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Journal of Turkish Spinal Surgery (www.jtss.org), is the official
publication of the Turkish Spinal Surgery Society. The first
journal was printed on January, in 1990. It is a double-blind
peer-reviewed multidisciplinary journal for the physicians
who deal with spinal diseases and publishes original studies
which offer significant contributions to developing of spinal
knowledge. The journal publishes original scientific research
articles, invited reviews and case reports accepted by the
Editorial Board, in English.

The journal is published once every three months and a volume
consists of four issues. Journal of Turkish Spinal Surgery is
published four times a year: in January, April, July, and October.
All articles published in our journals are open access and freely
available online,immediately upon publication.

Authors pay a one-time submission fee to cover the costs of
peer review administration and management, professional
production of articles in PDF and other formats, and
dissemination of published papers in various venues,in addition
to other publishing functions.

There are charges for both rejected and accepted articles as
of 15th January, 2021. There are no surcharges based on the
length of an article, figures, or supplementary data.

Journal of Turkish Spinal Surgery charges 1800from ‘authors
from with Turkey addresses’ and $140 from ‘authors from
foreign/other addresses’ for all article types. After the process,
please send your receipt of payment to:

TURK OMURGA DERNEGI (Turkish Spinal Surgery Society), izmir,
Cankaya Subesi (0739)

Account number: 16000021
HALKBANK IBAN: TR18 0001 2009 7390 0016 0000 21

All manuscripts submitted for publication must be accompanied
by the Copyright Transfer Form. Once this form, signed by all
the authors, is submitted, it is understood that neither the
manuscript nor the data it contains have been submitted
elsewhere or previously published and authors declare the
statement of scientific contributions and responsibilities of
all authors. Abstracts presented at congresses are eligible for
evaluation.

The presentation of the article types must be designed in
accordance with trial reporting guidelines:

Human research: Helsinki Declaration as revised in 2013
Systematic reviews and meta-analyses: PRISMA guidelines
Case reports: the CARE case report guidelines

Clinical trials: CONSORT

Animal studies: ARRIVE and Guide for the Care and Use of
Laboratory Animals

Journal of Turkish Spinal Surgery is indexed in Scopus, EBSCO
Host, Gale, ProQuest, Index Copernicus, ULAKBIM, Tiirkiye Atif
Dizini, Tiirk Medline and J-Gate.

English Title: Journal of Turkish Spinal Surgery
Official abbreviation: J Turk Spinal Surg
E-ISSN: 2147-5903

Open Access Policy

This journal provides immediate open access to its content on
the principle that making research freely available to the public
supports a greater global exchange of knowledge.

Author (s) and copyright owner (s) grant access to all users for
the articles published in Journal of Turkish Spinal Surgery free
of charge. Articles may be used provided that they are cited.

Open Access Policy is based on rules of Budapest Open Access
Initiative (BOAI). By “open access” to [peer-reviewed research
literature], we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print,
search, or link to the full texts of these articles, crawl them
for indexing, pass them as data to software, or use them for
any other lawful purpose, without financial, legal, or technical
barriers other than those inseparable from gaining access to
the internet itself. The only constraint on reproduction and
distribution, and the only role for copyright in this domain,
should be to give authors control over the integrity of their
work and the right to be properly acknowledged and cited.

Creative Commons

A Creative Commons license is a public copyright license that
provides free distribution of copyrighted works or studies.
Authors use the CC license to transfer the right to use, share
or modify their work to third parties. This journal is licensed
under a Creative Commons Attribution-NonCommercial 4.0

A-IV



OURNAL OF TURKISH

AIMS AND SCOPE

International (CC BY-NC-ND 4.0) which permits third parties to
share and adapt the content for non-commerical purposes by
giving the apropriate credit to the original work.

Open access is an approach that supports interdisciplinary
development and encourages collaboration between different
disciplines. Therefore, Journal of Turkish Spinal Surgery
contributes to the scientific publishing literature by providing
more access to its articles and a more transparent review
process.

Advertisement Policy

Potential advertisers should contact the Editorial Office.
Advertisement images are published only upon the Editor-in-
Chief’s approval.
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Material Disclaimer

Statements or opinions stated in articles published in the
journal do not reflect the views of the editors, editorial board
and/or publisher; The editors, editorial board and publisher do
not accept any responsibility or liability for such materials. All
opinions published in the journal belong to the authors.
Publisher Corresponding Address

Galenos Publishing House

Address: Molla Gurani Mahallesi Kagamak Sokak No: 21 34093
Findikzade - istanbul/Turkey

Phone: +90 212 621 99 25
Fax: +90 212 621 99 27

E-mail: info@galenos.com.tr
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Journal of Turkish Spinal Surgery (www.jtss.org), is the official
publication of the Turkish Spinal Society. It is a double-blind
peer-reviewed multidisciplinary journal for the physicians
who deal with spinal diseases and publishes original studies
which offer significant contributions to developing the spinal
knowledge. The journal publishes original scientific research
articles, invited reviews and case reports accepted by the
Editorial Board, in English. The journal is published once every
three months ,and a volume consists of four issues.

Journal of Turkish Spinal Surgery is published four times a
year: on January, April, July, and October. All articles published
in our journals are open access and freely available online,
immediately upon publication.

Authors pay a one-time submission fee to cover the costs of
peer review administration and management, professional
production of articles in PDF and other formats, and
dissemination of published papers in various venues, in
addition to other publishing functions. There are charges for
both rejected and accepted articles as of 15th January, 2021.
There are no surcharges based on the length of an article,
figures, or supplementary data.

Journal of Turkish Spinal Surgery charges 1800from ‘authors
from with Turkey addresses’ and $140 from ‘authors from
foreign/other addresses’ for all article types. After the process,
please send your receipt of payment to:

TURK OMURGA DERNEGI (Turkish Spinal Surgery Society), izmir,
Cankaya Subesi (0739)

Account number: 16000021
HALKBANK IBAN: TR18 0001 2009 7390 0016 0000 21

PEER REVIEW

The article is reviewed by secretaries of the journal after
it is uploaded to the web site. Article type, presence of all
sections, suitability according to the number of words, name
of the authors with their institutions, corresponding address,
mail addresses, telephone numbers and ORCID numbers are
all evaluated, and shortcomings are reported to the editor.
Editor request the all defect from the authors and send to vice
editors and native English speaker editor after completion of
the article. Vice editors edit the blinded article and this blinded
copy is sent to two referees. After reviewing of the article by the
referees in maximum one month, the review report evaluating
all section and his decision is requested, and this blinded report

is sent to the author. In fifteen days, revision of the article is
requested from the authors with the appreciate explanation.
Revised blinded copy is sent to the referees for the new
evaluation. Editor if needed may sent the manuscript to a third
referee. Editorial Board has the right to accept, revise or reject
a manuscript.

-Following types of manuscripts related to the field of “Spinal
Surgery” with English Abstract and Keywords are accepted
for publication: I- Original clinical and experimental research
studies; Il- Case presentations; and Ill- Reviews.

AUTHOR’S RESPONSIBILITY

The manuscript submitted to the journal should not be
previously published (except as an abstract or a preliminary
report) or should not be under consideration for publication
elsewhere. Every person listed as an author is expected to
have been participating in the study to a significant extent. All
authors should confirm that they have read the study and agreed
to the submission to the Journal of Turkish Spinal Surgery for
publication. This should be notified with a separate document
as shown in the “Cover Letter” in the appendix. Although the
editors and referees make every effort to ensure the validity of
published manuscripts, the final responsibility rests with the
authors, not with the journal, its editors, or the publisher. The
source of any financial support for the study should be clearly
indicated in the Cover Letter.

It is the author’s responsibility to ensure that a patient's
anonymity is carefully protected and to verify that any
experimental investigation with human subjects reported in the
manuscript was performed upon the informed consent of the
patients and in accordance with all guidelines for experimental
investigation on human subjects applicable at the institution(s)
of all authors.

Authors should mask patients’ eyes and remove patients’ names
from figures unless they obtain written consent to do so from
the patients, and this consent should be submitted along with
the manuscript.

CONFLICTS OF INTEREST

Authors must state all possible conflicts of interest in the
manuscript, including financial, institutional and other
relationships that might lead to bias or a conflict of interest.
If there is no conflict of interest, this should also be explicitly
stated as none declared. All sources of funding should be
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acknowledged in the manuscript. All relevant conflicts of
interest and sources of funding should be included on the title
page of the manuscript with the heading “Conflicts of Interest
and Source of Funding”.

GENERAL RULES

The presentation of the article types must be designed in
accordance with trial reporting guidelines:

Human research: Helsinki Declaration as revised in 2013
Systematic reviews and meta-analyses: PRISMA guidelines
Case reports: the CARE case report guidelines

Clinical trials: CONSORT

Animal studies: ARRIVE and Guide for the Care and Use of
Laboratory Animals

Plagiarism

All manuscripts submitted are screened for plagiarism using
Crossref Similarity Check powered by “iThenticate” software.
Results indicating plagiarism may cause manuscripts to be
returned or rejected.

ARTICLE WRITING

Clinically relevant scientific advances during recent years
include the use of contemporary outcome measures, more
sophisticated statistical approaches, and increasing use and
reporting of well-formulated research plans (particularly in
clinical research).

Scientific writing,no less than any other form of writing, reflects
a demanding creative process, not merely an act: the process
of writing changes thought. The quality of a report depends
on the quality of thought in the design and the rigour of the
conduct of the research. Well-posed questions or hypotheses
interrelate with the design. Well-posed hypotheses imply
design, and design implies the hypotheses. The effectiveness
of a report relates to brevity and focus. Drawing attention
to a few points will allow authors to focus on critical issues.
Brevity is achieved in part by avoiding repetition (with a few
exceptions to be noted), clear style, and proper grammar. Few
original scientific articles need to be longer than 3000 words.
Longer articles may be accepted if substantially novel methods
are reported or if the article reflects a comprehensive review
of the literature.

J
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Although authors should avoid redundancy, -effectively
communicating critical information often requires repetition
of the questions (or hypotheses/key issues) and answers. The
questions should appear in the Abstract, Introduction, and
Discussion, and the answers should appear in the Abstract,
Results, and Discussion sections.

Although most journals publish guidelines for formatting a
manuscript and many have more or less established writing
styles (e.g., the American Medical Association Manual of Style),
styles of writing are as numerous as authors. Journal of Turkish
Spinal Surgery traditionally has used the AMA style as a general
guideline. However, few scientific and medical authors have the
time to learn these styles. Therefore, within the limits of proper
grammar and clear, effective communication, we will allow
individual styles.

Permissions: As shown in the example in the appendix
(Letter of Copyright Transfer) the authors should declare in
a separate statement that the study has not been previously
published and is not under consideration for publication
elsewhere. Also, the authors should state in the same
statement that they transfer copyrights of their manuscript
to our journal. Quoted material and borrowed illustrations:
if the authors have used any material that had appeared
in a copyrighted publication, they are expected to obtain a
written permission letter, and it should be submitted along
with the manuscript.

Review articles: The format for reviews substantially differ
from those reporting original data. However, many of the
principles noted above apply. A review still requires an
Abstract, an Introduction, and a Discussion. The Introduction
still requires focused issues and a rationale for the study.
Authors should convey to readers the unique aspects of their
reviews which distinguish them from other available material
(e.g., monographs, book chapters). The main subject should
be emphasized in the final paragraph of the Introduction. As
for an original research article, the Introduction section of a
review typically need not to be longer than four paragraphs.
Longer Introductions tend to lose focus, so that the reader
may not be sure what novel information will be presented. The
sections after the Introduction are almost always unique to
the particular review, but need to be organized in a coherent
fashion. Headings (and subheadings when appropriate) should
follow parallel construction and reflect analogous topics (e.g.,
diagnostic categories, alternative methods, alternative surgical
interventions). If the reader considers only the headings, the
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logic of the review (as reflected in the Introduction) should be
clear. Discussion synthesizes the reviewed literature as a whole
coherently and within the context of the novel issues stated in
the Introduction.

The limitations should reflect those of the literature, however,
rather than a given study. Those limitations will relate to
gaps in the literature that preclude more or less definitive
assessment of diagnosis or selection of treatment, for example.
Controversies in the literature should be briefly explored. Only
by exploring limitations will the reader appropriately place the
literature in perspective. Authors should end the Discussion
with abstract statements similar to those which will appear at
the end of the Abstract in abbreviated form.

In general,a review requires a more extensive literature review
than an original research article, although this will depend
on the topic. Some topics (e.g., osteoporosis) could not be
comprehensively referenced, even in an entire monograph.
However, authors need to ensure that a review is representative
of the entire body of literature, and when that body is large,
many references are required.

Original Articles: - Original articles should contain the following
sections: “Title Page”, “Abstract”, “Keywords”, “Introduction”,
“Materials and Methods” “Results” “Discussion”, “Conclusions”,
and “References”. “Keywords” sections should also be added if
the original article is in English.

- Title (80 characters, including spaces): Just as the Abstract
is important in capturing a reader’s attention, so is the title.
Titles rising or answering questions in a few brief words will
far more likely do this than titles merely pointing to the topic.
Furthermore, such titles as “Bisphosponates reduce bone loss”
effectively convey the main message and readers will more
likely remember them. Manuscripts that do not follow the
protocol described here will be returned to the corresponding
author for technical revision before undergoing peer review.
AUl manuscripts in English, should be typed double-spaced on
one side of a standard typewriter paper, leaving at least 2.5 cm.
margin on all sides. All pages should be numbered beginning
from the title page.

- Title page should include: a) informative title of the paper,
b) complete names of each author with their institutional
affiliations, ¢) name, address, fax and telephone number,
e-mail of the corresponding author, d) address for the reprints
if different from that of the corresponding author, ) ORCID
numbers of the authors. It should also be stated in the title

page that informed consent was obtained from patients and
that the study was approved by the ethics committee.

The “Level of Evidence” should certainly be indicated in the
title page (see Table-1 in the appendix). Also, the field of study
should be pointed out as outlined in Table-2 (maximum three
fields).

-Abstract: A150 to 250 word abstract should be included at the
second page. The abstract should be written in English and for
all articles. The main topics to be included in Abstract section
are as follows: Background Data, Purpose, Materials- Methods,
Results and Conclusion. The Abstract should be identical in
meaning. Generally, an Abstract should be written after the
entire manuscript is completed. The reason relates to how the
process of writing changes thought and perhaps even purpose.
Only after careful consideration of the data and a synthesis
of the literature can author(s) write an effective abstract.
Many readers now access medical and scientific information
via Web-based databases rather than browsing hard copy
material. Since the reader’s introduction occurs through titles
and abstracts, substantive titles and abstracts more effectively
capture a reader’s attention regardless of the method of
access. Whether reader will examine an entire article often
will depend on an abstract with compelling information. A
compelling Abstract contains the questions or purposes, the
methods, the results (most often quantitative data), and the
conclusions. Each of these may be conveyed in one or two
statements. Comments such as “this report describes..” convey
little useful information.

-Keywords : Standard wording used in scientific indexes and
search engines should be preferred. The minimum number for
keywords is three and the maximum is five.

- Introduction (250 - 750 words): It should contain information
on historical literature data on the relevant issue; the problem
should be defined; and the objective of the study along with
the problem-solving methods should be mentioned.

Most studies, however,are published to: (1) report entirely novel
findings (frequently case reports, but sometimes substantive
basic or clinical studies); (2) confirm previously reported
work (eg, case reports, small preliminary series) when such
confirmation remains questionable; and (3) introduce or address
controversies in the literature when data and/or conclusions
conflict. Apart from reviews and other special articles, one of
these three purposes generally should be apparent (and often
explicit) in the Introduction.
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The first paragraph should introduce the general topic or
problem and emphasize its importance, a second and perhaps
a third paragraph should provide the rationale of the study,and
a final paragraph should state the questions, hypotheses, or
purposes.

One may think of formulating rationale and hypotheses as
Aristotelian logic (@ modal syllogism) taking the form: If A, B,
and C,then D, E, or F. The premises A, B, and C, reflect accepted
facts, whereas D, E, or F reflect logical outcomes or predictions.
The premises best come from published data, but when data
are not available, published observations (typically qualitative),
logical arguments or consensus of opinion can be used. The
strength of these premises is roughly in descending order from
data to observations or argument to opinion. D, E, or F reflects
logical consequences. For any set of observations, any number
of explanations (D, E, or F) logically follows. Therefore, when
formulating hypotheses (explanations), researchers designing
experiments and reporting results should not rely on a single
explanation.

With the rare exception of truly novel material, when
establishing rationale authors should generously reference
representative (although not necessarily exhaustive) literature.
This rationale establishes the novelty and validity of the
questions and places it within the body of literature. Writers
should merely state the premises with relevant citations
(superscripted) and avoid describing cited works and authors’
names. The exceptions to this approach include a description
of past methods when essential to developing rationale for a
new method, or a mention of authors™ names when important
to establish historical precedent. Amplification of the citations
may follow in the Discussion when appropriate. In establishing
a rationale, new interventions of any sort are intended to
solve certain problems. For example, new implants (unless
conceptually novel) typically will be designed according to
certain criteria to eliminate problems with previous implants.
If the purpose is to report a new treatment, the premises of
the study should include those explicitly stated problems (with
quantitative frequencies when possible), and they should be
referenced generously.

The final paragraph logically flows from the earlier ones,
and should explicitly state the questions or hypotheses to
be addressed in terms of the study (independent, dependent)
variables.Any issue not posed in terms of study variables cannot
be addressed meaningfully. Focus of the report relates to focus
of these questions, and the report should avoid questions
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for which answers are well described in the literature (e.g.,
dislocation rates for an implant designed to minimize stress
shielding). Only if there are new and unexpected information
should data be reported apart from that essential to answer
the stated questions.

- Materials - Methods (1000-1500 words): Epidemiological/
demographic data regarding the study subjects; clinical
and radiological investigations; surgical technique applied;
evaluation methods; and statistical analyses should be
described in detail.

In principle,the Materials and Methods should contain adequate
detail for another investigator to replicate the study. In practice,
such detail is neither practical nor desirable because many
methods will have been published previously (and in greater
detail), and because long descriptions make reading difficult.
Nonetheless, the Materials and Methods section typically will
be the longest section. When reporting clinical studies, authors
must state approval of the institutional review board or ethics
committees according to the laws and regulations of their
countries. Informed consent must be stated where appropriate.
Such approval should be stated in the first paragraph of
Materials and Methods. At the outset, the reader should grasp
the basic study design. Authors should only briefly describe and
reference previously reported methods. When authors modify
those methods,the modifications require additional description.

In clinical studies, the patient population and demographics
should be outlined at the outset. Clinical reports must state
inclusion and exclusion criteria and whether the series is
consecutive or selected; if selected, criteria for selection should
be stated. The reader should understand from this description
all potential sources of bias such as referral,diagnosis,exclusion,
recall, or treatment bias. Given the expense and effort for
substantial prospective studies, it is not surprising that most
published clinical studies are retrospective.

Such studies often are criticized unfairly for being retrospective,
but that does not negate the validity or value of a study.
Carefully designed retrospective studies provide most of the
information available to clinicians. However, authors should
describe potential problems such as loss to follow-up, difficulty
in matching, missing data, and the various forms of bias more
common with retrospective studies.

If authors use statistical analysis, a paragraph should appear
at the end of Materials and Methods stating all statistical tests
used. When multiple tests are used, authors should state which

A-IX



OURNAL OF TURKISH

J /

. INSTRUCTIONS to AUTHORS

tests are used for which sets of data. All statistical tests are
associated with assumptions, and when it is not obvious the
data would meet those assumptions, the authors either should
provide the supporting data (e.g.,data are normally distributed,
variances in gro-ups are similar) or use alternative tests. Choice
of level of significance should be justified. Although it is
common to choose a level of alpha of 0.05 and a beta of 0.80,
these levels are somewhat arbitrary and not always appropriate.
In the case where the implications of an error are very serious
(e.g., missing the diagnosis of cancer), different alpha and beta
levels might be chosen in the study design to assess clinical or
biological significance.

- Results (250-750 words): “Results” section should be written
in an explicit manner, and the details should be described in
the tables. The results section can be divided into sub-sections
for a more clear understanding.

If the questions or issues are adequately focused in the
Introduction section, the Results section needs not to belong.
Generally, one may need a paragraph or two to persuade the
reader of the validity of the methods, one paragraph addressing
each explicitly raised question or hypothesis, and finally, any
paragraphs to report new and unexpected findings. The first
(topic) sentence of each paragraph should state the point or
answer the question. When the reader considers only the
first sentence in each paragraph in Results, the logic of the
authors’ interpretations should be clear. Parenthetic reference
to all figures and tables forces the author to textually state
the interpretation of the data; the important material is the
authors’ interpretation of the data, not the data.

Statistical reporting of data deserves special consideration.
Stating some outcome is increased or decreased(or greater or
lesser) and parenthetically stating the p (or other statistical)
value immediately after the comparative terms more
effectively conveys information than stating something is
or is not statistically significantly different from something
else (different in what way? the reader may ask). Additionally,
avoiding the terms ‘statistically different’ or ‘significantly
different’ lets the reader determine whether they will consider
the statistical value biologically or clinically significant,
regardless of statistical significance.

