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About Us

Journal of Turkish Spinal Surgery (www.jtss.org), is the official
publication of the Turkish Spinal Surgery Society. 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 the development of the spinal
knowledge. The journal publis—hes original scientific research
articles, invited reviews and case reports that are accepted by
the Editorial Board, in English.

The journal is published once in 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.

The Turkish Spinal Surgery Society was established in 1989
in Izmir (Turkey) by the pioneering efforts of Prof. Dr. Emin
Alici and other a few members. The objectives of the society
were to: - establish a platform for exchange of information/
experience between Orthopedics and Traumatology Specialists
and Neurosurgeons who deal with spinal surgery - increase
the number of physicians involved in spinal surgery and to
establish spinal surgery as a sophisticated medical discipline
in Turkey - follow the advances in the field of spinal surgery
and to communicate this information to members - organize
international and national congresses,symposia and workshops
to improve education in the field - establish standardization
in training on spinal surgery - encourage scientific research
on spinal surgery and publish journals and books on this
field - improve the standards of spinal surgery nationally, and
therefore make contributions to spinal surgery internationally.

The main objective of the Journal is to improve the level of
knowledge and experience among Turkish medical society
in general and among those involved with spinal surgery in
particular.Also,the Journal aims at communicating the advances
in the field, scientific congresses and meetings, new journals
and books to its subscribers.Journal of Turkish Spinal Surgery is
as old as the Turkish Spinal Surgery Society.

The first congress organized by the Society took place in Cesme,
Izmir, coincident with the publication of the first four issues.
Authors were encouraged by the Society to prepare original
articles from the studies presented in international congresses
organized by the Society every two years, and these articles
were published in the Journal. The Journal publishes clinical
or basic research, invited reviews, and case presentations after
approval by the Editorial Board. Articles are published after at
least two reviewers review them. Editorial Board has the right
to accept, to ask for revision, or to refuse manuscripts.
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The Journal is issued every three months, and one volume is
completed with every four issue. Associate Editors and Editor in
Chief are responsible in reviewing and approving material that
is published. Responsibility for the problems associated with
research ethics or medico-legal issues regarding the content,
information and conclusions of the articles lies with the authors,
and the editor or the editorial board bears no responsibility. In
line with the increasing expectations of scientific communities
and the society, improved awareness about research ethics and
medico-legal responsibilities forms the basis of our publication
policy.

Citations must always be referenced in articles published in
our journal. Our journal fully respects to the patient rights,
and therefore care is exercised in completion of patient
consent forms; no information about the identity of the
patient is disclosed; and photographs are published with
eye-bands. Ethics committee approval is a prerequisite. Any
financial support must clearly be disclosed. Also, our Journal
requests from the authors that sponsors do not interfere in the
evaluation, selection, or editing of individual articles, and that
part or whole of the article cannot be published elsewhere
without written permission.

Journal of Turkish Spinal Surgery is available to the members
of the society and subscribers free of charge. Membership fees,
congresses, and the advertisements appearing in the journal
meet the publication and distribution costs.

The advertisement fees are based on actual pricing. The
Editorial Board has the right for signing contracts with one
or more financial organizations for sponsorship. However,
sponsors cannot interfere in the scientific content and design
of the journal, and in selection, publication order, or editing of
individual articles.

Journal of Turkish Spinal Surgery agrees to comply with the
"Global Compact”initiative of the UN, and this has been notified
to the UN. Therefore, VI our journal has a full respect to human
rights in general, and patient rights in particular, in addition
to animal rights in experiments; and these principles are an
integral part of our publication policy.

Recent advances in clinical research necessitate more
sophisticated statistical methods, well-designed research plans,
and more refined reporting. Scientific articles, as in other types
of articles, represent not only an accomplishment, but also a
creative process.

The quality of a report depends on the quality of the design
and management of the research. Well-designed questions
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or hypotheses are associated with the design. Well-designed
hypotheses reflect the design, and the design reflects the
hypothesis. Two factors that determine the efficiency of a
report are focus and shortness. Drawing the attention to limited

number of subjects allows the author to focus on critical issues.

Avoidance from repetitions (apart from a few exceptions), a
simple language, and correct grammar are a key to preparing a
concise text. Only few articles need to exceed 3000 words, and
longer articles may be accepted when new methods are being
reported or literature is being reviewed.

Although authors should avoid complexity, the critical
information for effective communication usually means

the repetition of questions (or hypotheses or key subjects).
Questions must be stated in Abstract, Introduction and
Discussion sections, and the answers should be mentioned
in Abstract, Results, and Discussion sections. Although many
journals issue written instructions for the formatting of articles,
the style of the authors shows some variance, mainly due to
their writing habits.

Journal of Turkish Spinal Surgery adopts the AMA style as a
general instruction for formatting. However, not many authors
have adequate time for learning this style. Thus, our journal
is tolerant to personal style within the limitations of correct
grammar and plain and efficient communication.
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Instructions to Authors

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 the development of the spinal
knowledge. The journal publishes original scientific research
articles, invited reviews and case reports that are accepted by
the Editorial Board, in English.

The journal is published once in 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.

PEER REVIEW

Article is reviewed by secretaries of the journal after it is
uploaded to the web site. Article type, presence of the 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; |- Case presentations; and IlI- 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 participated in the study to a significant extent.All authors
should confirm that they have read the study and agreed to the
submission to Journal of Turkish Spinal Surgery for publication.
This should be notified with a separate document as shown
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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.

[t is the author’s responsibility to ensure that a patient's
anonymity be 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
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”.

ARTICLE WRITING

Clinically relevant scientific advances during recent years
include 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 rigor of 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 the 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),
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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.

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 written permission letter and it should
be submitted along with the manuscript.

Review articles: The format for reviews substantially differs
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
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 which 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 by
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.
All 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, e) ORCID
numbers of the authors. It should also be stated in the title
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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.

-Key Words: 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.

The first paragraph should introduce the general topic or
problem and emphasized its importance, a second and perhaps
a third paragraph should provide the rationale of the study,and
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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 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 historic
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
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 reported apart from that essential to answer the
stated questions.
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- 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 escribe 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
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 a 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 be long.
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 so-mething
else (different in what way? the readermay 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
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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
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 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 the 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
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/faqgs/icmje-
recommendations/). If 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
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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:

1.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 (1): 5-9.

Book chapter:

2. Wedge IH, Kirkaldy-Willis WH, Kinnard P. Lumbar spinal
stenosis. Chapter 5. In: Helfet A, Grubel DM (Eds.). Disorders of
the Lumbar Spine.JB Lippincott, Philadelphia 1978; pp: 61-8.

Entire book:

3. 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:

4. 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:

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

Book in press:

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

Symposium:

7. 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:

8. Rhoton AL. Microsurgery of the Arnold-Chiari malformation
with and without hydromyelia in adults. Presented at the
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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
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 abbrevia-tions.

-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 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
historical precedent. Instead, indicate the point in the
manuscript by providing citation by superscripting.

5. Avoid in the final paragraph of the Introduction purposes
such as, ‘... we report our data..” Such statements fail to focus
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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 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-1I.

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 ignificance
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
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- III.

1) Level-Il 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

J
DINSCRGLRY

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

Morphometric analysis
Anesthesiology

Animal study

Basic Science

Biology

Biochemistry
Biomaterials

Bone mechanics

Bone regeneration

Bone graft

Bone graft sustitutes
Drugs

Disc

Disc Degeneration
Herniated Disc

Disc Pathology

Disc Replacement

IDET

Disease/Disorder
Congenital

Genetics

Degenerative disease
Destructive (Spinal Tumors)
Metabolic bone disease
Rheumatologic
Biomechanics Cervical Spine
Cervical myelopathy

Cervical reconstruction



Cervical disc disease
Cervical Trauma
Degenerative disease
Complications

Early

Late

Postoperative
Deformity
Adolescent idiopathic scoliosis
Kyphosis

Congenital spine
Degenerative spine conditions
Diagnostics
Radiology

MRI

CT scan

Others

Epidemiology
Etiology
Examination
Experimental study
Fusion

Anterior

Posterior

Combined

With instrumentation
Infection of the spine
Postoperative

Rare infections
Spondylitis
Spondylodiscitis
Tuberculosis
Instrumentation

Meta-Analysis
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Osteoporosis

Bone density
Fractures
Kyphoplasty
Medical Treatment
Surgical Treatment
Outcomes
Conservative care
Patient Care
Primary care
Quality of life research
Surgical

Pain

Chronic pain
Discogenic pain
Injections

Low back pain
Management of pain
Postoperative pain
Pain measurement
Physical Therapy
Motion Analysis

Manipulation

Non-Operative Treatment

Surgery

Minimal invasive
Others

Reconstructive surgery
Thoracic Spine
Thoracolumbar Spine
Lumbar Spine
Lumbosacral Spine
Psychology

Trauma
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Fractures

Dislocations

Spinal cord

Spinal Cord Injury

Spinal stenosis

Cervical

Lumbar

Lumbosacral

Tumors

Metastatic tumors

Primary benign tumors

Primary malign tumors
APPLICATION LETTER EXAMPLE:
Editor-in-Chief
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Dear Editor,

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

| feel very privileged to be the person responsible for publishing this, the 1% issue, of our professional journal this
year. It includes several clinical research studies, a couple of case reports,and a review article. | hope that each of you
will take the time to review this issue very carefully, and add the information and insights contained herein, to your
already very well informed knowledge bases.

The Journal of Turkish Spinal Surgery (www.jtss.org), is the official publication of the Turkish Spine Society. JTSS is
currently indexed in Ulakbim and Atif Dizin. However, we are very happy to announce that JTSS will now, in addition,
be indexed by two international indexes; J-Gate and Europub. We would like to remind you that, should you choose to
submit a manuscript to the Turkish Journal of Spinal Surgery, it is free of charge,and the Pleksus system is being used.

In this issue, there are nine clinical research studies, three case reports and one review article. The first study is
a retrospective clinical study giving the results on ankylosing spondylitis patients who had deformity correction
with combined osteotomies. The second is about 12 patients who had painful scoliosis and osteoid osteoma of the
spine. In the third, one can read about a retrospective clinical study entitled, Comparison of Three Different Surgical
Treatment Procedures Used in the Treatment of Lumbar Spinal Stenosis. The fourth article is a technical report about
whether a minimal superior articular process removal of a facet joint, using a lateral interpedicular approach, could
provide a better exposure in treatment of far lateral disc herniations. The authors of the fifth study examined the
alteration of sagittal lumbosacral alignment, after posterior stabilization-fusion, in lumbar spondylolisthesis. The
sixth study discusses unintended dural injury in degenerative lumbar spinal surgery while, in the seventh, the authors
wrote about how recurrent laryngeal nerve palsy, after cervical spinal surgery, can be prevented. The eighth article
is a retrospective single-centre study about the incidence and mortality of osteoporotic insufficient sacral fractures.
The ninth article is about giant cell tumors of the sacrum,and current treatment strategies. The tenth study is a two-
case series about distal migration of the rods of a constrained poly-axial pedicle screw system. The eleventh article
is composed of a case report about giant cell tumor of the thoracal spine, while the thirteenth is a review of current
concepts on spinal tuberculosis.

I hope you found this issue stimulating and informative. It's my goal to provide you with the latest, and most up-to-
date information in our field. | do this in an effort to keep all of us on the cutting edge of the latest research and
developments.

I wish all our Turkish spinal surgeons and their families a healthy, peaceful,and prosperous year.

With kindest regards,

Editor in Chief
Metin Ozalay, M.D.
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Objective: To evaluate the effects of single-level lumbar decancellation osteotomy combined with multiple level polysegmental posterior
osteotomies involving the whole thoracal spine in severe ankylosing spondylitis.

Materials and Methods: Between 2008 and 2017, 14 patients (12 men and two women) were included in the study. The indication for surgery
was a progressive loss of horizontal sight due to whole spine kyphosis (chin-brow angle over 90°). The mean age at the time of operation was
47 years. Preoperatively and postoperatively, the cobb angle was measured on standing lateral radiographs of the whole spine. The chin-brow
angle correction was recorded.

Results: The mean surgical time was 281 minutes, and the average blood loss was 1870 mL. Preoperative mean chin-brow angle was 97.5°.
Postoperative chin-brow angle was 18° (p<0.0001). The preoperative mean thoracic cobb angle was 69°, and the postoperative thoracic cobb
angle was 37.5° (p<0.0001). The preoperative mean lumbar lordosis angle was -1.2°, and the postoperative mean lumbar lordosis angle was
-29° (p<0.0001). There were no major perioperative and postoperative complications. Two patients had minor wound healing problems. Bone
healing was satisfactory in all patients. Three patients had a loss of correction in thoracal regions of 5,7,and 8 degrees at the final follow-up visit.
Reduction losses were acceptable, and we did not plan any revision surgeries.

Conclusion: Our study showed that this surgical method is as effective as two-level lumbar osteotomies used in severe cases and is also a safer
procedure as the latter.

Keywords: Ankylosing spondylitis, osteotomy, deformity

ABSTRACT

angular correction at a single-level were described by many
authors?%.Today, these osteotomies are frequently in use either
as single-level osteotomy or interrupted two-level osteotomy
to correct kyphotic deformity in ankylosing spondylitis®7.
These osteotomies are performed on the lumbar and
thoracolumbar junction, where a surgeon can achieve the
most angular correction, leaving the upper thoracic kyphosis
untreated. This limits the correction of visual arc when there is
a severe kyphotic deformity in the thoracic region.

This paper reports the results of the correction of whole
spinal column kyphotic deformity using single-level lumbar
decancellation osteotomy in combination with multiple level
polysegmental posterior osteotomies and fixation with long
posterior construct up to T2 level.

INTRODUCTION

There are two subtypes of kyphotic deformity in ankylosing
spondylitis: Thoracic kyphosis with either preservation of
lumbar lordosis or loss of lumbar lordosis resulting in a
prolonged C flexion deformity of the whole spine.

When the whole trunk becomes a long C curve to maintain the
visual arc, patients have to flex their knees. This results in a very
uncomfortable and energy-demanding posture. When patients
try to extend their knees, stiff cervical and upper thoracic spinal
regions limit the forward visual to only a few meters in front
of them.

The correction of lumbar kyphosis in ankylosing spondylitis
was first popularized by Smith-Petersen et al.!. Multiple
inverted V-shaped posterior osteotomies were closed by spine MATERIAL AND METHODS
extension, rupture of the anterior longitudinal ligament, and
opening of the anterior part of the intervertebral disc. Approval from the General Clinical Directorate of Academic
Later, osteotomies involving vertebral bodies to gain more Hospital was obtained before starting the data collection of
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patients included in the study. The study was performed by the
ethical standards of the 1964 Declaration of Helsinki as revised
in 2000 and those of Good Clinical Practice (approval number:
10/01/2019-12).

All subjects participating in this retrospective study received
a thorough explanation of the risks and benefits of inclusion.
Following this, they provided their oral and written informed
consent to publish the data.

Between 2008 and 2017, 14 patients (12 men and two women)
with secondary thoracic and thoracolumbar kyphosis due
to ankylosing spondylitis were included in the study. The
indication for surgery was a progressive loss of horizontal sight
due to whole spine kyphosis (chin-brow angle over 90°). The
mean age at the time of operation was 47 years (range=36-57
years) (Table 1).

To assess possible injuries to the spinal cord or spinal
nerves during surgery, electrophysiological monitoring of
somatosensory-evoked potentials and motor-evoked potentials
was carried out under general anesthesia in all patients.

After surgical exposure from T2 to L4, bilateral pedicle screws
were placed, excluding the lumbar osteotomy levels.

Classical Smith-Petersen osteotomy (SPO) involves the removal
of the posterior bony elements, including the bilateral facet
joints, the inferior portion of the lamina, and the inferior
portion of the spinous process, and the removal of the
posterior ligaments at the osteotomy level. Forceful closure
of the posterior osteotomy elongates or partially ruptures the
anterior longitudinal ligament and the anterior intervertebral
disc. To achieve a global correction of the kyphotic deformity,
we preferred to use multiple poly-segmental posterior
osteotomies, which is a modification of the classic SPO at all
thoracic levels (Figure 1).

Transpedicular decancellation osteotomy is a closing wedge

osteotomy usually applied on L2 or L3 level. Using smaller
curettes, decancellation was begun through the pedicle.
Progressively larger curettes were used with care to preserve
the medial pedicle wall and posterior wall of the vertebral body.
Curettage was carried out across the midline. After the removal
of the pedicle walls, sequential compression on the rods until
the posterior elements touched completed the closing wedge
osteotomy as described in the literature before®? (Figure 2).
We started instrumentation from two levels below the lumbar
osteotomy site and used bipedicular screws up to the T3
level (excluding the lumbar osteotomy site). We performed
polysegmental posterior osteotomies to all thoracal levels up
to T3.We used a temporary unilateral fixation of the rods when
closing the wedges to prevent collapse and we used two rods
for the final fixation.

Preoperatively and postoperatively, the cobb angle was
measured from standing lateral radiographs of the whole
spine. Operation time, blood loss, cobb angle measurements,

Figure 1. Schematic illustration of the polysegmental posterior
osteotomy

Table 1. Patients’ demographic data and individual angular measurements

Patient Age Gender Preop chin-  Postop chin- Preop t_horacic Postop .thoracic Preop }umbar Postop. lumbar
Number brow angle  brow angle kyphosis kyphosis lordosis lordosis
1 45 Female 95° 15° 75° 40° 10° -20°

2 56 Male 104° 22° 95° 49° 0° -25°

3 48 Female 98° 13° 62° 35° -10° -35°

4 55 Male 105° 20° 66° 38° 5° -23°

5 36 Male 102° 25° 58° 35° -15° -38°

6 42 Male 93° 18° 70° 42° -17° -42°

7 40 Male 107° 30° 65° 38° 7° -24°

8 54 Male 96° 25° 66° 32° 12° -20°

9 48 Male 92° 12° 74° 30° -6° -33°

10 53 Male 94° 10° 63° 36° 9° -25°

11 38 Male 100° 27° 60° 42° -18° -40°

12 44 Male 91° 7° 65° 34° -13° -35°

13 47 Male 94° 12° 88° 44° 6° -27°

14 57 Male 95° 15° 72° 30° 13° -22°

Preop: Preoperative, Postop: Postoperative
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complications, chin-brow vertical angle, loss of correction at
final follow-up,and early and late complications were recorded.
Follow-up periods ended at the 24" month.

RESULTS

Angular data on deformity correction, surgical time, and
blood loss are listed in Table 1 and 2. There were no major
perioperative and postoperative complications. Two patients
had minor wound problems. Bone healing was satisfactory in
all patients. Three patients had a loss of correction in thoracal
regions 5,7,and 8 degrees at the final follow-up visit. Reduction
losses were acceptable, and we did not plan any revision

Figure 2. Schematic illustration of the lumbar decancellation
osteotomy

turkishspine B

surgeries. Six patients had lumbar osteotomy at the L2 level,
and eight had lumbar osteotomy at the L3 level.

Our patient sample did not include any patient with scoliotic
deformity. Therefore, postoperative sagittal vertical axis and
pelvic tilt measurements were within the normal range.

We did not encounter any implant-related or infection-related
complications.

DISCUSSION

The principle of a lumbar spinal osteotomy is to shift the
center of gravity of the trunk of the hip axis. In severe cases
of ankylosing spondylitis, single-level osteotomy usually does
not provide adequate correction of the kyphotic deformity;
therefore, a two-level lumbar osteotomy is required®®?,
Smith-Petersen type osteotomy, pedicle subtraction osteotomy,
and transpedicular bivertebrae wedge osteotomy procedures
all aim to achieve a significant degree of correction at a single
pivot point in the lumbar region®%!2, Up to 45° of correction
is possible with these posterior osteotomies. However, as the
desired amount of correction increases,these become surgically
demanding procedures and liable to complications.

Excessive lengthening of the anterior longitudinal ligament
during SPO may injure abdominal vessels. This is a rare
but lethal complication®¥, The most commonly reported
postoperative complications in SPO are intraspinal hematoma,
intestinal obstruction, and superior mesenteric ischemia®?.
On the other hand, pedicle subtraction and closing wedge
osteotomies are known to cause reversible and irreversible
neurological complications®®”), There is always a possibility of
iatrogenic thecal sac or root compression during the closing of
a wide wedge despite a careful surgical technique.

The safe upper limit for a closing wedge osteotomy to avoid
vascular and neurological injury is considered to be 35° to
40° in the lumbar region®®29, This means that a single closing
wedge osteotomy is not adequate for treating a severe kyphotic
deformity in ankylosing spondylitis. In severe cases, a two-
level osteotomy is required, and at least one of them needs
to force the safe upper limit®. Magnetic resonance imaging
investigation by Liu et al.® showed that closing wedge
osteotomies in the lumbar region stretched the aorta and that
spine surgeons should be aware of the potential vulnerability
of aortic injury in ankylosing spondylitis patients undergoing
closing wedge osteotomy.

Table 2. Angular data about deformity correction, surgical time, and blood loss

. . Preop Postop
Surgical time Blood loss )L S )l thoracic thoracic ) _lumbar POStOR I
brow angle brow angle . . lordosis lordosis
kyphosis kyphosis
Mean: 281 min  Mean: 1870 mL Mean: 97.5° Mean: 18° Mean: 69° Mean: 37.5° Mean:-1.2° Mean:-29°

(range: 230-350) (range: 1200-3000) (range: 91-107)

(range: 7-30)

(range: 58-95) (range: 30-49) (range:-18-13) [range:-20-(-42)]

Preop: Preoperative, Postop: Postoperative
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In our study, we limited the correction obtained from
transpedicular decancellation closing wedge osteotomy
from 30° to 35°. This angle limit is below the safe upper
limit prescribed in previous studies. We obtained the
remaining correction from multiple polysegmental posterior
osteotomies in the thoracic region (Figure 3A and 3B). By
closing multiple posterior osteotomies over multiple segments
with transpedicular fixation, a more gradual correction of the
kyphosis can be achieved (Figure 4A and 4B)?22», We managed
to achieve 2° to 5° of correction for each level of polysegmental
posterior osteotomy at the thoracic region. Angular correction
varied depending on the anterior ligamentous ankylosis severity
of the segment. This osteotomy also causes less distribution
of the anterior longitudinal ligament and disc space. Hence it
is safer than classic SPO, which has been known to cause a
potentially high rate of complications®?. Excessive one-level or
two-level osteotomies at the lumbar region usually create a
hyperlordotic posture, which is not a desired natural posture®,
Gradual and global correction also avoided hyperlordosis in our
patients.

Figure 3. Preoperative (A) and final follow-up (B) radiographs of
patients highlighting the lumbar osteotomies

We did not encounter any major or minor vascular-neurological
complications in our study. We only encountered minor wound
healing problems in two patients.

