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The chest wall—with the exception of the parietal pleura 
behind the ribs—is well accessed by sonography because 
of its position immediately next to the ultrasound trans-
ducer (Sakai et al. 1990). Any suspicious findings on pal-
pation of the chest (whether inflammatory or neoplastic) 
may be an indication for chest sonography. Quite often 
the subsequent procedure consists of sonographic control 
investigations and sonography-guided aspiration. Chest 
trauma is an excellent indication for sonography of the 
chest wall. Fractures of the rib and the sternum can be 
diagnosed with great accuracy. Concomitant conditions 
such as local hematoma, pleural effusion or pneumotho-
rax can also be identified by sonography (Mathis 1997).

Indications for sonography of the chest wall:

•	 Pain
•	 Ambiguous findings on palpation
•	 Ambiguous X-ray findings
•	 Chest trauma
•	 Tumor staging
•	 Intervention
•	 Follow-up

Pathological sonography findings in the chest 
wall:

1.	 Soft tissue
(a)	 Accumulation of fluid

•	 Hematoma
•	 Seroma
•	 Lymphatic cyst
•	 Abscess

(b)	 Tumors
•	 Lipoma
•	 Fibroma
•	 Sarcoma
•	 Metastases
•	 Invasion by carcinoma

(c)	 Lymph nodes
•	 Inflammatory lymph nodes
•	 Malignant lymphoma
•	 Lymph node metastases

2.	 Bone
(a)	 Fractures

•	 Ribs
•	 Sternum
•	 Clavicle
•	 Scapula

(b)	 Osteolysis—metastases
•	 Bronchial carcinoma

•	 Breast carcinoma
•	 Prostate carcinoma
•	 Multiple myeloma
•	 Others

2.1	 Soft Tissue

2.1.1	 Accumulation of Fluid

2.1.1.1	 Hematoma

Depending on the erythrocyte content and the degree 
of organization—hence also depending on the age of 
the lesion—hematomas may be accompanied by various 
echo patterns. They are usually anechoic or hypoechoic 
(Fig. 2.1). Occasionally one finds fine, hazy central 
echoes. In rare cases there may be intermediate forms or 
denser echoes in the central region. Organized hemato-
mas may have very inhomogeneous echoes.

2.1.1.2	 Seroma, Lymphatic Cyst

Postoperative seromas are largely anechoic, round or bi-
zarre in shape and have no capsule. Lymphatic cysts are 
similar in terms of structure, usually round or oval. The 
occluded lymphatic vessel can be visualized (Fig. 2.2).

2.1.1.3	 Abscess

The cellular and protein content of the cavity of an abscess 
may result in different central structures. The content of 

Fig. 2.1  A subcutaneous hematoma after blunt trauma (H). At this 
site the hematoma is largely anechoic. Pleural fluid (E) behind the 
chest wall—hemothorax

.
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abscesses may be similar to that of hematomas. Differen-
tiation may be difficult because intermediate stages such 
as infected hematomas may be present. Capsular forma-
tions of different degrees are an important distinction 
criterion for abscesses. Floating internal structures may 
be present (Fig. 2.3).

2.1.2	 Tumors

2.1.2.1	 Lipoma, Fibroma

The echogenicity of lipomas and fibromas depends on 
their cellular fat content, their connective tissue content, 
and impedance differences in interstitial tissue. The so-
nographic texture may vary from hypoechoic to relatively 
echodense forms and the lesions may be poorly demar-

Fig. 2.3  A painful swelling in the region of the right axilla is indica-
tive of a sweat gland abscess. a Sonography reveals a largely anechoic 
space-occupying lesion measuring 3 cm×1.5 cm in size. The mod-

. erately echogenic margin is indicative of a starting capsular forma-
tion. b Sonography-guided aspiration yields pus. The residual fluid is 
absorbed

Fig. 2.2  Painful postoperative swelling in the lateral region of the neck on the left side. a Sonography reveals an echo-free, chambered 
space-occupying lesion measuring 10 cm×4 3 cm in size. b An occluded lymph tract (arrows)
.