Although a matter of philosophy and style, actual p values
convey more information than stating a value less than some
preset level. Furthermore, as Motulsky notes, “When you read
that a result is not significant, don’t stop thinking... First, look
at the confidence interval... Second, ask about the power of

the study to find a significant difference if it were there! This
approach will give the reader a much greater sense of biological
or clinical significance.

- Discussion (750 - 1250 words): The Discussion section should
contain specific elements: a restatement of the problem or
question, an exploration of limitations and as-sumptions, a
comparison and/or contrast with information (data, opinion)
in the literature, and a synthesis of the comparison and the
author’'s new data to arrive at conclusions. The restatement
of the problem or questions should only be a brief emphasis.
Exploration of assumptions and limitations are preferred to
be next rather than at the end of the manuscript because the
interpretation of what will follow depends on these limitations.
Failure to explore limitations suggests the author(s) either do
not know or choose to ignore them, potentially misleading the
reader. Exploration of these limitations should be brief, but
all critical issues must be discussed, and the reader should be
persuaded they do not jeopardize the conclusions.

Next, the authors should compare and/or contrast their
data with data reported in the literature. Generally, many of
these reports will include those cited as a rationale in the
Introduction. Because of the peculiarities of a given study the
data or observations might not be strictly comparable to that
in the literature, it is unusual that the literature (including that
cited in the Introduction as rationale) would not contain at least
trends. Quantitative comparisons most effectively persuade the
reader that the data in the study are “in the ballpark; and tables
or figures efficiently convey that information. Discrepancies
should be stated and explained when possible; when an
explanation of a discrepancy is not clear that also should be
stated. Conclusions based solely on data in the paper seldom
are warranted because the literature almost always contains
previous information.

Finally, the author(s) should interpret their data in light of
the literature. No critical data should be overlooked because
contrary data might effectively refute an argument. That is, the
final conclusions must be consistent not only with the new data
presented, but also that in the literature.

- Conclusion: The conclusions and recommendations by the
authors should be described briefly. Sentences containing
personal opinions or hypotheses that are not based on the
scientific data obtained from the study should be avoided.

- References: References are numbered (Arabic numerals)
consecutively in the order in which they appear in the text (note
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that references should not appear in the abstract) and listed
double-spaced at the end of the manuscript. The preferred
method for identifying citations in the text is using within
parentheses. Use the form of the “Uniform Requirements for
Manuscripts”  (http://www.icmje.org/about-icmje/fags/icmje-
recommendations/). If the number of authors exceeds seven, list
first 6 authors followed by et al.

Use references found published in peer-reviewed publications
that are generally accessible. Unpublished data, personal
communications, statistical programs, papers presented at
meetings and symposia, abstracts, letters, and manuscripts
submitted for publication cannot be listed in the references.
Papers accepted by peer-reviewed publications but not yet
published (“in press”) are not acceptable as references.

Journal titles should conform to the abbreviations used in
“Cumulated Index Medicus”.

Please note the following examples of journal, book and other
reference styles:

Journal article:

Berk H, Akcali O, Kiter E, Alici E. Does anterior spinal instrument
rotation cause rethrolisthesis of the lower instrumented
vertebra? J Turk Spinal Surg. 1997;8:5-9.

Book chapter:

Wedge IH, Kirkaldy-Willis WH,Kinnard P. Lumbar spinal stenosis.
Chapter 5.1n: Helfet A, Grubel DM (Eds.). Disorders of the Lumbar
Spine.JB Lippincott, Philadelphia 1978;pp:61-8.

Entire book:

Paul LW,Juhl IH (Eds). The Essentials of Roentgen Interpretation.
Second Edition, Harper and Row, New York 1965;pp:294-311.

Book with volume number:

Stauffer ES, Kaufer H, Kling THF. Fractures and dislocations of
the spine. In: Rock-wood CA, Green DP (Eds.). Fractures in Adults.
Vol. 2,JB Lippincott, Philadelphia 1984;pp:987-1092.

Journal article in press:

Arslantas A, Durmaz R, Cosan E, Tel E. Aneurysmal bone cysts of
the cervical spine.) Turk Spinal Surg. (In press).

Book in press :

Condon RH. Modalities in the treatment of acute and chronic
low back pain. In: Finnison BE (Ed.). Low Back Pain.JB Lippincott
(In press).
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Symposium:

Raycroft IF, Curtis BH. Spinal curvature in myelomeningocele:
natural history and etiology. Proceedings of the American
Academy of Orthopaedic Surgeons Symposium on
Myelomeningocele, Hartford, Connecticut, November 1970, CV
Mosby, St. Louis 1972;pp:186-201.

Papers presented at the meeting:

Rhoton AL. Microsurgery of the Arnold-Chiari malformation
with and without hydromyelia in adults. Presented at the
Annual Meeting of the American Association of Neuro-logical
Surgeons, Miami, Florida, April 7,1975.

-Tables: They should be numbered consecutively in the text with
Arabic numbers. Each table with its number and title should be
typed on a separate sheet of paper. Each table must be able
to stand alone; all necessary information must be contained
in the caption and the table itself so that it can be understood
independent from the text. Information should be presented
explicitly in “Tables” so that the reader can obtain a clear idea
about its content. Information presented in “Tables” should not
be repeated within the text. If possible, information in “Tables”
should contain statistical means, standard deviations,and t and
p values for possibility. Abbreviations used in the table should
be explained as a footnote.

Tables should complement not duplicate material in the text.
They compactly present information, which would be difficult
to describe in text form. (Material which may be succinctly
described in text should rarely be placed in tables or figures.)
Clinical studies for example, often contain complementary
tables of demographic data, which although important for
interpreting the results, are not critical for the questions
raised in the paper. Well focused papers contain only one or
two tables or figures for every question or hypothesis explicitly
posed in the Introduction section. Additional material may be
used for unexpected results. Well-constructed tables are self-
explanatory and require only a title. Every column contains a
header with units when appropriate.

- Figures: All figures should be numbered consecutively
throughout the text. Each figure should have a label pasted on
its back indicating the number of the figure, an arrow to show
the top edge of the figure and the name of the first author.
Black-and-white illustrations should be in the form of glossy
prints (9x13 cm). The letter size on the figure should be large
enough to be readable after the figure is reduced to its actual
printing size. Unprofessional typewritten characters are not
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accepted. Legends to figures should be written on a separate
sheet of paper after the references.

The journal accepts color figures for publication if they enhance
the article. Authors who submit color figures will receive an
estimate of the cost for color reproduction. If they decide not
to pay for color reproduction, they can request that the figures
be converted to black and white at no charge. For studies
submitted by electronic means, the figures should be in jpeg
and tiff formats with a resolution greater than 300 dpi. Figures
should be numbered and must be cited in the text.

- Style: For manuscript style, American Medical Association
Manual of Style (9th edition). Stedman’s Medical Dictionary
(27th edition) and Merriam Webster’s Collegiate Dictionary (10th
edition) should be used as standard references. The drugs and
therapeutic agents must be referred by their accepted generic
or chemical names, without abbreviations. Code numbers must
be used only when a generic name is not yet available. In that
case, the chemical name and a figure giving the chemical
structure of the drug should be given. The trade names of
drugs should be capitalized and placed in parentheses after
the generic names. To comply with trademark law, the name
and location (city and state/country) of the manufacturer of any
drug, supply, or equipment mentioned in the manuscript should
be included. The metric system must be used to express the
units of measure and degrees Celsius to express temperatures,
and Sl units rather than conventional units should be preferred.

The abbreviations should be defined when they first appear in
the text and in each table and figure. If a brand name is cited,
the manufacturer’s name and address (city and state/country)
must be supplied.

The address, “Council of Biology Editors Style Guide” (Council of
Science Editors, 9650 Rockville Pike, Bethesda, MD 20814) can
be consulted for the standard list of abbreviations.

-Acknowledgments: Note any non-financial acknowledgments.
Begin with, “The Authors wish to thank..” All forms of support,
including pharmaceutical industry support should also be
stated in the Acknowledgments section.

Authors are requested to apply and load including the last
version of their manuscript to the manuscript submission in the
official web address (www.jtss.org). The electronic file must be
in Word format (Microsoft Word or Corel Word Perfect). Authors
can submit their articles for publication via internet using the
guidelines in the following address: www.jtss.org.

- Practical Tips:

1. Read only the first sentence in each paragraph throughout
the text to ascertain whether those statements contain all
critical material and the logical flow is clear.

2. Avoid in the Abstract comments such as, “.. this report
describes..” Such statements convey no substantive information
for the reader.

3. Avoid references and statistical values in the Abstract.

4. Avoid using the names of cited authors except to establish
a historical precedent. Instead, indicate the point in the
manuscript by providing citation by superscribing.

5. Avoid in the final paragraph of the Introduction purposes
such as,“... we report our data..” Such statements fail to focus
the reader’s (and author’s!) attention on the critical issues (and
do not mention study variables).

6. Parenthetically refer to tables and figures and avoid
statements in which a table of the figure is either subject or
object of a sentence. Parenthetic reference places interpretation
of the information in the table or figure and not the table or
figure.

7. Regularly count words from the Introduction through
Discussion.

TABLE-1. LEVELS OF EVIDENCE
LEVEL-1.

1) Randomized, double-blind, controlled trials for which tests
of statistical significance have been performed

2) Prospective clinical trials comparing criteria for diagnosis,
treatment and prognosis with tests of statistical significance
where compliance rate to study exceeds 80%

3) Prospective clinical trials where tests of statistical
significance for consecutive subjects are based on predefined
criteria and a comparison with universal (gold standard)
reference is performed

4) Systematic meta-analyses which compare two or more
studies with Level | evidence using pre-defined methods and
statistical comparisons.

5) Multi-center,randomized, prospective studies
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LEVEL -11.

1) Randomized, prospective studies where compliance rate is
less than 80%

2) All Level-| studies with no randomization
3) Randomized retrospective clinical studies
4) Meta-analysis of Level-Il studies

LEVEL- Ill.

1) Level-ll studies with no randomization (prospective clinical
studies etc.)

2) Clinical studies comparing non-consecutive cases (without a
consistent reference range)

3) Meta-analysis of Level Il studies
LEVEL- IV.
1) Case presentations

2) Case series with weak reference range and with no statistical
tests of significance

LEVEL - V.
1) Expert opinion and review articles

2) Anecdotal reports of personal experience regarding a study,
with no scientific basis

TABLE-2. CLINICAL AREAS
Anatomy
1. Morphometric analysis
Anesthesiology
Animal study
Basic Science
1.Biology
2. Biochemistry
3. Biomaterials
4.Bone mechanics
5.Bone regeneration
6. Bone graft
7.Bone graft substitutes

8.Drugs
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Disc

1. Disc Degeneration
2.Herniated Disc
3. Disc Pathology
4. Disc Replacement

5.IDET

Disease/Disorder

1. Congenital

2. Genetics

3. Degenerative disease

4. Destructive (Spinal Tumors)
5. Metabolic bone disease

6. Rheumatologic

Biomechanics Cervical Spine

1. Cervical myelopathy

2. Cervical reconstruction
3. Cervical disc disease
4. Cervical Trauma

5. Degenerative disease

Complications

1. Early
2. Late

3. Postoperative

Deformity

1. Adolescent idiopathic scoliosis
2.Kyphosis
3. Congenital spine

4. Degenerative spine conditions

Diagnostics

1. Radiology
2.MRI

3.CT scan
4. Others
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Epidemiology
Etiology
Examination
Experimental study
Fusion

1. Anterior

2. Posterior

3. Combined

4. With instrumentation
Infection of the spine

1. Postoperative

2.Rare infections

3. Spondylitis

4. Spondylodiscitis

5. Tuberculosis
Instrumentation
Meta-Analysis
Osteoporosis

1. Bone density

2. Fractures

3. Kyphoplasty

4. Medical Treatment

5. Surgical Treatment
Outcomes

1. Conservative care

2. Patient Care

3. Primary care

4. Quality of life research

5.Surgical
Pain

1. Chronic pain

2. Discogenic pain
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3. Injections

4. Low back pain

5.Management of pain

6. Postoperative pain

7.Pain measurement
Physical Therapy

1. Motion Analysis

2. Manipulation

3.Non-Operative Treatment

Surgery

1. Minimal invasive

2. Others

3. Reconstructive surgery
Thoracic Spine
Thoracolumbar Spine
Lumbar Spine
Lumbosacral Spine
Psychology
Trauma

1. Fractures

2. Dislocations
Spinal cord

1. Spinal Cord Injury
Spinal stenosis

1. Cervical

2. Lumbar

3. Lumbosacral
Tumors

1. Metastatic tumors

2. Primary benign tumors

3. Primary malign tumors
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APPLICATION LETTER EXAMPLE:
Editor-in-Chief

Journal of Turkish Spinal Surgery
Dear Editor,

We enclose the manuscript titled °.... for consideration to
publish in the Journal of Turkish Spinal Surgery.

The following authors have designed the study (AU:
Parenthetically insert names of the appropriate authors),
gathered the data (AU: Parenthetically insert names of the
appropriate authors), analyzed the data (AU: Parenthetically
insert names of the appropriate authors), wrote the initial
drafts (AU: Parenthetically insert initials of the appropriate
authors), and ensure the accuracy of the data and analysis (AU:
Parenthetically insert names of the appropriate authors).

| confirm that all authors have seen and agree with the
contents of the manuscript and agree that the work has not
been submitted or published elsewhere in whole or in part.

As the Corresponding Author, | (and any other authors)
understand that Journal of Turkish Spinal Surgery requires all
authors to specify any contracts or agreements they might have
signed with commercial third parties supporting any portion
of the work. | further understand such information will be
held in confidence while the paper is under review and will
not influence the editorial decision, but that if the article is
accepted for publication, a disclosure statement will appear
with the article. | have selected the following statement(s) to
reflect the relationships of myself and any other author with a
commercial third party related to the study:

1) All authors certify that they not have signed any agreement
with a commercial third party related to this study which would
in any way limit publication of any and all data generated for
the study or to delay publication for any reason.

2) One or more of the authors (initials) certifies that he or she
has signed agreements with a commercial third party related to
this study and that those agreements allow commercial third
party to own or control the data generated by this study and
review and modify any manuscript but not prevent or delay
publication.

3) One or more of the authors (AU: Parenthetically insert initials
of the appropriate authors) certifies that he or she has signed
agreements with a commercial third party related to this study
and that those agreements allow commercial third party to own
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or control the data and to review and modify any manuscript
and to control timing but not prevent publication.

Sincerely,

Date:

Corresponding Author:
Address:

Phone:

Fax-mail:

GSM:

E-mail:

AUTHORSHIP RESPONSIBILITY, FINANCIAL
DISCLOSURE, AND COPYRIGHT TRANSFER

MANUSCRIPT TITLE:
CORRESPONDING AUTHOR
MAILING ADDRESS :
TELEPHONE / FAX NUMBERS :

Each author must read and sign the following statements; if
necessary, photocopy this document and distribute to coauthors
for their original ink signatures. Completed forms should be
sent to the Editorial Office.

CONDITIONS OF SUBMISSION
RETAINED RIGHTS:

Except for copyright, other proprietary rights related to the
Work shall be retained by the authors. To reproduce any text,
figures, tables, or illustrations from this Work in future works
of their own, the authors must obtain written permission from
Journal of Turkish Spinal Surgery; such permission cannot be
unreasonably withheld by Journal of Turkish Spinal Surgery.

ORIGINALITY:

Each author warrants that his or her submission to the Work
is original and that he or she has full power to enter into this
agreement. Neither this Work nor a similar work has been
published nor shall be submitted for publication elsewhere
while under consideration by this Publication.
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AUTHORSHIP RESPONSIBILITY:

Each author certifies that he or she has participated sufficiently
in the intellectual content, the analysis of data, if applicable,
and the writing of the Work to take public responsibility for
it. Each has reviewed the final version of the Work, believes it
represents valid work,and approves it for publication. Moreover,
should the editors of the Publication request the data upon
which the work is based, they shall produce it.

DISCLAIMER:

Each author warrants that this Work contains no libelous or
unlawful statements and does not infringe on the rights of
others. If excerpts (text, figures, tables, or illustrations) from
copyrighted works are included, a written release will be
secured by the authors prior to submission, and credit to the
original publication will be properly acknowledged. Each author
warrants that he or she has obtained,prior to submission,written
permissions from patients whose names or photographs are
submitted as part of the Work. Should Journal of Turkish Spinal
Surgery request copies of such written releases, authors shall
provide them to Journal of Turkish Spinal Surgery in a timely
manner.

TRANSFER OF COPYRIGHT
AUTHORS’ OWN WORK:

In consideration of Journal of Turkish Spinal Surgery ‘s
publication of the Work, the authors hereby transfer, assign,
and otherwise convey all copyright ownership worldwide, in all
languages, and in all forms of media now or hereafter known,
including electronic media such as CD-ROM, Internet, and
Intranet, to Journal of Turkish Spinal Surgery.

If Journal of Turkish Spinal Surgery should decide for any reason
not to publish an author’s submission to the Work, Journal of
Turkish Spinal Surgery shall give prompt notice of its decision

to the corresponding author, this agreement shall terminate,
and neither the author nor Journal of Turkish Spinal Surgery
shall be under any further liability or obligation.

The authors grant Journal of Turkish Spinal Surgery the rights to
use their names and biographical data (including professional
affiliation) in the Work and in its or the Publication’s promotion.

WORK MADE FOR HIRE:

If this work has been commissioned by another person or
organization, or if it has been written as part of the duties of an
employee, an authorized representative of the commissioning
organization or employer must also sign this form stating his or
her title in the organization.

FINANCIAL DISCLOSURE:

Each author certifies that he or she has no commercial
associations (e.g., consultancies, stock ownership, equity
interest, patent/licensing arrangements, etc.) that might pose
a conflict of interest in connection with the submitted article,
except as disclosed on a separate attachment. All funding
sources supporting the Work and all institutional or corporate
affiliations of the authors are acknowledged in a footnote in
the Work.

INSTITUTIONAL REVIEW BOARD/ANIMAL CARE
COMMITTEE

APPROVAL:

Each author certifies that his or her institution has approved
the protocol for any investigation involving humans or animals
and that all experimentation was conducted in conformity with
ethical and humane principles of research.

Signature Printed Name Date
Signature Printed Name Date

Signature Printed Name Date
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Peer-Review

Submission is considered on the conditions that papers are
previously unpublished and are not offered simultaneously
elsewhere; that authors have read and approved the content,
and all authors have also declared all competing interests; and
that the work complies with the Ethical Approval and has been
conducted under internationally accepted ethical standards. If
ethical misconduct is suspected, the Editorial Board will act in
accordance with the relevant international rules of publication
ethics (i.e., COPE guidelines).

Editorial policies of the journal are conducted as stated in
the rules recommended by the Council of Science Editors
and reflected in the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writing and Editing for
Biomedical Publication. Accordingly, authors, reviewers, and
editors are expected to adhere to the best practice guidelines
on ethical behavior contained in this statement.

Submitted manuscripts are subjected to double-blinded peer-
review. The scientific board guiding the selection of the papers
to be published in the journal consists of elected specialists
of the journal and, if necessary, selected from national and
international experts in the relevant field of research. All
manuscripts are reviewed by the editor, section associate
editors and at least three internal and external expert
reviewers. All research articles are interpreted by a statistical
editor as well.

Human and Animal Rights

For the experimental, clinical and drug human studies, approval
by ethical committee and a statement on the adherence of the
study protocol to the international agreements (World Medical
Association Association of Helsinki “Ethical Principles for
Medical Research Involving Human Subjects, amended October
2013) are required. In experimental animal studies, the authors
should indicate that the procedures followed were by animal
rights (Guide for the care and use of laboratory animals), and
they should obtain animal ethics committee approval. The
Ethics Committee approval document should be submitted
to the Journal of Turkish Spinal Surgery together with the
manuscript.

The approval of the ethics committee, statement on the
adherence to international guidelines mentioned above and
that the patient’s informed consent is obtained should be
indicated in the "Material and Method" section and is required
for case reports whenever data/media used could reveal
the identity of the patient. The declaration of the conflict of
interest between authors, institutions, acknowledgement of
any financial or material support, aid is mandatory for authors
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submitting a manuscript, and the statement should appear at
the end of the manuscript. Reviewers are required to report if
any potential conflict of interest exists between the reviewer
and authors, institutions.

Plagiarism and Ethical Misconduct

This journal uses “iThenticate” to screen all submissions for
plagiarism before publication.

It is essential that authors avoid all forms of plagiarism and
ethical misconduct as represented below.

Plagiarism: To Republish whole or part of a content in another
author’s publication without attribution.

Fabrication: To publish data and findings/results that do not
exist.

Duplication: Using data from another publication that includes
republishing an article in different languages.

Salamisation: Creating multiple publications by supernaturally
splitting the results of a study.

Data Manipulation/Falsification: Manipulating or deliberately
distorting research data to give a false impression.

We disapprove of such unethical practices as plagiarism,
fabrication, duplication, data manipulation/falsification and
salamisation and efforts to influence the review process
with such practices as gifting authorship, inappropriate
acknowledgements, and references in line with the COPE
flowcharts.

Submitted manuscripts are also subjected to the evaluation
of plagiarism, duplicate publication by automatic software.
Authors are obliged to acknowledge if they published study
results in whole or in part in the form of abstracts.

