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circles) are displayed. innervation zones are determined 
according to the previous literature (table ii).1-17 the ap-
propriate probe positionings (black and empty rectangles) 
and the corresponding us images (pertaining to the black 
rectangles) are illustrated as well. all us images were 
acquired by a physiatrist with >15 years of experience in 
musculoskeletal us using a 5.5-18 Mhz linear array probe 
(siemens acuson s3000™, siemens Medical solutions, 
Mountain View, ca, usa).

Shoulder

adducted and internally rotated shoulder is the most com-
mon pattern seen in spastic patients (table i). pectoralis 
major, latissimus dorsi, teres major and subscapularis are 

although it is well established that injections are per-
formed with better precision under ultrasound (us) 

imaging, the pertinent literature lacks technical guides as to 
how us-guided botulinum toxin injections for upper limb 
muscles can be performed. further, there is still discussion 
as to which part of the muscle the injection needs to be di-
rected for better effectivity (i.e. as regards the locations of 
innervation zones for botulinum toxin injections).

accordingly, this guide is prepared for the commonly 
injected muscles of the upper limb and the shoulder girdle 
in spasticity (table i). it entails short clinical information, 
anatomical description and brief explanation regarding 
the US imaging of several muscles. Each figure comprises 
an anatomical drawing where the innervation zones (dot-
ted lines/curves) and the suggested injection sites (white 
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us imaging: in the posterior axillary fold approach, the 
shoulder is kept in a position of flexion, internal rotation 
and abduction (figure 1). subscapularis can be obtained at 
the lateral border of the scapula under the teres major and 
teres minor muscles. injection should be performed cau-
tiously to avoid pneumothorax during progression of the 
needle through inner parts of the muscle. injection should 
follow just distal/medial to the reference line of the motor 
points (table ii).2 on the other hand, the superior portion 
of the muscle can be injected by using medial/vertebral 
approach without us-guided technique.18

the most commonly involved muscles. relevant clinical 
consequences include poor hygiene, skin breakdown, dif-
ficulties in positioning/dressing and shoulder pain.

Subscapularis

origin: Medial two thirds of the subscapular fossa.
insertion: lesser tubercle of the humerus.
innervation: upper and lower subscapular nerves.
function: internal rotation of the arm, preventing ante-

rior dislocation of the humeral head.

Table I.—�Commonly seen spasticity patterns and functions of the upper extremity muscles.
region pattern function Muscle

shoulder adduction - internal rotation adduction pectoralis major
latissimus dorsi
teres major

internal rotation subscapularis
pectoralis major
latissimus dorsi
teres major

flexion pectoralis major (clavicular head)
Extension latissimus dorsi

teres major
Elbow flexion - pronation flexion biceps brachii

brachialis
brachioradialis

pronation pronator teres
pronator quadratus

Extension triceps brachii
Wrist flexion - ulnar deviation flexion fcr

fcu
fds
fdp
palmaris longus

ulnar deviation fcu
Extension Ecrl

Ecrb
Ecu

hand Clenched fist Finger flexion fds
fdp

thumb-in-palm Thumb flexion fpl
fpb

thumb adduction adductor pollicis
thumb opposition opponens pollicis

intrinsic plus hand MCP flexion and IP extension interossei
lumbricals

finger extension Extensor indicis
Extensor digitorum
Epl
EdM

FCR: flexor carpi radialis; FCU: flexor carpi ulnaris; FDS: flexor digitorum superficialis; FDP: flexor digitorum profundus; MCP: metacarpophalangeal joints: IP: 
interphalangeal joints; ECU: extensor carpi ulnaris; ECRL: extensor carpi radialis longus; ECRB: extensor carpi radialis brevis; FPL: flexor pollicis longus; FPB: flexor 
pollicis brevis; Epl: extensor pollicis longus; EdM: extensor digiti minimi.
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Table II.—�Innervation zones and suggested injection sites of the upper extremity muscles.

