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Ultrasound Features of the Normal
and Pathologic Periosteum
Antoine Moraux, MD, Salvatore Gitto, MD, Stefano Bianchi, MD

Thickening and elevation of the periosteum from the underlying bone cortex,
defined as a periosteal reaction, can be associated with several bone disorders.
Although ultrasound (US) has limited possibilities in assessing bones, it can
depict a periosteal reaction earlier than plain radiography, thus indicating under-
lying bone disorders. This pictorial essay aims to illustrate the normal and patho-
logic US appearances of the periosteum in both children and adults. Several
disorders are discussed, such as pediatric bone trauma, infections and tumors, as
well as trauma, overuse, including medial tibial stress syndrome, and finally cer-
tain seronegative spondyloarthropathies in adults. Whenever US depicts a perios-
teal reaction, a correlation with clinical and laboratory data is mandatory to
differentiate different bone disorders. Computed tomography or magnetic reso-
nance imaging must be performed when an infection or a tumor is suspected
based on both US and the clinical presentation.

Key Words—bone; musculoskeletal imaging; periosteal reaction; periosteum;
ultrasound

In recent years, ultrasound (US) has progressively gained a
central role in evaluations of the soft tissue structures of the
musculoskeletal system. The inability of US to penetrate

cortical bone has, however, limited its usefulness in the assessment
of bone and related disorders, and the periosteum itself is barely
visible with US under healthy conditions. Several pathologic
conditions affecting the bone may produce a periosteal reaction,
which is a thickening and elevation of the periosteum from the
underlying cortex.1 Different forms of periosteal reactions may
result from various etiologies, including trauma, infections, tumors,
and some metabolic and arthritic disorders. A periosteal reaction is
conventionally assessed by plain radiography as a first-line imaging
modality and computed tomography and magnetic resonance
(MR) imaging as second-line modalities. Radiographic findings are
positive only when the periosteum is calcified. In such cases, it
presents as a thin linear calcification located at some distance from
the bone surface or more irregular local calcifications depending
on the causative disorder.1

Ultrasound is able to detect periosteal reactions earlier than
plain radiography.2 Since US is often the first-line imaging modal-
ity in the evaluation of soft tissues of the extremities, a periosteal
study must always be part of every musculoskeletal US examina-
tion. The US depiction of a pathologic periosteum together with
no local tendon or joint abnormalities suggests a disorder of the
underlying bone. A comparison with the healthy contralateral side
is mandatory when subtle periosteal changes are present. Color
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Doppler US allows for an accurate assessment of local
hyperemia.2 The purpose of this pictorial essay is to
illustrate the normal and pathologic appearances of
the periosteum on US imaging in both children and
adults, with a focus on disorders in which US can play
a role for diagnosis.

Anatomy and Physiology of the
Periosteum

The periosteum is a membrane that covers nearly all
bone structures with the exception of their intra-
articular surfaces. It consists of an outer fibrous layer
and an inner layer, also known as the cambium, which
has considerable osteoblastic potential. The cambium
and the periosteum as a whole are thick in children
and become progressively thinner with age. In child-
hood, the periosteum is contiguous with a ring of
perichondrium at the physeal level, until it transforms
into the periosteum with physeal closure. The perios-
teum has a main role in bone growth and repair after
injury and is a substantial contributor to the blood
supply of bone and skeletal muscle. It also provides
an attachment for muscles and tendons.3

Ultrasound Technique and Normal
Findings

The US examination has to be bilateral and compara-
tive. Either a linear or curvilinear transducer can be
used according to the depth of the bone to be
assessed. All structures from subcutaneous tissue to
the cortex must be imaged with both grayscale and

Doppler modes. On US imaging, healthy cortical
bone appears as a regular, highly hyperechoic line
with posterior acoustic shadowing and some reverber-
ation artifacts.4 The normal periosteum is barely visi-
ble with US in healthy adults (Figure 1); however, it
is clearly visualized as a thin hypoechoic band located
over the bone cortex in children (Figure 2A). No
Doppler signal is seen in the healthy periosteum, but
the examination can detect the nutrient arteries perfo-
rating the periosteum and entering the bone cortex
(Figure 2B). Under normal conditions, US is not able
to depict structures that are deep to the bone cortex.2

Because many US features of disorders of the perios-
teum are unspecific, a US examination must be per-
formed in light of clinical findings and a radiographic
evaluation.