Study Limitations

There are some limitations in our study. Depending on
our clinical experience and experimental studies, we used
bipedicular screws up to the T3 level to distribute pull-out
force on as many screws as possible®”). However, we are unable
to make a statement about the necessity of bipedicular screw
placement of all levels.Also,although our results are promising,
we are still collecting data of our patients and a larger patient
sample will provide more data in future studies.

CONCLUSION

Although a longer construct is more prone to causing skin
problems and is more costly, global and gradual correction of
kyphosis in ankylosing spondylitis with our technique provided
satisfactory correction without major vascular-neurologic
complications. Our study has showed that this method is as
effective as two-level lumbar osteotomies used in severe cases
and a safer procedure. Using this procedure, we also avoided

Figure 4. Gradual correction of the thoracic deformity (A) and
patient posture in the final follow-up (B)
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PAINFUL SCOLIOSIS AND OSTEOID OSTEOMA OF THE SPINE
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Objective: Osteoid osteoma (0O) is a benign tumor seen mostly in the second decades of life. Posterior elements are usually affected,and atypical
scoliosis can occur in these patients. Aim of this study is to evaluate the results of surgical treatment in OO and to evaluate the fate of scoliosis.

Materials and Methods: Between 2005 and 2018, online hospital database search was conducted for a diagnosis of OO in the spine. Patient

lL_) records were evaluated for recurrence and called for last follow-up.

é Results: There were twelve patients (eight male, four female) operated due to spinal OOs, included in the study. Mean follow-up was 67.8 (13

= to 139.7) months. Open surgery or radiofrequency ablation (RFA) were used for surgical treatment. Scoliosis was present in seven patients, and

w spontaneous correction was achieved postoperatively.

g Conclusion: Atypical scoliosis may be the presenting symptom in juvenile and adolescents. Patients can be successfully treated by classic open
surgery,and with RFA in last decade with a low recurrence rate. If the duration of symptoms is not prolonged and structural changes not occurred
at diagnosis, spontaneous correction of scoliosis is achievable after treatment of spinal OOs.

Keywords: Osteoid osteoma, spine, atypical scoliosis, painful scoliosis
INTRODUCTION

Osteoid osteoma (O0) is the most common benign spinal tumor
in children. OO comprises around 12% of benign bone tumors®.
The etiology is unknown, and there is no report of malignant
transformation. The presentation is in the first three decades
of life, mostly in the second decade with male to female ratio
of 2:1@9),

Tumor radius is less than 15 mm, most often localized in
cortical bone, while it can be in subperiosteal, intraarticular,
or in cancellous bone. Due to the small size and the complex
anatomy of the spine, it can be hard to see on plain radiographs.
However, an isolated area of reactive cortical thickening from
periosteal bone formation can be seen.Thin slice computerized
tomography (CT) or bone scintigraphy should be used if there
is a high suspicion of OO clinically and the diagnosis with
plain radiographs fails. In axial CT view, the nidus is seen as
mineralized with a lucent halo and surrounded by a thick
spherical or ovoid sclerosis. Bone scintigraphy shows increased
activity. Magnetic resonance imaging (MRI) shows a large area
of bone marrow and soft tissue edema, sometimes it can be
confusing, which can lead to unnecessary further investigation
for malignancy or infection®.

Ten to twenty percent of OOs occur in the spine, localized in the
posterior elements of the spine (pedicles, superior and inferior
articular processes, lamina, transverse, and spinous processes)
in 93% of cases, and the remaining lesions in the corpus®.
Elevated cyclooxygenase expression and subsequent increased
synthesis of prostaglandin is thought to be the reason for
pathogenesis of pain in 00s®”). Localized pain in the spine is
the most prominent symptom that worsens at night and coronal
deformity may accompany®@®. Atypical scoliosis is thought to be
the result of muscle spam secondary to inflammatory effect
around the tumor,and the lesion is usually on the concave side
of the curvature®19, Pain relief responds well to acetylsalicylic
acid (ASA) or non-steroidal anti-inflammatory drugs (NSAID).

Preferred treatment depends on the intensity of the pain, and
the presence of coronal deformity in spinal OOs. Conservative
treatment with anti-inflammatory drugs (ASA or NSAIDs)
is generally not acceptable due to the severity of pain and
morbidity of analgesics. Lately, radiofrequency ablation (RFA) is
used in the treatment of OOs®Y, Average duration of symptoms
until surgical treatment is around 17 months-2.6 years®!9, Even
though painful scoliosis develops at presentation in majority
of cases, the incidence is quite variable®#1%124 Coronal shift
or scoliosis secondary to OOs may become persistent or be
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resolved in time, depending on the duration of symptoms and
the age of the patient®.

The purpose of this retrospective study was to evaluate
the clinical and radiological results of the treatment and to
evaluate the fate of scoliosis in the patients with surgically
treated OO of the spine at a single center.

MATERIALS AND METHODS

After obtaining ethical committee approval from Metin Sabanci
Baltalimani Osteopathic Training and Research Hospital Ethics
Committee (date: 23.12.2019, decision no: 375), our tertiary
hospital online database system was used to conduct a
retrospective search. Patients with a diagnosis of OOs of the
spine between 2005 and 2018 years were searched. Patients
with insufficient data or patients with less than 12 months of
follow-up were excluded.

Sixteen patients who were diagnosed as spinal OOs were
found between the years of 2005 and 2018. Four patients were
excluded from the study: two patients continued treatment at
another center, another two patients had incomplete data and
lost to follow-up. Therefore, twelve patients were included in
the study. There were eight male and four female patients, with
a mean age of 17.8 (7-34) years. The mean follow-up was 67.8
(13-139.7) months.

Radiographs, MRI and CT were used for radiological evaluation.
Cobb angle and coronal shift measurements were performed
on full spine PA and lateral radiographs. Physical examination,
duration of symptoms till surgery,and neurological examination
findings were recorded.

The patients were assessed according to the Enneking system
for primary benign spine tumors®), in which all patients had
stage 2 lesions. Stage 2 lesion was defined as combined
osteolytic and osteosclerotic image, with well-defined borders.
Weinstein-Boriani-Biagini (WBB) surgical staging system was
also used for preoperative planning®®. Axial spine image was
divided into 12 sections, beginning from left side of spinous
process, turning clockwise, and also A to F defining soft tissue
involvement.

0OOs of the spine who could not comply with anti-inflammatory
treatment or who had coronal deformity were all treated
surgically until 2013.However, in selected cases of O0s,RFA has
been the preferred method in our clinic, yet surgical excision
has been used for RFA-inappropriate cases since 2013. Surgical
excision with a posterior only approach was performed in nine
patients and RFA was performed in four patients. The follow-
up examinations were carried out in the 2" week, 6" week, 3™
month, 6" month, and 1 year, then annually if there was no
sign of recurrence.

Surgical Procedure

All patients were operated under general anesthesia. The lesion
site was marked under fluoroscopy guidance. After appropriate

antisepsis preparations and posterior midline approach to
spine, fluoroscopy was used to control the spine level again. If

turkish

tumor was at the inner cortex or in pedicle, high speed burr was
used to remove the outer cortex/lamina to reach the OO. After
the identification of the tumor tissue,aggressive curettage was
performed. High speed burr was used to finish the borders of
the tumor. If tumor location was suitable for en bloc resection,
such as at the inferior or superior margin of lamina, osteotome
or ultrasonic bone cutter (Misonix, Farmingdale, NY, USA) was
used. If RFA was used, percutaneous kirschner wire or drill was
used to approach the lesion under fluoroscopic guidance. The
choice for the length of the probe, temperature and application
time were determined according to the suggestions of RFA
manufacturer.

RESULTS

Medical records of 12 patients were retrospectively reviewed,
and the patients were called for last follow-up. Patient
demographics, tumor locations, choice of treatment type,
recurrence, preoperative and postoperative Cobb angles in
scoliotic patients, follow-up and duration of symptoms were
given in Table 1.

Scoliosis was present in seven patients preoperatively and was
regressed at least 50% in six patients, and 40% regression was
achieved in one patient.

There was recurrence in two lesions,both were treated primarily
with RFA. In the first patient, the location of tumor was in the
upper end plate, close to posterior cortex of the vertebral
body of L4. Due to the difficulty in approaching the midline,
posterior instrumentation was performed due to iatrogenic
local instability after surgical resection. The lesion was placed
in the right sacroiliac joint in the second patient. The pain was
relieved for 6 months after RFA; however, due to progressive
pain, a revision RFA was performed in the sacroiliac joint, and
there was no recurrence in last follow-up for both patients.
Besides recurrences, there were no complications of surgical
site infection and neurologic impairment.

DISCUSSION

Osteoid osteoma is a common benign primary bone tumor
described by Bergstrand®” in 1935 and Jaffe®® described it as
a distinct clinical entity. Nearly 3% of primary bone tumors are
00, which has a male predominance, yet a variety of male to
female ratio was described previously (male to female ratio:
3:2 to 3:1)C12119 with an incidence of 10% to 25% in the
spine®, Even though the predilection sites of OOs in the spine
involve the posterior column, the vertebral body can also be
the location. Patients with osteoid osteoma in the spine usually
have spinal stiffness in addition to pain.

X-ray examination has limitations in the diagnosis of OOs as
the tumor is located in the posterior elements of the spine.Due
to the complex anatomy of the spine, the diagnosis with X-ray
alone was delayed historically. CT and MRI have been used more
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Open surgery
Primary: RFA

L4 left lamina
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73

12.11.2013

Revision: RFA

Sacroiliac, right

19

Primary surgery: RFA

Revision surgery:

36

1.01.2017

resection, posterior
instrumentation

L4 Corpus upper endplate

M

34

30

50

75

36 11.09.2013

Resection

T12

16

45 16

63

29.09.2014

Resection

L1 Right pedicle - lamina

junction

14

21

13

21.08.2919
1.05.2008

RFA

T11 Right pedicle
L3

F

10

16
12
12

140
25

Resection

29.11.2017
23.05.2016
15.11.2018
26.02.2009

20.07.2011

Resection
RFA

T11 lamina

M
M

21
23

43

16

L2 Corpus

10

13

Resection

L4 Right pedicle - foramen

T10

20

10
11
12

130
101

18
31

Resection

L2 Left pedicle - corpus Resection

18

M: Male, F: Female, RFA: Radiofrequency ablation

frequently to diagnose patients with back pain in the
last two decades, yet it is still difficult to diagnose OO in
certain patients. Therefore, a bone scintigraphy should
be obtained for diagnosis®?? before CT and MRI studies,
or in cases where diagnosis failed with already studied
CT and/or MRI, yet high clinical suspicion of OO persists.
Bone scintigraphy reveals the osteoblastic activity of
00 as “hot spot” and it is helpful in localizing the tumor,
it directs the CT examination to the pathology level®.
The nidus is best seen by CT as a lytic nidus surrounded
by a margin of dense sclerotic rim.

RFA has gained popularity in the last decade. A single
session of RFA eliminates 80% of lesions. If there is
failure or recurrence of symptoms, RFA can be applied
again, and 96% are treated with a second session.
Recurrence is mostly seen in 6 months®@Y, In our clinical
experience,RFAwas first used in 2013. However,we used
RFA in only four out of eight patients later. Preoperative
evaluation of thin CT slices and the location of the
lesion determine the choice of surgical excision or RFA.
According to WBB surgical staging system, soft tissue
involvement is described as A. Extraosseous soft tissues,
B. Intraosseous (superficial), C. Intraosseous (deep), D.
Extraosseous (extradural), E. Extraosseous (intradural),
and F.Vertebral artery involvement. We have been using
the WBB system, especially soft tissue involvement
part, to answer the following questions to decide the
treatment: 1. Neurologically safe for RFA treatment?
2. Easy to reach with RFA? If answer is yes to both
questions, RFA is preferred. In 2019, Yu et al.?? reported
the RFA indications as no neurological deficits, presence
of intact cortical bone around lesions, and presence of
cerebrospinal fluid (>1 mm) between the lesion and
the nerve root (or spinal cord) on MRI. Since 2013, we
have been using the same protocol. If the location of
the pathology is close to the neural structures, where
neural tissue damage is the focus of concern due to the
thermal injury of RFA, such as the subperiosteal region
of spinal canal or neural foramen, or inner cortex of the
lamina, superior or inferior articular processes (WBB D-E
lesions), we prefer surgical excision. RFA is the preferred
method in cases where the tumor is inside the pedicle,
vertebral body, the subperiosteal region of outer cortex
or the outer cortex (WBB A-C lesions).

Neurologic deficit rate is between 0% and 37% of
patients with OOs at presentation®10121423249  There
were no cases with neurologic symptoms in our series.
Neurologic symptoms appear in cases where tumor
location is at the cortex or subperiosteal area of the
inner cortex of posterior elements, or superior-inferior
articular processes by the direct impingement of the
tumor on neural tissue or by inflammation caused
by the prostaglandins (PG) secreted from OOs (WBB
staging D-E).
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Aggravating nocturnal pain is the typical clinical manifestation.
Even though nonsteroidal anti-inflammatory drugs (NSAIDs)
or salicylates inhibit PG synthesis and are the first-line of
treatment in extremity OOs, it is not always the case in spinal
OOs. It takes about 33 months to resolve the symptoms with
NSAIDs?. However, in patients with spinal deformity, the risk of
structural transformation of the deformity becomes higher after
22 months®, which canalizes the treatment to percutaneous or
open surgical techniques. Yet, OOs of the spine without spinal
deformity may be treated with NSAIDs, with careful monitoring
for spinal deformity development and possible systemic
complications for long-term use of NSAIDs. Patients in our
series used NSAIDs for a short period. However, some of them
complained that pain was not resolved to an acceptable level,
and the rest of the patients who had less pain after NSAIDs
objected using pain killer for a few years as a treatment of OO.
For patients at the early stages of OO, pain may not be the main
presenting symptom@9. Coronal imbalance may accompany
patients without pain in the early stages. Therefore, atypical
scoliosis may still alert the clinician for search of OO in cases
without pain.

The lumbar spine is the most commonly affected area, followed
by the cervical, thoracic, and sacral regions. Distributions of
anatomic location in our series were as one at the sacroiliac
joint, seven in lumbar, four in thoracic spine, and none in the
cervicalregion.Torticollis may accompany scoliosis or can be the
sole symptom in cervical cases®?%, While there was no report of
coronal imbalance in cases of sacral OOs, thoracolumbar spine
00s may present with coronal shift or scoliosis. The incidence
of atypical scoliosis secondary to OO varies from 20% to 70%
and scoliosis is mainly due to muscle spasms and chronic
inflammatory reactions surrounding the tumor. There were
seven patients (58.3%) with scoliosis in our series. Scoliosis
was resolved spontaneously after RFA or open surgical excision
in six patients (Figure 1), in whom the duration of symptoms

Figure 1. a. Female, 10 years old, lesion was at right pedicle of
T11. Duration of symptoms was 5 months and RFA was preferred
as treatment. b. Scoliosis regressed spontaneously after treatment
from 21 degrees to normal in 13 months. c. Male, 14 years old,
tumor was located at right pedicle-lamina junction. Cobb angle
was 43 degrees preoperatively. Open surgery was performed. d.
Scoliosis regressed to 12 degrees in 43 months

RFA: Radiofrequency ablation

was between 3 and 16 months, yet only 40% improvement
was achieved in one case (from 50° preoperatively to 30°
last follow-up) in which the duration of the symptoms was
36 months (Figure 2). Scoliosis seen in spinal OOs is usually
postural and resolution of the curve is achieved by excision
of the lesion. Since the most frequent presentation period of
spinal OOs is the adolescence, an initial postural scoliosis may
transform to structural scoliosis which has vertebral rotation®”.
The duration of symptoms and the age at the presentation time
are the most important factors in the development of associated
vertebral rotation, a structural scoliosis with a high magnitude
of curve®?), The expected ratio of spontaneous correction of
scoliosis is lower when the duration of symptoms is longer.

Study Limitations

The limitations of the present study are the retrospective
design, heterogeneity of the patients’ group and the small
sample size. Also, there is no information about the superiority
of one treatment over the other, and upper limit for duration
of symptoms is still in debate about spontaneous scoliosis
correction. Therefore, multi-center prospective studies are
necessary to evaluate these questions.

CONCLUSION

The upper limit for duration of symptoms to achieve
spontaneous scoliosis correction depends on the location of
the tumor, presence of neural symptoms, and skeletal maturity.
After surgical excision or RFA treatment of scoliosis, total
spontaneous correction of deformity is expected in patients
without structural changes, and in patients with structural
changes, scoliosis deformity can regress to some degree.

Figure 2. a. Male, 16 years old, tumor was located at T12, and
duration of symptoms was 36 months. Open surgery was per-
formed. b. Scoliosis regressed to 30 degrees

turkishspine [
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COMPARISON OF THREE DIFFERENT SURGICAL TREATMENT
PROCEDURES USED IN THE TREATMENT OF LUMBAR SPINAL
STENOSIS; RETROSPECTIVE CLINICAL STUDY
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Objective: We aimed to compare the clinical results of three different surgical approaches (bilateral decompression via unilateral approach
(BDUA), BDUA + fusion with unilateral instrumentation, total laminectomy and fusion with bilateral instrumentation) in the treatment of lumbar
spinal stenosis.

Materials and Methods: The clinical and surgical aspects of 51 surgically treated patients with lumbar spinal stenosis were retrospectively
reviewed.

Results: Duration of surgery, amount of bleeding, pain assessment visual analogue scale, length of stay (LOS), duration of mobilization, time
required for return to work, complications and cost were analyzed. The mean postoperative low back VAS score was calculated to be 7.1 in group
1,8.3in group 2,and 8.6 in group 3. Significant decreases were found in the VAS scores of each group (p<0.005). In group 2 and group 3, delayed
mobilization was the main cause of prolonged LOS.

Conclusion: In this study, comparing these three surgical procedures, we evaluated the VAS scores of the low backs and legs of the patients
separately, and found no significant difference in the VAS scores of any group. Similarly, durations of surgery, blood loss during surgery, and the
time required for return to work make BDUA more advantageous. Presence of severe low back pain and risk of iatrogenic instability may dictate
the addition of unilateral fusion and instrumentation to surgery in selected cases.

Keywords: Spinal stenosis, laminectomy, fusion, unilateral instrumentation, decompression

ABSTRACT

Bilateral decompression via a unilateral approach (BDUA) was
initially described by Young et al.¥» and then was modified by
McCulloch®. In this technique, the risk of iatrogenic instability
is reduced by preserving the facet joints.

INTRODUCTION

Lumbar spinal stenosis may appear in one or multiple spinal
segments, and in central part or in lateral part of the spinal

canal. Facet joint hypertrophy, ligamentum flavum hypertrophy,
disc degeneration, unstable spine segment, or coexistence of
one or more of these may have a role in pathology. Neurogenic
claudication is the main symptom in cases not accompanied by
significant instability®.

Surgery is indicated for adequate spinal canal and nerve
root decompression. For this purpose, surgical procedures
such as total laminectomy unilateral laminotomy, bilateral
laminotomies and open door laminoplasty have been
performed. Fusion can be added to decompression in cases
with existing preoperative instability and in cases with risk of
iatrogenic instability®®.

Unilateral stabilization and contralateral decompression were
considered to be effective in terms of operation time, surgical
complications, and patient benefit visual analogue scale in
comparison to other surgical techniques for the treatment of
lumbar spinal stenosis.

There is no doubt that a fusion procedure should be performed
in the presence of accompanying instability. However, in spinal
stenosis cases without instability and spondylolisthesis less
than grade 1, the role of spinal fusion is controversial. This is
so because spinal instrumentation in degenerative spine may
cause adjacent segment degeneration and disease. Therefore,
procedures such as bilateral foraminotomy, BDUA, and

This study was presented in the “Unilateral Instrumentation-fusion and Bilateral Decompressive Surgery in Degenerative Lumbar Spinal
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endoscopic decompression, whereby adequate decompression
can be ensured without creating iatrogenic instability, by using
less invasive methods, has become popular®”. The objective of
this study is to compare the efficacy of BDUA with the efficacy
of stabilization with decompression.

MATERIALS AND METHODS

The data of 51 patients operated with three different surgical
procedures due to lumbar spinal stenosis were analyzed
retrospectively. Informed consent was obtained from the
patients.

Inclusion Criteria: Patients with spinal stenosis, who had
no instability and spondylolisthesis less than grade 1 in
their preoperative imaging tests; who had no concomitant
pathologies such as inflammation and malignancy; and who
had not undergone spinal surgery in the past, were enrolled in
the study.

Exclusion Criteria: Patients with spinal stenosis, who had
instability and spondylolisthesis higher than grade 1 in their
preoperative imaging tests; who had pathologies such as
inflammation and malignancy; and who had a history of spinal
surgery, were excluded from the study.

Groups

Group 1 consisted of patients treated with BDUA; when we
noticed instability of facet joints or removed more than 50%
of facet joints, then we added instrumental fusion during
surgery. Group 2 consisted of patients treated with BDUA plus
instrumented fusion via a unilateral approach; and group
3 consisted of patients treated with total laminectomy and
bilateral instrumentation as well as fusion.

Patients underwent lumbar flexion and extension radiographs
in the postoperative period, in the 2" month, 6" month, and 1
year after the surgery. We considered the patient as unstable
when there were both back pain and the vertebral slippage.

Surgical Procedure

All of them were operated by posterior midline approach. It
was performed unilaterally in group 1 and 2. In group 3, we
used bilateral subperiosteal dissection as an approach. We used
microscope (Zeiss).

Group 1: BDUA

All the surgical operations were performed under general
anesthesia when the patients were placed in the prone
position. Surgery was initiated from the side where the
patient’s complaints were dominant; and in patients with no
findings regarding the sides, surgery was initiated from the side
where stenosis was greater according to the lumbar computed
tomography (CT) or magnetic resonance imaging (MRI) images.
The bases of the spinous process as well as the upper and lower
laminae were removed up to the free edge of the hypertrophic
ligamentum, using a high-speed burr. The operating table was
tilted to the opposite side so that the angle of the microscope
faced towards to the other side. In consequence of these
maneuvers, an angle of about 60° to 70° was achieved. After
the removal of the opposite side and the spinous process, the

ligamentum flavum was excised. In this way, decompression
was performed on the both sides under a microscope, and then
the operation was ended (Figure 1-2).

Figure 1. MR images of group 1

A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis

B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal

C. Postoperative Sagittal T2-weighted MR imaging of patients

D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression of spinal canal via a unilateral approach

MR: Magnetic resonance

Figure 2. CT images of group 1

A. Preoperative Sagittal CT showing the level of spinal stenosis

B. Preoperative axial CT showing narrow spinal canal

C. Postoperative Sagittal CT demonstrating the level of decom-
pression

D. Postoperative Axial CT showing bilateral decompression of spi-
nal canal via a unilateral approach (bone window)

CT: Computed tomography
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Group 2: BDUA + Fusion with Unilateral Instrumentation

In this group, transpedicular polyaxial screws were placed
under fluoroscopy to each related vertebra. After that,a BDUA
was performed. After BDUA, autogenous bone grafts were used
for fusion. The bone grafts were placed on the lateral sides of
the system and outside of the rod by decorticating the bone
structures (Figure 3-4).