Fig.  2.4  Fibrolipoma in the parietal pleura. The reason for referring 
the patient was a suspected peripheral lung carcinoma on the chest 
X-ray. On the basis of the sonographic investigation, the tumor was at-
tributed to pleural gliding of the chest wall and could be demarcated 
from the lung. The diagnosis was confirmed by sonography-guided 
biopsy. There has been no change in size for 10 years

.

  

213
2.1  •  Soft Tissue



cated from the surrounding tissue. A capsule may be 
present (Fig. 2.4).

2.1.2.2	 Sarcomas, Soft-Tissue Metastases

Invasive growth is one of the main criteria of a malignant 
space-occupying lesion. The texture is usually hypoechoic 
and may be combined with inhomogeneous hyperechoic 
portions. Color-Doppler sonography may be useful for 
the assessment of hypoechoic structures suspected of 
malignancy. The type of vascularization and the course 
of the vessels may help to confirm a suspected malignant 
lesion (Fig. 2.5).

Knowledge of the vascularization pattern is also very 
useful when performing sonography-guided aspiration. 
At this favorable location close to the transducer, so-
nography-guided aspiration is a most useful method to 
obtain histological material and finally to confirm the 
diagnosis.

2.1.3	 Lymph Nodes

Subcutaneous palpable swellings are usually caused by 
lymph nodes. The sonomorphology of lymph nodes is 
indicative of their origin and allows cautious assessment 
of the benign or malignant nature of the lesion when 
viewed in conjunction with the clinical condition. High-
frequency probes yield a differentiated B-mode image. 
The vascularization pattern on color-Doppler sonogra-
phy images provides further information about the type 
of lymph node (Bruneton et al. 1986; Hergan et al. 1994). 
The possibilities of assessing the benign or malignant 

nature of a lesion have been definitely improved by bet-
ter resolution of the B-mode image as well as the use of 
various Doppler procedures to assess the pattern of vas-
cularization (Chang et al. 1994; Tschammler et al. 1998; 
Table 2.1).

However, the benign or malignant nature of a lesion 
should be established with caution on the basis of so-
nomorphological criteria alone; the final assessment can 
only be made by histological confirmation of the diagno-
sis after aspiration or on the basis of disease progression. 
Changes in sonomorphology are of great significance in 
clinical practice. Thus, sonography controls may be used 
to confirm the diagnosis in cases of inflammatory disease 
and to document the success of therapy in cases of malig-
nant lymph nodes.

2.1.3.1	 Inflammatory Lymph Nodes

Inflammatory lymph nodes seldom exceed 20 mm in size. 
Usually they have smooth margins, are oval, triangular 
or longitudinal in shape (Fig. 2.6). In cases of lymphad-
enitis, lymph nodes are typically arranged in a pearl-like 
fashion along the lymph node sites. In keeping with the 
anatomy, one frequently finds a more or less marked 
echogenic central zone which is termed a hilar fat sign, 
representing fat and connective tissue in the center of 
the lymph node. This sign is seen particularly during the 
healing phase of inflammatory processes (Fig. 2.7). The 
zone that is sharply demarcated from the surrounding 
tissue is hypoechoic. In this region one frequently finds 
vessels running a regular course on Doppler ultrasound 
images. The hilum of the lymph node with its arteries and 
veins is also visualized.

Fig. 2.5  a Muscle lymphoma. A 20-year-old man who experienced 
pain in the chest wall when exercising (bodybuilding). Clinical inves-
tigation showed hardening and swelling in the pectoral muscles on 
the right side. On sonography there was a hypoechoic transforma-
tion in the lateral portions of the pectoralis major muscle, which was 

. interpreted as hemorrhage on B-mode sonography. b. Evidence of a 
markedly vascularized lesion on color-Doppler sonography; atypical 
vessels (corkscrew, fluctuations in diameter, “high-velocity” signals) 
The surgical biopsy revealed a non-Hodgkin’s lymphoma in the pec-
toral muscle
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Table 2.1  Sonomorphology of lymph nodes

Inflammatory Malignant lymphoma Lymph node metastasis

Morphology Oval, longitudinal Round, oval Round

Margin Smooth Smooth Irregular

Demarcation Sharp Sharp Blurred

Growth Bead-like Expansive, displacing Invasive

Mobility Good Good, moderate Poor

Echogenicity Hypoechoic margin “signs 
of hilar fat”

Hypoechoic, cystic Inhomogeneous echoes

Vascularization Regular, central Irregular Corkscrew-like

.