Disorders of the Periosteum in Children

Pediatric Trauma
In pediatric patients, the thick and strong periosteum
often acts as a hinge that inhibits displacement in
fractures.5 This action helps in remodeling the injured

Figure 1. Normal US appearance of the periosteum in a 24-year-
old man. On a longitudinal sonogram, the periosteum (arrows)
appears as a hypoechoic band overlying the anterior cortex of the
tibia. It is thinner and less well shown by US than in children (see
Figure 2). T indicates tibia.

Figure 2. Normal US appearance of the periosteum in a 5-year-old
boy. A longitudinal sonogram (A) of the distal tibia depicts the peri-
osteum (arrows), which appears as a thick hypoechoic band over-
lying the anterior cortex of the tibia. Note how the periosteum is
contiguous with the perichondrium (arrowhead) at the physeal
level, overlying the growth cartilage (asterisks). On a longitudinal
Doppler image (B), a nutrient artery of the distal femur perforates
the periosteum and enters the bone cortex. F indicates femur;
and T, tibia.
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bones and allows for fast healing but may result in a
missed diagnosis of a nondisplaced fracture on plain
radiography. Ultrasound is helpful when radiographs
are unremarkable, but a history of a recent trauma
and local pain raise the suspicion of a fracture, such as
a toddler6 or nondisplaced Salter-Harris fracture.7–9

The periosteal reaction consists of a subperiosteal
hemorrhage that results from traumatic detachment
of the periosteum and related injury to nutrient ves-
sels. Ultrasound findings of pediatric fractures
(Figure 3) include the following: (1) soft tissue

swelling and hyperemia reflecting local inflammation;
(2) hypoechoic thickening of the periosteum/physeal
perichondral ring, which is crescent shaped on axial
images and suggestive of subperiosteal hematoma;
and (3) cortical bone interruption. Additional find-
ings of Salter-Harris fractures (Figure 4) are physeal
widening and bone fragmentation at the physis.10–13

A comparison with the healthy contralateral side
often helps to distinguish the normal periosteum and
growth cartilage from injured ones.

Pediatric Bone Infections
The periosteum plays a central role in the pathogenesis
of acute osteomyelitis. The subperiosteal space and
periosteum are affected as a result of microorganism
spread from the medullary cavity through the cortical
bone canals, such as the Haversian and Volkmann
canals.14,15 Some authors also referred to the osteoper-
iosteal area as one main focus of infection and adopted
the term “acute osteoperiostitis.”16 Osteomyelitis can
cause a localized periosteal reaction anywhere but pri-
marily in long bones, which are commonly affected in
children.1 The clinical presentation includes local pain,
skin redness, weakness, and fever. Ultrasound is able to
identify periosteal changes associated with osteomyeli-
tis even several days before any apparent finding on
plain radiography.17 The US examination of the
affected bone must be circumferential and comparative.

Figure 3. Hairline fracture of the femur in a 7-year-old boy. On an
anteroposterior radiograph (A), a fracture line (arrows) is barely vis-
ible in the left femur. On a sonogram (B), a subperiosteal hema-
toma (arrows) and the fracture line (arrowhead) are shown. F
indicates femur; and Q, quadriceps muscle.

Figure 4. Type 1 Salter-Harris fracture of the fibula in an 8-year-old boy. An anteroposterior radiograph (A) shows a nondisplaced type
1 Salter-Harris fracture of the distal fibula associated with small bone avulsion fragments (arrowheads) and swelling of the adjacent soft tis-
sues (asterisk). The corresponding sonogram (B) shows widening of the growth cartilage (arrows), a subperiosteal hematoma (arrow-
heads), and soft tissue local edema (asterisk). The normal appearance of the periosteum and growth cartilage is shown on the contralateral
side (C).
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Ultrasound findings of acute osteomyelitis (Figures 5
and 6) are as follows: (1) hyperechoic edematous infil-
tration of soft tissues, which is the earliest sign but is
nonspecific; (2) thickening and elevation of the perios-
teum by a thin layer (<3 mm) of hypoechoic subper-
iosteal fluid, which represents an early subperiosteal
collection; (3) a larger fusiform subperiosteal collec-
tion, which is suggestive of a subperiosteal abscess and
shows variable echogenicity based on the pus consis-
tency; and (4) hyperemia within and around the peri-
osteum and in the surrounding soft tissues on Doppler
imaging. Early detection of the subperiosteal collection
is crucial because US-guided aspiration or surgical
drainage has to be considered in such cases.18–21 Later,
US can further depict the following: (5) subtle