Group 3: Total Laminectomy and Fusion with Bilateral
Instrumentation

In this group, after exposure, transpedicular polyaxial screws
were placed under fluoroscopy to each vertebra on both sides.
Total laminectomy was then performed on the preoperatively
determined stenotic segments using a Kerrison Ronguer and
high-speed drill under a microscope. After the decompression,
the screws were fixed with rods. Autogenous bone grafts were
used for fusion. The bone grafts were placed on the lateral
sides of the system and outside of the rods by decorticating the
bone structures (Figure 5-6).

RESULTS

Duration of surgery,amount of bleeding, pain assessment (VAS),
length of stay (LOS), duration of mobilization, time required for
return to work, complications and cost were analyzed.
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Figure 3. MR images of group 2

A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis at the level L3-4

B. Preoperative Axial T2-weighted MR imaging showing ligamen-
tum flavum hypertrophy

C. Postoperative Sagittal T2-weighted MR imaging demonstrating
laminectomy defect

D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression and instrumentation via a unilateral approach

MR: Magnetic resonance

o, | TS| Bl

Figure 4. MR images of group 2

A. Preoperative Sagittal T2-weighted MR imaging the same
patient showing the level of spinal stenosis at the level L4-5

B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal

C. Postoperative Sagittal T2-weighted MR imaging demonstrating
level of decompression

D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression and instrumentation via a unilateral approach

MR: Magnetic resonance

Figure 5. MR images of group 3

A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis

B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal

C. Postoperative Sagittal T2-weighted MR imaging demonstrating
laminectomy defect

D. Postoperative Axial T2-weighted MR imaging showing decom-
pression of spinal canal

MR: Magnetic resonance
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The demographic data of the patients are given in Table 1, data
regarding the level of surgery are given in Table 2, and the
complication rates are given in Table 3.

Duration of surgery: Duration of surgery was defined as
duration from skin to skin. The mean duration was observed
to be 94.7 minutes in group 1, 105.1 minutes in group 2, and
163.8 minutes in group 3.A significant difference was observed

Figure 6. CT images of group 3

A. Preoperative Sagittal CT showing the level of spinal stenosis

B. Preoperative axial CT showing facet joint hypertrophy and nar-
rowing spinal canal

C. Postoperative Sagittal CT demonstrating laminectomy defect

D. Postoperative Axial CT showing decompression of spinal canal
and bilateral instrumentation materials

CT: Computed tomography

Table 1. Demographic data of patients

Group 1 Group 2 Group 3
Number of patients 18 16 17
Female/Male 9/9 11/5 11/6
Age 63.3 65.7 55.8
FIEED BPETEITE HiT 94.7 105.1 1638
(min)
Mean blood loss (cc) 70.4 75.2 275.5
Mean length of stay (day) 2.1 3.1 3.6
Mean follow-up period 11 13 14
(month)
Mean Preoperative/
Postoperative VAS (leg) e e e
Mean Preoperative/
Postoperative VAS (low 7/3 8/3 8/2

back)

VAS: Visual anolog scale

between each of these three groups in terms of duration of
surgery (p<0.005).

Amount of bleeding: The amount of bleeding depended to the
duration of surgery, the size of the surgical site, and the level
of surgical procedure. The mean bleeding rate was 70.4 cc in
group 1,75.2 ccin group 2,and 275 cc in group 3 patients. Two
patients in group 3 needed 1 unit of erythrocyte suspension
(ES) replacement before surgery.

Assessment of pain: Road walking distances as well as the
levels of numbness and pain in the legs after walking were
assessed. Preoperative and postoperative low back pain and leg
pain levels were assessed separately using the VAS. The mean
preoperative Leg VAS score was calculated to be 8.3 in group 1,
8.5 in group 2,and 8.1 in group 3. The mean postoperative low
back VAS score was calculated to be 7.1 in group 1,8.3 in group
2,and 8.6 in group 3. Significant decreases were found in the
VAS scores of each group (p<0.005) (Table 1).

Neurological condition: All of the patients have neurogenic
claudication preoperatively and it was resolved postoperatively
in all of them. Motor examination of 30 out of 51 patients
showed 1/5 muscle strength of ankle dorsiflexion. It was
improved in 2 months after operation.

Length of stay: The mean LOS in each of the three groups
was calculated and assessed. The mean LOS was observed to
be 2.1 days in group 1, 3.1 days in group 2, and 3.6 days in

Table 2. Number of patients based on operated levels

Level Group 1 Group 2 Group 3
L3-4 1 1 3
L4-5 11 11 7
L3-4/4-5 4 4 4
L 3-4/4-5/5-1 2 - -
L 2-3/3-4/4-5 - - 3

Table 3. Complication rates

Complications Group1l Group2 Group3
Dura defect 5 2 2

Reoperation for dura
repair

1 - -

Wound site infection - 1 (ab) 2 (ab + HBO)

Postoperative instability 2 - -

Adjacent segment
instrumentation and - - 1
decompression

Need for
microdiscectomy during 1 1 =
follow-up

Instrumentation for the
treatment of iatrogenic 1 - =
instability

ab: Antibiotic, HBO: Hyperbaric oxygen



J Turk Spinal Surg 2020;31(1):11-7

Kayalar et al. Comparison of Three Different Surgical Treatment of Lumbar Stenosis

group 3. Routinely antibiotherapy was stopped after the first
postoperative day. The number of days of hospitalization
that increased due to complications was also considered in
the calculation of the days. In group 2 and group 3, delayed
mobilization and postoperative routine antibiotherapy were
the main causes of prolonged LOS.

Mobilization timing: In group 1 and group 2, early mobilization
was performed 6 hours after the surgery, and the patients
were discharged the next day. Group 3 patients were
mobilized the next morning, and they were then discharged
after antibiotherapy. All of the patients were mobilized with
lumbosacral brace. The mobilization was unassisted. All of
them received physical therapy for their abdominal and spine
muscles 6 weeks after surgery.

Complications: The most common complications appeared as
a screw malposition, dura defect, and surgical site infection.
There were four patients in group 2 and four patients in group
3 with a screw malposition. None of them needed any operation
since all of them were asymptomatic. The possibility of screw
malposition increased depending on the number of screws
used. The number of dural defects changed depending on the
increase in the degree of stenosis of the patients,and increased
depending on the number of decompressed levels. Surgical site
infection increased depending on the increases in the duration
of surgery, the amount of bleeding, blood replacement, and the
size of the surgical site.

Group 1: Dura defect occurred in five patients, four of whom
benefited from perioperative dura repair and one of whom was
re-operated after 1 week for dura repair. One patient was given
foraminal steroid injection due to leg pain after the 3™ month
control examination. In one patient, discectomy was initially
performed after the control lumber MRI performed due to pain
suffered in the follow-up period; and then instrumentation
was made due to the development of iatrogenic instability.
Surgical operation was recommended to one of the patients
due to postoperative instability, but the patient rejected it,and
then physical therapy rehabilitation was recommended (There
was a minimal slippage on postoperative X-ray compared
to the preoperative films. Also, patient had a back pain and
was considered as unstable. Pain was relieved after physical
therapy).

Group 2: Two patients had perioperative dura defect and were
treated during surgery. One patient was re-hospitalized due
to wound site discharge and was given intravenous antibiotic
therapy for a period of 10 days due to superficial wound
infection. Upon the development of instability during follow-
up period, physical therapy was recommended to one patient,
who is currently followed up. The condition of one patient was
evaluated with MRI due to the increased pain during the follow-
up examinations, and then microdiscectomy was performed.
Group 3: In two patients, perioperative dura defect developed
and was treated during surgery. Since a screw fracture was
detected in one patient during the follow-up examination,
the instrument was removed and then screw fixation was

turkish

not repeated. Due to adjacent segment disease development
detected during the follow-up examination of one patient,
the instrument was extended to the upper level and total
laminectomy was performed for the adjacent stenotic segment.
Two patients were re-hospitalized due to wound site discharge
and were given antibiotic therapy for a period of 10 days and 15
sessions of hyperbaric oxygen therapy. Since screw malposition
was detected in the postoperative CT of one patient, he was re-
operated and the screw was corrected the same day.

Cost: Considering the duration of surgery, LOS, possibility
of need for blood transfusion, instrument materials used in
surgery, possible complications and additional procedures to
be performed to correct them, the cost-height ranking was
thought to be group 3>2>1.

Length of follow-up: After their discharge, patients were invited
for control examinations to be performed on the 7™ day for
wound examination and for the removal of the sutures, and in
the 3 and 12™ months for pain assessment. The mean follow-
up periods were 11,13 and 14 months for group 1, group 2 and
group 3, respectively.

DISCUSSION

The objective of surgery for lumbar spinal canal stenosis is
the restoration of spinal canal width. Traditional treatment of
spinal stenosis is extensive laminectomy, medial laminectomy
or total laminectomy®. However, aggressive decompression
may lead to spinal instability. Therefore, many surgeons add
fusion to decompression®?,

Lumbar spinal fusion may be associated with pseudoarthrosis
and adjacent segment disease in long-term. This makes spinal
fusion procedure controversial. In this sense, the importance of
minimally invasive surgical procedures for the decompression
of spinal stenosis has increased. BDUA has been developed for
this purpose and has taken its place as an effective option in
the treatment of spinal stenosis®®!Y. We checked the existence
of either loosening or pseudoarthrosis based on the lumbar
flexion and extension X-ray, which were performed in the 2
month, 6" month, and a year after surgery. None of the patients
developed screw loosening and pseudoarthrosis.

In  classical extensive laminectomy, supraspinous and
interspinous ligament complexes may be destroyed, resulting
in iatrogenic spinal instability®?. Spondylisthesis may progress
as a consequence of the removal of more than 50% of the
facet joints®. In BDUA, a significant portion of this ligament
complex and facet joints are preserved. This surgical technique
reduces the risk of instability; and therefore, does not require
the addition of fusion to surgery®.

In the literature,good clinical results were reported after BDUA
(87% success in a 9-month follow-up, and 82% in a one-year
follow-up, 70-88% in an 18-month follow-up, 67% in a two-
year follow-up, and 68% in a four-year follow-up). As the
follow-up periods of studies prolong, a decrease in success
draws attention®,
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Cavusoglu et al.® found the patient’s satisfaction rate to be
94% and the recovery rate to be 96% during the 18-24-month
follow-up periods of patients with BDUA. In their study
comparing clinical and radiological results of BDUA and
classical laminectomy, Yaman et al.*® found differences in VAS
scores of leg pain in the postoperative 6™ and 12™" months.
However, low back pain VAS scores in patients with BDUA were
found to be significantly lower. In their randomized clinical
study comparing BDUA with decompression and involving 79
patients, Choi et al.*® showed that BDUA was as effective as
open decompression in the improvement of ODI scores. In our
study, VAS was used to determine patient’s satisfaction. The
mean VAS change of all these three groups was calculated to
be between 60 and 80%.

Park et al."”? compared the patients that they treated with
ipsilateral and contralateral canal decompression by using
unilateral laminectomy. In their study, the improvement rate
of VAS was 75.4% for the ipsilateral side and 73.7% for the
contralateral side of each leg. No significant difference was
found between the two sides when they were compared with
each other.

Another advantage of BDUA is that the paravertebral muscles
open unilaterally. Radiological and electromyography findings
of atrophy that develops in consequence of bilateral opening
and retraction of the paraspinal muscles have been shown in a
large number of studies. Unilateral and more limited retraction
of BDUA allows for more preservation of the paraspinal
muscles®®. Similarly, less blood loss is observed in BDUA.
Krut’ko® found less blood loss in BDUA procedure compared to
blood loss in the standard technique. One of the advantages of
this procedure is that less muscle is detached, and less blood
loss is observed in minimally invasive techniques as a result of
more limited resections. In the study carried out by Cavusoglu
et al.®, transfusion of ES was required for some patients in
the classical laminectomy group. However, transfusion was not
performed in patients in the BDUA group. In our study, blood
loss was measured in each of the three groups. The mean
blood loss was 70cc in group 1 and group 2, and over 200 cc
in group 3.

In the literature, durotomy during laminectomy has been
reported to be in rates ranging from 5 to 15%. In their study
involving 40 patients, Cavusoglu et al."¥ reported three
durotomy complications in the classical laminectomy group,
and two in the BDUA group. This rate ranges from 3 to 5% in
BDUA. In the study carried out by Park et al.”, this rate was
5.1%. Durotomy is a fearful complication for surgeons, but in
the BDUA procedure and similar minimally invasive approaches,
surgeons work through a smaller window; and therefore, there
is no significant difference in durotomy rates compared to rates
in classical laminectomy. In our study, dural tear rate was about
25% in group 1,12,5 % in group 2;11,7 % in group 3 (group 1-
five patients,group 2-two patients,and group 3-two patients).
As another advantage, adjacent segment disease does not
develop in BDUA. As is known, adjacent segment degeneration

and adjacent segment disease may develop after stabilization
in degenerative cases®?Y, This condition may require surgery
after some time. This means both increased complication and
re-operation can increase the total cost®??. In current series,
adjacent segment disease was observed in group 1 and group 2.
One patient in group 3 was operated due to adjacent segment
disease.

Therefore, total laminectomy and bilateral decompression are
losing their popularity with each passing day.

As an alternative, BDUA can be performed with intent to avoid
bilateral dissection and provide stabilization in patients with
low back pain due to degenerative spine disorders. With this
procedure, results equivalent to those in bilateral intervention
have been reported®®. The instrumentation was compared, and
unilateral stabilization was found to be advantageous in terms
of the duration of surgery, cost and complication®*.

In addition, Mao et al.?”) revealed that unilateral stabilization
was less rigid than bilateral stabilization, and therefore, led to
less adjacent segment degeneration.

When we analyzed our case series, we found that the BDUA
procedure was more successful, in many ways than the classic
methods using bilateral decompression and stabilization,
particularly in patients with neurogenic claudication and leg
pain. When considering complication rates, LOS, and additional
treatment requirements in follow-up periods, we found BDUA
to be an adequate treatment procedure for appropriate
indications. When we compared our patients treated with
unilateral screw fixation in group 2 with other patients, BDUA
appeared to be the right treatment option for patients with
appropriate indications because it involved less instrument
materials than those used in the classical procedure, displayed
lower duration of surgery rates, shorter hospital stay, and less
complication, and there was a decrease in pain symptoms at
similar rates.

CONCLUSION

Lumbar spinal stenosis is among a group of diseases that
we usually treat with surgery in spine surgery practice. The
surgical treatment options include simple unilateral lumbar
decompression,unilateral decompression plus unilateral fusion,
bilateral decompression, and bilateral fusion. In this study,
comparing these three surgical procedures, we evaluated the
VAS scores of the low backs and legs of the patients separately,
and we found no significant difference in the VAS scores of any
group. Similarly, durations of surgery, blood loss during surgery,
and the time required for return to work make BDUA more
advantageous. The presence of severe low back pain and risk
of iatrogenic instability may dictate the addition of unilateral
fusion and instrumentation to surgery in selected cases.
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MINIMAL SUPERIOR ARTICULAR PROCESS REMOVAL OF
< FACET JOINT IN LATERAL INTERPEDICULAR APPROACH
COULD PROVIDE ABETTER EXPOSURE IN FAR LATERAL DISC

HERNIATION TREATMENT: ATECHNICAL REPORT
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Objective: To assess the results of 28 patients who underwent lateral interpedicular surgical approach (LISA) and to compare the outcomes with
the current literature.

Materials and Methods: Twenty-eight patients with far lateral lumbar disc herniation (FLLDH) undergoing LISA between 2015 and 2018 were
retrospectively analyzed. Extruded or sequestered far lateral lumbar disc herniations, which cause radiculopathy, were included in this study. A
visual analogue scale (VAS) and patient’s subjective comment on the result of surgery with Mac Nab Classification were recorded at the pre-and
post-operative follow-ups.

Results: There were 15 males and 13 females. The mean age was 50.5% 9.65 years. Two patients had L2-3 herniations, 11 had L3-4,and 15 had
L4-5. The mean duration of operation was 48.8+8.7 minutes. Preoperative VAS scores (9.32+0.61) were found to decline to 0.78+0.57. The Mac
Nab Classification of the postoperative 6" month results yielded 78.5% to be excellent, 14.2% to be good and 7.1% to be fair. There were no

ABSTRACT

complications, including CSF leak, nerve injury or hematomas.

Conclusion: The LISA is a minimally invasive, safe and simple procedure for FLLDH surgery with short hospital stay and duration of operation

and with low complication rates.

Keywords: Far lateral disc herniation, lateral interpedicular approach, superior articular process, facet joint

INTRODUCTION

Afar lateral lumbardisc herniation (FLLDH) is building of the disc
material into the area that is lateral to the superior and inferior
pedicles®. A FLLDH causes exiting nerve root compression,
contrary to paramedian discs, which compress the nerve root
at the level below®. Far lateral compartment is delineated as
the area lateral to the superior and inferior pedicles, where the
disc is located anteriorly, leading edge of the superior articular
facet medially and the facet joint posteriorly®). 7-12% of all
lumbar disc herniations are found to be FLLDH®®), Postacchini
and Montanaro® defined the disc herniations lateral to the
pedicle as “extreme lateral disc herniations, which is also used
by Fankhauser and Trilobet %Y however, some authors prefer
the term ‘extraforaminal”®'?. In recent studies, lateral disc
herniations have been referred to as FLLDHs @.

Macnab® reported two cases of extraforaminal L5-S1 disc
herniations leading L5 root compression, following a failed
exploration at the L4-5 level in 1971.1n 1974, Abdullah et al.®?

described the extreme lateral lumbar disc herniations for the
first time.

Clinical characteristics of FLLDHs differentiated from
paramedian disc herniations,such as sharper radicular pain due
to direct compression of the dorsal root ganglion and acute
onset®®. Compression of the exiting nerve root and dorsal
root ganglion causes some clinical symptoms®. Compared to
paramedian disc herniations, FLLDHs are more prone to be at
the upper lumbar levels and to have adjacent pathologies like
paramedian or foraminal disc herniations and spinal stenosis
at the same level®®),

This study aims to present anatomical landmarks of the lateral
interpedicular approach without opening the intertransverse
fascia, as well as the route followed, and to ensure that this
surgical approach becomes safer via identifying exiting root
and dorsal root ganglion earlier. Accordingly, figures obtained
from out fresh cadaver dissections and our clinical experiences
of 28 cases were presented in this study.
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MATERIAL AND METHODS

Patients and Methods

For this research, 28 patients with FLLDHs undergoing lateral

interpedicular (lateral micro neurosurgical) surgical approaches

(LISA) between 2015 and 2018 were retrospectively analyzed.

This study was a single-center analysis and all operations

were done with informed consent of the patients. This is a

retrospective study performed in accordance with Helsinki

Declarations and it was reported from patients’ files. A detailed

neurological examination was performed in each patient with

FLLDHs confirmed by a neuroradiological imaging.

Inclusion criteria were defined as:

e At least one month of severe leg pain (with or without low
back pain),

e A radiologically documented extruded or sequestered
far lateral disc herniation with or without foraminal
component,

e Positive straight-leg raising or femoral stretch test upon
neurological examination,

e Having motor or/and sensory deficit.

We excluded patients with tumors, infections, bleeding

disorders,and L5-S1 disc herniations due to high iliac crest.

A visual analogue scale (VAS) was performed pre- and post-

operativelyin order to evaluate pain.Patient’s subjective opinion

was categorized as excellent (no pain), good (some pain), fair

(moderate pain) or poor (unchanged or worse) depending on

the MacNab classification. This study was approved by The

Council of Forensic Medicine (decision no: ATK 0.01.00.08/74).

Surgical Technique

In the operating room, after attaching the patient to monitoring
equipment and placing an intravenous catheter, the patient was
anesthetized and fixed in a prone position. C-arm fluoroscopic
guidance of the lumbar level was conducted, sterile draping
was applied, and a 3-5 cm midline-vertical skin incision was
made. Paravertebral muscle fascia was cut along the midline
and blunt dissection of the paravertebral muscles was done. In
order to expose the junction of the upper and lower facets, two
thin Taylor retractors were then placed, one on the facet where
the herniation was located and the other on the facet above.
The inferior and superior facet joints and pars interarticularis
were visualized under a surgical microscope (Figure 1).

First, a minimal bone resection was made from lateral to
medial, at the inferior aspect of pars interarticularis, using a
Kerrison rongeur. Then, the approach proceeded to the superior
of pars interarticularis and inferior aspect of pars-facet junction.
Minimal bone removal of superior articular process of the facet
provided better exposure of the disc space (Figure 2). Minimal
bone resection to recognize the root was performed at the
inferior facet joint of the upper vertebrae and very limited bone
resection was done at pars-facet joint junction of the inferior
vertebrae (Figure 3). Visualization of the lateral aspect of the
facet joint and transverse process,as well as the intertransverse
muscle and intertransverse fascia, was not needed.

turkishspine B

Figure 1. A picture from fresh cadaveric dissection. The inferior
facet joint, superior facet joint, and pars interarticularis were
exposed

SF: Superior facet joint, IF: Inferior facet joint, P: Pars
interarticularis, IL: Interlaminar area, LIP: Lateral interpedicular
area, *: Intertransverse muscle and fascia

Figure 2. A picture from fresh cadaveric dissection. A minimal
bone resection was performed from the lateral inferior aspect
of the pars interarticularis to the medial aspect using a Kerrison
rongeur

SF: Superior facet joint, IF: Inferior facet joint, TP: Transverse
process, P: Pars interarticularis, IL: Interlaminar area, LIP: Lateral
interpedicular area, *: Intertransverse muscle and fascia
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Figure 3. Pictogram, bone removal of superior articular facet and
pars interarticularis
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At the beginning of the surgery, exiting nerve root at the medial
aspect of the upper pedicle at the same level, was exposed
via limited resection of the inferior facet joint of the upper
vertebrae (Figure 4).

Then, the exiting nerve root was palpated at the level where
it exited, using a blunt nerve hook. Subsequently, exiting nerve
root was completely exposed to the resection of pars-facet
joint junction of the inferior vertebrae. Since there was no
need to visualize lateral aspect of the facet joint and transverse
processes, intertransverse muscle and fascia were not opened
(Figure 1,2, 4).

Veins, that were located at the medial aspect of the exiting
nerve root, were coagulated with bipolar cautery. Disc fragment,
sequestered or extruded, were palpated using a blunt nerve
hook and removed (Figure 5).