Muscle Method reference line innervation zone*
injection

Number                      site

subscapularis dissection microscope 1 Muscle superior, middle and inferior 
portions

3 Just distal to the reference line

anatomic dissection 2 from the middle of the line 
between the inferior angle of 
scapula and acromial tip to the 
middle of the line between the 
medial spine of the scapula and 
acromial tip

Motor points exist along the 
reference line

pectoralis major Muscle architecture 3 § fascicle ends Ns
(Mid-points of the fascicles)

3 Mid-portions of the fascicles
clavicular head, 1
sternal head, 2

pectoralis minor Muscle architecture 3 § fascicle ends Mid-points of the fascicles 2 Mid-portions of the superior 
and inferior partssihler’s staining 4 Muscle superior and inferior

latissimus dorsi sihler’s staining 4 Muscle superolateral and mid-
inferior

3 Mid-portions of the three 
reference lines

surface EMG 5 from axillary fossa to t12 and 
l4 vertebrae and to iliac crest

scattered zones

biceps brachii Modified Sihler’s 
staining/chE 
staining 6-8

acromion - olecranon a 1-cm-wide inverted-
V-shaped band, located 
at 75% (lateral), 61% 
(midline) and 72% (medial)

2 65%
(coracoid process - ME)
short head, 1
long head, 1

surface EMG 9 coracoid process - distal 
insertion of the biceps tendon

75%

optical microscope 10 coracoid process - ME 65-70%
brachialis optical microscope 10 coracoid process - ME 75% 2 75%

Medial, 1
lateral, 1

brachioradialis surface EMG 11 Muscle a wide area from the middle 
forearm to elbow

1 20% of the line
(interepicondylar - interstyloid)

chE staining 7 2 close bands
ultrasound ¶ interepicondylar - interstyloid

triceps brachii chE staining 7 Muscle inverted u-shaped/oval 
bands around the triceps 
tendon

3 50% (lateral head)
60% (long head)
60% (medial head)
(tip of the acromion - 

olecranon)

surface EMG 11

Muscle architecture 3 § fascicle ends Mid-points of the fascicles

ultrasound ¶ tip of the acromion - olecranon
pronator teres Modified Sihler’s 

staining 12
interepicondylar - interstyloid 20% 1 20%

optical microscope 13 9-35%
pronator quadratus optical microscope 13 interepicondylar - interstyloid 83-97% 1 90%
fcr optical microscope 13 interepicondylar - interstyloid 26-45% 1 35%

Modified Sihler’s 
staining 12

32%

palmaris longus Modified Sihler’s 
staining 12

interepicondylar - interstyloid 24% 1 25%

fcu Modified Sihler’s 
staining 12

interepicondylar - interstyloid 14% 2 30% (ventral part)
50% (dorsal part)

optical microscope 13 17-46% and 25-71%
fds optical microscope 13 interepicondylar - interstyloid 27-72% 2 30% (humeroulnar part)

50% (radial part)optical microscope 14 16-38% and 51-73%
Modified Sihler’s 

staining 12
2-80%

(To be continued)
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Table II.—�Innervation zones and suggested injection sites of the upper extremity muscles.

Muscle Method reference line innervation zone*
injection

Number                      site

fdp Modified Sihler’s 
staining 12

interepicondylar - interstyloid 13-75% and 35-91% 2 40% (medial part)
60% (lateral part)

optical microscope 13 37-61% and 41-76%
fpl optical microscope 13 interepicondylar - interstyloid 46-80% 2 50% and 65% of the line

(interepicondylar - interstyloid)Muscle architecture 3 § fascicle ends Mid-points of the fascicles
Ecrl dissection microscope 15 Muscle Ns

(Motor points exist at 
proximal 1/3 and middle 
1/3 of the muscle)

1 20% of the line
(interepicondylar - interstyloid)

ultrasound ¶ interepicondylar - interstyloid
Ecrb Modified Sihler’s 

staining 16
Muscle obliquely from medial to 

lateral
1 40% of the line

(interepicondylar - interstyloid)
ultrasound ¶ interepicondylar - interstyloid

Ecu ultrasound ¶ interepicondylar - interstyloid Ns 1 40%
Extensor digitorum ultrasound ¶ interepicondylar - interstyloid Ns 1 40%
EdM ultrasound ¶ interepicondylar - interstyloid Ns 1 60%
apl ultrasound ¶ interepicondylar - interstyloid Ns 1 60%
Epl ultrasound ¶ interepicondylar - interstyloid Ns 1 70%
Epb ultrasound ¶ interepicondylar - interstyloid Ns 1 75%
Extensor indicis ultrasound ¶ interepicondylar - interstyloid Ns 1 85%
apb optical microscope 17 hook of hamate - 1st Mc head 40-41% 1 40%
opponens pollicis chE staining 7 Muscle distributed at the middle part 1 60% of the line

(hook of hamate - 1st Mc head)optical microscope 17 hook of hamate - 1st Mc head 47-70%
fpb optical microscope 17 hook of hamate - 1st Mc head 50-70% 1 60%
lumbricals ultrasound ¶ radial styloid - Mcp Ns 1 75%
adductor pollicis optical microscope 17 hook of hamate - 1st Mc head 41-66% 2 50%