permeative changes of the cortical bone, which is intact
but less reflective than the healthy cortex; and (6) a
soft tissue abscess that appears as a hypoechoic or
anechoic fluid collection and may extend around the
bone surface. Intra-articular effusion and synovial thick-
ening of the adjacent joint can be identified in cases of
concomitant septic arthritis. In chronic osteomyelitis,
US may reveal cortical defects, fistulas, and
sequestrations.22

Pediatric Bone Tumors
The main role of US in the diagnosis of bone tumors
is for the guidance of percutaneous needle biopsies.23

Pediatric bone tumors are discussed here because
aggressive tumors can mimic certain bone disorders,
such as acute osteomyelitis. Aggressive malignant or
benign bone tumors become accessible to US assess-
ments after they penetrate the cortex and produce a
periosteal reaction or an extraosseous mass.24 Most
malignant bone tumors diagnosed in children and
young adults are osteosarcoma and Ewing sarcoma.
Leukemia and lymphoma as well as subperiosteal
osteoid osteoma can also produce extensive periosteal
reactions in children and young adults.1 The clinical
presentation of bone tumors is often subtle, and pain
is the most common symptom in early stages. On US
imaging (Figures 7 and 8), (1) the periosteal reaction

Figure 5. Acute osteomyelitis of the tibia in an infant. A longitudi-
nal sonogram obtained over the tibia shows an abscess (asterisks)
located below the periosteum (arrows). T indicates tibia.

Figure 6. Acute osteomyelitis of the tibia in an infant. A longitudi-
nal power Doppler image obtained over the tibia shows a subper-
iosteal abscess (asterisk) and hypervascular changes of the
periosteum (arrows). T indicates tibia. Courtesy of Nathalie Boutry
MD PhD Department of Paediatric Imaging, Hospital Jeanne de
Flandre, CHU Lille, France.

Figure 7. Ewing sarcoma of the clavicle. A plain radiograph (A)
shows irregular periosteal apposition (arrowheads). The corre-
sponding sonogram (B) depicts cortical bone irregularities (arrow-
heads) and a spiculated periosteal reaction (arrows) with a
sunburst appearance. C indicates clavicle.
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can be either nonossified, and it appears as a thin
hyperechoic raised line, or mineralized, and it appears
as a smooth continuation of the cortex; and (2) peri-
osteal hyperemia may be seen on Doppler imaging.
Additional findings of aggressive bone tumors are as
follows: (3) discontinuity or irregularity of the cortex,
reflecting cortical erosion and destruction; (4) an
extraosseous tumor component, which shows a vari-
able appearance based on the degree of ossification
and necrosis; and (5) displacement or encasement of
an adjacent neurovascular bundle. Additionally, if a
pathologic fracture occurs, it may be identified as a
focal interruption and a step in the hyperechoic
cortex.24

Disorders of the Periosteum in Adults

Adult Trauma and Overuse
Nondisplaced, radiographically undetected acute frac-
tures show a periosteal reaction and can be assessed
with US. The US examination must always be focused
on the clinical findings: ie, over the most painful area.
During the US examination, pain is typically elicited
with sonopalpation over the suspected site of injury.
Early US findings (Figures 9 and 10) are as follows:
(1) soft tissue swelling, reflecting local edema;
(2) periosteal hypoechoic thickening; (3) periosteal
hyperemia on Doppler imaging; and (4) an interrup-
tion of the bone surface.25,26 In cases of trabecular
fractures (Figure 11), periosteal hypoechoic thicken-
ing but no discontinuity of the bone can be seen. In

Figure 8. Osteoid osteoma of the third cuneiform in a 21-year-old man with tarsal pain during sport activities and at night. Plain foot radiog-
raphy (not shown) was unremarkable. An axial sonogram (A) shows periosteal thickening (arrowheads) overlying the slightly irregular cortex
of the third cuneiform. On a sagittal color Doppler image (B), hyperemia of the periosteum (arrowheads) is shown. Computed tomography
(C) depicts an osteoid osteoma with a calcified nidus (arrow) of the third cuneiform. The osteoid osteoma was proven at surgery. CN3 indi-
cates third cuneiform.

