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Surgery and Traumatology, first published in 1948.
This revived edition of Acta Orthopaedica Et Trau-
matologica, published in English, aspires to promote
scientific knowledge in Orthopaedics and Traumatol-
ogy worldwide. It is a peer-reviewed Journal, aim-
ing at raising the profile of current evidence-based
Orthopaedic practice and at improving the scientif-
ic multidisciplinary dialogue. Acta Orthopaedic Et
Traumatologica Hellenica presents clinically perti-
nent, original research and timely review articles. It
is open to International authors and readers and of-
fers a compact forum of communication to Orthopae-
dic Surgeons and related science specialists.

2. Language
English is the official language of the journal. All sub-
mitted manuscripts should be written in English.

3. How to submit a paper
All submissions for peer-review should be performed
online through the journal or visit the journal site:
www.eexot-journal.com

The Editorial office and the Editor-in-chief will per-
form the initial assessment of the manuscript and if
the manuscript is suitable for the journal and the sub-
mission is complete, it will be sent to the relative re-
viewers. The reviewing process that is followed is
double blinded. During on-line submission, authors
can enter the name/s of non-preferred reviewers.

The time allocated for reviewers to assess the man-
uscript and submit their recommendation is three
weeks. The Editor-in-chief makes the final decision
for publication. The Editorial office will communi-
cate the reviewer’s comments and the decision to the
authors.

4. Manuscript originality and copyright
The submitted manuscript should be original,
should not contain previously published material
and should not be under consideration for publica-
tion in another journal. The submission needs to be
approved by all co-authors and in case of original
research a ‘guarantor’ of the study is required. As
‘guarantor’ may be considered a senior author that is
deemed to take overall responsibility for all aspects
of the study (ethics, originality, consent, data han-
dling, and all aspects of Good Medical Practice). The
‘guarantor” of the study does not necessarily need
to be the corresponding author. The journal will not
hold legal responsibility should there be any claim
for compensation.

All authors need to sign the copyright transfer form
(link) and must have made substantial contributions
as established by the ICMJE (http:/ /www .icmje.org).

5. Conflict of interest disclosure
Each author needs to disclose any type of financial
interest that is related to the study and might create
a potential conflict. Funding of the study needs to be
disclosed.

If there is no conflict of interest, this should be
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stated in the manuscript before the Reference sec-
tion as follows: “The authors declared no conflicts
of interest”.

6. Research ethics and compliance

The journal follows the guidelines of the Internation-
al Committee of Medical Journal Editors (www.icm-
je.org). For all original articles a statement in the text
of approval from the local ethics committee, a state-
ment that research was performed according to the
ethical standards as described by the Declaration of
Helsinki and a statement that informed consent for
participation in the study was obtained from all sub-
jects, are required. In case of study with animals the
following statement needs to be added in the text:
“All applicable international, national, and/ or in-
stitutional guidelines for the care and use of animals
were followed”.

7. Permissions and plagiarism

For the use of any figures already published else-
where the authors are required to obtain written per-
mission from the copyright owner(s) and to submit
the evidence in the submission process. Plagiarism
will not be accepted in any case. Dedicated software
will be used on this purpose; manuscripts with pla-
giarism will be returned to the corresponding author
without consideration for peer review.
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m Original articles: The paper needs to offer new
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conclusions need to be sound and supported by sta-
tistical analysis. When the accuracy of a diagnostic
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ing of Diagnostic Accuracy (STARD) flow diagram
(http:/ /www. stard-statement. org) is suggested. A
structured abstract of 250 words, 3-5 keywords, text
up to 4,500 words, figures (up to four figures or eight
figure parts), a maximum of six tables, a maximum of
fifty references and a maximum of seven authors are
required for original articles.

 Review Atrticles: The journal may accept system-
atic reviews, meta-analyses, literature reviews and

historical reviews of a subject. An unstructured ab-
stract of 200 words, 3-5 keywords, text of no more
than 6,000 words, figures (up to eight figures), a
maximum of six tables, a maximum of a hundred
references and a maximum of six authors are re-
quired for review articles.

1 Basic Science. Basic science manuscripts could be
either original or review articles on recent research
achievements. Authors should follow the corre-
sponding insturctions according to the type of man-
uscript (original or review).

 Monographs. Highly detailed and thoroughly doc-
umented studies or reviews written about a limited
area of a subject or field of inquiry. Monographies
will be published on special issues.

1 Pictorial Essays: The purpose of pictorial essays is
to provide a teaching message through high qual-
ity images. A brief text is required to accompany
figures. An unstructured abstract of 200 words, 3-5
keywords, text of no more than 6,000 words, a max-
imum of 15 figures, a maxi-mum of 6 tables, a max-
imum of a 100 references and a maximum of 4 au-
thors are required for pictorial essays.

1 Case Reports: Reports on new or very rare clinical
cases on Orthopaedics, Orthopaedic Pathology and
Trauma, new diagnostic criteria, new therapeutic
methods with proven result. Maximum 1,500 words,
10references and 6 figures. Abstract up to 100 words.

i Letters to the editor: Communication to the edi-
tor is welcomed and will be published if they offer
pertinent and/ or constructive comment on arti-
cles published in the Acta Orthopaedica Et Trau-
matologica Hellenica. Letters are published at the
discretion of the Editorial team and should be re-
ceived within three months after on-line publi-
cation of an article. Following acceptance, letters
will be sent to authors for response. Letter com-
munications should include text of no more than
500 words, up to 2 figures and 10 references, with-
out any abstract or keywords and a maximum of
3 authors.

9. Manuscript organization
A manuscript must contain the following parts for
submission:
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author on behalf of the rest of the authors stating
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original articles.
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W Acknowledgements, sponsorships and grants: Ac-
knowledgements need to be placed at the end of
the manuscript before ‘References’ section. Any
grant received or sponsorship from pharmaceuti-
cal companies, biomedical device manufacturers or
other corporations whose products or services have
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Interest Form and also mentioned in acknowledge-
ments section.

B Measurement Units: All measurements should be
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should be used as a decimal (i.e. 3.5 cm). Spac-
es should be added around the plus/minus sym-
bol (i.e. 13.6 + 1.2). There should not be any spaces
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equality symbols (i.e. =0.37, p<0.005).

10. Figures and Tables
All figures and tables need to be cited in text consec-
utively in the order in which they appear in text into
brackets and in Arabic numbers: i.e. (Fig. 1) and (Ta-
ble 1). Figure parts need to be identified with lower
case letters, i.e (Fig. 1a).

Figures need to be of high quality. Vector graphics,
scanned line drawings and line drawings need to be
in bitmap format and should have a minimum resolu-
tion of 1,200 dpi. Halftones (photographs, drawings
or paintings) need to be in TIFF or JPEG format, up
to 174 mm wide and up to 234 mm high and in mini-
mum resolution of 300 dpi.

Patient anonymity should be ensured. All identify-
ing data (name, identification numbers, initials) must
be removed from text, images and tables. If it is man-
datory for a patient’s face to be included in the manu-
script, the eyes should be sufficiently masked. If there
is a possibility that a patient may be identified from a
photograph or relevant legend and text, the patient’s
written consent should be submitted.

A figure caption and a table caption need to be add-
ed in the figure and table section respectively for each
figure and table.

Tables should appear at the end of the main docu-
ment, numbered in Arabic numerals, each on a dif-
ferent page. Each table should have a title describ-
ing its content. Abbreviations appearing in the table
need to be explained in a footnote. All table columns
must have a subhead that describes the type of data
included in the column.

11. References
The accuracy of references is the responsibility of the
authors.
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of the third author.
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12. Review of manuscripts

Acceptance of manuscripts for publication is de-
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tegrity of the text, accept any grammar or spelling
changes and check if all the Tables and Figures are
included and properly numbered. Once the publi-
cation is online, no further changes can be made.
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LETTER FROM THE GUEST EDITOR

Dear Colleagues,

For one more time, I would like to thank the Senior Editor, Professor Nikos Papaioannou and
the hardworking Assistant Editor, Ass. Professor loannis Triantafyllopoulos, for their invita-

tion and collaboration issuing this second part of the Special Issue - Metabolic Bone Diseases.

After the successful publication of the first part (Issue 2023-2) and its wide warm acceptance in
our scientific community, the second part (Issue 2023-3) is handed to you with further topics

related to bone metabolism.

It is also a great chance to share with all of you my intimate thoughts on a hot topic. I had the
privilege to be the first Editor of the Orthopaedic Journal of North Greece as well as Member of
the Editorial Board of ACTA Orthopaedica et Traumatologica Hellenica. Time has come and
the two journals (ACTA Orthopaedic et Traumatologica Hellenica and Orthopaedics) should
be merged into one. The conditions are mature enough and in this small country with this
great orthopaedic community there is no need to have two scientific journals on the same

scientific field.

The current two Editors, Professor N. Papaioannou and Mr. J. Bischiniotis have worked hard
all these years offering their best to keep both journals alive. But I think that the time has come
to unite our powers for one Scientific Journal on the field of Orthopaedics and Traumatology.
Therefore, my suggestion is that the two current presidents of the two Greek Orthopeadic
Societies, Professor Z. Dailiana (HAOST) and Professor G. Drosos (OTEMATH) should collab-
orate with the two Editors and find the best solution. I believe that some issues considering the

final name of the Journal and the keeping of the history of both could be easily solved.

George Kapetanos

Professor of Orthopaedics



ORIGINAL ARTICLE

The Orthopaedic view of Transient
Osteoporosis of the Hip in Pregnancy.

Daras Anastasios!, Markeas Nikolaos?, Efstathiou Andreas?®, Kourou Konstantina?,
Georgakopoulou Fotini®
'Orthopaedic Head, in Orthopaedic dept of “LETO General, Maternity & Gynecology Clinic”, and “Euroclinic
Children Hospital”.
2 Orthopaedic Head, ”Euroclinic Children Hospital”.
32 Orthopaedic Department University of Athens, School of Medicine, “Konstantopoulio” Hospital.
¢ Orthopaedic Department, “Errikos Dynan Hospital”. Linguist (ESP Medicine) Cambridge University Associate.

ABSTRACT

Scope. The analysis of Transient Osteoporosis of the Hip, which invades the 3rd trimester of pregnancy
(TOHP) and arouses the interest of the Orthopedist in its treatment. It is a rare, unknown disease that pre-
sents with localized osteoporosis in the neck and femoral head, often bilateral and resolved spontaneously
after 4-8 months. The reduction of the mechanical strength of the femoral neck carries the risk of fragility
fracture. The diagnosis is made with the information from the history and the objective examination and is
documented with Magnetic Resonance Imaging (MRI).

Material and Methods. During the last 25 years (1998-2023), out of a total of 85,000 deliveries, 18 cases
of TOHP were diagnosed (0.021%). The symptoms of the onset of the disease were pain in the affected hip
with lameness that limited daily activities.

Results. Treatment was conservative and included rest, discharge of the affected hip, analgesics and an-
ti-osteoclastic drugs after childbirth. After 6-8 months, there was a complete remission of the manifestations
of the disease, and only in one woman, the diagnosis was made after a fracture of fragility of the femoral
neck that was treated surgically.

Conclusions. This rare disease (TOHP) has a benign progression and requires early diagnosis, with
awareness of Obstetricians Gynecologists and Orthopedic Surgeons, for the immediate initiation of ther-
apeutic measures. Protection from a possible femoral neck fragility fracture, as well as surgical repair if it
occurs, are critical issues for the successful final outcome of pregnancy.

KEYWORDS. Transient osteoporosis of the hip, Pregnancy, Orthopaedic.

Daras Anastasios, MD, PhD, Head Orthopaedic, Leto Maternity Hospital, Head
Orthopaedic, Euroclinic Children Hospital. 102 Kifisias, Av. 11526, Athens Greece
E-mail: tasosdaras@hotmail.com, Tel. 2106984600
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1. TOHP an unknown syndrome

1.1. Generally-Causes TOHP

The first report of the disease was made about 65
years ago, when 3 cases of pregnant women were
diagnosed, with hip pain, decalcification of the fem-
oral head radiologically and the fact was attributed
to neuromuscular causes [1]. Later, the basic fea-
tures of the disease were established, summarized
in pain, limitation of the range of motion of the hip
and subsequent claudication. It is a disease that af-
fects middle-aged men and women during preg-
nancy with radiological osteoporotic image of the
upper end of the femur, without narrowing of the
articular space. A key feature of this rare syndrome
is the automatic restoration of both clinical and ra-
diological manifestations, after 3-12 months [2]. The
etiology of this disease is unknown, and initial opin-
ions indicated that it is a form of Siideck-Lerisch’s,
algodystrophy [3].

Reference is also made to the similar picture as
to this, in the early stages of aseptic necrosis of the
femoral head, both in the clinical and radiological
picture. This has sparked debate about the common
etiology of these two hip diseases, involving injury
history, inflammation, use of medications such as
corticosteroids, metabolic and neurological disor-
ders, neoplasias and vascular disorders. Alcohol-
ism, smoking, hypothyroidism, hypophosphatasia,
vitamin D deficiency, low testosterone levels and
certain professional activities are also implicated [4].

Relatively recently, studies involving predispos-
ing factors compared to control cases were report-
ed in women with the disease, who gained more
weight during pregnancy, presented dental prob-
lems and reduced athletic activity in childhood and
immobilization for at least 1 month during pregnan-
cy. A causal relationship has by no means been es-
tablished and all considerations are directed to the
multifactorial justification for [5].

Advanced reports with literature review indicate
that the etiology remains unknown and the disease
is not causally associated with aseptic necrosis of
the femoral head. Conditions related to pregnancy,
such as reduced activity, femoral head venous pos-
ture due to the increasing size of the pregnant uter-
us, thyroid nerve pressure and hormone disorders

in pregnancy and lactation are implicated [6].

According to a theory about the etiology of the
disease, the disorder in the synthesis of type I colla-
gen is implicated. Since the basic solid components
of the skeletal system are hydroxyapatite and colla-
gen type |, its degradation during pregnancy, which
can cause osteoporotic changes in the hip, is spec-
ulated [7]. This hypothesis is based on the case of
osteogenesis imperfecta, where gene mutations as-
sociated with type I collagen, the risk of developing
TOHP, is much greater.

It is known that in pregnancy, collagen I degrada-
tion changes occur to enlarge the cervical orifice, at
the end of the second and third trimester of preg-
nancy, where body weight increases at the same
time [8].

Collagenase derived from polymorphonuclei leu-
kocytes, circulating with blood flow and settling in
the bone tissue of the femur, with subsequent deg-
radation of its mechanical strength. This theoretical
view does not cover the cases of affected men and
non-pregnant women, but in pregnancy the risk of
fragility fracture in the hip area is clearly multiplied
by weight gain and induced loads on the affected
area, even with minimal strain on daily activities.

1.2. Radiological image

The radiological image is decisive in any case and
is recommended for postpartum monitoring. The
osteoporotic image of the femoral head and neck is
characteristic, with extension in some cases to the
acetabulum, as well as its restoration to normal after
about 4-8 months. The preservation of interarticular
space is always evident and this image resembles
“ghost Joint” [9].

1.3. Magnetic Resonance Imaging (MRI)

The advent of MRI offered new possibilities for
the early diagnosis of the disease, given the absence
of radiation with this method and its clear appli-
cability during pregnancy. It also can distinguish
other pathological conditions, such as malignancy,
septic arthritis, and stress fractures, that occur with
a similar clinical picture.

MRI has proven from the beginning of its applica-
tion in diagnosis, to be a sensitive, accurate and safe
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diagnostic imaging test. Hip imaging gives clear
evidence, where it shows reduced intensity of the
bone marrow signal, corresponding to bone mar-
row edema in the initial stage [10]. In contrast, in
aseptic necrosis of the femoral head, this edema fol-
lows as a reaction to the microfractures caused by
the collapse of the femoral head in the final stage.
Familiarity with the distribution of lesions in the
MRI picture offers safe conclusions about the na-
ture of the disease and is a crucial tool for diagnosis
[11], [12]. There have been cases that were diag-
nosed early, with documentation of the radiological
picture, with differential diagnosis from aseptic ne-
crosis of the femoral head and unnecessary surgical
interventions. The opportunity was also given to
understand pathological lesions, by correlating the
images with biopsies that had unfortunately been
performed to investigate the disease, to investigate
possible causes with a greater approach [13].

1.4. Laboratory tests

The hematological and biochemical investigation
in this disease does not offer substantial assistance
to the diagnostic process since in the cases of meas-
urements of hematological and biochemical param-
eters no pathological value was found.

Relatively recently it was reported that pregnancy
can cause danger to the skeleton, with fluctuations
in calcium metabolism and it is possible to activate
monogenic bone disorders, resulting in the appear-
ance of a disease like this, during pregnancy where
increased calcium supply is required [15].

1.5. DEXA examination

The characteristic radiological osteoporotic im-
age of the affected pregnant women led to an in-
vestigation of the Bone Mass Density (BMD), with
the Dual, Energy, X-ray, Absorptiometry (DEXA)
method, where a decrease of up to 20% in the bone
density of the hip was found. Restoration of BMD
to normal levels occurred over a one-year period,
while the same measurement in the lumbar spine
decreased, even without symptoms, by up to 31%.
The restoration in this area took place 2 years after
the cessation of lactation [16]. This test has no place
in the diagnostic process, but it can be used to as-

sess the effectiveness of the anti-osteoclastic treat-
ment that may be administered to the patient after
delivery.

1.6. Type of Delivery Recommended

Usually, this condition resolves spontaneously
and no recurrence has been observed in the future,
even in a subsequent pregnancy and it has been ful-
ly clarified that the delivery procedure with Normal
Vaginal Delivery (NVD) is indicated and Cesarean
Delivery (CD) is not required for prophylaxis the
manipulations of possible musculoskeletal damage
of the hip, in female sufferers during NVD. This is
documented by many opinions that have been re-
corded in the relevant protocols by the WHO and
the Academy of Gynecologists of the USA [17], [18].

1.7. Conservative treatment

The therapeutic measures proposed from the
first diagnosis of this patological entity were con-
servative with immediate unloading of the affected
hip and rest from all physical activity. The admin-
istration of analgesic preparations mainly during
pregnancy but also after delivery with additional
administration of NSAIDs, aimed at relieving phys-
ical discomfort. After delivery, the treatment ad-
ministered was anti-osteoclastic anti-osteoporotic
preparations, with an initial application of calciton-
in which also provided an analgesic effect.

The administration of bisphosphonates after
pregnancy is indicated because it did not gather
the required safety guarantees for the fetus, for its
administration in the first place. Supplements with
calcium and vitamin D preparations complement-
ed every medicinal effort. The administration of
anticoagulation is not recommended if the patient
needs immobilization for pain relief because the
osteoporotic effect of these drugs has been demon-
strated, which will likely worsen the already exist-
ing osteoporotic condition of the hip [6].

1.8. Surgical intervention

1.8.1. Preoperative assessment

Regarding the case where an undisplaced subcap-
ital fracture occurs during pregnancy, immediate
healing is required and in case of displacement, a
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total arthroplasty of the affected hip is required [6].

In these unfortunate situations, the cooperation of
the orthopedic surgeon, the patient’s gynecologist
and the anesthesiologist is necessary.

The preoperative gynecological and fetal as-
sessment is a primary factor for the health of the
pregnant woman and the fetus. Intraoperative
monitoring of the heart function of the fetus is rec-
ommended, and if the rate drops below 100 per
minute, an emergency Cesarean Delivery (CD)
is recommended for fetuses older than 26 weeks.
Knowledge of the changing physiological changes
in physiology and anatomy in pregnancy is critical
to the management of these cases.

The main ones are the following:

The relaxation of the sacroiliac joints and pubic
symphysis resulting in a loss of balance and an in-
crease in falls.

The increase in blood volume predisposes to
hemorrhagic status and anemia.

The increase in the size of red blood cells and the
number of white blood cells, predisposing to dis-
seminated intravascular coagulation.

The increase in cardiac output resulting in an in-
crease in metabolism.

The increase in the volume of blood filtered to the
kidneys with consequent increase in pulse volume
which increases the possibility of causing pulmo-
nary edema.

The blood pressure is reduced, thereby camou-
flaging the possible early shock.

The increase in the volume of the uterus in ad-
vanced pregnancy can possibly cause hypotensive
syndrome in the prone position because of the pres-
sure of the aorta and inferior vena cava.

1.8.2. Intraoperative management

The problems faced by the orthopedic surgeon, in
this rare case of TOHP fracture, concern the prepa-
ration of the operation, the surgical planning and
the surgery itself with the appropriate anesthetic
method and the post-operative rehabilitation care.
It is important to position the patient during the op-
eration on her left side to avoid compression of the
inferior vena cava and the aorta. The choice of the
surgical method must be made with the criterion

of saving time and minimal surgical intervention,
with the least cost of radiation. Antibiotics to be
used in the same way as outside pregnancy accord-
ing to the protocols followed and prophylactic anti-
coagulation are considered fundamental in dealing
with the increased possibility of venous thrombosis
from pregnancy [19], [20].

1.8.3. Radiological assessment

Surgical planning requires the use of radiation to
diagnose the nature of the fracture in order to select
the appropriate method. The National Council on
Radiation Protection and Measurements has estab-
lished that the maximum possible safe limit of radia-
tion that the fetus can accumulate during pregnancy
should not exceed 50 mGy. However, depending
on the age of the pregnancy and indeed in the last
trimester, it is safely calculated that an exposure of
0.1 mGy is needed for the hip, which is in line with
the protection measures. Practically in every single
X-ray the use of radiation does not exceed 0.7 mGy,
which ensures the protection of the fetus in every fe-
tal period. When using the C-arm intraoperatively,
the radiation source is under the operating table and
there is relative protection. However, it is necessary
to protect the other parts such as the pelvis and ab-
domen if this is possible during surgery. In general,
however, it is preferable to avoid exposure of the fe-
tus and the surgical techniques chosen do not require
exposure to large amounts of radiation [21].

1.8.4. Anaesthetic intervention

The choice of anesthesia method is preferable to
be made by a specialist doctor with experience in
pregnancy anesthesiology, because there is famil-
iarity with the changing physiology and pharma-
cokinetics of the pregnant woman and the fetus.
The type of anesthesia is chosen according to the
needs of the operation and there are no data doc-
umenting the influence of the type of anesthesia
on the final outcome of the delivery. In any case,
however, regional anesthesia is preferred, when it
is possible to administer it [20].

2. Material and Methods.
During the time period 1998-2023, in 84,000 deliv-
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eries that took place, 18 (0.02%) cases of pregnant
women, with an average age of 33.5 years (26-41
years), were counted, who presented with pain,
reduced functionality and lameness from the hip.
These symptoms appeared in the 3rd trimester of
pregnancy and in a single case at the end of the 1st
trimester.

Bilateral location was observed in 2 (11.1%) cases,
in12 (66.6%) cases the disease was located in the left
hip, while in the right hip it was located in 4 (22.2%)
cases. In bilateral cases, the disease was not pre-
sented at the same stage by MRI imaging and the
milder forms were asymptomatic. This fact raised
the suspicion of the existence of cases with slight
or non-existent symptoms, which escape diagnosis.

Regarding the gender of the newborn, boys pre-
dominated with 15 (83.3%) cases, against 3 (16.6%)
cases of girls.

Phenotypically all the women were small with
normal body weight and MO, BMI=22.1 and during
pregnancy their weight increased by 12-16 (MO 14)
kgr, a value that is considered greater than that de-
sired by Obstetricians and Gynecologists.

In all cases, the diagnosis, treatment and fol-
low-up were done by the same Orthopedic Surgeon
in collaboration with the respective Gynecologist,
who referred the patients when they presented
the symptoms of the condition. The opinion they
sought mainly after the diagnosis was related to the
type of delivery that would follow. In all affected
women, delivery was by Cesarean Delivery (CD),
due to insecurity during delivery, to prevent a pos-
sible hip fracture. We note that until 2015 when the
relevant WHO protocols were announced, the rel-
evant literature did not take a clear position on the
type of treatment required in case of TOHP. After
2015, CD was chosen for reasons independent of the
condition.

Affected women had no history of osteogenesis
imperfecta or chronic disease, no history of alcohol-
ism, history of injury, or chronic medication, except
for calcium and vitamin D supplements given at the
onset of pregnancy.

Smoking was reported in 14(80%) cases and all
women were not involved in sports activities, not
even at a young age and had an unclear family his-

tory of postmenopausal osteoporosis.

In terms of occupation, this was sitting in private
or government services, with additional standing in
some cases.

The symptoms of the material patients reported
were sudden onset of hip pain, worsening over the
next 2-3 weeks with walking, which in some cases
was difficult or impossible. The pain was located in
the femoral-inguinal fold, in the abduction of the
adductor muscles, in their mass, and with extension
to the anterior surface of the thigh. It was combined
with pain at rest or at night and with difficulty in
raising the leg of the affected hip, in a supine posi-
tion. In one case, the diagnosis was made after a fra-
gility fracture of the femoral neck, which occurred
at the Leto Obstetrics, in 2002 at the visit for the rou-
tine ultrasound examination at the beginning of the
third trimester of pregnancy.

During the clinical examination, we found in al-
most all cases pain produced in the hip flexion (“log
roll” test), in passive hip rotation movements, with
the knee extended on the examination bed, with the
patient in a supine position and in the passive ab-
duction and adduction movements of the hip with
the knee in flexion. The neurological examination
did not show any pathological finding and all af-
fected women presented a feeling of insecurity and
anxiety during the first assessment.

The hematological and biochemical examination
showed no abnormal findings, except for a negli-
gible increase in the sedimentation rate and CRP in
2 cases which were considered incidental findings.

The documentation of the condition was done in
all cases with an MRI check during the pregnancy
and after the delivery was followed by a comple-
mentary radiological check that informed us about
the recovery of the disease, with intervals every two
months.

The treatment we followed during the pregnan-
cy was the immediate unloading of the affected hip
with armpit bacteria or walker, rest and in some
cases, paracetamol was administered with pain at
rest. Symptom resolution was gradual in all cases
and required 7-10 days. Vitamin D and calcium
were additionally administered in increased doses,
beyond those administered by the Obstetrician dur-
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ing pregnancy.

In the case of the interclavicular fracture (Garden
III), reduction and union with ASNIS cannulated
screws was performed immediately on the same
day, followed by total arthroplasty of the affect-
ed hip, due to necrosis of the femoral head after 2
years.

After delivery, we also recommended unloading
of the affected hip, calcitonin was administered in
5 cases and bisphosphonates per os and iv in the
other 13 cases. calcium and vitamin D supplements
were additionally administered.

3. Results

The follow-up of our material was done for up to
5 years, with clinical examination and radiological
control every year, while full recovery was done in
4-8 months with an average of 6 months. No recur-
rence occurred even in a subsequent pregnancy that
followed in 8 cases.

In the 1% case, 32-year-old woman (Picture
1a,1b,1c), pharmacist, with onset of the disease in
the 9th month of pregnancy. Duration of disease
6 months. In the radiograph (Picture 1) in the left
hip, femoral head is invisible (“ghost joint”) from
the obvious osteoporotic image. MRI lesions in the
left femoral head (Picture 1b), and X-ray after 66
months (Picture 1c) reveals, full recovery.

In the 2™ case, 28-year-old woman (Pictures 2a,
2b), private employee, with sudden pain and lame-
ness from the right hip, in the 8th month of preg-
nancy. The x-ray (Picture 2a) shows both hips with
an osteoporotic picture. On MRI, the lesions are
present in both hips (Picture 2b), with the left being
lighter, without symptoms. Recovery in 8 months.

In the 3™ case, an 31-year-old woman, diagnosis
of the disease, after a spontaneous fragility fracture
of the left hip (figure 3a). She reported pain and
lameness in the past 6 weeks. This was followed by
arthrosis and after 3 years, due to necrosis of the
femoral head, he underwent Total Hip Replace-
ment (THR), as shown in figure 3b.

4. Discussion
TOHP is a rare disease that occurs in women
during pregnancy and can affect both hips. The

symptoms of this condition are characteristic and
Obstetricians and Gynecologists have become
aware of the existence of this condition which is
often confused with manifestations of back pain
and pelvic pain. The physiology and anatomy of
the pregnant body are subject to significant chang-
es, which an Orthopedic Surgeon should always
be aware of. In the case of our material, the aware-
ness of fellow gynecologists resulted from in-
formative scientific lectures and mainly from the
incident of the hip fracture that happened in the
Obstetrics “Leto” during the patient’s visit for a
standard examination of the beginning of the 3rd
trimester of pregnancy. On that day, after the frac-
ture, an x-ray check was done immediately, after
being supervised by a specialist Radiophysicist
and Radiologist. The surgical restoration followed
immediately after the appropriate preparation in
collaboration with the Obstetrician Gynecologist
and the patient after about 2 months with CV, had
a healthy boy weighing 2450gr. Since then there
have been clinical examinations of 1-2 women
every year, with similar symptoms, but no TOHP,
and MRI was needed to prove the absence of the
disease. Colleagues Obstetricians and Gynecol-
ogists, alarmed by the case of hip fracture, chose
CV, for delivery, although they had been encour-
aged by the literature and Orthopedic information
with special counseling lectures. TOHP, as a dis-
ease of pregnancy, needs the cooperation of many
medical specialties for a successful therapeutic
effect aimed at a successful outcome of childbirth
as well as saving the functionality of the mother’s
hip. This issue is an Orthopedic challenge and we
should always be prepared to deal with this pe-
culiar case of an orthopedic patient. We are more
informed and prepared today than we were 20
years ago, with the establishment of protocols by
world-renowned Orthopedic Societies, such as
the American Academy of Orthopedic Surgeons
(AAOS). Knowledge is constantly evolving at
a rapid pace and the awareness of clinicians has
been achieved.

5. Conclusions
Medical Science requires constant vigilance and
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daily information, even in the rare syndromes
that the therapist is called upon to deal with.
Prevention in any case is therapeutically supe-
rior to surgical repair in the case of TOHP hip
fracture.

Basic tips in the direction of prevention are:

. Awareness of Obstetricians and Gynecolo-
gists for Orthopedic assessment when lameness is
reported by a pregnant woman.

