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Abstract
Positron emission tomography (PET) using 2-deoxy-2-[18F]fluoro-d-glucose  ([18F]FDG) is widely used in oncology and other 
fields. In  [18F]FDG PET images, increased muscle uptake is observed owing exercise load or muscle tension, in addition 
to malignant tumors and inflammation. Moreover, we occasionally observe non-pathological solitary or unilateral skeletal 
muscle uptake, which is difficult to explain the strict reason. In most cases, we can interpret them as not having pathological 
significance. However, it is important to recognize such muscle uptake patterns to avoid misdiagnoses with pathological 
ones. Therefore, the teaching point of this pictorial essay is to comprehend the patterns of solitary or asymmetrical skeletal 
muscle uptake seen in routine  [18F]FDG-PET scans. As an educational goal, you will be able to mention muscles where 
intense physiological  [18F]FDG uptake can be observed, differentiate between physiological muscle uptake and lesion, and 
discuss with any physicians or specialists about uncertain muscle uptake.

Keywords 2-Deoxy-2-[18F]fluoro-d-glucose  ([18F]FDG) · Skeletal muscle · Physiological uptake · Positron emission 
tomography/computed tomography (PET/CT)

Introduction

As a glucose analog tracer in positron emission tomogra-
phy (PET), 2-deoxy-2-[18F]fluoro-d-glucose  ([18F]FDG) has 
been widely used in patients with malignant tumors as well 
as inflammatory diseases, cardiology, and neurology. It is 
well known that muscle  [18F]FDG uptake increases after 
exercise or in a state of high serum insulin levels, including 
failure to fast [1–3]. In addition, we occasionally observed 
intense  [18F]FDG uptake in a single or a group of muscles in 
routine  [18F]FDG PET examinations, even though the patient 
did not have any history of recent exercise. We can easily 

interpret them as not of pathological significance, although 
it is usually difficult to explain the detailed mechanism of 
such mysterious uptake in most cases. They may be caused 
by muscle hypertonus, involuntary movement, or specific 
habits of the patient. In clinical practice, we certainly do not 
need to determine the exact reasons, because we can easily 
understand that it is a kind of physiological and meaning-
less uptake. Nevertheless, it is important to recognize such 
increased uptake patterns in muscles to avoid misdiagnosis 
of actual pathological lesions. For instance, intense muscle 
uptake that appears after chemotherapy has a fear of misdi-
agnosis as a recurrent lesion, especially by physicians who 
are not familiar with  [18F]FDG PET. In this pictorial essay, 
such intense muscle uptake patterns observed on  [18F] FDG-
PET are shown as maximum intensity projection or fused 
PET/CT images.

Head and neck

When dealing with the head and neck region in  [18F]FDG-
PET interpretation, the physiological uptake of the organs in 
this area should be noted [4, 5]. In addition, vascular inflam-
mation and dental metal artifacts visualized on PET/CT 
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images may interrupt precise evaluation [6, 7]. It should also 
be noted that non-pathological muscle uptake is frequently 
visualized after surgery for head and neck cancer [8]. The 
extraocular muscles are usually visualized as intense uptake. 
Moreover, patients who chew gum should also be consid-
ered [1]. Figure 1 illustrates a schema of the muscles in the 
head and neck region where physiological accumulation is 
frequently observed. We introduced the sternocleidomas-
toid muscle (Fig. 2), longus capitis and longus colli mus-
cles (Fig. 3), scalene muscle (Fig. 4), suprahyoid muscles 
(Fig.  5), mastication muscles (Fig.  6), obliquus capitis 

inferior muscle (Fig. 7), and semispinalis capitis muscle and 
semispinalis cervicis muscle (Fig. 8).

Chest and upper arm

In the thoracic region, respiratory muscles should be con-
sidered [1, 3, 9]. The respiratory muscles include the dia-
phragm and intercostal muscles. During labored breathing, 
the sternocleidomastoid and scalene are also used for inspi-
ration, and the abdominal muscles are used for expiration. 
In addition, the site of  [18F]FDG injection [10, 11] or recent 

Fig. 1  Muscles’ schemas in the head and neck area

Fig. 2  Sternocleidomastoid muscle. The sternocleidomastoid is one 
of the most frequently visualized muscles on  [18F]FDG PET. How-
ever, unilateral isolated ones may be occasionally hard to interpret 
for beginners (a, arrow). There are two branches in the sternocleido-
mastoid muscles, which originate from the sternum and the clavicle. 