A.DUTIES OF PUBLISHER:

Handling of unethical publishing behaviour

The publisher will take all appropriate measures to modify
the article in question, in close cooperation with the editors,
in cases of alleged or proven scientific misconduct, fraudulent
publication, or plagiarism. This includes the prompt publication
of an erratum, disclosure, or retraction of the affected work in
the most severe case. Together with the editors, the publisher
will take reasonable steps to detect and prevent the publication
of articles in which research misconduct occurs and will under
no circumstances promote or knowingly allow such abuse to
occur.
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Editorial Autonomy

Journal of Turkish Spinal Surgery is committed to ensuring the
autonomy of editorial decisions without influence from anyone
or commercial partners.

Intellectual Property and Copyright

Journal of Turkish Spinal Surgery protects the property and
copyright of the articles published in the journal and maintains
each article’s published version of the record. The journal
provides the integrity and transparency of each published
article.

Scientific Misconduct

Journal of Turkish Spinal Surgery’s publisher always takes all
appropriate measures regarding fraudulent publication or
plagiarism.

B. DUTIES OF EDITORS:

Decision on Publication and Responsibility

The editor of the journal keeps under control everything in the
journal and strives to meet the needs of readers and authors.
The editor is also responsible for deciding which articles
submitted to the journal should be published and guided by
the policies subjected to legal requirements regarding libel,
copyright infringement, and plagiarism. The editor might
discuss with reviewers while making publication decisions. The
editor is responsible for the contents and overall quality of the
publication. Editor ought to provide a fair and appropriate peer-
review process.

Objectivity

Articles that are submitted to the journal are always evaluated
without any prejudice.

Confidentiality

The editor must not disclose any information about a submitted
article to anyone other than editorial staff, reviewers, and
publisher.

Conflicts of Interest and Disclosure

Journal of Turkish Spinal Surgery does not allow any conflicts
of interest between the parties such as authors, reviewers and
editors. Unpublished materials in a submitted article must not be
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Dear Colleagues,
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editors, secretaries, and the Galenos publishing team for the efforts they contributed to getting it published. We are very happy
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Proquest, Gale Cengage learning, Ebsco Host and recently China Knowledge Resource Integrated.

In this issue, there are seven clinical research studies. The first is a retrospective clinical study examining, “The Effect of Chronic
Kidney Disease in Patients with Spontaneous Spondylodiscitis” The second is a clinical study discussing “The Neurologic Deficit Risk
of Three Different Kinds of Spinal Osteotomies and Perioperative Management”. The third is a clinical study entitled, “Comparison
of Subpedicular and Kambin’s Triangle Approaches in Transforaminal Epidural Injection Applications in Case of Lumbar Disc Hernia".
The fourth article is about “Evaluation of the Efficacy of Percutaneous Caudal and Combined Caudal/Transforaminal Neuroplasty-
Adesiolysis in the Treatment of Symptomatic Lumbar Spinal Stenosis”. The authors of the fifth study looked at “Surgical Treatment
of Latrogenic Pseudomeningoceles”. The sixth study is about “Comparing Results of Posterior Cervical Facet Joint Cage Stabilization
with Lateral Mass Fixation in Cervical Foraminal Stenosis” while, in the seventh, the authors Evaluated “Conservative Treatment of
Acute Low Back Pain: Acetaminophen Combined with Etodolac or Diclofenac A Comparative Study of 67 patients”.

| hope that each of you value the information in these articles, and that you apply it to your daily practices. Our goal is to provide
you with whatever insights we can to insure that you are on the cutting edge of all the latest developments in your respective fields.
It is my sincere hope that this newsletter helps achieve these objectives.

With kindest regards,

Editor in Chief
Metin Ozalay, M.D., Prof.
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THE EFFECT OF CHRONIC KIDNEY DISEASE IN PATIENTS
WITH SPONTANEOUS SPONDYLODISCITIS

© Fikret Sahintiirk!, ® Erkin Sonmez!, ® Selim Ayhan', ® Deniz Ustaoglu?, ® Salih Giilsen!, ® Cem Yilmaz!

1Baskent University Faculty of Medicine, Department of Neurosurgery, Ankara, Turkey
2Baskent University Faculty of Health Sciences, Department of Management of Health Institutions, Ankara Turkey

Objective: Spontaneous spondylodiscitis is a rare but serious infectious disease of the vertebral column that can lead to permanent
neurological deficits. We investigated the differences during follow-up of this pathology, which is more common in patients undergoing
hemodialysis (HD) treatment for chronic kidney disease (CKD), compared with the general population.

Materials and Methods: The data of patients who were treated for spontaneous spondylodiscitis between 2016-2021 at the Baskent
University Department of Neurosurgery were used retrospectively. The patients were divided into 2 groups according to the diagnosis of CKD.
Demographic data of the patients, biochemical values at the time of diagnosis (C-reactive protein, sedimentation, leukocyte, lymphocyte),
microbiological and pathological examination results, and treatment method (surgical, medical) applied after diagnosis was obtained from
the medical records. The effects of CKD presence and treatment methods on patient survival were investigated.

Results: Of the 49 patients included in the study, 57.1% were female and the mean age was 66 years. Twenty-four of the patients were
chronic HD patients. The microbiological examination of the samples taken determined that the causative pathogen could be produced in
the cultures of 21 (42.8%) patients. According to the results of the pathological examination, signs of infection were detected in 24 (48.9%)
patients. It was determined that 27 of the patients were operated. There was a central venous catheter in 20 of the patients. There was no
statistically significant difference in survival between the groups that were operated on for instability and those that were not operated on.
However, chronic renal failure and the presence of central venous catheters increased mortality statistically significantly.

Conclusion: In the presence of back pain in chronic HD patients, spondylodiscitis should be suspected and diagnosed at an early stage, even
if there is no fever or high infection parameters. Finally, great emphasis on disinfection procedures and aseptic techniques in patients with
central venous catheters protected from these serious infectious complications.

Keywords: Spondylodiscitis, kidney failure, hemodialysis
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risk factors compared with the normal population. These are
repeated vascular interventions, the presence of a long-term
catheter, and contamination of the dialysis water treatment
system. The features and clinical course of spontaneous
spondylodiscitis in patients with HD patients may differ from
those in the general population®.

Case studies of spontaneous spondylodiscitis in patients
with HD patients can be found in the literature. However,
the outcomes of patients are not well defined®*. This

INTRODUCTION

Spinal infections are a disease characterized by delays in
diagnosis and treatment due to their silent clinics. Neurological
deficits, sepsis, and even mortality may develop due to delays
in treatment. Its incidence has increased recently. Parallel to
the newly developed antibiotics, the development of resistance
in microorganisms and the fact that stabilization techniques
have become more sophisticated day by day have made it

mandatory for professionals interested in this subject to keep
their knowledge up-to-date®.

In spontaneous spondylodiscitis, the causative microorganisms
reach the vertebrae and intervertebral disks by bacteremia,
retrograde infection from the urinary tract, and direct invasion
from adjacent tissues.The incidence of vertebral osteomyelitis is
estimated to be 2.4/100,000 on average. Its incidence increased
with age. While it is 0.3/100,000 in the population under the
age of 18, it increased to 6.5/100,000 in the population over
the age of 70@. Hemodialysis (HD) patients have additional

study determines the prognostic factors of spontaneous
spondylodiscitis, its clinical course, and its effect on survival in
patients with HD patients.

MATERIALS AND METHODS

This study was approved by the Baskent University Institutional
Review Board (project no: KA22/190) and supported by the
Baskent University Research Fund. For the study, the data of
patients who were treated for spontaneous spondylodiscitis
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between 2016-2021 at the Baskent University Department
of Neurosurgery were used retrospectively. The patients were
divided into 2 groups according to the diagnosis of chronic
kidney disease (CKD). Demographic data of the patients,
biochemical values at the time of diagnosis [C-reactive protein
(CRP), sedimentation, leukocyte, lymphocyte], microbiological
and pathological examination results, and treatment method
(surgical, medical) applied after diagnosis was obtained from
the medical records. The effects of CKD presence and treatment
methods on patient survival were investigated.

Statistical Analysis

As descriptive statistics in the study, frequency (n) and
percentage (%) values are given in the evaluation of categorical
variables. The Shapiro-Wilk normality test was used for the
conformity of the numerical variables to the normal distribution,
and the median (minimum-maximum) values were given
as the descriptive statistics for the variables whose normal
distribution assumption was provided, for those whose mean *
standard deviation was not normally distributed. Student t-test,
Mann-Whitney U test, and Welch t-test were used to examine
the differences between groups in terms of numerical variables.
The pearson chi-square test and Fisher’s Exact test were used
to examine the relationship between categorical variables. The
log-rank test was used to compare survival times according
to the status of being operated, the presence of corticotropin
releasing factor,and the status of receiving antibiotic treatment.
Type | error probability was taken as a=0.05 in all hypothesis
tests, and the Statistical Package Social Science v25.0 package
program was used for statistical evaluations.

RESULTS

Of the 49 patients included in the study, 57.1% were female and
the mean age was 66 years. Twenty-four of the patients were
chronic HD patients. It was determined that 35 of the patients
had infected vertebrae in the lumbar region, 8 in the thoracic
region, 3 in the thoracolumbar junction, and 3 in the cervical
region (Table 1). The microbiological examination of the samples
taken determined that the causative pathogen could be produced
in the cultures of 21 (42.8%) patients. Staphylococcus aureus (S.
aureus) (n=10, 47.6%) was found to be the most common agent.
Other causative microorganisms detected are Staphylococcus
epidermidis (n=6, 28.5%), pseudomonas (n=2, 9.5%), coagulase-
negative Staphylococcus (n=2, 9.5%), and Staphylococcus
lugdenesis (n=1, %4.7) was found (Table 2). According to the
results of the pathological examination, signs of infection were
detected in 24 (48.9%) patients. It was determined that 27 of
the patients were operated on. The management of a total of 49
patients with spontaneous spondylodiscitis is shown in Table 3.
There was a central venous catheter in 20 of the patients (Table 1).
The mortality rate was 22.4% (n=11). According to the statistical
analysis performed by comparing the chronic HD patients and
the patients without CKD, no significant difference was found

in gender, (p=0.33) age, (p=0.33) and preoperative biochemical
parameter values (CRP, sedimentation, leukocyte, lymphocyte)
(p=0.33, p=0.0.55, p=0.73, p=0.73). There was no statistically
significant difference in survival between the groups that were
operated on for instability and those that were not operated on
(p=0.77).However,chronic renal failure and the presence of central
venous catheters increased mortality statistically significantly
(p=0.002). Pictures of operations performed due to instability
developing after spondylodiscitis are shown in Figure 1.

Table 1. Summary of characteristics of patients with
spontaneous spondylodiscitis (n=49)

Variable Value
Mean age in years 66

Sex

Males 21 (42.9%)
Females 28 (57.1%)

Levels involved vertebra

Cervical 3 (6.1%)
Thoracic 8 (16.3%)
Thoracolumbar Junction 3 (6.1%)
Lumbar 35 (71.4%)
Management

Operated + medical treatment 27 (55.1%)

22 (44.8%)

Medical treatment

Central venous catheter

Yes 20 (40.8%)
No 29 (50.1%)
Chronic kidney disease

Yes 24 (48.9%)
No 25 (51.02%)
Mortality

Yes/(operated/non-operated) 11/(6/5)

No 38

Cultures

(+) 21 (42.8%)
() 28 (57.1%)
Pathological examination

(+) 24 (48.9%)
() 25 (51.02%)

Table 2. Microorganism species detected inthe microbiological
examination

Causative organism

S. aureus 10 (47.6%)
Staphylococcus epidermidis (n=6, 28.5%) 6 (28.5%)
Pseudomonas (n=2,9.5%) 2 (9.5%)
Coagulase-negative Staphylococcus (n=2,9.5%) 2 (9.5%)
Staphylococcus lugdenesis (n=1, 4.7 %) 1(4.7%)

S. aureus: Staphylococcus aureus
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Chronic Kidney
Disease

Yes
n=24

No
n=25

Operated
n=13

Non-operated
n=11

Operated
n=14

Non-operated
n=11

Table 3. Management of a total of 49 patients with spontaneous spondylodiscitis

Figure 1. A) Preop MRI image of vertebral defect due to spondylodiscitis in the lumbar region B) Postoperative CT image C) Preop MRI
image of vertebral defect due to spondylodiscitis in the thoracic region D) Postoperative CT image

MRI: Magnetic resonance imaging, CT: Computed tomography

DISCUSSION

Spontaneous spondylodiscitis is a rare disease that can be fatal
due to low treatment efficacy. It is more common in patients
with dialysis patients recently. Frequent vascular interventions
and the presence of a central venous catheter pose a risk of
bacteremia. The resulting bacteremia involves the pathogen in
the intervertebral disks in 50.8% of the cases®.

In our study, we investigated the effects of prognostic factors,
clinical course, and survival on chronic dialysis patients to
compare the results of infectious spondylodiscitis compared
with the group without CKD.

Consistent with previous studies, we also found in our study
that spondylodiscitis developing in chronic dialysis patients
was more mortal than in the group without renal failure®.
Because of the microbiological examination performed in our

study, 42.8% of the causative microorganisms were shown.
The inability to identify the causative microorganism causes
difficulty in choosing the right antibiotic therapy. This result was
found to be consistent with previous studies”®. Consistent with
the literature, we identified S. aureus as the most common cause
of spondylodiscitis, which is responsible for bacteremia in the
HD group. Repeated vascular interventions are the reason for
this.Zhang et al.®) Although a lower rate of S. aureus bacteremia
was shown in patients using an arteriovenous fistula, the rate
was found to be higher than that in the general population. In
our study, we found S. aureus to be the most common factor in
HD patients with central venous catheters,and we showed that
mortality was higher in the catheter group. According to these
results, it is important for patients on HD to perform HD with
an arteriovenous fistula as soon as possible instead of a central
venous catheter for a long time and to comply with antisepsis
rules for patient survival. In a study by Lu et al.t9 involving

[ ]
turkish »
Spontaneous
Spondilodiscitis
n=49

47



48

Sahinturk et al. Spontaneous Spondylodiscitis in Hemodialysis Patients
J Turk Spinal Surg 2023;34(2):45-8

turkish

1,550 HD patients, it was determined that approximately 10% of
the patients had a central venous catheter,and the biofilm layer
formed on the catheter was responsible for spondylodiscitis.
Additionally, spondylodiscitis should be kept in mind in case
of new-onset back pain in patients with permanent central
venous catheters other than HD patients.

Surgery is the preferred treatment option in cases of epidural
abscess compressing the spinal cord or nerve roots, progressive
or acute neurological deficit, spinal instability, or deformity. The
primary goal of surgical treatment is tissue culture, drainage of
the abscess, and debridement of non-viable tissue. Because of
the study by Tschoke et al.*9, they suggested that debridement
and use of appropriate antibiotics according to the results
of microbiological examination of the tissue taken could
provide the cure. Additionally, long-term bed rest required
during antibiotic treatment of patients with impaired vertebral
structure to spondylodiscitis causes many complications. In our
study, there was no statistically significant difference between
the operated and non-operated groups in terms of survival.
However, our opinion is that even though there is no difference
in mortality, patients who underwent surgery have a good
quality of life, even due to early mobilization. We think that the
high mortality rate in our study is due to the late diagnosis
of spondylodiscitis in patients with HD patients. There are
delays in the diagnosis because the infection parameters are
higher in the group with chronic disease than in the healthy
group, and the fever in the group with indwelling catheters
is primarily attributed to the catheter infection. This delay
causes more serious damage to the spine. In this group with a
comorbid disease, the difficulty of surgical treatment, duration
of treatment, and risk of mortality increase due to the delay.
Identifying the causative microorganism as soon as possible
and early treatment is critical for the prognosis of the infective
condition in patients.

Study Limitations

This study has limitations. Cases were reviewed retrospectively
so that only associations between spondylodiscitis and
mortality could be detected, whereas causal associations could
not be clearly identified. Because the prevalence of infectious
spondylodiscitis was low, the number of cases was limited,
reducing our ability to detect significance in variables. Despite
these limitations, the clinical course, prognostic factors for
patients with infectious spondylodiscitis were determined.

CONCLUSION

Inthe presence of back pain in patients with chronic HD patients,
spondylodiscitis should be suspected and diagnosed at an early
stage, even if there is no fever or high infection parameters.

Finally, great emphasis on disinfection procedures and aseptic
techniques in patients with central venous catheters protected
from these serious infectious complications.
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THE NEUROLOGIC DEFICIT RISK OF THREE DIFFERENT 1B
KINDS OF SPINAL OSTEOTOMIES AND PERIOPERATIVE
MANAGEMENT

® Gokhan Kiirsat Kara!, ® Kayhan Turan2, ® Yalkin Camurcu2, ® Cagatay Oztiirk!, ® Ufuk Aydinli3
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Objective: We reported intraoperative and early postoperative new neurologic deficits and acute management of this problem in patients
who underwent correction surgery with spinal osteotomies [posterior vertebral column resection (PVCR), pedicle subtraction osteotomy
(PSO), and Smith-Peterson osteotomy (SPO)] for complex spinal deformity, and we secondarily compared osteotomies in terms of observing
neurologic deficits.

Materials and Methods: Between 2017 and 2021 were retrospectively reviewed from our medical records. A total 83 patients who underwent
correction of severe spine deformity with various spinal osteotomies were included in the study.

Results: In total, 3 patients with SPO (2 perioperative and 1 postoperative) and 2 patients with PVCR (both postoperative) had a new
neurologic deficit. From these 5 patients, 3 of them had adult deformity and 2 had pediatric congenital kyphoscoliosis. Three patients had no
intraoperative signal loss and were normal postoperatively, but they gradually lost motor power in their legs within 6 h of surgery.
Conclusion: We did not observe any neurologic event perioperatively and postoperatively in patients who underwent PSO,and the neurologic
complication rate was slightly higher in patients who underwent PVCR. Intraoperative neuromonitoring should be used in every spinal
deformity correction surgery even if false-negative results can occur. Perioperative signal loss should be taken seriously, and a necessary
management protocol should start immediately. The last check of neuromonitoring should be done before waking up,and a routine neurologic
exam must be carried out during hospitalization time. Because of postoperative neurologic deficits can occur.

Keywords: Spine osteotomy, neurologic deficits, scoliosis, khyposis

ABSTRACT

above 85 mmHg. Unfortunately, given the paucity of data on
delayed neurologic deficits, there are no existing guidelines
for the treatment of this relatively rare phenomenon®. Wang
et al.® reported that patients with higher ratios of coronal and
sagittal angulation were at risk of spinal cord monitoring events
and new neurologic deficits. The authors evaluated the patients
who only underwent posterior vertebral column resection
(PVCR) for deformity correction®. Alternatively, Trobisch et al.””
reported the outcomes of pedicle subtraction osteotomy (PSO)
for the deformity correction without neuromonitoring, and the
authors discovered similar neurologic complications compared
to previous studies. We hypothesized that intraoperative
neuromonitoring, which should be performed during complex
spinal deformities that require spinal osteotomies, could detect
similar signal losses, independent of the type of corrective
spinal osteotomy. Therefore, we reported intraoperative and
early postoperative new neurologic deficits, as well as acute
management of this problem in patients who underwent

INTRODUCTION

The rate of new neurologic deficits associated with spine surgery
was reported as 1% based on data from the Scoliosis Research
Society on 108,419 adult patients with a primary diagnosis
of degenerative disease®. A new neurologic deficit is one of
a devastating complications of severe spine deformity surgery.
This may occur intraoperatively or in the early postoperative
period®. Neuromonitoring is an essential tool used during
spine deformity surgery to detect any potential neurologic
deficit early®. Intraoperative signal loss may occur unilaterally
or bilaterally. In addition, false-negative and false-positive
instances may occur during surgery. The signal loss could be
due to a direct mechanical injury to the cord or nerve root,
vascular compromise, or inadequate decompression of the dura
or nerve roots after osteotomies®. Vale et al.®) demonstrated
that patients with an acute neurologic deficit or injury could
improve when mean arterial pressure (MAP) is maintained
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correction surgery with spinal osteotomies for complex spinal
deformity, and we secondarily compared osteotomies in terms
of observing neurologic deficits.

MATERIALS AND METHODS

Study Population

This retrospective study was approved by the istinye University
Ethical Review Board (3/2022.K-34) and conducted in
accordance with the Declaration of Helsinki. Written informed
consent was obtained from all the patients. Data of patients
who underwent corrective spinal surgery between 2017
and 2021 were retrospectively reviewed from our medical
records. Patients who underwent correction of spine deformity
with various spinal osteotomies were included in the study.
Patients with preoperative neurological deficits and those who
underwent revision surgeries were excluded.

Surgical Technique and Neuromonitoring

All surgeries were performed by a spine surgeon with over 25
years of experience and the senior author of this study. PVCR,
PSO, the and Smith-Peterson osteotomy (SPO) were performed
if needed. No preoperative halo traction or intraoperative
traction was used. Intraoperative neuromonitoring was
performed with transcranial motor-evoked potentials
(MEP), somatosensory-evoked potentials (SSEP), free-run
electromyography (EMG), and pedicle screw stimulation EMG
under total intravenous anesthesia. No intraoperative wake-
up test was used routinely. All cases followed MEP and SSEP
neuromonitoring modalities during the operation. Immediate
action was taken for those who lost signals intraoperatively
with normalization of blood pressure (systolic pressure to 100
mmHg and above), normalization of PO2 (100), removal of rod,
loosening of correction, and further decompression of dura and
nerve roots. The signals returned to normal within 15 min after
necessary interventions in all patients. After the normalization
of the MEP and SSEP signals, re-correction of the deformity was
performed uneventfully.

