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6 Key views
in Carpal tunnel evaluation

(1) distal forearm in the transverse axis,

for the baseline cross-sectional area

(2) carpal tunnel inlet in the transverse axis

(3) tunnel to outlet in the transverse axis, for mass lesions

(4) tunnel to outlet in the longitudinal axis, for deformation

of the median nerve

(5) dynamic test to evaluate dynamic compression

of the median nerve

(6) Assessment of accessory structures.

J Ultrasound Med 2076, 35:2311-2324
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Carpal Tunnel Outlet

Trapezium < - > Hook of Hamate
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Dynamic test

Ex) Lumbrical
intrusion test




Muscle Intrusion as a Potential Cause of Carpal Tunnel
Syndrome Muscle & Nerve 2014

Michael S. Cartwright, MD, MS'-2, Francis O. Walker, MD'-2, Jill C. Newman, MS3, Thomas
A. Arcury, PhD#2 Dana C. Mora, MPH?>, Haiying Chen, PhD32, and Sara A. Quandt, PhD>2

Parameter No CTS Possible CTS Definite CTS  P-value
N =632 (61.6%) N=2346(33.7%) N =48 (4.7%)
Mean (SD) Mean (SD) Mean (SD)
Median Nerve Area (mm?) 10.2 (2.3) 12.4 (3.5) 14.8 (5.6) <0.0014
Muscle Area Extended (mm?2) ¢ 12.4 (13.2) 13.1(14.1) 11.2(9.4) 0.7334
16.6 (18.5) 20.3 (19.5) 21.0(17.5) 0.0204

Muscle Area Flexed (mm?2)?
Muscle intrusion into the carpal tunnel is associated with CTS, but

muscle




Diagnostic Criteria for Nerve
Pathology

Swelling
— Cross-Sectional Area (CSA)

| — CSA ratio

— Side-to-Side discrepancy
Increased Vascularity

Increased hypoechogenisity
Loss of normal fascicular pattern
Elastography



PERIPHERAL NERVE SIZE IN NORMALS AND
PATIENTS WITH POLYNEUROPATHY:

AN ULTRASOUND STUDY

CRAIG M. ZAIDM AN, MD, MOHAMMED AL-LOZI, MD, and ALAN PESTRONK, MD

Washington University School of Medicine, Department of Neurology,
MAvenue, Box 8111, St. Lowms, Missour:s 63110, TTSA

Accepted 21 April 2009

o Females

660 S. Euchid

Muscle Nerve 40: 960-966, 2009

Table 1. Normal subjects: demographics.

Children (n=40) Adults (n=50)
Demographic  Mean (S0)  Range  Mean (SD) Range
Height (cm) 35 (27) B6-188 1?{] (11) 150-196
Weight (kg) 38 (20) 12-91 6(18) 50-118
BMI 19 (4) 14-30 6 (4) 19-35
Age (years) 9 (5) 2-17 4 (15 18-80
Sex (M/F) 25/15 23127

12.00 -
10 00 - * Males
8.00 -
Average . .. |
NCSA
(mm®) 400 - 5,
o 9O
200 4
000 -
7000 9000

Height (cm)

13000 15000 17000 19000 2100C



MEASUREMENT OF CROSS-SECTIONAL AREA OF CERVICAL ROOTS
AND BRACHIAL PLEXUS TRUNKS

SUN JAE WON, MD," BYUNG-JO KIM, MD, PhD.? KYUNG SEOK PARK., MD, PhD,® SE HWA KIM, MD.,*
and JOON SHIK YOON, MD, PhD* MUSCLE & NERVE MNovember 2012 711

Table 3. Factors related to nerve CSA of each measured site as assessed using a multivanate linear regression analysis.