Fig. 2.6  Reactive inflammatory lymph node in the presence of listeriosis. Hypoechoic margin, regular perfusion.

Fig. 2.7  Healing lymph node in the presence of tuberculosis. 
A narrow hypoechoic margin and a large echogenic center
.
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2.1.3.2	 Malignant Lymphoma

A homogeneous, hypoechoic lesion with sharp margins 
is characteristic of malignant lymphoma. Centrocytic 
and Hodgkin’s lymphomas are usually nearly anechoic in 
terms of structure and look like cysts in such cases. Ma-
lignant lymphomas may be round, tightly oval, or very 
rarely triangular in shape (Figs. 2.8, 2.9). The presence 
of vessels on both sides (sandwich) is also indicative of 
a malignant lymphoma. Malignant lymphomas may be 
strongly vascularized, but the vascularization may be ir-
regular in the margins.

!	
Acutely inflammatory lymph nodes look very similar to 
malignant lymphoma 

2.1.3.3	 Lymph Node Metastases

Lymph node metastases appear inhomogeneous on the 
ultrasound image. Moderately hyperechoic portions are 
often predominant. The demarcation to the surrounding 
tissue is usually blurred. Aggressive growth may be mani-

fested as invasion of muscles and vessels (Gritzmann et 
al. 1990; Fig. 2.10). The size of lymph nodes is an unreli-
able criterion. However, metastases are more often larger 
than the maximum size of 20 mm achieved by inflam-
matory lymph nodes. Morphology is an important cri-
terion. Metastatic lymph nodes tend to be round. One 
occasionally finds reactive lymph nodes in the vicinity of 
metastatic ones.

The vascularization pattern of lymph node metastases 
is typical: vessels are frequently located at the margin, ir-
regularly organized, run a chaotic course, flow in various 
directions, and tend to change their color (Tschammler 
et al. 2002).

Nonpalpable lymph nodes can also be visualized; 
therefore, sonography of the axilla is recommended for 
preoperative staging and monitoring the progress of 
breast carcinoma (Bruneton et al. 1984; Hergan et al. 
1996; Fig. 2.11).

Currently, sonography is routinely demanded for 
staging a bronchial carcinoma because it is markedly su-
perior to computed tomography in showing lymph node 
metastases in the supraclavicular groove (N3) and inva-
sion of the chest wall (Suzuki et al. 1993). Nonpalpable 
lymph nodes are frequently discovered by this procedure 
(Fultz et al. 2002; van Overhagen et al. 2004). The cervical 

Fig. 2.8  Hodgkin’s lymphoma. a At the time of diagnosis. b After three chemotherapy cycles. Reduced in size by more than 50%, then com-
plete remission
.
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lymph nodes must be searched for because their presence 
indicates stage M1 disease.

Lymph node metastases are good parameters to 
monitor therapy. If the patient responds to chemother-
apy or radiotherapy, reactive lymph nodes may persist 
(Fig. 2.12).

2.2	 The Bony Chest

2.2.1	 Fractures of the Ribs and the Sternum

Radiological diagnosis of the chest may prove difficult; 
nondislocated fractures are frequently not seen. Lesions 
in the ribs and the sternum can be visualized well by so-

nography (Fenkl et al. 1992; Dubs-Kunz 1992; Bitschnau 
et al. 1997; Table 2.2). The fracture gap, dislocation and 
bone fragments are directly visualized. Soft-tissue he-
matoma, fluid in the pleura and lung contusions are also 
seen (Wüstner et al. 2005). 