Statistical Analysis

Data analysis was performed using SPSS (IBM, Armonk, NY,
USA). Chi-square test was used to compare neurologic deficit
risk for osteotomy groups. A p value of <0.05 was considered
statistically significant.

RESULTS

This study included 83 patients (52 female, 31 male) with a
mean age of 32 years (range; 6-53 years old) (29 pediatricand 54
adult patients). The mean coronal Cobb’s angle was 98° (range;
60-100°), and the mean sagittal Cobb’s angle was 78° (range;
55-95°).PVCR was performed in 35 patients,PSO was performed
in 20 patients, and SPO was performed in 28 patients for rigid
deformity correction (Table 1). We encountered intraoperative

signal loss in two patients on one side after the affected side
had been instrumented and corrected. Immediate action was
performed in these patients, as previously described (Figure
1). Three patients had no intraoperative signal loss and were
normal postoperatively, but they gradually lost motor power in
their legs within 6 h of surgery. These patients had postoperative
bilateral neurologic deficits, so we started to apply a high
dose of steroid protocol. Immediate computed tomography
and magnetic resonance imaging were also conducted. These
patients underwent immediate exploratory surgery, and we
applied necessary decompression of the dura and nerve roots.
In two of the three patients, there was no evidence of hardware
malposition, hematoma, or obvious cord compression. All
patients hgb levels were above 10 g/dL. In total, three patients
with SPO (two perioperative and one postoperative) and two
patients with PVCR (both postoperative), had a new neurologic
deficit (Table 2). Four of these patients recovered completely
within six months postoperatively, and one patient remained
Frankel grade C at two years postoperatively. Of these five
patients,three had adult spinal deformity,and two had pediatric
congenital kyphoscoliosis. There was no statistically significant
difference between the osteotomy groups for neurological
deficit risk (p>0.05).

DISCUSSION

The most important finding of this study was observing
two perioperative signal losses during spine deformity
surgery; however, we also observed three early postoperative
neurologic deficits despite having normal signals during
surgery. Intraoperative signal loss and postoperative early
and late new neurological deficits are the most significant
complications of spine deformity surgery. Therefore,
intraoperative neuromonitoring is used as a tool to recognize
possible new neurologic deficits. Based on several studies,
neuromonitoring is significantly effective in reducing the
incidence of new neurologic deficits®®?. However, some other
studies have also reported false-negative results®®V, The MAP
has a significant effect on the SSEP results. If MAP drops below
60 mmHg,significant changes in SSEP may occur®2!?, Mentioned

Table 1. Demographic variables

Gender 52 female, 31 male
Age 32y (6y-53y)
Coronal Cobb 98°(60-100°)
Sagital Cobb 78°(55-95°)
Pediatric patients 29 patients

Adult patients 54 patients

SPO 28 patients

PSO 20 patients

PVCR 35 patients

PVCR: Posterior vertebral column resection, PSO: Pedicle subtraction
osteotomy, SPO: Smith-Peterson osteotomy
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Figure 1. a) After a pedicle screw,b) osteotomy and correction, left lower extremity signal loss, c) after the standard protocol, signal recovery,

d) final

Table 2. Neurologic deficit

Neurologic deficit SPO PSO PVCR
Intraoperative 2 0 0
Postoperative 1 0 2

PVCR: Posterior vertebral column resection, PSO: Pedicle subtraction
osteotomy, SPO: Smith-Peterson osteotomy

that high lability in MAP usually results in false-positive
results®®. The authors did not observe any false-negative
results, but they remarked that postoperative neurologic status
could not be predicted by neuromonitoring changes®?. Raynor
et al.®9 reported 0.36% (45 patients) false-negative outcomes
out of 12,375 spine surgeries. Among this group, only two had
permanent new neurologic deficits. In this study, we observed
three postoperative neurologic deficits out of 83 patients
(3.6%) that could not be detected intraoperatively, which can be
considered a false-negative result. Among the three patients,
only one had a permanent neurologic deficit (1.2%). According
to our experience, we observed two perioperative signal
losses during spinal correction surgery managed by a standard
protocol as follows:

1. We increased the systolic blood pressure above 100 mmHg.
2.We increased the PO, to 100%.

3. We started to replace the estimated blood loss.

4.We removed the rod and reduced the correction.

5.We checked all implants using anterior-posterior and lateral
views with an image intensifier.

6. We checked with a second look for nerve roots and dura, and
if needed, enlarged the decompression.

7. If the signal returned to normal within 30 min, we replaced
the rod and reperformed the correction.

8. We checked neuromonitoring before wound closure.

9.If the signals did not return, we started the wake-up test.
Another devastating problem after deformity correction surgery
is an early postoperative neurologic deficit despite stable
intraoperative monitoring and postoperative normal neuro
exam. This may occur within hours or even days after surgery®4.
The mainreasonforthistype of eventis usually delayed ischemic
injury of the spinal cord or compression of the cord because
of inadequate decompression, specifically after osteotomies or
even postoperative hematoma development®®. According to
our results, we had three new neurologic deficits within 6 h
postoperatively. All patients underwent computed tomography
and magnetic resonance imaging to rule out the malposition
of screws, inadequate decompression, or postoperative
hematoma. All patients received a high dose of steroid protocol
for 24 h after the first detection of neurologic decline with full
monitorization of blood pressure (systolic above 100 mmHg),
setting oxygenation PO, to 100%, and setting hemoglobin
level above 10 mg/dL. The same management was also been
recommended by Auerbach et al.t4!®, After this systematic
approach, all patients underwent an immediate exploration
of the surgical field. All necessary spinal cord decompression
was performed. Two of them returned to normal within three
months. After two years, one patient improved neurologically,
but is still in Frankel grade C. Our study also compared the
neurologic deficits in terms of the type of corrective osteotomy
performed during surgery. We encountered perioperative signal
loss in two patients who underwent SP osteotomy and three
with postoperative neurologic deficits (one SP osteotomy
and two PVCR). We did not observe any neurologic event
perioperatively or postoperatively in patients who underwent
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PSO, and the neurologic complication rate was slightly
higher in those who underwent PVCR. Wang et al.©' evaluated
202 consecutive pediatric and adult spine deformities who
underwent PVCR. The authors observed 140 signal losses
without neurologic deficits and 36 (17.8%) true-positive results,
and the overall neurologic deficit ratio was 8/202 (4%)©. Daubs
et al.%® reported a 6% neurologic deficit in 84 patients who
underwent PSO at a tertiary spine center. In their systematic
review and meta-analysis, Liu et al.%” discovered a higher risk
of permanent neurologic deficit in SPO than in PSO (6% vs 5%).
Our overall neurologic deficit rate was 3.6%, and our overall
permanent neurologic deficit rate was 1.2%. The lower number
of permanent neurologic deficits can be explained by the use of
intraoperative neuromonitoring and early management of the
signal losses.

Study Limitations

The main limitation of our study is that it is a retrospective
analysis of a relatively small number of a heterogeneous
patient population that contains both pediatric and adult spine
deformities. However, we performed a retrospective analysis
of a prospectively monitored patient group treated by a single
surgeon using the same approaches. Besides, our osteotomy
groups had a relatively similar patient number, allowing us
to compare neuromonitoring results and neurologic deficits.
This study focused on intra and postoperative neurological
deficit risk and manegement for spinal osteotomies. Therefore
type and level of curvature, curve flexibility, correction rate,
comorbidities, intraoperative blood loss, and operation time
were ignored. The main strength of our study is that it is
the first research to report neuromonitoring results and the
management of neurologic events in patients with SPO, PSO,
and PVCR.

CONCLUSION

We did not observe any neurological event perioperatively
and postoperatively in patients who underwent PSO, and the
neurologic complication rate was slightly higher in patients
who underwent PVCR. According to the results acquired from
this study, intraoperative neuromonitoring should be used in
every spinal deformity correction surgery, even if false-negative
results occur. Perioperative signal loss should be taken
seriously, and the necessary management protocol should be
started immediately. The last check should be performed before
waking up, and a routine neurologic exam must be conducted
during hospitalization.

Ethics

Ethics Committee Approval: This retrospective study was
approved by the Istinye University Ethical Review Board
(3/2022.K-34, date: 06.09.2014) and conducted in accordance
with the Declaration of Helsinki.

Informed Consent: Written informed consent was obtained
from all the patients.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: GK.K., C.O., UA., Concept:
GKK., KT, Y.C., CO., UA, Design: GKK., KT, Y.C., CO, UA,
Data Collection or Processing: G.KK., K.T., Y.C., Analysis or
Interpretation: G.K.K., Y.C., C.0., UA,, Literature Search: G.K.K.,
Y.C., Writing: G.K.K.,K.T.,Y.C.

Conflict of Interest: The authors have no conflicts of interest
to declare.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Hamilton DK, Smith |S, Sansur CA, Glassman SD, Ames CP, Berven SH,
et al. Rates of new neurological deficit associated with spine surgery
based on 108,419 procedures: a report of the scoliosis research
society morbidity and mortality committee. Spine (Phila Pa 1976).
2011;36:1218-28.

2. Laratta JL, Ha A, Shillingford JN, Makhni MC, Lombardi |M, Thuet E,
et al. Neuromonitoring in Spinal Deformity Surgery: A Multimodality
Approach. Global Spine J. 2018;8:68-77.

3. Thuet ED, Winscher ]JC, Padberg AM, Bridwell KH, Lenke LG, Dobbs
MB, et al. Validity and reliability of intraoperative monitoring in
pediatric spinal deformity surgery: a 23-year experience of 3436
surgical cases. Spine (Phila Pa 1976). 2010;35:1880-6.

4. Garreau de Loubresse C. Neurological risks in scheduled spinal
surgery. Orthop Traumatol Surg Res. 2014;100:585-90.

5. Vale FL, Burns J, Jackson AB, Hadley MN. Combined medical and
surgical treatment after acute spinal cord injury: results of a prospective
pilot study to assess the merits of aggressive medical resuscitation
and blood pressure management. ] Neurosurg. 1997;87:239-46.

6. Wang XB, Lenke LG, Thuet E, Blanke K, Koester LA, Roth M. Deformity
Angular Ratio Describes the Severity of Spinal Deformity and Predicts
the Risk of Neurologic Deficit in Posterior Vertebral Column Resection
Surgery. Spine (Phila Pa 1976). 2016;41:1447-55.

7. Trobisch PD, Hwang SW, Drange S. PSO without neuromonitoring:
analysis of peri-op complication rate after lumbar pedicle subtraction
osteotomy in adults. Eur Spine |. 2016;25:2629-32.

8. Wilson-Holden TJ, Padberg AM, Lenke LG, Larson BJ, Bridwell KH,
Bassett GS. Efficacy of intraoperative monitoring for pediatric patients
with spinal cord pathology undergoing spinal deformity surgery.
Spine (Phila Pa 1976). 1999;24:1685-92.

9. Malhotra NR, Shaffrey CI. Intraoperative electrophysiological
monitoring in spine surgery. Spine (Phila Pa 1976). 2010;35:2167-79.

10. Raynor BL, Padberg AM, Lenke LG, Bridwell KH, Riew KD, Buchowski
JM, et al. Failure of Intraoperative Monitoring to Detect Postoperative
Neurologic Deficits: A 25-year Experience in 12,375 Spinal Surgeries.
Spine (Phila Pa 1976). 2016;41:138793.

11. Emerson RG. NIOM for spinal deformity surgery: there’s more than
one way to skin a cat. ] Clin Neurophysiol. 2012;29:149-50.

12. Owen JH. The application of intraoperative monitoring during surgery
for spinal deformity. Spine (Phila Pa 1976). 1999;24(24):2649-62.
13. Noonan K|, Walker T, Feinberg |R, Nagel M, Didelot W, Lindseth R.
Factors related to false- versus true-positive neuromonitoring changes
in adolescent idiopathic scoliosis surgery. Spine (Phila Pa 1976).

2002;27:825-30.

14. Auerbach JD, Kean K, Milby AH, Paonessa K|, Dormans JP, Newton PO,
et al. Delayed Postoperative Neurologic Deficits in Spinal Deformity
Surgery. Spine (Phila Pa 1976). 2016;41:E131-8.



Kara et al. Spine Osteotomies and Neurologic Deficit Risk
J Turk Spinal Surg 2023;34(2):49-53

turkishspine B

15. Schwartz DM, Auerbach |D, Dormans R Flynn ], Drummond DS, 17. Liu H, Yang C, Zheng Z, Ding W, Wang J, Wang H, et al. Comparison
Bowe JA, et al. Neurophysiological detection of impending spinal cord of Smith-Petersen osteotomy and pedicle subtraction osteotomy for
injury during scoliosis surgery. ] Bone Joint Surg Am. 2007;89:2440-9. the correction of thoracolumbar kyphotic deformity in ankylosing

16. Daubs MD, Brodke DS, Annis P Lawrence BD. Perioperative spondylitis: a systematic review and meta-analysis. Spine (Phila Pa
Complications of Pedicle Subtraction Osteotomy. Global Spine |. 1976). 2015;40:570-9.
2016;6:630-5.

53



J Turk Spinal Surg 2023;34(2):54-60

ORIGINAL ARTICLE
54

DOI: 10.4274/jtss.galenos.2023.76476

- COMPARISON OF SUBPEDICULAR AND KAMBIN'S TRIANGLE
< APPROACHES IN TRANSFORAMINAL EPIDURAL INJECTION
APPLICATIONS IN CASE OF LUMBAR DISC HERNIA

@ Bilal Aykac, ® Abdullah Kiigiikalp

Private Hayat Hospital, Clinic of Orthopedics and Traumatology, Bursa, Turkey

Objective: The lumbar transforaminal epidural steroid injection (LTFESI) procedure has been used safely in patients with radiculopathic pain
secondary to lumbar disc herniation, who did not respond to conservative treatment for many years. In this study, we show that the approach
using the Kambin’s triangle area is an effective and reliable method of application, as an alternative to the subpedicular approach commonly
used in LTFESI.

Materials and Methods: Between 2017-2021, 79 patients with symptoms of radiculopathy due to lumbar disc herniation, confirmed by
clinical and radiological diagnosis, were included in the study. To the patients: In the operating room, Kambin’s triangle in 43 patients and
subpedicular approaches in 36 patients were performed with LTFESI, accompanied by scopy image. For radiculopathic pai, Numerical Rating
Scale (NRS) and functionally Oswestry Disability Index (ODI) scores were statistically compared in two different approaches before the
procedure, at the 2" week and 3™ month after the procedure.

Results: There was no significant difference between the two groups in pre-procedural NRS (p=0.240) and ODI (p=0.517) scoring. It was
determined that the change observed in NRS and ODI measurements over time in both approaches showed a statistically significant
difference in response to treatment (NRS; p=0.008, ODI; p=0.016). There was no significant difference between the two groups after the
procedure, between the NRS (p=0.523) and ODI (p=0.617) scores at the 2™ week and the NRS (p=0.058) and ODI (p=0.056) scores at the 3™
month. Relative treatment effects were found to be similar in the subpedicular and Kambin’s triangle groups.

Conclusion: It has been shown that the Kambin’s triangle area, which is poorer in terms of neurovascular structures, can be used effectively
and safely as an alternative to the subpedicular area in LTFESI applications.

Keywords: Transforaminal injection, Kambin’s triangle, subpedicular area, lLumbar disc herniation

ABSTRACT

The most commonly used method in lumbar TFESI (LTFESI)
is the subpedicular approach. In the subpedicular approach,
cases of spinal cord infarction secondary to neurovascular
injury, which is a rare but catastrophic complication, have been
reported®. The Kambin’s triangle approach is as effective as
the subpedicular approach and offers significant advantages in
terms of avoiding neurovascular complications®.

In this study, we show that the Kambin’s triangle approach,
which uses the Kambin’s triangle area, which is defined as the
safe zone, is an effective and reliable application method as
an alternative to the subpedicular approach, which is open to
complications in LTFESI.

INTRODUCTION

In cases of lumbar disc herniation, leg pain is one of the most
common complaints because of the pressure on the herniated
disc material on the nerve roots. Additionally, numbness and
loss of strength can be seen in the dermatomes and myotomes
of the relevant nerve roots in the lower extremities®. Although
this may adversely affect the quality of life of patients, they can
create great burdens for national economies. The first choice in
treatment is conservative treatment methods®2.

In cases where conservative treatment is ineffective, minimally
invasive interventional treatments have been used more and
more frequently. Among them, the transforaminal epidural MATERIALS AND METHODS
steroid injection (TFESI) procedure has been used for many
years for treating radiculopathy secondary to lumbar disc
herniation®. These procedures are effective and safe in
relieving pain. Indications, evidence, and safety considerations Ethics committee approval was obtained for this study, dated
for the technique have been identified®. 16.06.2021 and numbered 2011-KAEK-26/383 of the Bursa

Study Group
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Uludag University Ethics Committee. All the patients were
selected from patients who had previously received medical
treatment and/or physical therapy protocol treatment, but
did not have a clinical response. Patients with a history of
previous lumbar surgery,degenerative spinal stenosis, surgical
indication, bleeding diathesis, morbid obesity (body mass
index over 40), local skin lesion, previous history of LTFESI,and
patients under 18 years of age were excluded from the study.
Between 2017 and 2021, 84 patients, who were confirmed by
clinical and radiological diagnosis, had lumbar disc herniation
in magnetic resonance imaging taken at least 3 months
before the procedure, had radiculopathy symptoms due to
lumbar disc herniation, had no acute neurological symptoms,
and motor loss, were followed up and scored. (Two patients
without follow-up and 3 patients with more than one level
of LTFESI were excluded from the study) 79 patients were
included in the study.

Process Preparation and Technique

Informed consent forms were obtained from all patients before
the LTFESI procedure. Level detection was performed in the
operating room, on the surgical table, by monitoring, in the
prone position, under scopy control. After sterilization of the
area to be injected, 5 cc of 2% prilocaine hydrochloride was
injected as a local anesthetic. Subsequently, the posterolateral
transforaminal area was accessed with a 22 gauge spinal
needle under scopy control, accompanied by antero-posterior
(AP) and lateral (L) scopy images. By determining the Kambin
(Figure 1A) in 43 patients, the subpedicular area (Figure 1B) in
36 patients, and controlling the needle position with L images
(Figure 2) to prevent needle trauma to the root and disc after
AP, 1 cc opaque material was again accompanied by AP scopy
image. lohexol was diluted with 5 cc of isotonic solution and
approximately 1.5-2 cc was injected for confirmation (Figure
3). After defining the dural border (descending root), foramen,
and root structures emerging from the foramen in the medial,a
total of 5 cc was applied by mixing 1 cc betamethasone and 4
cc 2% prilocaine hydrochloride (Figure 4). During the procedure,

turkishspine 9

active foot movements were checked for severe leg pain and
possible motor deficit, keeping in contact with the patient. After
the procedure,the patients were followed up for at least 3 h,and
they were mobilized and discharged after the motor-sensory
block was completely over. Numerical Rating Scale (NRS) scores
for pain level and Oswestry Disability Index (ODI) scores for
functional evaluation were examined before the procedure, at
the 2" week and at the 3™ month after the procedure, from
the files of the patients who underwent LTFESI. Considering
the anatomical limits of the patients, according to the injection
application area: They were collected in two different groups,
namely the Kambin’s triangle and the subpedicular area, and
their scores were compared.

Statistical Analysis

The distributions of age, NRS, and ODI were examined using
Shapiro-Wilk’s tests, normality plots, and skewness/kurtosis
statistics. Since none distributed normally, they were provided
by a median [interquartile range (IQR): 1% quartile-3" quartile].
Mean # standard deviation was also reported for NRS and ODI.
Frequency and proportion were given for sex.

The age and sex of the patients were compared between
application groups by Mann-Whitney U test and Pearson chi-
square test, respectively. NRS and ODI were compared between
application groups at each evaluation period by Mann-Whitney
U test, as well. The changes in NRS and ODI measurements
across time were compared between application groups by
F1-LD-F1 design. ANOVA type test statistics, the degree of
freedom, and p-values were reported for the overall time effect
and group*time interaction effects. Relative treatment effects
(RTEs) were provided with 95% confidence interval by graphs.
A p-value<0.05 was considered as statistically significant.
Descriptive statistics were calculated using IBM SPSS Statistics
22.0 (IBM Corp.Released 2013.1BM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). The F1-LD-F1 design was
performed using the RStudio software (v.1.4.1106)" and the
nparLD package® in the R v.4.1 programming language®.

Figure 1. Application areas accompanied by AP scope; A) Kambin'’s triangle area, B) Subpedicular area

AP: Antero-posterior
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RESULTS

Seventy nine patients who met the criteria and followed up
were included in the study. The median age of the patients
was 46 years (IQR: 35-61) in the group in which the Kambin’s
triangle approach was applied, while it was 48 years (IQR: 39-
61) in the subpedicular approach group. 53.5% (n=23) of the
group in which the Kambin’s triangle approach was applied and
63.9% (n=23) of the group in which the subpedicular approach
was applied were women. There was no statistically significant
difference between the two groups in terms of age and gender
(p=0.668 for age, p=0.351 for gender).