Figure 4. A picture from fresh cadaveric dissection. The nerve root
exiting from the medial aspect of the upper pedicle was exposed
via minimal bone resection at the superior and inferior facet joint
and pars interarticularis

SF: Superior facet joint, IF: Inferior facet joint, P: Pars interarticu-
laris, ER: Exiting nerve root, D: Intervertebral disc, *: Intertransverse
muscle and fascia

Figure 5. A picture from fresh cadaveric dissection. Pars interar-
ticularis is completely removed

SF: Superior facet joint, IF: Inferior facet joint, blue arrow:
Traversing root, ER: Exiting nerve root, D: Intervertebral disc, DS:
Dural sac,*: Intertransverse muscle and fascia

Entering the disc space, bone removal was made laterally
through medial aspect of pars and caudally from the superior
articular process of the inferior vertebra using a Kerrison
rongeur. Following the incision of the posterior longitudinal
ligament, far lateral disc fragments with foraminal components
were removed. A discectomy was performed and hemostasis
was achieved in all patients, who were then closed up and
extubated. Each patient was monitored in the unit during the
early postoperative period, mobilized at the same day and
discharged the following day.

All patients were assessed pre- and postoperatively for pain
according to a VAS and the postoperative MacNab criteria.

Statistical Analysis

SPSS v21 for Windows (IBM Corp., Armonk, NY, USA) was
used to analyze our data. Means * standard deviations were
used for normally distributed continuous variables [p>0.05 in
Kolmogorov-Smirnov test or Shapiro-Wilk (n<30)] and paired
T test was used to compare them. Non-normally distributed
variables were defined as medians and compared using
Kruskal-Wallis test. To investigate the relationship between the
factors, Spearman’s rank correlation coefficient was used. A p
value below 0.05 was regarded as statistically significant.

RESULTS

This study included 28 retrospectively analyzed patients with
FLLDHs. Out of 28 patients, two underwent surgery for FLLDHs
at L2-3, 11 at L3-4 and 15 at L4-5 levels. Fifteen were male
and 13 were female, with a mean age of 50.6%9.67 years. The
mean duration of complaints was 5.7 weeks. Neurological
examination of the patients yielded, positive femoral nerve
stretch test in 82.1% and positive Laseque’s sign in 10.7%.
Seven point one percent of the patients had both tests positive.
Overall, 67.8% had motor deficits, whereas 78.5% had sensory
deficits.

Preoperative magnetic resonance imagings revealed that
46.6% of the patients had both far lateral disc herniations
and foraminal fragments, while 57.6% had only far lateral
disc herniation. Forty-six point four percent underwent
sequestrectomy, 32.1% sequestrectomy and discectomy, and
21.4% discectomy. The mean operation surgery was 48.8+8.7
minutes.

There was no nerve root injury, cerebrospinal fluid leak,
hematomas or infections at the operation site. At the 6" month
follow-up assessment, VAS score was found to decline from
9.32+0.61 to 0.78%* 0.57 (p<0.0001). MacNab classification
evaluation showed the patient satisfaction to be excellent in
78.5%, good in 14.2%, and fair in 7.1%. A previously existing
dysesthesia progressed in one patient and was managed with
medical treatment. There was no segmental instability on the
postoperative 6" month lumbar computed tomography scans
(Figure 6).
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DISCUSSION

Abdullah et al.®” reported the clinical characteristics of FLLDHs
in order to distinguish them from paramedian disc herniations
for the first time in 1974. At that point,neurosurgeons were less
familiar with FLLDHs since they could not be demonstrated
via myelography or due to limited exploration. Following the
evaluation of neuroradiological modalities, FLLDHs with or
without foraminal components become more well-known®?,
FLLDHs constitute 7-12% of all disc herniations that are located
in lumbar area®®. Associated radicular leg pain is due to direct
compression of both exiting nerve root and the dorsal root
ganglion?”. Park et al.?® suggested that radicular leg pain was
more severe in FLLDHs compared to paramediandis herniations.
They also reported that this phenomenon was associated with
more acute onset of symptoms before surgery (64 days vs 31
days). In our study, patients with extruded discs which were
migrated superolaterally into the neural foramen were found
to have shorter duration of symptoms when compared to
those without migration. This was explained with the fact that
migrated discs caused more direct irritation of the dorsal root
ganglion.

In a study of over 200 cases of FLLDH, including cadaver
dissections, Schlesinger et al.*® suggested that craniocaudally
the bone amount that had to be removed increased while
working space decreased. They also reported,in the lower levels,
the disc space was located more inferior than the attentive facet
joint compared to upper levels. Therefore,an increased amount
of bone had to be removed from the superolateral aspect of the
facet joint and pars interarticulars, thus the dorsal root ganglion
could be easily visualized with this exposure®®. Similarly, in our
clinical series and cadaver dissections, there was an increased
amount of bone and the far lateral compartment and disc space
were overlaid by an increased quantity of bone (Figure 7). In
addition, there was decreased working space from L1 to L5.
Porchet et al.®” reported that motor deficit was a more
reliable finding than dysesthesia in FLLDH. However, Park et
al.t9 reported that sensory dysesthesia in FLLDH was more
remarkable than a motor deficit.Viswanathan et al.*® suggested

Figure 6. Postoperative 6" month sagittal computed tomography
images of the patients due to far lateral lumbar disc herniation
(FLLDH). Patients operated for left (A) L2-3, (B) left L4-5 and (C)
right L3-4 FLLDH

that postoperative severe burning dysesthesia in FLLDH was
due to the traction of spinal nerve during dissection. Moreover,
O'Hara and Marshall® reported that earlier visualization of
posterior ramus and secure dissection of the extraforaminal
area reduced the risk of postoperative sensory deficit. We also
managed to reduce the risk of postoperative sensory deficit by
exposing the exiting nerve root earlier (Figure 4).

There are various approaches for the surgical treatment of
FLLDH: medial facetectomy, full facetectomy, intertransverse
approach, percutaneous endoscopic approach, anterolateral
retroperitoneal approach and lateral extraforaminal approach.
Comparing lateral and medial approaches has revealed more
satisfactory results with lateral approaches®*29,

However, since the anatomical landmarks and route that is
followed are not entirely known in lateral approach, medial
approach is preferred more often. In a study comparing the
different surgical procedures, Epstein® obtained better results
with the lateral approach. In addition, Ryang et al.?? reported
excellent results in %95 of cases using lateral approach while
57% in medial approach. O’Hara and Marshall®*® reported good
and excellent results at the postoperative 14" month follow-up
in 90% of 20 patients operated using the lateral approach. In
their study, Marquardt et al.”’ reported excellent outcomes in
75.9% and good outcomes in 18.4% in the long-term follow-
up of patients, who were operated via minimally invasive
lateral approach. In addition, Porchet et al.?? reported good
and excellent results in 73% of cases using a microsurgical
far lateral approach while Weiner and Dabbah®? reported the
same outcomes in 85% of their cases. Similarly, Sasani et al.?¥
obtained good and excellent results using a lateral endoscopic
approach in 86.4% of their patients. In our study, using lateral
interpedicular approach without exposing the intertransverse

Figure 7. A picture from fresh cadaveric dissection. Pars interar-
ticularis is completely removed for understanding of the relation-
ship of exiting and traversing nerve roots and intervertebral disc,
and inferior facet joint and pars interarticularis

SF: Superior facet joint, IF: Inferior facet joint, blue arrow:
Traversing root becomes exiting root at the lower level, ER:
Exiting nerve root, DS: Dural sac, *: Intertransverse muscle and
fascia
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fascia, we obtained excellent results in 78.5% of our cases and
good results in 14.2% based on the MacNab classification.
Epsteins reported that the intertransverse fascia was
exposed in the muscle splitting approach he described, while
Schlesinger et al.®® exposed the intertransverse fascia in their
lateral microsurgical approach (4). O'Hara and Marshall®®
also reported that the intertransverse fascia was exposed in
the new muscle splitting approach he described. Salame and
Lidar® reported that the intertransverse fascia was opened in a
minimally invasive technique using METRXx tissue dilators. Also,
Tessitore reported that the intertransverse muscle was opened
in a microsurgical transmuscular approach, while Ryang et al.??
reported that the intertransverse fascia was opened using a
lateral transmuscular approach®. The intertransverse ligament
was released in the paramedian approach that was used by
Park et al.%® . In the lateral interpedicular technique we used,
intertransverse fascia exposure and visualization of the lateral
facet and transverse process were not required. Since the nerve
root was exposed at the location where it exited the medial
aspect of the pedicle located superiorly, no complications of
exiting root injury were observed.

It is possible to reach the foraminal and extraforaminal zones
by using the lateral interpedicular technique. The herniated disc
material can be reached with limited bone removal,which leads
to exposure of compressed nerve root and dorsal root ganglion
and by the way, does not cause instability. When compared to
medial approach, which requires excessive bone removal, the
risk of instability is minimal due to minimal bone resection.
The lack of need for opening the intertransverse fascia and
exposing the lateral aspect of the facet joint and transverse
processes minimizes muscle retraction and hemorrhage at the
surgical site and shortens the duration of the surgery. Studies
comparing the lateral versus medial approaches reported more
satisfactory results with a lateral approach®?9. However, since
the anatomical landmarks and the route followed are not fully
identified in lateral approaches,the medial approach is resorted
to more often. Future experience and relevant anatomical
studies on cadavers may allow the more frequent use of lateral
approaches, with a better understanding of the extraforaminal
zone anatomy.

Study Limitations

Some limitations existed in our study. Firstly, intertransverse
ligament is not so much functionally important anatomical
structure but there are many vessels beneath the ligament.
The blood supply to the root has been shown to be critically
dependent on the lateral radicular vessels®*?). Therefore,
ischemic changes due to the disc fragment compression
may be the cause of the acuteness of the symptoms seen in
FLLDHs. So, we did not need to open the intertransverse
ligament and therefore, we avoided bleeding and using bipolar
cautery. Secondly, our study, consisting of only 28 patients, was
relatively small. Also, the retrospective nature of this study

hindered prospective analysis and randomization. In order to
determine the clinical predictive value of superior articular
process excision without opening intertransverse ligament,
long-term follow-ups and large-scale prospective studies are
required. Finally, we could achieve postoperative computed
tomographies only six months after the operation; therefore,
we need a longer follow-up period to evaluate the results,
especially iatrogenic instability.

CONCLUSION

The LISA without exposing the intertransverse fascia enables
direct access to migrated or non-migrated far lateral disc
herniations and to preserve facet joint and pars interarticularis
functionally. Additionally, minimal bone removal of the superior
articular process of the facet provides a better exposure of disc
space. It prevents excessive muscle retraction since there is no
need to expose lateral aspect of the facet joint and transverse
processes. Moreover, it avoids the risk of neurological damage
by enabling the identification of the exiting nerve root in the
early phase of the operation. Overall, the lateral interpedicular
approach is a safe technique with a relatively low complication
rate, associated with less tissue damage. It is a minimally
invasive procedure when compared to remaining medial and
lateral approaches and requires less bone removal.
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‘ THE ALTERATION OF SAGITTAL LUMBOSACRAL ALIGNMENT
< AFTER POSTERIOR STABILIZATION-FUSION IN LUMBAR
SPONDYLOLISTHESIS: CLINICAL STUDY
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Objective: Spondylolisthesis (SL) is a condition that occurs in 2-8% of the general population. Sagittal spinopelvic alignment determines the
mechanical stress in the lumbosacral junction. The aim of this study is to understand how much we can correct sagittal lumbosacral alignment to
maintain sagittal balance in SL by surgical treatment and to demonstrate the effectiveness of posterior fixation in maintaining sagittal balance.
Materials and Methods: We retrospectively reviewed the cases operated with SL between January 2011 and June 2016. Wiltse classification was
used to determine the type of SL. The parameters of sagittal balance (slip rate, slip angle, lumbar lordosis angle, lumbosacral kyphosis and sacral
slope) were evaluated preoperatively and postoperatively.

Results: The study was carried out with 63 cases, 31.7% (n=20) male and 68.3% (n=43) female. The mean age was 57.16+12.55 years. The
correction of slip rate and slip angle was found to be statistically significant (p<0.01).

Conclusion: The objective of our study was to investigate how the surgery influenced sagittal spino-pelvic alignment of SL and to investigate
the correlation between the effectiveness and the changes of spine-pelvic sagittal parameters for patients with SL before and after operation.
Keywords: Spondylolisthesis, sagittal, balance, lumbosacral, alignment, surgery

ABSTRACT

instability in lumbar SL usually progresses slowly. SL sometimes
has progressive deformity®.

Various classifications were made about the cause of SL. The
universally accepted classification was proposed by Wiltse et
al.®. The grading of SL was done by Myerding®.

The major surgical indications are neurogenic claudication,
persistent radiculopathy, severe back pain, presence of
neurological symptoms, conservative treatment failure,
radiological instability, progression of listhesis, Myerding grade
(Gr) Il and Gr IV listhesis, and spondyloptosis (Gr V)9,

Sagittal sacropelvic morphology and orientation determine
the lumbar spine geometry as the mechanical stress in
the lumbosacral junction. For better understanding of the

INTRODUCTION

Spondylolisthesis (SL) is the subluxation of a vertebral body
over another vertebral body in sagittal plane. SL occurs in
2-8% of the general population and affects all age groups.
The common mechanism of this intervertebral instability is
ligamentous weakness and laxity, pars interarticularis defect,
previous surgical intervention or trauma®2,

The clinical stability of the spine is the ability of the spine
to limit the translocation pattern when physiological load is
applied®. On a biomechanical basis, spinopelvic morphology
plays a critical role in determining the direction and magnitude

of forces acting across the lumbosacral junction®. Normal
sagittal alignment of the spine and pelvis would be helpful to
maintain a stable posture and to expend a minimum of energy.
SL, with the abnormal sacropelvic morphology, may disturb the
normal spino-pelvic sagittal balance and result in the abnormal
sacro-pelvic orientation. In SL, the instability is that the spinal
column cannot limit excessive and abnormal translations®. The

development of SL, several parameters have been described to
define the relationship between the lumbosacral junction and
the pelvis®-19. These parameters include pelvic inclination (PI),
pelvic tilt, lumbar lordosis (LL),and sacral slope (SS).

The objective of our study was to investigate how the surgery
influenced sagittal spino-pelvic alignment of SL and to
investigate the correlation between the effectiveness and
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the changes of spine-pelvic sagittal parameters for patients
with SL before and after operation.

MATERIAL AND METHODS

We retrospectively reviewed the cases operated for lumbosacral
SL between January 2011 and June 2016. The age, gender,
level of listhesis, type and grade of SL were recorded. Wiltse
classification was used to determine the type of SL®. Myerding
classification was used to determine the percentage of slip
that one vertebral body had slipped forward over the vertebral
body below in SL”. Direct lumbosacral anteroposterior, lateral,
flexion-extension functional radiographies, computerized
tomography and magnetic resonance imaging examinations
were evaluated before and after surgery. Pedicle screw fixation
and posterolateral fusion were applied to all patients by the

Table 1. Demographic features of the cases

M|n-Max Mean = SD
(median)
Age (years) 15-76 (60) 57.16%12.55
Follow-up (months) rln%gtagss':’ 5 9.81+11.58
n %
Male 20 31.7
Gender
Female 43 68.3
. Grade 1 23 36.5
R Grade 2 39 61.9
classification
Grade 3 1 1.6

SD: Standard deviation, min: Minimum, max: Maximum, n: Sayi

turkish

same surgeon. The surgical procedure was pedicle screw
fixation and posterolateral fusion. Myerding slip rate (SR),

slip angle (SA), LL angle, lumbosacral kyphosis (LSK), and SS
measurements were performed and compared to investigate

morphologic changes after surgery.

Statistical Analysis

NCSS (Number Cruncher Statistical System) 2007 (Kaysville,

Utah, USA) program was used for

statistical analysis.

Descriptive statistical methods (mean, standard deviation,
median, frequency, Odds ratio, minimum, and maximum) were
used while evaluating the study data. Paired sample t-test

was used for intra-group comparison of normally distributed

parameters and Wilcoxon Signed Ranks test was used for intra-
group comparison of non-normally distributed parameters.

Significance was evaluated at p<0.05 level.

RESULTS

The study was carried out with 63 cases, 31.7% (n=20) male

and 68.3% (n=43) female. The ages of the cases ranged from

15 to 76 years with a mean of 57.16*12.55 years. The follow-

up period ranged from 3 to 53 months and the mean follow-

up was 12.81%£11.58 months (Table 1). According to Wiltse
classification, the degenerative type was 55.6% (n=35), the
isthmic type was 41.3% (n=26), the dysplastic type was 1.6%
(n=1) and the iatrogenic type was 1.6% (n=1) SL. Retrolisthesis
ratio was 11.1% (n=7). We found that L1-2 level was 1.6% (n=1),

L2-3 level was 3.2% (n=2),L3-4 level was 16% (n=10),and L4-5

level was 50.7% (n=32) and 28.5% of the L5-S1 level (n=18).

Preoperatively, considering Myerding grades SR, Gr | was found
in 36.5% (n=23), GR Il was found in 61.9% (n=39) and Gr Il in

Table 2. Statistical results of slip rate, slip angle, lumbar lordosis, lumbosacral kyphosis and sacral slope

Min-Max (Median) Mean % SD p

Preop 17-55 (26.2) 27.96%7.31

Slope rate (%) Postop 0-49 (16.9) 16.52%9.72 0.001
Difference -11.44+5.88
Preop -2.2-30.4 (9.8) -10.62£5.95

Slope angle (°) Postop 0-25 (6.2) -6.96%4.59 0.001
Difference 3.66%2.99
Preop 34-71.9 (52.1) 52.148.43

Lumbar lordosis (°) Postop 37.2-68.8 (49.4) 50.96%6.97 0.159
Difference -1.18%6.59
Preop 11.7-52.7° (30.4) 30.27+10.09

Lumbosacral kyphosis (°) Postop 14.3-47.9°(30.1) 29.79%8.75 0.253
Difference 0.48+5.43
Preop 24.5-57.1 (36.2) 36.93%7.58

Sacral slope (°) Postop 16.2-53.8 (35.1) 35.60%7.36 0.036
Difference -1.26%4.64

SD: Standard deviation, min: Minimum, max: Maximum, preop: Preoperative, postop: Postoperartive

Wilcoxon Signed Rank Test
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1.6% (n=1). For postoperatively Myerding grades, 90.5% of the
cases (n=57) were Gr | and 9.5% (n=6) were Gr |l. Postoperative
SR was found to be statistically significant,as low as 11.44+5.88
(p=0.001; p<0.01) (Table 2).

The preoperative SA ranged from -2.2° to -30.4°% with a mean of
-10.62%5.95 and a postoperative SAranged from 0 to 25,with an
average of -6.96+4.59. Postoperative SA was significantly lower
than preoperative SA, 3.66%2.99 (p=0.001; p<0.01) (Table 2).
There was no statistically significant difference between the
preoperative and postoperative LL measurements (p=0.159;
p>0.05) (Table 2).

Preoperative LSK ranged from 11.7 to 52.7° with a mean of
30.27%10.090; postoperative LSK was between 14.3 and 47.9,
with an average of 29.79%8.750. The change of LSK was not
statistically significant (p>0.05) (Table 2).

Postoperative SS was found to be statistically significant, as
low as 1.26%54.64 (p=0.036; p<0.05) (Table 2).

DISCUSSION

The flexion, extension, rotation and lateral bending movements
performed at different levels of the spine must be done within
certain intervals for a person to maintain his/her daily life
activities. Pathologies that occur in the spine restrict this
range of motion or cause non-physiological movements to
occur. SL involves the subluxation of a vertebral body over
another vertebral body in the sagittal plane(*:?. The aim of
spinal surgery is to make these pathological processes as
physiological as possible.

The most common type of SL is degenerative type and it
is followed by the isthmic type. Kalichman et al.) found
degenerative type to be at the rate of 65.7% and isthmic type
SL to be at the rate of 39.6% in their study. In our study, the
most common type was degenerative and it is followed by
isthmic SL as in literature. SL is more common in women®Y. The
most common level is L4-L52. Retrolisthesis is most commonly
found in the L3-L4 level, which is a rare condition®. According
to Labelle, the most important measures in evaluating SL are
grade, LL, LSK, SS and SA®,

The degree of the listhesis is based on the percentage of slip
according to Myerding Classification?. In the literature, there
is no study comparing preoperative and postoperative shifts.
Our study revealed that when all the cases are evaluated, the
average shift is about 11%. This suggests that the degree of
listhesis can be corrected by surgery.

Itis the intersection of the lower endplate of the upper vertebrae
and the vertebrae passing through the upper endplate of the
underlying vertebra®). Huang and colleagues found that the
preoperative SA was -20.3+2.8% in HGS and -8.5+5.4° in LGS®.
When we investigated the change in preoperative and
postoperative SA in our study, it was seen that the change
was -10.62° on average. It was found that the most prominent
correction of SA was achieved with surgery.

LL and LSK are evaluated by lateral lumbosacral radiography.
There are many factors affecting LL, such as age, gender, body
mass index, and race, which make it difficult to obtain mean
values. There is a strong correlation between LL and SL. In
some studies, performed in the literature, the mean LL values
range from 50.36 to 56.50415),

In our study, preoperative LL angle was 52.14*8.43 and
postoperative LL angle was 50.96%6.97. The LL angle was
reduced by about 2° in the postoperative period. It is seen that
there is no significant improvement in the LL surgically.

The physical findings of the listhesis are related to the degree
of slip and LSK®). There is no valid consensus to assess the
LSK.Boxall SA,Dubousset LSA,SDSG LSA, Dysplastic SDSG LSA,
Sagittal Rotation and Kyphotic Cobb angle can be used.

In our study, the change in preoperative and postoperative LSK
angle was found to be less than an increase of grade. It is not
possible to correct this angle by applying surgery.

S1is the angle between the upper endplate and the horizontal
line. Normal Pl and SS values range from 425 to 74+1° and
354 to 53% 7091017 Along with the development of listhesis,
these values are increasing®,

In our study, the SS mean value increased by about 1.26°. This
significant result suggests that it is possible to surgically
correct the sacral SA.

