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Objective: Endoscopic spine surgery is gaining popularity, with efficacy comparable to that of
traditional techniques. Apart from Germany, European countries are tentatively beginning to
consider endoscopic surgery as a valid alternative to conventional procedures, and Italy is no
exception. This survey aimed to reveal which spine surgeons currently use endoscopy in Italy,
the levels of their skills, and how they have attained them.

Methods: We conducted an online survey of Italian spinal surgeons to gather information
about their use of minimally invasive and endoscopic surgery. We collected data on their oper-
ating habits, including the percentage of minimally invasive techniques in their practice, the
type of workplace, and experience. We also asked surgeons to analyze and resolve 4 cases of
degenerative lumbar pathologies.

Results: Orthopedists and neurosurgeons in public and private facilities performed endoscopic
surgery. One-third of respondents had never tried it, while others encountered it through work-
shops or producer presentations. A minority of interviewees considered themselves experts in
endoscopic surgery, while more than half had “"some" or “no" experience. Among endoscopic
surgeons, none had experience in thoracic endoscopy, and only a few had used it for cervical
diseases. The majority preferred a non-endoscopic approach when faced with clinical cases.
Conclusion: The use and knowledge of endoscopic surgery in Italy are not widespread. Our sur-
vey highlights a lack of training in the implementation of techniques that should be recognized
as additional tools in addition to the traditional procedures for treating not only lumbar, but
also thoracic and cervical pathologies.
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INTRODUCTION

Endoscopic spine surgery has gained popularity in the last
2 decades and has become the least invasive surgical option
of the open and mini-invasive techniques [1]. Its development
and use worldwide [2] is an ongoing trend, accompanied by
a rising number of randomized and nonrandomized studies
proving its efficacy and safety in treating several degenerative

spinal conditions. Among spine endoscopic procedures, the
most developed one, with the most promising potential, is un-
iportal full-endoscopic surgery, either in the interlaminar or
transforaminal form [3]. This technique acquired popularity in
treating lumbar spine conditions such as disc herniations and
foraminal stenosis [4], with surgeons proving its efficacy com-
pared to traditional open techniques. Recently, several authors
have also successfully expanded its field of application to the
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thoracic and cervical spine, not only in degenerative diseases
but also in neoplastic and infectious ones [5].

However, a skewed distribution was found in the use and
indications of endoscopy spine surgery worldwide, with Asian
countries currently leading the field [6,7]. Apart from Germany,
European countries have only recently and hesitatingly con-
sidered endoscopic spine surgery as a valuable alternative to
traditional techniques [8,9]. Italy is no exception: only in the
last few years have spine surgeons started exploring and taking
an interest in full-endoscopic spine surgery (FESS) [10-12].

Indeed, only recently, this technique aroused the interest
of the National Neurosurgery and Orthopedic spine surgeon
committee, with expertise shared in national meetings, courses
and workshops.

Therefore, this study is a snapshot of those who are currently
performing endoscopic lumbar spinal surgery in Italy, the level
of their skills and how they came across the practice. We intend
to use this information to encourage Italian spine surgeons to
consider FESS for lumbar decompression procedures.

MATERIALS AND METHODS

We invited spine surgeons from Italy to respond to an online
survey via email and chat groups on social networks, including
WhatsApp and LinkedIn. The survey was available online, with
a link that took the responding surgeon to the Microsoft Forms
website, where the survey was displayed automatically. Partici-
pants could enter their answers by means of a desktop comput-
er, laptop or a hand-held device such as a tablet or smartphone.

The questions sought to solicit essential information on the
use and distribution of mini-invasive and endoscopic surgery.
We also collected information about the surgeons’ methods, in-
cluding the percentage of his/her practice devoted to mini-in-
vasive techniques or FESS, the type of workplace, expertise, and
surgical indications. More specifically, the survey focused on
the distribution and use of FESS techniques.

The survey was made up of simple multiple-choice ques-
tions, some with many possible answers, in order to make it
easy to use, maximize respondent retention once on the web-
site and facilitate its completion.

In the first part of the survey, surgeons were asked the follow-
ing 4 questions:

(I) Please select your profession

(i) Neurosurgeon; (ii) Orthopedic surgeon; (iii) Others (an-

aesthesiologist/pain therapist)

(I1) Please indicate your city.

(11) What kind of healthcare facility do you work for?
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(i) Public/Government Hospital; (ii) Private/ affiliated health

care facility

(IV) Please quantify your experience in minimally invasive

surgery:

(i) No experience; (ii) Some experience (<20 cases); (iii)

Enough experience (>20 cases <70); (iv) Expert (>70 cases <

100); (v) Master (>100 / 120 cases)

(V) What kind of minimally invasive surgery do you normally

use in your surgical practice?

(i) Endoscopic assisted surgery; (ii) Tubular retractor surgery;

(iii) Full-endoscopic surgery; (iv) none

(VI) Please quantify the percentage of minimally invasive

surgery used in your surgical practice:

(i) <25%; (ii) 25%-50%; (iii) 50%-75%; (iv) >75%; (v) Don’t

know.

(VII) What kind of endoscopic surgery have you encountered

during conferences, courses, videos, and presentations?