When the pain and disability levels of the patients were
examined, the median NRS was 8 (IQR: 7-8) before treatment
for both groups. The median NRS was determined as 2 (IQR:
1-3) at weeks 2 and 2 (IQR: 0-3) at 3 months in the group
in which the Kambin’s triangle approach was applied. In
the subpedicular approach group, the median NRS was 2

Figure 2. The position of the needle in the scope image in the
Kambin area

Figure 3. AP image with opaque material injection
AP: Antero-posterior

(IQR: 1-4) at the 2™ week and 3 month (Table 1). There was
no significant difference between the pre-procedural NRS
(p=0.240) and ODI (p=0.517) scores between the two groups.
The change observed in NRS and ODI scores over time showed
a statistically significant difference in both approaches; a
significant improvement was observed in NRS pain (Figure 5)
and ODI functional (Figure 6) scoring (NRS; p-value=0.008 ODI;
p-value=0.016). When both groups were compared: There was
no significant difference between the NRS (p=0.523) and ODI
(p=0.617) scores at the post-procedure 2™ week, and the NRS
(p=0.058) and ODI (p=0.056) scores at the 3 month (Table 2).
When RTEs were examined, it was found that both pain and
disability levels decreased significantly in the 2" week, but
increased slightly in the 3™ month in the subpedicular group; in
the Kambin’s triangle group, it was observed that the decrease
in the level of pain and disability continued, albeit slightly, at
the 3" month. However,the RTEs of the two groups at each time
point were similar (Figure 7).

DISCUSSION

TFESI has been used for many years for treating radiculopathy
caused by lumbar disc herniation®. LTFESI is a targeted therapy
tool for lumbar radiculopathy with up to 80% immediate
response®®, There is strong evidence to support the use of
lumbar TFESI in patients with acute to subacute, unilateral
radicular pain caused by herniated nucleus pulposus®'12, The
most commonly used approach for transforaminal injections
is the subpedicular application technique®, first described by
Bogduk and Endres®¥. Some authors are; declaring that the
subpedicular approach to transforaminal epidural injections
is actually unsafe, he believes that when administering
LTFESI, they should be made in the lower part of the foramen,
known as the Kambin’s triangle, where the vascular and nerve
structures are less dense®. In our study, the subpedicular area
was determined in 36 patients and LTFESI was applied. To

Figure 4. After the application of opaque material, local anesthetic
and steroid injection and spread image in the AP plane
AP: Antero-posterior
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minimize possible complications and considering the literature
supporting this study, LTFESI was applied to 43 patients with
the Kambin'’s triangle approach. In the two patient groups (Table
2), in which there was no significant difference between pre-
procedural NRS and ODI scores, NRS and ODI scores decreased
significantly at the 2" week and 3 month after the procedure
(Figures 5, 6).

Sencan et al®, in their study on 61 patients, applied
subpedicular injection to the patients. They measured the NRS
scores of patients who had a mean NRS of 8 before the procedure
at the 1t week, 2™ week, and 3 month after the procedure,
respectively, as 0.3,3. Likewise, they measured their ODI score,
which was 48 before the procedure, to 26, 22, 22 at the 1%
week, 2" week, and 3 month after the procedure, respectively.
They obtained significant statistical data toward improvement
in NRS and ODI scores in subpedicular area applications and
as a result; They stated that the application of subpedicular
LTFESI is an effective and safe method for radiculopathy. In our
study, we applied subpedicular LTFESI to 36 of 79 patients. In
our evaluation: In patients with a mean NRS score of 8 before
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the procedure, the postoperative 2" week and 3 month scores
were found to be 2.2, respectivel; similarly, in patients with a
pre-procedural ODI score of 71,the postoperative 2" week and
3 month scores were 14.19, respectively found.

Ghai et al.*” applied subpedicular to 38 of 75 patients and
Kambin to 37 of them in their randomized controlled study;
when they compared both groups, they found statistically
similar results in NRS and ODI scores at 2™ week, 1t month,
and 3 month and stated that both applications could be
used safely for radiculopathy. In our study, in patients with
similar demographic data, pain and functional score before the
procedure; we observed that both treatments were effective in
terms of improvement in pain and functional scores, and the
RTS values were similar.

Complications from these procedures result from needle
insertion and/or drug administration. Potential risks include
infection, hematoma, intravascular drug injection, direct nerve
trauma, subdural drug injection, air embolism, disc space
entry, urinary retention, and hypersensitivity reactions®?.

Table 1. Patients’ pain and disability levels through time with respect to the application

Application

Kambin’s triangle (n=43)

Subpedicular (n=36)

NRS [median (IOR)]

Baseline 8 (7-8) 8 (7-8)
2" week 2 (1-3) 2 (1-4)
34 month 2 (0-3) 2 (1-4)
ODI [median (IQOR)]
Baseline 77 (67-78) 71 (67-77)
2" week 14 (12-28) 14 (10-33)
34 month 14 (4-26) 19 (9-40)
NRS: Numeric Rating Scale for pain, ODI: Oswestry Disability Index, IQR: Interquartile range, 1t quantile-3" quantile
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Figure 5. Distribution of NRS values within each application
NRS: Numerical Rating Scale

Figure 6. Distribution of ODI values within each application
ODI: Oswestry Disability Index
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Table 2. Patients’ pain and disability levels through time with respect to the application
Application
Kambin’s triangle (n=43) Subpedicular (n=36) p-value
NRS
. 7.81%15.62 7.56+15.30
Baseline 8 (7-8) 8 (7-8) 0.240
2.26*1.51 2.53%1.75
nd
2" week 2 (1-3) 2 (1-4) 0.523
2.07%2.02 3.00£2.27
rd
3" month 2 (0-3) 2 (1-4) 0.058
oDl
. 74.42+7.44 72.81%7.62
Baseline 77 (67-78) 71 (67-77) 0.517
18.93+14.45 22.81%17.45
nd
2 week 14 (12-28) 14 (10-33) 0.617
18.12%19.55 27.06%22.60
rd
3 month 14 (4-26) 19 (9-40) 0.056
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NRS: Numeric Rating Scale for pain, ODI: Oswestry Disability Index, SD: Standard deviation

NRS and ODI were reported as mean + SD and median (IQR)
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Figure 7. Relative treatment effect of pain and disability levels ba-
sed on application
RTE: Relative treatment effect, ODI: Oswestry Disability Index

Windsor et al. ®® reported that severe infections are rare with
an incidence of 0.1-0.01% of all spinal injections. Cases of
meningitis, epidural abscess, osteomyelitis, and discitis have
been reported. Staphylococcus aureus is the most common
organism. It is believed to be administered through the skin
through the pinhole. Although these risks are valid for both
application areas, no complications related to infection were
observed in our series.

The incidence of epidural hematoma is estimated to be less than
1in 150,000 epidural applications®?. Damage to the underlying
vessels can lead to hematomas that cannot be visualized with
conventional fluoroscopy®?. However, Murthy et al.?% reported
that the Adamkiewicz artery (AKA) passes through the safe
triangle and that the injection applied to this region may
directly damage the vein. In the study, 97% of the AKA foramen
were located in the upper half (88% in the upper third, 9% in
the middle third) and 2% in the lower third. He reported that
AKA was never seen in the lower fifth of the foramen. Glaser
and Shah®® stated that AKA can enter any middle thoracic,
lower thoracic, or lumbar foramen, and the exact level cannot
be known by the procedural specialist. The authors reported
that the subpedicular approach to transforaminal epidural
injections is unsafe and stated that injury to the AKA may
cause paraplegia. Therefore, they argued that as an alternative
to subpedicular administration, catastrophic injury could be
avoided and transforaminal injections should be made in the
lower part of the foramen known as the Kambin’s triangle.
Direct trauma with the needle to the spinal nerve or dorsal
root ganglion is another complication of accidental needle
insertion, particularly when performing TFESI. Severe pain
occurs with this trauma,and it is important not to over-sedation
in order not to mask the complication®®, For this reason, we
performed the procedures by keeping in touch with the local
application, without applying sedation to our patients during
the application. Neurological complications were not observed
in any of our patients.

It is important to recognize the pattern of subdural and
subarachnoid contrast diffusion during the application of
the LTFESI procedure@. If local anesthetics are injected
intrathecally, blockade of neural elements may cause the
central canal, cauda equina, and conus medularis syndromes
depending on penetration and level of blockage. The transient
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respiratory depression increased weakness/sensory loss,
apnea, and loss of consciousness may also occur, and these
are said to be associated with increased subdural spread
of anesthetics??2, Other complications include persistent
paresthesias, arachnoiditis,and meningitis. The amount of local
anesthetic (6-8 mL) typically used in lumbar epidural injections
is usually not sufficient to cause respiratory depression.
However, a greater volume in the subdural space can rapidly
increase in the head direction, causing serious cardiovascular
and respiratory effects???%, In this study, a contrast material
spread pattern was observed in scopy vision in all patients,and
LTFESI was applied after ensuring that there was no intrathecal
spread, and the mentioned complications were not observed in
either group.

Levi et al.? in their review study including the Kambin’s
triangle application, they reported that 12 of 257 patients
had intradiscal injections, 8 had intrathecal injections, and 17
had vascular injections, and they stated that there were no
neurological complications in any patient. Ghai et al.*” in their
randomized controlled study, they reported that 7 of 37 patients
who underwent the Kambin’s triangle approach developed
intravascular access and 7 developed needle paresthesia. They
reported that 4 of 38 patients who underwent a subpedicular
approach developed intravascular access and 6 developed
needle paresthesia. In our study, no complications were
observed in either group.We believe that the LTFESI application
was applied to a selected patient group, sedation was not given
during the application, repetitive scopy imaging in both planes
during needle placement, and contrast material administration
helped us avoid related complications.

Complications from lumbar epidural injections are extremely
rare. Many, if not all, complications can be avoided with the
utmost attention to sterility, correct needle placement, and a
thorough understanding of the involved anatomy and contrast
medium diffusion on fluoroscopic imaging.

Study Limitations

In this study; the limitations of the study are the lack of a
sufficient number of patients for evaluating disc degeneration,
the inability to measure the amount of radiation exposed in
fluoroscopy-guided practice, and the lack of long-term follow-
up.

CONCLUSION

In our study, it was observed that the Kambin’s triangle
application can be applied as effectively and safely as
the subpedicular application. Case reports reporting that
the subpedicular area, which is commonly used in LTFESI
applications, is open to complications, have been presented in
the literature. These complications arise from the anatomically
rich area of neurovascular structures. Although complications
were not observed in either group in our study, we think that
the anatomically defined Kambin’s triangle area, which is

turkish [

poorer in terms of neurovascular structures, can be used safely
as an alternative.
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Objective: Lumbar spinal stenosis (LSS) is a narrowing of the canal diameter due to degenerative changes, particularly in elderly individuals.
This narrowing sometimes accompanies foraminal stenosis. The aim of this study was to investigate the efficacy of caudal and combined
caudal/transforaminal adhesiolysis for treating symptomatic LSS patients.

Materials and Methods: Patients between the ages of 48-74, whose diagnosis was confirmed by magnetic resonance imaging were included
in the study. The gender distribution was kept the same in both groups. The procedure was initially performed through the caudal way
in all patients. Patients, with no evidence of foraminal passage in epidurography were categorized in group 2 as a combined caudal and
transforaminal adhesiolysis groups. A total of 80 patients (40 patients in each group) were included in this study. Pain relief was evaluated
using the walking distance, visual analog scale (VAS), and Oswestry Disability Index (ODI) before the procedure (baseline) and at the second
week, the third and the sixth months after the procedure.

Results: Baseline VAS values were found to be at least 5 and higher in the patients without foraminal passage by epidurography. These
values were present in 35% of the patients in the caudal group. The increase in walking distance was similar in both groups (72.5% in the
caudal group and 75% in the combined group). The improvement in VAS was significant in the combined group,and was observed in 39 of 40
patients. The improvement in ODI was 97.5% in both groups. No complications were encountered during and after the procedures.
Conclusion: Caudal neuroplasty adhesiolysis is an effective method for treating chronic low back pain due to symptomatic LSS and its
effectiveness is increased when adding a transforaminal procedures in cases with no foraminal passage in epidurography.

Keywords: Symptomatic lumbar spinal stenosis, neurogenic claudication, percutaneous neuroplasty, adhesiolysis, caudal, transforaminal,
hyaluronidase, hypertonic sodium chloride solution

ABSTRACT

claudication is a feeling of pain and weakness in the legs,
which worsens in walking or prolonged standing and improves
with rest or flexion of the lower back®. This results in patients
to have decreased mobility and function, and eventually even
simple tasks such as standing upright or picking up objects may
become difficult to perform and necessitate some degree of
help from others. Initially symptomatic LSS patients are treated
with various conservative treatment modalities, whereas
unresponsive cases are candidates for decompressive spinal
surgery. Meanwhile, the importance of epidural procedures as
a pre-surgical treatment method is increasing. However, the
limited effectiveness of epidural steroid therapy, especially
in the presence of neural compression, has brought new
searches to the agenda®'9, Racz and Holubec® described

INTRODUCTION

Lumbar spinal stenosis (LSS) is defined as narrowing of the
anterior posterior diameter of the spinal canal, nerve root
canals (lateral recess), and intervertebral foramen®?, This
entity occurs due to hypertrophy of the ligamentum flavum
and facet joints, osteophytic protrusions, and intervertebral
disc herniations because of acquired degeneration of the
spine®®, Although the cause of this situation has not been fully
understood, it can also be seen in asymptomatic individuals??.
Symptoms generally vary according to the location of the
neural compression. Neurogenic claudication is typically found
in central canal stenosis, whereas lateral recess and foraminal
stenosis are associated with radicular pain. Neurogenic
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percutaneous epidural neuroplasty-adhesiolysis in 1989. This
method, also known as the Racz method, is gaining popularity
and used reliably and effectively for treating different spinal
pathologies®?. In this study, it was aimed to investigate
the efficacy of caudal and combined caudal/transforaminal
adhesiolysis for treating symptomatic LSS patients.

MATERIALS AND METHODS

A total of 80 patients aged between 48 and 74 years with
neurological claudication and diagnosis of symptomatic
spinal stenosis confirmed by neurologic examination and
radiographic evidence [plain films of the lumbar spine and
magnetic resonance imaging (MRI)] were included. The study
was conducted with the approval of the Demiroglu Bilim
University Ethics Committee (no: 44140529, date: 23.06.2020).
An informed consent form of the procedure was obtained
from all patients. The patient gender distribution was kept the
same in both groups. The neuroplastic procedure was initiated
caudally in all patients. Patients whose anteroposterior (AP)
and lateral fluoroscopy could not show radiopaque material
passing through the foramen were included in the combined
caudal/transforaminal neuroplastic adhesiolysis group, which
was designed as a second group. Forty patients were included
in each group. In the follow-up of the patients,walking distance,
visual analogue scale (VAS), and Oswestry Disability Index
(ODI) scores were measured at four different times, including
baseline, two weeks, three and six months. Patients with
unclear or suspicious symptoms, spondylolisthesis findings
on MRI imaging, or a history of previous spinal surgery were
excluded from the study. In addition, patients with uncontrolled
psychiatric disorders, bleeding disorders, sepsis, skin infection
at the entry point, spinal infection, previous spinal surgeries
with implants, and the patients who cannot lie in the prone
position, those who are pregnant or breastfeeding, and the
patients with a history of allergy to possible drugs to be used
were also excluded from the study.

Procedures

All the procedures were performed in the operating room
under anesthesia with necessary monitoring and fluoroscopy.
The patients were placed in the prone position with local area
cleaning and sterile isolation. A specially designed 16 gauge RX
Coude® needle and a Racz® catheter (Epimed International Inc.,
Johnstown, NY) were used for caudal neuroplasty intervention
and Couda Blunt Needle (Epimed International Inc.,Johnstown,
NY) for transforaminal neuroplasty. Neuroplasty was initiated
caudally in all patients. The Racz® catheter was placed with
minimal manipulation in the position closest to the desired
level and side (ventral lateral epidural area) for neuroplasty.
Neuroplastia-adhesiolysis was only caudally performed in the
patients who has passage of radiopaque through the desired
foramen. The transforaminal procedure was also added to
the caudal approach in cases with no radiopaque material

passage through the desired foramen. The study was designed
as two groups. The first group was composed of the patients
who underwent caudal intervention alone, and the second
group included patients who underwent both caudal and
transforaminal procedures. Serum sale (10%) was administered
caudally alone. Patients who could not obtain sufficient volume
or were treated as risky by clinical and radiological evaluation
were excluded from the study. All patients were included in the
post-procedure exercise program.

Caudal Approach

The sacral hiatus is defined and entered by lateral fluoroscopic
guidance after the skin Infiltration with local anesthetic. When
the skin is passed, the epidural needle (16-gauge RX Coudé®) is
advanced so that it remains below the level of the S3 foramen.
After being understood with negative aspiration, that we are in
the epidural space, an epidurogram is performed by giving 10
cc of omnipaque. The presence of filling defects was evaluated.
Then, under continuous AP fluoroscopic guidance, the tip of
the catheter is advanced into the ventral lateral epidural space
at the desired level (matching the filling defect) (Figure 1).
Under real-time fluoroscopy, an additional 2-3 cc of contrast is
injected through the catheter to see whether the radiopaque
transition through the neural foramen responsible for spinal
stenosis; (Figure 1 and 2). When the transition is satisfactory,
the procedure is continued with a slow injection of 1500 U of
hyaluronidase in 10 cc 0.5% lidocaine. Then, 3 cc of 10 cc local
anesthetic/steroid solution containing 0.5% lidocaine and 80
mg methylprednisolone (Depo-Medrol) is given as a test dose.
Five minutes later, if there isnot any evidence of intrathecal or
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Figure 1. Lateral fluoroscopic view showed the needle positioned
in the neural foramen following caudal injection and just before
performing the transforaminal injection
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intravascular passage, the remaining 7 cc is injected. Subdural
or subarachnoidal passage carries the risk of motor block. So,
the patients are followed up in the recovery room for 20-60
min to be sure if there is any sign of motor block. Then, 10 cc
of 10% hypertonic saline solution is given by slow infusion. The
catheter was removed 30 minutes later. The entrance area on
the skin is covered with a sterile dressing, and the patient is
transferred to his room after the recovery period.

Combined Caudal and Transforaminal Approach

In cases where the target level could not be reached with the
caudal approach (no contrast passage through the foramen),
a second catheter was placed in the ventral epidural space
through the transforaminal way. For this purpose, the target
level is defined in AP fluoroscopy. The vertebral endplate were
superimposed on top of each other. The AP angle at this point
is typically 15 to 20 degrees in the caudocephalad direction.
Then, the fluoroscopy is rotated obliquely about 15 degrees to
the targeted foramen side. In this position, the spinous process
overlaps the contralateral superior articular process (SAP). The
target point is at the very end of the SAP, also known as the
Scottish dog’s ear. The SAP forms the inferoposterior part of the
target foramen and should be superimposed with the disc in an
oblique view.This will create a secure bony target to pass behind
the nerve root. The skin is passed with an 18 gauge needle,and
then the 15-16 gauge RX Coude Blunt Needle, whose chuck is
removed and replaced, is advanced until it contacts the medial
SAP. The tip of the needle is turned 180 degrees laterally, and
after 5 mm is advanced so that the bone tissue is bypassed, it
is rotated 180 degrees medially again and proceeded slowly.
It can be clearly felt that the tip of the needle crosses the
intertransverse ligament. In lateral fluoroscopy, the tip of the
needle should be anterior to the SAP in the posterior foramen
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Figure 2. AP fluoroscopic view of a caudal injection
AP: Anteroposterior
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(Figure 3 and 4). Preferably, in lateral fluoroscopy, radiopaque
material is given to investigate if there is a venous spread or
subarachnoidal passage.Then, 5 mL of 1% lidocaine containing
750 units of hyaluronidase and 40 mg of triamcinolone is

1024 x 1024
FL

Lr2
Edge 2.50
WW: 4095
WC: 1600

Figure 3. The lateral fluoroscopic view of a patient following cau-
dal and transforaminal injections. Note that the contrast medium is
radiated both in the neural foramen and downwards in the central
canal

V

Figure 4. AP fluoroscopic view of a transforaminal injection in a
patient in the combined injection group
AP: Anteroposterior
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injected into the targeted areas. During the follow-up period,
no caudal, interlaminar, or transforaminal epidural steroid
injections were made. Pain levels were evaluated with VAS
and ODI scores before the procedures as a baseline and after
two weeks, three and six months, and a year. Walking distance
was defined as the distance until the initiation of neurological
claudication that inhibits the walking of the patient and it was
specified in five categories, which is initiation between 0-50
meters, 50-150 meters, 150-350 meters, 350-750 meters, and
above 750 meters.

