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OSTEOPOROTIC VERTEBRAL FRACTURES: FROM DIAGNOSIS TO

REHABILITATION

SneZana Tomasevié-Todoroviét?, Stefan Nikoli¢?, Damjan Savié?,
Milutin Todorovié3, Tijana Spasojevié*?

Osteoporotic vertebral fractures represent a significant sociomedical problem that
impairs the quality of life of the elderly population. Clinical examination, supplementary
diagnostic methods (X-ray, Computed Tomography — CT, Dual-Energy X-ray
Absorptiometry — DXA, Lateral Vertebral Assessment — LVA) and fracture risk assessment
tool (FRAX) are crucial for effective assessment of fracture severity, timely decision on
treatment method, and initiation of rehabilitation. Of great practical importance is the
effect of antiresorptive therapy on callus formation. In patients who suffer from
osteoporosis, and despite treatment have a fracture, it is recommended not to interrupt
bisphosphonate therapy, which was started several months before the diagnosed fracture.
Bisphosphonates should be introduced into the treatment in a period of 2—4 months from
the occurrence of the fracture, depending on the location of the fracture, that is, the time
required for callus formation. Recombinant parathyroid hormone is an effective anabolic
therapy that accelerates bone regeneration during fractures, increases callus volume and
faster bone strength. Osteoporosis therapy should not be started without checking the
total and ionized Ca, P, 25(0OH)D, and PTH as well as general biochemical analyses, and
then introducing antiresorptive or anabolic therapy. Rehabilitation treatment is individually
designed and includes balance exercises, strength exercises, range of motion and postural
training leading to improvement of spinal mobility, muscle strength and overall
functionality. The aim of this review was to highlight the timely diagnosis, evaluation, and
treatment of osteoporotic vertebral fractures.
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Introduction

Osteoporotic  vertebral fractures affect
approximately 1 in 3 women and 1 in 5 men over
the age of 50 (1, 2) leaving significant physical,
psychological, and social consequences for
patients, leading to reduced mobility, functional
limitations, and decreased quality of life (3, 4).
Rehabilitation interventions have been shown to
improve pain, functional outcomes, and overall
well-being in patients with osteoporotic vertebral

fractures (5-7). Pathophysiology and clinical
presentation have shown that osteoporotic
vertebral fractures result from a combination of
reduced bone mineral density and changes in bone
microarchitecture @, 8). Studies have
demonstrated that the trabecular bone, particularly
in the vertebral bodies, is most susceptible to
osteoporotic fractures due to its high metabolic
activity and abundant remodelling (9-11).
Clinically, patients with osteoporotic vertebral
fractures may experience acute or chronic back
pain, which can be worsened by movement,
prolonged sitting, or activities involving spinal
loading (12). Height loss and kyphotic deformity
are also common clinical features, contributing to
postural changes and functional limitations.
Potential hip fractures present great potential risk
that cannot be overlooked (13—15).

Radiological Examination

Imaging techniques such as X-rays, CT
scans, and MRI are used to diagnose and assess
the severity of osteoporotic vertebral fractures (7).
DXA is the absolute gold standard (13) for bone
mineral density measurements and a widely used
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technology for assessing bone health and
measuring bone mineral density (BMD) (14—-16).
DXA may offer precise and accurate
measurements of BMD at various skeletal sites,
including the spine, hip, and forearm. It utilizes
low-dose X-ray beams that pass through the bone,
allowing for the calculation of BMD based on the
differential absorption of these beams by bone and
surrounding tissues. The BMD results obtained are
compared to reference values, typically provided
by age-matched and gender-matched populations,
to determine if an individual's bone density is
within the normal range or if osteoporosis or
osteopenia is present. In addition, it provides
information about body composition. It can
determine the percentage of lean mass, fat mass,
and total body fat, allowing for the evaluation of
body composition changes over time (14-17).
This feature is particularly useful in monitoring the
effects of interventions, such as exercise and
nutrition, on body composition and overall health.
Moreover, DXA can estimate the risk of fractures
by utilizing algorithms that combine BMD
measurements with clinical risk factors. These
algorithms, such as the Fracture Risk Assessment
Tool (FRAX), provide a comprehensive assessment
of an individual's fracture risk over a specified

period, aiding in treatment decisions and
preventive strategies (18).
Lateral Vertebral Assessment (LVA) is a

radiographic method that provides quantitative
measurements of vertebral heights and allows for
the identification of vertebral fractures. It offers
advantages such as low radiation exposure and
quick assessment, making it a valuable tool for
screening and monitoring osteoporosis-related
fractures. LVA complements DXA by providing
additional information about vertebral fractures
and aiding in fracture risk assessment (19, 20).