CONCLUSION

SL occurs in the sagittal plane with subluxation of a vertebrae
body through another vertebral body. Sagittal sacropelvic
morphology and orientation determine the lumbar spine
geometry as the mechanical stress in the Llumbosacral
junction. Lumbosacral malalignment in this region affects
the development and progression of SL. It is possible to
approximate the amount of SR, SA and SS to normal ranges by
the surgery but this not possible for the LL and LSK.
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- UNINTENDED DURAL INJURY IN DEGENERATIVE LUMBAR
€ SPINAL SURGERY: A RETROSPECTIVE STUDY
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Objective: Unintended dural injury rate in all spinal surgeries is between 0.2% and 20%. This rate approaches the upper rates in degenerative
lumbar surgery. Unintended dural injury occurs due to many factors and revision surgery is one of these reasons. As a result of the injury,
the possibility of neurological deficits is not high, but conditions such as headache, pesudomeningocele, superficial infection, meningitis and
radicular pain can occur. However, these complications can be solved today. In our study, we aimed to evaluate unintended dural injury and its

[ results retrospectively.

o Materials and Methods: Between 2011 and 2018, 376 (225 female and 151 male) patients who had undergone decompression and posterior

é lumbar pedicle screw fixation were included in the study. Fifty-eight patients were operated due to revision surgery. The mean patient age was

- 57.35 years (range: 33-79 years). Dural injuries were sutured with microsurgical technique and sealant was used. ALl patients were recommended

w) bed rest between 24 and 48 hours.

3 Results: The number of unintended dural injuries was 26. Eleven patients with dural injury were operated for revision surgery. There was
pseudomeningocele in three patients, superficial wound infection in three patients, meningitis in one patient, and transient radicular symptoms
in 12 patients. Twenty-one patients had early cerebral hypotension and all responded to the medication.

Conclusion: Unintended dural injury occurring in surgeries performed due to lumbar degenerative process does not significantly affect surgical
results. It is very important to properly diagnose and treat additional complications caused by unintended dural injury.
Keywords: Unintended dural injury, complications, degenerative spine surgery

INTRODUCTION MATERIALS AND METHODS

Unintended dural injury is a common complication during Patients

degenerative lumbar spinal surgery.Dural injury rate in all spinal
surgeries is between 0.2% and 20%®4. Unintended dural injury
increases with increasing age, female sex, surgical experience,
invasive surgery, revision surgery and degenerative process. In
degenerative process, this rate approaches the upper limits.
The average rate is 17%*>9), Cerebrospinal fluid (CSF) leakage
caused by dural injury may complicate the postoperative
period with headaches, nausea, vomiting, back pain, abducens
nerve palsy, fistula formation, pseudomeningocele, surgical
site infections, meningitis, and in rare circumstances, chronic
subdural hematomas®*.However, these complications can be
handled by developing surgical techniques. In this study, we Surgical Technique

aimed to retrospectively evaluate the causes and consequences All patients in the study underwent decompression and
of unintended dural injury. pedicular screw fixation due to the degenerative process. Dural

All patients who underwent spine surgery for degenerative
conditions performed at our institution between 2011 and
2018 were included in the study. We excluded patients treated
for tumors, infections, and deformity from this study. This
retrospective study included 376 adult patients (225 female and
151 male) who had undergone decompression and posterior
lumbar pedicle screw fixation.

Study Approval

The need for informed consent was waived owing to the
retrospective nature of the study.

This study was presented in the Spinal Complications Symposium/Turkish Neurosurgery Association-Spinal and Peripheral Nerve Surgery
Group, in 2019.
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injuries were sutured with microsurgical technique and sealant
(Tisseel-Baxter Healthcare Corporation) was used.Postoperative
management with bed rest was questioned in relation to the
size of the dural tear. All patients were recommended 24-48
hours of bed rest.

RESULTS

The demographic characteristics of the patients enrolled in
the study are shown in Table 1. Three hundred seventy-six
patients were included in the study. Two hundred twenty-five
(59.84) patients were female and 151 (40.16%) patients were
male. The mean patient age was 57.35 years (range: 33-79
years). Fifty-eight (15.4%) patients underwent revision surgery.
Twenty-six (6.91%) patients had unintended dural injury.
Fifteen (3.98%) of the dural injuries were detected in patients
who underwent primary surgery and 11 (2.96%) were seen in
patients who underwent revision surgery. The ratio of dural
injury in revision cases was 25.86% and the ratio of dural injury
in primary cases was 3.45%. Three had pseudomeningocele and
three had superficial wound infection. Only one patient was
treated for meningitis. Radicular pain and paresthesia occurred
in 12 patients who were given medical treatment. Twenty-one
patients had early cerebral hypotension and all responded to
medical treatment (Table 2).

DISCUSSION

Diagnostic and therapeutic methods developed in recent years
have increased the surgical rates due to lumbar degenerative

Table 1. Patient demographics and findings

None of patients 376

Male-rate 151 40.16%
Female-rate 225 59.84%
Mean age, range 57.35 33-79
Primary surgery-rate 318/376 84.6%
Revision surgery-rate 58/376 15.4%
Dural tear in patient group 26/376 6.91%
5:2%2 of dural damage in revision 15/58 25 86%
5:2:; of dural damage in primary 11/318 3 45%
Table 2. Complications

Pseudomeningocele 3 11.53%
Superficial wound infection 3 11.53%
Radicular pain and paresthesia 12 46.15%
Early cerebral hypotension 21 80.76%
Meningitis 1 3.84%

turkish

process. Unintended dural injury is a common complication
during degenerative lumbar spine surgery (Figure 1-2). Dural
injury rate is between 0.2% and 20% in all spinal surgeries*19,
In open surgery series for lumbar degenerative process,
unintended dural injury rate was 8.11% (range: 2-20%). In our
series, unintended dural injury was 6.91% in the whole group
whereas in primary cases, this rate decreased to 3.45% and the
rates were consistent with the literature. Surgical invasiveness
and manipulation of dura has been reported as a general
predictor of dural injury and appears to be associated with
overall dural injury rates.

Dural injury incidence in a group of patients who underwent
revision surgery was 25% and was not associated with the
years of experience of the surgeon®. In our study, the ratio of
dural injury in revision cases was found to be 25.86% (15/58).
Dural injury is one of the most common complications in spinal
surgery. Although different methods have been described for
the treatment of this complex problem, the primary treatment
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Figure 1. Dural leakage is observed in the T2 - weighted MRI -
Sagittal Image

MRI: Magnetic resonance imaging
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Figure 2. Dural leakage is observed in the T2 - weighted MRI -
Axial Image

MRI: Magnetic resonance imaging
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of dural injuries is primary repair. Closed subarachnoid
drainage; laser tissue welding; grafts consisting of muscle,
fat, or fascia; blood patches; fibrin-adhesive or cyanoacrylate
polymer sealant; application of Gelfoam to the tear; bed
rest; and avoidance of the use of wound drains are other
treatment methods®”. Due to the small number of patients
in the literature, it is difficult to compare the effectiveness of
treatment modalities; however, most authors advocated using
a combination of these methods®”. In our study, we applied the
combination of microsurgery repair, sealant use and bed rest.
Bed rest time is controversial due to comorbidities that may
develop.

Rest for a long time can lead to problems such as deep vein
thrombosis, pneumonia, and additional cost®®. For this reason,
we did not apply bed rest longer than 48 hours for our patients.
Intracranial hypotension (IH) is a clinical syndrome in which
absolute or relative hypovolemia of CSF results in various
neurological symptoms®.An increasing number of publications
inrecentyears shows that IH is no longer a rare syndrome.IH can
occur spontaneously or iatrogenically. This group of patients is
treated by anesthesiologists and neurologists as the first reason
in iatrogenic cases is lumbar puncture. However, IH knowledge
is essential for spine surgeons,spinal surgery and complications
of degenerative spinal disorders may be secondary causes of
IH®. In our study, we encountered headache due to early IH in
21 of 26 patients with dural injury. In patients responding to
symptomatic treatment, no further complications related to IH
occurred. However, it should be kept in mind that post-surgical
CSF leakage may cause temporary symptoms such as headache,
as well as more serious intracranial complications.

latrogenic pseudomeningocele is an extradural cystic formation
caused by CSF leak after spinal surgery®® . The incidence of
unintended durotomy is anywhere from 0.3 to 13% and most
frequently occurs as a result of lumbar laminectomy®.

The lumbar region pseudomeningocele is more common
because more lumbar surgery is performed today and the CSF
pressure is higher in this area. In the study of Swanson and
Fincher involving 1700 patients, the incidence of postoperative
pseudomeningocele was shown to be 0.07 %29 Hawk and Kim®?
reported pseudomeningocele rate as 0.8% in his retrospective
study in 1408 patients.

In our study, the rate of patients who developed dural injury
was 11.53% while this rate was 0.79% in the whole series. Our
findings were consistent with the literature.

Postoperative meningitis after spinal surgery is rare but can
lead to serious complications, including death. Twyman et
al.?) showed its incidence as 0.18% in its 2180 cases. Lin
et al.?? reported an incidence of postoperative meningitis
as 0.10% (21 of 20,178 surgeries). Morris et al.?® reported
bacterial meningitis in two cases of dural tears with posterior
instrumentation with pedicle screws. It achieved good results
with timely diagnosis and treatment in both patients. This study
showed that postoperative meningitis was a rare complication
after spinal lumbar surgery. Be aware of fever, neck stiffness,and

consciousness disturbance findings that develop after spinal
surgery. Intraoperative unintended dural injury is the most
important predictor. Early diagnosis and appropriate antibiotic
treatment for at least two weeks can lead to a good outcome. In
our study, the symptoms of meningitis were encountered in one
patient and there was a dural injury in the patient. Good results
were obtained with early diagnosis and appropriate treatment.
The causes of superficial wound infection following dural
damage were defined as CSF fistula, prolonged operation time,
and need for long bed rest?.In our study, we encountered
superficial wound infection in three patients. This complication
occurred in patients with obesity and Diabetes Mellitus. It was
not associated with dural injury.

Takenaka et al.®¥ said that dural injury was associated with an
increased risk of postoperative neurological deficits, and dural
injury formation was an important risk factor for postoperative
neurological deficits. McMahon et al.?® and Williams et al.%®
showed that dural injury was associated with postoperative
neurological deficits in two different large series. However, we
cannot conclude a causal relationship between dural injury and
neurological deficits.

However, entering the dura intraoperatively may injure neural
elements, or additional procedures performed by surgeons to
repair the dural injury may lead to neurological deficit®®. In our
study, temporary paresthesia and radiculopathy were detected
in 12 (46.15%) of 26 patients with dural injury, but no serious
neurological deficits were observed. These complaints were
attributed to additional manipulations performed during repair.

Conclusion

Unintended dural injury occurring in surgeries performed due
to lumbar degenerative process does not significantly affect
surgical results. Dural injury is common during revisions.
Additional temporary complications may occur. However,
good or excellent results can be obtained when appropriate
treatment methods are applied.

Ethics
Ethics Committee Approval: Retrospective study.
Informed Consent: Retrospective study.

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

conditions.

INTRODUCTION

Anterior cervical spine surgery (ACSS) is the intervention most
commonly preferred for the management of cervical spine

disease; the surgical techniques are well documented. R. A.

Robinson and G. W. Smith, Albert Dereymaeker and Joseph
C. Mulier, and Ralph B. Cloward in 1950s were the first to
describe the surgical techniques for ACSS; since then, the
techniques have undergone several modifications and become
widely used. ACSS enables efficient management of spinal
disorders such as cervical stenosis, cervical myelopathy, and
cervical radiculopathy. It provides easy access to the vertebrae
and produces highly satisfactory surgical outcomes in the
majority of cases®, and it remains the “gold standard” for the
management of various spinal disorders. Anterior cervical
discectomy and fusion, in particular, has high success rates and
low complication rates.

Despite the advantages of ACSS, postoperative complications
occur. The most common complication after ACSS is recurrent
laryngeal nerve palsy (RLNP), followed by vocal fold paralysis
or vocal cord paralysis®. RLNP results from ischemia caused
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RECURRENT LARYNGEAL NERVE PALSY AFTER CERVICAL
SPINE SURGERY CAN BE PREVENTED
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IAtlas University, Department of Neurosurgery, istanbul, Turkey
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Objective: To prevent postoperative laryngeal nerve palsy in patients undergoing anterior cervical spine surgery (ACSS).

Materials and Methods: A retrospective study was conducted with data from 643 patients who underwent ACSS between 2006 and 2019. Of
these patients, 125 who underwent only ACSS served as group [; the other 518, who underwent retractor loosening and displacement along with
ACSS, served as group Il. The two groups were compared, and paralyzed patients were compared with the general community. In the 518 patients
in group I, the Cloward retractor was loosened every 15 minutes, which resulted in a slight change in its position. This protocol was unlike the
standard procedure. The retractor was left loose during copy scopy.

Results: The majority (58%) of the patients were female, and average age was 47 years (range: 24 to 75 years). The mean duration of surgery
was 152 minutes in group | and 162 minutes in group Il. Transient laryngeal nerve palsy developed postoperatively in three patients (2.4%) of
group | but no patients in group Il. No significant difference was observed in terms of surgical level, duration of surgery,age, gender, or comorbid

Conclusion: Retractor loosening and displacement for every 15 minutes during ACSS helps prevent postoperative recurrent laryngeal nerve palsy.
Keywords: Recurrent laryngeal nerve palsy, cervical spine, spine surgery

by surgical pressure, neuropraxia caused by overstretching,and
edema that results from perioperative trauma®. We evaluated
the efficacy of retractor loosening and displacement during
surgery in preventing postoperative RLNP.

MATERIALS AND METHODS

Data from 643 patients who underwent ACSS between 2006
and 2019 were studied retrospectively. Of these patients, 125,
who served as group |, underwent standard ACSS; the other
518, who served as group Il, underwent ACSS and retractor
loosening and displacement every 15 minutes; that is, the
retractor was repositioned slightly during ACSS. A member of
the surgery team was assigned to remind the retractor to be
repositioned. He or she used the stopwatch while making the
timing. This procedure was repeated every 15 minutes, and the
retractor was left loose during scopy shots. Finally, low cutoff
pressure was not applied in both group | and group II. All
operations were performed at the same hospital and by the
same surgeon. The surgical outcomes measured were operation
time, postoperative RLNP development, and characteristic of
patients with RLNP in groups | and II.
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RESULTS

Of the total of 643 patients, 367 (57%) were female and 276
(43%) were male (Table 1). The average age of the patients with
injury was 47.2 years, and mean duration of surgery in those
patients was 148.79 minutes (Table 1). Of the 125 patients in
group 1,76 (60.8%) were female and 49 (39.2%) were male. Of
the 518 patients in group Il,291 (56.2%) were female and 227
(43.8%) were male (Table 1). There was no difference between
these groups in average age (47 years), but the mean duration
of surgery was significantly longer for group Il (152.24+83.01
minutes), p=0.023 (Table 2).

Of all 643 patients,three (2.4%) patients had RLNP; all three were
from group | (Table 3). The patients with RLNP were given non-
steriodal anti-inflammatory drugs and low dose corticosteroid as
medical treatment. They were trained to prevent aspiration.All of
the patients with RLNP recovered within 2 months without the
need for a second surgery.

There were no significant differences in mean age and mean
duration of surgery between group | and the total patient

Table 1. Associations between gender and groups.
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population (Table 4). The majority of patients [416 (64.7%)]
underwent one-level surgery; of these patients, 72 (57.6%)
were in group | and 344 (66.4%) were in group Il. (Table 5).
The observed chi-square value was 4.477 and p=0.107, which
indicated no association between the number of surgical levels
and patient groups.

Groups were evaluated statistically in terms of gender (Table 1).
The observed chi-square value was 0.878 and p=0.349, which
indicated no association between gender and groups.

DISCUSSION

Cervical spinal disorders not only affect patients’ health but
also increase the economic burden on the individuals, families,
and most of society. Most cervical diseases can be managed
non-surgically, but early surgical intervention is recommended
in cases of neurological impairment to improve its functional
outcome®™®. Although the anterior approach of cervical surgery
is most preferred by surgeons because of its high rates of
clinical success, RLNP continues to be the major postoperative
complication of ACSS that results from surgical pressure®.

Group
Gender Group | (n=125) Group Il (n=518) Total
Male 49 (39.2%) 227 (43.8%) 276 (42.9%)
Female 76 (60.8%) 291 (56.2%) 367 (57.1%)
Total 125 (100.0%) 518 (100.0%) 643 (100.0%)
n: Number

Chi-square value: 0.878,0.349>p>0.05

Table 2. Difference in mean age and duration of surgery between groups | and |l
Group | (n=125) Group Il (n=518)
Mean * standard deviation t P
47.30+10.66 -0.258 0.797

Measure

Age (years) 47.02+10.11

Duration of surgery

. 134.50+52.54 152.24+83.01 -2.281 0.023*
(minutes)
*p<0.05
Table 3. Percentage of patients with paralysis in groups | and I
Measure Total Group | Group Il
Cases 643 125 518
Paralysis 3 3(2.4%) 0

Table 4. Comparison of mean age and duration of surgery between patients with paralysis and total patient population

Mean * standard deviation

Measure . 8 N . . p
Patients with paralysis (n=3) Total patient population (n=643)

Age (in years) 56.33+18.58 47.24*+10.55 0.138

Duration of surgery (minutes) 74.00£15.10 148.79+78.31 0.099
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Table 5. Number of surgical levels by group
Group
Number of levels Total
Group | Group Il
1 72 (57.6%) 344 (66.4%) 416 (64.7%)
2 43 (34.4%) 130 (25.1%) 173 (26.9%)
3 10 (8.0%) 44 (8.5%) 54 (8.4%)
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Total 125 (100.0%)

518 (100.0%) 643 (100.0%)

Chi-square value: 4.477; 0.107>p>0.05

In a retrospective review, Kriskovich et al.? tested “whether
controlling for endotracheal tube/laryngeal wall interactions
by cervical retraction system [would] reduce symptomatic or
asymptomatic RLNP or permanent paralysis” They found that
during surgery, the retractor “moved the larynx against the shaft
of the endotracheal tube; thereby compressing the “vulnerable
intralaryngeal segment of the laryngeal nerve” They therefore
recommended continuous monitoring of endotracheal tube cuff
pressure and intermittent or temporary release after retractor
placement to allow repositioning of the endotracheal tube
within the larynx and to prevent further injury to the laryngeal
nerve. Similar findings were reported by Cheung and Luk® and
Matgé®, who recommended the use and temporary release
of a sharp-toothed retractor to prevent anteromedial and
anterolateral displacement, which could otherwise compress
and damage the trachea and carotid artery, respectively. In our
study, similar to both studies, our finding is that intermittent
retractor relaxation decreases RLNP. Unlike other studies, we
standardized retractor relaxation within a certain time interval
and did not release cuff.

The literature indicates that the left-sided approach, followed
by low endotracheal cuff pressure and intermittent release of
retractors tension during ACSS when not required, helps reduce
the incidence of postoperative RLNP. However, there are sparse
data on how often retractor tension can be reduced and on
whether repositioning of retractors intraoperatively can help
reduce RLNP. Hence, this retrospective, observational study of
643 patients who underwent ACSS was proposed, in which
the majority of patients underwent retractor loosening and
displacement during ACSS. The surgical outcome measured
was based on success rate, duration of operation procedure,
postoperative RLNP occurrence, and characteristic of patients
with RLNP.

Single- or multiple-level discectomy is performed in ACSS?),
and as the number of levels increases, radiographic non-fusion
increases, as do complication rates®9, However, in this study,
no statistical association was observed between multiple-level
surgery and the occurrence of RLNP; all three patients with
postoperative RLNP underwent only one-level surgery.

The ratio of male and female patients with RLNP in this study
was 2:1; their mean age was 56.33 years. The mean duration of
surgery in all three cases did not exceed the general average;

these patients had not undergone neck surgery previously, and
none had preoperative hoarseness. There were no etiological
factors or diseases that could cause RLNP in patients. However,
the surgical approach was right-sided at C5-6 and C6-7, which
is a major risk factor for postoperative RLNP®%12 There is a
claim that the left-sided intervention is safer. In our series, left-
sided surgery was performed in five cases. However, since the
number is low, it is not included in the series.

Study Limitations

This study has all the limitations of a retrospective study, and
so a multicenter, matched case-control prospective study with
a larger cohort is necessary to validate the findings. Another
limitation of our study is that the pressure applied to the
retractor and endotracheal cuff pressure are not measured.
It must be determined how much retractor and cuff pressure
causes RLNP formation. In patients who develop RLNP, the
etiological factors that may cause such as the anatomical
structure of the neck should be investigated.

CONCLUSION

Laryngeal nerve palsy is one of the most common postoperative
surgical complications of ACSS. It must be addressed
immediately to prevent permanent vocal cord paralysis and
associated lifelong disability. This study showed that loosening
and displacement of the Cloward retractor every 15 minutes
during ACSS helped prevent RLNP and improved the clinical
success rate. Hence, a large multicenter, matched case-control
study to confirm these findings is warranted.
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Objective: The incidence of osteoporosis increases with the ageing of the world population. In recent years, sacral insufficiency fractures (SIF)
have become more prevalent due to the increase in life expectancy of the elderly population. The aim of this study was to investigate the
incidence and the mortality rates of SIF in elderly patients with osteoporosis.
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Materials and Methods: The records of patients admitted to our hospital between January 2011 and May 2018 were examined. Medical records,
radiological images and reports of 245 patients over 65 years of age who had undergone pelvic computed tomography (CT) or magnetic
resonance imaging (MRI) for any reason were retrospectively reviewed. Twenty-six patients (three male, 23 female) over 65 years of age who were
proven to have osteoporosis with bone mineral densitometry (BMD) values at the time of diagnosis were included in the study.

Results: The mean age at the time of diagnosis was 80,5. MRI was used for diagnosis in 20 patients and CT in six patients. The mean value of
BMD was found to be-3.62. The most common type of fracture was B1. Surgery was performed in four patients and conservative treatment in 22

Conclusion: Increased risk of fractures due to osteoporosis also increases the risk of SIF. In our study, the incidence of fractures of sacral

insufficiency was found to be 12.44% and 5-year mortality was 26.9%.

Keywords: Osteoporosis, sacral insufficiency fractures, mortality

INTRODUCTION

The incidence of osteoporosis increases with the lengthening
of the average lifetime of the world population. Uncoupling of
osteoclast-osteoblast activity leads to a decrease in the bone
mass and the deterioration of bone microstructure. All of these
changes in the structure of the bone,which are seen both in the
senile osteoporosis and post-menopausal osteoporosis, cause
an increase in the fracture risk even during the regular activity
and these fractures are defined as insufficiency fractures. The
fracture risks directly related to the degree of bone loss. The
most common fractures are seen in the vertebral body, hip and
wrist, respectively. In recent years, sacral insufficiency fractures
(SIF) have become more prevalent due to the increase in the
life expectancy of the elderly population®,

SIF were firstly described by Lourie in 1982. Although
osteopenia, rheumatoid arthritis, corticosteroid use,
radiotherapy, renal osteodystrophy, osteomalacia, Paget’s
disease, hyperparathyroidism, joint arthroplasties and
lumbosacral fusion are risk factors for SIF, osteoporosis is

the most common risk factor®. SIF presents itself with non-
specific symptoms like low dorsal pain, buttock and hip pain,
which resemble symptoms of various pathologies. These
pathologies include lumbar spinal canal stenosis, vertebral
fractures and metastatic disease. On the other hand, it is
difficult to visualize sacrum with X-rays. Also, sacrum was
not considered as a reason of symptoms at the first step of
evaluation. Therefore, the diagnosis of the SIF is difficult and
often delayed. In non-displaced SIF, the first line of treatment
is conservative treatment. This treatment consists of analgesics
and mobilization that is regulated according to the degree of
the patient’s pain. However, if the patient complains about long-
standing pain or the fracture is displaced, surgical stabilization
should be considered. Because the patients suffering from the
SIF could easily deteriorate with surgical trauma, the least
possible invasive treatment is recommended®.