The following procedure proved its worth in clinical 
practice: The patient points to the site of maximum pain. 
This area is investigated. Quite often a fracture can be di-
agnosed immediately at this site

If the fracture gap is larger than the lateral resolution 
capacity of the ultrasound device, the gap is directly ac-
cessible to ultrasound diagnosis—which is usually the 
case. A nondislocated fracture can also be identified in-
directly by reverberation echoes—the so-called chimney 
phenomenon. These reverberation artifacts occur at the 

Fig 2.11  Nonpalpable axillary lymph node metastasis measuring 
7 mm in size, in the presence of breast carcinoma
.

Fig. 2.10  Lymph node metastasis of an epidermoid lung carci-
noma. Invasive growth into the vicinity. On palpation the mobility of 
the lesion was markedly reduced. The affected lymph node itself is 
characterized by inhomogeneous echoes, is onion-shaped in terms of 
structure, and invades its surroundings.

.Fig. 2.9  B-cell chronic lymphocytic leukemia : hypoechoic lymph 
node with minimal hilar signs; strong and somewhat irregular vascu-
larization

.

  

217
2.2  •  The Bony Chest



margins of the fracture fragments and extend vertically 
in depth. In the absence of dislocation, the chimney phe-
nomenon can be triggered by gentle pressure on the site 
of pain. Fractures in the rib and the sternum are charac-
terized by the same sonomorphology. The criteria are di-
rect evidence of a cortical gap or a cortical step (Fig. 2.13), 
and are indirect evidence of a local hematoma, a chim-
ney phenomenon or an accompanying pleural effusion 
(Fig. 2.14).

Knowledge of the anatomy and anatomical variants 
is the most important requirement for assessment of the 
sternum. Thus, the usually discreet interruption of cor-
tical bone in the region of synchondrosis between the 
corpus and the manubrium of the sternum should not be 
mistaken for a fracture. Besides, various possibilities of 

incorrect fusion of bones, which may occur in rare cases, 
should be taken into account (Fig. 2.15). 

When monitoring the progression of disease one first 
finds a local hematoma as a hypoechoic/anechoic margin 
in the region of the fracture gap. Subsequent callus forma-
tion is marked by initial organization of the structure and 
thickening. The starting calcification causes fine acoustic 
shadows and may extend to complete ossification. Once 
ossification has occurred, one may find just a protru-
sion of the continuous, marked cortical reflex (Fig. 2.16). 
Healing disorders also can be easily identified by the ab-
sence of continuous ossification. Thickening starts from 
the third or fourth week after trauma. Complete restitu-
tion is usually achieved after a few months (Friedrich and 
Volkenstein 1994; Riebel and Nasir 1995).

Several studies have confirmed that chest sonogra-
phy is a useful procedure in traumatology (Leitgeb et al. 
1990; Mariacher Gehler and Michel 1994). As an adjunct 
to conventional X-rays, sonography provides significant 
additional information (Griffith et al. 1999). In a nonse-
lected patient population with suspected rib fractures, 
sonography demonstrated twice as many fractures as did 
chest X-rays, including a targeted X-ray (Bitschnau et al. 
1997). Sonography was particularly useful to assess the 
ventral region. In cases of rib fractures in conjunction 
with a fracture of the clavicle, however, conventional X-
rays were superior.

For the patient it is very important to establish 
whether he/she has a chest contusion or a fracture be-
cause the two conditions have different consequences for 
his/her ability to work. In cases of severe chest trauma, 
the extent of an accompanying pleural effusion or hema-

Fig. 2.12  a Cervical lymph node metastasis of a large-cell carcinoma of the lung. b After two cycles of chemotherapy this lymph node me-
tastasis had resolved and now looks like a reactive lymph node
.

Table 2.2  Sonography criteria for fractures of the ribs and 

the sternum

Direct signs Concomitant indirect 
signs

At the site of pain Hematoma

Cortical gap Reverberation echoes/
“chimney phenomenon”

Step in cortical bone Pleural effusion

Dislocation Pneumothorax

Lung contusion lesions

.
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Fig. 2.15  Right: Fracture of the sternum after a rear-end collision (+ 
- +). Left: the uneven surface at the synchondrosis of the manubrium
.