(i) Cervical; (ii) Thoracic; (iii) Lumbar; (iv) None

(VIII) What kind of endoscopic surgery do you perform?

(i) Cervical; (ii) Thoracic; (iii) Lumbar; (iv) None

(IX) How did you come across endoscopic surgical tech-

niques?

(i) Workshops; (ii) National and International Congresses; (iii)

National Society of Surgery; (iv) Promotional advertisement

(X) What approaches are you familiar with in endoscopic

surgery?

(i) Interlaminar; (ii) Transforaminal; (iii) None

In the second part, the survey asked surgeons to analyze
and solve 4 different lumbar degenerative cases with multi-
ple-choice answers (see Figure 1 for an explanation of multi-
ple-choice selection).

The cases were:

I. A 56-year-old male. Right radiculopathy, unresponsive to
medical treatment.

Body mass index (BMI): 27 kg/m®, visual analogue scale
(VAS): 10/10

Right extraforaminal disc herniation in L4-5 (Figure 1A)

II. A 47-year-old, male. Long-lasting and drug-resistant left
radiculopathy (VAS 8/10). Moderate axial back pain (VAS 4/10),
BMI: 26 kg/m®

Left L5-1 intra- and extraforaminal hernia in the context of
L4-L5 and L5-S1 degenerative disc disease (Modic I) (Figure
1B)

III. A 74-year-old female. Chronic and disabling right radic-
ulopathy in L3 and L4 nerve root territory. Low axial back pain
(VAS: 3/10), BMI: 29.8 kg/m”

Foraminal stenosis in L3-4 and L4-5, central stenosis in L3-4
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Figure 1. (A) Right extraforaminal disc herniation in L4-5 (white arrows): Extraforaminal microsurgical discectomy versus dis-
cectomy + fusion at L4-5 (TLIF, XLIF, ALIF) versus transforaminal full-endoscopic discectomy versus interlaminar full-endoscopic
discectomy. (B) Left L5-S1 intra-extraforaminal hernia (white arrows) in the context of L4-5 and L5-S1 degenerative disc disease
(Modic 1): microsurgical discectomy versus L4-5 and/or L5-S1 fusion (PLIF/TLIF/ALIF) versus transforaminal full-endoscopic dis-
cectomy versus Interlaminar full-endoscopic discectomy. (C) Foraminal stenosis in L3-4 and L4-5, central stenosis in L3-4 and
degenerative listhesis in L4-5 (white arrows, grade I): L3-4 laminectomy versus L4-5 and/or L5-S1 fusion (PLIF/TLIF/ALIF) versus
transforaminal full-endoscopic discectomy versus interlaminar full-endoscopic discectomy. (D) Left L4-5 foraminal herniation
(white arrows): Repeated microsurgical microdiscectomy versus L4-5 and/or L5-S1 fusion (PLIF/TLIF/ALIF)) versus transforaminal
full-endoscopic discectomy versus interlaminar full-endoscopic discectomy. PLIF, posterior lumbar interbody fusion; ALIF, anterior

lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion; XLIF, extreme lateral lumbar interbody fusion.

and degenerative listhesis in L4-5 (grade I) (Figure 1C)

IV. A 52-year-old, 3rd recurrence (L4-5 microdiscectomy in
2020 and 2021). Disabling radiculopathy (VAS: 9/10), BMI: 32
kg/m®

Left L4-L5 foraminal herniation (Figure 1D)

The cases presented were all treated successfully by means
of uniportal full-endoscopic transforaminal foraminotomy and
discectomy. Each case was operated on by the same surgeons
(JDV and EG) who had trained in basic and advanced endo-
scopic techniques and completed the endoscopic learning
curve (150 and 100 cases, respectively) [13]. In the follow-up at
12 months, all patients confirmed the continuing satisfactory
resolution of the radicular pain. Those cases were explicitly
chosen as representative of the most common pathologies
suitable to be treated successfully via a full-endoscopic transfo-

raminal approach. Those are also the first conditions to be con-
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sidered by a spine surgeon approaching endoscopy. Specifical-
ly, those cases were put on the order of difficulty, starting from
extraforaminal herniation (I) to intra-extraforaminal compres-
sion (II), which requires adequate knowledge of the foraminal
area and skills to change working channel and endoscope po-
sition, continuing to foraminal stenosis that requires adequate
drilling/reaming of the neuroforamen from the exit to the entry
zone (I1I) and eventually a revision case in which the surgeon
must deal with postoperative adherences and that configures
an additional challenging to the transforaminal technique (IV).
Those cases could be treated with different approaches. We in-
tended to show how the endoscopic technique could efficiently
cover those mild painful spine conditions.

The survey was conducted between the 1st of October, 2022
and the 1st of January, 2023. The identities of the responding
surgeons remained unknown to the authors. Individual per-

S79



Letizia Dell'Aglio, et al.

Endoscopy Advancement for Lumbar Degenerative Conditions

sonal identifiers were not recorded. The responses were down-
loaded as an Excel file once the survey had been completed.
Descriptive statistical measures were used to count responses
and calculate the mean, range, standard deviation and percent-
ages.

This study did not involve human subjects and did not re-
quire Institutional Review Board review. Patients provided in-

formed consent for image use.