Figure 9. Thumb radial sesamoid fracture in a 52-year-old man
with a previous fall. Plain radiography (not shown) was unremark-
able. An axial sonogram (A) of the injured thumb shows periosteal
thickening (black arrowhead) of the radial sesamoid bone and a
fracture (white arrow) that splits the sesamoid bone in two frag-
ments (asterisks). The normal sesamoid (Ses) of the contralateral
thumb is shown for comparison, and the healthy periosteum (white
arrowhead) is very thin and overlies the cortex (B). Black arrows
indicate the flexor pollicis longus tendon.
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subacute and chronic stages, US depicts bone callus
formation and may reveal a fracture nonunion by
showing active and passive motion of the bone frag-
ments at the fracture site under dynamic assessment.2

Stress fractures are secondary to repeated overuse
and overload. They can be classified as fatigue frac-
tures, which result from excessive stress on healthy
bones and are encountered in both recreational and
professional athletes; and insufficiency fractures,
which result from normal stress on abnormally weak
bones due to systemic disorders, such as osteoporosis
and rheumatoid arthritis. Stress fractures are more
common in the lower extremities than in the upper
extremities, and they mostly involve the tibia, tarsals,
metatarsals, and femur.27 The clinical presentation
may include a recent history of increased intensity
and duration of physical activity and local pain that is

Figure 10. Humeral greater tuberosity fracture in a 47-year-old
man with a previous fall. Plain radiography (not shown) was unre-
markable. A coronal oblique sonogram obtained over the lateral
aspect of the proximal humerus shows a focal interruption (arrow)
in the bone cortex that is consistent with a nondisplaced fracture.
Note local thickening of the periosteum (arrowheads).

Figure 11. Trabecular fracture of the fibula. Coronal oblique grayscale (A) and axial color Doppler (B) sonograms show periosteal thicken-
ing (arrows) and adjacent soft tissue edema (asterisks). Periosteal hyperemia (arrowhead) is shown on Doppler imaging. No cortical inter-
ruption is shown. On coronal oblique T1-weighted (C) and fat-suppressed proton density-weighted (D) MR images, a trabecular fracture
line (arrowheads) associated with bone marrow edema and periosteal reaction (arrows) are depicted. F indicates fibula.

Figure 12. Tibial stress fracture in a 28-year-old runner. On longitudinal (A) and axial (B) sonograms, the periosteum is thick (white arrow-
heads) and shows focal calcifications (black arrowheads). Note focal irregularity of the bone cortex and hyperechoic edema of the deep
soft tissues (white arrows). Axial T1-weighted (C) and T2-weighted (D) MR images confirm these findings and also show bone marrow
edema (asterisks) and a fracture line (black arrow).
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exacerbated by exercise and diminished by rest. Early
US findings (Figures 11–15) at the site of fracture
include the following: (1) hyperechoic soft tissue
swelling that reflects edema; (2) hypoechoic perios-
teal thickening that overlies the hyperechoic bone
cortex; (3) posterior shadowing related to periosteal
thickening, which is only seen in small bones such as
the metatarsals; and (4) an increased periosteal
Doppler signal, reflecting local hyperemia. Late US
findings (Figure 16) are irregularity or discontinuity
of the bone cortex and calcified bone callus
formation.28–33

Medial Tibial Stress Syndrome
Medial tibial stress syndrome, also known as shin
splints, is a common cause of exercise-induced pain
along the middle to distal posteromedial aspect of the
tibia and has an unclear origin.34 It was originally
related to an inflammatory periostitis due to excessive
traction by the tibialis posterior and soleus muscles.
More recent studies have hypothesized that local
overload results in microdamage within the bone that
normally leads to bony adaptation processes but, over
a certain threshold, cannot be repaired.35 Ultrasound
features of medial tibial stress syndrome (Figure 17)
include the following: (1) hyperechoic soft tissue
swelling; (2) periosteal hypoechoic thickening on the
posteromedial aspect of the tibia; and (3) permeative
changes of the cortical bone, which is less reflective
than the healthy cortex, probably because of cortical
reabsorption. These findings are, however, nonspeci-
fic, and some authors have reported that they can also
be found in athletes with no medial tibial stress
syndrome.36