The sternal branch is more commonly visualized but is rare for the 
clavicular branch (b, arrows) without uptake in the sternal branch (b, 
arrowheads). The longus capitis and longus colli muscles (c, arrow-
heads) are often observed together with the sternocleidomastoid mus-
cle (c, arrows)
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Fig. 3  Longus capitis mus-
cle and longus colli muscle. 
Although longus capitis muscle 
(arrows) and longus colli 
muscle (arrowheads) tend to be 
visualized simultaneously, there 
are both cases of longus capitis 
dominant pattern (a) and longus 
colli dominant pattern (b), and 
the uneven lateral distribution 
can be observed

Fig. 4  Scalene muscle. Both bilateral (a) and unilateral (b) uptake in 
scalene muscle is frequently observed when weak uptake is included. 
While the scalene muscle is divided into anterior, middle, and pos-
terior parts, the frequency of visualization in the anterior scalene 
muscle (arrows) is high and followed by middle and posterior scalene 
muscles (arrowheads). We need to differentiate them with brown fat 

and  [18F]FDG-avid lymph node, and the key is whether it is along the 
direction of the muscle. The scalene muscle is included in the group 
of the respiratory muscles, and the visualization of the other respira-
tory muscles or the history of respiratory impairment may be helpful 
for the evaluation

Fig. 5  Suprahyoid muscles. 
The suprahyoid muscles are 
located on the head side of the 
hyoid bone. Increased  [18F]
FDG uptake is often observed 
in the posterior belly of the 
digastric muscle (a, arrows) 
and the stylohyoid muscle (b, 
arrowheads); both belong to the 
suprahyoid muscle. These mus-
cles are occasionally visualized 
as nodular in shape and may be 
misdiagnosed as a lymph-node 
uptake at the upper internal 
jugular area
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Fig. 6  Muscles of mastication. Increased  [18F]FDG uptake in mas-
ticatory muscles, consisting of the masseter (M), temporalis (T), 
medial pterygoid (MP), and lateral pterygoid (LP), is well known to 
be observed when chewing gum, but there are also various causes 
such as involuntary movements and bruxism. A few masticatory 

muscles are often depicted at the same time, and rarely are they seen 
alone. They are usually visualized as asymmetrical. A case with 
increased  [18F]FDG uptake at the right temporalis, left masseter, and 
left medial pterygoid (a), and a case with uptake at the right lateral 
pterygoid and right masseter (b) are shown

Fig. 7  Obliquus capitis inferior muscle. We can frequently find faint 
 [18F]FDG uptake when closely observed, but occasionally experience 
surprisingly strong uptake in the obliquus capitis inferior muscle. It 
may be misdiagnosed as a metastatic lesion if it is visualized unilater-

ally. Therefore, it would be important to understand the pattern of this 
muscle. Three cases with unilateral uptake (a, b) and bilateral uptake 
(c) of the obliquus capitis inferior muscle (arrows) are shown

Fig. 8  Semispinalis capitis mus-
cle and semispinalis cervicis 
muscle. Although strong  [18F]
FDG uptake is occasionally 
observed, there is usually no 
specific problem in differentiat-
ing from pathological accu-
mulation. Cases of increased 
uptake in semispinalis capitis 
muscle (a, arrows) and semispi-
nalis cervicis muscle (b, arrows) 
are shown
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vaccination history [12] should be considered when evaluat-
ing the upper extremities. Vascular inflammation and metal 
artifacts from cardiac implantable devices also interrupt 
evaluation in the chest area [6, 7]. We should attempt to 
obtain information on the habit of muscle training or pos-
ture during the waiting time after  [18F]FDG injection. In 
addition, muscle uptake should be carefully distinguished 
from benign lesions that mimic muscles, such as elastofi-
broma dorsi [13]. Figure 9 illustrates a schema of muscles 

in the chest and upper arm regions where physiological 
accumulation is frequently observed. We illustrated the 
pectoralis major muscle (Fig. 10), pectoralis minor mus-
cle (Fig. 11), trapezius muscle (Fig. 12), levator scapulae 
muscle (Fig. 13), serratus anterior muscle (Fig. 14), deltoid 
muscle (Fig. 15), supraspinatus and infraspinatus muscles 
(Fig. 16), subscapularis muscle (Fig. 17), teres minor and 
teres major muscles (Fig. 18), and coracobrachialis and supi-
nator muscles (Fig. 19).