RESULTS

The online survey was sent to surgeons at 51 public and pri-
vate facilities with a renowned spine department in Italy. Thir-
ty-eight surgeons, each from a different facility, submitted valid
responses. The completion rate was 74.5% and, on average, the
survey took 4 minutes and 59 seconds. The majority of partici-
pating surgeons were neurosurgeons (28 of 38, 73.8%), followed
by orthopaedists (5 of 38, 13.1%) and anaesthesiologists/pain
therapists (5 of 38, 13.1%).

The geographical distribution of the responding centers is
shown in Figure 2. Most responding surgeons operated under
public health regimes (25 of 38, 65.8%), while the rest (34.2%)
were in private facilities. Most responding surgeons (52.7%)
used mini-invasive techniques in <25% of their surgical prac-
tice, 15.8% between 25 and 50%, 10.5% between 50% to 75%,
and 13.2% for >75% of cases. The remaining 7.8% of surgeons
were not able to quantify it.
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Figure 2. Distribution of the responding surgeons. The size of
the dots is larger when responders come from the same area
but different hospitals/clinics.
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Asked what kind of mini-invasive techniques that respon-
dents usually use in their daily surgery practice, 28.9% im-
plemented full-endoscopic surgery, 18.4% were familiar with
endoscopic assisted surgery, 10.5% mini-invasive surgery with
tubular retractors, and 10.5% were proficient in a combination
of mini-invasive techniques (i.e., full-endoscopic, mini-inva-
sive with tubular retractors, endoscopic assisted). The major-
ity, however (31.6%), reported that they did not routinely use
mini-invasive techniques.

Almost one-third (28.9%) of responders rated their skill level
in mini-invasive techniques, including endoscopic, as “master
surgeon” and 7.9% “as experienced.” Ten point five percent
of surgeons reported “adequate experience,’” but the majority
(52.7%) came under the “some” or “no experience” categories
(Table 1).

Asked what kind of FESS surgery they encountered in their
surgical practice, the vast majority (71.0%) replied lumbar en-
doscopic surgery, 7.9% lumbar and thoracic or cervical endo-
scopic surgery and 21.1% had never heard of FESS.

One-third (31.7%) of surgeons stated that they had learned
and increased their knowledge about FESS from the promo-
tional advertisements of endoscopic systems producers. An-
other 23.8% attended international and national meetings to
learn about spinal endoscopy, 34.2% of surgeons performing
endoscopic spinal surgery encountered FESS in workshops and
training courses. Only 10.5% were informed by their respective
national surgery society.

Thirty-six point one percent of surgeons questioned had
never tried endoscopic surgery. Conversely, the experience of
82.6% of surgeons in the field was limited to the lumbar seg-
ment and only 8.3% to the cervical spine. No surgeon reported
having tried thoracic full-endoscopic techniques.

Overall, 18.4% of responders were aware of the transforam-
inal technique, 15.8% of the interlaminar one, and the majority
(52.6%) were aware of both approaches. Only 13.2% had never
heard about different kinds of approaches applicable to FESS.

Table 1. Summary of responders’ preferences

Responders' characteristics Percentage
Neurosurgeons vs. others 73.8
Public vs. private hospital 65.8
Minimally invasive surgeons 52.7
Endoscopic surgery users 289
Master/experienced endoscopic surgeon 36.8
Lumbar vs. cervical or thoracic segments 82.6
Confident in both transforaminal and interlaminar ap- 52.6

proaches
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1. Solutions to the Cases

In the first case, most responders (52.6%) said they would
adopt a full-endoscopic transforaminal endoscopic approach.
The rest would all prefer a traditional microscopic extraforam-
inal microdiscectomy.

In the second case, 26.3% of surgeons chose to fuse the
levels concerned, and 34.2% opted to perform an open mi-
crodiscectomy. Most (36.9%) would choose a full-endoscopic
transforaminal discectomy. Only 1 surgeon (2.6%) would have
performed endoscopic interlaminar discectomy and foramino-
tomy.

In the third case, 31.6% opted for interbody fusion and poste-
rior arthrodesis. In comparison, 34.2% would perform a tradi-
tional open or mini-invasive laminectomy and foraminotomy,
and 26.3% would have used a uniportal endoscopy. Among
the latter, 1 surgeon (2.6%) would have chosen an endoscopic
interlaminar discectomy and foraminotomy approach. Three
surgeons (7.9%) did not reply.

In the fourth and last case, 47.4% of surgeons would have
performed an interbody fusion and posterior arthrodesis,
21.0% opted for a repeated open microdiscectomy, and the
remaining 26.3% a full-endoscopic transforaminal discectomy.
Two surgeons (5.3%) did not reply.