(1 oblique, 1 transverse)
palmar & dorsal 

interossei
ultrasound ¶ radial styloid - Mc heads Ns 7 75%

1st dorsal 
interosseous

surface EMG 11 Muscle a narrow band around the 
muscle belly

1 Mid-portion of the muscle

NS: not studied in the previous literature according to Sihler’s/modified Sihler’s staining, anatomic dissection, cholinesterase and/or surface electromyography methods; 
EMG: electromyography; ChE: cholinesterase; ME: medial epicondyle; FCR: flexor carpi radialis; FCU: flexor carpi ulnaris; FDS: flexor digitorum superficialis; FDP: 
flexor digitorum profundus; FPL: flexor pollicis longus; ECRL: extensor carpi radialis longus; ECRB: extensor carpi radialis brevis; ECU: extensor carpi ulnaris; EDM: 
extensor digiti minimi; Epl: extensor pollicis longus; Epb: extensor pollicis brevis; apb: abductor pollicis brevis; Mcp: metacarpophalangeal joint; Mc: metacarpal; 
FPB: flexor pollicis brevis.
*the percentage values are given from proximal to distal according to the pertinent reference lines; § fascicle mid-portions in a single muscle — where the fascicle 
lengths do not exceed 13 cm — may compose the innervation zones;3 ¶ the bulkiest portion of the muscle detected by ultrasound imaging according to given 
reference line.

Pectoralis major

origin: Medial half of the clavicle (clavicular head), 
sternum and costal cartilages of the first six ribs (ster-
nocostal head) and aponeurosis of the external oblique 
muscle.

insertion: lateral lip of the bicipital groove.
innervation: lateral and medial pectoral nerves.
Function: Shoulder flexion (up to 60°, clavicular head), 

adduction and internal rotation.
us imaging: When the probe is placed on the anterior 

thoracic wall, the most superficial muscle can be visual-
ized as the pectoralis major. its close relationship with the 

pectoralis minor and intercostal muscles, axillary artery 
(a) and vein (v), and cords of the brachial plexus (n) can 
also be observed (figure 2).

Pectoralis minor

origin: 3rd to 5th ribs.
insertion: coracoid process of the scapula.
innervation: Medial pectoral nerve.
function: stabilization, protraction and rotation of the 

scapula.
us imaging: it can be detected between the pectoralis 

major and anterior thoracic wall. the axillary artery (a) 

Table II.—�Innervation zones and suggested injection sites of the upper extremity muscles (continues).
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Latissimus dorsi

origin: spinous processes of t5-l5 vertebrae, thoraco-
lumbar fascia, 9th to 12th ribs, iliac crest.

insertion: floor of the bicipital groove.

and vein (v) together with the cords and distal branches of 
the brachial plexus (n) pass deep to the pectoralis minor 
muscle. the injection must be performed cautiously due to 
its close relationship with the aforementioned neurovascu-
lar structures, and lung (figure 3).

figure 1.—subscapularis muscle.
p: pleura.

figure 2.—pectoralis major muscle.
p: pleura.

figure 3.—pectoralis minor muscle.
p: pleura.
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lary fold. teres major muscle is seen lateral to the scapula, 
adjacent to the latissimus dorsi, teres minor and subscapu-
laris muscles (figure 5).

Rhomboids

origin: spinous processes of t2-t5 and supraspinous liga-
ments (rhomboid major), inferior border of the nuchal lig-
ament and spinous processes of c7-t1 and supraspinous 
ligaments (rhomboid minor).

insertion: posteromedial border of scapula at the root of 
the spine of the scapula (rhomboid minor), and from the 
root of the spine of scapula to the inferior angle (rhomboid 
major).

innervation: dorsal scapular nerve.
function: Elevation, retraction and downward rotation 

of the scapula.

innervation: thoracodorsal nerve.
function: shoulder extension, adduction and internal 

rotation.
us imaging: the probe is placed caudal to the inferior 

angle of the scapula, either parallel or perpendicular to the 
intercostal muscles. the superolateral portion of the latis-
simus dorsi can be demonstrated over the serratus anterior 
muscle (figure 4).

Teres major

origin: posteroinferior angle of the scapula.
insertion: Medial lip of the bicipital groove.
innervation: subscapular nerve.
function: shoulder extension, adduction and internal 

rotation.
us imaging: the probe is placed over the posterior axil-

figure 5.—teres major muscle.
p: pleura.

figure 4.—latissimus dorsi muscle.
p: pleura; af: axillary fold; ic: iliac crest.
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innervation: Musculocutaneous nerve.
Function: Elbow flexion (main elbow flexor, stronger 

in pronation).
us imaging: the probe is placed on the distal half of 

the anterior arm. brachialis muscle can be seen deep to 
the biceps muscle. considering the close proximity of neu-
rovascular structures (median nerve and brachial artery), 
injection should be performed cautiously when the needle 
is accessed from the medial side (figure 8).