. Hip pain that persists and worsens during
pregnancy, should be evaluated with great care.

. The clinical assessment should be done in
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ABSTRACT

Background. Osteoarthritis (OA) is the most prevalent joint disease worldwide, causing chronic disability
in older people. Various factors are associated with its pathogenesis, including aging, obesity, joint instabil-
ity, and joint inflammation.

Objectives. Since the establishment of experimental murine models with surgically induced knee joint
instability many studies have revealed the major molecules or signaling pathways responsible for OA. The
aim of our study is to summarize the most important molecular pathways and the growth factors that are
implicated in the pathophysiology of OA.

Results. Several in vitro and in vivo studies demonstrated that neovascularization, Matrix Metallopro-
teinases (MMPs) secretion, sclerostin as well as TGF-p -Bone Morphogenetic Proteins (BMPs), Fibroblast
Growth Factors (FGFs) and Notch signaling pathways play important role in chondrocyte and osteochon-
dral unit homeostasis and in the development and progression of OA.

Conclusions. However, more in vitro and in vivo studies focusing on the investigation of interactions
between the growth factors and cytokines involved into the specific molecular networks that regulate the
homeostasis of articular cartilage and OA pathogenesis is deemed necessary.
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Introduction

Osteoarthritis (OA) is the major cause of disability
in the adult population affecting more than 7% of
the global population, corresponding to 500 million
people worldwide. The prevalence of OA is high
among the elderly (*70%) and can lead to aggravat-
ed pain and progressive dysfunction. Although in
the past it was considered as a primary disorder of
articular cartilage, it is now generally considered a
disease of the whole joint (panarthritis), including
the calcified cartilage, subchondral cortical and tra-
becular bone, joint capsular tissues and the synovi-
um [1]. It must be highlighted that the structural
support and the biological cross-talk between bone
and cartilage, make subchondral bone and cartilage
become a closely functional unit that cannot be sep-
arated [2].

OA is characterized by abnormal neurovascular-
ization at the osteochondral junctions, the regulato-
ry mechanisms of which remain poorly understood.
The invasion of nerves and vessels in the osteochon-
dral unit is one of its hallmarks and is the prima-
ry reason for aggravated pain [3]. Many cytokines,
including semaphorins [4], netrins [5], and growth
factors, such as vascular endothelial growth fac-
tor (VEGF) and nerve growth factor [6], have been
found to have significant contribution in angiogene-
sis process. Recently, several therapeutic strategies,
such as platelet-rich plasma (PRP), hyaluronic acid
(HA), and mesenchymal stem cells (MSCs), have
been applied to improve OA-related symptoms, en-
hancing the regenerative potential of the osteochon-
dral tissue. Additionally, molecular target therapy
has demonstrated promising experimental results
as it was associated with stabilization or delayed
progression of the OA degeneration process and, in
many cases, with restoration of the normal cartilage
and subchondral bone, as observed by objective as-
sessment methods like imaging techniques or his-
tological and immunohistological examinations) [7
- 8]. Therefore, further in vitro and in vivo research
on the molecular signaling pathways involved in
the degeneration process during OA progression is
deemed necessary.

Aim of the present study is to summarize the
main molecular pathophysiological mechanisms

of osteoarthritis

that are implicated in cartilage and subchondral
bone degenerative changes of OA and to unveil pos-
sible target therapeutic options that have potential
restorative properties in vivo.

Extracellular Matrix (ECM) Degeneration and
Angiogenesis

The cartilage ECM is mainly composed of colla-
gen fibers polysaccharides, secreted enzymes and
proteoglycan molecules. It serves as a protective
structure for cartilage against elastic and shear load-
ings, but it also regulates the chondrocyte behavior
via matrix-cell interactions [9]. Moreover, the colla-
genous proteins demonstrate crucial structural and
mechanical role in the connective tissue, and in the
bony tissues are mainly composed by types I, Il and
V. Collagen fragmentation is mediated by two dis-
tinct pathways. In the first, collagen degradation is
mediated by secreted or membrane proteases. In the
second, the collagen turnover occurs intracellularly
through the urokinase plasminogen activator recep-
tor-associated protein uptake (uUPARAP/Endo180).
After the uPARAP-induced turnover, collagen frag-
ments are delivered to the lysosomes, where they
are degraded by cathepsins B, L, N, and K under
acidic conditions [10-11]. Matrix metalloproteinases
(MMPs) are involved in both processes [12]. MMPs
are a family of at least 24 zinc-dependent endo-
peptidases, capable of degrading all ECM compo-
nents. In humans, the MMP family is consisted by
24 genes encoding 23 MMPs. MMP-23 is coded by
two identical genes at chromosomal 1 (MMP-23A
and MMP-23B). The classification of MMPs is based
on a) their location in the ECM matrix (soluble) or
on the cell membrane (insoluble), b) their structural
appearance and substrate affinity. According to this
classification they divided in six subgroups. The
collagenases (MMP-1, MMP-8 and MMP-13), the
gelatinases (MMP-2 and -9), the stromelisins (MMP-
3,-10 and -11), the matrilysins (MMP-7 and -26), the
membrane type ones (MMP-14, -15,,-16,-17 and -24)
and finally the others (MMP-12, -18, -19, 20, -21, -22,
-23, -27 and -28).c) their chronologically discovery.
The MMPs -4, -5 and -6 are not included, because
they have identical structural and functional simi-
larities with other members of the list. Most MMPs
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Figure 1: Increased immunolocalization of MMP-1 in the cartilage and subchondral bone of a immunohistological
section in OA patient with Mankin score 8§ (Magnification 4X)

are secreted into the extracellular space immediate-
ly after synthesis as proenzymes (pro-MMP) and are
activated by proteolytic cleavage in the extracellular
space. Specifically, the pro-MMPs are activated by
proteolytic cleavage of the zinc-thiol interaction be-
tween the cysteine on the pre-domain and the Zn+2
on the catalytic domain by serine proteases or active
MMPs, denominated as the “cysteine-switch mech-
anism” [13].

MMPs and a disintegrin and metalloproteinase
production with thrombospondin motifs (AD-
AMTS) initiate ECM breakdown in OA (Figure 1).
Through the bone morphogenetic protein (BMP)
pathway, the degradation of type II collagen (Co-
12A1) promotes the hypertrophy of chondrocytes,
accelerating the degenerative alterations of OA [14].
Moreover, cartilage mineralization has also contrib-
uted to the OA development [15].

The activation of 2A-adrenergic receptor sign-
aling pathway via the extracellular regulated pro-

tein kinases 1 and 2 (ERK1/2) and protein kinase A
(PKA) pathways stimulate the synthesis of matrix
degradation-associated enzymes, such as MMP-3
and MMP-13. Osteopontin, an inflammatory agent,
also triggers the production of MMPs through the
NF-xB signaling pathway [16].

The HTRA1-DDR2-MMP-13 axis is essential for
ECM breakdown. This procedure begins after the
increased expression of high-temperature require-
ment Al (HTRA1) and the breakdown of pericellu-
lar matrix components, including type VI collagen.
Col2A1 can also activate the transmembrane pro-
tein Discoidin Domain Receptor Tyrosine Kinase
2 (DDR?2) in the absence of a pericellular matrix.
DDR2 ultimately triggers MMP-13 leading to OA
degenerative changes [17].

Healthy adult joint cartilage does not contain
any blood vessels or nerves. Contrariwise, the os-
teoarthritic (OA) cartilage is invaded by blood
vessels from the subchondral bone [18. In general,
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Figure 2: Increased expression of the angiogenic growth factor Pleiotrophin (PTN) in the chondrocytes and Extra-
cellular matrix of a immunohistological section in OA patient with Mankin score 7 (Magnification 40X)

cartilage angiogenesis results from the imbalance
between pro- and anti-angiogenic factors. The im-
balance leads to increased production of pro-angi-
ogenic factors and/or decreased production of an-
ti-angiogenic factors [19]. VEGF-A, the best studied
growth factor, is associated with MMP production,
Additionally, inflammatory mediators induce angi-
ogenesis and trigger MMP production. For exam-
ple, TNF-a may contribute to the regulation of the
expression of MMP-9 and MMP-14 that are crucial
for vessel progression into the ECM [20. Many re-
search studies have detected upregulation of MMPs
in the osteoarthritic serum and joint tissues. Specif-
ically, MMP-1 (Figure 1) and MMP-12 expression
were increased in the osteochondral unit in patients
with osteoarthritis (OA) and there was a positive
correlation between their expression and OA se-
verity [21,22] Furthermore, immunodetection of the
collagenases (MMPs 1, 8, and 13) and stromelysin
1 (MMP-3) was demonstrated in a proportion of

chondrocytes of human specimens that had OA-re-
lated degenerative matrix changes [23]. MMP-13,
the collagenase with the strongest activity against
type II collagen, seems to have a key-role in OA-as-
sociated joint destruction [335], while MMP-3 has
been evaluated as a prognostic tool in prediction
of the disease progression. Patients with increased
plasma MMP-3 have increased possibility for OA
progression over a 30-month period. Paradoxically,
MMPs can decrease angiogenesis by cleaving the re-
ceptor binding sites of pro-angiogenic factors.
Additionally, several transcription factors, includ-
ing hypoxia-inducible factor-1 (HIF-1), promote
VEGF expression [24]. The protein dickkopf-re-
lated protein-1 (DKK-1) was detected in high con-
centrations in the synovial fluid of OA patients. It
was suggested that DKK-1 and high-mobility group
box 1 (HMGB1) led HIF-1 nuclear localization, and
increase the expression of VEGF [24-25]. Inflamma-
tory cytokines such as Interleukin-6 (IL-6) and IL-
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1, also, stimulate the expression of VEGF through
the elevation of VEGEF transcription in the nucleus.
ERK1/2 stimulates the estrogen-related receptor y
(ERR ). IL-1 which is a direct stimulus for NF-xB
production [26].

VEGEF belongs to a family that includes at least
six members: VEGF-A, VEGE-B, VEGFE-C, VEGE-D,
VEGF-E and Placental Growth Factor (PIGF).
VEGEF-A or VEGF, which is the most abundant form,
is playing a key-role in proliferation, migration and
activation of endothelial cells and is a potent induc-
er of vascular leakiness. VEGF-B is important for
new vessel development during embryogenesis]
while VEGF-C and VEGF-D are involved in lym-
phangiogenesis. VEGF binds to the extracellular
domains of two tyrosine kinase receptors, VEGF
receptor I and VEGEF receptor II . VEGF receptors
also include VEGEF receptor III, Neuropilin 1 (Npr1)
and Neuropilin 2 (Npr2) [39]. VEGFR-II is the main
VEGEF signaling receptor and is considered the re-
sponsible receptor for VEGF-induced regulation of
angiogenesis, vasculogenesis and vessels permea-
bility [32]. VEGEF is generated by articular cartilage
chondrocytes and modulates autocrine levels of
MMP-13 and tissue inhibitor of metalloproteinase-1
(TIMP-1). The reduction of TIMP expression and
the overexpression MMPs disrupt the circulation
of ECM components, collagen, and proteoglycans.
VEGF may increase articular cartilage deterioration
by activating osteoclasts and allowing blood vessels
to penetrate the cartilage [27]. Moreover, VEGF ap-
pears to be involved in OA specific clinical pathol-
ogies including cartilage degeneration, osteophyte
formation, subchondral bone cysts and sclerosis,
synovitis, and pain. Moreover, a wide range of stud-
ies suggested that inhibition of VEGF signaling re-
duces OA progression.

The breakdown of hyaluronic acid (HA) and the
increased activity of free radicals are correlated with
reduced joint hydration. When the intra-joint pres-
sure begins to overpass the capillary pressure, the
accompanied transient hypoxia can result in joint
degeneration defects. Reoxygenation is observed
when the stress on the joint is decreased, and joint
degeneration changes are halted.

Hypoxia and reperfusion cycles are closely relat-

ed with the production of free radicals. Free radicals
accelerate HA breakdown, lowering synovial fluid
viscosity and increasing friction between joint sur-
faces [28]

Pleiotrophin (PTN) is a secreted growth factor
with molecular weight of 18kDa which appears to
have an important role in angiogenesis [29]. NMR
studies have shown that PTN structure is consisted
by two -sheet domains containing three antiparal-
lel B-strands, homologous to the thrombospondin
type 1 repeat (TSR-1) [30] Thrombospondin is in-
volved in bone development and remodeling, sup-
porting the notion that PTN is a significant regula-
tor in these biological processes [31] PTN binding to
its receptors leads to its biological actions. N-synde-
can, which contains, heparan sulfate chains, was the
first PTN receptor to be detected [32]. N-syndecan is
expressed by pre-osteoblastic cells and is implicat-
ed in the regulation of osteoblast recruitment [33].
The best studied PTN receptor is receptor protein
tyrosine phosphatase beta/zeta (RPTPB/C), which
contains of a large glycosylated extracellular do-
main, a transmembrane region and a cytoplasmic
portion that contains two repeated tyrosine phos-
phatase domains, which have a characterized role
in PIN-induced cell migration. Another important
PTN receptor that regulates the stimulatory or the
inhibitory effect of PTN on cell migration is avp3 in-
tegrin, which forms a functional complex with RPT-
PB/C on the cell surface of endothelial cells [33] Fi-
nally, anaplastic lymphoma kinase (ALK), a 220kDa
receptor tyrosine kinase, has been also identified as
PTN receptor, but current research studies demon-
strated that ALK is not directly activated by PTN,
but through PIN-dependent inactivation of RPT-
PB/C. In wvitro studies displayed that recombinant
human PTN had chemotactic effects on both human
osteoblastic and endothelial cells [350] whereas im-
munolocalization of PTN on both osteoblasts and
endothelial cells was observed in the newly formed
woven bone [34] Moreover, PTN induces hypertro-
phy during chondrogenic differentiation of human
bone marrow stem cells, increasing the transcrip-
tion of hypertrophic chondrocyte markers, such as
MMP13, collagen 10 and alkaline phosphatase, and
resulting in enhanced calcification and higher con-
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tent of collagen 10 [35]. PTN is also over-expressed
in degenerative diseases like osteoarthritis, where
increased PTN levels were identified in patient’s
synovial fluid [36] and serum, as well as in chon-
drocytes and subchondral bone osteocytes [36].

TGF-p and BMP Signaling

BMPs are members of the TGF-B (Transforming
Growth Factor-f) family, a large growth factor fam-
ily. More than thirty members of the BMP family
have been identified and are categorized into sev-
eral subgroups. Individually, the members of the
BMP subfamily are called either BMPs, Osteogenic
Proteins (OP-1, OP-2, OP-3 for BMP-7, BMP-8 BMP-
8b respectively), Growth Differentiation Factors
(GDF-1, GDF-2/BMP-9, GDF-3, GDF-5/BMP-14,
GDF-6/BMP-13, GDF-7/BMP-12, GDF-8 to GDF-10
and GDF-11/BMP-11), or Cartilage-Derived Mor-
phogenetic Proteins (CDMP-1/BMP-14 and CDMP-
2/BMP-13) [216-225]. Based on their amino acid
homology and structural similarities, BMPs are clas-
sified into several subclasses. Members of the first
subclass are BMP-2 and -4, which have 80% amino
acid homology and differ in the amino terminal re-
gion. BMP-2 contains an extra heparin-binding do-
main. The BMPs that constitute the second subclass
are larger proteins having 78% amino acid similar-
ity between the subgroups and involve BMP-5, -6
and -7. The BMPs of the third subclass are distantly
related to the above molecules [37]. BMPs are syn-
thesized intracellularly in a large inactive precursor
form of about 50 - 100 amino acids that contains an
amino-terminal signal peptide, a predomain and a
mature peptide. After the signal peptide cleavage,
the precursor polypeptide undergoes glycosylation
and dimerization. Once secreted, the predomain is
cleaved, allowing the mature and active BMP pro-
teins to act as a dimeric biomolecule. Mature BMP
is considered the BMP derived after the proteolytic
cleavage of the carboxyl-terminal region and is se-
creted mainly as homodimer or as heterodimer [38].

Two different types of membrane serine/threo-
nine kinases receptors for BMPs have been recog-
nized: type I (BMPR-I) and type II (BMPR-II) [39].
Once BMP binds to BMPR-, a ligand / receptor com-
plex is formed, which connects with the BMPR-II re-
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ceptor. This interaction in turn phosphorylates the
cytoplasmic glycine/serine domain (GS domain)
of BMPR-], stimulating the BMP signaling cascade
[40]. BMPs also, play remarkable role in bone me-
tabolism and several studies have demonstrated
the role of several antagonists and regulators of the
BMP-induced pathways. The activities of BMPs are
critical for a series of molecular events that result in
angiogenesis, chondogenesis and osteogenesis [41].
The BMP-induced molecular signaling pathways
can be regulated in three stages: through the extra-
cellular signals, at the membrane or receptor level
and through intracellular proteins and pathways.

The TGF-P signal pathway initiates intracellular
signaling following the creation and activation of a
heteromeric complex of types II and I serine/thre-
onine kinase receptors, followed by the phospho-
rylation of particular Smad proteins, R-Smads. The
phosphorylated R-Smads can heterodimerize with
co-Smad, Smad4, ultimately translocating to the nu-
cleus and activating the transcription of target genes
[42].

In the TGF-B/Smad3 signaling pathway, sphin-
gosine 1-phosphate (S1P), a bioactive lipid, is pro-
duced to function as an intracellular mediator or
extracellular ligand for different receptors, resulting
in inflammation, cell migration, and angiogenesis.
The interaction between TGF-f/Smad3 and S1P/
S1P3 and Smad3/S1P3 signaling in chondrocytes
may play a role in the development of OA [43].
Additionally, it has been documented that overex-
pressing TGF-p1 causes aberrant subchondral bone
remodeling that causes mice to develop OA and de-
grade articular cartilage [44]. Indeed, a recent study
reported that the inhibition of TGF-p signaling in
mesenchymal stem cells of subchondral bone atten-
uates osteoarthritis [45]

Fibroblast Growth Factors (FGFs)

Along with the VEGF family, the FGF family of
growth factors is one of the two best studied growth
factor families in angiogenesis. The mammalian
FGF family contains 22 members so far [46]. The
FGF growth factors, except for FGF11-14 (which are
intracellular) and FGF-21 and -23 (which act in an
endocrine manner), facilitate their biological activ-
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ity by binding to the 4 transmembrane FGF Recep-
tors (FGFR1-4) [47]. From the 4 FGFRs, FGFR1-3 are
expressed in osteoblasts [46] and we have identified
a similar expression pattern in endothelial cells (no
detectable expression of FGFR4 in Human Umbili-
cal Vein Endothelial Cells (HUVECsS) leading to the
hypothesis that the FGFR1-3 are mostly important
for their biological activity in bone regeneration and
angiogenesis. This is confirmed with data showing
that mutations to FGFR1-3 are directly related with
bone phenotypes, such as dwarfism and achondro-
plasia [47]. Among the 22 FGF ligands, FGF-2, FGEF-
4, FGF-7, FGF-8, FGF-9, FGF-10, FGF-17 and FGF-18
are expressed in the developing skeleton [48].

The most solid evidence on the role of the FGF
family in angiogenesis has derived from skeletal
phenotypes of mice deficient for FGF-2, -8, -9, -10,
-18 and -23 [49], which clearly demonstrates the
importance of each one of these growth factors on
bone development and remodeling. Below we will
mention key characteristics and properties of the
ones that play significant role for the bone healing
and regeneration process. FGF signaling may be
increased in OA, as evidenced by the finding that
ablation of FGRF1 in chondrocytes being associat-
ed with reduced OA development in particular OA
models [50]. In particular, inactivated FGFR1 sign-
aling ameliorates OA progression partially by pro-
moting autophagic activity [50].

Notch Signaling

The recent identification and characterization of
tip cell function during vessel sprouting in the ret-
ina [51] and the identification of the Notch signal-
ing as the responsible mechanism for tip cell versus
stalk cell physiology in the same model [52] have
elucidated one pivotal signaling mechanism for an-
giogenesis. In every vessel sprouting process there
is one endothelial cell invading, which is morpho-
logically distinct, as it has extensive filopodia. The
invading tip cell expresses high levels of the Notch
ligand Delta-like 4 (DIl4) which activates Notch in
the neighboring non-invading stalk cells. Activation
of the Notch receptor leads to VEGFR2 downregu-
lation and VEGFR1 upregulation impairing the re-
sponse to VEGF signaling, and thus the tip cell be-

havior (no migration towards VEGF gradient levels)
and promoting a stalk phenotype in these cells. Stalk
cells proliferate more, produce less filopodia, mi-
grate less and they are supposed to eventually form
the lumen of the new vessel. It is considered that
Notch expression defines the cell fate, since Notch
presence will lead to a stalk cell behavior, whereas
its absence is related to increased sprouting. Indeed,
abnormal sprouting leads to a very dense vessel
network, however poorly functional due to limited
perfusion [53]

The Notch signaling system regulates the mole-
cules involved in cartilage production and break-
down and hence plays a dual function in cartilage
maintenance [54]. It is well known that Notch sign-
aling is critical in the angiogenesis of condylar car-
tilage and disc, which is required to form OA [54].
Recent research has shown that changing Notch sig-
naling may cause OA. Specifically, Notch 1 and 2
receptors are highly expressed in articular chondro-
cytes and are localized at the cell surface in normal
mouse and human articular cartilage but are translo-
cated into the nucleus in degenerated cartilage [54].
Inhibition of Notch signalling by Rbpj knockout in
chondrocytes after skeletal development suppresses
OA development in a murine surgical model, and
injection of the y-secretase inhibitor DAPT into the
knee joints of the wild-type OA model mice results
in a similar protective effect [54]. Mmp13 expres-
sion is increased by overexpression of Notch-ICD in
mouse primary chondrocytes and chondrocyte cell
lines and is decreased in Rbpj-knockout cartilage.

Sclerostin

Sclerostin is a soluble antagonist of canonical Wnt
signaling and a strong inhibitor of bone formation,
almost exclusively secreted by osteocytes [55]. It be-
longs to the cystine knot family and is a product of
the sclerostin (SOST) gene [56]. Secreted Wnt inhibi-
tors, such as sclerostin, are a group of proteins which
facilitate their activity, binding extracellularly to the
co-receptor LRP5/6 [55]. Sclerostin is a glycoprotein
with a molecular weight of 24 kDa and is secreted al-
most exclusively by osteocytes and to a lesser extent
by other cell types like osteoclasts, renal and vascular
cells [57]. Sclerostin substantially regulates bone min-
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eralization processes and is a potent anti-anabolic
agent in the skeleton. Osteocytes reduce the release of
sclerostin after mechanical stimulation [57]. Reduced
in vivo activity of sclerostin leads to increased bone
mass and strength [58], while increased expression of
sclerostin in experimental models is associated with
reduced bone mass [59]. Moreover, many research
studies reported that SOST is upregulated in OA act-
ing as a rescue mechanism to prevent further degen-
erative changes of the joint. It antagonises inflamma-
tion-induced cartilage catabolism while it preserves
chondrocyte anabolic activities. It also prevents ab-
normal bone mineralisation and osteophyte forma-
tion [60]. Specifically, chondrocyte SOST immunoex-
pression was remarkably elevated in the focal area of
cartilage damage in surgically induced OA in sheep
and mice models as well as end-stage in human OA.
Contrariwise, the expression of SOST was decreased
in the osteocytes of subchondral bone in sheep OA in
association with bone sclerosis. SOST was biological-
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ABSTRACT

This review addresses the imaging features of femoral head osteonecrosis. Although the initial evaluation
should include plain radiography in combination with thorough history and physical examination, MRI
represents the method of choice for an early detection and correct diagnosis. It is also highlighted the im-
aging findings that enable differentiation of femoral head osteonecrosis from other pathological conditions

including transient osteoporosis and arthritis.

KEYWORDS: Femoral head osteonecrosis, imaging findings , bone marrow edema, hip arthritis

Introduction

Osteonecrosis of the femoral head is a common
disease caused by ischemia or disruption of the
blood flow of the epiphyseal-subchondral bone [1],
resulting in bone loss and weakening of the femoral
head with complications such as fracture and os-
teoarthritis. It most often affects males, aged 30-50
years with bilateral involvement up to 72% [2]. The
etiology is uncertain: idiopathic causes (37%), sys-
temic diseases, trauma, corticosteroids and alcohol
abuse [3].

Pathogenesis and Clinical Manifestations
Genetic predisposition, metabolic and local fac-
tors can compromise the microvascular circulation
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of the femoral head leading to bone necrosis that af-
fects first the hematopoietic cells, then the bone cells
and finally the fat cells [4]. The reparative process
involves peripheral revascularization of the ischem-
ic area with activation of osteoclasts and osteoblasts
leading to osteopenia and new bone formation.
Subsequently, cell migration takes place from the
periphery of the lesion to the necrotic center to re-
pair the damaged area [5,6]. The complications of
the above procedure concern the formation of ab-
normal, mechanically weak bone, prone to subchon-
dral fractures and subsequent osteoarthritis of the
hip [7].

The most common symptom is acute hip pain
located mainly in the groin radiating to the thighs

Alexia Balanika, MD,PhD,MSci

email: mpalanika@hotmail.com,

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA 21



Balanika A, et al. Femoral head osteonecrosis-imaging findings and differential diagnosis

VOLUME 74 | ISSUE 3 | JULY - SEPTEMBER 2023

Figure 1. X-ray of pelvis and hip show a stage -II oste-
onecrosis of the left femoral head -crescent sign

or buttocks, followed by functional impairment.
Negative inflammatory markers and absence of fe-
ver help to differentiate femoral head osteonecrosis
from inflammatory and septic arthritis .A normal
plain hip radiography excludes hip arthropathy
from the diagnosis at initial stages [8].

Classification

Among the multiple classification systems have
been proposed for femoral head osteonecrosis the
most commonly used are: 1) Ficat and Arlet, 2) Uni-
versity of Pennsylvania/Steinberg, 3) Association
Research Circulation Osseous (ARCO) [9,10]. Ficat
and Arlet is the simplest classification system de-
veloped in 1964. It was based on radiographic find-
ings to stage the disease, without considering the
size or location of the osteonecrotic lesion, two im-
portant factors which are used nowadays to predict
the therapeutic outcome [11]. The Steinberg system
and the Association for Research on Bone Circula-
tion (ARCO) systems were designed in 1985 and
1994 respectively and included computed tomog-
raphy (CT) and magnetic resonance imaging (MRI)
findings to diagnose disease in early stage [12].

According to the classification systems, plain
radiography has been shown to be inaccurate in
assessing the degree of femoral head depression,
overestimating ARCO stage Il and underestimating
ARCO stage III lesions [13]. Therefore, it is useful

in assessing the degree of femoral head collapse af-
ter stage III of the ARCO classification system [14],
MRI is useful for diagnosing disease in stages pri-
or to collapse of the femoral head, distinguishing
early from advanced disease, and quantifying the
osteonecrotic lesion (location and size) [15].

Imaging findings

The plain radiograph findings according to the
Ficat and Arlet system [11] include: stage 0: normal
radiograph, stage I: normal radiograph and acute
hip pain, stage II: sclerosis, osteopenia and cystic
changes in the femoral head with preservation of its
shape and the hip joint space, stage IlI: radiographic
crescent sign - subchondral lucent line on the femo-
ral head - with preservation of its shape and the hip
joint space and stage IV: flattening of the femoral
head and hip joint arthropathy ( Fig.1). The same
applies to CT, with the method being more sensi-
tive in advanced stages, especially in stage III that
can detect easily subchondral fractures and femoral
head collapse. At CT a sclerotic line is seen, separat-
ing necrotic from viable bone [16].

Bone scintigraphy is used for diagnosis when
plain radiography is normal and MRI is contraindi-
cated. It has high sensitivity in detecting multifocal
lesions, however due to low spatial resolution and
low sensitivity it cannot be used for the quantifica-
tion of the lesion [17].

MRI achieves excellent sensitivity and specific-
ity for detecting the disease at early stages and is
considered the method of choice for staging and
quantification of the lesion, particularly when the
plain radiography is negative, as well as for the
follow up [15]. The Mitchell et al. [18] classifica-
tion is commonly used for staging of the disease.
The hall-mark of the disease is a sclerosing hypoin-
tense “band-like” lesion of the femoral head in axial
MR-images. The pathognomonic finding is a ser-
pentine rim on T2-weighted images, the “double
line sign” (Fig.2). Its outer rim corresponds to reac-
tive tissue of low signal intensity on T2-weighted
images and the inner rim to hyperintensity vascu-
lar-regenerative tissue at the necrotic-viable inter-
face of the lesion. The inner central area shows low,
iso - and high signal intensity compared to normal
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Figure 2. Axial and Coronal T1 and STIR images show bilateral femoral head osteonecrosis-double line sign.

bone marrow depending on the stage of the disease
[16]. Paramagnetic contrast media administration
can be used preoperatively to evaluate the contour
of the femoral head and postoperatively to monitor
the vascularized graft [19].

Joint fluid collection is seen in 50% of all cases. Bone
marrow edema is not a finding in the early stages of
the disease [20] and it is never seen before the pres-
ence of the band-like sign [21]. Its appearance cor-
relates significantly with the onset and progressive
worsening of the pain. It is a poor prognostic sign
as it is related to subsequent collapse of the femo-
ral head (Fig.3) [22]. The presence of subchondral
fractures is a complication in femoral head osteone-
crosis. They are seen as smooth low signal intensity
areas on T1-weighted images, concave to articular
surfaces extending along the whole necrotic region.