The decisions in the cases are summarized in Table 2

DISCUSSION

This survey set out to understand and demonstrate FESS dis-
tribution among spine surgeons in Italy, its field of application
and the reason for its slow take-up among practitioners. Over
160 nationwide clinics, including public or private facilities,
have a dedicated spine team and treat spine disease selectively
at different complexity levels. Of these facilities, 51 were reach-
able and were appropriately invited to respond. Eventually, the
response rate was approximately 75%, possibly due to the lack
of formal investigation support and spine center presentation

Table 2. Summary of solutions to cases

Cases (%)

Procedure Case1 Case2 Case3 Case4
Microdiscectomy/laminectomy 47.4 26.3 34.2 21.0
Fusion (PLIF/XLIF/ALIF/TLIF) - 342 31.6 474
Uniportal endoscopy 52.6 395 26.3 26.3
Nonresponders - - 7.9 53

PLIF, posterior lumbar interbody fusion; XLIF, extreme lateral lumbar
interbody fusion; ALIF, anterior lumbar interbody fusion; TLIF, transforam-
inal lumbar interbody fusion.

https://doi.org/10.21182/jmisst.2023.00962

from the orthopedics and neurosurgical societies. In addition,
endoscopic surgery is still a novelty in Italy, and some surgeons
may not be able to fill adequately the survey, thus discouraging
them from responding. Most responders reflected the dichot-
omy underlying the training of spine surgeons: Neurosurgery
versus Orthopedics. In Italy, neurosurgeons seem more like
to perform endoscopic spine surgery than orthopedists. This
trend contrasts with the registered worldwide prevalence of
orthopedists operating in the endoscopic field [7]. However, it
may just be a consequence of the significant differences in sur-
gical procedures performed on the spine, where neurosurgeons
deal with milder degenerative conditions daily [7,14].

We also highlight that public and private centers have sur-
geons operating in the endoscopic spinal field, although public
centers have a higher caseload, probably due to the initial high
costs of spine endoscopy and an imprecise reimbursement sys-
tem that, in past years, may have discouraged spine surgeons
from applying this technique in a private setting [15]. Recently,
however, the cost of materials and instruments has fallen dra-
matically, encouraging more surgeons to consider FESS in pri-
vate practice for treating minor degenerative spine problems.
However, endoscopic approaches are not yet coded, possibly
generating confusion regarding reimbursement for health facil-
ities. In countries with insurance-based health systems, spine
surgeons happily embraced a technique with comparable
outcomes but lower operation times and fewer adverse events
than traditional open procedures [16,17]. FESS can also safely
be performed under local anaesthesia and conscious sedation,
preferably with neuromonitoring, thereby extending its appli-
cability to elder and polymorbid patients [18-21].

In surgical practice, we confirmed that most surgeons are
confident with the mini-invasive technique with or without
endoscopic assistance. However, less than a third employ FESS
to some extent in everyday practice. Despite several random-
ized trials proving that the rate of adverse events in endoscopic
surgery is lower than the microsurgical approach [22-25], along
with lower operation and discharge times [25,26], the dissemi-
nation of research and operational application is limited in the
Italian endoscopic spinal landscape. Over a third of responders
had never tried FESS or even heard of it. Most of those who
had heard of FESS had only done so due to workshops; the
rest attended international or national meetings, and many
were informed by endoscopic system producers. For years, the
dissemination and advertising of endoscopic surgery was lim-
ited to producers who mainly offered training courses abroad.
Today, Italy still lacks FESS courses or labs where surgeons can
adequately train in endoscopic techniques.
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These patterns may reflect an inherited cultural among Ital-
ian spine surgeons of avoiding any change to traditional sur-
gery paradigms and the tardiness of national and international
spine surgery committees in recognizing the versatility and
applicability of FESS.

Indeed, one reason for the poor dissemination of FESS may
be linked to the lack of structured training and formal fel-
lowships. Unlike other countries with proper training, FESS
surgeons in Italy mainly improve their skills by teaching them-
selves. This lack of training makes it especially difficult for
young residents to properly access endoscopic surgery under
guidance. While improving his surgical anatomical orientation,
ayoung surgeon may significantly take advantage of endoscop-
ic reasoning, anatomical point of view, and surgical coping
strategies.

A common misconception is that the learning curve of FESS
is very steep and it requires more than 70 cases to be consid-
ered skilled. In addition, a specific study of surgical anatomy of
the foramen area and spine orientation through x-ray imagin-
ing is mandatory [27-30]. This may discourage surgeons from
applying this new technique [13]. It was demonstrated that only
a few survey responders have adequate FESS experience. More
than half have “some” or “no experience” In our opinion, these
terms could only be applied to surgeons who were pioneers in
this field. Learning from a master endoscopic surgeon would
help speed up learning and avoid failures [14].

Furthermore, of those who took part in the survey, not all
were aware of transforaminal and interlaminar techniques,
which underlines the lack of adequate information about FESS.
Such a lack of knowledge about FESS approaches could limit
the perceived applicability of the technique. In Asian countries
and the United States, which are leading the research into and
use of FESS, a well-trained endoscopic surgeon can recognize
an appropriate patient for the interlaminar and transforaminal
route either in the lumbar, thoracic, or cervical segment [1,3,12].
Among Italian surgeons operating in endoscopic spine surgery,
none of the responders had experience in uniportal thoracic
endoscopy, the majority only with the lumbar spine, and only
a small subgroup of surgeons had treated cervical segment pa-
thologies.