Fig. 9  Muscle schemas in the chest and upper arm area

Fig. 10  Pectoralis major muscle. The pectoralis major generally consists of a clavicular part (a, b, arrows) and a sternal part (c, arrows);  [18F]
FDG uptake can be observed in both or separately. When the clavicular part is depicted alone, it may be misinterpreted as vascular inflammation
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Abdomen, pelvis, and femur

Excessive walking increases  [18F]FDG uptake in the lower 
extremities [14]. However, we occasionally observed asym-
metrical or single muscle uptake, which makes it difficult to 
interpret the mechanism. Older individuals generally have a 
higher muscle glucose metabolism than younger individuals 

with the same movements [15]. Therefore, some specific 
muscles may be overloaded as skeletal motor function 
declines, which is likely to be a factor in the increased FDG 
uptake in a solitary muscle. Further research is required 
to elucidate the underlying mechanism. Figure 20 illus-
trates a schema of muscles in the abdomen, pelvis, and 
femur regions where physiological uptake is frequently 

Fig. 11  Pectoralis minor muscle. The pectoralis minor can be 
observed without visualization of the pectoralis major (a, b, arrows). 
Conversely, uptake in the other muscles is occasionally accompanied, 
and we can find the uptake in the supraspinatus muscle in case (a) 

and in scalene muscle in case (b). CT should also be evaluated care-
fully when a cardiac pacemaker is implanted, as it can be confused 
with postoperative inflammation or attenuation correction errors due 
to CT metal artifacts

Fig. 12  Trapezius muscle. The trapezius (a–c, arrows) is divided into 
upper, middle, and lower parts. The typical uptake pattern of the tra-
pezius seems to be observed by a strong uptake in the middle part 

with a weak uptake in the lower part. Visualization of the upper fibers 
seems rare, but it can be depicted with other neck muscles such as the 
longus capitis and longus colli (c)

Fig. 13  Levator scapulae muscle. The levator scapulae (a–c, arrows) can present with a long cephalocaudal uptake pattern. Occasionally, a 
nodular uptake pattern is visualized (c), which may be mistaken for lymph-node lesions or activation of brown fat
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observed. Among them, we illustrated the psoas major 
muscle (Fig. 21), iliacus muscle (Fig. 22), gluteus medius 
and gluteus maximus muscles (Fig. 23), quadratus femoris, 
pectineus, and obturator externus muscles (Fig. 24), sem-
itendinosus and gracilis muscles (Fig. 25), adductor longus 
and adductor brevis muscles (Fig. 26), quadriceps femoris 
muscles, tensor fasciae latae muscle, and sartorius muscle 
(Fig. 27), and transversospinales muscles and erector spinae 
muscles (Fig. 28).

Conclusion

Various specific patterns of solitary or asymmetrical skeletal 
muscle uptake can be observed on routine  [18F]FDG-PET 
scans. Therefore, we should avoid misunderstanding these 
uptakes as malignant tumors or inflammatory diseases by 
understanding the typical physiological patterns.

Fig. 14  Serratus anterior muscle. The serratus anterior muscle 
(a, b, arrows) can be divided into upper, middle, and lower parts. 
Increased uptake in the middle and lower parts observed after exer-
cise or in hyperglycemia (b) is easy to interpret, whereas high uptake 

in the upper fibers alone (a) may require differentiation from malig-
nant lesions. It is known that  [18F]FDG accumulates in elastofibroma 
dorsi, which should be distinguished from muscle uptake in the ser-
ratus anterior and subscapularis muscles

Fig. 15  Deltoid muscle. The deltoid (a–c, arrows) has three origins: 
the anterior originating at the outer 1/3 of the clavicle (c), the middle 
originating at the acromion (a), and the posterior originating at the 

spine of scapula (b). Increased uptake in the deltoid can be observed 
as limited in one of these areas
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Fig. 16  Supraspinatus muscle 
and infraspinatus muscle. The 
supraspinatus muscle (a, b, 
arrows) and the infraspinatus 
muscles (c, d, arrowheads) are 
frequently visualized as solitary 
or unilateral

Fig. 17  Subscapularis muscle. We can observe a triangle-shaped 
distribution of subscapularis muscle (a, b, arrows) when  [18F]FDG 
accumulates into the whole of the muscle. However, there are some 

cases where  [18F]FDG uptake is found only in the lower parts, and it 
appears to be on the lateral side when the upper extremity is elevated 
(c, arrows)