Staging and Quantification
The size of the necrosis is an important factor

in determining disease prognosis and therapeutic
management. Various quantification methods have
been developed to characterize the size/location
of the necrosis and at the moment three systems
are widely used: Steinberg classification, Japanese
Investigation Committee (JIC) classification and
modified Kerboul classification [23]. In the Stein-
berg System the extent of involvement is estimated
as a percentage of the articular surface or the fem-
oral head area (< 15% of articular surface or head
affected), moderate (15-30%), and severe (> 30%)
[24]. In the JIC classification, the extent of femo-
ral head involvement is estimated as the percent-
age of the weight-bearing area on the mid-coronal
T1-weighted image: type A lesion < medial 1/3 of
weight-bearing area, type B lesion < medial 2/3 of
weight-bearing area, type C1 lesion > medial 2/3
of weight being area without exceeding the acetab-
ular rim and type C2 lesion exceeding the acetab-
ular margin [25]. In the modified Kerboul classifi-
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flattening and hip arthropathy.

cation system, the extent of necrosis is quantified
by the combined angle of the necrotic portion on
the mid-coronal and mid-sagittal MR images of the
femoral head. The system distinguishes three cat-
egories: small lesions (combined necrotic angle <
190°), medium-sized lesion (combined necrotic an-
gle between 190° and 240°), and large lesion (com-
bined necrotic angle > 240°) with increased risk
of femoral head collapse at the medium and large
sized lesions [26,27].

The radiological report for the diagnosis of os-
teonecrosis and for treatment planning should in-
clude the following: 1) the site of necrosis, 2) the
stage of necrosis, 3) the presence of a subchondral
fracture, 4) the degree of collapse of the articular
surface (critical point >2 mm) and 5 ) the quantifica-
tion of necrosis (Table I).

Differential diagnosis

The differential diagnosis on MR imaging in-
cludes a) potential pitfalls (persistent red marrow,
fovea centralis, synovial herniation pits) and b)
pathological conditions (subchondral cysts, idio-
pathic transient osteoporosis, subchondral insuffi-
ciency fractures, stress injuries, arthritis) that can
misinterpret as femoral head osteonecrosis.

Figure 3. Axial and Coronal T1 and STIR images show late- stage left femoral head osteonecrosis with femoral head

Figure. 4 TOH. Coronal STIR image shows right fermo-
ral head and neck bone marrow edema-sparing sign

Persistent red marrow: The presence of red mar-
row in the subchondral region of the femoral head
is found more often in women. Normal red marrow
signal intensity is higher than of adjacent muscle,
whereas in femoral head osteonecrosis, T1-weight-
ed signal intensity of the involved area is lower
than that of adjacent muscle [28].

Fovea centralis: The central fovea represents the
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TABLEL

ARCO proposed algorithm about the correlation of imaging findings and treatment planning

Clinically suspected AVN

I

‘ Hip joint plain radiographs ‘

|

| Features suggestive of AVN |

YES —

‘\’
G ey

ARCO stage Il
Sclerosis, Osteolysis

ARCO stage Ill
[“crescent sign”t

ARCO stage IV
(ostecarthritis)

MRI | Alternative diagnosis

articular collapse)

| l

MRI MRI

diagnosis/quantification {quantification)

v

CD+bisphosphonates | VBG

normal anatomic attachment of the ligamentum
teres and it is demonstrated as a low-signal inden-
tation on the medial rim of the femoral head (3
o’clock on axial MR images) [28].

Herniation pits: It is a benign lesion that resem-
bles a subchondral cyst. The lesion is typically locat-
ed at the 10 and 2 o’clock position in the subchon-
dral region of the femoral head, a fact that helps
distinguish it from AVN [29].

Transient osteoporosis (TOH): It occurs more
often in middle-aged men and women in the per-
inatal period, without a history of trauma, and it
is always unilateral [30] in contrast to the more
common bilateral involvement of femoral head
osteonecrosis [31]. Radiography typically shows
severe osteopenia and cortical bone loss in the
femur within 5 weeks of the onset of symptoms.
Constant finding on spinal and hip DXA is osteo-

l

| Features suggestive of AVN ‘

13
= e

ARCO stage |

[“band-like" lesion]

y

[ CD+bisphosphonates !

| Alternative diagnosis

penia or osteoporosis. MRI shows bone marrow
edema in the early phase of the disease with im-
aging findings becoming apparent in about the
first 48 hours. A pathognomonic sign (the “spar-
ing” sign) is the presence of extensive bone mar-
row edema sparing the inferior medial part of
the femoral head and the greater trochanter and
is visualized in 90% of patients at approximately
4 to 6 weeks (Fig.4) [32]. After intravenous con-
trast injection there is marked enhancement of
the hip joint due to reactive synovitis. In TOH,
subchondral fractures are described in up to 49%
patients and they are seen as irregular, thin lines
deep in the articular surface, often discontinuous,
with low signal intensity in all sequences. How-
ever MR signal characteristics of the necrotic area
in femoral head osteonecrosis varies according
to the stage of the disease. Finally, the imaging
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findings of TOH resolve spontaneously within 6-9
months after weight-bearing restriction and anal-
gesic therapy [30].

Stress injuries: They are stress fractures (more
common in athletes) or insufficiency fractures (over
the age of 60) [28]. Plain radiograph may initially
be normal on MRI, bone marrow edema and peri-
articular tissue edema are initially visualized, and
then a low-signal linear or curvilinear fracture line
on all sequences appear in the medial subchondral
region of the femoral head [31]. In equivocal cases
a history of trauma and the presence of osteopenia
may help in the differential diagnosis from femoral
head osteonecrosis.

Infectious and inflammatory diseases: An unex-
plained monoarticular joint-fluid collection in high-
risk individuals (immunosuppression, renal failure,
DM, intravenous drug users) raises the suspicion of
septic arthritis. MR imaging abnormalities present
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ABSTRACT

A different type of pandemic has been challenging the last decades the global health care systems. These
are the fragility fractures, which are linked with increased morbidity, mortality and impairment of the qual-
ity of life of the elderly. National health care systems are burdened with treating these demanding patients,
consuming large amounts of resources, financial and medical. This fact has led to the need for more optimal
utilisation of the existing resources.

Patients with fragility fractures have multiple co-morbidities and optimally they need a multi-disciplinary
approach for their management. For this a team of healthcare professionals has to be formed, involving or-
thogeriatricians, orthopaedics, physiotherapists, anaesthetists, nurses, dieticians and many more. Another
important aspect of this problem is the primary and secondary prevention of the fragility fractures, mainly
by diagnosing and treating the osteoporosis and preventing the falls of the elderly population.

The Fragility Fracture Network is a global organisation with the vision to create a society where the elder-
ly receives high quality care and have improved quality of life. Its aim is to spread the information and the
means to achieve this goal globally. In the present article we discuss all of these aspects focusing on the local
challenges of the Greek health care system and present some inspirations for the future.

KEY-WORDS: Fragility fractures, Osteoporosis, Orthogereatrics, Falls prevention, multidisciplinary
approach
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The Challenge

The challenge that the health care profession-
als face in the modern health care is the increasing
number of patients with fragility fractures. These
fractures are always associated with osteoporosis,
recurrent falls and the increasing age of the global
population.

Osteoporosis is a condition where the bone den-
sity is reduced and the micro-structure of the bones
is disrupted, leading to increased risk of fracture (1)
2).

Fragility fractures are low energy fractures, usual-
ly caused by simple falls. The bone due to osteopo-
rosis is mechanically weak and breaks with minimal
force, force that under normal circumstances would
not cause a fracture.

Older studies shown that in the developed world,
one in three women and one in five men, aged over
50 years, will sustain at least one fragility fracture
during their remaining lifespan (3). A recent study
conducted in six different European countries,
shown that during 2017, 2.7 million fragility frac-
tures occurred. Two thirds of these fractures occur
in women and through projections the total num-
ber of fragility fracture is expected to raise by 23%
by 2030 (4). Fragility fractures can occur in several
parts of the skeleton with most common site being
the fractures of the femoral neck (19.6%), vertebrae
(15.5%), distal radius and proximal end of the hu-
merus (17.9%) (4).

Fragility fractures are linked with increased mor-
bidity and mortality, hospital readmissions, further
fractures which are linked with increased financial
and social burden around the world.

Primary prevention of fragility fractures includes
population screening, diagnosis and treatment of
patients with osteoporosis associated with increased
risk of fracture. International associations such as
IOF (International Osteoporosis Foundation) are
updating frequently their guidelines. In Greece sim-
ilar associations such as ELIOS (Greek Institute of
Osteoporosis) and EEMMO (Greek Association of
Bone Metabolism), update regularly the guidelines
for the Greek population (5,6).

The diagnosis of osteoporosis is established with
the measurement of the bone density, but for the

start of appropriate anti-osteoporotic therapy the
health care professional has to consider also other
parameters such as the vitamin D levels, other med-
ical conditions which affect the bone quality or the
tendency and frequency of falls and the possible co-
existing sarcopenia. Consequently, all patients with
osteoporosis alongside with the anti-osteoporotic
medication need to receive guidance for good nu-
trition and physical activity. Their medication for
other medical conditions has to be reviewed as well,
as some medication could be the cause factors for
frequent falls.

Despite the increasing awareness globally about
the importance of osteoporosis prevention and the
devastating effects of fragility fractures, many stud-
ies around the world have shown that a really signif-
icant presentence of patients with fragility fractures
do not receive treatment for osteoporosis or even
never tested for (4,7-9). This significant treatment
gap is present in Greece as well, as similar conclu-
sions were drawn from studies of the Universities
of Larissa and Thrace (10,11). These facts illuminate
the need to increase the awareness of the medical
professionals and the public about the importance
of the osteoporosis screening and treatment. For
this goal the role of the general practitioners and the
family doctors is of paramount importance to raise
the awareness of the public.

Another layer of the present challenges is the sec-
ondary prevention of these fractures. The health
care professionals who are treating these patients
with fragility fractures have to be vigilant and not
lose the opportunity to start the anti-osteoporotic
therapy even after the first fracture, preventing a
future one.

The biggest challenge is the treatment of patients
with fragility fractures of the hip, as these fractures
are the most frequent and need increased resources
to treat. These patients have multiple comorbidities
and they are usually frail. Only a small fraction of
them are fit, well and independent (12,13). Conse-
quently these patients are more likely to develop
complications, delayed rehabilitation and even in-
creased mortality (14-17). Similar are the results in
the Greek literature, with fragility fracture patients
being significantly impaired pre-operatively lead-
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ing to poor clinical outcomes (18,19).

Many of the hip fractures patients need readmis-
sion to the hospital following treatment for fragility
hip fractures, either due to worsening of their medi-
cal conditions or due to a new fragility fracture (20-
22). Unfortunately a second fragility hip fracture is
linked with increased mortality (23). It is evident
that there is a need of a multidisciplinary approach
to the treatment of these patients, with the view of a
holistic approach of their medical conditions.

Inspirations

The fragility fracture network (FFN) is a global
scientific organisation with the vision to develop
a community where patients sustaining a fragility
fracture, receive high quality standard treatment
for the fracture, have standardised enhanced reha-
bilitation and continue their life with high quality
without new fractures.

The aim of this network is to organise and im-
prove the health care systems across the globe and
promote the multi-disciplinary approach of these
frail patients. Another aim of the organisation is to
draw the attention of the health care professionals
to the secondary prevention of the fragility frac-
tures.

The Greek chapter of the fragility fracture net-
work has the same vision and aims of action. Ac-
cording to the recent global call to action, we are all
asked to contribute to the improvement of the care
of the patients with fragility fractures using a mul-
ti-disciplinary approach to their treatment, based
on the four base pillars of the FFN (24).

Pillar I: Multi-disciplinary approach of the pa-
tients with fragility fractures combined with orth-
ogeriatric management.

Pillar II: Good rehabilitation after the treatment
of the fragility fracture with the view to return to
as normal activity levels as possible, independence
and high quality of life.

Pillar III: Secondary prevention of new fragility
fractures following a fragility fracture, by prevent-
ing new falls and improving the bone health of the
patients.

Pillar IV: National collaborations and change of
politics.

Pillar I: Multi-disciplinary approach of the treatment

of fraqility fractures

The traditional approach of patients with a fragil-
ity fracture depends on the type of fracture. This in-
cludes fractures that are treated conservatively and
they do not need to be admitted in the hospital or
they need operative treatment with short in-hospi-
tal stay. Usually these are fractures of the distal end
of the radius, the proximal end of the humerus and
the vertebral fractures. These type of fracture have
low morbidity but present an important ‘opportu-
nity” to the health care professionals which has not
to be lost. In addition to the fracture treatment the
treating doctors can act accordingly in order to re-
duce the risks of a new fragility fracture.

Fragility fractures of the hip are treated surgically
either with internal fixation of the fractured bone
or with replacement of the head of the femur. Both
have the intention to allow immediate unrestricted
mobilisation of the patients. After the arrival of this
type of patient in the hospital they should not stay
longer than needed in the emergency department
for unnecessary investigations or laboratory tests.
The patient should be transferred to the wards as
soon as safely possible, and depending on the medi-
cal co-morbidities, physical examination, blood test
and other investigation results, an effort for medical
optimization should be made. At the same time im-
portant interventions should be made such as the
administration of the necessary fluids, the appro-
priate analgesia, the control of the cognitive state
and the prevention of delirium.

Patients with hip fractures should be treated sur-
gically as soon as possible and ideally within the
first 36 hours of hospital admission. Any delay of
surgery is linked with increased morbidity and
mortality (25). If this goal is not achieved, in some
healthcare systems the ministry is removing the
founding to the hospitals. In order to achieve this
goal in Greece, it is obviously necessary to inform
and raise awareness to all involved parties on the
treatment of these patients.

The treatment team of these patients includes
traditionally the orthopaedic surgeons, the anaes-
thetists, the nurses, the physiotherapists and doc-
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tors from other specialties only when called. This
is the current situation in many countries and also
in Greece, while during the last decade this has
changed in other countries. Based on what was
previously mentioned regarding the condition of
these patients (co-existing diseases, multiple drugs,
possible sarcopenia or malnutrition, cognitive dis-
orders etc.) it is obvious that in the treatment team
other specialties should be involved as well, such
as pathologists, psychiatrists, physiatrists and other
health care professionals such as psychologists and
dietitians. Systematic geriatrician or ortho-geriatri-
cian involvement in the management of these pa-
tients both pre- and post-operatively has been im-
plemented in some countries the last few years with
very good results. In countries where the geriatrics
as subspecialty is practically non-existent, this role
can be fulfilled by internal medicine doctors. Their
role can be of paramount importance for treating
and preventing complications.

Pillar II: Rehabilitation of patients with fragility frac-
tures

The rehabilitation of the patients following a
fragility fracture has the aim to help the patients
achieve independent function and good quality of
life. Unfortunately, this cannot be achieved in all
the patients, as the functional status of the patients
before the fracture is most of the times the intended
goal of the rehabilitation. Especially for the patients
with hip fractures the rehabilitation should start
immediately after surgery with the view of long-
term good outcomes.

Early rehabilitation is defined as the rehabilitation
that happens during the hospitalisation in the acute
hospital, but the rehabilitation does not stop there.
Each patient should be included in an individual-
ised long term rehabilitation program, according
to the individual patients’ needs. Of course, the
rehabilitation of a patient following a hip fracture
should not be focusing only on the mobilisation of
the patient, but on an overall rehabilitation of the
patient, according to their needs. The ultimate goal
should always be a good functional outcome and a
good quality of life. The lack of rehabilitation med-

icine physicians and physiotherapists in the Greek
healthcare system and the community, is making
the situation even more challenging. Also, some-
times the patients may need special arrangements
inside their housing or even be treated in special-
ised rehabilitation centres, which unfortunately are
not enough throughout the country.

Pillar II1. Secondary prevention of fraqility fractures

Patients who sustained a fragility fracture are at
high risk of sustaining a new one. Especially the
first two years after the first fracture the risk is sig-
nificantly greater (4,9,22).

These patients after the treatment of the first frac-
ture (operative or conservative), should be checked
and treated for underlying factors that led to the
fragility fracture in the first place, such as osteopo-
rosis, recurrent falls or visual impairment. This is
called the secondary prevention and it is evident
that this will need a multi-disciplinary approach
as well. Unfortunately, in most countries there is a
significant deficit in this approach, causing a signif-
icant treatment gap (4,9).

The Fracture Liaison Service (FLS) aims to system-
atically implement the secondary prevention in all
patients with fragility fractures (26). Different mod-
els of organising and operating these services have
been introduced in different countries with the type
A having the best results (27,28). This service aims
to identify and register all patients who have sus-
tained a fragility fracture. Then these patients are
referred for testing and treatment, following with
regular monitoring and continuation of treatment.
Results from the implementation of such services
have led to a reduction of a new fragility fracture
(29).

Testing, monitoring and treating the osteoporosis
should be as in the primary prevention, with special
focus on the patients’ compliance.

Emphasis should be given on the prevention of
the falls, as a fall is what will eventually lead to
the fracture. Therefore, it is necessary to control
and intervene at the causes of the falls. The falls
may be related to neurological diseases, vision
problems, sarcopenia or specific medication. Pre-
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venting the unnecessary polypharmacy can be the
first step of reducing the falls (removing unneces-
sary medication or replacing with others with less
side effects).

Sometimes modifications in the patient’s home
micro-environment may be necessary, to make it
safer for their daily living. Removal of obstacles,
carpets or adjustments of steps may be needed,
alongside with special exercise and strengthening
rehabilitation programs (30,31).

Pillar IV. Change of national politics
It is evident that for the implementation of the

above three pillars many changes in the national
healthcare systems should be made. Especially in
our country many changes have to be made in the
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ABSTRACT

Osteoporosis is a chronic condition characterized by impaired bone remodelling that results in reduced
bone mineral density, excessive bone loss and increased fracture risk. Osteoporosis in men is a fairly com-
mon condition, affecting 2-8% of men worldwide and more than 30% by the age of 85. Despite these com-
pelling figures, the condition is under-estimated, under-diagnosed and under-treated. As a result and since
the condition is almost always a “silent disease”, the first presentation is often a fragility fracture. Although
the mechanisms and conditions that cause osteoporosis in men are similar to those in women, male osteo-
porosis has some unique features. Risk factors in men are very heterogenous and hypogonadism represents
a common underlying cause. Other common aetiological factors are poor vitamin D and calcium levels,
chronic underlying haematological, gastroenterological and rheumatological conditions and use of offend-
ing drugs or substances. The evidence for diagnosis, screening and treatment of male osteoporosis is quite
poor and most of the current knowledge is extrapolated from the female counterpart. Identification and
prompt therapy of underlying conditions leading to osteoporosis is essential before additional anti-resorp-
tive or anabolic treatment is considered. This review discusses the current evidence on pathophysiology,
aetiology, diagnosis, screening and treatment of osteoporosis in men.
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Introduction

Osteoporosis is a common disease characterized
by low bone mass with microarchitectural disrup-
tion and skeletal fragility, resulting in an increased
risk of fracture. It is a leading cause of morbidity
and mortality in older people as well as a significant
financial burden to health systems worldwide.

Although the mechanisms and conditions that
cause osteoporosis in men are similar to those in
women, male osteoporosis has some unique fea-
tures. Furthermore, epidemiological data and clin-
ical experience suggest that osteoporosis in men is
overlooked and often diagnosed late when an os-
teoporotic fracture has already occurred. Epidemi-
ological surveys show that causes or contributing
factors for osteoporosis can be identified in a sig-
nificant percentage of men who have sustained an
osteoporotic fracture, a finding illustrating the im-
portance and value of early diagnosis and treatment
in order to prevent the fracture.

The epidemiology, aetiology, clinical evaluation
and treatment of osteoporosis in men will be re-
viewed in this chapter.

Epidemiology

In the developed world, 2% to 8% of males are af-
fected by osteoporosis (1, 2). By the age of 85 years,
over 30 percent of men will have a femoral neck
T-score at or below -2.5 (3).

Although the fracture risk for men is lower com-
pared to women, it remains significant: A 60-year-
old man has a 25% risk of fracture (compared to 44%
for a woman of the same age) (4). Furthermore, 1 in
5 men over the age of 50 will sustain an osteoporotic
fracture (5).

Pathophysiology

The underlying mechanism in all cases of osteo-
porosis is an imbalance between bone formation
and bone resorption. Low bone mass density can oc-
cur either when pubertal bone accretion is reduced
resulting in suboptimal peak bone mass or when
the rate of bone resorption is accelerated after peak
bone mass is achieved: that takes place when osteo-
clasts are degrading the bone matrix faster than the
osteoblasts are rebuilding the bone (6).

Gkastaris K. Male Osteoporosis.

Pubertal bone accretion - achievement of peak bone
mass

Peak bone mass is defined as the amount of bony
tissue present at the end of the skeletal maturation
and represents the maximum amount of bone an in-
dividual can attain during his life. The exact age of
peak bone mass is unclear and can be affected by
a number of factors (genetic, ethnic, hormonal, en-
vironmental). However, it probably occurs around
the mid-thirties in most people.

In men, there is a dramatic increase of bone mass
during puberty and the peak bone mass seems to be
skeletal site-specific: it occurs around the age of 20
in the spine but later on in life in femur and radius
(7).

One major factor is the timing of onset of puberty.
The evidence suggests that there is a critical time
window during which adequate concentrations of
sex steroids is essential in order to achieve the op-
timal bone mass. Adult men with a history of con-
stitutionally delayed puberty have decreased radial
and spinal bone mineral density (8) as well as fem-
oral bone density (9). Furthermore, this bone deficit
does not seem to be corrected with age even when
the steroids’ levels are restored (8, 9).

Another major determinant of peak bone mass
is intact production of gonadal steroids. The find-
ings suggest that men with idiopathic hypogon-
adotrophic hypogonadism have lower cortical and
trabecular bone mass (10) which is improved after
correction of the hormonal deficit (11). Interestingly,
both androgens and oestrogens have profound effect
on peak bone mass in men.

Age-related bone loss

The imbalance between bone resorption and bone
formation is responsible for bone loss after the peak
bone mass is achieved. In men, trabecular bone loss
appears to start prior to cortical bone loss and typi-
cally soon after the peak bone mass is achieved (12).

Aetiology
Male osteoporosis has historically been classified

into two main categories, primary and secondary.
Furthermore, primary osteoporosis can be further
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TABLE 1. causes of osteoporosis in men

Endocrine conditions

Haematological conditions

Other conditions

Drugs and substances

Hypogonadism - delayed Multiple myeloma Rheumatoid arhritis Alcohol
puberty Tobacco
Diabetes mellitus (type 1, 2) | Mastocytosis Renal and hepatic Overreplacement with
disease levothyroxine
Estrogen deficiency Chronic anemia Immobilisation Glucocorticoids
Hypercortisolism Gastrointestinal conditions | Osteogenesis imperfecta | Heparin
(Cushing’s)
Hyperthyroidism Coeliac disease Homocystinuria Anticonvulsants
Hyperparathyroidism Inflammatory bowel disease | Ehlers-Danlos syn- Chemotherapy
drome Immunotherapy
Vitamin D deficiency Malabsorption Marfan syndrome Protein pump inhibitors
Growth hormone deficiency | Cirrhosis Eating disorders (an- Cyclosporine
orexia nervosa) Anti-retrovirals
Lithium
divided into i) involutional (or senile) osteoporosis, J Chronic glucocorticoid use and
which occurs in men older than 70 years old with J Parental history of hip fracture

no other risk factor present, and ii) idiopathic oste-
oporosis, which occurs in patients younger than 70
years old without risk factors (13).

It should be noted however that, even though
the underlying conditions that cause osteoporosis
in men are similar to those in women, diagnostic
search is often less vigorous and active in men, es-
pecially when no apparent risk factors are presents.
Epidemiological surveys suggest that secondary
causes can be identified in 40-60% of men who have
severe osteoporosis or have sustained osteoporotic
fractures (14, 15).

The medical conditions and risk factors for oste-
oporosis are summarised in Table 1. Some of these
conditions and risk factors have been shown to be
most predictive of osteoporotic fractures in men (16,
17,18):

0 Hypogonadism

o Low calcium and vitamin D levels
J Alcohol and tobacco use

o Low bone mineral density (BMD)
. Advancing age

J Prior history of fragility fracture

Hypogonadism, both primary and secondary, is a
common of osteoporosis in men. As previously dis-
cussed in this chapter, sex steroids play a key role in
attainment of peak bone mass. Testosterone levels
are also pivotal for maintenance of bone mass: the
balance between bone formation and disruption is
affected when testosterone levels fall < 200ng/dL as
it seems that bone turnover increases at this point
probably due to a parallel fall of serum oestrogen
<15 pg/mL (19). It is well documented that low lev-
els of oestradiol can increase the risk of fractures in
men (20, 21) and this is probably be due to a deficit
of testosterone transformation into oestradiol sec-
ondary to an aromatase enzyme dysfunction. Fur-
thermore, hypogonadism lead to muscular atrophy,
muscle mass loss and sarcopenia, factors further
contributing to the risk of fractures.

Low serum vitamin D levels and poor calcium intake.
The negative impact of low vitamin D levels on skel-
etal health is well-documented (22, 23). It is estimat-
ed that around 15% of male osteoporosis is caused
by vitamin D deficiency (24). Suboptimal calcium
intake (less than 1.200mg) is fairly common in el-
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TABLE 2. Diagnostic criteria for osteoporosis
measurements (33, 34)

and osteopenia in men > 50 years based upon DXA

Category Bone mass

Normal BMD value within 1.0 SD of the young adult female reference mean (T-score > -1.0)

Osteopenia BMD more than 1.0 but less than 2.5 SD below the young adult female reference mean
(=2.5 < T-score < —1.0)

Osteoporosis BMD value 2.5 or more SD below the young adult female reference mean (T-score < -2.5)

Severe osteoporosis T-score < —2.5 and one or more fragility fractures

TABLE 3. Laboratory work-up

In all cases

In most cases

Full blood count

Testosterone

Calcium (corrected for albumin too)

Parathyroid hormone

Phosphorus

Serum/urine protein electrophoresis

Erythrocyte sedimentation rate

Thoracic-lumbar spine X-ray (Face/Profile)

Creatinine In selected cases

Alkaline phosphatase 24hour urinary free cortisol

25 (OH) Vitamin D Serum tryptase

TSH Anti-Tissue Transglutaminase antibodies

24hour urinary calcium

Bone turnover markers (P1NP or CTx)

derly men. There is some evidence from trials sup-
porting the role of calcium and vitamin D correction
in men (25, 26) in terms of bone mass. However, the
evidence is less clear for risk of fractures (27).

Cigarette smoking and excessive alcohol consumption
are associated with accelerated bone loss and frac-
ture risk (28, 29, 30) although the underlying mech-
anism is not entirely clear.

Glucocorticoid excess, either endogenous or iatro-
genic has a negative impact on male skeletal health.
This is primarily due to the direct impact on the
bone, but also due to the secondary hypogonadism
and sarcopenia the steroids’ excess can induce.

Clinical manifestations

Osteoporosis is a silent disease. It doesn’t give any
symptoms until a fracture occurs. Even then, some
of these fractures are incidental findings on imaging
done for other purposes as they can be asympto-
matic. However, it should be noted that these men
often have symptoms of the underlying condition
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(endocrine, gastrointestinal, connective tissue) that
predisposes to osteoporosis therefore there should
be a high degree of clinical suspicion.

Typical fragility fractures occur in the vertebral
column, the ribs, the hip and the wrist. Men sus-
tain fewer fragility fractures than women but their
mortality is higher than women following a fragility
fracture (31).

Diagnosis

In all men, irrespective of age, a clinical diagno-
sis of osteoporosis can be made in the presence of
a fragility fracture. In all other cases, bone miner-
al density (BMD) assessment by dual-energy x-ray
absorptiometry (DXA) should be performed. DXA
is considered the gold standard test to diagnose os-
teoporosis in men 250 years even though it is not
as well standardised as in postmenopausal wom-
en. There has been some controversy regarding the
reference database for the calculation of T-scores in
men. This is because it is documented that at any
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skeletal site T-score men have a lower absolute risk
for fracture than women (32). Nonetheless, both the
World Health Organisation and the International
Society for Clinical Densitometry (ISCD) recom-
mend the use of a female reference database for
men over the age of 50, rather than using healthy
young males as reference (33, 34). The diagnostic
cut-offs are summarised in Table 2.

For younger men, aged <50 years, the diagnosis
should not be made on BMD measurements alone
(34). In these individuals, a low Z-score <-2.0 alone
is not necessarily suggestive of osteoporosis, unless
there is a history of a fragility fracture or a second-
ary cause for osteoporosis is present.

Value of screening — who should be tested for osteopo-
r0sis

Routine male population screening for osteopo-
rosis based solely on age has been a controversial
issue. However, an increasing number of groups,
institutions and societies such as the National Os-
teoporosis Foundation (NOF), International Society
for Clinical Densitometry (ISCD), and the Endo-
crine Society recommend BMD testing for all men
older than 65 or 70 as it is probably a cost-effective
approach. This approach is reflected on the guide-
lines for diagnosis and treatment of osteoporosis in
Greece (35), which recommend routine DXA meas-
urement in all men above the age of 65. In younger
men, under the age of 65, BMD testing should be
performed when i) there is clinical evidence of pos-
sible low bone mass (fragility fracture, evidence of
osteopenia in other forms of radiography) and/or
ii) there are underlying conditions that predispose
to osteoporosis (as summarised in Table 1).

Fracture Risk Assessment Tool (FRAX)

The FRAX score represents a diagnostic tool used
to evaluate the 10-year probability of fracture. It in-
tegrates clinical risk factors and BMD at the femoral
neck to calculate the 10-year probability of hip frac-
ture and the 10-year probability of a major osteoporo-
tic fracture and can be used in men as an aid to the cli-
nician, although its intervention thresholds increase
the proportion of older men who are candidates for
therapy compared to the WHO criteria (36).

Diagnostic approach to the man with osteoporosis for
secondary causes

Detailed history should be obtained and thorough
clinical examination should be performed in any
man diagnosed with osteoporosis as they can po-
tentially point towards a possible underlying diag-
nosis. The laboratory work-up is summarised in Ta-
ble 3. It should be noted, that, if a rarer underlying
condition is suspected, the relevant investigations
should be performed.

Treatment

The treatment of osteoporosis in men consists of
a) non-pharmacological measures, b) calcium and
vitamin D correction, c) treatment of potential un-
derlying causes and d) pharmacological measures.

Non-pharmacological measures

Lifestyle measures and modifications should
be encouraged for men with osteoporosis. Weight
bearing exercise has been shown to be beneficial
by a) increasing muscular strength, b) potentially
increasing bone mass, c) improving co-ordination
thus preventing falls (37, 38, 39).

