total 292 100.0 100.0

Interlaminar
Missing response 170 58.2 58.2 58.2
Interlaminar 122 41.8 41.8 100.0
Total 292 100.0 100.0

Full endoscopic
Missing response 189 64.7 64.7 64.7
Full endoscopic 103 35.3 35.3 100.0
Total 292 100.0 100.0

Over the top
Missing response 252 86.3 86.3 86.3
Over the top 40 13.7 13.7 100.0
Total 292 100.0 100.0

Endoscopic Transforaminal Approach Endoscopic Interlaminar Approach

B do not use the transforaminal approach. B! use the endoscopic transforaminal approach.  m | do not use the endoscopic interlaminar approach. B | use the endoscopic interlaminar approach.

ﬁﬁ RN

/ ﬁ ;

p,/

Full Endoscopic Approach

Over The Top Endoscopic Technique

81 do not perform full endoscopic surgery. M| perform full endoscopic surgery. B do not employ the over the top endoscopic technique. E11 employ the over the top endoscopic technique.

e s

2

‘f ‘)\

Figure 7 Pie charts on map distribution of regional variations on percentage of surgeons performing various endoscopic approaches: top left
panel—transforaminal approach (56.2%), top right panel—interlaminar approach (41.8%), left bottom panel—full endoscopic (35.3%), and
bottom right panel—over the top endoscope (13.7%). Regional variations analysis showed transforaminal over interlaminar approach being
preferred in North America. In contracts, the interlaminar approach being preferred in Asia, and equally being utilized in South America

with the transforaminal approach.
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Table 5 Number of spine surgeons performing combination endoscopic approaches

Type of combination approaches Frequency Percent Valid percent Cumulative percent
Using single endoscopic technique or not 182 62.3 62.3 62.3
performing spinal endoscopy

All 4 techniques 23 7.9 7.9 70.2
Full endoscopic & over the top 2 0.7 0.7 70.9
Interlaminar & full endoscopic 5 1.7 1.7 72.6
Interlaminar & full endoscopic & over the top 2 0.7 0.7 73.3
Interlaminar & over the top 4 1.4 1.4 74.7
Transforaminal & full endoscopic 7 2.4 2.4 771
Transforaminal & interlaminar 25 8.6 8.6 85.6
Transforaminal & interlaminar & full endoscopic 39 13.4 134 99.0
Transforaminal & interlaminar & over the top 2 0.7 0.7 99.7
Transforaminal & over the top 1 0.3 0.3 100.0
Total 292 100.0 100.0

America and Asia.
Conclusions

This online survey reached 586 spine surgeons around
the world in just three weeks suggesting that making a
questionnaire accessible on a hand-held device facilitates
data acquisition. Crosstabulation analysis of the 292
completed and submitted surveys revealed significant
variations in reported regional consensus of surgeons and
their acceptance rates of MISST in the area of their practice
setting. In contrast, the rate of employment of MISST in
day-to-day clinical practice reported by spine surgeons was
universally higher than the perceived acceptance rates of
MISST into mainstream by their peers in their practice area.
The survey suggest that endoscopic spinal surgery is now the
most commonly performed MISST. More complex endoscopic
spinal surgeries requiring high level training and skill are
predominantly performed in South America and Asia.
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