Brachioradialis

origin: lateral supracondylar ridge of the humerus.
insertion: Just proximal to the radial styloid process.
innervation: radial nerve.
Function: Weak elbow flexion during mid-pronation.
us imaging: place the probe axially over the antero-

lateral aspect of the proximal forearm. brachioradialis 
muscle (brd) can be observed lying medial to the extensor 
carpi radialis longus (Ecrl) and brevis (Ecrb) muscles. 
attention should be paid for the adjacent branches of the 
radial nerve (n) and artery (a) during the injection (fig-
ure 9).

Triceps brachii

origin: infraglenoid tuberosity of the scapula (long head), 
proximal-lateral (lateral head) and distal-medial (medial 
head) to the radial groove of the posterior humerus.

insertion: olecranon process.
innervation: radial nerve.
function: Elbow extension.
us imaging: place the probe axially on the middle of 

us imaging: place the probe sagittally between the 
spinous processes and the medial scapula. the rhomboid 
major and minor muscles can be observed between the tra-
pezius muscle and posterior thoracic wall (figure 6).

Elbow

Elbow flexion and forearm pronation is the most com-
mon pattern seen in spastic patients (table i). pain, poor 
hygiene, skin maceration/breakdown, and difficulties in 
dressing and hand-to-mouth activities can develop. Exten-
sion is a less common pattern whereby spasticity of the 
triceps limits flexion of the forearm. Co-contraction of the 
elbow flexors and extensors can also be seen particularly 
in cerebral palsy patients.

Biceps brachii

origin: coracoid process (short head) and supraglenoid 
tuberosity (long head) of the scapula.

insertion: radial tuberosity.
innervation: Musculocutaneous nerve.
Function: Elbow flexion (stronger in supination), fore-

arm supination.
us imaging: the probe is placed axially over the distal 

third of the anterior arm. the median nerve (m) and bra-
chial artery lie medially between the brachialis and triceps 
muscles (figure 7).

Brachialis

origin: distal half of the anterior aspect of the humerus.
insertion: coronoid process and tuberosity of ulna.

figure 6.—rhomboid muscles.
icM: intercostal muscle; p: pleura.
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innervation: Median nerve.
Function: Forearm pronation, weak elbow flexion.
us imaging: the probe is placed axially on the prox-

imal forearm. pronator teres lies lateral to the flexor 
carpi radialis (fcr) and flexor digitorum superficialis 
(fds). Median nerve (m) can be seen between the two 
heads of the pronator teres muscle (figure 11). the 
muscle has an oblique alignment between the medial 
epicondyle and the middle portion of the radius (r). 
Moving the probe distally towards its insertion could 
be helpful to delineate the muscle and distinguish it 
from fcr.

the posterior arm. Each head of the triceps muscle can 
be seen separately (figure 10). long head lies medially 
and superficially, medial head lies medially and deeply, 
and lateral head lies laterally. the close proximity of this 
muscle to median (m), ulnar (u) and radial (r) nerves; and 
brachial vein (v) and artery (and its branches [a]) should 
be taken into consideration during injection.

Pronator teres

origin: Medial epicondyle and supraepicondylar ridge 
(humeral head), and medial side of the coronoid process 
(ulnar head).

insertion: lateral aspect of the middle radius.

figure 7.—biceps brachii muscle.
h: humerus; cp: coracoid process; me: medial epicondyle.

figure 8.—brachialis muscle.
h: humerus; cp: coracoid process; me: medial epicondyle.
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Wrist

Wrist flexion with ulnar deviation is the most common pat-
tern seen in spastic patients (table i). pain, skin macera-
tion/breakdown, difficulties in dressing and hand dysfunc-
tion can develop. Extension deformity of the wrist may 
also be seen.