Calcium and vitamin D

The estimated daily calcium requirements are
1000mg for men aged 19-70 and 1200mg for men
over the age of 70. Suboptimal serum calcium con-
centrations is a fairly common problem in elderly
men, predominantly due to poor intestinal absorp-
tion (mainly due to polypharmacy) and reduced
glomerular filtration therefore oral supplementa-
tion of 500-1000 mg/day of calcium carbonate is
typically suggested.

Poor serum vitamin D concentrations is another
common problem, especially amongst older men re-
siding in institutions. Various dosing regimens have
been proven to treat vitamin D deficiency in men.
Most groups and societies suggest a daily vitamin D
supplementation of 600-800 I.U.

Treatment of underlying conditions

Secondary causes can be identified in 40-60% of
men who have severe osteoporosis or have sus-
tained osteoporotic fractures (14, 15). This under-

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



lines the importance of prompt and appropriate
management of the underlying cause for osteopo-
rosis (see Table 1 for the various causes). Offend-
ing medications should be discontinued if that’s
possible or have their dose reduced. There are some
special considerations for some of these underlying
conditions:

Hypogonadism is a common cause for osteo-
porosis in men. Proper assessment of the hypog-
onadism, calculation of the bioavailable/active
testosterone and the decision to treat with testos-
terone balancing the cardiovascular risk is an im-
portant aspect of treatment of osteoporosis in hy-
pogonadal men. There are quite convincing data
that correction of the hormonal deficit in younger
men with clear aetiology for the hypogonadism
(e.g. pituitary tumour, Klinefelter syndrome) in-
creases bone mass (40, 41, 42, 43). The evidence
is less clear for older men as only a few small tri-
als (44, 45, 46) and the “Testosterone Trials” (47)
have examined the efficacy of testosterone on bone
mass. The improvement on bone mass following
administration of testosterone in older men is sim-
ilar to the one observed in the placebo groups. It is
probably recommended that the decision to treat
with testosterone in older men should be taken on
an individualised basis taking into account the car-
diovascular risk as well.

An area of debate is whether testosterone replace-
ment therapy is adequate in a man with osteopo-
rosis due to hypogonadism or whether additional
anti-osteoporotic treatment is necessary. In the ab-
sence of any strong clinical data, the recommenda-
tion of the Endocrine Society is to add an anti-osteo-
porotic pharmacological agent to the hypogonadal
men with high fracture risk alone (48). Risk factors
include a previous fragility fracture, severe osteopo-
rosis (defined as T-score <-3.0), treatment with high
dose glucocorticoids and persistent osteoporosis de-
spite successful correction of the hypogonadism for
at least 2 years.

Osteoporosis due to gastrointestinal diseases
(commonly celiac disease or inflammatory bowel
disease) is characterised by the low, and often very
low, calcium and vitamin D concentrations and
secondary hyperparathyroidism therefore these
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patients often require higher doses of calcium and
vitamin D.

Glucocorticoid-induced osteoporosis is a relative-
ly common cause of osteoporosis in men and is ob-
served even with relatively low doses of exogenous
steroids (equivalent to prednisolone 5-7.5 mg). The
bone loss is more aggressive in the first months of
treatment with steroids therefore it should be treat-
ed aggressively, particularly in those already at
high risk for fracture.

Pharmacological measures

With regards to the pharmacological approach to
osteoporosis in men, there are two questions: which
patient to treat and what the treatment options are.

Whom to treat?

For hypogonadal men, the indications for addi-
tional to testosterone treatment have been discussed
earlier in this chapter (see “Treatment of underlying
conditions” section).

For eugonadal men, the indication for pharmaco-
logical treatment are: a) history of fragility fracture,
b) established osteoporosis, c) osteopenia (48, 49).

Treatment options

Bisphosphonates is the first line treatment for most
men with osteoporosis. Most groups suggest oral al-
endronate or risendronate as initial therapy (48, 50,
51) since randomized trials (52, 53, 54, 55, 56) have
proven the efficacy and safety of these medications
(down to eGFR 30-35 ml/min). When oral bisphos-
phonate is contraindicated or not tolerated, zolen-
dronate can be used (57, 58).

Denosumab is a potent anti-resorptive agent and
has a role for treatment of osteoporosis in men es-
pecially when a) bisphosphonates are not tolerated
or not effective and b) the patient’s renal function is
poor (eGFR < 30-35 ml/min). It should be noted that
denosumab has been shown to improve bone mass
in men (59), but there are no data about fracture risk
reduction.

Teriparatide has been shown to be effective in im-
proving the spinal and femoral BMD in men (60).
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Similar results have been shown for abaloparatide
(61), but none of these trials assessed fractures. In
most guidelines, these agents are reserved for men
with severe osteoporosis or men with osteoporosis
and a new fracture or men who did not respond to
previous treatment. It is crucial that treatment with
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ABSTRACT

Osteoporosis is the most common skeletal disease and a major public health problem. It affects around
1/3 of postmenopausal women, an incidence that is expected to double in the next thirty years due to the
increase in life expectancy. Besides a significant increase in morbidity and mortality, osteoporosis and its
complication i.e. the low energy fracture, also result in a considerable and continuously growing economic
burden for healthcare systems. Understanding the factors involved in the manifestation of the disease and
its complications is crucial for the development of disease prevention and treatment programs. On the other
hand, obesity has become a global epidemic and obesity related medical conditions also infer a tremendous
economic cost. The relationship between obesity and bone metabolism is complex and not fully understood.
Several mechanical, biochemical and hormonal mechanisms have been suggested to explain the association
between the adipose tissue and bone diseases. Most studies indicate a positive correlation between Body
Mass Index (BMI) and bone density. However, the effect of obesity on the bone is probably not favourable
in terms of skeletal micro-architecture, whereas low-grade systemic inflammation and specific peptides and
adipokines seem to play a crucial role. The study of these factors and the interpretation of the events arising
from the interaction between adipose tissue and bone metabolism seem to constitute an emerging field of
research in the area of bone metabolism.

KEYWORDS: Adipose Tissue, Bone Mineral Density, Obesity, Overweight, Skeletal Microarchitec-
ture

Introduction

Osteoporosis is a systemic skeletal disease char-
acterized by low bone mineral density (BMD) and
progressive deterioration of the bone microarchitec-
ture. Its main consequence is fragility of the bones
and increased risk of low energy fractures [1,2]. Os-
teoporosis affects at least 200 million people glob-

CORRESPONDIN
AUTHOR,

GUARANTOR

ally, with high health cost involved [3]. In the US
alone, osteoporosis is responsible for 1.3 million
fractures, with 500,000 vertebral, 250,000 hip and
240,000 wrist fractures, costing $10 billion per an-
num with increasing prevalence and cost [4]. Its
prevalence is expected to increase and by 2040 the
relevant cost is expected to rise by 100-200% [5].
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Obesity represents the most common metabolic
disease. It is characterised by increased body weight
and especially an excess of adipose tissue. BMI is an
imperfect, but a widely used measure of obesity as it
provides a crude but easily estimated evaluation of
the severity of this condition. It is defined as a per-
son’s height in kilograms divided by the square of
his/her height in meters (kg/m?). The World Health
Organisation (WHO) defines obesity as a BMI of 30
kg/m? or higher, while a person with a BMI of 25-
30 kg/m? is considered as overweight. Obesity has
become a major health issue and a global epidemic.
Its worldwide prevalence has been doubled in the
last three decades [6]. It represents a serious pub-
lic health issue alongside a major health risk factor
for the individual. It is estimated that around 13%
of adults are obese [7], whereas the combined over-
weight and obese individuals account for the major-
ity of the adult population in some Western coun-
tries. Furthermore, alarming rates of obesity and
overweight are observed in children [8]. Presence of
obesity is strongly associated with several metabolic
diseases including diabetes mellitus type 2 (T2DM),
hyperlipidemia, hypertension, non-alcoholic fatty
liver disease (NAFLD), and furthermore with cardi-
ovascular events and certain types of cancer.

The skeleton is tasked with ensuring two main
functions. Firstly, to support, protect and facilitate
soft tissue function (structural role) and secondly, to
be a reservoir of calcium salts, from which the body
draws calcium when it is in poverty due to reduced
intake or increased losses (metabolic role). From the
structural point of view, the size and strength of the
skeleton must be proportional to the mass of soft
tissues to serve its purpose. Regarding its function
as a reservoir, there is a mechanism that releases
calcium during periods of reduced intake or losses
and moves calcium to the skeleton during periods
of abundance. In order to exert both these functions,
the skeleton utilizes a number of hormones and
peptides. Both roles of the skeleton, i.e. supporting
and storage, are based on the control of skeletal ho-
meostasis, while it appears that body weight, and in
particular adipose tissue, plays a leading role.

Adipose tissue is nowadays considered an endo-
crine gland, secreting numerous peptides collective-
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ly characterized as lipokines, rather than a simple
fat store. Lipokines are currently a field of intensive
research. The common evolutionary path of adipo-
cytes and osteoblasts themselves, which originate
from the same parenchymal stem cell, is of great in-
terest because many of the mechanisms that deter-
mine the evolution of these cells in one direction or
the other are common and could be common thera-
peutic goals for the treatment not only of metabolic
bone diseases but also of the other obesity-related
metabolic diseases that were mentioned above.

The interrelation between the skeletal and adi-
pose tissues is complex, dynamic and not fully clari-
fied yet. Various molecular pathways have been ex-
plored by which adipose tissue communicates and
interacts with the skeleton. These pathways include
several factors such as leptin, adiponectin, resistin,
myokines, pro-inflammatory cytokines, and vita-
min D. Additionally, the bone tissue affects meta-
bolic parameters, including body weight control,
through bone-derived factors, such as osteocalcin
and osteopontin. In any case, the interplay between
the adipose tissue and the skeleton is both mechan-
ical and metabolic.

A. METABOLIC ASSOCIATION

Vitamin D

The impact of suboptimal vitamin D concentra-
tions on the musculoskeletal system is well-docu-
mented and vitamin D deficiency is associated with
osteoporosis. Vitamin D deficiency is quite common
among obese adults. In particular, serum 25-hy-
droxy-vitamin D (250HD) concentrations are about
20% lower in obese people compared with individ-
uals of normal weight. Furthermore, serum 250HD
is inversely associated with body weight, BMI and
fat mass [9, 10, 11, 12].

An important parameter with clinical implica-
tions is that restoration of vitamin D levels is much
more difficult in obese compared to normal weight
individuals [13, 14]. This is likely due to i) seques-
tration of vitamin D in the fat stores and ii) co-exist-
ent secondary hyperparathyroidism in obese adults.
The clinical implication of this issue is that often
considerably higher cumulative doses of vitamin D
are required to achieve optimal levels in these indi-

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Gkastaris K, et al. Obesity and osteoporosis.

viduals.

Interestingly, although vitamin D levels have
been shown to be persistently lower in obese
adults, which theoretically would lead to low-
er BMD predominantly through reduced calci-
um absorption, studies have demonstrated that
adults with obesity seem to have lower bone turn-
over compared with normal weight, and higher
BMD with thicker and denser cortices [15]. This
paradoxical phenomenon is not fully understood
yet. Some theories support that obese individu-
als develop compensatory mechanisms whereas
other studies hypothesize that fat may serve as
reservoir for vitamin D, however, none of these
theories has not been proven.

Oestrogens

Oestrogens are steroid hormones that have a
key role in the maintenance of skeletal homeostasis
exerting a protective effect by promoting bone for-
mation and reducing bone resorption. Adipose tis-
sue is one of the major sources of aromatase, an en-
zyme which synthesises oestrogens from androgen
precursors. Obese post-menopausal women have
been shown to have higher serum concentrations of
oestrogens compared with non-obese controls [16].
Even though oestrogens are not the sole regulator of
skeletal homeostasis, this difference can possibly ex-
plain, at least in part, the increased BMD observed
in obese women (alongside the increased mechani-
cal loading, which is discussed below).

High fat diet

One persistent finding in animal models of
obesity is the reduced quality (increased porosi-
ty - poor microarchitecture) despite the increased
bone mass. Especially high fat diet induced obesity
is associated with increased bone quantity (larg-
er bone size and mineral content) but decreased
bone quality (lower size-independent mechanical
properties) [17] as well as increased bone marrow
adiposity [18]. It seems likely that bone microar-
chitecture is adversely affected leading to reduced
bone quality.

Bone marrow adiposity and osteoporosis

A common progenitor, a pluripotential, bone

marrow-derived mesenchymal stem cell (BMSC)
gives rise to both adipocytes and osteocytes [19].
In fact, this stem cell has an equal propensity for
differentiation into osteocytes or adipocytes or a
number of other cell types (including endotheli-
al, fibroblasts, chondrocytes). This differentiation
is a complex process controlled by several tran-
scription factors. The process, although character-
ised by plasticity, is irreversible once it has been
completed [20]. A plausible mechanism that could
lead to osteoporosis is that of switching of the dif-
ferentiating process to adipocytes rather than os-
teocytes. This phenomenon is naturally observed
with advancing age, but it has been described in
generalised obesity and post-menopausal osteopo-
rosis [21].

The factors involved in this process are not yet
fully understood, with oestrogens [22] and peroxi-
some proliferator activated receptor-y
(PPARY) [23] described in some studies as the possi-
ble parameters affecting the differentiation process.

In conclusion, emerging data over the last years
have given rise to the hypothesis that fat infiltration
of the bone marrow has been associated with oste-
oporosis [24].

Leptin

Leptin is a cytokine-like hormone, produced
primarily by the adipocytes. It plays a key role in
maintaining long-term energy and appetite con-
trol. Its effects on energy and appetite are exerted
primarily on hypothalamus. Leptin concentrations
are typically elevated in obesity, which represents
a leptin-resistant condition. The impact of leptin on
bone metabolism is complex, likely both direct and
indirect and yet poorly understood with conflicting
results. Studies in human have reported both pos-
itive roles of leptin [25, 26, 27, 28] and profoundly
negative ones [29, 30] on bone health. The hetero-
geneity of the results of leptin on the skeleton likely
reflect the different designs of the various studies
and is an area where further, well-designed studies
are required.

Inflammatory cytokines (TNF-a and IL-6)

Emerging evidence suggests that inflammation
significantly affects bone homeostasis, inducing
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osteoporosis. Numerous pro-inflammatory cy-
tokines have been implicated in the regulation of
osteoblasts and osteoclasts. It is clearly document-
ed that obesity represents a chronic low-grade in-
flammation state with elevated concentrations of
cytokines, in particular TNF-a and IL-6.

TNF-a, which is raised in obesity, induces
bone loss through stimulation of osteoclastogen-
esis via a number of different mechanisms [24]:
1) activates NFxB leading to increased expres-
sion of activator of nuclear factor kappa-B ligand
(RANK) and RANK ligand (RANKL), which pro-
mote bone resorption [31]. 2) reduces the produc-
tion of osteoprotogerin (OPG), which is the natu-
ral inhibitor of RANKL, leading to higher RANKL
concentrations and further osteoclastic activity
[32]. 3) directly modulates the RANKL-induced
signalling pathways, leading to a synergistic ac-
tivity with RANKL, which promotes further oste-
oclastic resorption [33].

The strong inflammatory response in obese in-
dividuals, as demonstrated by the high levels of
mainly TNF-a and to a degree of IL-6, may be, at
least partly, responsible for the complicated rela-
tionship between obesity and osteoporosis.

Adiponectin

Low adiponectin concentrations are a feature
of obesity [34]. Studies, both in vitro and in vivo,
indicate that adiponectin has a positive role on
bone mass by stimulating osteoblastogenesis and
suppressing osteoclastogenesis [35].

Indirect effects through other metabolic diseases as-
sociated with obesity

Metabolic diseases, especially T2DM [36] but
also NAFLD [37] and others have adverse effects
on bone metabolism, and their increased preva-
lence in obese individuals may indirectly affect
the skeleton. Furthermore, medications used to
treat these conditions may positively or negative-
ly affect the bone [38].

B. MECHANICAL ASSOCIATION

The mechanical interplay between the bone and
adipose tissues includes two important aspects; the
effect of the mechanical loading and the risk of falls.
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Mechanical loading

The mechanostat theory, developed by Harold
M. Frost [39], describes the mechanisms by which
mechanical loading influences bone structure by
changing the mass and architecture to provide a
the necessary adaption. It is universally demon-
strated, in practically all the relevant studies, that
obese individuals have higher BMD than lean sub-
jects. Furthermore, biochemical markers of bone
turnover are lower in obese compared with nor-
mal weight individuals [40]. Excessive adipose
accumulation imposes a greater static mechanical
stress on bone, and it provides an important pos-
itive loading effect [41]. It is plausible that is not
solely the effect of the passive loading, but also
the fact that, in general, obese individuals have in-
creased lean mass (along with fat mass) leading to
the favourable effects on the bone of the increased
muscle strain [42]. An important exception here is
osteosarcopenia, i.e. coexistence of obesity with
sarcopenia.

Bony tissue can detect the mechanical forces
induced by external loading and produces a com-
pensatory response resulting to formation of new
bone. An important parameter, and area of research
over the last few years, is the role of sclerostin in
bone’s adaptive response to mechanical loading. In
non-loading states osteocytes secrete inhibitors of
the Wnt pathway, predominantly sclerostin, thus
favoring osteoclastogenesis [43]. Under loading, in-
stead, the expression of sclerostin by the osteocytes
is inhibited. As a result, the Wnt ligands are able to
activate this pathway, which, leads to a direct stim-
ulation of osteoblastogenesis and osteoblast migra-
tion [44, 45].

However, the overall relationship seems to be
complex and possibly site-specific. For example, a
study showed that bone size at the radius and the
tibia estimated by high-resolution peripheral quan-
titative computed tomography (hr-pCT) does not
differ between obese and normal-weight controls
[15].

In summary, the loading factor is an important
aspect of the bone-fat interplay exerting a favoura-
ble impact. However, it is not sufficient to fully ex-
plain the interaction.
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Obesity and risk of falls

Falls represent an important and independent
risk factor for fractures. High incidence of falls has
significant medical implications and results in high
economic costs [46]. Several studies have showed
that obese and overweight adults carry a higher risk
of falls, the aetiology of which is multifactorial [24]:

i) Obesity causes or exacerbates important
chronic conditions such as T2DM, cardiovascular
disease, arthritis, autonomic dysfunction, orthos-
tatic hypotension, sleep apnoea and hypertension.
These metabolic conditions are independent risk
factors for falls [47].

ii) Central adiposity compromises core stability
and plays an independent role as a fall-related pre-
dictor in older women [48].

iii) Obesity is associated with loss of functional
independence and reduced ability in performing
daily tasks, such as standing up, walking unaided
or climbing up stairs, which in turn increases the

risks of falls [49].

iv) Finally, obesity adds pressure on the heels,
which compromises postural stability and balance
ability [50].

In the elderly population, obese individuals are
more likely so sustain one or multiple falls com-
pared to normal weight ones [51] leading to high-
er rates of hospitalisation [52] and reduced qual-
ity of life [53]. It is interesting, however, that the
same meta-analysis [51] of 31 observational studies
showed no evidence of an association between obe-
sity and fall-related injuries in total. The most like-
ly explanation is that the effect of falls in obese in
fracture risk is site-dependent: Obesity seems to be
protective against hip fracture in women but carries
a high risk of fractures at other sites. Obese women
sustain more fractures in the ankle [54], leg [55], hu-
merus [56], and vertebral column [57] and fewer in
the wrist [58], hip [56] and pelvis [56].

There have been two mechanisms proposed to ex-
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plain this site-specific discrepancy. First, the fact that
the extra fat acts as a cushion protecting from hip and
pelvic fractures [59]. Secondly, the pattern of falling ap-
pears to be different in obese individuals: they are more
prone to sideward and backward falling, whereas nor-
mal weight individuals tend to fall forwards [60].

Conclusions

Bone and adipose tissues are both highly active
metabolically and probably interact and affect each
other but their association is highly complex and
still not fully elucidated. They interplay through
adipokines, oestrogens, inflammatory markers and
bone derived metabolic factors.

Increased mechanical loading observed in obese
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Spinal Cord Ischemia: A review of
clinical and imaging features, risk
factors and long-term prognosis

Vasiliki Batsou, loannis S Benetos, loannis Vlamis, Spiridon Pneumaticos

ABSTRACT

Spinal cord ischemia is a rare disorder carrying a high rate of morbidity. However, only a few case series con-
cerning it have been published in the literature. The aim of this study was to determine the causes, the clinical
characteristics, the functional outcomes and the prognostic indicators of spinal cord ischemia. For this reason,
a review of the current literature was performed by following the PRISMA guidelines and by using the online
PubMed database and the keywords “Spinal cord ischemia” and “Spinal cord infarction”. Fourteen studies with
a substantial total number of patients (526 patients) were finally included in this review, providing accurate and
conductive results regarding spinal cord ischemia. The clinical presentation is nonspecific and characterized by
rapid decline of function with a severe neurologic deficit. The cause remains unknown for half of the patients
although multiple traditional cardiovascular risk factors are recognized. MRI is the imaging modality of choice
for suspected spinal cord ischemia and a variety of characteristic MRI signs have been described such as the
“pencil-like” zone and “owl’s eye” sign. In contrast to cerebral ischemic infarction, in which guidelines for man-
agement are well-established, no consensus guidelines exist for the management of acute spinal cord ischemia.

Keywords: Spinal Cord Ischemia, Spinal Cord Vascular Diseases, Anterior Spinal Artery Syndrome, Posterior
Spinal Artery Syndrome

Introduction 3 longitudinal arteries: a single anterior spinal artery,

Spinal cord infarction (SCI) is an uncommon disor-
der that is considered a diagnostic challenge due to the
variety of its clinical presentation. Its clinical signs are
nonspecific, thus providing a challenging differential
diagnoses and there is no consensus upon its manage-
ment.

Before delving into the characteristics of spinal
cord infarction, it is important to acknowledge the spi-
nal cord’s blood supply. The spinal cord is supplied by
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AUTHOR,
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which supplies the anterior two-thirds of the spinal
cord and two, paired posterior spinal arteries, which
are the primary blood supply to the posterior columns,
dorsal grey matter and dorsal sensory columns. The
entire blood supply to the cord is reinforced by nu-
merous radiculomedullary or segmental medullary ar-
teries. Segmental medullary arteries are the remnants
of the multiple fetal segmental arteries and originate
from the spinal branches of the ascending cervical,

Vasiliki Batsou, Postgraduate Medical Student, 5th Department of Orthopaedics, KAT
Hospital, Athens, Greece, basiabatsou@gmail.com, +306948868768
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deep cervical, posterior intercostal and lumbosacral
arteries. They penetrate the spinal canal through the
intervertebral foramina and accompany the roots. The
dominant and clinically most important segmental
medullary/radiculomedullary artery is the artery of
Adamkiewicz, also known as the great anterior ra-
diculomedullary artery. ! The artery of Adamkiewicz
typically arises from the left posterior intercostal ar-
tery and is the only significant arterial supply feeding
the anterior spinal artery along the lower thoracic,
lumbar and sacral spinal cord (from T8 to the conus
medullaris). 2 Injury to this artery can cause neurologic
damage manifesting as fecal and urinary incontinence,
impaired motor function and preserved sensory func-
tion. 3

Considering this blood supply, spinal cord infarcts
can occur in the territories of the anterior spinal artery
(ASA) or posterior spinal artery (PSA), or both. * The
most common clinical presentation of a spinal cord in-
farction is anterior spinal artery syndrome. The clinical
manifestation includes bilateral loss of motor function
and pain/temperature sensation, with relative sparing
of proprioception and vibratory sense below the level
of the lesion. The neurological deficits will manifest
below the level of infarction due to the anatomical dis-
tribution of the spinal cord tracts affected. If the injury
is at a high cervical level, dysfunction of the phrenic
nerve may lead to respiratory failure. Clinical findings
are usually bilateral due to the spinal cord supply by
the anterior spinal artery. ® In the case of incomplete
spinal artery syndrome, when ischemia is localized at
the level of the anterior horns, there is acute paraplegia
without sensory abnormalities and without sphincter
dysfunction. The ischemia of the spinal cord coming
from infarction of the posterior spinal artery invokes
loss of proprioception and vibratory senses below the
level of the injury and total anesthesia at the level of
the injury.

Spinal cord ischemia could be the result of low
flow due to arterial hypotension, surgical injury to
spinal arteries or embolic events. Thus it is useful to
classify etiologies as spontaneous or periprocedural.
However, in a significant share of patients the caus-
ative source cannot be identified.

Spontaneous causes of spinal cord ischemia include
aortic pathology, atherosclerotic disease and degener-

risk factors and long-term prognosis.

ative spine disease® Other less common causes include
embolic strokes from aortic atheroma, myxoma or in-
fectious valvular vegetation. An abrupt motion when
paired with large osteophytes and spinal stenosis can
lead to acute cord ischemia. ?

Iatrogenic causes of spinal cord ischemia account
for at least 45% of all reported cord infarctions. ® Aor-
tic surgery is recognized as the highest risk factor,
where spinal cord ischemia can occur during both
cross-clamping and de-clamping. ® The duration of
cross-clamp time, pre-existing vascular risk factors
and length of the repaired aortic segment contribute to
the risk. Other less common causes of perioprocedural
spinal cord infarction include orthopedic lumbar sur-
gery, epidural steroid injection, intra-aortic balloon
pump and lumbar epidural catheter placement.

Materials and Methods

The aim of this study was to determine the caus-
es, the clinical characteristics, the functional outcomes
and the prognostic indicators of spinal cord ischemia.
For this reason, a review of the current literature was
performed by following the PRISMA guidelines and
by using the online PubMed database and the key-
words “Spinal cord ischemia” and “Spinal cord infarc-
tion”. Studies that were written in English related to
SCI with the full text available were screened. Further-
more, the search was narrowed to studies published
after 2000 to provide the most recent data and to case
series studies. Case reports were excluded from the
study. Finally, 14 papers were selected and included
in the current study.

Inclusion criteria to the review were case studies
written in English language. The primary search in-
cluded 6474 articles. By excluding the articles prior
to 2000, 5826 articles were found to contain the key
words “spinal cord ischemia” and “spinal cord infarc-
tion”. Furthermore, 5781 records were excluded for
not being relevant with the topic of spinal cord isch-
emia or not having spinal cord ischemia as their main
research theme. Subsequently, a scan of the articles’
reference list was performed to check for more eligi-
ble articles to be included in the review. Case reports,
reviews and animal studies were excluded. Following
the above procedure, 14 articles were finally included
in this review. (Table 1).

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Batsou V, et al. Spinal Cord Ischemia: A review of clinical and imaging features,

risk factors and long-term prognosis.

Records identifled through database searching for
keywords “spinal cord ischemia™ "spinal cord
Infarction”

Fubmed n=6474

Articles published after 2000
Titles & Abstracts screened
n= 53826

Full-text articles assessed for eligibility
n=45

Total papers included in the synthesls
n=14

Table 1. Flowchart of the review

Results

Patient characteristics

Demographic data from the 14 studies included in
this review were collected and averaged. There were a
total of 526 patients suffering from SCI with an average
age of 53.1 years (range 9-89 years). One study didn’t
specify the ratio between male and female patients. As
a result, in a total of 444 patients (283 male and 161
female) the male to female ratio was 1.7.

Clinical Presentation

The clinical features of spinal cord ischemia include
muscle weakness, sensory loss, pain, absent reflexes
and hypotonia. Based on the results of 3 studies ( 8,
10,11y including the larger number of patients and the
most detailed clinical evaluation, it appears that at the
initial examination muscle weakness was present at

Records excluded for not being
relevant to the topic
n= 5781

Full-text articles excluded for reasons
n=31

Case report studies n=26

Reviews n=3

Animal studies n=2

87-99% of patients, sensory loss at 86-93% of patients
and pain at 15-62% of patients. In the study of Cheng et
al, 12 it was noted that pain was adjacent to the SCI lev-
el, ranging from back pain to neck pain. In a study by
Zalewski et al %, including 133 patients, the maximum
neurologic deficit was observed in less than 4 hours
at 55% of the patients, while 81% of them required a
wheelchair for mobility and 86% had to be catheter-
ized. Motor deficits were the most serious and prom-
inent characteristics of spinal cord ischemia, affecting
almost 100% of patients. Paraparesis was the most fre-
quent presentation, followed by paraplegia and quad-
riplegia. Absent reflexes and hypotonia in the lower
extremities occurred in 31-64% of patients.

Etiology
It is quite obvious that spinal cord ischemia re-
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mains without identifiable cause in almost half the
cases. In 24-74% of patients included in the studies of
this review the cause of infarction remained unknown.
Studies that were conducted in centers where spinal
and aortic surgeries were performed included more
postprocedural SCI cases. Data collected mainly in
neurological departments depicted factors such as aor-
tic dissection, hypertension and diabetes mellitus as
contributing risk factors. In a recent study by Zalewski
et al % including 133 patients, a history of one or more
vascular risk factors was present in 101 patients (76%).
The results of the study by Cheng et al *?, further re-
inforced this finding by identifying at least 1 vascular
risk factor in 81% of patients and at least 3 vascular risk
factors in 45,5% of patients. The risk factors for spinal
cord ischemia as gathered from the 14 studies included
in this review include hypertension, diabetes mellitus,
dyslipidemia, atrial fibrillation, smoking, peripheral
artery disease, previous stroke, and previous myocar-
dial infarction.

Interestingly enough, the study of Novy et al, ©
showed that ischemic symptoms appeared immediate-
ly after a movement in 48% of patients (13 patients out
of 27). In 7 patients this was a movement of the back, in
3 it was an arm movement and in the remaining 3 pa-
tients it was a Valsalva movement or a gait initiation.
In all cases, the level of the spinal cord lesion corre-
sponded to the level of mechanical stress in the spine.

MRI Findings

MRI is the examination of choice for the diagnosis
of spinal cord ischemia *. In the acute phase, the use of
intravenous contrast media can aid in the differential
diagnosis between ischemia and inflammatory, tumor-
al or infectious diseases because usually enhancement
is absent at this stage of ischemia. Nevertheless, in a
study by Zalewski et al, 43% of spinal MRIs showed
enhancement within the spinal cord parenchyma, after
the administration of gadolinium® .

