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RADIOLOGICAL CHARACTERISTICS OF PERIOSTEAL REACTIONS
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The periosteum is a thin fibrous tissue in a form of fibro-vascular membrane which
covers the outer surface of bones. On conventional radiography normal periosteum is com-
pletely invisible. The periosteum can be visualized when it is elevated by underlying pathology.
Periosteal reaction can be unilateral or bilateral, or localized and generalized. Depends on how
fast it takes periosteum to react, it can be divided into aggressive and non-aggressive. The role
of computed tomography as superior method vs. nuclear magnetic resonance, ultrasonography

or scintigraphy, has been noticed a long time ago.
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Introduction

The periosteum is a thin specialized fibrous
tissue in a form of fibro-vascular membrane which
covers the outer surface of all bones, except at the
joints of bones (which are protected by articular
cartilage) (1, 2). Histologically, it contains the inner
layer which is made of both osteoblasts and fibro-
blasts (so-called "cambium layer") and the outer
layer which contains only fibroblasts (so-called "fib-
rous layer"). It is a membrane that has the ability
for bone metaplasia. On conventional radiography
normal periosteum is completely invisible. Today it is
well known that the outer layer contains fibroblast,
collagen, elastin, nervous and microvascular struc-
tures which all together provide stability to the pe-
riosteum. The inner layer is highly cellular (inner
cellular layer- cambium), and these cells, such as
mesenchymal progenitor cells, osteoblasts, fibroblast
and symphatic nervous system, are responsible for
bone growth and reparation. All of these charac-
teristics allow the periosteum high bone regenera-
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tive potential. With aging there is a decrease in the
number of the osteoblasts which leads to senile
atrophy and thinning of the inner layer. The outer
layer is vascularized by many branches of muscle
blood vessels from attaching muscles. This way
blood system nourishes the exterior of the cortex
and anastomoses with bone blood vessels through
Haversian system and Volkmann’s canals. The perio-
steum (cambium) is responsible for normal lamellar
bone apposition on cortical bone that grows in width
(periosteal ossification) (3).

Inside of the periosteum there is a large
number of endothelial pericytes (4). Perycites are
cells that are in close contact with endothelial cells.
In the certain circumstances, these cells may dif-
ferentiate into osteoblasts; these are why these cells
are considered to be important source of osteopro-
genitor cells (5).

Periosteum can be visualized when it is ele-
vated by underlying pathology (1). It takes up to ten
days to three weeks for it to be visualized after the
specific pathological process has begun. Through
whole lifetime, periosteum can produce new bone
layers and that is being used in orthopedic and
maxillofacial surgery (6-8).

Inner layer of the periosteum and bones are
bound together by collagen fibres called Sharpey’s
fibres that penetrate into bone. This location is sub-
ject to the traumatic separation followed with sub-
periosteal hemorrhage and hematoma (9).

Periosteal reaction is caused by anything that
can irritate the bone. How it looks depends on the
age of the patient, the cause, the intensity of the
lesion, etc. Periosteal reaction is much more intense
in childhood, because in this age periosteum is
attached more loosely than in the adult age and
there is less number of Sharpey’s fibres which are
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also shorter. The more intense pathology processes
give more intense periosteal reaction (9).

The aim of our work was to show radiological
characteristics of periosteal reactions with images of
our patients with periosteal reactions on conventio-
nal radiography, computed tomography and nuclear
magnetic resonance.

Types of periosteal reaction

Periosteal reaction can be unilateral or bila-
teral, or it can be localized and generalised. Bilateral
can occur in systemic and unilateral in localized
diseases (9). The most important localized processes
that can cause periosteum to react are malignan-
cies, infections and traumas.