Statistical Analysis

The normality of data distrubition was verified with Skewness
and Kurtosis tests. Student’s t-test was used for comparing the
findings between the two groups and pairedsamples t-test for
each group. Chi-square test was administered for categorical
variables and the Wilcoxon signed-rank test for evaluating
differences in walking distance. All statistical analyses were
conducted using SPSS v20.0. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

According to the procedures administered, the patients were
divided into two equal groups.Each group consisted of 23 female
and 17 male patients (F/M: 1.35). Mean age was 58.98+6.51
years. The group in which the caudal approach was executed
to the patients was named as group 1 and the group in which
a combined approach was executed to the patients as group 2.
Tables 1 and 2 summarize results for each group. The mean VAS
score was 7.78%1.12 in group 1 and 7.78%1.14 in group 2. The
mean ODI score was 38%3.6 in group 1 and 34.8+4.81 in group
2. After the procedures, the mean VAS scores at all three control
examinations were 3.65%1.64,3.38+1.41 and 3.4*1.65 in group
1 and all results showed statistical significance comparing the
first evaluation (p<0.001 for all results). Also, the mean ODI
scores were 24.55%6.25, 20.9%6.01 and 19.68%5.88 and the
results had statistical significancy (p<0.001 for all results). When
inspecting the results of group 2, similar significant findings
were maintained as in group 1. The mean VAS scores were
3.35+1.37,3*1.2 and 2.93+1.29 and the mean ODI scores were
23.3%£5.09, 18.45+5.85, and 18.25+5.61 respectively (Figures 5
and 6). All results were statistically significant compared to the
preoperative evaluation (p<0.001 for all results). The walking
distances of the patients was evaluated according to the scale
given above. An increase in walking distance was evaluated for
each group and both group revealed a difference beginning
from the first evaluation after the procedure. Distance scores
of group 1 and group 2 had statistical significancy compared
to the preoperative evaluation (p<0.001 for all results). After
the last evaluation in the sixth month, 10 patients were need
to have an additional injection treatment in group 1 and six
patients in group 2 when individually observed that their
pain improvements were unsatisfactory. Comparing the two

groups, the treatment modalities did not showed a statistical
significance if we consider the need for additional intervention
as treatment failure (p=0.264).

DISCUSSION

LSS was first described by Arnoldi et al.*® in 1976 as the
narrowing of the spinal canal,nerve root canals,or intervertebral
foramen. This narrowing is due to degenerative changes in the
lumbar spine. These degenerative changes include hypertrophy
of the ligamentum flavum and facet joints, osteophyte
formation, decreased intervertebral disc height and bulging,
and herniations of the lumbar disks®2#51410 | SS may remain
asymptomatic or present with neurogenic claudication and/or
radicular pain in affected patients. Neurogenic claudication is
the most common symptom. Because of venous hypertension,
ischemia in the nerve roots and neurogenic claudication occur
as a result. Neurogenic claudication is defined as pain that
worsens with walking and radiates to the legs. Pain is generally
relieved by leaning forward and sitting®'’-?Y, Over time, the
emergence of neurogenic claudication occurs at shorter
distances, and vital activities are increasingly restricted®.
The source of radicular pain in patients is usually stenosis
in the lateral canal (foraminal and/or subarticular). It often
presents with sciatic pain defined as low back, hip, and leg
pain, and follows a dermatoma®42229_|f 3 good result cannot
be obtained with conservative methods in the treatment,
epidural steroids and local anesthetics are administered via
the caudal, interlaminar, or foraminal routes@”. It is known that
corticosteroids exert their effects by inhibiting the synthesis of
a group of pro-inflammatory agents?”-?. Local anesthetics may
also help relieve symptoms in the short or long term, and they
show this effect by suppressing nociceptive discharge, blocking
the sympathetic reflex arc, inhibiting axonal transport of nerve
fibers, and by their anti-inflammatory effects®”3%3%, However,
the recurrence of symptoms necessitated the development of
new treatment modalities that can be applied before surgery.
For this purpose, epidural adhesiolysis, also known as epidural
neuroplasty, has been defined®®. The treatment spectrum
of epidural adhesiolysis, which was initially developed for
treating epidural fibrosis secondary to surgery, expanded
in time to include spinal stenosis and gained popularity®?.
Although there are various variations in this process, the
technique on which it is based is the one defined by the Texas
Tech Health Sciences Pain Center and was published in 198966,
In the original procedure, the epidural catheter had to remain
in place for 3 days to administer different drugs each day.
Today, however, the procedure has turned into an outpatient
procedure since the catheter was withdrawn after the
combination of steroids, local anesthetic, hyaluronidase, and
hypertonic saline was applied®4*3839, Epidural adhesiolysis
was first defined by Racz and Holubec® in 1989. That time the
procedure have differences such as the local anesthetic dose
or absence of hyaluronidase. In their study in 1994 (28 patients
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Table 1. Shows characteristics and results of caudal injection group

2nd 2nd 3rd 6th 6th
Baseline Baseline week week 3“month month month month Additional
Age  Gender VAS oDl VAS oDl VAS oDl VAS oDl injection
57 F 8 45 4 40 5 35 6 33 +
55 F 7 40 3 24 2 20 3 18
60 F 6 35 3 26 3 20 2 16
65 F 7 38 3 25 2 18 2 14
67 M 8 37 2 14 2 12 1 12
54 M 7 44 3 26 3 20 3 18
64 M 6 37 2 34 5 34 4 30 +
55 F 9 42 3 24 3 18 3 18
70 M 8 43 4 26 3 20 2 16
68 M 9 44 3 28 3 18 3 14
66 F 7 36 2 18 2 16 2 16
60 M 8 40 3 17 3 15 3 15
61 F 9 43 6 32 4 18 4 18
64 F 6 37 7 35 5 35 7 33 +
62 F 10 42 7 28 3 28 5 28 +
56 F 9 45 6 22 6 22 6 20 +
57 F 8 33 5 20 5 18 5 18 +
54 F 7 38 4 20 4 18 5 22 +
52 F 6 39 3 30 3 20 3 16
54 M 8 40 4 20 4 18 2 18
53 M 9 36 5 18 3 18 3 18
61 F 7 38 3 29 3 22 3 20
73 M 8 38 2 19 2 14 2 14
74 M 6 34 6 15 5 14 2 14
48 F 8 32 1 22 1 18 1 18
52 F 7 34 2 15 2 14 2 14
54 M 8 38 2 20 2 18 2 16
60 M 9 37 3 22 3 22 3 22
59 F 7 31 4 18 4 18 2 18
58 F 8 37 2 20 2 16 2 16
57 F 7 36 3 26 3 22 3 22
56 M 8 34 3 23 3 20 3 20
55 F 7 38 4 27 4 21 4 14
54 M 8 39 2 36 2 30 5 30 +
53 M 6 42 2 22 2 18 2 16
52 M 9 34 3 23 3 18 3 18
51 F 10 38 6 26 6 22 6 22
54 F 9 36 8 36 8 36 8 36 +
61 F 9 34 4 26 4 26 5 24 +
73 M 8 36 4 30 3 26 4 22

F: Female, M: Male, VAS: Visual analog scale score, ODI: Oswestry Disability Index
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Table 2. Shows characteristics and results of combined (transformainal + caudal) injection group

2nd 2nd 3rd 3rd
TFI level/ Baseline Baseline week week month month 6"month 6" month Additional

Age Gender side VAS oDl VAS oDl VAS oDl VAS oDl injection
57 F L1/L 7 42 4 28 3 18 3 18

55 F L2/L 8 38 2 24 2 16 2 14

60 F L2/R 7 40 2 22 2 14 3 16

65 F L3/R 6 32 3 23 2 17 2 14

67 M L3/L 7 20 2 14 2 12 2 12

54 M L3/L 8 42 2 22 3 18 3 18

64 M L3/R 9 42 2 32 3 34 3 30 +
55 F L4/L 6 36 3 21 3 16 2 14

70 M L5/R 7 37 4 24 2 18 2 16

68 M L5/L 5 31 3 26 3 17 3 14

66 F L5/R 7 32 2 16 2 14 2 16

60 M L5/L 8 31 % 17 3 15 3 15

61 F L5/L 9 33 5 31 4 18 2 14

64 F L4/R 8 43 6 32 3 35 5 33 +
62 F L4/R 9 34 7 27 3 20 3 14

56 F L3/R 8 32 5 21 4 22 3 14

57 F L5/R 8 28 5 20 3 16 5 18

54 F L4/R 9 27 4 22 4 14 3 12

52 F L5/L 7 30 3 28 3 18 3 16

54 M L5/R 6 27 3 22 4 16 2 18

53 M L3/R 8 35 5 18 3 18 3 18

61 F L3/L 8 36 3 29 3 22 3 20

73 M L2/R 7 34 2 19 2 14 2 14

74 M L2/L 8 35 4 14 3 14 2 14

48 F L1/R g 37 1 22 1 18 1 18

52 F L2/L 6 30 2 15 2 14 2 14

54 M L3/R 9 40 2 20 2 18 2 16

60 M L3/L 8 33 3 22 3 16 3 22

59 F L2/R 7 31 4 18 4 18 2 18

58 F L1/L 9 37 2 18 2 16 2 16

57 F L4/L 7 36 3 26 3 14 3 22

56 M L4/R 8 34 3 23 3 16 3 20

55 F L4/L 9 40 4 27 3 14 2 14

54 M L5/L 8 39 2 34 2 28 5 30 +
53 M L5/R 6 40 2 22 2 14 2 16

52 M L5/L 9 34 3 23 3 16 3 18

51 F L5/R 10 38 5 26 6 14 3 22

54 F L5/L 9 36 6 30 8 36 8 36 +
61 F L4/R 9 34 4 26 4 26 5 24 +
73 M L4/L 8 36 4 28 3 24 5 22 +

F: Female, M: Male, VAS: Visual analog scale score, ODI: Oswestry Disability Index, TFl: Transforaminal injection, R: Right, L: Left
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series), Stolker et al.#® administered only hyaluronidase to their
patients without hypertonic saline solution,and they described
more than 50% reduction in pain in 64% of the patients at the
end of the first year. Based on this result, they argued that the
main effect of adhesiolysis is through hyaluronidase. Heavner
et al.*) performed lesion-specific adhesiolysis in 59 patients
with chronic intractable low back pain in their prospective
randomized study and grouped the patients into four groups;
1) hyperyonic saline + hyaluronidase, 2) hypertonic saline, 3)
isotonic saline, 4) isotonic saline + hyaluronidase. The need for
additional interventions for pain control was found the lowest
in the hypertonic saline + hyaluronidase group.

In 2004, Manchikanti et al.“? implemented a one-day
adhesiolysis protocol (targeting with epidurography) in patients
with chronic low back and/or leg pain. The first of the 3 separate

groups they formed was defined as the control group, and
adhesiolysis was not applied. Adhesiolysis was applied to the
targets determined in the second and third groups. 0.9% normal
saline was given to the second group and 10% hypertonic
saline to the third group. At the end of the 12-month follow-
up, a 50% improvement was reported in 72% of the patients in
the third group, and this rate was reported as 60% in the saline
group®®. Our study was composed of two groups. Those who
had the caudal approach were included in group 1, and the
patients whose fluoroscopy did not reveal any contrast passage
through the foramen were placed in the combined caudal/
transforaminal adhesiolysis group (group 2). A significant
improvement (p<0.001 for all results) was observed in the
walking distance of the patients in both groups, and this rate
constituted 72.5% (29 patients) and 75% (30 patients) of the

VAS before and after Combined Approach

M Baseline VAS [l 2nd week VAS [ 3rd month VAS

10

1 6th month VAS

VAS before and after Caudal Approach

M Baseline VAS [l 2nd week VAS [l 3rd month VAS

10

[7] 6th month VAS

Figure 5. Graphs show changes in VAS scores before and after injection in both the caudal and combined injection groups

VAS: Visual analog scale score
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ODI before and after Caudal Approach
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Figure 6. Graphs show changes in ODI scores before and after injection in both the caudal and combined injection groups

ODI: Oswestry Disability Index

patients in group 1 and group 2, respectively. The improvement
in walking distance means that the limitations in the daily life
of the patients are reduced. This was also observed in the ODI
results, which inquire about personal care, sleep, social life,and
traveling. The improvement in ODI values at the sixth month
was 97.5% in both groups (p<0.001 for all results). When the
duration of the symptoms is long, central stenosis becomes
severe and mainly in these patients, the contrast medium does
not reach the root, so the outcome after the caudal approach
alone is likely to be poor®, Similarly, in our study, radicular
pain was more prevalent in this group of patients before the
procedure. However, our study design does not allow those
patients to be treated with the caudal approach alone, and

therefore, we did not find any significant differences between
these two groups. On the other hand, although there is no
statistically significant difference between those two groups,
we found a tendency of recurrence and the need of an additional
injection in the group 2. We consider that it is related to severe
anatomical changes in these patients. Our study showed that
a combined caudal and transforaminal approach may result in
considerable good results in the vast majority of patients even
in the presence of foraminal stenosis. As mentioned above,
epidural adhesiolysis by the caudal approach is a proven and
safe method that has been in use over the last three decades. It
is a relatively easy technique to acquire, that enables catheter
insertion and performing epiduroscopy, which gives an overall



Akgakaya et al. Percutaneous Caudal and Combined Caudal/Transforaminal Neuroplasty

J Turk Spinal Surg 2023;34(2):61-70

view, assessment, and continuous treatment (if needed) option
for the stenotic vertebral level. Adding transforaminal injection
is always possible when necessary. Both approaches provide
similar results for the control of radiating pain in case of
foraminal stenosis“¥. A recent meta-analysis showed slightly
better results in favor of transforaminal injection; however,
the level of evidence was found to be low and therefore,
transforaminal injections could be only weekly recommended
over caudal injections*). The transforaminal injection is also a
safe and efficient method in the management of radiating pain
due to foraminal stenosis. However, it does not have similar
effects on the pain-related central canal stenosis. In most
of the patients, not an isolated foraminal or isolated central
canal stenosis is encountered, it is mostly a combination of
both clinical conditions. Therefore, we found it rationale to
perform first a caudal injection and then adding transforaminal
injection in case needed.

Study Limitations

This study has some limitations due to the study design. We
do not have a control group in case of foraminal stenosis, that
inhibits contrast medium passage, where the patients were
treated with the caudal approach only since it is known that
is associated with poor outcome. We used the caudal approach
to distinguish patients with foraminal stenosis. This resulted
in automatically grouped patients, and group 2 consisted of
patients with some anatomical disadvantage. Therefore, the
comparison between these two patient groups can be criticized
by this means.

CONCLUSION

Caudal neuroplasty adhesiolysis is an effective method for
treating chronic low back pain due to symptomatic LSS, and
the addition of the transforaminal neuroplasty adhesiolysis
to the caudal approach increases the success in cases where
foraminal contrast passage is not observed in epidurography.
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Objective: Pseudomeningocele that develops after spinal surgery is a rare complication that should be well-guided by surgeons. In the
absence of proper treatment, it may increase the morbidity of the patients.

Materials and Methods: The medical records of 13 patients with iatrogenic pseudomeningocele who underwent primary dura repair with
myofascial flap support and lumbar subarachnoid drainage, were retrospectively reviewed.

Results: There were four female (31%) and 9 male (69%) patients in the study cohort. The mean age of the patients was 45 years (2-68
years). Six patients had decompression with implanted fusion, 5 patients had microdiscectomy, 1 patient had untethering for tethered cord
syndrome and 1 patient had intradural extramedullary tumor excision as the first operation. One patient had a pseudomeningocele at the
cervical region and the other patients’ lesions were at the lumbar region. Revision microdiscectomies were performed in 5 patients with
recurrent/residual disc herniations, and abscess drainage was performed in 1 patient with an abscess at the operation site. Infected cases
were consulted in the infectious diseases department, and antibiotherapy was given for appropriate periods. None of the patients had any
additional complications and persistence or recurrence of the pseudomeningocele following dura repair and lumbar subarachnoid drainage.
The complaints of all the patients were resolved.

Conclusion: Although there are cases with iatrogenic pseudomeningoceles who present spontaneous recovery in the literature, most of these
cases require surgical exploration and primary repair. Surgical repair with myofascial flap support and lumbar subarachnoid drainage seems
to be an effective option in patients with iatrogenic pseudomeningoceles.

Keywords: Spine surgery, complications, pseudomeningocele, lumbar subarachnoid drainage, duraplasty

ABSTRACT

INTRODUCTION MATERIALS AND METHODS

Spinal pseudomeningocele is an extradural cerebrospinal
fluid (CSF) collection because of dural defects. The
difference between the pseudomeningocele and congenital
meningoceles is that there is no real arachnoid membrane
in the pseudomeningocele. Therefore, they are called
pseudomeningoceles.They may present as congenital,traumatic,
or postoperative complications*?. The most common type is
the iatrogenic pseudomeningocele after spinal surgeries. These
types of pseudomeningoceles are complications that should be
well-guided by surgeons and increase morbidity. The incidence
of pseudomeningocele in the literature was between 0.068%
and 2%%*4. There is no consensus in the literature regarding
the treatment of the spinal pseudomeningocele. This study
evaluated 13 patients who had iatrogenic pseudomeningocele
and their primary treatments.

The medical records of 13 patients who presented with
iatrogenic pseudomeningocele at 2 neurosurgery clinics
between January 2013 and January 2020 and underwent
primary dura repair with myofascial flap support and lumbar
subarachnoid drainage, were retrospectively reviewed. All
study protocols were performed in accordance with the ethical
rules proposed in the Helsinki Declaration. Ethics committee
approval was received from the Cukurova University Non-
Interventional Scientific Research Ethics Committee (126/13,
date: 07.10.2022). Patient demographics and medical records,
including age, gender, clinical symptoms, preoperative and
postoperative neurological status, and visual analog scores,
first-session operative indications and applied surgeries,
hospitals of first-session surgery, radiological diagnoses,
treatment modalities, and postoperative complications were
gathered. Contrast-enhanced spinal magnetic resonance
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imaging (MRI) was performed on all patients before surgery
(Figure 1). The treatment plans of the patients who were
investigated for infection were made according to the scans and
opinions of the specialist in infectious disease. Before surgery,
1 gram of ampicillin-sulbactam was administered, and 1 gram
of ampicillin-sulbactam was administered four times daily
for three days postoperatively. Tissue and fluid samples were
obtained from all the patients. Antibiotherapies were arranged
by the department of infectious diseases according to their
isolation and identification. Lumbar subarachnoid drainage was
applied in all patients. CSF drainage was achieved in the range
of 50-120 mL daily for a total of 5-7 days. After ensuring that
the wound was closed, the drainage systems were pulled out
under sterile conditions and the drainage sites were sutured.

Statistical Analysis

The SPSS 25.0 (IBM Corporation, Armonk, New York, United
States) program was used to analyze the variables. The Mann-
Whitney U test was used with the Monte Carlo results to compare
the categorical variables quantitatively. The quantitative
variables were described as mean * standard deviation, the
median range (maximum-minimum), and categorical variables
as n (%). The variables were examined at a 95% confidence
level,and p<0.05 was considered significant.

RESULTS

Patient Profile

There were four female (31%) and 9 male (69%) patients in
the study cohort. The mean age of the patients was 45 years
(2-68 years). The first operations of 4 patients were performed
at our center and 9 in another neurosurgery clinic. Six patients
had decompression with implanted fusion, 5 patients had
microdiscectomy, 1 patient had untethering for tethered

Figure 1. Sagittal and axial T2-weighted lumbar magnetic reso-
nance images of the fifth patient revealed a giant lumbosacral iat-
rogenic pseudomeningocele

cord syndrome and 1 patient had intradural extramedullary
tumor excision as the first operation. One patient had a
pseudomeningocele at the cervical region and the other
patients at the lumbar region (Table 1). All the patients
underwent multiple lumbar punctures before the surgical
treatment of pseudomeningoceles. However, the resolution of
the pseudomeningoceles could not be achieved with lumbar
punctures.

Patients Symptoms and Neuroimaging

The most common symptoms were wound swelling and
intracranial hypotension symptoms (such as headache, nausea,
vertigo, dizziness, blurry vision, diplopia, unsteady gait) (69%)
(Figure 2). Other symptoms identified were lumbar back pain
(46%), radiculopathy symptoms (38%), wound leakage (15%),
and fever (7%), respectively (Table 1). Contrast-enhanced MRI
was performed for all the patients, and pseudomeningocele
sacs were identified in all patients (Figure 1). Two patients
had an infection in the operation region, and 1 patient had
developed an abscess formation (Table 1).

Surgery

All the patients underwent primary dura repair with myofascial
support and lumbar subarachnoid drainage. Dura repair was
performed by primary suturation with 4/0 silk sutures. Full-
thickness pedicular muscle and fascia flaps were applied
for myofascial support. Revision microdiscectomies were
performed in 5 patients with recurrent/residual disc, and
abscess drainage was performed in one patient with an abscess.
Infected cases were consulted the infectious disease clinics,
and antibiotherapy was given for appropriate periods. CSF
drainage was achieved in the range of 50-120 mL daily for a
total of 5-7 days. In the patient who had a pseudomeningocele
in the cervical region, CSF drainage was ensured in a controlled
manner from lumbar drainage and not to exceed 50 ml per day.
In the literature, because of the progression to herniation in
such a case, CSF drainage was performed with close follow-
up®. The patient had pseudomeningocele repair without any
additional problems. None of the patients had any additional
complications or recurrence of the pseudomeningocele
following dura repair and lumbar subarachnoid drainage (Table
1). The complaints of all the patients improved. All the patients
were discharged after an uneventful postoperative period.