Another point to be noticed regarding MRI and spi-
nal cord ischemia, is that 10% of patients with SCI may
have a normal initial MRI despite a severe deficit."” Pa-
tients with severe impairments (ASIA A or B) are more
likely to have a positive MRI for infarction than pa-
tients with less severe deficits. Indeed, 78% of the neg-
ative MRIs performed in the initial phase correspond-
ed to patients whose deficits were mild to moderate

risk factors and long-term prognosis.

(ASIA Cand D). The ideal time for performing an MRI
seems to be 3 to 4 hours after the onset of symptoms.

In the acute phase, ischemia presents as a restriction
in diffusion-weighted imaging of the spinal cord. Clas-
sic findings of owl eyes (T2-hyperintensity restricted
to anterior horns on axial views) or anterior pencil-like
hyperintensity were found in 40,5-100% of cases. The
cause for these findings is that the grey matter of the
anterior horns exhibits the highest vulnerability to
ischemia due to its high metabolic demands.

The posterior one-third of the spinal cord is more
rarely involved. In the study of Novy et al, ** includ-
ing 27 patients, 37% of patients had anterior spinal
artery patterns, 15% had anterior and 15% posterior
unilateral patterns, 11% had central patterns and 7%
had posterior spinal artery patterns. The most frequent
location of infarction is the thoracic region. However,
this is highly affected by the cause of spinal cord isch-
emia. If the infarction is postprocedural (after aortic or
spinal surgery) the highest MRI abnormality will be
most definitely located in the thoracic region followed
by cervical and lumbar/conus regions.

Cerebrospinal fluid examination

The articles of Cheng et al, Zalewski et al, Novy et
al, and Robertson et al, provided data regarding the
evaluation of cerebrospinal fluid (CSF). In the study of
Cheng et al, ? including 22 patients, 7 patients were
tested and 5 of them were found having elevated CSF
protein concentrations without pleocytosis. Similar-
ly, in the study of Novy et al, ** 12 patients had an in-
creased CSF protein concentration but no pleocytosis.
In two studies by Zalewski et al, 1 74% of the patients
underwent a CSF examination and all demonstrated
elevated protein levels. Only 8% had elevated nucle-
ated cell count and 2% had supernumerary oligonu-
clonal bands. Finally, in the study of Robertson et al
8, including 27 patients, 44% of patients demonstrated
elevated protein levels but normal cell count and only
7% demonstrated both elevated protein levels and cell
counts.

Treatment

No treatment has been proven to reverse or treat
ischemic spinal cord injury outside the surgical realm.
Accordingly, there are no guidelines regarding spe-
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risk factors and long-term prognosis.

cific therapeutic regimens in patients who have suf-
fered spinal cord ischemia. Preventive measures, such
as avoiding prolonged and profound hypotension
during aortic surgery or the use of spinal somatosen-
sory evoked potentials during aneurysm surgery have
shown to be effective in preventing cord ischemia.
Correction of underlying risk factors such as hyper-
tension, smoking, heart disease and diabetes mellitus
is very important. Regarding the studies included in
this review, only 5 out of 14 provided data upon treat-
ment of spinal cord infarction. In the largest study
included in this review, conducted by Zalewski et al
0 immunotherapy for a suspected immune-mediated
condition was given to 56% of patients, blood pressure
augmentation to 6% and lumbar drain to 6%. Antico-
agulation was initiated in 8% of 135 patients and at
least one antiplatelet agent was used in 68% of pa-
tients. Antiplatelet and anticoagulation therapies have
proven to be the most used treatments, for cerebral
infarction. The perioperative role of CSF drainage is
recognized in thoracic and abdominal aortic surgery;
however, its role in the treatment of spinal cord infarc-
tion has not been studied.

Outcomes

Based on the case series included in this review, the
percentage of favorable functional outcome is around
40-50%. As stated, predictors of poor outcome include
severe neurological impairment (ASIA A or B) on initial
examination, absence of Babinski sign, presence of sen-
sory level and longitudinally extensive MRI lesions .
In general, motor deficits showed a higher frequency of
recovery than sensory or sphincter deficits. In the study
of Qureshi et al "', through studying the long-term fol-
low-up data of 89 survivors, it was shown that 42% of
patients were using a wheelchair, 26% were using a gait
aid, 33% walked unaided, 54% needed a bladder cath-
eter and 29% still had significant pain. The long-term
mortality after spinal cord infarction can range from
9% to 23%, as shown in different studies and it varies
depending on etiology. Mortality is higher for patients
with spinal cord infarction related to surgery or aortic
aneurysm and dissection with poor prognosis. '¢

Discussion
Spinal cord ischemia can cause a great diagnostic

confusion, making this entity underrecognized and
frequently misdiagnosed as transverse myelitis. Za-
lewski et al, after studying most of SCI cases included
in the published literature, proposed some diagnostic
criteria. Based on these, spinal cord infarction has 3
major criteria. '° The first criterion is a clinical one, and
is no other than the rapid development of severe neu-
rologic deficits within the first 12 hours after the onset
of symptoms. The second criterion is the MRI findings
supporting the infarction and excluding the spinal
cord compression and the third criterion is the non-in-
flammatory cerebrospinal fluid profile that differenti-
ates SCI from infectious and inflammatory disorders.
Based on these three parameters, patients were clas-
sified as having definite, probable, or possible spinal
cord ischemia. To further validate these criteria, the
authors applied them in a cohort of 280 patients with
non-ischemic diagnoses. Only 3.2% of patients met the
criteria for possible spinal cord ischemia and none for
definite ischemia, suggesting that the presented crite-
ria are highly specific. *°

The symptoms of spinal cord infarction devel-
op quickly and usually reach a maximum within 12
hours in 50% of patients and within 72 hours in al-
most all patients. The clinical presentation depends
on the vascular territory involved and the severity
of the impairment varies widely from paraplegia to
minor weakness.* Different clinical subtypes have
been recognized: anterior and posterior spinal artery
syndrome due to radicular territory infarction, and
central and transverse infarctions due to general spi-
nal cord hypoperfusion. Consistent with its function-
al neuroanatomy, ASA syndrome typically presents
with abrupt onset of bilateral weakness, sudden back
pain, flaccid paraplegia, loss of pain and temperature
sensation below the level of the lesion, and autonomic
dysfunction involving the bowel and the bladder. In
ASA syndrome there is a sparing of proprioception
and vibration sense. The posterior spinal artery syn-
drome leads to ipsilateral loss of light touch, vibration
and proprioception while mostly sparing motor func-
tion. The PSA syndrome is usually unilateral and less
severe, due to the presence of two posterior spinal ar-
teries. Moreover, the central spinal infarction includes
bilateral spinothalamic sensory deficit with sparing of
the posterior columns. Motor deficits and sphincter
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dysfunction are usually absent. The transverse medul-
lary infarction provides a rare presentation of sudden
paraplegia/paraparesis, with complete sensory loss
and autonomic dysfunction.

Diffusion-weighted magnetic resonance imaging
seems to be the most reliable diagnostic tool for spinal
cord ischemia. "However, it is technically challenging
due to important limitations. The bone enclosing the
spine causes magnetic field distortions and also the mo-
tion distortion caused by respiration, CSF, and arterial
pulsation, as well as swallowing can result in distorted
images." The classical MRI findings in spinal cord isch-
emia are pencil-like hyperintensities from the involve-
ment of anterior horn cells and on axial imaging this
appears as two bright dots, the so-called owl eyes’ sign.
However, these changes are not specific and it is often
difficult to distinguish SCI from other causes of acute
non-compressive myelopathies based on MRI alone.

In their study, including 24 patients, Mawad et a,l
¥ suggested that MRI lesions start in the anterior horns
of the gray matter and progress to the posterior horns.
They made a correlation between the presence of owl’s
eyes signs and motor deficit outcome. Patients with
owl’s eye signs usually retained partial motor function
and had better outcomes than those with diffuse le-
sions involving the adjacent white matter. However, in
the early stages the extent of the infarct can be difficult
to be defined and this correlation hasn’t been proven
by other studies in this review.

Nonetheless, the absence of proprioceptive impair-
ment at onset was associated with a better outcome.
In anterior spinal artery syndrome, when there is pro-
prioceptive impairment, it is suggestive of a more ex-
tensive infarct which involves the inner part of the dor-
sal columns and the posterolateral part of the lateral
columns. The long-term outcome can remain poor in
patients with complete or nearly complete syndromes,

risk factors and long-term prognosis.

but the optimistic finding is that delayed functional
recovery is possible and not infrequent. Half of sur-
viving patients unable to walk after the onset of spinal
infarction were able to walk on follow-up and even in
patients with severe deficits, substantial functional re-
covery may occur over time. %

Regarding the treatment of spinal stroke, there
are no clear guidelines. Immunotherapy, anticoagu-
lant and antiplatelet therapy, and lumbar drain have
been used. However, Seze et al, ?! in their retrospec-
tive study, found no difference in the clinical course
of patients who all received antiplatelet therapy and
some were additionally treated with corticosteroids
or anticoagulation therapy. The use of agents such
as prostaglandins, nimodipine, naloxone hydrochlo-
ride, adenosine, thiopental sodium, and magnesium
has yielded some promising results in animal inves-
tigations; however, their effect in SCI needs further
investigation. 2 The value of the modification of the
risk factors of spinal cord ischemia, which are similar
to many common vascular disorders such as stroke,
myocardial infarction and renal failure, cannot be
overestimated. Moreover, because this serious condi-
tion can occur in a wide variety of iatrogenic settings,
special attention should be given during aortic and
spinal surgery®.

The current review has several limitations mostly
inherent to the retrospective design of the studies in-
cluded. In addition, the search was conducted by using
one search engine (PubMed). Moreover, regarding the
case series, not all of them shared the same characteris-
tics or number of details. The timing of MRI scanning
was variable and diffusion-weighted sequences were
not routinely obtained. The value of therapeutic inter-
ventions could not be evaluated because of the lack of
treatment standardization and the timing and dura-
tion of follow-up were not uniform.
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ABSTRACT

Many people in the developed countries have experienced a whiplash injury, in which their cervical spine
followed a rapid force of acceleration-deceleration in their neck, in a small or a greater scale, mostly as a result
of a vehicle injury. Whiplash associated disorders (WAD) is the term that is used to describe injuries which sus-
tained as a result of these sudden acceleration-deceleration movements. This term also refers to the presence of
a total of symptoms that a patient can experience after a whiplash injury such as pain, headache, stiffness and
dizziness. As a result, these injuries have many effects and costs in a patient’s daily and work life, work ability
and psychology, making it necessary to find treatments that can relieve them. The published reviews have shown
the importance of including the therapeutic exercises in a rehabilitation programme aiming to the reduction of
those symptoms. Many reviews and researches have been published referring to different therapeutic methods
in a whiplash injury, so it is important to discover the appropriate physiotherapy methods for the management
of the whiplash injury’s symptomatology. This review is about investigate the role of physiotherapy methods to
treat the short-term and long-term symptoms of the whiplash injury.

Key words: whiplash, whiplash injury, whiplash-associated disorders (WAD), physiotherapy, management.

Introduction who experience a whiplash injury will never fully re-

A very common traumatic injury that is estimated  cover and up to 30% will remain moderately to severe-

to affect between 70 and 420 people in every 100.000
and is produced most likely by a road traffic crash is a
whiplash injury [1] . It is caused by a sudden passive
extension of the neck, followed by a sudden flexion, in
a whip-like fashion [2-3].

Campbell et al indicate that one in two individuals

CORRESPONDING
AUTHOR,

GUARANTOR

ly disabled by this condition [4].

After the whiplash injury, characteristic morpho-
logical changes occurred. Some of these changes are
fatty infiltration in the multifidus muscle and liga-
ments injury, sprain in the nuchal ligament and in the
anterior longitudinal ligament, who naturally offer
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stability in the cervical spine and also altered super-
facial and deep cervical muscle behaviour is observed.
Deconditioned neck muscles may affect the physical
support of the cervical spine [5]. Pain, stiffness, neck
and/ or shoulder pain with or without radicular symp-
toms, kinesiophobia, headache, loss of cervical mobil-
ity, reduced range of motion in the cervical spine and
neurological deficits, not only in the early stages of the
accident, but also years later, are the most commonly
symptoms that a patient has. Patients with neurologi-
cal signs report arm pain, paraesthesia or hyperalgesia
without other known causes that occurred in the same
dermatome/myotome.

The anatomy of the upper cervical region in combi-
nation to the direct connection and access to the vestib-
ular nuclear complex are very important for the pos-
tural control, and for this reason, if a disorder occurs,
it directly affects the vestibular system and the neck
movement which might be a possible cause of symp-
toms such as dizziness among patients with whip-
lash-associated disorders (WAD)[6-7].

After a whiplash injury, there are a lot of people
with neurological symptoms that don’t recover ful-
ly and these signs may be caused by brachial plexus
traction and/or disc protrusions, which rather seem
to progress over time in WAD [8].This study supports
that the somatosensory system of the patients is also
affected and Castaldo et al [9] reinforced this view by
adding that the patients exhibit changes in their central
sensitisation. For instance, myofascial trigger points
are affected and lead to the presence of persistent pain
and sensitization in chronic pain patients.

The presence of these total symptoms impose a sig-
nificant effect in a patient’s life and it is a characteristic
of a term called whiplash associated disorders (WAD)
which is used to describe injuries sustained as a result
of sudden acceleration-deceleration movements, af-
fecting a high percentage of the individuals involved
in road traffic incidents [9] .

Physiotherapy interventions have shown amazing
results in the management of WAD. The majority of
the published studies and reviews have demonstrat-
ed the effects of therapeutic exercise, before and after
the injury and have emphasized the importance of the
therapeutic methods in the reduction of those symp-
toms. It is therefore, necessary to investigate and to

treat the short-term and long-term symptoms of the
whiplash injury. The current narrative review is about
understanding the role of physiotherapy interventions
in the management of the whiplash injury. Finding the
appropriate and the most effective therapeutic meth-
od, among many different ones, is an increasingly im-
portant issue.

This review aims to evaluate and appraise the cur-
rent evidence of the effects of physiotherapy interven-
tions on the management of the whiplash injury. For
this cause, a literature review was conducted based on
the PubMed internet database. Inclusion criteria com-
prised randomized controlled trials and randomized
comparative clinical studies, where the participants
could be of any gender and age. Studies describing any
physiotherapy intervention that had to do with pain,
dizziness, stiffness, stress and low quality of life, were
also included. Studies comparing no intervention to
standard care group or contrasting the differences be-
tween two or three therapeutic methods were includ-
ed. Furthermore, keywords that were used in the Pu-
bMed database, were “whiplash”, “whiplash injury”,

”oou

“cervical acceleration-deceleration”, “whiplash injury

voou

syndrome”, “whiplash neck injury ‘. The studies that
were selected were published in the last decade, from
01/01/2012 to 02/2022. Furthermore, the narrative re-
view does not include those studies that were referring
to interventions such as drugs and / or surgeries, those
studies that were reviews, and those studies that dealt

with the cost of the treatment for whiplash injury.

Discussion

The study selection had initially found 143 cita-
tions in the international databases (n=143), of which
59 were rejected, because they were reviews. Follow-
ing the removal of duplicates and verification of titles,
106 remained, of which 47 studies were remained af-
ter checking on the abstract. Finally, after screening
abstracts and manuscripts, 29 studies finally included
(Figure 1).

Dealing with a whiplash injury

Basic Body Awareness Therapy (BAT): Basic body
awareness therapy (BAT) is a method used by physio-
therapists, for the treatment of chronic musculoskeletal
pain disorders, that includes the postural assessment,
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patient’s awareness of its body and its posture. It is a
method that has shown great improvements in cogni-
tive function, cervical range of motion and quality of
life. The researchers Seferiadis et al [10] demonstrate
that patients who followed the basic body awareness
therapy, have shown greater improvements compared
with the patients in the exercise therapy group, such
as the increase of their physical functioning, a great-
er body pain reduction and a better social. Basic body
awareness therapy (BAT), not only produced a greater
impact in patients with WAD, but it had been suggest-
ed by the researchers to be a part of the rehabilitation
programme [10].

Acupuncture versus Relaxation therapy: A high
percentage of therapists uses acupuncture as a main
treatment for managing chronic pain by activating
analgesia and reducing patient’s pain and disability
level. Other therapists suggest another effective meth-
od that is relaxation therapy in patients with chronic
WAD. On the other hand, Tobbackx, et al. [11] discov-
ered that acupuncture is a more effective method in
decreasing local and referred pain but also in offering
stronger improvements in local pressure pain sensitiv-
ity painful region, than relaxation therapy.

Dry-needling: Sterling M et al [12] suggested that
dry-needling may have effects on central nociceptive
processes in individuals with WAD. They examine the
effectiveness and cost effectiveness of dry needling
and exercise in patients with chronic WAD grade II.
The dry-needling had greater results compared to sh-
am-needling, concerning the pain-related disability,
pain catastrophizing, cold hyperalgesia and post-trau-
matic stress symptoms [12].

Vestibular Rehabilitation: The anatomy of the up-
per cervical spine is very special and has an important
role in the vestibular functions. When a pathology of
the cervical spine has been occurred, the postural con-
trol will be affected and therefore the vestibular system
will react with a total of symptoms, such as dizziness.

The majority of patients with WAD have shown
dizziness, as the second most common symptom after
neck pain. Likewise, Hansson et al [6] had examined
the neck pain intensity, the cervical range of motion
(CROM) and the balance in their patients, using a ves-
tibular rehabilitation programme. In the vestibular re-
habilitation group, participants have shown a signifi-

A Narrative Review

cant greater improvement in their balance and in their
self-perceived dizziness handicap, and they reported
lower pain intensity. In the same study [6] it was sug-
gested that even though the vestibular rehabilitation
is an important tool in the physiotherapist’s hand, as
long as it can improve the patient’s body posture and
the mobility in flexion and in the orientation of the pa-
tient, further investigation is needed.

Psychological Factors & Stress: Psychological (i.e
stress, depression, fear of re-injury) and psychoso-
cial factors have an important role in the prediction
of whiplash injury, as well as high pain intensity and
pain related disability and they can make the transition
from the sub-acute to chronic phase. The psycholog-
ical condition of the patient, can reduce or otherwise
increase the pain intensity and dysfunction in a dai-
ly routine and the most critical phase is two or three
months after the injury. Patients who believed that
they can make a full recovery, had lower disability
six months after the incident, compared to those who
did not. With this in mind, researchers Asenlof et al
[13] found that individuals with mild symptomatolo-
gy, did not have a good physical activity previously
to the accident, although they had a better health con-
dition. On the other hand, patients with severer clini-
cal signs, who had already experienced a road traffic
accident before, it was found that they have higher
levels of pain intensity, fear of movement and re-inju-
ry, post-traumatic stress symptoms and lower level of
functional self-efficacy. For this reason, Campbell et al
[4] combined evidenced-based physiotherapy sessions
with trauma-focused cognitive behavioural approach
and their main goal was to decrease the levels of pain
and disability in individuals with chronic whiplash
and post-traumatic stress disorder. On the other hand,
another multiply approach [7], including specific indi-
vidualized physiotherapy, psychology for post-stress
syndrome and pharmaceutical care in patients with a
acute whiplash injury, failed to achieve the reduction
of the rate of chronicity by 50% , the reduction of the
proportion of the patients with persistent pain by 30%
and the raise by 70% of those who recovered.

In patients with acute WAD grade II or III and
are at risk of poor recovery, another study[14] have
demonstrated a combined intervention, consisted of

physiotherapy exercise with a physiotherapist-deliv-
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Figure 1: The flowchart of trial identification and selection for inclusion in the narrative review

ered stress inoculation training (Stress Model) com-
pared with guideline-based exercise alone. This com-
bined intervention has better primary and secondary
outcomes regarding pain and general health and phys-
iotherapists with the appropriate training can provide
early psychological care and can effectively deliver a
psychological type of intervention, helping with the
management of the stress - related symptoms and
providing greater effect on later disability, pain and
mental health outcomes. Having said that, Ludvigsson
et al [15] proved that the psychological condition of a
patient did not change the initial outcome following
intervention in chronic WAD.

Percutaneous Needle Electrolysis (PNE: The whip-
lash-associated disorders (WAD) occurred, more often,
in a low energy traffic accidents but can also happen in
sport activities, causing symptoms from mild to strong

severity, such as brachialgia or vertiginous syndrome.
Garcia Naranjo et al [2] found that PNE intervention
is a therapeutic method that is cheaper than the basic
physiotherapy protocol and can be considered to be a
very effective option for the treatment of acute whip-
lash injury, alone or additionally to the standardized
physiotherapy programmes. The participants receiv-
ing this therapy report decrease of their pain and pres-
sure-pain threshold

Spinal Manual Therapy: Spinal manual therapy is
commonly used for the treatment of neck-associated
disorders. It is an important tool in the hands of phys-
iotherapists and can also be used with combination
with exercises. Castaldo et al [9] demonstrate that fol-
lowing a multimodal physical therapy intervention,
patients with mechanical neck pain and WAD exhibit
similar clinical and neurophysiological responses de-
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spite having higher neck-related disability and wide-
spread pressure pain sensitivity.

Active Behavioural Physiotherapy Intervention
(ABPI): The Active Behavioural Physiotherapy In-
tervention (ABPI) combines the active physiotherapy
approach such as education, manual therapy, exercise
therapy and home exercises, and the behavioural ap-
proach of a patient aiming to prevent the transition of
acute WAD to chronicity. Researchers Wiangkham et
al [16] have conclusively shown that ABPI is an impor-
tant tool for the rehabilitation, causing a reduction in
the neck disability and pain intensity.

Training the Emergency staff

The researchers Lamb et al [17] suggested that one
year of training the staff in the emergency department
to provide active consultation in the initial meeting
with patients with acute whiplash injury of grade I-III,
is more effective than usual consultation. This ap-
proach is more effective, if a physiotherapy package is
following the initial approach, to strengthen the advice
they took from the emergency department. This phys-
iotherapy package has a meaningful role in the reduc-
tion of the work day loss caused by the whiplash injury
by 40% and also can improve the self-rated efficacy of
each individual. Additionally, Lo et al [18] referred to
the important effects in the patient’s work life, caused
by this injury.

Neck Specific Exercises with or without a Behav-
ioural approach and Prescription of Physical Activity
(PPA): Neck specific exercises (NSE) aim to deep cer-
vical muscles with a focus of maintaining a good body
posture, while the patients are supervised by a physi-
cal therapist, while doing those exercises and they fol-
low a similar exercise programme at home. The most
recent studies [3-19] suggested another intervention
combining NSE, with behavioural approaches, called
neck-specific exercise with a behavioural approach
(NSEB). Patients are learning the way for managing
their pain through activities, such as breathing and
relaxation exercises. Hence, a prescription of physical
activity (PPA) was used, including activities that can
be performed outside of the health care system [5-20].

Health in general is multidimensional, and socio-
economic factors, age and low social status can have
an impact in health-related quality of life (HRQoL).

A Narrative Review

HRQoL in patients with WAD is lower than in another
neck-pain related disorders and is related with non-
pain factors, such as pain catastrophizing and depres-
sion. Moreover, the HRQoL, may be affected positively
by NSE and NSEB, more than PPA. Ludvigsson et al
[19] found that there were no differences between the
NSE/NSEB groups, which they examined, in any of
the HRQoL outcomes at any time point and they may
improve the HRQoL, more than PPA in chronic WAD
grade II or III, claiming that the reduction of the de-
pression had a positive impact in the HRQoL while the
improvement of work ability can reduce the pain. The
researchers [19], had also found that NSE and NSEB
can cause a rapid reduction of preliminary headache
symptoms and maximum headache by 50%, in con-
trast with PPA intervention. Similarly, adding a be-
havioural component to neck specific exercises(NSE),
which are better than general physical activity, had
limited advantages over NSE alone,even though NSEB
moderates the psychological and the pain factors that
impact the health related quality of life in patients with
acute and subacute WAD [5,15,20].

Taking into account that balance, dizziness, propri-
oception and unsteadiness occur early after the initial
injury and are connected to poorer outcome following
a whiplash trauma, Treleaven et al [21] claimed that
an intervention concluded a behavioural approach
(NSEB) can be beneficial for the recovery of a patient
with WAD, who has low self-efficacy, psychological
distress, fear of re-injury and dizziness during activity.
In addition, Peterson et al [22] found that both the NSE
and NSEB groups improved in dorsal neck muscle en-
durance (NME) and they had presented greater reduc-
tion of pain compared with the PPA group. However,
an added behavioral approach cannot improve the re-
sults of an exercise intervention.

Up to 90% of people who suffer from a chronic whip-
lash injury, they often complain about having radiat-
ing signs and symptoms in the arm that are relevant to
neurological deficits after one year. Not all people with
cervical radiculopathy present muscle weakness, pain
nor decreased tendon reflexes but on their study, Lud-
vigsson et al [23] including participants with cervical
radiculopathy from C4 to C7, stated that neck-specific
exercise may alleviate neurological signs and symp-
toms as well as radiating arm discomfort. However,
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adding a behavioural approach to those exercises does
not appear to be of further benefit, and thus the pre-
scription of PPA is not supported. Similarly, Peterson
etal [24] indicated that if exercise interventions (NSE,
NSEB) are used with a focus on the neck muscles, per-
sistent disability following whiplash injury can be re-
duced and reduced active cervical range of motion and
grip strength may improve. Peterson et al [25] found
that individuals in the NSE approach had greater im-
provements in pain intensity and muscle interactions
than those in the waiting list and that ultrasound is a
useful diagnostic tool for muscle impairment and can
also evaluate exercises for the neck, thus being a holis-
tic management for chronic WAD.

Comprehensive Physiotherapy Exercise Pro-
gramme: Considering a comprehensive exercise pro-
gramme delivered by physiotherapists in patients
with chronic whiplash-associated disorder grade I or
II, Michaleff et al [26] argued that it is not more effec-
tive for pain reduction than simple advice alone (one
session and telephone support). Other studies support
the importance of exercises in a whiplash injury reha-
bilitation programme [27-28].

Therapeutic Ultrasound: The therapeutic ultra-
sound is a useful tool in the hands of physiotherapists
as long as it can affect the pain not directly but sec-
ondarily in the treatment process, taking into account
its pro-inflammatory effect [29]. Active ultrasound
can reduce the pain and accelerate the healing pro-
cess 20 days after completing the implementation of
ultrasound, more than placebo, but it cannot increase
the joint mobility, in acute traumatic cervical sprain

grades I and I

Conclusion

Whiplash injury is a common health problem as-
sociated with a mechanism of injury in the cervical
spine. The whiplash-associated disorders occurred,
more often, in low energy traffic accidents but also
may occur in sport activities and can cause symptoms
from mild to strong severity. The range of symptoms
concerns not only the musculoskeletal system of the
patient, but has also an important role to the patient’s
psychological condition, as long as they affect their
daily and work life. Health-care professionals” assess-
ment is crucial for the prognosis of the rehabilitation,
likewise many physiotherapy methods have been used
in the deal with chronic pathologies. The role of the
physiotherapy science in the management of whiplash
injury and whiplash-associated disorders (WAD) is
necessary and there are many physiotherapy methods
to use, individually or in combination. Taking into ac-
count that the ligaments in the cervical region are only
responsible for the 25% of the stability in this area, the
superficial and especially the deep cervical muscles is
the crucial key point for the rehabilitation. Focusing on
strengthening these muscles and improving body pos-
ture, can reduce symptoms’ intensity. Good posture
can reduce forces exerted on the cervical spine, and
together with the right ergonomic, can provide a better
daily life. Physiotherapist should provide a multidi-
mensional approach to the patient, emphasizing also
on patient’s psychological condition, as it may affect
treatment’s results and retard rehabilitation.
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ABSTRACT

Neuropathic pain is caused by an injury or a disease of the somatosensory system, including peripheral nerve
fibres and central neurons. Botulinum toxin (BTX) is a neurotoxic protein produced by the bacterium Clostridi-
um botulinum. BTX interferes with the release of the neurotransmitter acetylcholine from neuroaxon terminals
at the neuromuscular synapse and thus causes flaccid paralysis. This literature review investigates the recent
data regarding the efficacy of BTX in the treatment of various forms of neuropathic pain. A total of 18 original
clinical trials published after 2010 were selected, 12 of which were randomized controlled studies, one was a
non-randomized controlled study and the remaining 5 were case series. A total of 1,131 patients were enrolled.
BTX represents an effective treatment for neuropathic pain. Further randomised controlled trials are needed to
demonstrate treatment efficacy, provide guidelines in relation to its application protocols and establish possible
treatment variations at different sub-groups of patients.

Key words: Neuralgia, Botulinum toxins, Therapeutics

Introduction

Neuropathic pain is mediated through the soma-
tosensory system, including peripheral nerve fibers
(AP, Ad, and C) and central neurons, and affects 7-10%
of the general population (1). Its frequency is more
likely to increase due to population’ aging, increased
number of diabetes mellitus and post-chemotherapy
cancer patients. There are several pathophysiologic
mechanisms that are involved in the development of
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AUTHOR,

GUARANTOR philippidou@hotmail.com

neuropathic pain, including imbalance between excita-
tory and inhibitory somatosensory signalling, changes
in ion channels and variability pain signals” modula-
tion in the central nervous system.

Patient burden due to chronic neuropathic pain ap-
pears to be related to the: (a) complexity of neuropath-
ic symptoms, (b) poor outcome of applied therapeutic
interventions, and (c) difficulty in choosing the opti-
mal therapeutic method. Progress of understanding

Filippidou Z, Postgraduate Training Program, National and Kapodistrian University of
Athens School of Medicine, KAT Hospital, 2 Nikis str, 14561, Athens, Greece. Email: zoe_

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA 69



Filippidou Z, et al. Contribution of Botulinum Toxin for the Treatment of Neuropathic Pain.

the pathophysiology of neuropathic pain prompts the
development of new diagnostic methods and person-
alized therapeutic interventions, which highlight the
need for a multi-level and multidisciplinary approach
to the management of neuropathic pain (1).