Fracture Risk Assessment and Risk
Factors

Factors that increase the risk of developing
osteoporosis encompass being 50 years of age or
older, being of the female gender, belonging to
the Caucasian ethnicity (particularly of northern
European or Asian descent), having a genetic
predisposition, having a petite and slender
physique, experiencing undernourishment, leading
a sedentary lifestyle, having a history of
amenorrhea, late menarche, or early menopause,
suffering from deficiencies in estrogen and
androgen hormones, engaging in alcohol
consumption or cigarette smoking, maintaining a
diet low in calcium, and using certain medications

(such as steroids, insulin, anticonvulsants,
chemotherapeutics, or heparin) (21-23).
The FRAX index combines DXA

measurements and clinical risk factors to estimate
the probability of future fractures. FRAX integrates
clinical risk factors and bone mineral density
(BMD) measurements to estimate the 10-year
probability of specifically both major osteoporotic
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fracture (hip, clinical spine, forearm, or shoulder)
and hip fracture. The clinical risk factors taken into
account by FRAX include age, sex, previous
fracture history, parental history of hip fracture,
smoking status, alcohol consumption,
glucocorticoid use, rheumatoid arthritis, and
secondary causes of osteoporosis. By considering
these risk factors along with BMD measurements,
FRAX provides a comprehensive assessment of an
individual's fracture risk. FRAX calculations are
based on large population-based cohorts and
validated in numerous studies. It helps identify
individuals at high risk of fracture who may benefit
from early interventions, such as pharmacological
treatments, lifestyle modifications, and fall
prevention strategies. FRAX does not consider all
possible risk factors, such as vitamin D deficiency
or secondary causes of osteoporosis (14—18, 24,
25).

Conservative Management

Conservative management strategies for
osteoporotic vertebral fractures aim to alleviate
pain, improve function, and promote healing
without surgical intervention. Various classes of
medications are commonly used for treating

osteoporotic fractures. Bisphosphonates, like
alendronate and risedronate, inhibit bone
resorption (26). Selective estrogen receptor

modulators (SERMs), such as raloxifene, mimic
estrogen's effects on bone (27). Teriparatide
stimulates bone formation and is administered via
injections (28). Denosumab, a monoclonal
antibody, targets bone resorption (29). Calcitonin
helps regulate calcium levels but has modest
fracture risk reduction (29). Due to the wide range
of pharmacological options today, a complete
assessment of the patient's overall condition must
be made before choosing the appropriate
treatment (26-30).

When we discuss efficient medications, we
cannot skip to mention that anabolic agents, like
romosozumab, promote bone formation by
inhibiting sclerostin and are highly effective,
especially in postmenopausal women with severe
osteoporosis. The effect of antiresorptive therapy
on callus formation is important. Bisphosphonates
should be introduced into the treatment within a
callus formation period which is 2—4 months from
the fracture occurrence. For patients who suffer
from osteoporosis and despite treatment have a
fracture, it is recommended to continue therapy
which has started months before the diagnosed
fracture. Recombinant parathyroid hormone is an
effective anabolic therapy which accelerates bone
regeneration during fractures, increases -callus
volume and faster bone-strengthening (28, 30).

Biomarkers
Biochemical markers in bone metabolism,

including serum cross-linked C-telopeptide of type
I collagen (CTX), N-terminal telopeptide (NTX),
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tartrate-resistant acid phosphatase 5b (TRACP
5b), and bone-specific alkaline phosphatase
(BALP) provide crucial insights into bone health.
Elevated CTX and NTX levels indicate increased
bone resorption, while higher BALP levels suggest
enhanced bone turnover. These markers help
assess the effectiveness of treatments like anti-
resorptive medications. Additional markers like
osteocalcin (OC), serum procollagen type | N-
propeptide (PINP), and dihydropyrimidine
dehydrogenase (DPD) aid in early bone loss
detection and treatment guidance, enhancing
patient care when combined with clinical
assessments and imaging techniques. Total and
ionized calcium Ca, P, 25(0OH)D, PTH and general
biochemical analyses have to take place before
introducing antiresorptive or anabolic therapy
(31-33).