Flexor carpi radialis

origin: Medial epicondyle.
insertion: base of the 2nd and 3rd metacarpal bones.
innervation: Median nerve.
Function: Wrist flexion and radial deviation.
us imaging: place the probe axially on the anterior 

proximal forearm. the triangular shaped muscle can eas-
ily be seen (figure 13). us can also show brd and prona-

Pronator quadratus

origin: distal fourth of the anterior surface of the ulna.
insertion: distal fourth of the anterior surface of the ra-

dius.
innervation: anterior interosseous nerve.
function: forearm pronation.
us imaging: the probe is placed axially on the palmar 

side of the distal forearm (figure 12). pronator quadratus 
has a mild oblique alignment between the flexor muscles/
tendons and anterior interosseos mebrane (asterisk). us 
can also demonstrate the neurovascular structures both on 
the lateral (radial artery (a), median nerve (m)) and me-
dial (ulnar artery (a) and nerve (u)) sides. the injection 
must be performed cautiously in order to avoid potential 
injuries to these structures.

figure 9.—brachioradialis, extensor carpi radialis longus and brevis muscles.
ED: extensor digitorum; R: radius; pi: posterior interosseous nerve; sr: supeficial radial nerve.

figure 10.—triceps brachii muscle.
h: humerus; acr: acromion; o: olecranon.
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Flexor carpi ulnaris

origin: Medial epicondyle (humeral head), and olecranon 
and posterior border of the ulna (ulnar head).

insertion: pisiform, hook of hamate, base of the 5th 
metacarpal.

innervation: ulnar nerve.
Function: Wrist flexion and ulnar deviation.
us imaging: place the probe on the most medial proxi-

mal part of the anterior forearm. the oval shaped muscle 
lying superficially over FDP medial to FDS can be seen 
(figure 15). fcu has two muscular parts (ventral and dor-
sal), which have distinct innervation zones and require sep-
arate injections. as the ulnar nerve (u) and artery (a) pass 
deep to this muscle, attention must be paid during injection.

tor teres (pt) lying medially, and median nerve (m) lying 
under the fcr.

Palmaris longus

origin: Medial epicondyle.
insertion: flexor retinaculum and palmar aponeurosis.
innervation: Median nerve.
Function: Wrist flexion.
us imaging: place the probe axially on the anterior 

proximal forearm. us demonstrates palmaris longus (if 
present) between FCR, flexor carpi ulnaris (FCU) and FDS 
(Figure 14). PT, median (m) and ulnar (u) nerves and flexor 
digitorum profundus (fdp) are also seen. palmaris longus 
tendon can be visualized close to the fcr muscle and ten-
don in the midline of the anterior wrist.

figure 11.—pronator teres muscle.
u: ulna; u: ulnar nerve; pl: palmaris longus.

figure 12.—pronator quadratus muscle.
R: radius; U: ulna; PL: palmaris longus tendon; FCR: flexor carpi radialis tendon; FPL: flexor pollicis longus muscle.
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either the selective (for specific neuromuscular compart-
ments in the muscle) or non-selective technique. as regards 
the former, flexion and extension of the respective finger 
may help locate the target neuromuscular compartment in 
the muscle. during injections, caution is necessary to avoid 
injury to the adjacent median (m) and ulnar (u) nerves.

Flexor digitorum profundus

origin: anteromedial surface of the proximal 3/4 of ulna, 
and interosseous membrane.

Insertion: Distal phalanges of the last four fingers.
innervation: anterior interosseous nerve (lateral part) 

and ulnar nerve (medial part).
function: flexion of the pip, distal interphalangeal (dip) 

and MCP joints of the last four fingers, and wrist flexion.

Flexor digitorum superficialis

origin: Medial epicondyle and coronoid process (humer-
oulnar head), and oblique line of the radius (radial head).

insertion: palmar surfaces of the middle phalanges of 
the medial four fingers.

innervation: Median nerve.
function: flexion of the proximal interphalangeal (pip) 

and metacarpophalangeal (Mcp) joints of the medial four 
fingers, and wrist flexion.

us imaging: place the probe axially over the anterior 
forearm. fds lies between fcu, and fcr and pl muscles 
above the fdp (figure 16). the humeroulnar head has fas-
cicles for the 3rd and 4th fingers, and the radial head for 
the 2nd and 5th fingers.13 injection may be performed using 

figure 13.—flexor carpi radialis muscle.
r: radius; u: ulna; a: radial artery; v: vein.

figure 14.—palmaris longus.
r: radius; u: ulna.
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insertion: distal phalanx of the thumb.
innervation: anterior interosseous nerve.
Function: Thumb flexion.
us imaging: the probe is placed axially on the distal 

third of the anterolateral forearm (figure 18). fpl is deep-
ly located between fdp and radius under fds. flexion of 
the interphalangeal joint of the thumb may help confirm 
its location. as fpl has close relationship with the radial 
artery (a) and superficial radial nerve (sr) superficially, and 
anterior interosseous nerve (ai) and artery (a) deeply, the 
injections must be performed cautiously.