Botulinum toxin (BTX) is a neurotoxic protein pro-
duced by the bacterium Clostridium botulinum. It pre-
vents the release of the neurotransmitter acetylcholine
from the axonal endings at the neuromuscular synapse
and thus causes flaccid paralysis. BTX is one of the
most poisonous biological agents known. Eight anti-
genically distinct exotoxins (A, B, C1, C2, D, E, F and
G) are produced by C. botulinum. All serotypes inter-
fere with nerve transmission by blocking the release
of acetylcholine causing muscle paralysis. The muscle
weakness caused by the BTX-A injection usually lasts
for three months. BTX play an important role in the
management of a wide variety of pathological condi-
tions, such as strabismus and focal dystonias, hemifa-
cial spasm and various spastic movement disorders,
headaches, hyperalgesia, hyperhidrosis, and some
chronic conditions that are only partially responsive in
conventional medical treatment in fact, the list of po-
tential new indications is expanding rapidly (2).

The aim of this review was to investigate the data
of the recent literature in relation to the effectiveness
of BTX in the treatment of the various forms of neu-
ropathic pain. To achieve the above-mentioned aim
of the present diploma thesis, the tool of the system-
atic literature review was chosen (3). The databases
searched for relevant published clinical studies were
PubMed/NCBI, Google Scholar and Cochrane Li-
brary of Systematic Reviews. The key words (mesh
terms) entered into the search engines of the specific
databases were Botulinum, Toxin, Neuropathic, Pain,
Treatment, in various combinations and with the use
of AND and OR disjunctive terms. For the study en-
try we used the following criteria: (i) randomized and
non-randomized clinical studies with a control group
as well as series studies, (ii) date of publication later
than year 2010, (iii) publication language English and
possibility to study the full text, or at least an extended
summary of the study, (iv) clinical studies conducted
on humans. On the other hand, the review did not in-
clude single case reports as well as reviews / system-
atic reviews / meta-analyses of the literature, animal

studies as well as experimental - in vitro studies. Fig-
ure 3 shows the flow diagram of the review, according
to the PRISMA principles (4).

Discussion

According to the above-mentioned method of col-
lecting the scientific data, 18 original clinical studies
were isolated and studied, of which 12 were rand-
omized controlled studies, one was a non-randomized
controlled study, and the remaining 5 were series stud-
ies. A total of 1,131 patients participated. Table 1 sum-
marizes the findings of the specific studies. Their find-
ings will then be presented in more detail, grouped
according to the specific pathological condition to
which the studies referred.

Treatment of trigeminal neuralgia

Trigeminal neuralgia is a chronic painful patholog-
ical condition with repeated episodes of neuropathic
pain in the distribution of the fifth cerebral conjuga-
tion (trigeminal nerve), which innervates the area
of the forehead, cheek, and lower jaw. In most cases
the condition occurs contralaterally and affects one
or more of the three main branches of the trigeminal
nerve (ophthalmic - V1, maxillary - V2 and mandibular
- V3 nerve). Several pharmaceutical agents have been
used in the attempt to treat trigeminal neuralgia, such
as carbamazepine, oxcarbazepine, baclofen, gabapen-
tin and valproic acid (5). The use of BTX has been pro-
posed as a therapeutic intervention in specific groups
of patients ( especially middle-aged and older) who
have failed drug therapy, or do not tolerate its adverse
effects (6).

In 2013 Zuniga et al. (7), published the results of
a double-blind randomized controlled trial to inves-
tigate the efficacy of BTX - A injection in 36 patients
with trigeminal neuralgia. In a study group 20 patients
50 IU were administered subcutaneously in the affect-
ed area. The primary outcome measure was VAS pain
scale. The results of the study showed the statistically
significant superiority of the BTX group compared to
the control group (infusion of 0.95 saline), at a period
of 2 months (VAS 4.9 vs. 6.63, p = 0.07), and 3 months
follow-up (VAS 4.75 vs. 6.94, p = 0.01). According to
the authors, botulinum toxin is an effective, very well
tolerated and without clinically significant side effects,
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treatment for trigeminal neuralgia.

One year later, the results of a new randomized
double-blind controlled study (8) in 84 patients with
trigeminal neuralgia were published. Two topical
BTX-A regimens, 25 IU and 75 IU, were studied with
control patients receiving placebo (saline). The results
of the study showed, a statistically significant supe-
riority of both treatment regimens compared to the
control group8 weeks after the injections. On the other
hand, no statistically significant difference was found
between the two dosages of BTX-A, while at the same
time, all side effects of the drug were rated by patients
as “mild” or “moderate”. In 2016, Xia et al.(9), pub-
lished the results of a prospective study of 87 patients
with bilateral trigeminal neuralgia who received topi-
cal BTX-A. With a follow-up time of 8 weeks, a gradu-
al improvement in pain was recorded (from 48.28% in
the first week to 80.46% in the eighth week), while at
the same time a reduction in anxiety and depression
levels was found (90.32% and 96.77% respectively).
At the same time, a series of parameters of patients’
quality of life improved significantly (p < 0.01) after
the therapeutic intervention, while patients” physical
activity showed no impronement (p = 0.317). In 2017,
Zhang et al. (10), in a pilot randomized controlled trial,
investigated the efficacy of two different regimens in
87 patients with trigeminal neuralgia. Patients in the
first group received one injection of BTX-A 70-100 IU
in the affected area, while those in group B received
two doses, 50-70 IU, over a period of two weeks. The
results of the study showed a no significant remission
of patients’ symptoms, between the two study groups,
in terms of their effectiveness and safety, at the 6™
month’s follow-up. Wu et al., (2019) (6), in a retrospec-
tive study investigated the efficacy of local infusion
of 100 U BTX-A in 104 elderly patients (mean age 59.2
years) with persistent trigeminal neuralgia. The re-
sults of the study, with a total patient follow-up time
of 12 months, showed that 1) 83.7% successful treat-
ment. The age group > 50 years had the best results (p
= 0.033) at the 12 mont’s follow-up. Crespi et al. (11)
investigated the efficacy of 25 IU BTX-A injection into
the sphenoid ganglion in 10 patients with persistent
trigeminal neuralgia. Although the treatment proved
to be safe and well tolerated by the patients, the main
outcome criterion of the study (reduction of the fre-

quency of seizures by at least 50% during the 5-8 week
period after the intervention) did not prove the effec-
tiveness. Conclusively, botulinum toxin for trigeminal
neuralgia was found to be a safe and well-tolerated
treatment with non-significant clinical side effects.
The local injection of BTX-A in the affected area was
particularly effective in reducing the frequency of sei-
zures as well as the intensity of pain. The single-dose
regimen appears to be non-inferior to re-dosing after
two weeks. Patients of an older age group (> 50 years
old) seem to have a better response to the therapeutic
intervention.

Treatment of postherpetic neuralgia and atypical
dental pain

Post-herpetic neuralgia (PHN) is the common com-
plication, causing long-term and excruciating neu-
ropathic pain. In addition, over 50% of patients with
PHN report significant profound sleep disturbances,
limitations in their daily activity and significant bur-
den of their social life (12). Apalla et al. (2013) (13), in
a randomized, double-blind, controlled study, inves-
tigated the efficacy of a 100 IU dose of BTX-A subcu-
taneously, in the affected area, in 30 patients suffering
from PHN. The study outcome criteria were patients’
pain level (VAS scale), sleep quality and clinical im-
provement > 50%. The results showed that 13 patients
in the intervention group experienced at least a 50%
reduction in the VAS scale, compared to none in the
control group (p < 0.001), an improvement that was
maintained for a mean time of 16 weeks. According to
the authors, this is a particularly effective therapeutic
option in the treatment of PHN. Hu et al., (2020) (14),
published the results of a randomized control trial in
33 patients with persistent PHN. The 13 patients re-
ceived a subcutaneous injection of BTX-A (50-100 IU)
in the affected area while the remaining 20 were treat-
ed with 0.3 g gabapentin orally, three times a day. The
primary outcome measure was pain (VAS scale) at 1,
2, 4-, 8-, 12- and 16-weeks post-intervention. The main
findings of the study were that patients in the interven-
tion group had a statistically significant improvement
in pain level as early as week 2, both compared to their
status before BTX-A infusion and compared to patients
in gabapentin group. In one of the most recently pub-
lished randomized controlled trials, Chen et al. (2022)

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Filippidou Z, et al. Contribution of Botulinum Toxin for the Treatment of Neuropathic Pain.

!

Articles studied (n=42)

}

Articles that were attempted to be
retrieved (n=28)

!

Control

E Articles identified during the search before being studied:
=
8 (n=58) Multiple references (n =6)
:E —_— > Obvious incompatibility with the
§ subject (n=7)
Other reasons (n=3)

Articles that have been thoroughly
checked for compatibility with the

topic (n=25)

Articles that were finally included in
the study (n=18) — 1.131 patients

Summary

Articles that were excluded

Articles that were rejected (n=14)

Articles that could not be retrieved
(n=3)

Articles which were excluded
(n=7) after reading the full text

table 1: The flow chart of the systematic literature review.

(15) compared the efficacy of a 100 IU m BTX-A infu-
sion and a pulsed radiofrequency treatment session
in 100 patients with postherpetic neuralgia. With the
primary outcome measure of pain and a follow-up du-
ration of 24 weeks, it was found that patients in both
study groups had a statistically significant reduction
of pain (p < 0.05) compared to the state before the in-

tervention. In addition, botulinum toxin injection was
an easy and a less expensive treatment, compared to
pulsed radiofrequency therapy.

Atypical ododalgia (AO) is a subcategory of persis-
tent idiopathic facial pain, defined as persistent dental
pain for which thorough examination does not reveal
any dental pathology. It is a pain of neuropathic eti-
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Source: Finnerup et al., (2015) (10).

Table 2: The IASP guidelines for the pharmacological management of neuropathic pain.

Drug guideline

Medical drugs

First-line SNRI*

duloxetine, venlafaxine
Tricyclic antidepressants
Gabapentin, pregabalin

Second Line

Capsaicin Patches 8%
Lidocaine (lignocaine) patches

Tramadol

Third-line

Strong opioid pain relievers

*SNRI: Serotonin noradrenaline reuptake inhibitors.

ology, for the treatment of which a series of local and
systemic pharmaceutical treatments have been used,
with unsatisfactory results in most cases (16). Cuadra-
do et al. (2016) (17) showed that local injections of On-
abotulinum toxin A (5-30 IU, from two to five infusion
cycles), resulted in almost complete elimination of the
pain, with the analgesic effect of the method appear-
ing as early as the 3rd-14th day of the intervention and
lasting for a period of 2-6 months.

Treatment of neuropathic pain after spinal cord in-
jury

Pain is one of the most common complications fol-
lowing spinal cord injury (SCI), it has the characteris-
tics of classic neuropathic pain and causes a significant
burden on patient’s quality of life, affecting his phys-
ical, cognitive, and emotional functions (18). Its inci-
dence in patients with SCI is estimated to be 75%-81%
of the cases (19). Han et al. (2016) (20) investigated the
efficacy of subcutaneously injecting 200 IU of BTX-A
into the affected area. The results showed a statistically
significant reduction in pain at both 4" and 8" week
post-injection, with simultaneous maintenance of pa-
tient’s motor and sensory function peripheral to the
level of neurological damage.

One year later, Li et al., (2017) (21) showed that lo-
cal subcutaneous injection of 200 IU BTX-A resulted in
statistically significant improvement in patients’ pain,

at both 4 and 8 weeks post-intervention. At the same
time, statistically significant improvements were also
recorded in patients ‘quality of life, according WHO
Quality of Life questionnaire (WHOQOL-BREF). Fi-
nally, Chun et al., (2019) (22) showed that local subcu-
taneous injection of 400 IU BTX-A had no significant
improvement in the level of pain, compared to pa-
tients in the control group. According to the authors,
this method may prove to be effective in the control of
neuropathic pain following SCI and should be further
studied with high-quality clinical studies that include
many participating patients.

Treatment of various forms of neuropathic pain

Diabetic polyneuropathy is a serious complication
that affects more than 25% of patients with type II di-
abetes, relapsing their sleep and quality of life (23).
Chen et al., (2013) (24) showed that treatment with a
local injection of BTX-A 50 IU in each leg (two injec-
tions with an interval 12 weeks), led to a statistically
significant reduction in both tactile and mechanical
pain of patients in the intervention group, up to the
24th week of follow-up.

The sciatic muscle syndrome is a neuromuscular
disorder caused by the pressure of the sciatic nerve
by the sciatic muscle as it exits the sciatic foramen.
Its etiology is not yet fully understood, its diagno-
sis is difficult and even more difficult may prove to
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be its definitive treatment (25). Mitchel et al.,
(2013) (26) in a non-randomized study with a
local injections of 50-100 IU BTX-A in the opi-
oid muscle, found that 77% of patients reported
very good symptom relief, 7.4% moderate and
the remaining 15.6% poor. In 2016 Attal et al.,,
(27) in a double-blind randomized controlled
trial in 66 patients with peripheral neuropathic
pain due to a peripheral nerve injury, showed
that local injection of BTX-A resulted in a sta-
tistically significant reduction of pain in the
intervention group. The dose of BTX-A was
not higher than 300 IU, and the beneficial ef-
fect lasted for at least for 24 weeks. Eitner et al.,
(28) in a randomized controlled trial, showed
a statistically significant improvement in neu-
ropathic pain symptomatology in 46 patients
with peripheral nerve injury following subcu-
taneous injection of BTX-A. This improvement
was maintained for period of at least 24 weeks.
Finally, in 2019 Meyer-Friebem et al., (29) pub-
lished the results of a prospective series study
in 60 patients with painful peripheral nerve
injury, who were treated with perineural in-
jection, under ultrasound guidance, with 25-
100 IU BTX-A, to treat single peripheral nerve
damage. The results of the study showed that
the rate of pain reduction was 24.8% (p<0.0001).
As the specific findings are promising, the au-
thors of the study suggested that in the future,
randomized controlled trials with at least 84 pa-
tients will be conducted to draw clearer conclu-
sions regarding the effectiveness of the method.

With the present systematic review of the lit-
erature, recent research data were investigated in
relation to the effectiveness of the action of botu-
linum toxin in the treatment of neuropathic pain.
The main conclusions drawn from this review can
be summarized as follows:

Statistically significant efficacy versus placebo
was found in the treatment of neuropathic pain
for trigeminal neuralgia (6), postherpetic neu-
ralgia (13)), atypical ododalgia (17), neuropathic
pain after spinal cord injury (20), diabetic neurop-
athy (24), piriformis syndrome (26) and peripher-
al nerve injury (27-29).
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Even though there is no specific protocol for the
administration of the botulinum toxin (both in admin-
istration dose and repetitions) in the various cases of
the above-mentioned pathological conditions, all re-
searchers agree that t side / adverse effects are mini-
mal and clinically insignificant.

Further research is needed with high-quality ran-
domized control group studies as well as their me-
ta-analyses, to accurately establish the effectiveness,
indications, and protocols of use of the method.

Conclusion

This literature review reached the conclusion that
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ABSTRACT

Spinal cord injury (SCI) is a particularly serious pathological condition which puts a great strain on the health
and functional status of the affected patient, while at the same time is accompanied by a very high morbidity and
mortality rate. Among the various rehabilitation methods that have been used for the treatment of SClIs, since
the 1990’s, robotic physiotherapy has been an innovative alternative option. Robotic physiotherapy involves the
application of a series of robotic devices the use of which is intended to assist and enhance the level of a number
of the patient’s functions that have been severely affected form the SCI, including their motor and sensory
performance. This paper will attempt a brief narrative review of the literature in relation to the most recent
research data regarding the applications, the effectiveness and the limitations of the use of robotic physiotherapy
in patients suffering from spinal cord injury.

A total of 73 published papers since 2010 were isolated and studied, including 49 original research studies
and 24 reviews / systematic reviews / meta-analyses. The main conclusion of the review is that with the use of
these devices, patients with SCI have the possibility of a satisfactory level of safe walking, combined with the
improvement of their activities of daily living and their quality of living. Ongoing research in this field will most
probably enable the further improvement of the applications of the method in the coming years.

Key words: Spinal cord injury, Robotic, Rehabilitationw

Introduction

Spinal cord injury (SCI) is a particularly serious patho-
logical condition which puts a great strain on the health
and functional status of the affected patient, while at the
same time it is accompanied by a very high morbidity
and mortality rate. According to the recent epidemiolog-
ic data, it is estimated that for the year 2019, an incidence
of 900.000 new cases were recorded globally, while at the
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same time, the total number of patients suffering from
this injury during this period of time (prevalence) was
estimated at 20.6 million [1]. At the same time, the highly
significant epidemiological indicator of years in which
patients lived with severe functional impairment (years
lived with disability - YLD) was estimated at 6.2 million
years; during the same period of time, the incidence of
the injury was increasing, while the age of the affected
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in patients with spinal cord injury

patients was decreasing. It has now become apparent
that both the incidence and severity of injury have been
steadily increasing over the last 30 years, with the most
severe effect being recorded in men and patients in older
age groups [2].

The most commonly accepted and currently used clas-
sification of SCls is the .S.N.C.S.C.I. system (International
Standards for Neurological Classification of Spinal Cord
Injury system), which is more commonly known as the
ASIA system (American Spinal Injury Association classi-
fication system) [3]; ASIA system classifies SCIs into five
separate categories (A, B, C, D, E), according to the sen-
sory and the motor impairments that have resulted from
the injury. Grade A designates complete injury, whereas
grade E patients present with no impairment at all [4].
In addition, incomplete SCls can be classified into six
syndromes with different clinical features one from the
others: those are the anterior cord, the posterior cord, the
central cord, the Brown-Sequard, the connus medullaris
and the cauda equine syndromes, with varying clinical
features and prognosis [5].

The effects of a severe SCI are not only limited to the
impaired mobility and independence of the patient,
but also include a large number of complications of the
injury, including bowel and bladder disturbances (in-
cluding recurrent and severe urinary tract infections),
cardiovascular and pulmonary pathologies (orthostatic
hypotension, deep vein thromboses, respiratory system
infections), autonomic system complications (spasticity,
autonomic dysreflexia) and even musculoskeletal system
complications (fractures and pressure ulcers) [6]. Taking
all the above into account, it is obvious the great impor-
tance of a comprehensive and well-designed rehabilita-
tion programme, which will seek to improve the patient’s
mobility, while minimising, as far as possible, the com-
plications of the SCI; this involves, in the vast majority of
the cases, a long, expensive and even exhausting for the
patient - and the therapists - rehabilitation program [7].

Among the various rehabilitation methods and sys-
tems that have been used for the treatment of SClIs, since
the 1990’s, robotic physiotherapy has been an innovative
alternative option. Robotic physiotherapy involves the
application of a series of robotic devices the use of which
is intended to assist and enhance the level of a number
of the patient’s functions that have been severely af-
fected form the SCI, including their motor and sensory

performance [8]. A number of studies have shown that
compared to conventional rehabilitation techniques, ro-
botic applications have the potential to offer a fully con-
trolled and intensive rehabilitation regimen, providing
accurate information on the patient’s progress, while at
the same time greatly reducing the physical burden on
therapists [9,10]. The use of robotic devices for the gait
training commenced in 1994 with “Lokomat” [11], and in
the following years, a wide range of rehabilitation robotic
devices were developed and applied, which were clas-
sified into four main categories: 1) Grounded exoskele-
tons, 2) End - effector devices, 3) Wearable exoskeletons
and the most recently developed 4) Soft exoskeletons or
“exosuits” [12].

Despite, however, the significant recent technological
development and the scientific research in this field, it is
still not clear which type of robotic devices and rehabil-
itation protocols are the optimum for each therapeutic
indication [13].

This paper will attempt a brief narrative review of the
literature in relation to the most recent research data re-
garding the applications, the effectiveness and the lim-
itations of the use of robotic physiotherapy in patients
suffering from spinal cord injury. An extensive literature
review was carried out on the following scientific data-
bases: PubMed/NCBI, Scopus, Science Direct, Nature
and PEDro, starting from the year 2010. The key-words
(mesh terms) used in the search engines of the above data
bases were: spinal cord injury AND robotics AND (phys-
iotherapy OR rehabilitation). The inclusion criteria were
original research studies, reviews and systematic reviews
/ meta-analyses concerning human participants. The
flow-diagram of the literature review, according to the
principles of PRISMA [14] is presented in Diagram 1.

Discussion

A total of 73 published papers were isolated and stud-
ied, including 49 original research studies and 24 reviews
/ systematic reviews / meta-analyses. The main findings
of the present literature review are going to be presented
in the following sections.

Applications of robotic physiotherapy

Following serious traumatic injury to the central nerv-
ous system, whether it involves the brain (head injuries)
or the spinal cord, patient’s balanced is significantly dis-
turbed, due to spasticity, muscle weakness and muscle
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imbalance [15]; the end result is that motor commands
given by the patient do not produce the expected motion,
causing gross disturbances in his movement patterns. It
is therefore obvious that the rehabilitation process fol-
lowing severe spinal cord injury is a very complex and
demanding process.

As early as the beginning of this century, hospitals and
rehabilitation centers gradually began to incorporate the
use of robotic physiotherapy as a key part of the multi-lev-
el rehabilitation program for patients with severe trau-
matic spinal cord injuries. The main advantages offered
by robotic physiotherapy can be summarized as follows
[16]: (a) the robotic devices that are available today allow
the patient to practice a wide range of motor activities,
at various levels of intensity and with the possibility of
unlimited repeatability, (b) during training with robotic
devices, the patient is offered continuous feedback on the
results of his/her movements, either in the form of visual
or local-sensory stimuli, (c) robotic devices provide the
advantage of training diversity, both in generic move-
ments and activities, but also in their variations, along
with special tasks and skills of the patient’s activities of
his daily life, (d) finally, robotic physiotherapy provides a
safe environment for exploring their motion skills.

The first robotic physiotherapy device used was the
“Locomat” (Hocoma AG, Volketswil, Switzerland) [17],
whose function was based on the use of two robotic arms
adapted to the patient’s legs and assisted the movements
of his knee and hip joints during the patient’s practice of
walking on an electric treadmill; at the same time, one
part of the patient’s body is supported by an overhead
unloading device, thus allowing the patients, even in cas-
es of great muscular weakness, to start exercising in the
early stages after the injury.

Nowadays, a fairly large number of robotic devices are
used in the rehabilitation of patients with severe spinal
cord injuries, including the ARGO, the Brain-controlled
robotic exoskeleton (EXO), the EKSO Bionics, the HAL
(Hybric assisted limb), the INTEGO, LokoHelp robotic
device, the Lokomat FreeD Module Pelvic, the Lokomat-
Pro (without FreeD Module), the LOPES exoskeleton
robotic device, the Mindwalker exoskeleton, the ReWalk
exoskeleton, the WPAL (wearable power-assist locomo-
tor) and the Welwalk WW-1000 robotic device [18]. Their
purpose is to assist rehabilitation of the musculoskeletal,
cardio-respiratory, urinary, neuronal and somatosensory

in patients with spinal cord injury

system at all stages, while at the same time reducing to
the best possible extent the physical fatigue and strain of
their therapists [19].

Recent literature data

Since it is not possible, in the context of a short liter-
ature review, to present all the encountered original
clinical studies, the results of the systematic reviews and
meta-analyses will be presented. Table 1 summarizes the
main findings of those systematic literature reviews.

Swinnnen et al. in 2010 [20] published a systemat-
ic literature review regarding the effectiveness of robot
- assisted training of the gait of patients who sustained
a serious spinal cord injury. The authors included four
pre-experimental cohort clinical trials and two rand-
omized-controlled trials, with 43, in total, participants.
Lokomat was the robotic device used in five of the clin-
ical trials and the LokoHelp robotic device was used in
the last one. The main research questions of the review
were to assume whether robot-assisted gait training (a)
improved SCI patients” motor ability, while at the same
time reduced spasticity, (b) improved performance and
participation in daily-life activities, (c) improved social
participation and overall quality of life and, (d) improved
components of the International Classification of Func-
tioning, Disability and Health (ICF 19) scale [21] better
than other rehabilitation methods. The final conclusion
was that they is insufficient evidence to reach to solid sci-
entific findings in relation to the efficacy of the method
since the participants’ sample was very small, the rehabil-
itation and training procedures were heterogenous, the
follow-up periods were not sufficient and higher quali-
ty clinical trials are needed in order to answer the above
mentioned research questions.

Two years later, Mehrholz et al., [22] published in
Cochrane Database of Systematic Reviews a systematic
review and meta-analysis of 5 randomized-controlled
studies (309 participants in total), regarding the efficacy
of the various locomotor training methods, including ro-
botic devices, after SCI. Lokomat was the robotic device
used for the patients’ rehabilitation, and the primary out-
come measures of the review was speed of walking and
walking capacity. The main finding of the study were
that there was no clear evidence in relation to the supe-
riority of any of the rehabilitation methods compared to
the others; particularly for the robotic (Lokomat) assisted
training, the effects regarding the outcome criteria of the
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TABLE 1:

The main findings of the systematic literature reviews

. . Method of robotic Research
Author / country | Type of study Participants rehabilitation questions Results
¥mproveme.nfcs Cannot reach to a
in motor ability, .. .
- definite conclusion
spasticity, - small sample
Swinnen et al, Systematic 6 clinical trials, daily life methodolo ica,l
(2010), Belgium | literature 43 patients with | Lokomat, LokoHelp | activities, social &
. L flaws, heterogenous
[20] review SCI participation, T
. . rehabilitation
quality of life rocedures, small
and ICF 19 P '
follow-up.
score
No clear evidence
Mehrholz et al., Systema’ac 5 randomized- Speeq of regar(fhn.g the
(2012), Germany literature controlled Lokomat walking, superiority of
[22] ! review and clinical trials, 309 walking any rehabilitation
meta-analysis patients with SCI capacity method, including
the robotic-assisted.
Difficult to draw
solid conclusions
Neuromotor - robotic-assisted
Saartje Duerinck . 4 different types control of . .

. Systematic . . . orthotic devices
and Swinnen literature 15 clinical trials of robotic-assisted walking, are a promisin,
(2012), Belgium . ankle-foot actuation | restoration of pro! &

review . . . prospective for
[24] orthotic devices normal gait .
attern restoring normal
P gait pattern after
SCI
Inconclusive
8 randomized- findings - no

. . Ambulatory - .
Morawietz and | Systematic controlled function obvious superiority
Moffat, (2013), literature clinical trials, 411 | Lokomat and eait of one method
U.K. [23] review patients with chargc teristics (including the

incomplete SCI robotic-assisted)
over the others.
There is strong
evidence that
13 randomized- robotic-assisted
Mehrholz et al., | Systematic controlled Walking training is not
(2017), Germany | literature clinical trials, 586 | Lokomat distance and superior in
[13] review patients with walking speed | comparison to

incomplete SCI

the conventional
rehabilitation
methods
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11 randomized-

Walking
impendence and
endurance had

Systematic controlled Physical better improvement
Cheung et al., literature clinical trials, activity, in the robotic-
(2017), Hong review and 443 patients Lokomat mobility and assisted group;
Kong [25] . with SCI (both functional lower limb robotic-
meta-analysis s . .
complete and ability assisted training
incomplete) was as effective as
the other forms of
rehabilitation.
Lokomat-assisted
gait training is
Systematic Gait distance, zgﬁiﬁ(ﬁige
Nam et al., literature 10 clinical trials, leg strength, methods in
(2017), S. Korea roview and 502 patients Lokomat functional level imorovin
[26] . with SCI of mobility and Proving
meta-analysis ) mobility-related
independence
outcomes of
patients with
incomplete SCI.
The rapid evolution
of technology
provides multiple
Hollanda et al., Systematic 12 different Multiple ;)rgpigtur;lﬁles to 1t
(2017), Brazil literature 39 clinical trials rehabilitation functional prove the resutts
[17] review robotic devices parameters of SCIs patients
rehabilitation with
the aid of various
types of robotic
devices.
Substantial clinical
improvement
Upper extremity was observed in
robotic patients who had
rehabilitation Body structure, | mild to moderate
Singh et al., Systematic 12 clinical trials, devices: RiceWrist, function and impairment of
2018, Canada literature 72 patients with | Haptic Master, activity level their neurological
[27] review SCI Armeo Spring, outcome function (those
ReoGo, MAHI Exo- | measures who had mild
IT and the InMotion spasticity while
3.0 Wrist robot. maintaining some

level of motor
function).
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Hayes et al.,
(2018), UK [28]

Systematic
literature
review

12 clinical trials,
521 patients with
SCI

ReWalk, Lokomat

Walking
distance and
walking speed

The use of robotic
- assisted therapy
did not improve the
patients” outcome
criteria more than
conventional
methods of
rehabilitation; this
method provides
the best results

in the context of

a multimodality
rehabilitation
intervention.

Sackleton et al.,
(2019), S. Africa
[29]

Systematic
literature
review and
meta analysis

27 clinical trials,
308 patients with
SCI

ReWalk, Ekso,
Indego, Rex

Walking
perforamce,
cardiovascular
demand, VAS,
Quality of life

The most favorable
findings were
found in relation

to walking
parameters; limited
evidence regarding
its training effects.

Alashram et al.,
(2021) [30]

Systematic
literature
review

16 clinical trials,
658 patients with
SCI

Lokomat

Various
functional
parameters

The Lokomat
robotic device

has the potential
to improve
walking speed and
distance, range of
motion, strength
and mobility of
the patients - the
so-far evidence
does not support
its effectiveness

on balance,
cardiorespiratory
fitness, quality of
life and depression.

Zhang et al.,
(2022), China
[30]

Systematic
literature
review

12 clinical trials,
353 patients with
SCI

Lokomat versus
wearable
exoskeleton

Walking

paramaters.

Both robotic
device systems
had positive
clinical effects on
the rehabilitation
of this group of
patients, especially
on walking
distance and
speed; wearable
exoskeleton robotic
devices have an
advantage over
the Lokomat
robotic device in
walking speed
rehabilitation.
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study were not clear. The following year, the systematic
review of Morawietz and Moffat [23], which investigated
the same research question, came to roughly the same
conclusions: the current evidence regarding the effective-
ness of the various methods of locomotor rehabilitation
(including the robotic - assisted physiotherapy methods)
in patients with incomplete SCI is inconclusive, without
demonstrating the clear superiority of one method over
the others.