The last part of our survey presented 4 different clinical cases
in order to emphasize the value of FESS. The authors had suc-
cessfully treated all those cases with a transforaminal approach.
Although some respondents chose FESS, most still preferred
the non-endoscopic approach. In the third case of a 74-year-
old patient, the age should have indicated time-saving surgery
in order to reduce the anaesthesiologic risk in more fragile

S82

patients. The same applies to the fourth case. To avoid the third
operation through scar tissue, a virgin lateral route would have
been an option, such as the transforaminal one, to prevent
tissue adhesions. The answers to the cases suggest that FESS is
not yet recognized in Italy as an alternative to traditional, but
more invasive, techniques. This lack of knowledge about differ-
ent approach routes limits its potential applicability only to soft
disc herniation.

Uniportal endoscopic transforaminal endoscopy has the ad-
vantage of a virgin lateral access route that allows all the com-
pression pathology to be reached from the recess/foraminal
entry zone to the extraforaminal area, while minimizing the
risk of cerebrospinal fluid leakage [18,31-33]. At the same time,
some surgeons have also gained extensive experience in cases
of severe foraminal stenosis and migrated disc herniation from
L1 to S1 [34-36]. Yet, at conferences and meetings attended by
authors, the interlaminar approach focused on soft disc herni-
ation was presented the most. The transforaminal route and its
applications in treating intra-/extraforaminal disc herniation
and stenosis are sometimes disregarded, possibly because the
interlaminar route resembles more of a mini-invasive tubular
approach. Meanwhile, worldwide, indications for FESS are
moving from mild degenerative spine conditions to nerve-
sheath tumour removal and infection debridement [22,37,38].
From our perception, by analyzing the age of the respondents,
it seems that experienced surgeons, except for a few ones (i.e.,
less than a third who are experts in the endoscopic field, 8.8%
of responders), seem reluctant to shift to endoscopic surgery
and, in this way, limiting access to younger colleagues and res-
idents. This is due to a combination of factors as listed above.
However, the small group of endoscopic surgeons who believe
in the technique are trying to promote their knowledge through
congresses, inviting surgeons for live training in their centers
and publishing their case series.

The main limitation was the limited size of the sample, which
makes it impossible to give an accurate assessment of the ex-
act extent of the endoscopic phenomenon in Italy. The small
number of responders also meant that we could not further
stratify the analysis, sometimes resulting in a relatively shal-
low description of FESS dissemination and usage. However,
a survey like this does not require a comparison or stratified
analysis of the results. Still, describing the phenomenon in its
starting phase is good enough to ask for an initial awareness of
the endoscopic phenomenon. Furthermore, the survey should
also be extended to neurosurgical and orthopedic residents in
order to define the teaching status of endoscopy in Italy during
residency. Despite these limitations, the survey covered a wide
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area of Italy, with a reasonable number of respondents, suffi-
cient to reflect the current FESS phenomenon in Italy.

CONCLUSION

Our survey arose from a desire to understand the current lim-
its of FESS dissemination in Italy and provide a starting point
to boost the use of the technique as an extra tool in clinical
practice, in particular to reduce anaesthesiological and surgical
risk, with the same rate of complication as classic surgery. Our
secondary aim was to provide young spine surgeons with a new
field of knowledge that today can no longer be ignored.

NOTES
Conflict of Interest

The authors have nothing to disclose.

Funding/Support

This study received no specific grant from any funding agen-
cy in the public, commercial, or not-for-profit sectors.

ORCID

Alessandro Grieco https://orcid.org/0000-0003-4598-2258
https://orcid.org/0000-0001-6286-4750

https://orcid.org/0000-0002-8863-116X

Giuseppe Canova
Enrico Giordan

REFERENCES

1.Middleton SD, Wagner R, Gibson JNA. Multi-level spine
endoscopy: a review of available evidence and case report.
EFORT Open Rev 2017;2:317-23.

2. Giordan E, Radaelli R, Gallinaro P, Pastorello G, Zanata R,
Canova G, et al. Bibliographic study and meta-analysis of
clinical outcomes of full-endoscopic spine surgery for painful
lumbar spine conditions. World Neurosurg 2023;171:e64-82.

3. Lewandrowski KU, Dowling A, de Carvalho PST, Calderaro
AL, dos Santos TS, de Lima e Silva MS, et al. Indication and
contraindication of endoscopic transforaminal lumbar de-
compression. World Neurosurg 2021;145:631-42.

4. Aydin S, Bolat E. Fully endoscopic interlaminar and transfo-
raminal lumbar discectomy: clinical results of 857 surgically
treated patients. Neurol Neurochir Pol 2020;53:492-9.

5. Tacconi L, Giordan E. Endoscopic transforaminal discectomy

https://doi.org/10.21182/jmisst.2023.00962

vs. Far lateral discectomy for extraforaminal disc protrusions:
Our experience. NeuroQuantology 2019;17:18-22.

6.Kim JS, Yeung A, Lokanath YK, Lewandrowski KU. Is Asia
truly a hotspot of contemporary minimally invasive and en-
doscopic spinal surgery? J Spine Surg 2020;6(Suppl 1):S224-
36.

7.Lin GX, Kotheeranurak V, Mahatthanatrakul A, Ruetten S,
Yeung A, Lee SH, et al. Worldwide research productivity in
the field of full-endoscopic spine surgery: a bibliometric
study. Eur Spine J 2020;29:153-60.