Depends on how fast it takes periosteum to
react, it can be divided into aggressive and non-
aggressive. Non-aggressive periosteal reaction can
be solid single layer or multilayered, forming a solid
layer of new bone adjacent to the cortex. Solid
single layer type is seen in benign lesions like os-
teoid-osteoma, trauma, chronic osteomyelitis, etc.,
while multilayered type that looks like "onion skin",
is seen in Ewing’s sarcoma. Aggressive type occurs
in processes that are acute and rapid and in ma-
lignity. It can be spiculated (hair on end), form of
periosteum that is perpendicular on the outer sur-
face of the bone (Ewing’s sarcoma) or it can be di-
vergent - sunburst (osteosarcoma). Codman’s tri-
angle is a type of the periosteal reaction that is seen
in aggressive lesions such as malignity, hemorrhage
and osteomyelitis. With aggressive lesions, the pe-
riosteum does not have time to ossify with shells of
new bone, so only the edge of the raised periosteum

will ossify. Codman’s triangle is consisting of tri-
angular elevation of the periosteum with one or
more layers of new bone (9).

So, as we have seen, there are several types
of periosteal reactions (Figure 1). Periosteum can be
seen as:

e Nonaggressive or benign types of periosteal
reactions:
- Solid smooth:
¢ Thin or single layer
¢ Thick, linear osseous deposit may be
separate from or merged with the underlying bone
- Solid buttress:
¢ Thick irregular
¢ Smooth
- Septated

» Aggressive types of periosteal reactions:

- Laminated or multilayered (“Onion-skin”)

- Thin, linear osseous deposits extend in a
direction perpendicular to the underlying cortex

-Spiculated pattern:

¢ An irregular osseous excrescence with a
spiculated contour merges with the underlying
cortex (hair on end-parallel spiculated)

¢ A sunburst pattern, in which linear
deposits fan out from a single focus (divergent
spiculated)

¢ Sloping (velvet)

-Codman’s triangle consisting of triangular
elevation of the periosteum with one or more layers
of new bone and

-Disorganized or complex type (10).

Single layer:
-Benign tumours

Thick, linear
osseous deposit:
- Hypertrophic
osteoarthropathy
- Venous stasis

Hair on end:
-Hypothyreosis
- Primary hypertrophic
osteoarthropathy

-Malign tumours
-Infections
-Secondary

hypertrophic
osteoarthropathy

(pachydermoperiostosis)

Sunburst:
-Osteosarcoma

‘ Periosteal reaction ‘

“Onion skin”:
-Infections

-Ewing sarcoma

Thin, linear osseous
deposits extend in a
direction

- Hypertrophic
osteoarthropathy

Codman triangle:
- Rapidly growing
lesion
- Subperiosteal
hematoma
- It's not a sure sign
of malignancy

perpendicular to the
underlying cortex:
- Ewing sarcoma

Figure 1. Differential diagnosis of periosteal reaction based on the radiographic (morphological) appearance
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arthritis

Tumours:

Trauma: .,

-Ewing’s sarcoma

-Fracture

-Stress injuries “Osteosarcoma
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Drugs: ‘ Periosteal reaction grar.wu\oma
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3 Genetic:
Infection: Vascular: . .
. . -Caffey’s disease
-Osteomyelitis -Venous stasis
-Septic arthritis -Vascular
insufficiency

Figure 2. Differential diagnosis of periosteal reaction

Causes of periosteal reaction - differential
diagnoses

There are many diseases that can cause pe-
riosteal reaction. They can be localized or systemic,
or they can be hereditary and acquired (Figure 2).

Different causes irritate periosteum to react
unilateral or bilateral. Unilateral reactions are seen in
malignancies, infections and traumas. Bilateral are
seen in adults, where they are symmetrical and are
caused by hypertrophic ostheoartropathy, pachyder-
moperiostitis, vascular insufficiency, thyroid acropa-
chy and abuse of fluoride. In children who are up to
six months old, this type (bilateral symmetrical pe-
riosteal reaction) is seen in congenital syphilis, pro-
staglandin E1 therapy and Caffey’s disease (infantile
cortical hyperostosis). After that age (after six
months old) they are symmetrical when caused by
hypervitaminosis A, acute leukemia, metastatic ne-
uroblastoma and juvenile chronic arthritis. Bilateral
unsymmetrical periosteal reactions are seen in me-
tastatic diseases, osteomyelitis, psoriatic and reac-
tive arthritis, osteoporosis and osteomalacia, inten-
tion trauma, haemorrhagia and sickle cell dactylitis
(9, 10).