] -6 =7 ] Upper trunk Middle trunk Lower trunk
standardized coefficients
Gender -0.255 —0.286 0.117 0.160 -0.042 0.092 0.005
Age —0.046 -0.030 0.017 0.072 0.057 0.209 0.185
BmMI 0.282* 0.252* 0.294* 0.269" 0.239* 0.234° 0.142
Height -0.116 -0.298 0.062 -0.022 0.199 0.293" 0.179
R 0.134* 0.102* 0.082 0.081 0.135* o.158 0.071

REFERENCE VALUES FOR NERVE ULTRASONOGRAPRHY
IN THE UPPER EXTREMITY

SUN JAE WORMN, MD," BYUNG-JO KIM, MD, PhD,” KYUNG SEOK PARK, MD, PhD.2?
JOON SHIK YOON, MD, PhD,* and HYUK CHOI, PhD%

Table 4. Cormelations between nerve CSAs and demographic factors.

MNerwe Site Gender Age EnAl Hesiglht Wheigit
hedian Canpal turnmed inket 0.317 0.040 0. 249 0.294 o.321
Miciforearmm 0D.326 0,066 0D.231 0.247 o.292
Antecubital fosss 0.138 0108 0.032 0,095 0.083
Py ey ge 0. 3658 ) 153 Q. 29y 0 34230 (0]
CF ratio 0,042 0.084 0.056 0021 0.0
inar " e ll=L = o e o 2 e PLF oSy e Ll
2 o perosdirmal o wrist o.207T 0022 0091 0.1 56 0153
Forearm 0.365 0110 0.2T7TS 0.194 0.294
Cubital turnel outlet o122 0092 0196 0067 o179
Cubital turned inlet 0,193 0.072 0. 206 0186 0.246
hicihurmerus 0. 048 0.159 0. 100 001 7 0. 103
lCH ralic 0.184 0169 0416 0182 0151 |
Ft-ﬂ".:“-ﬂ] H -I""I.--|E-I“I. .l"‘l._-l.l"‘l.-':l ﬂm -I""I.--l-ls Mt
Antecubital foses 0.188 0.026 0.259 0479 o.288
Posterior interosseous 0.050 0126 0,033 0,058 0,006
Supserficial radius 0118 0.0 0063 0108 0,085

Musculooutaneous Frosdmal humerns 0179 0.048 0. 302 0.183 0.315



CSA versus CSA ratio

o ey

FELSEVIER Clinical Neurophysiology 119 (2008) 1353-1357

waw clsevier comfocate/clinph

The ultrasonographic wrist-to-forearm median nerve area
ratio in carpal tunnel syndrome

Lisa D. Hobson-Webb™, Janice M. Massey, Vern C. Juel, Donald B. Sanders

Median nerve sonography in healthy controls and symptomate carpal tunnel syndrome patients with positive electrodiagnostic testng

Controls (n = 18) CTS patents (n = 44) P
Age (years) W2+ 14.2(19-71) 524128 (24-79) (.01
Heaght (em) 1737+ 10.4 (1535191} 165.6 £ 9.4 (147-188) =01
Cross-sectional median nerve area (mm”)
Wrist 100+ 23 (7-14) 14.3 £4.1 (8-3) <1 % 1077
Forearm DEL+24(7-14) 6.9+ 1.6 (3-10) <] w1074
WFR 1.0+0.1(0.8-1.3) 21 +£0.5(1.5-38) <l % 107"

* WER values of 1.4 would have resulted in 100% sensitivity

/ Clinical Neurophysiology 119 (2008) 1353—-1357



CSA versus CSA ratio

Contents lists available at ScienceDirect

Clinical Neurophysiology

journal homepage: www.elsevier.com/locate/clinph

Letters to the Editor
The diagnostic value of sonography and EMG 1n patients with CTS

¢ 89 ContrOl Diagnostic criteria  Predictive value
WFR ‘1 6 Sensitivity  Specihcity  [Positive LNegative Area
o Lo (%,95%ci) (% 9% a) () (%) under
. curve
* 161 patients
Sonograp hy
WFR ) Wrist: 78 (70-84) 91 (B6-95) 88 0.25 0.90
4 cross-sectional (0.86-0.93)
area> 0.1 cm*
WF ratio of 2 69 (61-76) 90(B2-95) 6.8 0.35 0.83
. (0.78-0.88)
* WEFR s not -
. Uln-med dig 4 g2 (75-8B8) BB (7B-95) 7.3 0.2 0.87
Superlor than difference (0.82-0.91)
CSA only. 04 ms