DISCUSSION

Spinal pseudomeningocele is an extradural CSF collection
without an arachnoid membrane due to a small defect in the
dura. It was first described as an extradural cyst by Hyndman
and Gerber® in 1946. However, they classified the spinal
pseudomeningocele as iatrogenic and traumatic in 2 groups.
Miller and Elder?” divided this pathology into 3 groups in
1968, and it was finally classified as congenital, iatrogenic,
and traumatic. Congenital pseudomeningoceles are usually
detected in patients with neurofibromatosis and Marfan
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Table 1. Demographic characteristics of the patients

turkish [

First session

pathology The first
Age/ / treatment operation Treatment
Patient gender Symptoms modality Neuroimaging center modality Complication
Wound swelling ) Dura repair +
1 50/M + intracranial LAf . di " Lumt:jar . L AND microdiscectomy -
hypotension microdiscectomy  pseudomeningocele +LSD
0 Dura repair
Wound leakage + decompression Lumbar N abscegs
2 56/M lumbar back pain + with implanted pseudomeningocele AND drainage + LSD +
left radiculopathy  fusion + implant  + abscess inag
S — antibiotherapy
Wound swelling L1 fracture / Lumbar
3 28/M + intracranial T11-L3 implanted seudomeninaocele AND Dura repair + LSD -
hypotension fusion P 9
Wound swelling + Dura repair +
4 35/F right radiculopathy L2-3 + L3-4 Lumbar oD microdirs)cectomy _
+ intracranial microdiscectomy  pseudomeningocele +1SD
hypotension
Wound swelling I&:;i?n ression Lumbar Dura repair +
5 39/M + intracranial with inﬁ) lanted seudomeninaocele AND implant removal -
hypotension fusion P P 9 +LSD
. Lumbar
Lumbar back pain . .
. L4-5 pseudomeningocele Dura repair + LSD
9 Sl : ::zf/te:adlculopathy microdiscectomy  + infection in the NP + antibiotherapy
operation region
Untethering for Lumbar
7 2/M Wound swelling tethered cord . AND Dura repair + LSD -
syndrome pseudomeningocele
Wound swelling Cervical intradural Cervical
8 44/F + intracranial extramedullary seudomeninaocele oD Dura repair + LSD -
hypotension tumor excision P 9
Lumbar back pain L1-51 : Dura repair +
. - decompression Lumbar LSD + implant
9 68/F + intracranial o . AND - -
hypotension W|th implanted pseudomeningocele revision + L}—LZ
fusion decompression
Wound leakage
+ intracranial Dura repair +
10 57/F hypotension + Ir%zi;‘rtotjilgﬁc-esctom L:zjt:j?)rmenin ocele P microdiscectomy -
lumbar back pain + y P 9 +LSD
left radiculopathy
Wound swelling
+ lumbar back L4-5 Lumbar .
e S pain + intracranial  microdiscectomy  pseudomeningocele NP b ezl - S0 -
hypotension
WY I&éégm ression Lumbar
12 38/M + intracranial with in? lanted seudomeninaocele AND Dura repair + LSD -
hypotension fusion P P 9
. L4-S1 Lumbar
Wound swelling + . . .
13 45/M lumbar back pain + decompression pseudomeningocele oD Dura repair + LSD

left radiculopathy

with implanted
fusion

+ infection in the
operation region

+ antibiotherapy

‘Implant removal was performed in a second session.
M: Male, F: Female, AND: Another neurosurgery department, OD: Our department, LSD: Lumbar subarachnoid drainage
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Figure 2. Peroperative images of the same patient. (a) Cerebrospinal fluid collection under the skin incision. (b) Drainage of the high-pres-
sured collection. (c) Pseudomeningocele pouch. (d) The small defect of the dura was causing cerebrospinal fluid leakage

syndrome. They are usually located in the thoracic region and
the thoracolumbar junction“®. Traumatic pseudomeningoceles
are the rarest forms and are usually located in the cervical and
thoracic regions because of distraction injuries®®, The most
common forms are iatrogenic types, and they are identified
as postoperative complications after spinal surgeries®#10-13,
latrogenic pseudomeningoceles are most commonly detected
in the lumbar region.

Spine surgery is linked to a wide range of intraoperative
complications,including wrong-level surgery,nerve root lesions,
vascular injury,and dural tearing. Dural injury is not uncommon,
with reported incidence rates of 1-17.4%*1%, The rates of dural
injury vary according to the types of surgeries. The rates were
found to be 1.8% in microdiscectomies, 5.3% in laminectomies,
and 17.4% in revision surgeries®®, The rate of detection of
iatrogenic pseudomeningoceles in the literature is in the
range of 0.068-2%*4. The iatrogenic pseudomeningoceles are
classified as large (greater than 5 cm), and giant (larger than
8 c¢m) pseudomeningoceles due to their size®#, latrogenic
pseudomeningoceles can be asymptomatic or may present with
clinical symptoms including back pain, radicular pain, cauda
equina syndrome, or signs of intracranial hypotension, such as
postural headache,dizziness,neck pain,tinnitus,vision problems,
and nausea,and vomiting®%1329 |n cases where the pressure in
the pseudomeningocele sac is high, leakage from the incision
may be observed. In cases with excess pouch size, herniation
of neural tissues into the sac can be observed. In particular,
herniations are observed in the sac after pseudomeningoceles
in the thoracic and lumbar region®821L12 |n the literature,
there are cases of decerebrate rigidity or herniation symptoms
because of CSF leakage®?!. A case of hydronephrosis induced
by a pseudomeningocele extending to the retroperitoneal
region was also been presented in the literature??. There is no
consensus on the treatment of iatrogenic pseudomeningoceles
in the literature. Although some cases spontaneously recovered,

surgical repair is usually required?. Treatment modalities of
pseudomeningoceles include conservative methods, epidural
blood-patch applications, primary dura repair with surgical
excision of the pseudomeningocele, and drainage catheters
placed at the subarachnoid space®*?%, Conservative methods
include bed rest, prevention of leakage from the skin incision,
and repetitive punctures applied to the sac®. In patients with
spontaneous CSF leakage,the epidural blood-patch application
is performed®®. However, in patients with failure of conservative
methods, intracranial hypotension symptoms, progressive
myelopathy or cauda equina syndrome, and infection, surgical
interventions are required®29,

Surgical excision of the pseudomeningocele and primary dura
repair is the definitive treatment method. In patients with
large dural defects, duraplasty with fascia grafts or synthetic
dura grafts can be applied. Fibrin glue and myofascial flaps
are also among the methods applied to provide support to
the repaired dura®®'?, After the repair, only the use of Jackson-
Pratt drain or lumbar subarachnoid drainage are options for
the drainage. In the literature, although it was shown that good
results were obtained with the prolonged use of Jackson-Pratt
drains instead of subarachnoid drainage, the general opinion
is that better results are obtained with external subarachnoid
drainage®?+2°), In this study, we performed pseudomeningocele
excision, primary dura repair with myofascial flap support, and
lumbar subarachnoid drainage. We did not apply any foreign
material such as a dura graft or fibrin glue in any patient. In
cases with large dura defects, we performed duraplasty with
autologous fascia grafts and obtained positive results.

Study Limitations

There are certain limitations to this study. The main limitations
are the retrospective nature of the study and the relatively
small sample size (13 patients). There is also a lack of pediatric
patients (only 1 patient) in this study group.
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CONCLUSION

In the literature, there are some cases with iatrogenic
pseudomeningoceles that present spontaneous recovery.
However, most of these cases require surgical exploration and
primary repair. In this study, 13 patients who were diagnosed
with iatrogenic pseudomeningoceles and underwent surgery
are presented. All the patients underwent pseudomeningocele
excision, primary dura repair with myofascial flap support, and
lumbar subarachnoid drainage. Good results were obtained in
all the patients. It is important to perform the surgeries as soon
as possible to reduce the risk of infection. Surgical repair and
lumbar subarachnoid drainage seem to be favorable options
for patients with iatrogenic pseudomeningoceles.
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Objective: Although neck and arm pain are the most common symptoms of cervical foraminal stenosis, neuromotor deficits are also observed.
The most common surgical treatment for cervical foraminal stenosis is cervical decompression and fusion. This process is difficult and
invasive. The study evaluates the effectiveness and results of posterior cervical facet cages (PCFC) operation in cervical foraminal stenosis.
Materials and Methods: In this study, 80 patients who underwent PCFC operation and 70 patients who underwent decompression with
lateral mass screw fixation (LMSF) between May 2016 and May 2021 were evaluated. Clinical information, laboratory results,and radiological
findings were reviewed retrospectively. The patients were divided into two groups PCFC -applied patients in group 1 and LMSF- applied
patients in group 2. Pain complaints of the patients were evaluated using a visual analog scale (VAS). Posterior disc height (PDH) (mm) and
foraminal height (FH) (mm) were used for radiological evaluation.

Results: The mean hospitalization time of the patients was 27 h in group 1 and 92 h in group 2. There was a statistically significant difference
between the groups in terms of mean hospitalization time (p<0.001). The mean preoperative and postoperative VAS scores in group 1 were 6.8
and 2.9 for neck pain,and 7.1 and 2.6 for arm pain, respectively. Mean preoperative and postoperative VAS scores in group 2 were 6.7 and 3.8
for neck pain, respectively. There was a statistically significant difference between the groups in terms of a decrease in VAS scores (p<0.001).
PDH in group 1 was 2.3 mm preoperatively and 2.6 mm postoperatively. The FH was 10.2 mm preoperatively and 10.5 mm postoperatively.
In group 2, PDH was 2.4 mm preoperatively and 2.3 mm postoperatively. FH was 10.6 mm preoperatively, and no postoperative change was
detected. There was a statistically significant difference between groups 1 and 2 in terms of PDH and FH (p<0.001).

Conclusion: It shows that minimally invasive facet cages can be considered as a safe alternative method for root decompression and spinal
fusion in cervical foraminal stenosis.

Keywords: Cervical disc degeneration, cervical spondylosis, posterior cervical facet cages, lateral mass screw fixation

ABSTRACT

to prevent instability after decompression. For this purpose,
posterior lateral mass screw fixation is applied®”. Although this
treatment modality has a lower risk of dysphagia than anterior
intervention, it typically requires nerve root manipulation and
bone resection®,

In the LMSF method: The risk of neurological complications,
osteophytes, kyphosis, muscle atrophy, and disc fusion with

INTRODUCTION

Foraminal stenosis is the most important pathology that
occurs because of cervical intervertebral disc degeneration
or spondylosis. The clinical presentation of this condition
manifested as radiculopathy. Although the most predominant
symptomis neckand arm painin patients with foraminal stenosis, AN ) :
neuromotor deficits are also observed®?. In radiculopathy reconstruction is high. After the excision of the llgame.ntum
caused by degenerative disc disease or spondylosis, posterior flavum, the dura mater emerges, and corllsequ.er)tly th? r'5k_ of
decompression with lateral mass screw fixation (LMSF) damage to the dura mater increases®*?. With minimally invasive

together with cervical laminectomy is a standard method cervical posterior surgery,recovery and hospitalization times are
considered an effective treatment. The surgical aim is to shortened due to a significant reduction in intraoperative blood

. . . . . i (10-12) i i
decompress the nerve with foraminotomy. Minor laminotomy is loss and tissue damage - Recently, posterior cervical facet
typically performed. With foraminotomy, the affected nerve root cages (PCFC) have been developed as a percutaneous system

is decompressed. Posterior stabilization should be performed with mjnimal inci.sions in the Posterior cervic'a'l approach(®s.
In cervical stenosis-related radiculopathy, positive results after
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surgery with minimally invasive implants placed between
the facet joints have been reported for up to two years as an
alternative to LMSF. However, few publications are compared
the biomechanical effects between LMSF and PCFC@41, Qur
aim in our study was to compare the clinical and radiological
results of a Posterior Cervical Facet Cage Technique with the
posterior lateral mass screw fixation technique in cervical
foraminal stenosis.

MATERIALS AND METHODS

Between May 2016 and May 2021, 150 patients who were
operated onwith the diagnosis of C5-6 segment cervical stenosis
were included in the study. Eighty patients underwent the
PCFC method (group 1) and 70 patients underwent the LMSF
method (group 2).A patient’s data, including the clinical course,
neurological findings, laboratory results, and neuroimaging
findings, were reviewed retrospectively. Inclusion criteria were:
1) patients aged between 18 and 75 years, 2) patients who
received radiculopathy due to foraminal stenosis and underwent
PCFC or LMSF, 3) patients who received an epidural steroid
injection and/or who failed at least 6 weeks of conservative
treatment. Exclusion criteria were: 1) cervical myelopathy, 2)
spondylolisthesis greater than 3.5 mm, 3) cervical kyphosis,
4) metabolic or connective tissue disease, 5) osteoporosis, 6)
pregnancy or breastfeeding, 7) systemic inflammatory disease,
8) facet joint pathology.We followed up on 150 patients’ clinical
information, laboratory results, and radiological findings
obtained retrospectively from hospital medical records for 2
weeks, 6 weeks, 3 months, 6 months, and 12 months. In the
PCFC application, after the patient is fixed in the prone position

and the shoulders are pulled back. Simultaneous lateral and
anteroposterior (AP) images were taken using two C-arms.
The facet joint to which PCFC will be applied is confirmed by
entering with a spinal needle. After the skin incision, Access
Chisel is advanced under fluoroscopic guidance until the bone
is reached. The Access Chisel is used to locate and cut the tip of
the joint capsule. The Access Chisel is advanced into the facet
joint space. Decortication Trephine is delivered through the
Access Chisel to the distal end of the bone. The Guide Tube is
advanced into the facet joint space through the Fork Mallet.
Decortication Rasp is advanced. The Guide Tube is locked with
the guide tube holder and Rasped up to the upper handle of
the decortication. The PCFC cervical cage transport device is
advanced into the guide tube until it locks with the guide tube.
AP and lateral fluoroscopy were used to confirm the proper
placement of the cage. The bone graft material was placed in
the upper part of the guide tube. After the cage is confirmed
by final AP and lateral fluoroscopy, it is placed in the facet
joint space (Figure 1). In the LMSF application group, after the
patient was fixed in the prone position, bilateral paravertebral
muscles were peeled open to expose the spinous process,
bilateral laminae, and lateral mass. The needle insertion point
and angle were determined according to the Magerl technique.
The lateral mass screw was inserted after sounding. After
the screw position was confirmed to be good by fluoroscopy,
posterior resection of the posterior wall of the spinal canal at
the corresponding segment was performed, paying attention
to the protection of the lateral mass bone. The vertebral
plate was completely removed to completely decompress the
spinal canal. After traction by the contact cranial ring arch, a
prebent titanium rod was linked to the screw. All patients were

Figure 1. The PCFC process application is shown in A) The incision site is planned for the PCFC procedure. B, C) Chisel is advanced under
fluoroscopic guidance until the bone is reached. D, E) PCFC is placed in the facet joint space with guidance.F, G) The AP and lateral fluo-
roscopic images of the PCFC cage placed in the facet joint space are shown. H) It has been shown that minimal entry space is required for

its application
PCFC: Posterior cervical facet cages, AP: Anteroposterior
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routinely given postoperative nonopioid analgesic medication.
pain complaints of the patients were evaluated using a visual
analog scale (VAS). VAS is 0 to 10-point scale. On the VAS, O
represents the absence of pain, and 10 represents the worst
pain the patient can imagine®®. For neck pain and arm pain
in both group, VAS was evaluated on the day of surgery and
at the 2™ week, 6" week, 3™ month, 6™ month, and 12" month
postoperatively. Preoperative and postoperative radiological
images were analyzed in both groups, and posterior disc height
(PDH) (mm) and foraminal height (FH) (mm) were measured.
For our study, ethics committee approval was received for this
study from Sanko University, Sanko Hospital Clinical Research
Ethics Committee (decision no: 2022/04-01, date: 24.02.2022),
and was performed out following the Declaration of Helsinki.
Written informed consent was obtained from all the participants.

Statistical Analysis

In comparisons between the 2 study groups: Student’s t-test
was used for Gaussian continuous variables, the Mann-Whitney
U test was used for non-gaussian non-continuous variables,
and x* was used for categorical variables. A value of p<0.05 was
considered statistically significant. All analyses were performed
using R Statistical Software Version 3.3.2.

RESULTS

Seventy nine (53%) male and 71 (47%) female patients were
included in the study. The mean age of the patients was 62.3
(25-73) years. The demographic and characteristic features of

Table 1. Demographic and characteristics of the patients

the patients are given in Table 1. There was no statistically
significant difference between the two groups in terms of age
and gender. Fifty five (69%) patients in group 1 had a previous
operation history.In these patients,the most common operation
was anterior cervical discectomy in 39 (71%) patients, anterior
cervical fusion surgery in 11 (20%) patients, and posterior
cervical fusion surgery combined with laminectomy in 5 (9%)
patients. In group 2, 39 (55%) patients had a history of surgery,
and posterior decompression surgery was found in these
patients. The most frequently affected level was the C5-C6
level in both groups. Then, in the order of frequency in both
groups, it was C6-C7, C4-5, and C3-4. The mean hospitalization
time was 27.1 h in group 1 and 52.6 h in group 2. There was
a statistically significant difference in hospitalization time
between the groups (p<0.001).

In group 1, preoperative and postoperative VAS scores were 6.8
and 2.9 for neck pain and 7.1 and 2.6 for arm pain, respectively.
There was an increase in arm pain in 2 patients and an increase
in the neck and arm pain in 1 patient. This was reflected in the
VAS scores. There was no change in the neck and arm pain in
the four patients. There was a statistically significant difference
in VAS reduction (p<0.001). The follow-up periods of the
patients in group 1 are given in Table 2.In group 2, preoperative
and postoperative VAS were 6.7 and 3.8 for neck pain and 6.9
and 2.9 for arm pain. There was an increase in arm pain in 3
patients. Although neck and arm pain increased in 23 patients
in the early postoperative period, neck and arm pain increased
in only 8 patients during follow-up. There was no change in

Characteristics Grup 1 (n=80) Grup 2 (n=70) p value
Age (years) 61 63 0.72
Male, n (%) 43 (54) 36 (51) 0.56
Prior cervical spine surgery, n (%) = = 0.068
Yes 55 (69) 39 (55) =

No 25 (31) 31 (45) =
Cage placement, n (%) - - <0.001
Unilateral 7(9) 0 -
Bilateral 73 (91) 70 (100) -
Cage segment, n (%) = = 0.84
C3-4 6 (7) 7 (10) =

C4-5 17 (21) 13 (18 =

C5-6 35 (44) 32 (46) -

ce-7 22 (28) 18 (26 -
Postoperative complications, n (%) - - <0.001
Spinal cord injury 0 2 (3) =
Vertebral artery injury 0 1(2) -

CSF leak 0 6 (9) =
Wound infection 1(1) 5(7) -
Meningitis 0 2 (3) -

CSF: Cerebrospinal fluid
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the neck and arm pain of 5 patients. Although there was no
significant decrease in VAS during the early postoperative
period, a statistically significant difference was found in the
postoperative VAS reduction (p<0.001). The follow-up periods
of the patients in group 2 are given in Table 3. When the VAS
between group 1 and group 2 was evaluated, a statistically
significant difference was found in the decrease in VAS of the
patients in group 1 (p<0.001). The PDH (mm) in group 1 was
2.3 mm preoperatively and 2.6 mm postoperatively. FH (mm)
was 10.2 mm preoperatively and 10.5 mm postoperatively. In
group 2,the PDH (mm) was 2.4 mm preoperatively and 2.3 mm
postoperatively. FH (mm) was 10.6 mm preoperatively,and no
postoperative change was detected. There was a statistically
significant difference between groups 1 and 2 in terms of
PDH and FH (p<0.001). Wound infection was detected in only
1 (1%) patient as a postoperative complication in patients in
group 1. In group 2, cerebrospinal leakage (CSF) in 6 (9%)
patients, wound infection in 5 (7%) patients, spinal cord
injury in 2 (3%) patients, meningitis in 2 (3%) patients, and
1 (2%) patients vertebral artery damage was revealed. When
postoperative complications were evaluated, a statistically
significant difference was found between group 1 and group
2 (p<0.001). There was no reoperation or readmission in any

group.
DISCUSSION

The surgical approach in the surgical treatment of cervical
intervertebral disc degeneration or spondylosis can be
anterior, posterior, and combined. The most commonly
preferred approach is posterior. The choice of the surgical
approach is influenced by factors such as the location of
pathology,the number of levels ,and the degree of the clinical
picture. Although cervical laminectomy and foraminotomy
effectively decompress neurogenic structures, they can
cause segmental instability, kyphosis, and neurologic deficits
as well as technical difficulties. LMSF is also added to the
decompression to prevent these complications®’22, LMSF
with laminectomy is effective for cervical mononeuropathy,
along with the advantage of preserving stability®©23),

Table 2. Group 1 scores

turkish

Despite this, the risk of damage to neurogenic structures and
surrounding muscle and bone structures increases. The risk
of adjacent segment degeneration is also increased®. PCFC
performs root decompression and fusion by opening the
neuronal foramen in the cervical facet with minimally invasive
intervention, without damaging the paraspinal muscles, with
negligible bleeding. Due to the increased tissue damage in
group 2, additional pain occurs postoperatively in patients
depending on the severity of the pain, even if the neurogenic
pathology disappears. In our study, this explains the fact that
group 2 early postoperative VAS did not decrease as much as in
group 1. Minimally invasive percutaneous intervention in group
1increases the postoperative comfort of the patients due to less
tissue damage and shortens the hospitalization period of the
patients. PCFC is less invasive, requires a shorter hospital stay,
and has fewer potential complications®?*%°), Efficacy data thus far
has shown PCFC to be comparable to LMSF for radicular pain,
with multiple studies demonstrating significant improvement
in symptoms in 95% of patients?%?). The favorable outcomes
of this study add to the growing literature supporting PCFC as
a low-morbidity, high-efficacy alternative for cervical radicular
symptoms.