Fig. 18  Teres minor muscle and teres major muscle. The teres minor 
is one of the most frequently depicted muscles, and we can find both 
unilateral and bilateral cases (a, b, arrows). While it cannot be a prob-
lem in differentiating it from malignant lesions, we should carefully 

identify the uptake region to distinguish it from inflammation of the 
shoulder joint. The uptake of teres major can be observed alone, but 
this is rare compared to the teres minor (c, arrowheads)
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Fig. 19  Coracobrachialis muscle and supinator muscle. The coraco-
brachialis muscle can be visualized occasionally (a, b, arrows). How-
ever, untrained readers may misinterpret this linear image along the 
arm as retained  [18F]FDG in vein. The supinator is also frequently 

visualized in  [18F]FDG PET images (c, arrowheads). We can often 
observe other muscles in the arm in various forms, while it is not easy 
to simplify

Fig. 20  Muscle schemas in the abdomen, pelvis, and femur area



764 Japanese Journal of Radiology (2022) 40:755–767

1 3

Fig. 22  Iliacus muscle. Nodular 
uptake in the iliopsoas muscle 
can be found around the ventral 
side of the femoral head (a, 
arrows). In addition, the entire 
iliopsoas muscle is occasionally 
observed strongly under stress 
(b, arrows)

Fig. 23  Gluteus medius muscle 
and gluteus maximus muscle. 
The gluteus medius (a, b, 
arrows), where non-pathologi-
cally increased  [18F]FDG uptake 
is frequently observed among 
the gluteus, is composed of 
anterior, middle, and posterior 
parts. The anterior parts located 
in the lateral side are most often 
found to be with uptake. In con-
trast, the gluteus maximus mus-
cle is often visualized entirely 
with other skeletal muscles after 
exercise or in a high-insulin 
state. However, localized uptake 
may be observed limited in the 
lower parts located medially (c, 
arrowheads). Since the gluteus 
maximus muscle is often chosen 
for intramuscular injection, we 
should consider the possibility 
of a medically induced uptake 
(d, arrowheads)

Fig. 21  Psoas major muscle. 
 [18F]FDG uptake in the psoas 
major is often visualized bilater-
ally but can also be unilateral 
or have strong laterality (a, b). 
The psoas major has superficial 
(arrows) and deep (arrowheads) 
parts, and uptake in the superfi-
cial tends to be dominant
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Fig. 24  Quadratus femoris 
muscle, pectineus muscle, and 
obturator externus muscle. We 
occasionally find a solitary 
increased uptake in the quad-
ratus femoris (a, b; Q), while 
the inflammatory uptake caused 
by osteoarthritis in the hip 
and surrounding tissues may 
interrupt clear visualization. 
The pectineus muscle (c, P) 
originates from the pectineal 
line of the pubis and inserts 
into the pectineal line and the 
linea aspera of the femur. The 
external obturator muscle (d, 
O) originates from the obtura-
tor foramen and the obturator 
membrane and inserts into the 
trochanteric fossa of the femur. 
Although not so frequent, 
isolated uptakes may be seen in 
these muscles

Fig. 25  Semitendinosus muscle and gracilis muscle. The biceps fem-
oris, semitendinosus, and semimembranosus muscles are the major 
flexor muscle groups known as hamstrings. Among them,  [18F]FDG 
accumulates more frequently in the semimembranosus (a–c, arrows). 

Moreover, the gracilis muscle (b, c, arrowheads) is occasionally seen 
as a specific strong uptake, which may look like a ureteral catheter 
at first glance. The gracilis muscle tends to be visualized with other 
muscles, such as the semimembranosus muscle

Fig. 26  Adductor longus muscle 
and adductor brevis muscle. 
Uptake in the adductor femoris 
muscles can be visualized, and 
we occasionally observe that in 
the adductor longus (arrows) 
and adductor brevis (arrow-
heads). We present a case in 
which only an adductor longus 
muscle is displayed (a) and 
a case in which the adductor 
longus and brevis muscles are 
simultaneously displayed (b)
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Fig. 27  Quadriceps femoris 
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vastus intermedius. Unilateral 
uptake in a single muscle can 
be observed, and here is a case 
in which the rectus femoris 
muscle is visualized (a, arrows) 
and the vastus medialis muscle 
is visualized (b, arrows). Rare 
but intense uptake can be also 
observed in the tensor fasciae 
latae muscle (c, arrows). Moreo-
ver, uptake in the sartorius 
muscle is visualized as a long 
line running obliquely down the 
thigh (d, arrows)

Fig. 28  Transversospinales 
muscles and erector spinae 
muscles. In the thoracoab-
dominal area, intense uptake is 
frequently observed in the back 
muscles. We present two cases 
of the uptake in the transver-
sospinales (semispinalis and 
multifidus) (a and b, arrows) 
and two cases of that in the 
erector spinae (longissimus and 
iliocostalis) (c and d, arrows)

http://www.editage.com


767Japanese Journal of Radiology (2022) 40:755–767 

1 3

mation was removed from this article according to the privacy policy 
of the Japan Radiological Society.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Jackson RS, Schlarman TC, Hubble WL, Osman MM. Prevalence 
and patterns of physiologic muscle uptake detected with whole-
body 18F-FDG PET. J Nucl Med Technol. 2006;34:29–33.