Fig. 2.13  Rib fracture with a step of 1.5 mm. This fracture could not 
be seen on X-rays. No accompanying hematoma above the fracture 
site

. Fig. 2.14  Rib fracture with reverberation echoes, the “chimney 
phenomenon.” In the absence of dislocation this phenomenon can be 
provoked by gentle pressure on the site of pain

.

Fig. 2.16  Ten-week-old rib fracture. Recalcified uneven protrusion 
at the previous fracture site
.

toma or lung contusion (Figs. 2.17, 2.18) can be rapidly 
and accurately estimated by sonography. Thus, the use of 
sonography is very meaningful in the emergency setting 
(Walz and Muhr 1990; Wischofer et al. 1995; Wüstner et 
al. 2005).

2.2.2	 Osteolysis

Osteolyses are usually metastases and are characterized 
by an interrupted and destroyed cortical reflex with path-
ological echo transmission (Fig. 2.19). Osteolytic metas-
tases are usually seen as well-demarcated round or oval 
space-occupying lesions with a partly hypoechoic and 
a partly rough echo structure. Color-coded duplex so-
nography reveals corkscrew-like neoformation of vessels 
(Fig. 2.20). 

Sonography-guided aspiration is the procedure to be 
used if the clinician wishes to make a histological diagno-
sis of the osteolysis because osteolyses are located close to 
the transducer head—in a very favorable location for so-
nographic diagnosis. During ongoing therapy, osteolyses 
may serve as monitoring parameters for the bony chest in 
the presence of diseases such as multiple myeloma (Figs. 
2.21), small-cell bronchial carcinoma (Fig. 2.22), prostate 
carcinoma or breast carcinoma. Any increase or decrease 
in size and any change in the sonomorphological internal 
structure can be compared and documented. Recalcifica-
tion under therapy is seen earlier than it is on X-rays.

A peripheral bronchial carcinoma invading the chest 
wall (Pancoast’s tumor) is better assessed by sonogra-
phy than by computed tomography; the same is true for 
invasion of the subclavian vessels (Szuzuki et al. 1993; 
Fig. 2.23).
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Fig. 2.18  Emphysema of the skin. Numerous subcutaneous air re-
flections greatly impair the image in terms of depth. The chest wall is 
not seen

.Fig. 2.17  Lung contusion: plate formed supleural lung consolida-
tion
.

Fig. 2.19  a Cross section of an osteolytic rib metastasis in the pres-
ence of a pleuropulmonary adenocarcinoma. b Longitudinal section 
of the metastasis. The rib is raised, the cortical reflex largely destroyed, 

. the echotexture of the metastasis is inhomogeneous. The pathologi-
cal echo transmission also allows the pleura to be visualized

Fig. 2.20  A highly malignant non-Hodgkin’s lymphoma invading 
the ribs, with pathological neoformation of vessels on color-Doppler 
sonography. The diagnosis was established by sonography-guided 
aspiration

.
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Fig. 2.21  Multiple myeloma with typically strong vascularization. 
The diagnosis was established by sonography-guided biopsy
. Fig. 2.22  Lung carcinoma growing into the upper aperture of the 

thorax. ACC a. carotis communis
.

Fig. 2.23  a Epidermoid carcinoma at the right apex of the lung, in dorsal location, invading the chest wall. b Irregular vascularization pat-
tern—vascular inferno
.

2.3	 Summary

Visualization of lymph nodes and cautious assessment 
of the malignant or benign nature of a lesion is an im-
portant indication for sonography of the chest wall. All 
ambiguous lesions in the chest wall are well accessible to 
sonography-guided aspiration for histological confirma-
tion of the diagnosis, if such confirmation is required for 
therapy. The risk of aspiration is very low owing to the 
favorable location of the lesions. Once malignancy has 
been proven, the progression of chest wall lesions under 
therapy can be monitored. 

Fractures of the ribs as well as the sternum can be 
visualized well by sonography. Fracture diagnosis by 
sonography is not only much more sensitive than with 
conventional X-rays but also allows accompanying soft-
tissue lesions, hematomas and pleural effusions to be de-
tected rapidly and reliably.
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