8. Butler AJ, Alam M, Wiley K, Ghasem A, Rush AJ, Wang JC.
Endoscopic lumbar surgery: the state of the art in 2019. Neu-
rospine 2019;16:15-23.

9.1i ZZ, Hou SX, Shang WL, Cao Z, Zhao HL. Percutaneous
lumbar foraminoplasty and percutaneous endoscopic lum-
bar decompression for lateral recess stenosis through trans-
foraminal approach: Technique notes and 2 years follow-up.
Clin Neurol Neurosurg 2016;143:90-4.

10. Tacconi L, Bobicchio P. Far lateral disk prolapsed: a prelim-
inary experience by percutaneous endoscopic approach.
Open Access ] Neurol Neurosurg 2019;7:1-6.

11. Tacconi L, Giordan E. A novel hybrid endoscopic approach
for anterior cervical discectomy and fusion and a meta-anal-
ysis of the literature. World Neurosurg 2019;131:€237-46.

12. Tacconi L, Signorelli E Giordan E. Is full endoscopic lumbar
discectomy less invasive than conventional surgery? A ran-
domized MRI study. World Neurosurg 2020;138:e867-75.

13. Morgenstern R, Morgenstern C, Yeung AT. The learning curve
in foraminal endoscopic discectomy: experience needed to
achieve a 90% success rate. SAS J 2007;1:100-7.

14. Lewandrowski KU, Soriano-Sanchez JA, Zhang X, Ramirez Le
n JE Soriano Solis S, Rugeles Ortiz JG, et al. Surgeon training
and clinical implementation of spinal endoscopy in routine
practice: results of a global survey. ] Spine Surg 2020;6(Suppl
1):S237-48.

15. Lewandrowski KU, Soriano-Sanchez JA, Zhang X, Ramirez
Le n JE Soriano Solis S, Rugeles Ortiz JG, et al. Regional vari-
ations in acceptance, and utilization of minimally invasive
spinal surgery techniques among spine surgeons: results of a
global survey. J Spine Surg 2020;6(Suppl 1):S260-74.

16. Lewandrowski KU, Lewandrowski KU, de Carvalho PST, de
Carvalho P, Yeung A, Yeung A. Minimal clinically important
difference in patient-reported outcome measures with the
transforaminal endoscopic decompression for lateral recess
and foraminal stenosis. Int ] Spine Surg 2020;14:254-66.

17.Xu LC, Xu WB, Yang DE Zhang HB. Percutaneous transfo-
raminal endoscopic discectomy for treatment of degener-

S83


https://orcid.org/0000-0003-4598-2258
https://orcid.org/0000-0001-6286-4750
https://orcid.org/0000-0002-8863-116X
https://doi.org/10.1302/2058-5241.2.160087
https://doi.org/10.1302/2058-5241.2.160087
https://doi.org/10.1016/j.wneu.2022.11.083
https://doi.org/10.1016/j.wneu.2022.11.083
https://doi.org/10.1016/j.wneu.2022.11.083
https://doi.org/10.1016/j.wneu.2022.11.083
https://doi.org/10.1016/j.wneu.2020.03.076
https://doi.org/10.1016/j.wneu.2020.03.076
https://doi.org/10.1016/j.wneu.2020.03.076
https://doi.org/10.1016/j.wneu.2020.03.076
https://doi.org/10.5603/pjnns.a2019.0064
https://doi.org/10.5603/pjnns.a2019.0064
https://doi.org/10.5603/pjnns.a2019.0064
https://doi.org/10.14704/nq.2019.17.7.2620
https://doi.org/10.14704/nq.2019.17.7.2620
https://doi.org/10.14704/nq.2019.17.7.2620
https://doi.org/10.21037/jss.2019.12.13
https://doi.org/10.21037/jss.2019.12.13
https://doi.org/10.21037/jss.2019.12.13
https://doi.org/10.1007/s00586-019-06171-2
https://doi.org/10.1007/s00586-019-06171-2
https://doi.org/10.1007/s00586-019-06171-2
https://doi.org/10.1007/s00586-019-06171-2
https://doi.org/10.14245/ns.1938040.020
https://doi.org/10.14245/ns.1938040.020
https://doi.org/10.14245/ns.1938040.020
https://doi.org/10.1016/j.clineuro.2016.02.008
https://doi.org/10.1016/j.clineuro.2016.02.008
https://doi.org/10.19080/oajnn.2018.07.555710
https://doi.org/10.19080/oajnn.2018.07.555710
https://doi.org/10.19080/oajnn.2018.07.555710
https://doi.org/10.1016/j.wneu.2019.07.122
https://doi.org/10.1016/j.wneu.2019.07.122
https://doi.org/10.1016/j.wneu.2019.07.122
https://doi.org/10.1016/j.wneu.2020.03.123
https://doi.org/10.1016/j.wneu.2020.03.123
https://doi.org/10.1016/j.wneu.2020.03.123
https://doi.org/10.1016/s1935-9810(07)70054-3
https://doi.org/10.1016/s1935-9810(07)70054-3
https://doi.org/10.1016/s1935-9810(07)70054-3
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.14444/7034
https://doi.org/10.14444/7034
https://doi.org/10.14444/7034
https://doi.org/10.14444/7034
https://doi.org/10.14444/7034
https://doi.org/10.4103/2542-3975.235147
https://doi.org/10.4103/2542-3975.235147

Letizia Dell'Aglio, et al.