In a different context, Saartje Duerinck and Swinnen
(2013) [24] published a systematic literature review re-
garding the efficacy and the added value of the robot-
ic-assisted, actuated ankle-foot orthotic devices in restor-
ing gait function in patients with SCI. Fifteen relevant
clinical studies were analyzed, in which four different
ankle-foot actuation orthotic devices were used accord-
ing to their actuator and control mechanism. Once more,
the small sample of the participants along with the wide
variety of the studies’ designs, made it impossible to
reach into solid conclusions; nevertheless, it seems that
artificial pneumatic muscles along with myoelectric con-
trol are a promising perspective in the effort to restore
the normal gait pattern of patients with severe SCI.

Mehrholz et al., (2017) [13] conducted a systematic lit-
erature review comparing the effectiveness of robotic-as-
sisted gait training or body-weight-supported treadmill
training (BWSTT) to other rehabilitation methods in pa-
tients with SCL They included 13 randomized-controlled
studies with 586 patients, with the primary outcome cri-
teria being walking distance and walking speed. The
main conclusion of the review was that both robotic-as-
sisted training and BWSTT did not show superior results
in gait training compared to conventional rehabilitation
methods. In fact, these results were so strong, based on
very good quality studies, that according to the authors,
no further research is needed in this specific area.

Another systematic literature review and meta-anal-
ysis was published in the same year [25] regarding the
efficacy of robot-assisted training in patients with SCI;
11 randomized-controlled studies with 443 participants
were included in the statistical analysis. The results of the
study showed that walking impendence and endurance
had better improvement in the robotic-assisted group,
whereas lower limb robotic-assisted training was as ef-
fective as the other forms of rehabilitation. According to
the authors, robot-assisted training seems to be a use-

in patients with spinal cord injury

ful adjunct rehabilitation method for patients suffering
from severe SCI. Similar positive results in relation to
the use of the robotic device Lokomat for the improve-
ment of walking function and activity of patients with
SCI concluded the systematic review and meta-analysis
of Nam et al., (2017) [26], which analyzed 10 trials (both
randomized-controlled trials and parallel group or cross-
over design trial), with 502 participants. The main find-
ing of this review was that robot-assisted gait training is
superior to the conventional methods in improving mo-
bility-related outcomes of patients with incomplete SCI,
especially in the acute stages of the injury.

Holanda et al., (2017) [18], published a large systematic
literature review (39 published papers) on the efficacy of
robotic assisted gait rehabilitation for patient with SCI;
they included a large number of different and novel ro-
botic devices, which showed very promising results in
many outcome criteria (pain perception, spasticity, pro-
prioception, sensitivity to pressure, vibration and tem-
perature, walking parameters, sitting posture and even
psychological functions). The authors” final conclusion
was that the rapid evolution of technology provides
multiple opportunities to improve the results of SCls
patients” rehabilitation with the aid of various types of
robotic devices.

Singh et al., [27], one year later, in a different context,
published a systematic literature review regarding the
efficacy of robot-assisted rehabilitation for the upper ex-
tremity in patients with SCI; they included 12 original
papers, with 73 participants in total. The robotic devic-
es used in the rehabilitation process were the RiceWrist,
Haptic Master, Armeo Spring, ReoGo, MAHI Exo-1I and
the InMotion 3.0 Wrist robot. The results of the study
showed that substantial clinical improvement was ob-
served in patients who had mild to moderate impair-
ment of their neurological function and more specifical-
ly in those who had mild spasticity while maintaining
some level of motor function.

In another systematic literature review, Hayes et al.,
(2018) [28], studied the effect of robot assisted gait train-
ing on the temporo-spatial characteristic in patients with
SCI; the study involved 12 clinical trials with 521 partici-
pants, whose neurological level of injury ranged from C1
- L3. The primary outcome measures of the study were
the patients” walking distance and walking speed. The
key finding of the study was that the use of robotic - as-
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sisted therapy did not improve the patients’ outcome cri-
teria more than conventional methods of rehabilitation.
Some potential for improving patient’s mobility was
observed, but it is not clear exactly which robotic device
and which group of patients offers the greatest benefit.
It appears that this method provides the best results in
the context of a multimodality rehabilitation intervention
rather than monotherapy.

Sackleton et al., (2019) [29], in a systematic literature
review and meta-analysis studied the effectiveness of ro-
botic-assisted locomotor training on a number of param-
eters of patients with SCI, including gait performance,
cardiovascular system functions, secondary complica-
tions of the injury and overall patient satisfaction with
the rehabilitation method. The most favourable findings
were found in relation to walking parameters (6 and 10
minutes walking test), whereas, no statistical significant
changes were found in the cardiovascular indices. Ac-
cording to the authors, robotic-assisted physiotherapy is
a useful tool in the rehabilitation process of patients with
SCI, with limited evidence regarding its training effects.

Alashram et al., (2021) [30], investigated the effective-
ness of the robotic device Lokomat for the gait training
in patients suffering from SCI; after analyzing 16 clini-
cal trials (658 patients), they concluded that 1) After an
incomplete SCI, the Lokomat robotic device has the po-
tential to improve walking speed and distance, range
of motion, strength and mobility of the patients, but on
the other hand, 2) The so-far evidence does not support
its effectiveness on balance, cardiorespiratory fitness,
quality of life and depression. The last study that will be
discussed in the context of this literature review is the
recently published systematic literature review of Zhang
etal., (2022) [11], who compared the efficacy of Lokomat
and wearable exoskeleton-assisted gait training in pa-
tients after SCI. The authors, after analyzing 12 clinical
trials (353 patients in total), concluded that both robotic
device systems had positive clinical effects on the reha-
bilitation of this group of patients, especially on walking
distance and speed; it seems that wearable exoskeleton
robotic devices have an advantage over the Lokomat ro-
botic device in walking speed rehabilitation.

Over the last 20 years, the use of robotic devices in the
rehabilitation process of patients with severe neurologi-
cal impairments caused by either acute stroke or SCI has
gained increasing acceptance in the scientific commu-

nity. These are devices that have the ability to provide
continuous, repetitive and systematic physiotherapy
movements and interventions, greatly assisting the role
of physiotherapists [31,32]. In addition, apart from the re-
lief they offer to the difficult daily tasks of the physiother-
apists, through the various sensors integrated in them,
they give continuous feedback to the patients in relation
to their performance of the exercises, while at the same
time they evaluate the general progress of their rehabil-
itation process [16, 33]. In recent years, a large number
of robotic devices have been manufactured and used in
clinical practice, most of which are wearable and at the
same time operate very close to the joints of patients, ex-
erting a synergistic action with them [34]. Lokomat was
the first robotic device used widely for this purpose, a
fixed exoskeleton which was suspended over a treadmill
[35]. Gradually, with the evolution of technology and
the experience that was acquired, rehabilitation with the
help of robotic devices gradually began to move away
from this model and focus on the use of overground
powered lower limb exoskeletons which allow the SCI
patients with a significant degree of muscular weakness
of the lower limbs to stand and walk with a type of gait
that closely resembles the normal one [36, 37].

In the present literature review, recent scientific data
regarding the applications, the effectiveness and the lim-
itations of robotic physiotherapy were investigated, ana-
lysing the relevant systematic reviews and meta-analyses
that have been published since 2010. The main findings
of the review can be summarized in the following: (a)
none of the earliest chronological reviews had reached
a clear conclusion regarding the effectiveness of robotic
physiotherapy [13,20,22-24]. For example Mehrhrolz et
al., (2017) [13], reported that robotic-assisted physiother-
apy had no advantage over conventional rehabilitation
methods in improving patients” walking speed, (b) grad-
ually, over time, as the experience of therapists in the use
of these devices increased and their technical character-
istics improved outcomes were more favorable. For ex-
ample, Nam et al., (2017) [26], reported that Lokomat-as-
sisted gait training is superior to the conventional meth-
ods in improving mobility-related outcomes of patients
with incomplete SCI, whereas Singh et al., (2018) [28]
observed the best results in those patients with SCI who
had relatively mild degrees of spasticity, while retaining
acceptable motor function and (c) nowadays research
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data suggest that it is likely that the newest exoskeleton
robotic devices, have some advantage over Lokomat -
the first introduced one, for walking speed [30].
Conclusion
With the contribution of modern technology the ap-
plications of robotic-assisted physiotherapy are now an
important tool in the multimodal rehabilitation effort of

patients with severe SCls. The recent research data show
that with the use of these devices, patients with SCI have
the possibility of a satisfactory level of safe walking, com-
bined with the improvement of their activities of daily
living and their quality of living. Ongoing research in this
field will most probably enable the further improvement
of the applications of the method in the coming years.
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ABSTRACT

Spinal Cord Injury refers to damage to the spinal cord. It may cause permanent disability or to some extent
loss of sensation in parts of the body below the level of the damage. Literature data supports that Spinal Cord
Injury (SCI) patients show symptoms of depression as a secondary complication. The purpose of this review is to
demonstrate the association of major depressive disorder (MDD) with Spinal Cord Injury. A large proportion of
patients will be diagnosed with depression 1 to 5 years after the injury. Tools for assessing such a mental disorder
vary, the most common being the Patient Health Questionnaire (PHQ-9) which includes 9 relevant questions.
Also, Major Depressive Disorder is related to the gender, age and ethnicity of the patient. The immediate need
to deal with it is necessary as there is a high possibility that it will become chronic or recrudesce. In addition, it
is necessary to evaluate the quality of life of people with spinal cord injury, which decreases after the injury and

increases the likelihood of mental disorder.

Keywords: Spinal Cord Injury, Major Depressive Disorder, quality of life, assessment tools.

Introduction

Spinal Cord Injury represents a major traumatic
event in a person’s life and usually leads to pain and
loss of motor and sensory function. People with Trau-
matic Spinal Cord Injury (SCI) may be vulnerable to
complications such as pneumonia, urinary tract infec-
tions, cardiovascular disease, chronic pain and depres-
sion. This can reduce their quality of life and disturb
their mental state. Depressive disorders are the most
common form of psychological distress in SCI and
appear to be more common than in the non-disabled
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population [5][14].

Research conducted at Dhulikhel Hospital and Spi-
nal Injury Rehabilitation Center, showed that 68% of
people with Spinal Cord Injury, who were on average
at the age of 34,8 years, were in a depressed mood. Most
of the participants were male (67.4) and had paraplegia
(73.7). This state of depressed mood was significantly
associated with gender, education, type of injury, and
with the time of its occurrence since the injury [2]. De-
pressive symptoms are particularly prevalent after SCI
and are related to aging, gender, or ethnicity, and there
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appear to be lower levels of subjective well-being SWB
related to income, work, and educational opportuni-
ties among minority participants, with these differenc-
es possibly related to ethnic differences in socioeco-
nomic status. (education and income) [5].

The aim of this study was to investigate the preva-
lence of depression after SCI and its association with
pathophysiological, demographic, and socioeconomic
factors, such as gender, age, level of injury, economic
status, and suicidal ideation and highlight the impor-
tance of detecting and validly treating depression after
a Spinal Cord Injury.

A review of the current literature was performed us-
ing the PUBMED online database and the following
keywords: Spinal Cord Injury, Major Depressive Dis-
order, quality of life, assessment tools. Inclusion crite-
ria for the review were: Primary studies of people with
SCI, published after 2000 in the English language; the
initial search came to 50 articles. After screening titles
and abstracts, 26 articles were rejected because they
did not meet the inclusion criteria. More specifically,
studies were rejected because of their irrelevant title
and because the population examined was animals or
people without SCI. Eleven of the studies were reject-
ed because they did not involve Spinal Cord Injury
and 15 because they did not include the term depres-

sion.

Discussion

Finally, there were 24 studies included in the present
review (Table 1). A cross-sectional study of 134 adults
(=18 years) with SCI was conducted by the Brain and
Spinal Cord Injury Research Center (BASIR) clinic,
Tehran University of Medical Sciences. The Beck De-
pression Inventory (BDI-II Persian), a multiple-choice
inventory with 21 questions, was used to measure the
presence and severity of depression. Data were collect-
ed through interview. The results were that (49.3%) of
the participants had mild to severe depression. There
was a greater likelihood of depression in people with
SCI who were female and had quadriplegia, suicidal
thoughts, a history of attempted suicide, a low educa-
tional level, or cared for a family member other than a
spouse or parents. Conclusion: Depression was highly
prevalent in individuals with SCI and was associated
with certain demographic, pathophysiological and

socioeconomic indicators. The main predictors and
factors affecting depression should be determined to
provide early detection and early treatment to prevent
more complications and improve the quality of life of
people with SCI [7,11].

Other research conducted with the Patient-Report-
ed Outcomes Measurement System (PROMIS). Phys-
ical Function Bank data), depression (Patient Health
Questionnaire-9 (PHQ-9)), pain severity (0-10 numeri-
cal rating scale (NRS)) and fatigue (0-10 NRS) showed
that pain and fatigue were independently associated
with depression.

In addition, depression was more severe in mid-
dle-aged participants than in younger or older par-
ticipants. Physical function decreased with increasing
age, as well as with higher level of injury [10].

Depression

The term ‘depression’ does not only refer to an emo-
tional state. It is also associated with thought, behav-
ior and certain physical changes. Patients with depres-
sion tend to have negative thoughts about themselves,
their experiences and their future. Initial experiments
validate the tests for depression, creating a powerful
model system for further understanding of the rela-
tionships between molecular changes induced by SCI
and the development of depression [13].

People living with a Spinal Cord Injury (SCI) run
an increased risk of a number of chronic health con-
ditions, including secondary comorbidities that may
develop or be affected by the injury, the presence of
the lesion, and/ or the aging process [4,9].

Having Major Depressive Disorder (MDD) is associ-
ated with poorer subjective health, lower satisfaction
in life, and greater difficulty in daily role functioning.
Both physical and psychological symptoms predict po-
tential MDD [3]. Individuals at highest risk are those
with a history of depression prior injury [hazard ratio
(HRR) 1.6; 95% CI: 1.1-2.3],history of substance abuse
(HRR 1.6; 95% CI: 1.2-2.3) or permanent neurological
deficit (HRR 1.6; 95% CI: 1.2-2.1). Depression occurs
frequently and early on, in people suffering from SCI.
Both the patient and the injury factors are related to
the development of depression. These data should be
used to target patients for mental health assessment
and services during initial hospitalization and after
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discharge from hospital and their intergration into the
community [6,12,21].

The complexity of the mental health problems faced
by many people with Spinal Cord Injury living in the
community needs to be highlighted. Providing mental
health services to this vulnerable population requires
recognition of co-morbidity and issues of mobility
[15]. However, recent studies indicate that depressive
symptomatology increases immediately after hospital
discharge but decreases significantly 36 months there-
after [18].

Depression, Quality of life and Anxiety

Quality of life is related to health (HRQOL) and
well-being. With various instruments of measurement
HRQOL (SF-36 and Illness Impact Profile) and well-be-
ing (Life Satisfaction Scale and Life Satisfaction Ques-
tionnaire) domains are identified where the quality of
life of people with SCI is inferior, compared to that of
the general population [22,24].

92
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-studiesthatwere regected beause they
did not involve spinal cord injury (n=11)

-Irrelevant title (n=8)

Studies excluded (n=15)

-the term depression was not mentioned

Depression and assessment
A variety of tools such as a depression scale can be
used to assess depression so as to rate its symptoms,
weekly score recording as well as questionnaires such
as the PHQ-9. A reliable scientific tool used to deter-
mine the presence of depression with the help of only
9 questions. The authors investigated the PHQ-9 factor
structure among individuals with SCI at various time
points post-injury. Contingency factors were associat-
ed with life satisfaction. This resulted in a 2-factor solu-
tion for all groups, with 3 emotional-reported items
(feeling depressed/hopeless, feeling bad about self/
failure, and suicidal ideation) and 3 physical-reported
items (sleep disturbance, low energy/fatigue, and ap-
petite disturbance) loading consistently on Emotional
and Physical factors, respectively, at all time points.
Factor scores were negatively correlated with life sat-
isfaction.
It remains unclear whether body object validation
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reflects depressive symptomatology per se. Howev-
er, validation is still associated with life satisfaction
[3,12,19,20,21,25,26].

Depression and treatment

The response to SCI was a stable low depression,
whereas persistent moderate to severe depression,
mainly, represented a continuation or recrudescence
of prior to injury depression. This line of research has
the potential to improve identification of subgroups
destined for negative outcomes and inform early inter-
vention studies [17]. Depression is almost always treat-
able. The strategies used are cognitive psychotherapy,
medication, improving interpersonal relationships and
behavioral activation. Cognitive behavioral therapy for
depression helps patients learn new ways of thinking
and behaving to ensure lasting results in improving
their emotional state. It is essential, however, that a
combination of these strategies must be applied in order
to better deal with it. The low rate of mental health treat-
ment for people with SCI and possible major depression
has implications for improving the effectiveness of de-
pression treatment in people with SCI [1,8,23].

To address this high prevalence, clinical doctors
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ABSTRACT

Spinal cord injury (SCI) is gradually considered to be a health priority worldwide, due to its ever-growing
occurrence in the recent years. When associated with spinal stenosis, it results in substantial pain and disability
and becomes the most prevalent reason for spinal surgery in individuals exceeding the 50 years of age. The aim
of this review is to examine and compare functional outcomes and define the prognostic features for patients suf-
fering from spinal cord injury (SCI) associated with spinal stenosis. A search in PubMed, ScienceDirect, EMBASE
and AMED was conducted, using keywords such as, “Spinal Cord injury” and “Spinal Stenosis”. Our literature
research was completed in April 2022 and the review was carried out according to the guidelines of the PRISMA.
23 studies were included. Approximately 7,900 patients were observed in 20 studies and a considerable number
of those were followed for time period ranging from 1 to 4 years. Study’s outcomes indicate that best prognostic
factors lie with patients suffering from incomplete CSCI without major fracture or pre-existing CSCS when un-
dergoing early surgery. Age is a good prognostic factor. Studies are contradictory whether early surgical treat-
ment determines positive outcomes.

Keywords: spinal cord injury (SCI); spinal canal stenosis; lumbar spinal stenosis, cervical spinal stenosis.

Introduction

Spinal Stenosis interprets the narrowing of the spinal
canal or the intervertebral foramina at various anatom-
ic levels, secondary to pathologic processes of the ver-
tebral elements. Lumbar spinal stenosis (LSS), Cervical
spinal stenosis (CSS) and Central canal stenosis are
classified under the label of Spinal Stenosis.

Spinal Stenosis is a degenerative chronic condition
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in which the spaces around the neurovascular struc-
tures of the spine become narrower, usually in the cer-
vical or lumbar spine, mostly due to aging process. It
evokes pain in the lower parts of the body, instability,
impaired ambulation, neurological deterioration in the
case of LSS or pain in the neck and upper ligaments,
cervical radiculopathy, cervical myelopathy in the case
of CSS [1,2]. Spinal Stenosis may also be related to spi-
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nal cord injury (SCI). The yearly incidence of spinal
cord injury (SCI) in the United States is estimated to
amount to approximately 17.810 new cases [3]. Yet,
it is growingly regarded as a health priority globally
[4-6]. Motor and sensory impairment, pain, respirato-
ry and cardiovascular alterations, loss of bladder and
bowel function, tetraplegia are some of its direct com-
plications [7,8]. Given the impact of Spinal Stenosis in
the mobility, autonomy and quality of life of a con-
siderable amount of people worldwide, it is the most
common reason for spinal surgical treatment [5,6.9-11]
. This study aims to review outcomes and prognostic
factors for patients suffering from SCI associated with
spinal stenosis.

PubMed databases, MEDLINE, Embase and AMED
were searched for studies published between 1990 and
2022 employing keywords such as, “Spinal Cord inju-
ry” and “Spinal Stenosis”. Our literature research was
completed in March 2022 and the review was conduct-
ed in accordance with the guidelines of the PRISMA
[12].

Eligibility criteria: Studies providing information on
outcome measures and prognostic factors about recov-
ery from Spinal Cord injury associated with Spinal Ste-
nosis. The articles had to be either written or translated
into English. Access to full text was essential.

Study exclusion criteria: Articles that were not writ-
ten or translated in English or German were excluded.
Articles that were impossible to be accessed in full text
were excluded as well. Articles that failed to associate
spinal cord injury with spinal stenosis or lacked prog-
nostic factors were not included either. We decided
to also exclude studies that examined a specific age
group, omitting large ratios of the general population
and studies that involved a single patient. Three stud-
ies were conducted on animals and therefore were ex-
cluded, too.

Each record that fulfilled the inclusion criteria was
fully read. 27 reports were retrieved by the reviewer
(Figure 1). No automation tools were used in the pro-

cess.

Discussion

The initial electronic database search produced an
overall of 52 articles of these, 23 were considered for
inclusion in this review (Figure 1). Approximately

7,900 patients were observed in 20 studies and a con-
siderable number of those was followed for a period of
time ranging from 1 to 4 years.

Torg et al. examined 117 footballers suffering from
cervical spinal stenosis with cord neurapraxia and
transient quadriplegia. No correlation was found
between stenosis of the spinal canal and irreversible
sequelae [13]. It is advisable that patients with cord
neurapraxia resulting from transient, reversible com-
pression deformation of the spinal cord refrain from
contact activities. Kirshblum & O’Connor (1998) as-
sembled studies that focused on prognosis following
traumatic SCI. They concluded that comprehensive
physical examination is the most precise method in or-
der to predict neurologic recovery [14].

Several studies have reported that age®'’plays an
important part in successful recovery, especially when
incomplete spinal cord injury is involved [17]. Howev-
er, race, gender and injury mechanics bear no influence
to neurologic recovery [15].

Yale et al. state that neurologic outcome depends on
the diameter of the residual spinal canal. In their study
involving 200 patients suffering from trauma in cervi-
cal spine, the authors reported that those with residual
cervical spinal canal diameter <10 mm presented neu-
rologic deterioration, whereas the group with residual
cervical spinal canal diameter >10 mm had neurologic
recovery [20].

AArabi et al, studied 42 patients with ATCCS due
to spinal stenosis. They had a follow up for a year and
examined ASIA motor score, midsagittal diameter at
the point of maximum compression, MCC, length of
parenchymal damage on T2-weighted MR imaging.
They also conducted a 10 independent variable grad-
ual regression analysis. Measurements revealed that
mean admission ASIA motor score was 63.8, compres-
sion was in most cases observed at skeletal segments
C3-4 & C4-5 of the spinal cord (71%), mean midsagit-
tal diameter was 5.6 mm in the area of the spinal cord
where compression was maximized, maximum canal
compromise (MCC) rated 50.5%, spinal cord compres-
sion was 16.5% at its maximum point, length of paren-
chymal damage on T2-weighted MR imaging was 29.4
mm. The period between injury and surgery did not
exceed 24 hours in 9 patients. 10 patients were operat-
ed within 2 days at most from injury time, 23 patients
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underwent surgery later than 2 days since the injury.
At the 1l-year follow-up, measurements read: mean
ASIA motor score 94.1, FIM 111.1, manual dexterity
64.4% of baseline, pain level 3.5. Regression analysis
indicated that ASIA motor score at follow-up and ad-
mission ASIA motor score (p = 0.003) were consider-
ably connected. The same applied between MCC (p =
0.02), and midsagittal diameter (p = 0.02). FIM and ad-
mission ASIA motor score (p = 0.03), MCC (p = 0.02),
and age (p = 0.02) were linked. Manual dexterity and
admission ASIA motor score (p = 0.0002) as well as
length of parenchymal damage on T2-weighted MR
imaging (p = 0.002) were related. Relationship was
observed between pain level and age (p = 0.02) and
length of parenchymal lesion on T2-weighted MR im-
aging (p = 0.04), as well [21].

In the study of Alpizar-Aguirre et al., 195 patients
with cervical stenosis were followed. Female patients
at the ages between 46 and 55 were predominant. C5-
C6 were the points that suffered at the majority of the
cases. Following surgery, they had remarkable im-
provement of the neck disability. Surgery was demon-
strated to be better treatment than physical therapy in
other studies, too [22-24].

Kwon et al. (2015) examined 246 patients enduring
cervical cord injury. A 1-year follow-up was conduct-
ed and a second one was performed at a mean period
of 42.2 months. Measurements showed Mean Ameri-
can Spinal Injury Association (ASIA) motor score 38.4
*21.9 (range, 2-70) when patients were admitted, ame-
liorated to 67.7 £19.1 (range, 8-94) at the last follow-up
(p < 0.05). Mean recovery rate of motor score 55.8 +
19.9%. SI grade 0 was observed in 5 patients, SI grade 1
was recorded in 20 patients, whereas 13 subjects were
found with SI grade 2. Age, initial ASIA motor grade,
intramedullary SI grade, and SAC bore remarkable re-
lationship with the neurological outcome. The neuro-
logical outcome did not seem to be affected by initial
cervical alignment, canal diameter, length of SI, period
between injury-operation, and OPLL type [25].

In the study of Bonavita et al., 168 patients with
Traumatic Spinal Cord Injury and 72 patients with in-
complete Spinal Cord Injury were monitored. Patients
with an ISCI were older and had fewer cervical le-
sions than subjects enduring TSCI. Etiology and lesion
features were pinpointed as predictors of functional

(SCIM improvement and SCIM at discharge) outcome
when linear and logistic regression were conducted.
Traumatic patients when compared to ischemic ones
were found to have greater results. Occurrence of
complications, time spent in hospital & discharge dis-
positions were found to be associated with AIS level,
lesion level and age of patients [26].

Park et al. examined 73 patients with cervical spinal
cord injury who were treated with one-level decom-
pression and fusion surgery. Of the 73 patients suf-
fering SCI, 27 showed 21 grade of AIS immediate im-
provement and 35 subjects had the same improvement
3 months after surgery. Multivariate analysis revealed
that mean arterial blood pressure (MAP) played an
important role in recovery of SCI patients during the
immediate post-operative period. In the late recovery
period at 3 months after surgery, recovery was asso-
ciated with AIS before surgery and the MAP [27]. On
the other hand, Shigematsu et al., in their study, fol-
lowed 32 patients with cervical spinal canal stenosis.
17 of them underwent decompression and 15 received
conservative treatment. At the final follow-up, 3 pa-
tients (9.3%) had returned to their pre-injury Frankel
grade. 26 patients (83.3%) lost one or more neurologi-
cal grades. 3 patients (9.3%) passed away. However, in
Lee et al. study (29), a 2-year follow-up period was uti-
lized to reveal higher percentages in patients that had
undergone surgery than in patients that had received
conservative treatment =1 grade (90.9% vs. 57.1%,
P=0.0051) and 2 grade (30.3% vs. 9.5%) improvements
in ASIA grade. In multivariate analysis, solely early
surgical treatment resulted in ASIA grade improve-
ment after 2 years (P=0.0044) [28].

Khorasanizadeh, et al. [30] conducted a random
pooled effect analysis as well as meta-regression anal-
ysis in 114. It was concluded that the injury level was
related to recovery; recovery rates formed a sequence:
lumbar > cervical and thoracolumbar > thoracic. There
was high probability that complete injury would be
the aftereffect of thoracic SCI and penetrating SCI.
Penetrating TSCI showed lower recovery rate than
blunt injury (OR 0.76, 95% CI 0.62-0.92; p = 0.006).
Follow-up duration had a positive relation to recov-
ery rate (p = 0.001). Injury factors, namely, the sever-
ity, the level and the mechanism of injury affect post
TSCI neurological recovery regardless what treatment
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is followed or country of origin of the patients. A fol-
low-up of at least one year period is essential for TSCI
studies when patients with neurologically incomplete
injury are included.

The most important prognostic factor relating to
neurologic recovery in spinal cord injury is contusion
plenum. Incomplete cervical spinal cord lesions in
younger patients and those with either a central cord
or Brown-Sequard syndrome are more likely to recov-
er”®. SCI clinical syndromes manifest a considerable
number of admissions to acute SCI rehabilitation. CCS
most frequently occurring, especially in older ages,
displays poor admission functional level in compari-
son with other SCI clinical syndromes. Individuals en-
during cervical BSS obtain higher functional improve-
ment, when discharged, as to individuals suffering
CCS. The functional outcomes regarding patients with
CMS and CES have been proven to be equal. Individ-
uals diagnosed with ACS manifest the longest LOS of
the SCI clinical syndromes while inpatient rehabilita-
tion is recommended [16].

According to Riiegg et al., MR measurements of the
cord-canal-area ratio (> 0.8) or the space available for
the cord (< 1.2 mm) enable reliable identification of
patients susceptible to acute CSCI following a minor
trauma to the cervical spine. Yet, spinal canal imag-
ing characteristics are not likely to relate to the se-
verity of or recovery from CSCI subsequent to minor
trauma [31]. Patients in peril of acute SCI following
a minor trauma to the cervical spine are detectable
when applying a disc-level canal diameter cutoff val-
ue (measured on MR images) of 8 mm. Radiological
characteristics of the spinal canal may also determine
the severity of acute SCI after a minor trauma to the
cervical spine [32]. In the study of Eismond et al., the
authors stated that a larger sagittal diameter of the
cervical spine is protective of the neural elements [33].
On the other hand, as far as thoracolumbar spine is
concerned, Vacaro et al. reported that thoracolum-
bar spine dimensions do not provide an explanation
for the neurologic injury degree subsequent to burst
fracture. The authors reported that contrary to what
would be inferred, larger canals do not defend neural
elements [34].

Neurological recovery after TSCl is definitely reliant
on injury factors (i.e., severity, level, and mechanism

of injury), yet not affected by type of treatment or
country of origin [30]. Marked stenosis of the cervical
spinal canal might result in irreversible changes in the
spinal cord when combined with indirect minor trau-
ma. It is, therefore, advisable to verify with lateral ra-
diograph of the cervical for early detection of cervical
spinal stenosis [20].