Rehabilitation of Patients with
Osteoporotic Vertebral Fractures

Mechanical stimulation affects bones in two
distinct ways. Firstly, repetitive strain can have a
negative impact, resulting in minor damage to
bone structure. Conversely, strains surpassing a
certain threshold stimulate new bone production
and enhance bone resilience under greater loads.
The interconnectedness of these effects is
commonly referred to as the mechanistic theory,
which plays a pivotal role in preventing
osteoporotic fractures. It revolves around the
concept of minimal effective strain (MES), crucial
for safeguarding bone density. To maintain bone
structure, strain within the physiological range
(800—1,500 pstrain) is essential. Deviations from
this range vyield varying outcomes, including
increased bone resorption at less than 800 pstrain,
strengthened bones at 1,500-3,000 pstrain, or
even pathological fractures at 15,000 pstrain.

Hence, rehabilitation programs aimed at
preventing bone loss should incorporate
kinesitherapy alongside conventional

pharmacological treatments (30, 33, 34).

The management of vertebral fractures can
be categorized into three phases: the acute phase,
the post-acute phase, and the rehabilitation
phase. In the acute and post-acute stages, the
primary  objectives include effective pain
management and ensuring the stability of the
fracture (35). Conservative treatment involves the
use of an orthosis, designed to provide spinal
stabilization. Orthoses are typically employed for a
duration of 8 to 12 weeks to aid in the healing of
fractures. During the initial 8 weeks following a
vertebral fracture, patients are advised to refrain
from engaging in resistive strength training.
However, relaxation exercises, breathing routines,
and range of motion exercises can be introduced
to counteract joint rigidity (36-—40). Still, it is
crucial to minimize prolonged bed rest during
these phases and instead encourage mobility in
patients.

Prolonged bed rest has the potential to lead to
undesired consequences such as muscle atrophy,
weakness, joint stiffness, pressure sores, deep
vein thrombosis, respiratory issues, disorientation,
and even depression (38, 39).

Before initiating the rehabilitation phase,
radiological assessment of progress in fracture
healing is pivotal. In the early stages, it is
advisable to introduce neuromuscular stabilization
exercises targeting the thoracolumbar region,
which help immobilise this area. Within the
rehabilitation program, exercises to strengthen the
dorsal extensor muscles aimed at reducing
kyphosis are recommended. Moreover, postural
retraining, balance enhancement, and
proprioceptive exercises are crucial for minimizing
the risk of falls and secondary fractures (39-43).

The rehabilitation phase has to be
individually tailored, still it must be underlined that
resistance training, balance exercises and postural
training lead to improvements in spinal mobility,
muscle strength and overall functionality of the
patients.

Physical Modalities

Physical modalities used to improve bone
repair include various therapeutic techniques and
treatments aimed at enhancing bone healing and
bone health. Some of these modalities include
low-intensity pulsed ultrasound (LIPUS) (44),
electrical stimulation (45), functional electrical
stimulation (FES) (46), magnetic field therapy
(47), and vibration therapy (48).

LIPUS therapy involves the use of low-
intensity ultrasound waves to stimulate bone
healing. It is often used to accelerate fracture
healing and can promote the formation of new
bone (44). Electrical stimulation methods such as
direct current, inductive coupling, and capacitive
coupling have been employed to promote bone
repair. These modalities can enhance the
production of bone cells and help in the healing
process (45). FES involves the use of electrical
currents to stimulate muscle contractions. It is
used to counteract muscle atrophy and promote
bone health in individuals with limited mobility,
such as those with spinal cord injuries (46). Pulsed
electromagnetic field (PEMF) therapy uses
electromagnetic fields to stimulate bone repair. It
is often utilized in the treatment of non-union
fractures and other bone-related conditions (47).
Whole-body vibration therapy and localized
vibration therapy are techniques that involve the
application of mechanical vibrations to stimulate
bone formation and improve bone density (48).