Although the exact incidence of SIF is still unknown, it is
reported as between 1% and 1.8% in various studies®?. Studies
have shown that almost all osteoporotic fractures, especially
osteoporotic vertebrae and hip fractures, are associated with
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increased mortality risk. However, in the literature, there are
very few studies on the mortality rates of the patients with
the SIF. One of the studies reported mortality within the three
years after the occurrence of sacral insufficiency fracture as
25.5%©. The aim of this study is to investigate the incidence
and mortality rates of SIF in elderly patients with osteoporosis.

MATERIALS AND METHODS

After obtaining approval from the Baskent University Medical
and Health Sciences Research Review Board (no: KA 19/444,
date: 02.01.2020), the recordings of patients referred to our
hospital between January 2011 and May 2018 were examined.
Medical records,radiological images and reports of 245 patients
who were over 65 years of age and underwent pelvic computed
tomography (CT) or magnetic resonance imaging (MRI) for any
reason were retrospectively reviewed.

Thirty-two of the 62 patients with the diagnosis of sacrum
fracture were excluded from the study for the following
reasons: high-energy sacrum fractures (14 patients), patients
with other SIF risk factors (renal osteodystrophy, 10 patients;
pathological fractures, eight patients). Bone mineral density
(BMD) values of four of the remaining 30 patients could not be
reached and they were excluded from the study. As a result, 26
patients (three male, 23 female) over 65 years of age who were
proven to have osteoporosis with BMD values at the time of the
diagnosis were included in the study.

Patients’ demographics and radiological features were
examined. Besides, the fractures of the patients were classified
according to the classification systems previously described by
Bakker et al.” in the literature (Table 1).

Statistical Analysis

The incidence was calculated according to the obtained data
and statistically compared with the findings in the literature.

turkish

Mortality data were obtained from the “Ministry of Health, Death
Notification System”.Mean values and standard deviations were
calculated and statistical analyses were done by using SPSS
(Statistical Package for the Social Sciences) for Windows v24.0.

RESULTS

Data of 26 patients (three male, 23 female) with SIF, who met
the study criteria, were examined. The demographic data of
each patient are shown in Table 2. The mean age at the time of
diagnosis was 80.5%9.02 years [mean * standard deviation (SD)]
and the age distribution of the patients is shown in Graphic 1.

MRI was used for the diagnosis of 20 patients (76.9%) and CT
was used in six patients (23.1%) (Figure 1). When the results of
bone mineral densitometry (BMD) that was measured by dual-
energy X-ray absorptiometry method were evaluated, the mean
value was found to be-3.62 £0.46 (mean % SD).According to the
classification system of Bakker et al.”? of SIFs,the most common
fracture type was B1. Numerical and percentage distribution of
fracture types are shown in Graphic 2.

The treatment of patients with SIF was examined. Four
of the patients had a surgical operation and 22 of them
received conservative treatment. Iliosacral screw fixation was
performed in patients who underwent surgical treatment. After
the patients were placed in the supine position, screws were
bilaterally placed percutaneously using secure corridors of
the S1 and S2 vertebrae under scope control. In retrospective
mortality screening, it was revealed that seven of 26 patients
(26.9%) died during the follow-up period after the diagnosis.
The 3-month mortality rate after fracture diagnosis was 7.7%,
the 1-year mortality rate was 11.5%, the 2-year mortality rate
was 19.2%, and the 5-year mortality rate was 26.9%. According
to the results, the incidence of osteoporotic SIF was calculated
as 12.44% in the study population.

Table 1. Classification of sacral insufficiency fractures according to Bakker et al.”

Type A: Fractures of the sacral ala

Al Bone bruise (MRI) without a visible fracture line in the CT-Scan
A2 Deformation of the anterior cortical bone without a cortical disruption
A3 Anterolateral rim fracture of the ala with up to 1 cm distance in the direction of the medial sacroiliac joint

Type B: Fractures of the sacral ala

B1 Fracture parallel to the sacroiliac joint
B2 Fracture involving the sacroiliac joint
B3 Fracture with an involvement of the neural foramina or the spinal canal

Type C: Corpus fractures

c1 Fracture moves from anterior cortex dorsally or into the sacroiliac joint
c2 Fracture with an unilateral involvement of the neural foramina or the spinal canal
Cc3 Unstable and represents bilaterally sagittal fractures combined with a transverse lesion.

MRI: Magnetic resonance imaging, CT: Computed tomography
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Table 2. The demographic data of each patient

Case Age (year) Gender Imaging modality BMD L1-L4 t-score Fracture type Treatment
1 81 F MRI -3.1 B1 C
2 65 F MRI -3.5 B3 C
3 65 E MRI -3.7 B1 @
4 91 F MRI -4.0 A3 @
5 75 F MRI -36 c1 @
6 76 F MRI -3.5 B1 @
7 82 F MRI -3.3 B2 C
8 89 M cT -4.3 Al C
9 92 M CcT -3.6 B3 C
10 95 F cT -3.0 A2 C
11 73 M cT -3.2 C2 @
12 75 F MRI -36 B1 @
13 96 F MRI -4.8 B1 C
14 81 F MRI -4.1 B1 @
15 86 F MRI -4.3 B3 C
16 93 F CcT -3.2 B3 C
17 76 F MRI -3.5 B1 C
18 92 E MRI -4.0 B3 @
19 73 F MRI -3.0 Al @
20 77 F MRI -3.2 B3 @
21 72 F cT -3.8 Al C
22 81 F MRI -3.2 Al C
23 74 F MRI -3.1 B1 S
24 85 F MRI -4.1 B1 S
25 70 E MRI -3.6 B3 S
26 80 F MRI -39 B1 S

M: Male, F: Female, CT: Computed tomography, MRI: Magnetic resonance imaging, BMD: Bone mineral density, C: Conservative, S: Surgical

Number of Patients

65 70 75 80 85 90 95 100

Age

Graphic 1. Distribution of patient numbers by age Graphic 2. Numerical and percentage distribution of fracture types
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DISCUSSION

The number of patients with osteoporosis increases and
osteoporosis is more common in the elderly and female
population. In the systematic review performed by Yoder et
al.®, risk factors causing SIF were investigated and these
fractures were shown to be highly associated with old age,
female gender and osteoporosis. In the literature; it has been
suggested that the greater pelvic deflection angle of women
causes biomechanical disadvantage and therefore, SIF are more
common in the female population than in the male population.
As consistent with other studies in the literature, our study also
found a higher rate of SIF in women over 65 years of age.

It has been shown in many studies that plain radiographs are
inadequate to detect SIF®*®), Tamaki et al.® found that the
diagnosis of SIF was delayed on average 29.3 days after the
referral to the emergency department and they suggested
that this delay was caused by the use of plain radiographic
examination. SIF are often located in the sagittal plane and
parallel to the sacroiliac joint; therefore, scintigraphy also
gives non-specific results. CT can only detect the changes that
appear weeks after the fracture. Bone edema after a fracture
occurs within hours and can be detected by MRI®. Therefore,
MRI seems to be the most effective method for early diagnosis
and also the most valuable diagnostic method in patients with
vague low back pain that are suspected to have SIFs.

In the study of Na et al.®, 15 patients with osteoporotic pelvic
insufficiency fractures were examined. It was reported that only
four of the patients had sacral and nine had both sacral and
pubic fractures. In this study, the mean BMD value was found
to be -3.9. In our study, the mean BMD value was found to be
-3.6 in accordance with these data. Wagner et al.? examined
patients with osteoporosis-related SIF and calculated the bone
mass of different parts of the sacrum by using special software
with CT. According to this study, the bone mass of the sacrum
body is generally decreased. However, the greatest loss of bone
mass was shown to be in the alar regions.According to Bakker et
al’s” sacral insufficiency fracture classification, type B fractures
are located in the alar region. The fracture line extends along
with the sagittal plane and parallel to the sacroiliac joint. In
addition, they reported the most frequent fracture as type B
fractures in their study. Also, in our study, the most common
fracture type was type B fractures. When all these data were
examined together, it was found that the data of our study were
consistent with the literature.

Conservative treatment is the first-line treatment for sacrum
insufficiency fractures®. In the study performed by Park et
al.®, only 21 (6.5%) of 325 patients with sacral insufficiency
were treated with surgery. In our study, this rate was 15.38%
(4/26). The higher rate of surgical treatment may be due to
the variability in the severity of osteoporosis and persistent
symptoms associated with it.

In the literature, there are few studies reporting the mortality
of SIF. In the study performed by Park et al.®), 3-month, 6-month,
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1-year, 2-year,and 3-year mortality after SIF were evaluated and
were found as 5.8%, 9.8%, 17.5%, 23.7% and 25.5, respectively.
In our study, mortality rates were found to be 7.7%,7.7%,11.5%,
19.2%, and 23%, respectively. In addition, 5-year mortality
was %26.9 in our study. When both studies were evaluated
together, it can be said that the obtained mortality data were
proportionally similar.

The true incidence of SIF is unknown. The first study was done
in 1993 by Weber et al.t9 In this study, the incidence was
reported as 1.8% for the whole study group (n=20). While all
patients were included in the calculation, only 12 patients with
osteoporosis were included in the study. In the study performed
by Tamaki et al. in 2017, they investigated the sacral CT
images of the patients who were referred to the emergency
department and the incidence was calculated as 4.4%. On the
other hand, there are no data available for BMD in both studies.
In our hospital, the incidence of osteoporosis-associated sacral
insufficiency fracture is 12.44%. Our study includes patients
with osteoporosis-related SIF, which have been diagnosed by
BMD values. Developing imaging technologies may have led to
a higher incidence rate in our study.

Study Limitations

The present study has some limitations. Firstly, this is a single-
centered and retrospective study; so,the sample of the study was
lower compared to other studies. Secondly, other factors affecting
insufficiency fractures were not included in the evaluation.
Finally, the treatment of osteoporosis and their possible effect of
the treatment were not considered in the study.

CONCLUSION

Symptoms of SIF are non-specific and similar to the symptoms
of some other pathologies. Due to the difficulty in the
visualization of the fracture, the diagnosis of the SIF cannot be
made on time. Increased risk of fractures due to osteoporosis
also increases the risk of SIF. In our study, the incidence of
fractures of sacral insufficiency was found to be 12.44% and
5-year mortality was 26.9%. Therefore, if plain radiographs are
negative in osteoporotic elderly patients with low back, hip and
thigh pain, SIF should always be kept in mind. Further studies
would increase our awareness and knowledge about these
fractures.
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Objective: Giant cell tumor (GCT) is a benign local aggressive tumor seen mostly in the third and fourth decades. Sacrum is the most commonly
affected spinal region, followed by thoracic, cervical and lumbar regions. Aim of this study is to evaluate the results of surgical treatment in sacral

GCT and review the treatment options of GCT in this uncommon location.

develop occasionally. Therefore, all newly diagnosed patients

lL_) Materials and Methods: Between 2002 and 2018, online hospital database search was conducted for a diagnosis of sacrum and GCT. Patient
é records were evaluated for recurrence and called for last follow-up.
- Results: There were four patients (one male, three female) operated due to sacral GCT, included in the study. Mean follow-up was 49 (25 to 82)
Al months. High speed burr, electrocauterization and phenol were used as adjuvant treatment in all cases. Cementing was used in two patients.
g Conclusion: En bloc resection is the most effective treatment method with the lowest recurrence rate, yet it has the highest morbidity. In addition
to intralesional curettage, high speed burr, electrocauterization, phenol and cement as adjuvant therapies can be used in the treatment of GCTs
to decrease local recurrence in sacral cases while protecting neural tissues.
Keywords: Giant cell tumor, sacrum, phenol, cement, electrocauterization, high speed burr
INTRODUCTION

Giant cell tumor (GCT) is a progressive, destructive tumor of
unknown origin. It is seen mostly in the third to fourth decades
with a slightly higher prevalence in females. Progressive pain
and swelling are the most frequent presenting symptoms in
extremity GCTs; however, spinal GCTs present with back pain,
accompanying radiculopathy, and sometimes with rectal,
bladder or sexual dysfunction. GCT constitutes approximately
16.2% of all primary tumors of the spine®?. Sacrum is the most
commonly affected spinal location, followed by the thoracic,
cervical and lumbar mobile spinal regions,and it is the 4" most
frequently seen anatomic location after distal femur, proximal
tibia, and distal radius. GCT of the sacrum is usually centered
in the S1-S2 region, which may involve nerve roots, and extent
into ilium through sacroiliac joint.

GCT is revealed as an eccentric radiolucent expansile mass in
the epiphysis of the long bones on X-ray. A faint, narrow zone
of transition may accompany. Cortical destruction, periosteal
reaction,and bone loss are not uncommon aggressive features.
Even though GCT is a benign tumor, lung metastasis may

should obtain chest imaging. Computerized tomography (CT) is
the best radiologic entity to visualize the cortical rim,remaining
subchondral bone and lack of internal matrix. A soft tissue
component with high cellularity and hemosiderin substance
that leads to low to intermediate T1 and low T2 signal on
magnetic resonance imaging (MRI) may be present®4. Tumor
is vascular and therefore, signal enhancement is present on
MRI. An elevated level of ATP-dependent proton pumps in the
giant cells generates enhanced fluoro deoxy glucose uptake on
positron emission tomography®9,

Since GCT in sacrum is a rare entity, most information is from
GCTs of all skeletal bones, or small case series of sacral GCTs"-
12, Although a recurrence rate of 17.2-50% is present in spinal
GCTs®¥), surgery is the mainstay of the treatment. En bloc
resection of GCT has the lowest recurrence rate with a better
prognosis compared to intralesional surgical procedures®*!®,
yet en bloc resection is either extremely difficult or it is
associated with increased morbidity and complication rates
of approximately 50-100% due to the adjacent structures of
GCT(16,17).
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The aim of this study is to evaluate the results of surgical
treatment in GCT of the sacrum and to review the treatment
strategies in this rarely-seen anatomic location.

MATERIALS AND METHODS

After obtaining local ethics committee approval from Metin
Sabanci Baltalimani Osteopathic Training and Research
Hospital, Medical Specialty Board Ethics Committee (date:
23,12.2019, no: 376) a retrospective review of the patients
who were operated due to GCT between 2002 and 2018 was
performed. Four patients who were operated due to GCT of the
sacrum were included in the study.

All patients were evaluated by a multidisciplinary orthopedic-
oncology team before the treatment procedure. Tumor
location and extension were described in Table 1 with patient
demographics. All patients were operated with a posterior
approach only; however, one patient was re-operated with
an anterior-posterior combined procedure due to recurrence,
and another patient was re-operated due to inadequate tumor
removal and cementing. The follow-up was carried out every
three months during the first two years, then annually. Control
image studies of the pelvis and chest were conducted during
follow-up period.

RESULTS

Four patients [one male, three female,mean age: 35.8 (30 to 44)
years] were treated due to GCT of the sacrum.The mean follow-
up was 49 (25 to 82) months. Pain was the main symptom in all
patients. There were no urinary or fecal incontinence symptoms
in any patients pre- and post-operatively. First patient was
treated with total excision of S4-Coccyx region. Two patients
were treated with intralesional curettage, adjuvant therapy
followed by cementation with polymethlymethacrylate (PMMA).
The last patient was treated with intralesional curettage and
bone grafting in the first surgery, recurrence was detected after
50 months,then the combined approach with a multidisciplinary
surgical team was performed for anterior-posterior resection,
and posterior lumbar-iliac reconstruction.

DISCUSSION

GCT is a rare, benign but locally aggressive tumor, which can
progress and cause pathologic fractures. Pathologic fracture
may be present in up to 30% of patients*>18 Various treatment

Table 1. Patient demographics, tumor locations

options such as surgery, radiotherapy (RT), embolization,
cryotherapy, and chemical adjuvants are used for GCT of the
spine. Surgical treatment generally includes intralesional
curettage,adjuvant therapy as possible and grafting/cementing
with or without internal fixation“*?),

The purpose of the treatment is to remove the tumor and to
prevent its recurrence, as spinal structures protected, and
neurologic impairment prevented. Although total en bloc
resection is the best surgical treatment method, it is not always
possible in spinal GCTs because of injury potential to adjacent
main neurovascular structures, such as medulla spinalis,
aorta, vena cava, ductus thoracicus, and vertebral artery. Blunt
dissection is used to protect these important structures, which
may lead to excessive bleeding, contamination during removal
of tumor cells, and spinal instability may develop secondary
to spinal osteotomies for tumor resection. Boriani et al.4!%),
reported good results with en bloc resection to decrease local
recurrence compared to other spinal GCT procedures, such as
piecemeal resection, RT, and embolization alone. One of our
patients,whose lesion was located in S4-S5 region, was treated
with en bloc resection, there was no recurrence during the last
follow-up (Figure 1).

Intralesional curettage and bone grafting was described
previously by Puthoor and lype®, and Blackley et al.?V with
a recurrence rate of 14% and 12%, respectively. In our study,
intralesional curettage and bone grafting was performed in
primary surgery in the patient with recurrence, and the patient
was symptom-free in the first 2 years postoperatively, and the
patient was lost to follow-up after the 3 year. Intralesional

Figure 1. Male patient, 44-year-old. En bloc resection at upper end
plate of S4 was performed. a. Preoperative sagittal view of GCT at
S4 and S5. b. Postoperative sagittal view. c. Pathology specimen

GCT: Giant cell tumor

Patient no Gender Age (Year) Follow-up (months) Tumor Location

1 Male 44 25 S4 and S5 corpus

2 Female 32 43 Ala of Right S1

3 Female 30 46 Ala of right S1 and posterior ilium
4 Female 37 82 Ala of left S1 and posterior ilium
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curettage + bone grafting alone has some controversies
compared to curettage + cementing and also adding adjuvant
therapies. In the systematic review of Zuo et al.?? published
in 2013, local recurrence rate was higher in curettage + bone
grafting than in curettage + cementing patients. Also, curettage
+ grafting + adjuvant treatment was found with a higher
recurrence rate than curettage + cementing + adjuvant patients
in the same systematic review. In the systematic review of
Vaishya et al.?»,an overall recurrence rate of 20.4% in six studies
and 42% in one study were reported. Even though grafting was
used in one of our patients, we have been preferring cementing
over grafting in GCTs in our clinic, respecting the literature and
our clinical experience.

The patient re-applied with pain localized in the sacral region in
the postoperative 5™ year. A large recurrent mass was detected,
biopsy confirmed recurrent GCT, and therefore anterior-
posterior partial sacral and iliac resection was performed with
iliolumbar reconstruction.

In patients undergoing intralesional procedures, adjuvant
therapy modalities such as cryotherapy, burr, cauterization,
cementation, and phenol were described to decrease the
recurrence rates. In long bones, cryosurgery was introduced
in 1964, which had a recurrence rate less than 10%, but there
were some major complications, such as fractures, delayed
bone and wound healing, and osteoarthritis?*29, Because of
risks to the neurologic structures, we do not use cryotherapy
in spinal cases. Curettage using high-speed burr as an adjuvant
therapy in addition to autologous bone grafting and allograft
packing was used by Blackley et al.?Y, with a recurrence rate
of 12%. The combination of high-speed burr with a thermal
(cauterization or cryotherapy) or chemical adjuvant modality
decreased the recurrence rate?'2¢?7), Despite the limited use of
high-speed burr in spinal cases, we have been using on the
walls of sacrum distant from nerve roots. The use of phenol as
an adjuvant therapy has controversies in literature. Phenol has
been used as local adjuvant therapy for extremity GCTs, with
comparable results with cryotherapy®*?®. In the report of Klenke
et al.?, recurrence was not decreased in patients treated with
phenol as an adjuvant therapy to intralesional curettage and
bone grafting. We believe that tumor removal with thorough
curettage is more important than using phenol alone. However,
intralesional curettage, adjuvant therapy and cementing with
PMMA have lower recurrence rates than curettage and bone
grafting®®*9. We have been using phenol as adjuvant therapy
in sacral GCTs, by using a small gauge saturated with phenol.
Two patients were treated with curettage, adjuvant therapy
(high speed burr, cauterization and phenol application) and
cementing and there were no recurrences in these patients
(Figure 2). PMMA has a small zone of cytotoxic effect due
to exothermic reaction which results in less complications
compared to cryotherapy®*?). In addition, since PMMA s
durable in compressive forces, filling the curettage void with

turkish

PMMA supports the bone and prevents fractures. In our clinic,
after intralesional curettage, we fill the cavity with the contrast
medium, and use fluoroscopy to compare the extension of
curettage borders with preoperative CT images, which helps
total removal of tumor tissue (Figure 3).After adequate removal
of tumor tissue, we use blunt tip of osteotomes to protect
neural structures from thermal complications of cementing and
apply PMMA (Figure 4). Intralesional curettage with high-speed
burr, cauterization and phenol application as possible and
cementation is the primary choice in GCTs without soft tissue
components with intact bone structure in long bones, pelvis
and sacrum, yet it may be impossible to perform curettage with
high-speed burr and to use of PMMA in other regions of the
spine.

Figure 2. Female, 32-year-old. a. Preoperative axial view, CT
of GCT at right S1 & S2. b. Preoperative sagittal view, CT. c.
Preoperative coronal view, CT. d. Cement as adjuvant therapy seen
on postoperative axial view. e. Cement is seen on postoperative
coronal view

CT: Computed tomography, GCT: Giant cell tumor

AMELIYATHANE

Figure 3. After removal of tumor, void is filled with contrast and
fluoroscopy is used to control the borders of curettage borders. If
it is insufficient, re-curettage is performed. a. AP view b. Lateral
view

AP: Anteroposterior

43
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Cauterization is used as necrotizing adjuvant therapy in
extremities®?, yet we are not aware of any reports in literature
for its use in spinal GCTs. Also, high-speed burr is frequently
used to remove remaining tumor from the walls in extremities,
yet its use is limited in the spine®. Phenol is used in GCTs of
extremities as adjuvant therapy, yet its use is not suggested
in spinal cases due to risks to the medulla spinalis and
nerve roots®. Among patients with intralesional curettage
in extremity GCTs, phenol as adjuvant therapy has a higher
recurrence rate in grafting than cementing patients®?. However,
we used high-speed burr, electrocautery, and phenol safely in
the present study,and we believe they can be used with neural
tissue protective precaution safely, such as using a small
sponge saturated with phenol for the application of phenol on
the walls (Figure 5).