Poor neurological recovery is noticed in patients suf-
fering complete thoracic SCI, when levels are above
T10. A high SI grade on preoperative T2WI negatively
affects neurological outcome. Consequently, the se-
verity of SI change, cord compression ratio, and pre-
operative neurological status are considered to be im-
portant prognostic factors when relation between SCI
and OPLL is detected [25].

Age at the time of injury, also, determines prognosis
as young patients have better chances to functional re-
covery. Conversion to a better AIS grade enabled pa-
tients to ameliorate concerning self-care and mobility
in 12 months [17]. On the other hand, MSCC, spinal
cord hemorrhage and cord swelling are prognostic
factors for small neurologic recovery. Extent of MSCC
is more reliable than presence of canal stenosis for pre-
dicting the neurologic outcome after SCI [35].

While preoperative neurological status, cord com-
pression ratio, SI grade and hemodynamic MAP at ad-
mission serve for prognosis of recovery [25,27] the MR
imaging diagnosis before operation may not always
correspond to the intraoperative discoveries, thus fail-
ing to provide a comprehensive and accurate diagno-
sis. Emphasis should be laid on clinical symptoms [36].
It is advisable that acute SCI patients undergo com-
prehensive physical examination in order to detect the
initial level and classification of the injury and predict
neurologic recovery. Clinical examination combined
with somatosensory evoked potentials, magnetic res-
onance imaging, transcranial magnetic stimulation
and similar tests are likely to define the outcome [14].
Additionally, diagnosis of ischemia and trauma may
assist in functional recovery in SCI patients [26].

Samuel et al. (2015) suggest that the majority of pa-
tients with SCI do not undergo surgery within the first
24 hours after injury, and the majority of delays occur
after inpatient admission which affects the recovery
rate later [25]. Early surgery proved to provide better
neurological outcomes when compared to conserva-
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Identification of studies via databases and registers

Records identified from:
PUBMED (n = 52)
EMBASE (n = 0)

Records removed before
screening:

Duplicate records removed

AMED (n = 0)

Identification

MEDLINE (n=0)

A 4

Records screened

" (n=2)
Records marked as ineligible
by automation tools (n = 0)

Records excluded

(n =50)

Screening

v

Reports assessed for eligibility

1 (n=21)

Reports excluded:

(n=29)

l

Studies included in review

(n=23)

Reports of included studies

Included

(n=27)

\ 4

Conducted on animals
(n=3)

Examined specific age group
(n=1)

Only 1 patient involved

(n=2)

tive treatment received by individuals who suffer from
incomplete CSCI without major fracture or dislocation
and pre-existing CSCS in the Lee et al. (2021) study as
well [22,29]. However, in the Pollard & Apple study,
high-dose steroid administration, routine early surgi-
cal intervention, or surgical decompression in stenotic
patients without fracture were not detected as deter-
minants of the outcome [15]. Park et al. (2017) also state
that the interval between decompression surgery and
trauma is irrelevant to the neurological outcome [27].

Admission ASIA motor score, midsagittal diameter,
MCC, length of parenchymal damage on T2-weighted
MR imaging, and age revealed long-term ASIA motor
score, FIM, manual dexterity, and dysesthetic pain
[27].

According to Shigematsu et al. (2017) “silent” CSCS
when combined with cervical cord injuries does not
permit return to pre-injury neurological status [21].

No conclusions could be drawn from the review
regarding physical therapy treatment®. Physiothera-
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TABLE 1,

Description of included studies

No

Study

Population

Intervention

Outcome measures

Results

1

Torg J. S. (1995). Cervical spinal
stenosis with cord neurapraxia
and transient quadriplegia.

Footballers

117 quadriple-
gics

45 patients in
transient cohort

Ratio Method

No correlation between
developmental narrowing
(stenosis) of the spinal canal
& irreversible sequelae in a
spine rendered unstable by
football induced trauma.
Manifestations of cord
neurapraxia resulting from
transient, reversible compres-
sion deformation of the spinal
cord. Athletes with docu-
mented episode of cervical
cord neurapraxia associated
with:

* ligamentous instability
eintervertebral disc disease
with cord compression

* significant degenerative
changes

*magnetic resonance imaging
evidence of cord

defects or swelling

* symptoms of positive neu-
rological findings

lasting more than 36 hours
*more than one recurrence
should avoid continued par-
ticipation in contact activities

Kirshblum, S. C., & O’Connor,
K. C. (1998). Predicting neuro-
logic recovery in traumatic cer-

vical spinal cord injury. Review.

Selection of
studies in En-
glish language
that discussed
prognosis after
traumatic SCI.

Comprehensive physical
examination of the acute SCI
patient is essential in deter-
mining the initial level and
classification of the injury and
the most accurate method to
predict neurologic recovery.
Somatosensory evoked po-
tentials, magnetic resonance
imaging, and transcranial
magnetic stimulation, may be
helpful in further determin-
ing outcome when used in
association with the clinical
examination

Witzmann A. (2000). Akupun-
tur und andere Therapieformen
beim Patienten mit chronischen
Wirbelsdulenschmerzen [Acu-
puncture and other forms of
treatment for patients with
chronic back pain]. Review.

Manual therapeutic
strategies, application
of local anesthetics,
Acupuncture.

X-ray conducted per-
iradicular infiltration,
epidural blockades
with local anesthetics
and steroids, hiatus
sacralis blockade,
percutaneous radiof-
requency denervation
of the facet joint and
percutaneous lumbar
radiofrequency sym-
pathicotomy

Symptomatology

Pain-producing spinal struc-
tures recognized & treatment
offered to patients with man-
ual therapeutic strategies.
Pain-producing spinal sites
treated with local anesthetics.
Acupuncture is treatment
option for pain relief & has
effect upon physical and psy-
chological disturbances.
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X-ray conducted periradic-
ular infiltration, epidural
blockades with local anesthet-
ics and steroids, hiatus sacra-
lis blockade, percutaneous
radiofrequency denervation
of the facet joint and percuta-
neous lumbar radiofrequency
sympathicotomy preferable
when the aforementioned
methods fail.

Disc herniation with radic-
ular symptoms, spinal canal
stenosis, cervical stenotic
myelopathy and degenera-
tive spinal instability may be
indications for surgical inter-
vention.

Pollard, M. E., & Apple, D. F.
(2003). Factors associated with
improved neurologic outcomes
in patients with incomplete tet-
raplegia.

412 patients
with traumatic,
incomplete, cer-
vical spinal cord
injuries.

intravenous steroids
(N'ASCIS II protocol),
early definitive sur-
gery (<24 hours after
injury), early anterior
decompression for
burst fractures or
disc herniations (<24
hours after injury),
and surgical decom-
pression for stenosis
without fracture.

change in motor
score, change in
sensory score, final
motor score, and
final sensory score
data recorded at the
time of injury, on
admission to rehabil-
itation, on discharge
from rehabilitation,
and at 1, 2, and final
year of follow-up
evaluation.

Neurologic recovery not re-
lated to the following factors:
gender, race, type of fracture,
or mechanism of injury.
Neurologic recovery also not
related to the following inter-
ventions: high-dose methyl-
prednisolone administration,
early definitive surgery, early
anterior decompression for
burst fractures or disc her-
niations, or decompression
of stenotic canals without
fracture.

Improved neurologic out-
comes noted in younger
patients (= 0.002), and those
with either a central cord or
Brown-Sequard syndrome (=
0.019).

McKinley, W., Santos, K., Me-
ade, M., & Brooke, K. (2007). In-
cidence and outcomes of spinal
cord injury clinical syndromes.

839 consecutive
admissions with
acute SClIs.

Tertiary care, level 1
trauma center inpa-
tient rehabilitation
unit.

Functional inde-
pendence measure
(FIM), FIM sub-
groups (motor, self-
care, sphincter con-
trol), length of stay
(LOS), and discharge
disposition

175 patients (20.9%) di-
agnosed with SCI clinical
syndromes. CCS the most
common (44.0%), followed by
CES (25.1%) and BSS (17.1%).
Significant differences (P <
or = 0.01) found between
groups with regard to age,
race, etiology, total admis-
sion FIM, motor admission
FIM, self-care admission and
discharge FIM, and LOS.
Statistical analysis between
tetraplegic BSS and CCS re-
vealed significant differences
(P < or = 0.01) with respect to
age (39.7 vs 53.2 years) and

a trend toward significance
(P < or = 0.05) with regard

to self-care admission and
discharge FIM. No significant
differences (P < or = 0.01)
were found when comparing
CMS to CES.
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Miyanji, F., Furlan, J. C., Aarabi,
B., Arnold, P. M., & Fehlings,
M. G. (2007). Acute cervical
traumatic spinal cord injury:
MR imaging findings correlated
with neurologic outcome--pro-
spective study with 100 consec-
utive patients.

100 patients (79
male, 21 female;
mean age, 45
years; age range,
17-96 years) with
traumatic cervi-
cal SCI.

American Spinal
Injury Association
(ASIA) motor score
at admission and
follow-up

ASIA impairment
scale for injury se-
verity classification.
3 quantitative
(maximum spinal
cord compression
[MSCC], maximum
canal compromise
[MCC], and lesion
length) and 6 qual-
itative (intramed-
ullary hemorrhage,
edema, cord swell-
ing, soft-tissue injury
[STI], canal stenosis,
& disk herniation)
imaging parameters.
Data analyzed with
Fisher exact test, the
Mantel-Haenszel
chi(2) test, analysis
of variance, analysis
of covariance, step-
wise multivariable
linear regression.

Patients with complete motor
and sensory SCIs had more
substantial MCC (P=.005),
MSCC (P=.002), and lesion
length (P=.005) than did
patients with incomplete
SCIs and those with no SClIs.
Patients with complete SCls
also had higher frequencies
of hemorrhage (P<.001), ede-
ma (P<.001), cord swelling
(P=.001), stenosis (P=.01), and
STI (P=.001). MCC (P=.012),
MSCC (P=.014), and cord
swelling (P<.001) correlated
with baseline ASIA motor
scores. MSCC (P=.028), hem-
orrhage (P<.001), and cord
swelling (P=.029) predictive
of the neurologic outcome

at follow-up. Hemorrhage
(P<.001) and cord swelling
(P=.002) correlated signifi-
cantly with follow-up ASIA
score after controlling for the
baseline neurologic assess-
ment.

Cao, J., Wang, Q., Wang, G.,
Lv, F., & Zhong, D. (2009). [Di-
agnostic value of MR imaging
in cervical spinal canal stenosis
combined with spinal cord
injury]

41 patients with | operation
cervical spinal
canal stenosis
and spinal cord
injury: 34 males
and 7 females
aged 32-71 years
(average 53.4
years, 27 pa-
tients older than
60 years). 12
cases of anterior
spinal cord in-
jury syndrome,
23 of central
spinal cord syn-
drome and 6 of
Brown-Sequard
syndrome.

MRI data, JOA score
of spinal cord func-
tion

MR imaging diagnosis before
operation showed abnormal
signal changes within the
spinal cord in 37 cases (41
sites), anterior and posterior
longitudinal ligaments and
discs (APLLD) injury in 28
cases (30 sites) and signal of
edema and hematoma signals
in anterior surface of cervical
spines (EBC) in 34 cases (36
sites). Diagnosis during oper-
ation revealed edemas raises,
contusions tears of posterior
soft tissue in 18 cases (20
sites), appendix fracture in

6 cases (7 sites), formation

of EBC in 20 cases (23 sites),
APLLD injury in 34 cases (44
sites), intervertebral instabili-
ty without the rupture of lig-
ament and intervertebral disc
in 7 cases (10 sites). Signifi-
cant difference between MRI
diagnosis before operation
and intraoperative discover-
ies (P < 0.05).
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Yoo, D.S,, Lee, S. B., Huh, P.
W., Kang, S. G., & Cho, K. S.
(2010). Spinal cord injury in
cervical spinal stenosis by mi-
nor trauma.

200 cases (98
cervical OPLLs
and 102 CSMs)
of cervical spinal
stenosis for 8
years. 63 (33.5%)
minor trauma
cases to the
cervical spine in
200 patients.
Patients divided
into 2 groups
according to

the residual
cervical spinal
canal diameter:
group I (<10 mm
cervical spinal
canal) and group
II (> or =10 mm
cervical spinal
canal).

surgical decompres-
sion

Neurologic status as-
sessed by JOA score.

Neurologic outcome depend-
ed on the diameter of the
residual spinal canal; 22 of 25
patients in group I developed
neurologic deterioration,

that occurred in 8 of the 38
patients in group II (P <.05).
After surgical decompression,
8 patients in group I and 30
patients in group II came out
with an improved JOA score
of more than 50% (P < .05).

Aarabi, B., Alexander, M., Mir-
vis, S. E., Shanmuganathan, K.,
Chesler, D., Maulucci, C., Igu-
chi, M., Aresco, C., & Blacklock,
T. (2011). Predictors of outcome
in acute traumatic central cord
syndrome due to spinal steno-
sis.

42 patients treat-
ed for ATCCS
due to spinal
stenosis

surgical
decompression

follow-up for at least
12 months, ASIA
motor score, midsag-
ittal diameter at the
point of maximum
compression, MCC,
length of paren-
chymal damage on
T2-weighted MR
imaging.

Stepwise regression
analysis of 10 inde-
pendent variables.

Mean admission ASIA motor
score 63.8, spinal cord most
frequently compressed at
skeletal segments C3-4 &
C4-5 (71%), mean midsagittal
diameter at the point of max-
imum compression 5.6 mm,
maximum canal compromise
(MCC) 50.5%, maximum
spinal cord compression
16.5%, length of parenchymal
damage on T2-weighted MR
imaging 29.4 mm. Time after
injury until surgery: within
24 hours in 9 patients, 24-48
hours in 10 patients, more
than 48 hours in 23 patients.
At the 1-year follow-up,
mean ASIA motor score 94.1,
FIM 111.1, manual dexterity
64.4% of baseline, pain level
3.5. Regression analysis indi-
cated significant relationships
between ASIA motor score

at follow-up and admission
ASIA motor score (p = 0.003),
MCC (p = 0.02), and midsag-
ittal diameter (p = 0.02); FIM
and admission ASIA motor
score (p = 0.03), MCC (p =
0.02), and age (p = 0.02); man-
ual dexterity and admission
ASIA motor score (p = 0.0002)
and length of parenchymal
damage on T2-weighted MR
imaging (p = 0.002); and pain
level and age (p = 0.02) and
length of parenchymal lesion
on T2-weighted MR imaging
(p =0.04).
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10 Aebli, N., Riiegg, T. B., Wicki, |52 patients On sagittal MR im- | All investigated MR image
A.G,, Petrou, N., & Krebs, J. suffering from ages: vertebral body |parameters in the SCI group
(2013). Predicting the risk and | acute cervical diameter, midverte- |significantly (p<.001) smaller
severity of acute spinal cord SCI & 131 pa- bral canal diameter, |compared to control group.
injury after a minor trauma to | tients showing disc-level canal No significant (p>.9) differ-
the cervical spine. no neurologic diameter, and spinal |ence in any parameter among

deficits after cord diameter. On | the different American Spinal
minor trauma to lateral conventional |Injury Association impair-
cervical spine. radiographs: verte- | ment score groups. A cutoff
bral body diameter | value of 8.0 mm for the min-
and midvertebral imal sagittal disc-level canal
canal diameter. diameter yielded the largest
positive predictive value and
likelihood ratio for predicting
SCL

11 Alpizar-Aguirre, A., Sola- 195 patients with | surgical treatment neck disability index | Females were predominant.
no-Vargas, J. D., Zarate-Kalfop- | cervical stenosis questionnaire, the The most affected age group
ulus, B., Rosales-Olivares, L. Nurick scale. De- was 46-55 years. The most
M., Sanchez-Bringas, G., & scriptive statistics. | frequently affected level was
Reyes-Sanchez, A. A. (2013). C5-C6. A significant improve-
Resultados funcionales de la ment was seen in the neck
cirugia del conducto cervical disability index due to pain
estrecho [Functional results of and the Nurick scale.
surgery for cervical stenosis].

12 Macedo, L. G, Hum, A., Kule- | Ten studies in- Pooled effects of 2 studies
ba, L., Mo, ], Truong, L., Yeung, | cluded: 5 RCTs, revealed that addition of
M., & Battié, M. C. (2013). Phys- |2 controlled tri- physical therapy modality to
ical therapy interventions for als, 2 mixed-de- exercise had no statistically
degenerative lumbar spinal ste- |sign studies, and significant effect on outcome.
nosis: a systematic review. 1 longitudinal Pooled effects results of RCTs

cohort study. evaluating surgery versus
physical therapy demonstrat-
ed surgery better than phys-
ical therapy for pain and dis-
ability at long term (2 years)
only. Exercise is significantly
better than no exercise, cy-
cling and body-weight-sup-
ported treadmill walking
have similar effects, and cor-
sets are better than no corsets.

13 Kwon, S. Y., Shin, J. J., Lee, J. H., | 246 patients with | cervical laminoplas- | 1-year follow-up, Mean American Spinal Injury
& Cho, W. H. (2015). Prognostic | cervical cord ty (8) and cervical with mean follow-up | Association (ASIA) motor

factors for surgical outcome in
spinal cord injury associated
with ossification of the posterior
longitudinal ligament (OPLL).

injury.

decompression and
fixation (30).

period 42.2 months.
OPLL type, cause

of injury, cervical
sagittal angle, cer-
vical spine stenosis,
cord compression
ratio (space available
for the spinal cord
(SAQ)), grade of
intramedullary SI
(grade 0, none; grade
1, light; grade 2,
intense T2WI) were
assessed.

score at admission 38.4 + 21.9
(range, 2-70) and improved to
67.7 £19.1 (range, 8-94) at last
follow-up (p < 0.05). Mean
recovery rate of motor score
55.8 £19.9%. Five patients
had SI grade 0, 20 patients

SI grade 1, and 13 patients

SI grade 2. Age, initial ASIA
motor grade, intramedullary
SI grade, and SAC signifi-
cantly related to neurological
outcome.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA




Nikolaou V., et al. Spinal Cord Injury Associated with Spinal Stenosis: Outcomes and Prognostic Features

Initial cervical alignment,
canal diameter, length of SI,
time interval between injury
and operation, and OPLL
type had no significant effect
on neurological outcome.

14

Riiegg, T. B., Wicki, A. G., Aebli,
N., Wisianowsky, C., & Krebs,

J. (2015). The diagnostic value
of magnetic resonance imaging
measurements for assessing
cervical spinal canal stenosis.

52 CSCI patients
& 77 control
patients

single-center retro-
spective radiological
case-control study of
patients with CSCI
after a minor trauma
to the cervical spine
from 2000 to 2010

axial T2-weighted
MR images, motor
index scores of 10
key muscles at dif-
ferent time points
(initially, 1, 3, and 12
months after injury),
Receiver operating
characteristic curves.

The intra- and interobserv-
er reliability regarding the
MRI measurements ranged
from good (0.72) to perfect
(0.99). Significant differences
between CSCI group and
control group (p < 0.001) for
all parameters, except for
cord area. Prominent differ-
ences between the groups
for the spinal canal area,
cord-canal-area ratio, and
space available for the cord.
Classification accuracy best
for cord-canal-area ratio and
space available for the cord;
areas under the curve were
0.99 (95% CI10.97-1.0) and
0.98 (95% CI0.95-0.99), re-
spectively. No significant (p >
0.05) correlation between any
of the imaging parameters
and the motor index score at
any time point.

15

Samuel, A. M., Bohl, D. D.,
Basques, B. A., Diaz-Collado, P.
J., Lukasiewicz, A. M., Webb,
M. L., & Grauer, J. N. (2015).
Analysis of Delays to Surgery
for Cervical Spinal Cord Inju-
ries.

2636 patients
with cervical
SCI: 803 with
complete SCI,
950 with incom-
plete SCI, and
883 with central
SCL

surgery

Relationships be-
tween surgical tim-
ing and patient and
injury characteristics

Average time to surgery was
51.1 hours for patients with
complete SCI, 55.3 hours for
patients with incomplete SCI,
and 83.1 hours for patients
with central SCI. Only 44% of
patients with SCI underwent
surgery within the first 24
hours after injury, including
only 49% of patients with
incomplete SCI. The vast
majority of time between
injury and surgery was after
admission, rather than in the
emergency department or in
the field. Upper cervical SCIs
and greater Charlson Comor-
bidity Index were associated
with later surgery in all 3 SCI
subpopulations.

16

Burns, S. P., Weaver, F., Chin,
A., Svircev, J., & Carbone, L.
(2016). Cervical stenosis in spi-
nal cord injury and disorders.

1954 Veterans
with onset of
traumatic or
non-traumat-

ic tetraplegia
during FY 1999-
2007

Demographics, etiol-
ogies of SCI/D and
comorbidities by
CSS status.

Veterans with SCI/D and
CSS were older, more likely
to have incomplete injuries
and more likely to be Black
than those with SCI/D and
no CSS.
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Of patients with traumatic
etiologies for SCI, 35.1% had
a diagnosis of CSS at the time
of or in the 2 years prior to
SCI onset. Of those with tetra-
plegia due to falls, 40.0% had
CSS. For other traumatic eti-
ologies the percentages with
CSS were lower: vehicular
(25.0%); sports (16.1%); and
acts of violence (10.2%). Total
comorbidity scores measured
by the Charlson co morbidity
index and CMS Hierarchical
Condition Category (CMS-
HCC) were higher in those
with CSS and SCI/D com-
pared to those with SCI/D
without CSS (P < 0.0001 re-
spectively).

17

Harvey L. A. (2016). Physiother-
apy rehabilitation for people
with spinal cord injuries.

60 clinical trials

Physiotherapy

Absence of high-quality trials
involving people with SCI to
guide treatment,

lack of high-quality direct
evidence,

extensive scope of practice
Physiotherapy interventions
to increase strength, treat and
prevent contractures, im-
prove performance of motor
tasks

Physiotherapists need to re-
sort to previous knowledge
from other areas of phys-
iotherapy to decide upon
treatment.

18

Lee, B. A, Leiby, B. E., & Ma-
rino, R.J. (2016). Neurological
and functional recovery after

thoracic spinal cord injury.

661patients en-
rolled in Spinal
Cord Injury
Model Systems
database, in-
jured between
2000 and 2011,
with initial neu-
rological level of
injury from T2-
12. 265 patients
had second neu-
rological exams
& 400 patients
had Functional
Independence
Measure (FIM)
scores 26 months
after injury.

Retrospective anal-
ysis of longitudinal
database

American Spinal
Injury Association
Impairment Scale
(AIS) grade, sensory
level (SL), lower ex-
tremity motor scores
(LEMS), and FIM.

At baseline, 73% of subjects
were AIS A, of them, 15.5%
converted to motor incom-
plete. The mean SL increase
for subjects with an AIS A
grade was 0.33 + 0.21; 86%
remained within two levels
of baseline. Subjects with low
thoracic paraplegia (T10-12)
demonstrated greater LEMS
gain than high paraplegia
(T2-9), and had higher 1-year
FIM scores. Better FIM scores
were correlated with better
AIS grades, younger age and
increase in AIS grade. Ability
to walk at 1 year associated
with low thoracic injury,
higher initial LEMS, incom-
plete injury and increase in
AIS grade.
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19 Bonavita, J., Torre, M., Capiros- | 168 patients with |- American Spinal Patients with an ISCI were
si, R., Baroncini, I., Brunelli, E.,, |a TSCI and 72 Injury Association older and had fewer cervical
Chiarottini, G., Maietti, E., Olivi, | with an ISCL Impairment Scale lesions and fewer complete
S., Molinari, M., & Scivoletto, (AIS) standards and |lesions than patients with
G. (2017). Outcomes Following Spinal Cord Inde- TSCI. By linear and logistic
Ischemic Myelopathies and pendence Measure | regression, etiology was a
Traumatic Spinal Injury. (SCIM). predictor (together with le-

Linear and logistic | sion features) of functional
regression models to | (SCIM improvement and
analyze the effects | SCIM at discharge) outcome.
of the etiology of the | Traumatic patients had better
lesion, AIS level at outcome than ischemic ones.
admission, and level | Age, AIS level, and lesion
of the lesion. level were chief predictors of
length of stay, occurrence of
complications & discharge
dispositions.

20 Park, J. H., Kim, J. H., Roh, S. 73 patients with | one-level decom- American Spinal Of 73 patients with SCI, 27
W., Rhim, S. C,, & Jeon, S. R. cervical SCL pression and fusion | Injury Association |and 35 showed 21 grade of
(2017). Prognostic factor analy- surgery Impairment scale AIS improvement immediate-
sis after surgical decompression (AIS) before surgery, |ly and 3 months after surgery,
and stabilization for cervical blood pressure at ad- | respectively. In multivariate
spinal-cord injury. mission, the amount | analysis, the mean arterial

of cord compression, | blood pressure (MAP) was a
surgical time, esti- | significant prognostic factor
mated blood loss affecting recovery in the SCI
during surgery, and | patients during the immedi-
steroid use. Consid- |ate post-operative period. In
ered improvement if |the late recovery period at 3
AIS improvement >1 | months after surgery, the AIS
grade. before surgery and the MAP
were significant prognostic
factors affecting recovery.

21 Shigematsu, H., Cheung, J. P., 32 patients with | Decompression in 17 | MRI measurements, | At the final follow-up, 3 pa-
Mak, K. C., Bruzzone, M., & CSCS patients & conserva- | Frankel classifica- tients (9.3%) returned to their
Luk, K. D. (2017). Cervical spi- |47 asymptomatic | tive treatment in 15. | tion, pre-injury Frankel grade,
nal canal stenosis first present- | individuals from whereas 26 patients (83.3%)
ing after spinal cord injury due | general popu- lost one or more neurological
to minor trauma: An insight lation grade. 3 patients (9.3%) died.
into the value of preventive de-
compression.

22 Khorasanizadeh, M., Youse- 114 studies random pooled Level of injury was a signif-

fifard, M., Eskian, M., Lu, Y.,
Chalangari, M., Harrop, J. S.,
Jazayeri, S. B., Seyedpour, S.,
Khodaei, B., Hosseini, M., &
Rahimi-Movaghar, V. (2019).
Neurological recovery follow-
ing traumatic spinal cord injury:
a systematic review and me-
ta-analysis.

effect analysis, me-
ta-regression anal-
ysis.

icant predictor of recovery;
recovery rates followed

this pattern: lumbar > cer-
vical and thoracolumbar >
thoracic. Thoracic SCI and
penetrating SCI were signifi-
cantly more likely to result in
complete injury. Penetrating
TSCI had a significantly low-
er recovery rate compared to
blunt injury (OR 0.76, 95% CI
0.62-0.92; p = 0.006). Recovery
rate was positively correlated
with longer follow-up dura-
tion (p = 0.001).
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Neurological recovery after
TSCl is significantly depen-
dent on injury factors (i.e.,
severity, level, and mech-
anism of injury), but is not
associated with type of treat-
ment or country of origin.

A minimum follow-up of

12 months is recommended
for TSCI studies that include
patients with neurologically
incomplete injury.

23

Lee, S., Kim, C,, Ha, J. K., Jung,
S. K., & Park, J. H. (2021).

54 patients

cal Spinal Cord Injury Without
Major Fracture or Dislocation in
Patients with Pre-existing Cer-
vical Spinal Stenosis.

early surgical treat-

degree of improve-

During the 2-year follow-up

ment (<24 h) (S

ment in ASIA grade | period, higher percentages

Comparison of Early Surgical group), after 2 years, medi- | of patients in the S group
Treatment with Conservative conservative treat- cal records and ra- | than in the C group showed
Treatment of Incomplete Cervi- ment (C group) diographic data. >1 grade (90.9% vs. 57.1%,

P=0.0051) and 2 grade (30.3%
vs. 9.5%) improvements in
ASIA grade. Multivariate
analysis showed that early
surgical treatment, was the
only factor significantly as-
sociated with ASIA grade
improvement after 2 years
(P=0.0044).

py interventions tend to improve strength, treat and
protect from contractures, raise performance of motor
tasks, however, physiotherapists need to resort to pre-
vious knowledge from other areas of physiotherapy to
decide upon treatment [37].

Conclusion

According to Table 1, which successfully summariz-
es the data presented in the 23 articles included in this
research, it is clearly indicated that a comprehensive
physical examination of an acute SCI patient is of the
outmost importance in defining initial level and clas-
sification of the injury. The aforementioned method is
the most accurate available to predict a possible neu-
rologic recovery using immediate surgical treatment.
An invaluable tool, which can be used as a prognostic
criterium towards neurological recovery, is the level of
completion of the lesion caused by a spinal cord inju-
ry. Even though several studies have already indicated
that age, race and other similar demographic statistics
may not be indicative of the success of the neurological
recovery, younger patients with an incomplete lesion
bear better chances to recover.

Spinal cord hemorrhage and cord swelling are asso-
ciated with a poor prognosis for neurologic recovery

since they inhibit the comprehensive physical exam-
ination prior to an invasive surgery treatment. Unfor-
tunately, the literature review has already demonstrat-
ed that MR imaging diagnosis before operation do not
correspond to the intraoperative discoveries, indicat-
ing that MRI diagnosis fails to make a relatively com-
prehensive and accurate diagnosis. Therefore, a clini-
cal diagnosis is imperative, which in turn corroborates
further with the previous assessment.

Although the waiting time between the inflicted in-
jury and the surgery is not a crucial factor for a success-
ful surgery and neurological rehabilitation - at least not
as crucial as the physical examination and diagnosis
itself - the majority of patients with SCI do not undergo
surgery within the first 24 hours after injury. In fact,
most delays are observed after inpatient admission.

Several studies have illustrated that subjects with
pre-existing canal stenosis may present a lower thresh-
old for surgery due to the poor neurological outcome
of CSCS. Patients that have considerably good preop-
erative neurological status, are more likely to neuro-
logically recover after surgery.

Incomplete cervical spinal cord lesions when inflict-
ed on patients young at age are most likely to result in
neurologic recovery.
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No conclusions could be drawn from the review re-
garding the most appropriate physical therapy treat-
ment for LSS. Despite not playing an important part
in rehabilitation, exercise and corsets contribute to the
patient’s recovery.

The best prognostic factors lie with patients suffer-
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