It is important to note that the choice of
physical modality depends on the specific
condition, the stage of bone healing, and the
recommendations of healthcare professionals.
Individualized treatment plans are typically
created to address the unique needs of each
patient.
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Nutrition in Supporting Bone Healing

Nutritional therapy plays a significant role in
supporting the healing process and overall bone
health following an osteoporotic vertebral fracture.
Calcium is essential for maintaining good bone
health. It is important to ensure that the patient is
consuming an adequate amount of calcium
through dietary sources such as dairy products
(low-fat or non-fat milk, yoghurt, cheese), fortified
plant-based milk alternatives, leafy greens (kale,
collard greens), and fortified cereals. Aim should
be around 1,000 to 1,200 milligrams of calcium
daily, but individual requirements may vary (49).
Vitamin D is also crucial for calcium absorption
and bone health. Spending time in the sun (with
sunscreen) allows the body to produce vitamin D
naturally. Additionally, it is recommended to
include vitamin D-rich foods in the diet, such as
fatty fish (salmon, mackerel), egg yolks, and
fortified foods like orange juice and cereals.
Magnesium contributes to bone health by helping
to convert vitamin D (50, 51) into its active form.
Good sources of magnesium include nuts, seeds,
whole grains, and green leafy vegetables. Usage
of vitamin D supplements if levels are low is a
mandatory step.

Furthermore, Vitamin K is necessary for
bone mineralization (52). It can be found in foods
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like leafy greens (kale, spinach, collard greens),
broccoli, Brussels sprouts, and certain vegetable
oils. Protein intake is essential for the repair and
maintenance of bones and muscles (53). Lean
protein sources like poultry, fish, lean meats,
beans, lentils, and tofu are preferable. High
sodium intake can lead to calcium loss in the urine
(54). Maintaining a balanced intake of phosphorus
is one of the challenges. While it is important for
bone health, an excessive intake can interfere with
calcium absorption. Phosphorus is naturally
present in many foods, including dairy products,
meats, and nuts (55).

Conclusion

The comprehensive management of patients
with osteoporotic vertebral fractures involves a
multidisciplinary approach, combining
rehabilitation interventions, radiological
examinations, biochemical markers, conservative
management strategies, and prevention of
complications. By addressing these aspects,
healthcare professionals can optimize patient
outcomes, alleviate pain, improve functional
abilities, and enhance the overall well-being of
individuals affected by osteoporotic vertebral
fractures.
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Vertebralni prelomi u osteoporozi predstavljaju znacajan sociomedicinski
problem koji naru3ava kvalitet Zivota starije populacije. Klinicki pregled, dopunske
dijagnosticke metode (rendgenski snimak (RTG), kompjuterizovana tomografija (engl.
Computed Tomography — CT), osteodezintometrija (engl. Dual-Energy X-ray
Absorptiometry — DXA), dezintometrija lumbalnog dela ki¢me (engl. Lateral Vertebral
Assessment — LVA) i procena rizika od nastanka preloma (engl. Fracture Risk
Assessment Tool — FRAX)) kljuni su za efikasnu procenu tezine preloma,
pravovremenu odluku o nacinu leCenja, kao i za zapocinjanje rehabilitacije. Od velikog
prakticnog znacaja jeste efekat antiresorptivne terapije na formiranje kalusa.
Preporucljivo je da se kod osoba koje boluju od osteoporoze, a uprkos leCenju imaju
prelom, ne prekida terapija bisfosfonatima, =zapoceta nekoliko meseci pre
dijagnostikovanog preloma. Bisfosfonate treba uvoditi u leCenje od dva do Cetiri
meseca po nastanku preloma, u zavisnosti od lokacije preloma, odnosno vremena
potrebnog za formiranje kalusa. Rekombinantni paratireoidni hormon predstavlja
efikasnu anabolicku terapiju koja ubrzava regeneraciju kostiju tokom preloma,
povecava zapreminu kalusa i omogucava brze postizanje Cvrstoce kostiju. Terapiju
osteoporoze ne treba zapoceti bez provere ukupnog i jonizovanog Ca, P, 25(0OH)D,
PTH, kao i opStih biohemijskih analiza; tek nakon toga treba uvesti antiresorptivnu ili
anabolicku terapiju. Rehabilitacioni tretman koncipira se individualno i obuhvata vezbe
ravnoteze, vezbe snage, vezbe obima pokreta i posturalni trening, koji dovode do
poboljSanja pokretljivosti kicme, snage misi¢a i ukupne funkcionalnosti. Cilj ovog
pregleda bio je da se ukaze na pravovremenu dijagnostiku, evaluaciju, kao i na leCenje
preloma prsljenova u osteoporozi.
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