Today as the population is getting older,
many of the patients that take up to several drugs
at the time in chronic therapy, there is also influence
of the drugs on the periosteum (or bony tissue in
general (11). Beside overdose with fluor (12) and
prostaglandin E1, voriconazole can also cause peri-
ostitis (10, 13-17). Voriconazole lead to increase
level of fluor in body, most often when there is
kidney failure, and increased level of fluor leads to
generalised periosteal reaction (14, 18). Risk factors
for fluorosis are kidney damage, chronic abuse of
voriconazole, slow metabolism of the drug and high
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levels of fluor in the body. All of these factors are
responsible for high level of fluor - fluorosis and it
causes periosteal reaction by increasing the osteo-
blastic activity (18).

Substance called 1,1-difluoroethane ("Dust-
off") is refrigerant and aerosol propellant that can be
inhaled and can, with same mechanism as voricona-
zole, cause generalised periosteal reaction. It also
increases the level of fluor in the body. Dust-off is
used for dusting the computers, key boards, photo
equipment and other electronic devices, a lot of stuff
for everyday use including windows, drapes, etc.
Because of that, periosteal reaction in adolescents or
people that have positive history of addiction can
indirectly show the abuse of some substances (19).

Also, there is interleukin-11 that is thrombo-
poietic growth factor which stimulates production,
proliferation and differentiation of megakaryoblasts
into thrombocytes (11, 20).

Image methods for periosteal reaction
visualization

Periosteum cannot be seen by conventional
radiology in normal bone. Only when it is irritated by
some pathological process and when there is pe-
riosteal reaction it can be observed (Figures 3-7). It
takes 10 days for that to happen (21).

For diagnostic we can also use magnetic
resonance imaging (MRI) and computed tomogra-
phy (CT), which are more sensitive for the early
visualization. The MRI is superior for detecting pro-
cesses in soft tissue and periosteum (21, 22) (Figure
8). Even better is CT for detecting periosteal reaction
and ossification of bones (23, 24). The role of CT as
superior method has been noticed a long time ago
(23) (Figure 9).
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Figure 3. Left and right hand radiography at presentation show periosteal reaction involving middle and
proximal phalanges of both hands in a fairly symmetric pattern - patient with hypertrophic osteoarthropathy

Figure 4. Left and right shin radiography at presentation show a periosteal reaction involving middle and
distal diaphysis - patient with hypertrophic osteoarthropathy
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Figure 5. Left and right leg radiography at presentation show periosteal reaction involving proximal phalanges
of both legs - patient with hypertrophic osteoarthropathy

Figure 6. Left femur radiography at presentation show periosteal reaction involving middle and
proximal diaphysis around the foreign body
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Figure 7. Right leg radiography at presentation show periosteal reaction involving first metatarsal bone
after fracture and phlegmon

Figure 8. Left femur MRI images at presentation show periosteal reaction involving middle and
proximal diaphysis around the foreign body- Ewing’s sarcoma
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Figure 9. Right leg CT images at presentation show periosteal reaction involving first metatarsal bone
(the same patient as in the Figure 7)

Ultrasonography has a minor role in visua- used for precise localization of these changes (21).
lization of the periosteum, but is used during biopsy Scintigraphy can also be used, but despite its high
of the changed tissue with fine needle and also is sensitivity it has low specificity (21).
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Conclusion

Periosteal reactions are very important in ra-

diology diagnosis. Many localized or systemic di-
seases can cause periosteum to react. Because of
that, general knowledge of the periosteal reactions is

10.

11.

12.

necessary in radiology diagnostic of the skeletal
system.
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Periost je tanko fibrozno tkivo (fibro-vaskularna membrana) koje prekriva spoljasnju
povrsinu kosti. Na klasi¢noj radiografiji normalan periost potpuno je nevidljiv. Moze se
vizualizovati kada je nadrazen nekim patoloSkim procesom. Periostna reakcija moze biti
unilateralna ili bilateralna, odnosno lokalizovana ili generalizovana. Periostne reakcije dele se,
u odnosu na brzinu kojom se javljaju, na agresivne i neagresivne. Uloga kompjuterizovane
tomografije, kao superiorne metode, u odnosu na nuklearnu magnetnu rezonancu, ultrasono-
grafiju ili scintigrafiju, pokazana je ranije.
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