Extensor carpi radialis longus and brevis

origin: distal part of the supracondylar ridge of the hu-
merus (Ecrl), and lateral epicondyle (Ecrb).

insertion: dorsal base of the 2nd (Ecrl) and 3rd (Ecrb) 
metacarpal bones.

us imaging: the probe is placed axially over the an-
teromedial aspect of the forearm (figure 17). lying over 
ulna and the interosseous membrane, fdp is seen deep to 
fds, fcu and pl, and medial to fpl muscles. fdp has 
medial and lateral parts, and divides into 4 heads extended 
by 4 tendons for the last four fingers.13 injection may be 
performed using either the selective or non-selective tech-
nique. Concerning the former, flexion and extension move-
ments of the respective finger may help locate the target 
neuromuscular compartment in the muscle. during injec-
tion, attention is prerequisite to avoid the ulnar artery (a), 
ulnar (u) and median (m) nerves.

Flexor pollicis longus

origin: anterior surface of the radius and adjacent interos-
seous membrane from the radial tuberosity to the attach-
ment of pronator quadratus.

figure 15.—flexor carpi ulnaris muscle.
u: ulna.

Figure 16.—Flexor digitorum superficialis muscle.
r: radius; u: ulna.
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function: Extension of the Mcp, pip and dip joints of 
the last four fingers.

us imaging: the probe is placed axially over the dor-
sal aspect of the forearm. When the probe is placed axi-
ally on the proximal third of the posterolateral forearm; 
extensor carpi ulnaris (Ecu) is the most medially located 
extensor muscle lying over the ulna (u), medial to the ex-
tensor digiti minimi (EdM) and abductor pollicis longus 
(apl) muscles (figure 19a). at this level, extensor digi-
torum (Ed) lies between Ecrb and EdM over the supi-
nator muscle. Moving the probe distally to the half of the 
forearm, Ed becomes smaller, while EdM becomes larger 
(Figure 19B). In addition, flexion and extension of the 
corresponding finger(s) may help locate the target muscle 
neuromuscular compartment in the muscle.

Abductor pollicis longus

origin: dorsum of the ulna and radius (distal to the supi-
nator and anconeus muscles), and the interosseous mem-
brane.

innervation: radial nerve.
function: Wrist extension and radial deviation.
us imaging: the probe is placed axially on the proximal 

dorsolateral forearm (figure 9). Ecrl is located under the 
brd on the posterior forearm, and Ecrb is posteromedial 
to Ecrl.

Extensor carpi ulnaris

origin: lateral epicondyle, posterior border of the ulna.
insertion: base of the medial side of the 5th metacarpal.
innervation: posterior interosseous nerve.
function: Wrist extension and ulnar deviation.

Extensor digitorum and extensor digiti minimi

origin: lateral epicondyle and intermuscular septum.
insertion: bases of the dorsal surfaces of the middle and 

distal phalanges of the last four fingers (ED) and the 5th 
finger (EDM) via extensor hood.

innervation: posterior interosseous nerve.

figure 17.—flexor digitorum profundus muscle. asterisk shows the interosseous membrane.
r: radius; u: ulna.

figure 18.—flexor pollicis longus muscle.
r: radius; u: ulna.
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innervation: posterior interosseous nerve.
function: Extension of the thumb.

Extensor indicis

origin: dorsum of the ulna distal to the Epl and the inter-
osseous membrane.

Insertion: Extensor hood of the index finger.
innervation: posterior interosseous nerve.
Function: Extension of the index finger.
us imaging: the probe is placed over the distal third 

of the dorsal forearm (figure 20a). proximally, apl lies 
adjacent to radius (r), and Epl lies adjacent to ulna (u). 
posterior interosseous nerve (n) is located between Ed 
superficially and EPL and APL deeply. When the probe 
is moved to distal fifth of the forearm, US can also dem-
onstrate Epb and extensor indicis (Ei) (figure 20b). ab-
duction/adduction, and flexion/extension of the thumb or 
index finger can help locate the target muscle.

insertion: lateral side of the base of the 1st metacarpal 
bone.

innervation: posterior interosseous nerve.
function: Extension (radial abduction) of the carpo-

metacarpal joint of the thumb.

Extensor pollicis longus

origin: dorsum of the ulna distal to the apl and interos-
seous membrane.

insertion: dorsum of the base of the distal phalanx of 
the thumb.

innervation: posterior interosseous nerve.
function: Extension of the thumb.