Seronegative Spondyloarthropathies
A periosteal reaction develops in seronegative spon-
dyloarthropathies, such as psoriatic arthritis and reac-
tive arthritis. In particular, bone proliferation is a key
feature of psoriatic arthritis, and inflammatory perios-
titis may occur along the phalangeal shafts.1 Cutane-
ous psoriasis often precedes arthritis, which mainly
involves large joints, such as the sacroiliac joints, and
the toes and fingers with distal predominance. In the
fingers, extrasynovial US findings of psoriatic arthritis
(Figure 18) include the following: (1) soft tissue
thickening, either diffuse or localized, and hyperemia
on Doppler imaging; (2) a juxta-articular periosteal

Figure 13. Calcaneal insufficiency fracture in an 82-year-old woman. Grayscale (A) and color Doppler (B) axial sonograms show periosteal
thickening (arrowheads), cortical irregularities, and edema of the adjacent soft tissues. Periosteal and soft tissue hyperemia is shown on
Doppler imaging. A contrast-enhanced T1-weighted MR image (C) confirms these findings and shows bone marrow edema (asterisk) and a
vertical fracture line (arrow).

Figure 14. Third metatarsal stress fracture in a 25-year-old runner.
Grayscale (A) and color Doppler (B) longitudinal sonograms show
focal thickening of the periosteum (black arrowheads). Periosteal
hyperemia (open arrowheads) is shown on Doppler imaging. Note
the normal periosteum more proximally (white arrowhead). The
bone cortex is normal. The adjacent soft tissues are hyperechoic
because of edema (white arrows).
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reaction, which appears as a thin hyperechoic raised
line; (3) fine bone spicules at the capsule attachment
site; and (4) enthesopathy of the deep flexor tendon
at the base of the distal phalanx, which appears as
hypoechogenicity of the distal tendon and cortical
haziness reflecting bone remodeling. Additionally,
synovitis, joint erosion, and tenosynovitis are com-
mon US findings.37–39

Adult Bone Tumors
Bone tumors frequently found in adults and the
elderly include chondrosarcoma, myeloma, and

metastases. They may produce a periosteal reaction
or an extraosseous mass and resemble the US appear-
ance of pediatric bone tumors. However, the role of
US in the diagnosis of adult bone tumors is limited to
the guidance of percutaneous needle biopsies.24

Conclusions

A periosteal reaction can be associated with a vari-
ety of underlying bone disorders. Although US has
limited value in assessing bones, it may depict a
periosteal reaction as hypoechoic thickening and
hyperemia of the periosteum earlier than plain radi-
ography. Detection of a periosteal reaction with
US, associated with a normal appearance of other
musculoskeletal structures, directs the attention to
a possible bone disorder. Nevertheless, as US find-
ings are often nonspecific, correlation with clinical
and laboratory data is necessary. We suggest that a
careful US assessment of the periosteum must be a
part of every US examination of the extremities.
The US detection of a periosteal reaction must

Figure 15. Tibial subchondral insufficiency fracture in a 77-year-old
woman. Color Doppler coronal (A) and axial (B) sonograms show
periosteal thickening (arrowheads) and hyperemia. The cortex is
normal. A sagittal contrast-enhanced T1-weighted MR image (C)
depicts a hypointense subchondral line suggestive of subchondral
insufficiency fracture (arrow) and bone marrow edema (asterisk).

Figure 16. Untreated third metatarsal stress fracture in a 28-year-
old avid runner. Grayscale (A) and color Doppler (B) longitudinal
sonograms show well-evident thickening of the periosteum (black
arrowheads) associated with local callus formation (black arrow)
and adjacent soft tissue edema (white arrow). Hypervascular
changes of the periosteum, adjacent soft tissues, and bone cortex
(white arrowheads) are shown on Doppler imaging.
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induce the sonologist to use a second-line imaging
modality, such as computed tomography or MR
imaging, when an infection or a tumor is suspected
on the basis of both US findings and the clinical
presentation.
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