 2. Karunanithi S, Soundararajan R, Sharma P, Naswa N, Bal C, 
Kumar R. Spectrum of physiologic and pathologic skeletal 
muscle (18)F-FDG Uptake on PET/CT. AJR Am J Roentgenol. 
2015;205:W141–9.

 3. Parida GK, Roy SG, Kumar R. FDG-PET/CT in skeletal muscle: 
pitfalls and pathologies. Semin Nucl Med. 2017;47:362–72.

 4. Nakamoto Y, Tatsumi M, Hammoud D, Cohade C, Osman MM, 
Wahl RL. Normal FDG distribution patterns in the head and neck: 
PET/CT evaluation. Radiology. 2005;234:879–85.

 5. Matsusaka Y, Yamane T, Fukushima K, Seto A, Matsunari I, 
Kuji I. Can the function of the tubarial glands be evaluated using 
[(99m)Tc]pertechnetate SPECT/CT, [(18)F]FDG PET/CT, and 
[(11)C]methionine PET/CT? EJNMMI Res. 2021;11:34.

 6. van der Geest KSM, Treglia G, Glaudemans A, Brouwer E, San-
dovici M, Jamar F, et al. Diagnostic value of  [18F]FDG-PET/

CT for treatment monitoring in large vessel vasculitis: a system-
atic review and meta-analysis. Eur J Nucl Med Mol Imaging. 
2021;48:3886–902.

 7. Arabi H, Zaidi H. Deep learning-based metal artefact reduction 
in PET/CT imaging. Eur Radiol. 2021;31:6384–96.

 8. Matthews R, Shrestha P, Franceschi D, Relan N, Kaloudis E. 
Head and neck cancers: post-therapy changes in muscles with 
FDG PET-CT. Clin Nucl Med. 2010;35:494–8.

 9. Osman MM, Tran IT, Muzaffar R, Parkar N, Sachdeva A, Ruppel 
GL. Does (18)F-FDG uptake by respiratory muscles on PET/CT 
correlate with chronic obstructive pulmonary disease? J Nucl Med 
Technol. 2011;39:252–7.

 10. Otomi Y, Shinya T, Uyama N, Arai Y, Miyamoto K, Takechi K, 
et al. The physiological accumulation of FDG in the muscles in 
relation to the side of intravenous administration. Jpn J Radiol. 
2017;35:53–60.

 11. Nakatani K, Nakamoto Y, Togashi K. Unilateral physiological 
FDG uptake in teres minor muscle seems well associated with IV 
tracer injection procedures. Clin Nucl Med. 2015;40:62–4.

 12. Kubota K, Saginoya T, Ishiwata K, Nakasato T, Munechika H. 
[(18)F]FDG uptake in axillary lymph nodes and deltoid muscle 
after COVID-19 mRNA vaccination: a cohort study to determine 
incidence and contributing factors using a multivariate analysis. 
Ann Nucl Med. 2022;31:1–11.

 13. Onishi Y, Kitajima K, Senda M, Sakamoto S, Suzuki K, Maeda 
T, et al. FDG-PET/CT imaging of elastofibroma dorsi. Skeletal 
Radiol. 2011;40:849–53.

 14. Tashiro M, Fujimoto T, Itoh M, Kubota K, Fujiwara T, Miyake 
M, et al. 18F-FDG PET imaging of muscle activity in runners. J 
Nucl Med. 1999;40:70–6.

 15. Shimada H, Sturnieks D, Endo Y, Kimura Y, Suzuki T, Oda K, 
et al. Relationship between whole body oxygen consumption 
and skeletal muscle glucose metabolism during walking in older 
adults: FDG PET study. Aging Clin Exp Res. 2011;23:175–82.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Atlas of non-pathological solitary or asymmetrical skeletal muscle uptake in [18F]FDG-PET
	Abstract
	Introduction
	Head and neck
	Chest and upper arm
	Abdomen, pelvis, and femur
	Conclusion
	Acknowledgements 
	References