Extensor pollicis brevis

origin: dorsum of the radius distal to the apl and the in-
terosseous membrane.

insertion: base of the proximal phalanx of the thumb.

figure 19.—Extensor carpi ulnaris, extensor digitorum, extensor digiti minimi muscles.
r: radius.

figure 20.—abductor pollicis longus, extensor pollicis longus, extensor pollicis brevis, extensor indicis muscles. asterisks show the interosseous 
membrane.
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Opponens pollicis

Origin: Tubercle of the trapezium and flexor retinaculum.
insertion: lateral side of the 1st metacarpal bone.
innervation: Median nerve.
function: opposition of the thumb.

Flexor pollicis brevis

origin: flexor retinaculum, tubercle of the trapezium.
insertion: proximal phalanx of the thumb.
Innervation: Median (superficial head) and ulnar (deep 

head) nerves.
function: flexion of the proximal phalanx of the thumb.
us imaging of the thenar muscles: the probe is placed 

transversely on the thenar region (figure 21). us can illus-
trate superficial (supf) and deep heads of the flexor pollicis 
brevis (fpb), abductor pollicis brevis (apb) and opponens 
pollicis (op) muscles. op lies deep to apb and radial to 
fpb muscles. thin fasciae can be seen between the muscles.

Hand

Clenched fist along with curled thumb (thumb-in-palm 
deformity) is the most common pattern in spastic pa-
tients. Clenched fist deformity may limit functional use 
of hand, impairs hand hygiene and leads to maceration 
or ulceration of the palm due to inability to access fin-
gernails. Whereas, intrinsic plus hand deformity is a less 
common pattern.

Abductor pollicis brevis

Origin: Tubercle of the scaphoid, trapezium and flexor 
retinaculum.

insertion: radial side of the proximal phalanx and ex-
tensor hood of the thumb.

innervation: Median nerve.
function: palmar abduction and opposition of the car-

pometacarpal joint and extension of the interphalangeal 
joint of the thumb.

Figure 21.—Abductor pollicis brevis, flexor pollicis brevis, opponens pollicis muscles. 
FPL: flexor pollicis longus tendon; I: 1st metacarpal bone; mh: metacarpal head; h: hook of the hamate.

figure 22.—adductor pollicis muscle. 
mh: metacarpal head; h: hook of the hamate.
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innervation: deep branch of the ulnar nerve (medial two) 
and digital branches of the median nerve (lateral two).

function: flexion of the Mcp while extending the pip 
and dip joints.

us imaging: lumbrical muscles lie radial and posterior 
to the FDP tendons (Figure 23). The first two muscles are 
unipennate, while the others are bipennate. injection can 
be performed using palmar approach while the probe is in 
axial position. Each muscle (l-i to iV) can be recognized 
adjacent to the FDP tendons, moreover, flexion of the MCP 
joint while the interphalangeal joints are in extension posi-
tion may help delineate the muscles.

Palmar and dorsal interossei

origin: sides of the 2nd (ii), 4th (iV) and 5th (V) metacarpal 
bones (palmar interossei), and adjacent sides of metacar-
pal bones (dorsal interossei).

insertion: Extensor hood and bases of proximal phalan-
ges of the 2nd, 4th and 5th fingers.

innervation: ulnar nerve.

Adductor pollicis

origin: palmar side of the 3rd metacarpal (transverse 
head), capitate and bases of the 2nd and 3rd metacarpal 
bones (oblique head).

insertion: base of the proximal phalanx and extensor 
hood of the thumb.

innervation: ulnar nerve.
function: thumb adduction.
US imaging: It is a flat, triangular, and fan-shaped mus-

cle deep in the thenar eminence. oblique head can be seen 
with placing the probe more cranially, between fpb and 
the transverse head (figure 22a). transverse head can be 
depicted by placing the probe axially between the palmar 
sides of the 1st and 3rd metacarpal bones (i-iii) in the lon-
gitudinal view (figure 22b). adduction and abduction of 
the thumb may again be contributory.