7

Figure 4. High-viscosity cement can be safely used by using
blunt tip of osteotomes to protect neural structures. a. During
application and setting cement. b. Posterior view after removal of
osteotomes

Figure 5. By saturating a small sponge with phenol, walls can be
treated with it safely

44‘

There was no case treated with preoperative embolization or
RT in our series. However, preoperative embolization followed
by resection is an option in large GCTs"332, RT is suggested
to decrease postoperative recurrence in GCT. However, there is
still debate on the development of myelopathy and sarcoma
secondary to RT®3,

Lung metastasis has been reported in 3% of the cases®.
However, as high as 15.6% rate of lung metastasis has also
been reported®®. Lung metastasis in GCT usually represents
as benign with long survival time and without malignant
histologic cases, yet it may become progressive in certain cases,
with a mortal course*3034%) Metastatic spots are usually not
painful, and they are either observed or marginally excised
via thoracotomy®®!%33) Chest radiograms should be studied
for metastasis evaluation during follow-up. There was no case
with lung metastasis in our series. Imatinib (Novartis, East
Hanover, NJ, USA) is the choice of drug for the treatment of
lung metastasis; however, chemotherapy with Adriamycin and
Cisplatin may be preferred®®. Lately, Denosumab, a monoclonal
antibody to RANKL, has been approved by the Food and Drug
Administration in adjuvant therapy for primary tumor site®37-41),
and it has also been used in the adjuvant treatment of lung
metastasis“?. There was no patient treated with Denosumab in
this study population. We had no experience with Denosumab
previously,hence it was not used in the patient with recurrence.
However, we have been using Denosumab treatment in large
GCTs of long bones recently, which has promising results in
surgical treatment of the large tumors in our clinical experience,
similar to recent literature.

Study Limitations

The limitations of our study are the retrospective design,
small sample size, and the application of different treatment
techniques in our series. Since sacral GCTs are rare tumors, it
is difficult to design a prospective design in a single center.
Prospectively randomized designed multi-center studies with
larger patients’ groups are required.

CONCLUSION

Careful curettage of all tumor outweighs the adjuvant therapy,
and cementing has better local recurrence rates than grafting.
Thus, intralesional curettage and filling void with PMMA is the
primary option in patients without soft tissue component in
sacral GCTs. Patients need to be monitored with radiographs
and CT for lesion recurrence and pulmonary metastases.
Refractory, recurrent, and particularly aggressive lesions may
undergo en bloc excision, yet for the areas that are inaccessible
and difficult to treat such as the skull base,and for large lesions
with soft tissue component of the spine, pelvis, and sacrum
in adults and adolescents, there are limited options. In those
patients, embolization, RT, or Denosumab treatment may be
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used as standalone therapy or as adjuvant therapy in addition
to surgical treatment.
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INTRODUCTION

Giant cell tumor (GCT) is one of the benign tumors of bone
that typically originate from the meta-epiphysial ends of
long bones such as the distal femur, proximal tibia, and distal
radius®. Generally, it is seen slightly more in women who have
completed skeletal maturation in the third and fourth decades®.
GCT is rarely seen in the spine. Spine location is mostly in the
spine body rather than in the posterior elements®. In contrast
to GCT seen in the extremities, those with spine localization
are seen in younger patients®. In this case report,a 28-year-old
female patient who was operated on and diagnosed as GCT was
discussed by reviewing the literature.

CASE REPORT

A 28-year-old female patient was admitted to our clinic with
the complaints of back pain localized to upper thoracic spine
and hypoesthesia in the legs. These complaints had been
present for 1 year and increased in the last 3 months. She
had a diagnosis of lumbar discopathy and underwent various
medical/physical therapies. However, her complaints increased
and thoracal magnetic resonance imaging (MRI) revealed a
mass lesion in the thoracic two vertebra on contrast-enhanced
series. On admission, the right extensor hallucus longus and
foot dorsal flexion was at 4/5 strength, and under T5 level,

Giant cell tumor is one of the benign tumors of bone that typically originate from the meta-epiphysial ends of long bones. It constitutes
approximately 5% to 10% of all bone tumors in adults. These rarely seen tumors in the spine often present with nonspecific localized pain due
to bone involvement. Diagnosis is made by demonstrating osteolytic bone lesion by direct X-ray and computed tomography. Surgical excision,
radiotherapy and immunotherapy are the main treatment modalities. Herein we report a young female patient presented to our clinic with back
pain and hypoesthesia in her legs. Lytic bone lesion in the second thoracic vertebra was radiologically demonstrated. After subtotal excision,
histopathological examination revealed giant cell tumor of the bone. Diagnosis and treatment approaches in our case were discussed by

there was hypoesthesia. Also, there was bilateral Babinski
pathological reflex and impaired tandem gait. Thoracic
computed tomography (CT) and MRI showed a lytic lesion in
the thoracic two vertebral corpus extending to the surrounding
tissue (Figures 1-2). With the diagnosis of T2 vertebrae mass,
patient underwent operation. Subtotal excision was performed
macroscopically with malignant tumor bone excision after
C7-T4 posterior instrumentation via posterior approach.
Arthrodesis was achieved by T2 corpectomy + cage fusion
implementation (Figure 3). As a result of histopathological
examination, due to the presence of a plurality of multinuclear
giant cells between oval round nuclei, open chromatinous,
nucleolated mononuclear cells and foamy histiocytes in some

Figure 1. Preoperative CT results
CT: Computed tomography
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areas,occasional bleeding areas,hemosiderin pigment and bone
spicules, and also the presence of reactive osteoid formation
as small foci within the tumor, the tumor was evaluated as
a giant cell tumor of bone in the intermediate group (Figure
4). Postoperative thoracic CT and MRI examinations revealed
subtotal excision of the tumor. The patient was discharged
with a thoracic corset on the 7™ postoperative day without
any additional deficit. Denosumab/Filgrastim + Lenogastrim

ANKARA ATATURK EGITIM VE ARASTIRMA HASTANESI

Figure 2. Preoperative MR results

MR: Magnetic resonance

Figure 3. Postoperative 15t day CT results
CT: Computed tomography
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Figure 4. Patology results

treatment was started after the patient was evaluated by the
oncology department after discharge. There is no regression or
progression for the residual mass, it is stable. There is no new
lesion in the 4-year follow-up (Figure 5,6).

DISCUSSION

GCT is one of the benign tumors of bone, which usually
originates from the metaepiphysial ends of long bones and
constitutes approximately 5% to 10% of all bone tumors in
adults®. It is mostly seen in females who have completed
skeletal maturation in the third and fourth decades of life®.
Spine location is mostly in the spine body rather than the
posterior elements. GCT is generally located in corpus against
the posterior elements in the spine®. In our 28-year-old female
case, the mass was located in the thoracic two vertebra corpus
in accordance with the literature.

Patients commonly present with back pain. Since the first
symptom is usually back pain, it may cause misinterpretations
and delay in diagnosis®®. With the growth of tumor size,
localized pain may present with swelling and compression of
spinal cord or nerve roots on the affected side and present with
neurological deficits®9. Similarly, our patient received medical
and physical therapy with the complaint of back pain and with

Figure 5. Postoperative 4" year CT
CT: Computed tomography

Figure 6. Postoperative 4™ year MR
MR: Magnetic resonance
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the diagnosis of lumbar disc disease for about 1 year in various
centers. After weakness of the lower extremity and sensory
deficits, the patient was diagnosed with thoracic mass.

The most common localization of GCT in the spine is the
sacrum and these localized tumors are diagnosed late due to
nonspecific symptoms and show a more aggressive course®.
Depending on the location of the tumor in the sacrum, they
may present with weakness in the gastrocnemius muscle in
the upper sacral location, loss of bladder and bowel control in
the lower sacral location, and perineal numbness and sexual
dysfunction®. In our case, thoracic spine involvement, which is
a rare localization, was present.

It is usually seen as a destructive, osteolytic lesion in radiologic
imaging. Generally, they can be distinguished from other bone
tumors by their radiological appearance. In our patient, as seen
on thoracic CT, there was a well-circumscribed lytic lesion in
the T2 vertebra corpus (Figure 1). CT and MRI provide detailed
information about bone involvement, surrounding soft tissue
and bone marrow®; bleeding, cysts and necrosis areas may
vary due to variable signal intensities. Similarly, in our case,
MRI of the tumor showed heterogeneous iso- or hypointense
on T1l-weighted sequences and heterogeneous hyperintense
on T2-weighted sequences (Figure 2). It should be noted that
GCT can occur in two separate vertebrae. For this purpose, the
whole spine should be investigated preoperatively by bone
scintigraphy or CT®. In our case, preoperative scintigraphy and
spinal CT were performed and no second focus was detected.
The treatment of GCT is more complex due to limited surgical
access to the spine, differences in vascular structures, and
proximity to the spinal cord and nerve roots, as opposed
to tumors in other regions. Radical excision of GCT is
accepted as the best treatment option®®. Although lower
margin recurrence rates are seen in wide marginal resection
or en-bloc resection of the tumor, this can often lead to
serious neurological impairment®. Neoadjuvant treatments
(neoadjuvant chemotherapy, selective arterial embolization) can
be used before the surgery. Selective arterial embolization (SEE)
reduces the amount of intraoperative bleeding when applied
24 hours before the surgery. There are also studies reporting
a reduction in recurrence rates. SEE may act as a neoadjuvant
therapy rather than a stand-alone treatment, as it alone does
not provide local control. Chemotherapeutic agents are used in
preoperative (Neo-adjuvant Immunotherapy) and postoperative
(Adjuvant Immunotherapy) treatments. As Bisphosphonates
and Denosumab are involved in the apoptosis of tumor cells
and they inhibit the growth of GCT cells by inhibiting osteoclast
differentiation, the use of these drugs before and after surgery
is recommended®?!?, The dimensions of surgical excision and
adjuvant treatments [Radiotheraphy (RT) and immunotherapy]
depend on many factors such as tumor location and patient
comorbidity. Whether RT is given is controversial. The efficacy
of RT and the frequency of sarcomatous conversion are two
major concerns about the frequency of this therapy. RT may
be an alternative treatment in cases where complete excision

turkish

is not possible or there is excessive morbidity. Other adjuvant
therapies such as freezing,argon beam coagulation, radioactive
particles and cementation may be useful, but there is no clear
study of these methods. In our case, Denosumab/Filgrastim +
Lenogastrim treatment was initiated by Oncology Department
after discharge. RT was not applied because of the possibility of
sarcomatous transformation.

Although GCT is generally accepted as benign, they may display
malignant aggressive behavior such as local invasion and lung
metastasis less frequently®®. Since these tumors have local
aggressive ability, local recurrence rate is quite high if adequate
excision is not performed®?. The local recurrence rate varies
between 10% and 40% depending on surgical intervention and
treatment®). The recurrence rate is higher in patients under
30 years of age®®. Thorax CT was performed in our patient for
possible preoperative lung metastasis exclusion and no signs
of metastasis were detected. There was no recurrence in the
4-year follow-up of our patient who underwent total excision
and immunotherapy after surgery (Figures 5,6).

CONCLUSION

The giant cell tumor of the bone, which presents with
nonspecific back and low back pain and rarely with spine
involvement in long bones especially in middle-aged women,
should be considered in the differential diagnosis. Although
it is generally accepted as benign, the combination of neo-
adjuvant treatments (SEE, Immunotherapy), radical excision
and postoperative relapse reduction (RT, Bisphosphonates,
Denosumab) is the most appropriate treatment because of high
local recurrence rates after inadequate surgery.
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b Spinal instrumentation and surgical techniques have exponentially improved over the years, and today’s spinal surgeon is well equipped to
< rigidly fix the spine with minimum adverse effects. Complications may emerge during or after the surgical operations. Infection, hematoma and
o neurological deficits are early noticed findings. Instrumentation problems i.e. screw and/or rod failures present in long-term after surgery. Caudal
(|7) rod migration out of the spinal column is a rare entity. We report here three case incidents (in two patients) of lumbar degenerative disorders
[aa) requiring spinal instrumentation that represented with caudal rod migration, all associated with one particular implant made.
< Keywords: Implant failure, lumbar spine, migration, pedicle screw instrumentation, spinal stenosis

INTRODUCTION CASE REPORTS

Spinal instrumentation and surgical techniques have Case 1

exponentially improved over the years and today’s spinal
surgeon is well equipped to rigidly fix the spine with minimum
adverse effects. But, especially for adult spinal deformity
surgery, up to one third of patients experience some form of
radiographic and/or implant-related complications, ranging
from rod or screw breakage to implant prominence®. Distant
rod migration after spine instrumentation is not a common
complication but could potentially result in high morbidity
or even fatal outcomes if unrecognized. There are plenty of
case reports in the literature about this type of complication
following spinal instrumentation. These reports range from
cephalic to caudal rod migrations, which in some instances
lead to near catastrophes®>. There are cases of rod migrating
from cervical spine fixation to the occipital fossa, into the brain
matter and those of rod migrating from lumbar spine fixation
down to the knee®>9. Interestingly, none of all these published
reports describe any propensity of this type of complication
happening with any particular implant brand, make or metal
type. We report here three case incidents (in two patients) of
lumbar spinal instrumentation that represented with caudal
rod migration, all associated with one particular implant make.

A 69-year-old male patient presented to our spine clinic with
bilateral buttock and lower extremity pain associated with
neurogenic claudication. He had no other comorbidities of
significance; his body mass index (BMI) value was 34.2. His left
extremity pain was worse than the right side. Motor strength
was within normal limits and there were no bowel or bladder
symptoms. Radiographs and magnetic resonance imaging of
the lumbar spine revealed degenerative changes and a flat back
with multi-level spinal stenosis. After failure of conservative
treatment, he was scheduled for spinal decompression and
instrumented fusion. His surgery consisted of posterior
decompression through multiple laminectomies as well as facet
osteotomies to restore his lordosis and posterior instrumented
fusion (using local iliac crest bone) from T12 to sacrum using a
constrained polyaxial pedicle screw system with a 6.0 mm rod
diameter (Xia Titanium Spinal System, Stryker Spine, Allendale,
NJ, USA) (Figure 1a, b) . Two 6.0 mm titanium rods and multi-
level titanium polyaxial screws were used. Early post-operative
period was uneventful, and the patient was discharged home
four days after surgery. At three months during patient’s routine
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follow-up, lumbar-sacral radiographs revealed a broken left
rod now lodged at the gluteal area due to caudal migration
(Figure 1c, d). On further questioning, the patient reported
some mild aching pain over his left buttock area especially
with sitting, but denied any recent strenuous activity. There
was no evidence of fusion yet at the instrumented levels. He
subsequently underwent a revision surgery of his broken left
rod with an additional bypass rod at the left side (Figure 1e,f).
Intra-operatively, all the screw caps on the left side were loose.
They appeared to be well centered but had backed off by one
or two turns allowing the rod to slide down. The screws on
the right side were tight. There was no evidence of infection
or metallosis. Swabs for cultures were taken and all came back
negative for infection.

Case 2

Twelve months after his second operation, “Case 1” presented
to his local medical facility again complaining of left gluteal
swelling and redness. According to accompanying notes,
there was no evidence for local infection or gluteal abscess.
Radiographs taken revealed a left sided distal domino failure
and had caudally migrated and lodged at his left gluteal area
(Figure 2a, b). Similarly, there was no history of recent trauma
or strenuous activity. A third operation was subsequently
performed for rod and screws exchange with another spinal
instrumentation system (CD Horizon Engage 6.35 Spinal System,
Medtronic, Minneapolis, MN USA) (Figure 2c, d). Intra-operative
findings were strikingly similar to his previous surgery. Right
rod was intact, screw caps on the left sided were well centered
but had backed off one or two turns. There was no evidence of

Figure 1. Early post-operative X-ray, AP (a) and lateral view (b), a
repeat X-ray at three months AP (c) and lateral (d) views showing
a caudally migrated left rod. X-rays after revision surgery, AP (e)
and lateral (f) views

AP: Anteroposterior

infection or metallosis. He had further follow-up of 14 months
with no residual symptoms at the time of the writing of this
report.

Case 3

A 72-year-old male, who had a background history of L1-3
decompression and instrumented fusion for degenerative
spinal stenosis performed at another institution 5 years
before presenting to our center, was admitted. He had further
comorbidities of diabetes mellitus for 32 years, fungal
osteomyelitis of the maxilla (treated) and a BMI of 34.6. He
presented with the recurrence of low back symptoms and was
diagnosed as having further multi-level degenerative spinal
stenosis and sagittal imbalance. Similar to the first patient,
decompression as well as long instrumented fusion (using
local iliac crest bone) from T9 to ileum with partial restoration
of lumbar lordosis was performed. Two 6.0 mm titanium
rods and multi-level titanium polyaxial screws of the same
instrumentation system as case 1 were used for fixation (Xia
Titanium Spinal System, Stryker Spine, Allendale, NJ, USA). His
immediate post-operative period was unremarkable. Twelve
months later, the patient presented back to our institution
complaining of left gluteal pain and swelling. He denied any
recent strenuous activity. Further evaluation and radiographs
revealed a loose left rod that had migrated caudally to the
gluteal area similar to the first patient (Figure 3a,b). The left rod
was revised and intra-operative findings revealed loose caps
on the left side (seven in total). The caps were well centered but
had backed off. There were no signs of infection or metallosis
noted and culture swabs were negative. His further follow-

Figure 2. One year after post revision surgery showing caudally
migrated domino AP (a) and Lateral (b) X-rays views. Rod and
screws exchange with another spinal instrumentation system AP
(c) and Lateral (d) X-rays views

AP: Anteroposterior
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up of two years now is uneventful with regard to any further
instrumentation problems.

DISCUSSION

This is a report of two patients who had undergone surgery
consisting of decompression and instrumented fusion for
lumbar spinal stenosis. These patients experienced rod
loosening and migration secondary to the loosening of the
screw caps with or without associated rod breakage at a total
of three instances. Such a complication associated with very
similar patients and a single instrumentation system has not
been reported previously.

The case reports of spine rod migrations are mainly of either
Harrington rods or of Luque rod instrumentation system, both
unconstrained systems in regard to the anchor-rod interface®.
In all these cases described, there was a significant time lapse
between the index surgery and discovery of a migrated rod. The
three incidents presented here are those of loss of rod fixation
and subsequent migration involving one particular implant
and all happening within a short span of time from the index
surgery. Davne and Myers® described 5.6% of nut loosening in
their series of 486 patients and they attributed this as technical
problems, this problem was resolved after the introduction
of integral-nut screw system. Leute et al.”) reported a case of
set screw fracture with cage dislocation after an open TLIF
procedure, they acknowledged this as malpositioning of set
screws or flaws in their production. In another case by Bayri
et al.”, a patient, who had underwent spinal instrumentation
surgery for spondylolisthesis 6 years ago, was detected to
have migration of rod into retroperitoneal region, the reason
for movement of the rod in this case was due to unbalanced
motion at the instrumented level without any fusion.

This type of implant failure may be secondary to several reasons:
technique related, implant design defects, patient related
factors and material failure with or without a non-rigid fixation
(pseudoarthrosis). Poor technique in the form of insufficient
tightening of the nut into the screw head, or improper coupling

Figure 3. Post-operative X-rays AP (a) and Lateral (b) subsequent
sequential failure of fixation with rod migration.

AP: Anteroposterior

between nut and screw head can cause loosening and
consequent dislodgment of the rod®?. In our setting, the same
team highly experienced in spinal instrumentation operated
the two patients in a similar fashion to all other cases. A total
of 68 patients were operated with such spinal instrumentation
system (Xia Titanium Spinal System, Stryker Spine, Allendale,
NJ, USA) upon having had this confusing complication. Screw
nuts were tightened in accordance with the recommendations
of the manufacturer (a torque wrench screw driver was used
with the recommended level of torque application). Hence,
surgical technique is highly unlikely to be a factor because this
phenomenon has not been experienced when using different
implant systems. In addition, there were no signs of eccentric
coupling between the nut and screw head intra-operatively at
the index surgeries or at the times of revision.

Although it has been reported that these rods can get loose
and migrate leaving behind a tight and properly placed pedicle
screw caps without evidence of loosening”, in our cases, the
screw caps were loose and backed-off by one or two turns. It is
unclear why the caps got loose although after experience with
the first case,additional time was spent ensuring that the torque
applied to the caps was of sufficient amount as prescribed by
the manufacturer. As a second thought, one risk factor that
might have been important in regard to manufacturing may
be the torque wrench/driver. It is quite plausible that the
torque settings of this tool might have been less than accurate
resulting in less than ideal tightening of the screw caps. The
fact that these failures were noted back to back within a limited
time frame (2 years before the writing of this report) may be
suggestive of such a manufacturing error (of the caps or the
torque wrench) in a certain party of implants/instruments.
Metal corrosion and shredding leading to implant loosening are
also important aspects to consider especially the interactions
between titanium pedicle screw and a different metal such
as Cobalt-Chromium (CoCr). This interface is under significant
frictional load and can sustain crevice corrosion, metallosis
with subsequent loosening®?. In both of our patients described
above, we used titanium screws on a titanium rod and there
was no evidence of metallosis or corrosive loosening intra-
operatively. The magnitude of stress on pedicle screws under
impact or dynamic loads depends on the mechanical properties
of the rod. Titanium rods are less stiff compared to CoCr rods
and essentially concentrate less stress on the pedicle screws;
therefore, biomechanically titanium on titanium is expected
to have less stress concentration®. Other factor to consider
is bacteria- induced metal corrosion leading to rod loosening.
Propionibacterium acnes have been linked to late infections
and implant corrosion and metallosis®?. In the two patients
described above, there was no evidence of infection from intra-
operative cultures.

Of factors that might have been related to the specific
patients, our patients were fairly similar in terms of gender
and body composure. BMIs at the range of obesity might have
been a contributing factor in this type of failure but most

-
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probably not as a single decisive factor. Another potential
contributing (patient related) factor may be pseudoarthrosis.
It is quite plausible that at least one of our patients (case 1)
had developed pseudoarthrosis as he had to have another
revision surgery for further implant failure. Pseudoarthrosis is
expected to impact significant stress on the screw-rod junction
in spinal implants but there are no studies in literature directly
linking pseudoarthrosis to rod migration. In addition, implant
related problems in association with the development of
pseudoarthrosis per se would be more likely to result in later
(one year and on) failures with a different pattern (rod and/or
screw breakage or screw loosening).