Endoscopy Advancement for Lumbar Degenerative Conditions

ative lumbar disc herniation in older adult patients: study
protocol for a randomized controlled trial and preliminary
results. Clin Trials Degener Dis 2018;3:45-51.

18. Tacconi L, Baldo S, Merci G, Serra G. Transforaminal percuta-
neous endoscopic lumbar discectomy: outcome and compli-
cations in 270 cases. ] Neurosurg Sci 2020;64:531-6.

19. Lewandrowski KU, Dowling A, Calderaro AL, Dos Santos TS,
Bergamaschi JPM, Le n JFR, et al. Dysethesia due to irritation
of the dorsal root ganglion following lumbar transforaminal
endoscopy: analysis of frequency and contributing factors.
Clin Neurol Neurosurg 2020;197:106073.

20. Wang MY, Grossman J. Endoscopic minimally invasive trans-
foraminal interbody fusion without general anesthesia: initial
clinical experience with 1-year follow-up. Neurosurg Focus
2016;40:E13.

21. Tacconi L, Giordan E, Baldo S, Serra G, Signorelli E. Percu-
taneous endoscopic lumbar discectomy in the elderly: An
effective treatment for prolapsed disc: Consideration on 75
case. Interdiscip Neurosurg 2019;20:100655.

22.Fu TS, Wang YC, Lin TY, Chang CW, Wong CB, Su JY. Com-
parison of percutaneous endoscopic surgery and traditional
anterior open surgery for treating lumbar infectious spondy-
litis. J Clin Med 2019;8:1356.

23. Choi KC, Kim JS, Park CK. Percutaneous endoscopic lum-
bar discectomy as an alternative to open lumbar microdis-
cectomy for large lumbar disc herniation. Pain Physician
2016;19:E291-300.

24. Chen HC, Lee CH, Wei L, Lui TN, Lin TJ. Comparison of per-
cutaneous endoscopic lumbar discectomy and open lumbar
surgery for adjacent segment degeneration and recurrent
disc herniation. Neurol Res Int 2015;2015:791943.

25.YangJS, Zeng YS, Liu TJ, Hao DJ. Full-endoscopic procedures
versus traditional discectomy surgery for discectomy: a sys-
tematic review and meta-analysis of current global clinical
trials. Pain Physician 2017;20:E1123-4.

26. Lewandrowski KU, Ransom NA, Yeung A. Return to work
and recovery time analysis after outpatient endoscopic
lumbar transforaminal decompression surgery. J Spine Surg
2020;6(Suppl 1):5100-15.

27. Qertel JMK, Philipps M, Burkhardt BW. endoscopic posterior
cervical foraminotomy as a treatment for osseous foraminal
stenosis. World Neurosurg 2016;91:50-7.

28. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic
cervical posterior foraminotomy for the operation of lateral

S84

disc herniations using 5.9-mm endoscopes: a prospec-
tive, randomized, controlled study. Spine (Phila Pa 1976)
2008;33:940-8.

29. Knight MTN, Jago I, Norris C, Midwinter L, Boynes C, Acu
L. Transforaminal endoscopic lumbar decompression &
foraminoplasty: A 10 year prospective survivability outcome
study of the treatment of foraminal stenosis and failed back
surgery. Int ] Spine Surg 2014;8:21.

30. Giordan E, Billeci D, Del Verme J, Varrassi G, Coluzzi F. Endo-
scopic transforaminal lumbar foraminotomy: a systematic
review and meta-analysis. Pain Ther 2021;10:1481-95.

31. Markovi¢ M, Zivkovi¢ N, Milan S, Gavrilovi¢ A, Stojanovi¢ D,
Aleksi¢ V, et al. Full-endoscopic interlaminar operations in
lumbar compressive lesions surgery: Prospective study of 350
patients - “eNDOS” Study. ] Neurosurg Sci 2020;64:16-24.

32. Barber SM, Nakhla J, Konakondla S, Fridley JS, Oyelese AA,
Gokaslan ZL, et al. Outcomes of endoscopic discectomy com-
pared with open microdiscectomy and tubular microdiscec-
tomy for lumbar disc herniations: a meta-analysis. ] Neuro-
surg Spine 2019 Sep 6:1-14. d0i:10.3171/2019.6.SPINE19532.
[Epub].

33.Kim MJ, Lee SH, Jung ES, Son BG, Choi ES, Shin JH, et al.
Targeted percutaneous transforaminal endoscopic diskecto-
my in 295 patients: comparison with results of microscopic
diskectomy. Surg Neurol 2007;68:623-31.

34. Ahn Y, Lee SH, Park WM, Lee HY. Posterolateral percutane-
ous endoscopic lumbar foraminotomy for L5-S1 foraminal
or lateral exit zone stenosis. Technical note. ] Neurosurg
2003;99:320-3.

35.Krzok G. Transpedicular endoscopic surgery for high-
ly downmigrated L5-S1 disc herniation. Case Rep Med
2019;2019:5724342.