Visser, Clinical Neurophysiology 119 (2008) 1353-1357



CSA versus CSA ratio

REPEATABILITY OF ULTRASONOGRAPHIC MEDIAN NERVE MEASURES

BRADLEY G. IMPINK, BS,' DANY GAGNON, PhD,? JENNIFER L. COLLINGER, PhD,' and MICHAEL L. BONINGER, MD’

'Human Engineering Research Laboratories, Department of Veterans Affairs and University of Pittsburgh, 7180 Highland Drive
151R1-H, Building 4, East Wing, Pittsburgh, Pennsylvania 15206, USA
*School of Rehabilitation, Faculty of Medicine, University of Montreal, Montreal, Quebec, Canada

* Intrarater reliability was mostly good (U > 0.876) when
using a single image, captured on one occasion, and being
read once.

 Intrarater MDCrorv ranged from 3.8% to 6.2% for all CSA
measures and SR

Muscle Nerve 471: 767-773, 20710



REFERENCE VALUES FOR NERVE ULTRASONOGRAPRHY
IN THE UPPER EXTREMITY

SUN JAE WON, MD.," BYUNG-JO KIM, MD, PhD,” KYUNG SEOK PARK. MD, PhD.”
JOON SHIK YOON, MD, PhD.? and HYUK CHOI, PhD®

Table 1. Normal reference values for CSA of the medan nerve on ulrasonograpty.

Measurement CT inlet Midfoream Antecubital fosss Midhumerus Ratio (CT inlet/forearm)
Right side 833 * 152 653 * 1.05 812 * 158 944 = 1.40 1.30 * 0.25
Left side 8.29 =122 643 = 1.00 814 = 1.31 930 = 1.17 1.31 = 019
R 5.00-13.60 4.30-10.10 4,70-13.80 5.70-13.30 0.77-1.79
MD (%) = = 994 = 8.55 10.25 = 10.88 990 = 8.56 1281 = 11.14
Total 8.3 *+ 138 6.45 = 1.03 8.13 = 1.45 937 = 1.29 1.30 = 0.22
Table 2. Nomal reference values for CSA of the ulnar nernve on ultrasonography.

2 om proximal Ratio (CT inlet/
Measurement Wrist to wrist Foream CT outlet CTinlet Midhumernis midhumenus)
Right side 428 = (.78 4.90 = 0.97 6.30 * 1.01 r49 * 1.42 21 =135 585 * 1.05 125 = 0.23
Left side 427 = 0.73 4.95 = 0.86 6.38 = 1.17 766+ 1.32 7.20 = 1.23 580 = 0.9 125 = 0.20
R 2.40-6.30 2.90-8.10 3.60-11.0 5.10-11.70 5.00-11.60 3.80-8.70 0.76—1.74
MD (%) 1999 + 4301 13.05 = 9.11 11.02 1060 1078+=942 1062 =936 1086 =882 1292 =12.73
Total 6.34 = 1.09 7F.58 * 1.37 .20 = 1.29 5.82 = 0.98 1.25 = 0.22

I 428 * 0.75 I 493 = 0.9

Table 3. Nomnal reference values for CSA of the radial and musculocutaneous nerves on ullrasonography.