It is important to note that rod breakage with subsequent
migration can have devastating consequences. Lark et al.®?
have described a case of migrated rod presenting with acute
sensory changes in lower extremities with imaging showing
rod failure, resulting in the penetration of the rectal wall. Al-
Binali et al.? have reported on a child who presented with a
migrated lumbar spinal instrumentation causing massive acute
lower gastrointestinal bleeding due to internal iliac artery
injury and bowel perforation. This clearly shows that spinal
surgeons must have high index of suspicion for any patient
presenting with unusual symptoms, on a background history of
spinal instrumentation either anterior or posterior.

In summary,we could not identify the reasons for rod loosening
and disengagement twice in one patient and another patient,all
happening with the same instrumentation system and within a
relatively short period of time. Also, the object of interest was
that the loss of fixation happened at multiple fixation points
rose suspicion of a potential inherent biomechanical weakness
with this particular instrumentation system.

To conclude, implant/hardware related problems are rare
complications in spine surgery; however, this should be kept in
mind and this may lead to a potentially catastrophic condition.
Although rare and can happen with any spinal instrumentation
system,here,itappearstobe higher propensity of disengagement
and loosening with previously approved and tested Stryker
system (Xia Titanium Spinal System, Stryker Spine, Allendale,
NJ, USA). This potential biomechanical problem needs to be
further investigated.
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INTRODUCTION

Glioblastoma is the most common and most aggressive
primary malignant brain tumor in adults. On the other hand,
glioblastoma with primary spinal involvement is very rare®.
Spinal glioblastomas have an incidence of 1-5% in all
glioblastoma cases and 1.5% of all spinal tumors®. More than
60% of cases are in the cervical or cervicothoracic region®.
The purpose of this case report is to provide basic information
about this rare disease to present and discuss in the context of
the literature.

CASE REPORTS

Case 1

First case was a 21-year-old male who was referred to
our clinic with a complaint of weakness and sensory loss
in the lower extremity that started 1 month ago. Urinary
incontinence occurred three days after his first admission to
hospital. Neurological examination revealed paraplegia and
hypoesthesia below T10 level. Deep tendon reflexes were
hypoactive.

Primary spinal glioblastoma is a very rare disease of spinal cord with high morbidity and mortality. In this study, we presented two patients
The first case was a 21-year-old male who has a lesion at T9-T10 spinal level in Magnetic resonance imaging (MRI) in which subtotal resection
The second case was a 22-year-old male patient who has a lesion in the spinal canal between the level of C3 andT1 in MRI. The lesion was

The pathological diagnosis was reported as glioblastoma in both cases. Primary spinal glioblastoma is a very rare disease. Because of its clinically
and radiologically malignant behavior of prognosis, this disease must be kept in mind in differential diagnosis of cervical-thoracal spinal cord
pathologies and early diagnosis and treatment should be started as soon as possible.

As a result of the cranial and spinal Magnetic resonance
imaging studies, intramedullary mass was found at T9- T10
level (Figure 1A). Bilateral tibial Sensorimotor Evoked Potential
(SEP) cortical response could not be obtained. The patient was
operated and the mass was subtotally resected. Postoperative
neurological findings were same after surgery.

Postoperative histopathological examination showed an
infiltrative tumor of the medulla spinalis. The tumor was found
to be formed by atypical glial cells with large hyperchromatic
nuclei. Highly mitosis and geographic necrosis areas were
detected in pathologic specimen. Neoplastic cells were marked
with glial fibrillary acidic protein (GFAP). Glioblastoma was
diagnosed with these morphologic and immunohistochemical
findings (Figure 1B).

Following postoperative wound healing, chemotherapy
and radiotherapy were applied to the patient. After
chemoradiotherapy,the patient was admitted to a rehabilitation
program for motor weakness. Control MRI was performed 3
months after surgery. Local recurrence or distant metastasis
was not detected following chemoradiotherapy. Neurological
findings were not different from those in early postoperative
period in follow up.
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Local recurrence and distant metastasis were not detected
in the spinal MRI at the sixth month of surgery. At the ninth
month of surgery, new lesions were observed on the anterior
horn of right lateral ventricle and T7-8 vertebrae in the control
MR, in addition any surgical treatment was required for these
lesions (Figure 1C,D). Surgical treatment was not considered for
cranial lesion because the patient’s neurological status did not
show any deterioration in neurological examination after ninth
months of surgery. For the spinal recurrence, it was thought that
a second operation would not provide an additional benefit to
the patient’s outcome. The patient was directed to radiation
oncology clinic for radiotherapy. He received radiotherapy for

Figure 1A. Preoperative thoracolumbar T1 sagittal contrast MR
image
MR: Magnetic resonance

Figure 1C. Postoperative 9" month thoracolumbar T2 sagittal

contrast MR image
MR: Magnetic resonance
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the cranial lesion and was discharged afterwards. It is known
that the patient died about 16 months after being diagnosed.

Case 2

Second case was a 22-year-old male patient, referred to
our clinic with the complaints of right sided numbness and
weakness in extremities for 2 months. There was not any
obvious pathology found on systemic examination. Right sided
1/5 hemiparesis was observed. Babinski’s reflex was positive
on the right side. Deep tendon reflexes were hyperactive in the
lower Llimbs.

An intramedullary expansile mass was revealed on the spinal
cord with an extending of C3 to T1 vertebrae spinal levels. In
MRI, the size of the tumor was measured as 14x18x65 mm
(Figure 2A). The lesion was thought to be compatible with
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Figure 1B. Palizadic alignment around the necrotic area histo-

logical appearance of the tumor (x200, HE), HE: Hematoxylin and
eosin

Figure 1D. Postoperative 9" month cranial T1 axial contrast MR
image
MR: Magnetic resonance
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ependymomas or astrocytomas due to mild degree of contrast
enhancement. An edematous appearance was observed at
the inferior contour of the lesion. The patient had additional
thoracolumbar and brain MRI scans and no other involvements
were detected.

The extension of right tibial nerve latency was detected in
SEP. Soft-grained mass was subtotally resected with C4-6
total laminectomy. In the post-operative early neurologic
examination, lower extremities and right upper extremity
were plegic, left upper extremity was 4/5 paretic, patient was
anesthetic under C4 level, and lower extremity reflexes were
hyperactive. The patient was operated in the presence of
neuromonitoring. Bilateral lower extremity response was not
obtained in motor evoked potential during surgery.
Histopathological examination revealed that the tumor
was composed of atypical glial cells with hyperchromatic
nucleus, pleomorphic and high mitotic activity on a fibrillary

Figure 2A. Preoperative thoracolumbar T2 sagittal contrast MR
image
MR: Magnetic resonance
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Figure 2B. Tumor necrosis area (H&E, x40)
H&E: Hematoxylin and eosin stain

turkish

site. Necrosis foci and microvascular proliferation areas were
present around the tumor, which was palindically dyed (Figure
2B). Immunohistochemical examination revealed that the
tumor was diffusely and strongly labeled with GFAP, and the
cells showed nuclear positivity with P53. Ki-67 proliferation
index was 70-75% (Figure 2C). Significant immunoreactivity
was not detected with neuron-specific enolase, synaptophysin,
chromogranin and monofilament. Tumor was reported as
gliblastoma (WHO grade IV)

In the postoperative first week,the right median nerve response
was not obtained in control SEP, whereas the right tibial
nerve response latency was long. Left median and tibial nerve
responses were normal. He underwent physiotherapy 1 month
after surgery and tetraparesis recovered partially (Figure 2D).
The patient was directed to the radiation oncology clinic for
further treatment. After radiotherapy, adjuvant chemotherapy
(temozolomide) was given to the patient. The patient was
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Figure 2C. Microvascular proliferation area in tumor (H&E, x100)
H&E: Hematoxylin and eosin stain

Figure 2D. Postoperative first month thoracolumbar T2 sagittal

contrast MR image
MR: Magnetic resonance

57



58

J Turk Spinal Surg 2020;31(1):55-9

Durmaz et al. Primary Spinal Cord Glioblastoma in Young Population

turkish

transferred to a physical therapy center after radiotherapy.
After about two months of physical therapy, the patient was
discharged. It was learned that the patient died about 5.5
months after diagnosis.

DISCUSSION

Glioblastoma (GBM) is the most common primary malignant
brain tumor in adults. In spite of that, spinal intramedullary
astrocytomas constitute approximately 1% of all central
nervous system tumors and 6-8% of all spinal cord tumors.
Glioblastoma accounts for 7.5% of all intramedullary gliomas
and only 1.5% of all spinal tumors®. It has been reported in the
literature that spinal glioblastomas usually occur in the second
and third decades, frequently in the cervical region followed
by the cervicothoracic region®9. Similarly, our cases were in
the second decade and the settlement was at the cervical and
thoracic spinal levels. Shen et al.® showed a review of the
literature, and to date, a total number of 165 primary spinal
GBM cases have been reported since 1938.

Although spinal glioblastomas are seen as primaries,
spinal extension of cerebral primer tumors may also occur.
Glioblastoma is rarely seen in the differential diagnosis of
spinal cord masses, but should be considered in diagnosis. After
diagnosis, all spinal column and brain should be scanned with
MRI. Primary development or metastasis of the tumor should
be discriminated and the treatment algorithm should be
determined accordingly®.

It may be difficult to diagnose early because the initial
symptoms of the disease are not apparent. Neurological
deterioration occurs rapidly. Diagnosis can be made by the
presence of various deficits such as motor and sensory loss,
hyperactive reflexes, sexual dysfunction, bladder and bowel
function disorders in the clinic progress of disease®. The most
common finding is motor weakness seen in 87% of spinal
glioma cases. The 5-year survival rates are in these patients
with a poor rate of 0% to 33%. Right after the diagnosis, the
survival rates range from 6 to 16 months®.

Today, MRl is the ideal imaging method for diagnosis®. In MR,
the mass is usually seen as iso-hypointense with spinal cord on
T1-weighted images and hyperintense on T2-weighted images.
Cystic areas within the tumoral tissue are frequently seen.
Irregular homogeneous contrast retention and expansions of
the spinal cord by neoplasm are other common findings.
Leptomeningeal involvement is seen in 23-27% of autopsy
series of cerebral glioblastoma cases®®!V), These metastases are
generally thought to originate from neoplastic cells carried by
the cerebrospinal fluid®!2.

The aim of the surgery of high grade glial tumors is primarily
maximal resection of the tumor. Recurrence of the disease is
common even if total resection is performed by surgery. In high
grade glial tumors, recurrences frequently develop around the
origin of the lesion. In 58% of high grade glioma cases, tumor
spread is seen throughout the subarachnoidal space®.

Spinal glioblastoma treatment includes surgical resection
and adjuvant radiotherapy. The application of radiotherapy
and chemotherapy is important because it contributes to the
enhancement of disease control®®.

To increase free survival rates in these tumors,simultaneous use
of temozolamide (75 mg / m?, adjuvant temozolamide 200 mg /
m? daily for 6 months, followed by 28 days) was emphasized in
the study of Stupp et al.in 2005¢>19),

Both of our cases underwent simultaneous radiotherapy after
surgery and adjuvant chemotherapy was applied afterwards.
Spinal cord primary glioblastoma is still a malignant neoplasm
with high mortality and morbidity despite surgical treatment
and other adjuvant therapies. It is very important to initiate
appropriate treatment by making correct diagnosis in the
shortest possible time in glioblastoma, if the mean survival
rate of 15 months is considered in this pathology®. Today,
glioblastoma, which has started to differ in terms of settlement
location and frequency, is at the top of the list of increasingly
frequent differential diagnoses among primary spinal cord
pathologies.
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INTRODUCTION

Spinal tuberculosis (TB) is seen in 2% of TB patients and 50% of
skeletal involvement of TB®. Approximately 90% of the patients
are affected by the lower thoracic and upper lumbar vertebrae®.
Spinal TB can lead to the destruction of the vertebral body,
posterior elements and pars interarticularis, which can lead to
deformity, spondylolisthesis, and even paraplegia®. Although
clinical examination, patient history and radiography are
usually sufficient for diagnosis, early computer tomography
and magnetic resonance imaging (MRI) are useful®®. Usually,
only anti-TB drugs are used in the treatment but surgery may
be necessary if signs of spinal compression and neurological
deficits, instability, advanced kyphosis deformity or drug
resistance occur®, Debridement, grafting and internal fixation
are the main objectives of surgery. Surgical timing, amount of
debridement and surgical approach are still controversial?-
The purpose of this review is to provide information about the
current approaches in the diagnosis and treatment of spinal TB.
Diagnosis

Diagnosis is difficult in the initial stages, delay in diagnosis
may lead to serious spinal cord injuries®. Predisposing
factors include malnutrition, alcoholism, diabetes, and human
immunodeficiency virus (HIV) infection®. Symptoms are usually
insidious, there may be complaints that have been going on

Spinal tuberculosis (TB) is seen in 2% of TB patients and 50% of skeletal involvement of TB. Low back pain, fever, weight loss, and night sweats
are the most common symptoms. However, the gold standard for its diagnosis is the growth of Mycobacterium tuberculosis in culture taken from
tissue samples. Magnetic resonance imaging is the preferred imaging modality in the diagnosis of spinal TB. Typical findings include lesions
in the vertebral endplates, anterior involvement of the vertebral body, and subligamentous spread. The aim of the treatment is to confirm the
diagnosis, to clear the lesion from bacteria, and to eliminate spinal deformity and spinal cord pressure. Drug therapy is recommended for 9-12
months. There is controversy in the literature regarding the need for additional surgical intervention in the treatment of spinal TB. Many authors
have suggested surgery in the presence of progressive neurological deficit, instability, progressive kyphosis above the 50 degrees or disease
unresponsive to drug therapy. Surgical approach in spinal TB surgery is still being discussed. The location of the lesion, instability, patient-related
factors, and severity of deformity should be considered when deciding on the approach.

for years before diagnosis®. Low back pain, fever, weight loss,
and night sweats are the most common symptoms®®, The
diagnosis usually can be made on the basis of predisposing
factors, history of TB disease, clinical findings and imaging
methods®. However, the gold standard in diagnosis is positive
Mycobacterium tuberculosis tissue culture®?, Because of this,
in the case of clinical suspicion, tissue culture should be
performed. In addition, performing polymerase chain reaction
in samples taken with biopsy, erythrocyte sedimentation rate
(ESR), immunological hematological tests and skin test are
helpful in diagnosis®?. Radiography is preferred as the initial
imaging method and the “bird’s nest” appearance can be seen,
evocative of an aortic aneurysmal phenomenon reflected from
aortic pulsations®. Computed tomography (CT) can provide
information on the extent of vertebral involvement. Abscess
and intra-canal compression can be seen in the CT taken
with intrathecal contrast®®, The preferred imaging method
for spinal cord TB is MRI. Typical findings include lesions in
the vertebral end plates, anterior involvement in the vertebral
body, subligamentous spreading, paraspinal cold (without signs
of severe acute inflammation) abscesses and calcifications,
vertebral bodies, vertebral body destruction and collapse but
the disc is usually protected®. MRI findings can also be used
in treatment follow-up, but pain reduction and neurological
recovery are more important in follow-up treatment®*. Javed et
al.® compared the clinical and laboratory findings of patients
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with spinal epidural tumors and patients with spinal TB. They
reported pain,fever,progressive lower extremity weakness, high
ESR, epidural and paravertebral contrast involvement, spinal
deformity and adjacent level involvement in MRI as possible
diagnostic criteria for the spinal tuberculosis. In distinguishing
pyogenic spinal infections, laboratory findings and imaging
methods are useful. It has been reported that positron emission
tomography, the use of which has increased in recent years, can
be used in diagnosis and follow-up in pott disease®.
Interferon gamma release tests used in the diagnosis of latent
tuberculosis infection are not reliable in the diagnosis of spinal
TB®). More clinical trials investigating different antigens are
needed in this regard. In addition, although the low sensitivity
of nucleic acid amplification methods prevents excluding the
diagnosis, it is useful to confirm the diagnosis®®.

Biopsy can be attempted from the suspicious lesion by
interventional diagnostic methods or endoscopic methods,
but false negative results may be seen in these diagnostic
methods®. Therefore, in the presence of clinical symptoms, the
negative interventional diagnostic methods should not prevent
open biopsy from being made®,

Table 1. Stages of tuberculosis of spine®”

turkish
Classification

Based on the clinicopathological correlation, anterior spinal
tuberculosis is divided into five stages®” (Table 1). The stages
of anterior spinal tuberculosis differ from their degree of
paraplegia. Stages of anterior spinal tuberculosis show bone
involvement and degree of deformity while paraplegia degrees
indicate the severity of spinal cord compression. Several
classifications have been developed for paraplegia grading
due to spinal tuberculosis. These were developed to determine
the degree of pressure in the spinal cord and to evaluate the
severity of the disease in making the surgical decision@?2,
The most common of these is the classification developed by
Kumar®? based on the patient’s weakness complaints, walking
ability and neurological examination findings (Table 2). There
are also classifications that define the paraplegia that occurs
within 2 years from the onset of the disease as early onset and
the result of active disease, the paraplegia that occurs after 2
years as late onset and the result of sequelae of the disease®).
In both anterior and posterior spinal tuberculosis, motor
nerves are affected before the sensory nerves?*24, Sensory and
autonomic loss of function are added as compression increases.

Stage  Description Clinicoradiological features Usual duration
Stage of implantation, . . . .
I incipient stage or Dull bgck pain with muscle spasm in the back. Straightening of <3 months
- the spine or loss of curve
predestructive stage
1l Stage of early destruction Diminished disk space, paradiskal erosion, kyphosis <10° (K1) 2-4 months
m Stage of advanced destruction and  Two or more vertebral involvement with collapse. Kyphosis 11° 3-9 months
collapse -60° (K2) or gibbus >60° (K3)
IV Stage of neurological involvement  Stage Ill or IV with four grades of paraplegia Variable
Stage of residual deformity and Kyphosis K1,K2,K3, disease active locally grumbling,
\'% . >3-5 years
aftermath reactivated or healed
Table 2. Classification of paraplegia in tuberculosis of spine®?
Grade of Complaints/symptoms Examination/neurological deficit
paraplegia Weakness Walking Motor Sensory Autonomic
- P
Negligible or . Able to walk without Extenspr plantar * brisk ' ’
1. weakness appearing support ankle jerks, muscle power Nil Nil
after exercise PP grade [VtoV
Motor weakness, brisk Sensor
Mild or Feels Able to walk with tendon jerks, ill sustained ory .
2. dulling or Nil
weakness support muscle clonus, muscle .
paresthesia
power grade IlI
Moderate or Not able to walk Brisk tendon jerks, sustained Hypoesthetic
3. weakness is more Confined to bed muscle clonus, muscle or anesthetic May be present
marked Can move limbs power grade | to |l patches
Paraplegia in extension, Complete loss of
Severe or Complete Not able to move the power grade 0 bladder
4. loss of power and limbs even in the Total loss and bowel

control

bed

Paraplegia in flexion, power
grade O, flaccid paralysis

control and
incontinence
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Treatment

The aim of the treatment is to confirm the diagnosis, to
clear the lesion from the bacteria, and to eliminate spinal
deformity and spinal cord pressure. Rifampicin, isoniazid (INH),
pyrazinamide and ethambutol form the basis of drug therapy as
anti-TB drugs. British Medical Research Council® recommends
combination chemotherapy for 6-9 months in the treatment of
tuberculous spondylitis of the thoracolumbar spine. However,
the work of this council does not include patients with
vertebral involvement, cervical lesions, or patients with major
neurological involvement. For this reason, many experts still
recommend treatment for 9-12 months.

HIV increases the reactivation of the disease, the risk of more
atypical and severe course. Studies on spinal tuberculosis and
HIV show that good clinical outcomes can occur, regardless
of HIV activation status and the presence of antiretroviral
therapy®,

Treatment of spinal tuberculosis with multidrug-resistant
microorganism (resistant to INH and rifampicin) or extensively
drug-resistant microorganism [(resistant to a quinolone and
a parenteral drug (amikacin, kanamycin or capreomycin) with
INH and rifampicin)] should continue in specialized centers
experienced in management.

In the literature, controversy continues regarding the need
for additional surgical intervention in the treatment of spinal
TB. Jutte and Van Loenhout-Rooyackers®”, in their review with
randomized controlled trials, compared spinal tuberculosis
cases treated with chemotherapy only with those who received
surgical treatment in addition to chemotherapy. In this study,
deterioration in kyphosis angle, neurological deficit, bone
fusion, recovery from disease and activity recovery rates at
baseline or follow-up were evaluated, but no significant
difference was found between these two groups in terms of
these results. Nevertheless, many authors have proposed
surgery in the presence of progressive neurological deficit,
instability, progressive kyphosis above 50 degrees or disease
unresponsive to drug treatment.

In surgery, after debridement, the correction of deformity for
decompression and instrumentation can be performed for
stabilization. It has been reported that grafting is effective for
providing spinal fusion®®. Emergency decompression surgery is
indicated only in patients with acute spinal cord compression
findings®?.

In some patient groups,there are also studies reporting that only
instrumentation can be beneficial without radical debridement.
Qian et al.”), in the study on 74 patients with Frankel et al.®%
grading scores of D and E, compared the group with radical
debridement, grafting and anterior instrumentation and group
with posterior instrumentation only. In terms of operation
time, blood loss, and 3 and 6™ month ESR, they found that
only posterior instrumentation group had significantly better
results, but could not find a significant difference in terms of
kyphosis angles or fusion rates.

The surgical approach in spinal tuberculosis surgery is still
under discussion. Although the anterior approach provides a
larger surgical site and direct access to the lesion, it may create
instability after decompression®V. In addition, the use of the
posterior approach increases due to the risk of vascular nerve
damage, increased blood loss, prolonged operation time and
length of hospital stay with the anterior approach®?39, However,
when deciding on the approach, the region of the lesion,
instability, patient-related factors and severity of deformity
should be taken into account. In spinal tuberculosis with wide
anterior destruction, where anterior stability is lost, only the
posterior approach may result in poor decompression, poor
correction and implant failure®?.

Spinal TB surgery should be performed by experienced
surgeons in experienced centers. Among the effective
techniques, choosing the technique that is the safest and well
known by the surgeon will reduce the complication rates. Moon
et. al.®?, in their study on 901 patients who underwent spinal
tuberculosis surgery, reported increasing of the corrected
kyphosis angle (32%) and graft failure (14%) as the most
common complications associated with the disease. In the same
study, thoracic cavity complications (43%), thrombophlebitis
(26%) and sympatheticolysis symptoms (32%) were reported as
surgical complications, especially in the anterior approach.

CONCLUSION

As a result, spinal tuberculosis is still an important disease and
should be considered in differential diagnosis in patients with
chronic low back pain and neurological symptoms. Imaging
tests such as MRI and CT can help to diagnose the disease,
but microbiological diagnosis is also required to confirm the
diagnosis. Although the main treatment is drug therapy, it is
useful to add surgical treatment in case of advanced deformity
and paraplegia.
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