In the study of Maulucci et al.?® 2 mm facet cage and LMSF
surgeries detected an increase in FH and stability, but could
not detect statistically significant results in kinematic results.
Kasliwal et al.?¥ found significant improvements in VAS for
the pain neck and arm in a 20-month follow-up study of 19
patients who underwent revision surgery for pseudoarthrosis.
However, they did not detect any significant change in cervical
lordosis. Other studies in the literature have demonstrated
similar stability with PCFC to traditional open LMSF
surgery®®3), Despite similar stability, it provides decompression
of neuropathic structures because of a statistically significant
increase in disc height and FH in group 1 compared to group
2. This explains that the decrease in VAS in group 1 is more
pronounced than the decrease in VAS in group 2. The study by
McCormack et al.®9 including 60 patients who underwent PCF,
reported that there was no vertebral artery injury or damage
to neural structures and that no patient required reoperation.
In our study, wound infection developed in only one patient
in group 1, which is consistent with low complication

Table 3. Group 2 scores

VAS for neck VAS for arm

VAS for neck VAS for arm

Time pain pain PDH FH Time pain pain PDH FH
DS 6.8 7.1 2.3 10.2 DS 6.7 6.9 2.4 10.6
2 weeks 4.1 3.6 2.6 10.5 2 weeks 6.1 3.8 2.3 10.6
6 weeks 3.3 2.8 = = 6 weeks 4.3 31 = =

3 months 24 2.3 - = 3 months 3.4 2.6 - =

6 months 2.2 2.4 2.4 10.4 6 months 2.9 2.5 2.3 10.5
12 months 2.3 2.2 - - 12 months 2.6 2.7 - -

VAS: Visual analog scale, PDH: Posterior disc height (mm), FH: Foraminal
height (mm), DS: The day of surgery, 2 weeks: The control visit 2 weeks
after surgery and the VAS score at subsequent visits

VAS: Visual analog scale, PDH: Posterior disc height (mm), FH: Foraminal
height (mm), DS: The day of surgery, 2 weeks: The control visit 2 weeks
after surgery and the VAS score at subsequent visits
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rates. However, in the seven-month follow-up of the study
by Siemionow et al.®? In 89 patients, the postoperative
complication rate of LMSF was found to be 4.3%. The authors
reported neurological complications related to C5 palsy in one
patient and spinal cord irritation in one patient. The findings
of this study evidence the safety of PCFC, and its potential
as a low-morbidity alternative to LMSF for radiculopathy. The
procedures took an average of 27.1 h and on average required
a 52.6-hour hospital stay. In comparison, one study looking at
LMSF found an average length of procedure of 204+59 min
and an average length of stay of 47.5¥38.4 h with LMSF@,
The authors also reported postoperative parietal stroke in
one patient and atrial fibrillation in one patient. The authors
found the complication rate to be 3.4% in patients who used a
posterior cervical cage. The reason why the complication rates
in this study were higher than that in our study may be that
our patient exclusion criteria were wider.

Complications included dysphagia, hematoma, worsening
myelopathy, recurrent laryngeal nerve palsy, cerebrospinal
fluid leaks, wound infection, increased radiculopathy, Horner’s
syndrome, respiratory insufficiency, esophageal perforation,
and instrument failure®*3, In the LMSF group, CSF in 6 (9%)
patients, wound infection in 5 (7%) patients, spinal cord injury
in 2 (3%) patients, meningitis in 2 (3%) patients, and 1 (2%)
patients vertebral artery damage was revealed. There were no
spinal cord injury, CSF leak, meningitis, and vertebral artery
damage in the PCFC group (p<0.001). This demonstrates the
significantly higher morbidity with LMSF, with most of these
complications being avoided with PCFC given the minimally
invasive posterior approach.

Study Limitations

This study has limitations. It is retrospective and the study
is limited to one year. Longer follow-up and analyzes must
understand the effects in the adjacent segment and to
understand the long-term effects.

CONCLUSION

Surgical treatment options for cervical intervertebral disc
degeneration or spondylosis remain largely invasive. The PCFC
technique is a minimally invasive approach that provides a
clinically significant improvement in the presence of clinical
and radiological findings in patients with cervical radiculopathy.
This technique can be considered as a safe alternative to
surgical treatment in patients with spinal stenosis, particularly
those with comorbidities.
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Objective: Acute low back pain (LBP) is the leading cause of disability worldwide, whereas the ideal initial treatment protocol is still under
debate. The aim of this study was to question, whether acetaminophen combined with etodolac or diclofenac could provide efficient ease of
symptoms in patients with acute LBP and to assess whether one combination could be superior compared to the other in terms of clinical
and functional outcomes, with health-related quality of life.

Materials and Methods: A retrospective, comparative study of 67 patients with acute, non-radicular, and non-traumatic LBP was undertaken.
Patients were assessed in two groups,whereas daily,group one [34 patients,mean age of 47.1 (range 24-56)] received 4x500 mg acetaminophen
combined with 2x400 mg etololac and the group two [33 patients, mean age of 44.8 (range 26-53)] received 4x500 mg acetaminophen
combined with 2x75 mg diclofenac, for one week. Patients’ pre-treatment and post-treatment visual analog scale (VAS), Oswestry Disability
Index (ODI), and Roland-Morris Disability Questionnaire (RMDQ) scores were recorded and compared.

Results: Group 1-2 had a pre-treatment mean VAS back score of 7.4-7.1, ODI score of 76.2-75.8 and RMDQ score of 18.2-19.4 improved to
1.4-1.3,16.1-16.4,and 5.8-6.2 at the end of 1 week (p<0.001 for all), which further improved to 1.1-1.2,15.8-15.3,and 3.3-3.2 (p<0.001 for
all) at the end of 12 week. Intergroup comparison yielded no statistically significant data (p>0.05 for all).

Conclusion: Daily 2000 mg acetaminophen combined with 800 mg etodolac or 150 mg diclofenac could provide effective and sustained pain
relief, with significant clinical and functional amelioration resulting in significant improvements in health-related quality of life, if applied
under strict indication criteria to patients with acute non-traumatic and non-radicular LBP.

Keywords: Acute low back pain, acetaminophen, non-steroidal anti-inflammatory drugs, etodolac, diclofenac, health-related quality of life,
visual analog scale, Oswestry Disability Index, Roland Morris Disability Questionnaire

ABSTRACT

to 20% of patients might experience moderate to severe pain 3
months later and 30% of them were noted to have LBP-related
functional impairment®19,

Current guidelines recommend acetaminophen as the first line
of analgesic treatment®%12, while it was neither based on strong
evidence®, nor on its analgesic efficacy in patients with acute
LBP,but on a relatively superior safety profile compared to other
non-steroidal anti-inflammatory drugs (NSAIDs)®. However,
because of the lack of symptomatic efficacy as monotherapy,
acetaminophen was recommended to be used along with other
NSAIDs(413),

The aim of this study was to question, whether acetaminophen
combined with etodolac or diclofenac could provide efficient
ease of symptoms in patients with acute LBP and to assess
whether one combination could be superior compared to the
other by comparing the pre- and post-treatment results of

INTRODUCTION

Low back pain (LBP) is on the most prevalent global health
problem®2?, with a global point prevalence ranging between 18
to 33%(4. It was reported, that over 80% of the population had
at least one episode of acute LBP in their lifetime. Even with
proper management, LBP was reported to cause a tremendous
economical burden, while over 50 billion United States Dollars
was reported as the estimated total costs associated with LBP
in the United States®and 3.5 billion Euros in the Netherlands®.
Acute LBP was defined as pain originating between the lower
border of the scapula and upper gluteal folds and lasting
shorter than 12 weeks frequently attributed to non-specific
causes without any certain etiology”®. Patients with acute,
new - onset LBP were reported to have a favorable prognosis
with complete resolution of pain in 80% of patients, while up
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Roland-Morris Disability Questionnaire (RMDQ), Oswestry
Disability Index (ODI), and visual analog scale (VAS) back
scores.

MATERIALS AND METHODS

After obtaining institutional review board approval (Florence
Nightingale Hospital, FNG-A 710), a retrospective, comparative
study was performed on assessing consecutive patients in 2022
(January to November), who received conservative treatment
with acute LBP. One hundred forty three consecutive patients
were identified. The following inclusion criteria were applied:
(1) having a new episode of LBP (defined as pain between
the 12 rib and gluteal crease), (2) having LBP of less than 6
weeks of duration preceded by a painless period for at least
1 month, (3) being 18-60 years old, (4) having been treated
with acetaminophen combined with etodolac or diclofenac,
and (5) being willing to participate in the study. The following
exclusion criteria were applied: (1) having radicular pain, (2)
having a history of trauma, malignancy or metabolic bone
disease, (3) having a diagnosis of spinal infection, fracture
or neoplasm, (4) having a history of spinal surgery, (5) using
any type of analgesic drug before the initiation of the current
treatment regimen, (6) using any type of psychotropic drug
currently, (7) having applied conservative treatment other than
acetaminophen combined with etodolac or diclofenac due to
any reason (allergy, contraindication, physician’s preference),
(8) being younger than 18, older than 60 years of age, and (9)
being unwilling to participate in the study (Table 1). Because
of the aforementioned criteria, 76 patients were excluded (16:
radicular pain, 14: history of trauma, malignancy or metabolic
bone disease, 12: having an age >60, 11: diagnosis of spinal
infection, fracture or neoplasm, 9: usage of analgesic drug(s)

Table 1. Inclusion and exclusion criteria
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before the initiation of the treatment, 7: having applied other
drug(s) combination as conservative treatment, 4: being
unwilling to participate, 3: usage of psychotropic drug(s) before
the initiation of the treatment) (Table 2). The remaining 67
patients were included in the study.

The study was approved by the Demiroglu Bilim University
Ethics Committee (decision no: 24345, date: 17.01.2023).

Treatment Protocol

All patients were prescribed a daily dosage of 4x500 mg
acetaminophen combined with 2x400 mg etodolac or 2x75 mg
diclofenac taken orally in addition to advice and reassurance
regarding the course of the acute LBP underlining remaining
active, avoiding bed rest and resuming normal movement as
soon as possible.

Clinical Outcome Parameters (COP)

As the patient reported outcome questionnaires ODI scores,VAS
back scores were applied to evaluate the clinical and functional
outcomes. RMDQ, which is 24 point-scale, was applied to
evaluate LBP and related functional impairment in terms of
disability. The aforementioned scores were applied before the
initiation of the treatment and at 1%, 29, 4t 6 8™ and 12t
week after the initiation of the medical treatment.

Information of Informed Consent

All patients were taken informed consent, so that their pre-

intra-, and post-operative data could be used for publication by
hiding their identity.

Statistical Analysis

For the statistical analysis, SPSS software (Version 22.0; SPSS
Inc, Chicago, IL, USA) was used. Data are expressed as mean
+/- standard deviation. The chi-square test and Fisher’s exact

Inclusion criteria

Exclusion criteria

Having a new episode of LBP (defined as pain between the 12t rib
and gluteal crease)

Having radicular pain

Having LBP of less than 6 weeks of duration preceded by a
painless period for at least 1 month

Having a history of trauma, malignancy, or metabolic bone disease

Being 18-60 years old, (4) having been treated with
acetaminophen combined with etodolac (2x400 mg) or diclofenac
(2x75 mg)

Having a diagnosis of spinal infection, fracture or neoplasm

Having been treated with acetaminophen combined with etodolac
or ketorolac

Having a history of spinal surgery

Being willing to participate in the study

Using any type of analgesic drug before the initiation of the
current treatment regimen

Using any type of psychotropic drug currently

Having applied conservative treatment other than acetaminophen
combined with etodolac or diclofenac due to any reason (allergy,
contraindication, physician’s preference)

Being younger than 18, older than 60 years of age

Being unwilling to participate in the study

LBP: Low back pain
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test were used for the analysis of categorical variables and
to compare different time points where appropriate. One-
way analysis of variance (ANOVA) was used to determine a
significant difference at various time points. A p-value less than
0.05 was considered as statistically significant.

RESULTS

Sixty seven consecutive patients (52 females, 15 males) with
acute LBP, which was treated with a daily dosage of 4x500 mg
acetaminophen combined with 2x400 mg etodolac or 2x75 mg
diclofenac taken orally for one week were enrolled. Patients
were divided into two groups, which were comparable in
terms of their demographic values and pre-treatment clinical
and functional scores Table 3. Group 1 was applied 4x500 mg
acetaminophen combined with 2x400 mg etodolac for one
week. It comprised 34 patients with a mean age of 47.1 (range
24-56).Group 1 had a pre-treatment mean VAS back score of 7.4
(range 5-9), ODI score of 76.2 (range 72-81),and mean RMDQ

score of 18.2 (range 14-23). At the 1% week follow-up, group
1 had a mean VAS back score of 1.4 (range 0-2), ODI score of
16.1 (range 15-21),and mean RMDQ score of 5.8 (range 0-13)
(p<0.001 for all). At the 12t week follow-up,group 1 had a mean
VAS back score of 1.1 (range 0-2), ODI score of 15.8 (range 15-
18),mean RMDQ score of 3.3 (range 0-9) (p<0.001 for all). It was
detected, that the treatment protocol was yielding remarkable
improvements regarding the clinical and functional outcomes
with high statistical significance from pre-treatment to the
1t week post-treatment, and from 1% week post-treatment
to 12™ week post-treatment. Group 2 was applied 4x500 mg
acetaminophen combined with 2x75 mg diclofenac for one
week. It comprised 33 patients with a mean age of 44.8 (range
26-53).Group 2 had a pre-treatment mean VAS back score of 7.1
(range 5-9), ODI score of 75.8 (range 71-80), and mean RMDQ
score of 19.4 (range 13-22). At the 1% week follow-up, group
2 had a mean VAS back score of 1.3 (range 0-2), ODI score of
16.4 (range 15-21), and mean RMDQ score of 6.2 (range 2-15)

Consecutive Patients with acute Low Back Pain
(Assessed for eligibility)
n =143 (79 females, 64 males)

\/

\/

Patients were excluded from the study:
n =76 (27 females, 49 males)

e 16:radicular pain

e 14: history of trauma, malignancy, or
metabolic bone disease

e 12:having an age >60

¢ 11:diagnosis of spinal infection, fracture or
neoplasm

¢ 9: usage of analgesic drug(s) before the
initiation of the treatment

¢ 7:havingapplied otherdrug(s) combinations

as conservative treatment

4: being unwilling to participate

¢ 3:usage of psychotropic drug(s) before the
initiation of the treatment

Patients included in the study and randomized by
computer software
n =67 (52 females, 15 males)

Table 2. Flowchart of the study population

Table 3. Demographic data, pre-treatment clinical and functional scores

Group 1 Group 2 p-value
Number 34 33 0.34
Age 47.1 (range 24-56) 44.8 (range 26-53) 0.47

4x500 mg acetaminophen + 2x400 mg  4x500 mg acetaminophen + 2x75 mg

Treatment protocol etodolac diclofenac N/A
Mean VAS back score 7.4 (range 5-9) 7.1 (range 6-9) 0.24
Mean ODI score 76.2 (range 72-81) 75.8 (range 71-80) 0.39
Mean RMDQ 18.2 (range 14-23) 19.4 (range 13-22) 0.27

VAS: Visual analogue scale, ODI: Oswestry Disability Index, RMDQ: Roland-Morris Disability Questionnaire
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Table 4. Comparison of Post-treatment clinical and functional scores

Group 1 Group 2 p-value
Post-treatment 1t week
Mean VAS back score 1.4 (range 0-2) 1.3 (range 0-2) 0.41
Mean ODI score 16.1 (range 15-21) 16.4 (range 15-21) 0.24
Mean RMDQ 5.8 (range 0-13) 6.2 (range 2-15) 0.27
Post-treatment 12 week
Mean VAS back score 1.1 (range 0-2) 1.2 (range 0-2) 0.39
Mean ODI score 15.8 (range 15-18) 15.3.(range 15-20) 0.27
Mean RMDQ 3.3 (range 0-9) 3.2 (range 0-11) 0.34

VAS: Visual analogue scale, ODI: Oswestry Disability Index, RMDQ: Roland-Morris Disability Questionnaire

(p<0.001 for all). At the 12" week follow-up, group 2 had a
mean VAS back score of 1.2 (range 0-2),0DI score of 15.3 (range
15-20),and mean RMDQ score of 3.2 (range 0-11) (p<0.001 for
all). It was detected, that the treatment protocol was yielding
remarkable improvements regarding the clinical and functional
outcomes with high statistical significance from pre-treatment
to the 1t week post-treatment, and from 1% week post-
treatment to 12" week post-treatment similar to the results of
group 1. Intergroup comparison of clinical-functional outcomes
recorded in post-treatment periods yielded no statistical
significance (p>0.05 for VAS, ODI and RMDQ scores at all times)
attributed to equal treatment efficacy and success of both
treatment combinations Table 4. In groups 1 and 2 following
adverse events were reported: Gastrointestinal problems
including diarrhea (2-1) (p=0.26) and dizziness (1-2) (p=0.34).
Patients in both groups were detected to have relatively low
rates of complications, underlining the safety of the treatment
protocols.

DISCUSSION

This study reported that 2000 mg acetaminophen combined
with either 800 mg etodolac or 150 mg diclofenac could
provide effective clinical and functional recovery together with
successful painreliefinthe shorttermin patients with acute non-
traumatic, non-radicular LBP. However, no clinically significant
difference regarding the clinical and functional outcomes
between the two two treatment protocols were detected. The
literature is highly conflicting regarding the ideal treatment
of acute LBP. Recent clinical guidelines prepared for the initial
treatment of acute LBP recommend the use of acetaminophen
as the first line of medical treatment and NSIADs as the second
line of treatment, which could be added to acetaminophen
in addition to general recommendations including staying
active,avoiding rest,and returning to daily activities as soon as
possible®V), The PACE study,as a double-blind randomized study
regarding the efficacy of acetaminophen for acute LBP, reported,
that neither regular, nor as-needed usage of acetaminophen
as a standalone treatment for acute LBP provided improved
recovery,as compared to placebo®. In addition, they also noted,
that acetaminophen as a standalone treatment for acute

LBP had no effect on function, pain, quality of life, disability,
sleep, and global symptom change®. In conjunction with the
aforementioned study, we seldom prescribe acetaminophen
as the initial standalone treatment for patients with acute
LBP. However, acetaminophen was reported to be ineffective
if used as the standalone treatment®®. Therefore, NSAIDs
were recommended to be added to acetaminophen to provide
superior pain management for patients with acute LBP®01,
Plapler et al.®® reported in their double-blind, randomized
study, that ketorolac could provide faster pain relief compared
with naproxen in patients with acute LBP. Irizarry et al.®?
reported in their randomized controlled trial conducted to
compare the efficacy of ibuprofen versus ketorolac versus
diclofenac, that ketorolac resulted in better pain relief and less
gastric irritation compared with ibuprofen. However, there is a
lack of data in the current literature regarding the efficacy of
etodolac versus diclofenac combined with acetaminophen for
acute LBP. This is why we also preferred to compare etodolac
or diclofenac combined with acetaminophen to assess the
efficacy of pain management, which was equally successful
in both groups. The ideal treatment combination of LBP still
constitutes a controversy. Acetaminophen was determined to
have a safer profile in terms of adverse effects,as compared to
NSAIDs, leading to the recommendation of it as the first -line
treatment®®”), We similarly reported rates of adverse effects in
both groups of patients, while non of them necessitated any
change in the treatment protocol. Opposed to our findings,
Friedman et al.“® reported, that when combined with an
NSAID, acetaminophen had no additional benefit in acute
LBP. Another double blind-randomized study, conducted by
Ridderikhof et al.*” reported that 50 mg diclofenac combined
with 1000 mg acetaminophen was not superior compared to
diclofenac alone, while similar to our study, both treatments
provided efficient pain relief after 3 days. A Cochrane review
concluded that, NSAIDs were marginally better than placebo
for acute LBP, whereas a combination with acetaminophen was
not assessed®®,

Study Limitations

This study has some limitations. First, it is a retrospective study
with a limited number of patients, which is owed to strict
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inclusion criteria to have less biased data with homogenous
patient groups. Another limitation is having no placebo group
because of the retrospective nature of the study. Another
limitation is, that despite the fact, that patients were strictly
advised to stick to the drugs, that were prescribed by their
physician, they might still take additional analgesics and did
not inform their physician about that confounding the data
provided for the study.

This study also possesses some strength. First, it is best to
our knowledge the first study in the literature comparing the
treatment efficacy of etodolac versus diclofenac combined with
paracetamol in a highly selective group of patients with acute,
non-traumatic, and non-radicular LBP, which is the leading
cause of disability worldwide with no clear guideline for ideal
treatment®, Another strength is, that it is a comparative study
providing concrete data with good evidence.

CONCLUSION

This study concluded, that daily 2000 mg acetaminophen
combined with 800 mg etodolac or 150 mg diclofenac could
provide effective and sustained pain relief, with significant
clinical and functional amelioration resulting in significant
improvements in health-related quality of life, if applied under
strict indication criteria to patients with acute non-traumatic
and non-radicular LBP.
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