Lumbricals

origin: tendons of fdp.
Insertion: Extensor hood of last four fingers.

figure 24.—palmar and dorsal interossei muscles.

figure 23.—lumbrical muscles.
a: artery; id: interdigital nerve.
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8. aquilonius sM, askmark h, Gillberg pG, Nandedkar s, olsson y, 
stalberg E. topographical localization of motor endplates in cryosections 
of whole human muscles. Muscle Nerve 1984;7:287-93.
9. Guzmán-Venegas ra, araneda of, silvestre ra. differences be-
tween motor point and innervation zone locations in the biceps brachii. 
an exploratory consideration for the treatment of spasticity with botuli-
num toxin. J Electromyogr Kinesiol 2014;24:923-7.
10. lee Jh, Kim hW, im s, an X, lee Ms, lee uy, et al. localization 
of motor entry points and terminal intramuscular nerve endings of the 
musculocutaneous nerve to biceps and brachialis muscles. surg radiol 
anat 2010;32:213-20.
11. saitou K, Masuda t, Michikami d, Kojima r, okada M. innervation 
zones of the upper and lower limb muscles estimated by using multichan-
nel surface EMG. J hum Ergol (tokyo) 2000;29:35-52.
12. Won sy, hur Ms, rha dW, park hd, hu Ks, fontaine c, et al. Extra- 
and intramuscular nerve distribution patterns of the muscles of the ventral 
compartment of the forearm. am J phys Med rehabil 2010;89,644-52.
13. lepage d, parratte b, tatu l, Vuiller f, Monnier G. Extra- and intra-
muscular nerve supply of the muscles of the anterior antebrachial com-
partment: applications for selective neurotomy and for botulinum toxin 
injection. surg radiol anat 2005;27:420-30.
14. ye Jf, lee Jh, an Xc, lin ch, yue b, han sh. anatomic localiza-
tion of motor entry points and accurate regions for botulinum toxin injec-
tion in the flexor digitorum superficialis. Surg Radiol Anat 2011;33:601-7.
15. ravichandiran M, ravichandiran N, ravichandiran K, McKee Nh, 
richardson d, oliver M, et al. Neuromuscular partitioning in the extensor 
carpi radialis longus and brevis based on intramuscular nerve distribution 
patterns: a three-dimensional modeling study. clin anat 2012;25:366-72.
16. liu at, liu bl, lu lX, chen G, yu dZ, Zhu l, et al. architectural 
properties of the neuromuscular compartments in selected forearm skel-
etal muscles. J anat 2014;225:12-8.
17. im s, han sh, choi Jh, lee Jh, Ko yJ, lee Ji, et al. anatomic lo-
calization of motor points for the neuromuscular blockade of hand in-
trinsic muscles involved in thumb-in-palm. am J phys Med rehabil 
2008;87:703-9.
18. chiodo a, Goodmurphy c, haig a. cadaveric study of methods 
for subscapularis muscle needle insertion. am J phys Med rehabil 
2005;84:662-5.

function: adduction (palmar interossei), abduction 
(dorsal interossei) and flexion of the MCP joints while ex-
tending the pip and dip joints.

us imaging: the probe is placed axially on the dorsum 
of the hand (figure 24a). palmar interossei (palmar-i to 
iii) are unipennate while dorsal interossei (dorsal-i to iV) 
are bipennate muscles (stars). abduction and adduction 
of the fingers may help confirm the muscle locations. The 
1st dorsal interosseous (dorsal-i) is larger than the others 
(figure 24b).

References

1. Warden JM, roberts sl, chang y, baker r, boulias c, ismail f, et 
al. Neuromuscular partitioning of subscapularis based on intramuscular 
nerve distribution patterns: implications for botulinum toxin injections. 
arch phys Med rehabil 2014;95:1408-15.
2. harrison tp, sadnicka a, Eastwood dM. Motor points for the neuro-
muscular blockade of the subscapularis muscle. arch phys Med rehabil 
2007;88:295-7.
3. paul ac. Muscle length affects the architecture and pattern of innerva-
tion differently in leg muscles of mouse, guinea pig, and rabbit compared 
to those of human and monkey muscles. anat rec 2001;262:301-9.
4. yu dZ, liu at, dang rs, Zhang cs, Zhang Jl, chen G, et al. intra-
muscular innervations of muscle flaps that are commonly used in clinical 
settings. surg radiol anat 2010;32:637-46.
5. shiraishi M, Masuda t, sadoyama t, okada M. innervation zones in 
the back muscles investigated by multichannel surface EMG. J Electro-
myogr Kinesiol 1995;5:161-7.
6. amirali a, Mu l, Gracies JM, simpson dM. anatomical localization 
of motor endplate bands in the human biceps brachii. J clin Neuromuscul 
dis 2007;9:306-12.
7. christensen E. topography of terminal motor innervation in striated 
muscles from stillborn infants. am J phys Med rehabil 1959;38:65-78.

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Acknowledgements.—The authors are grateful to Aycel D. Öztürk from Ataturk University, Erzurum, who drew the illustrations for this article.
Article first published online: March 6, 2017. - Manuscript accepted: February 28, 2017. - Manuscript received: January 24, 2017.

                  COPYRIGHT
© 

2018 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.