36.Lee JS, Kim HS, Jang JS, Jang IT. Structural preservation
percutaneous endoscopic lumbar interlaminar discecto-
my for L5-S1 herniated nucleus pulposus. Biomed Res Int
2016;2016:6250247.

37.Kono M, Koda M, Abe T, Miura K, Nagashima K, Fujii K, et al.
Percutaneous endoscopic discectomy might be effective in
selected cases of pyogenic spondylitis. ] Orthop Surg (Hong
Kong) 2019;27:2309499019885446.

38. Yang SC, Chen W], Chen HS, Kao YH, Yu SW, Tu YK. Extend-
ed indications of percutaneous endoscopic lavage and drain-
age for the treatment of lumbar infectious spondylitis. Eur
Spine ] 2014;23:846-53.

https://doi.org/10.21182/jmisst.2023.00962


https://doi.org/10.4103/2542-3975.235147
https://doi.org/10.4103/2542-3975.235147
https://doi.org/10.4103/2542-3975.235147
https://doi.org/10.23736/s0390-5616.18.04395-3
https://doi.org/10.23736/s0390-5616.18.04395-3
https://doi.org/10.23736/s0390-5616.18.04395-3
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.3171/2015.11.focus15435
https://doi.org/10.3171/2015.11.focus15435
https://doi.org/10.3171/2015.11.focus15435
https://doi.org/10.3171/2015.11.focus15435
https://doi.org/10.1016/j.inat.2019.100655
https://doi.org/10.1016/j.inat.2019.100655
https://doi.org/10.1016/j.inat.2019.100655
https://doi.org/10.1016/j.inat.2019.100655
https://doi.org/10.3390/jcm8091356
https://doi.org/10.3390/jcm8091356
https://doi.org/10.3390/jcm8091356
https://doi.org/10.3390/jcm8091356
https://doi.org/10.36076/ppj/2016.19.e291
https://doi.org/10.36076/ppj/2016.19.e291
https://doi.org/10.36076/ppj/2016.19.e291
https://doi.org/10.36076/ppj/2016.19.e291
https://doi.org/10.1155/2015/791943
https://doi.org/10.1155/2015/791943
https://doi.org/10.1155/2015/791943
https://doi.org/10.1155/2015/791943
https://www.ncbi.nlm.nih.gov/pubmed/29149157
https://www.ncbi.nlm.nih.gov/pubmed/29149157
https://www.ncbi.nlm.nih.gov/pubmed/29149157
https://www.ncbi.nlm.nih.gov/pubmed/29149157
https://doi.org/10.21037/jss.2019.10.01
https://doi.org/10.21037/jss.2019.10.01
https://doi.org/10.21037/jss.2019.10.01
https://doi.org/10.21037/jss.2019.10.01
https://doi.org/10.1016/j.wneu.2016.02.073
https://doi.org/10.1016/j.wneu.2016.02.073
https://doi.org/10.1016/j.wneu.2016.02.073
https://www.ncbi.nlm.nih.gov/pubmed/18427313
https://www.ncbi.nlm.nih.gov/pubmed/18427313
https://www.ncbi.nlm.nih.gov/pubmed/18427313
https://www.ncbi.nlm.nih.gov/pubmed/18427313
https://www.ncbi.nlm.nih.gov/pubmed/18427313
https://doi.org/10.14444/1021
https://doi.org/10.14444/1021
https://doi.org/10.14444/1021
https://doi.org/10.14444/1021
https://doi.org/10.14444/1021
https://doi.org/10.1007/s40122-021-00309-1
https://doi.org/10.1007/s40122-021-00309-1
https://doi.org/10.1007/s40122-021-00309-1
https://www.ncbi.nlm.nih.gov/pubmed/27362665
https://doi.org/10.3171/2019.6.spine19532
https://doi.org/10.3171/2019.6.spine19532
https://doi.org/10.3171/2019.6.spine19532
https://doi.org/10.3171/2019.6.spine19532
https://doi.org/10.3171/2019.6.spine19532
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.1016/j.surneu.2006.12.051
https://www.ncbi.nlm.nih.gov/pubmed/14563153
https://www.ncbi.nlm.nih.gov/pubmed/14563153
https://www.ncbi.nlm.nih.gov/pubmed/14563153
https://www.ncbi.nlm.nih.gov/pubmed/14563153
https://doi.org/10.1155/2019/5724342
https://doi.org/10.1155/2019/5724342
https://doi.org/10.1155/2019/5724342
https://doi.org/10.1155/2016/6250247
https://doi.org/10.1155/2016/6250247
https://doi.org/10.1155/2016/6250247
https://doi.org/10.1155/2016/6250247
https://doi.org/10.1177/2309499019885446
https://doi.org/10.1177/2309499019885446
https://doi.org/10.1177/2309499019885446
https://doi.org/10.1177/2309499019885446
https://doi.org/10.1007/s00586-013-3157-y
https://doi.org/10.1007/s00586-013-3157-y
https://doi.org/10.1007/s00586-013-3157-y
https://doi.org/10.1007/s00586-013-3157-y

	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS 
	1. Solutions to the Cases 

	DISCUSSION 
	CONCLUSION 
	NOTES 
	Conflict of Interest 
	Funding/Support 
	ORCID 

	REFERENCES 