Radial nere
Superficial FPostedor Artecubital Spiral Musculocutaneous nerve

Measurement radius interosseous fossa roove Praximal humerus
Right side 2.00 = 053 2.03 = 0486 453 * 0.75 458 = 0.85 463 = 0492

Left side 1.94 = 0.53 1.95 = 0.39 447+ 0.1 465 * 0.9 472109

R 1.00-4.60 1.10-3.80 3.00-6.40 2.40-9.50 2.50-11.20

MD (%) 18.64 = 18.46 18.58 = 18.19 11,69 = 9.60 11.63 = 1010 12.54 = 10.60
Total [rnrn:l} 1.97 = 0.53 1.99 = 043 450 * 0.73 461 = 0.88 4,68 = 1.01




Positive Negative

Sensitivity | Specificity Accuracy Predictive Predictive

Criteria (%) (%) (%) Value (%) Value (%)

Nerve edema 80 (137/172) | 65(22/34) | 77(159/206) | 92(137/149) | 39 (22/57)
Nerve swelling 91(157/172) | 47(16/34) | 89(183/206) | 90(157/175) | 52(16/31)
Nerve flattening 60(103/172) | 76(26/34) | 63(129/206) | 93(103/111) | 27 (26/95)
Bowing of flexor retinaculum | 65(111/172) | 68(23/34) | 65(134/206) | 91(111/122) | 27 (23/84)
Nerve hypervascularization | 95(164/172) | 71(24/34) | 91 (187/206) l] 94 (164/174) | 75 (24/32)

Note—Numbers in parentheses are numbers of wrists.

AJR 2006, 186.:7240-1245



 Doppler sonography had a median sensitivity of 72%
(range, 41-95%) and a median specificity of 88% (range,
7 1' 100%) . Muscle & Nerve 2014 Aug;50(2):159-

63

- Shear wave elastography : 40.4-kPa cut-off value on
SWE revealed sensitivity, specificity, PPV, NPV and
accuracy of 93.3 %, 88.9 %, 93.3 %, 88.9 % and 91.7 %,

respectively. Eur Radiol 2014; 24:434-440 4



Carpal tunnel syndrome injection

RadioGraphics 2000; 20:S199-S217
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Guyon canal
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Floor  Flexor retinaculum
 Pisohamate ligament

Roof  Palmar carpal ligament
* Fascia of the palmaris
brevis in some cases

Ulnar e Pisiform
side * Flexor digiti minimi
brevis muscle

Radial  + Palmar aponeurosis
side « Hook of the hamate

fr= flexor retinaculum, pcl = palmar carpal ligament; phl = pisohamate
ligament; fa = fibrous arch; fdmbm = flexor digiti minimi brevis muscle.
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US around Wrist (volar side)
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US around Wrist (Dorsal side)




Wrist joint

Scaphoid




Wrist joint




MILITARY MEDICINE, 185, 1/2:¢306, 2020

Ultrasonography for Dorsal-Sided Wrist Pain in a Combat
Environment: Technique, Pearls, and a Case Report of Dynamic
Evaluation of the Scapholunate Ligament
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Utility of the Ultrasound Examination of the Hand
and Wrist Joints in the Management of Established
Rheumatoid Arthritis

MCP synovitis Wrist synovitis

Grade O

Grade 1

Grade 2

Grade 3



Wrist joint

Korean J Med. 2015, 89:854-862
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Ulnar Wrist Pain Revisited: Ultrasound Diagnosis

and Guided Injection for Triangular Fibrocartilage
Complex Injuries

Proximal Distal

Proximal Distal

(A) The schematic drawing illustrates the ulnotriquetral (b/ue band), ulnocapitate (yellow band),
and ulnolunate (purple band) ligaments. US imaging of the (B) ulnotriquetral (b/ue dashed line),
(C) ulnocapitate (yellow dashed line), and (D) ulnolunate (purple dashed line) ligaments. US:
ultrasound:

U: ulna; R: radius; L: lunate; T: triquetrum; P: pisiform; H: hamate; C: capitate; S: scaphoid.
Superficial limb of the radioulnar ligament (ight brown shade), deep limb of the radioulnar



Proximal : Distal | Proximal , Distal

A) Ultrasound (US) imaging of the triangular fibrocartilage complex (TFCC) using the
long-axis approach; (B) superposed schematic drawing: (C) US imaging of the TFCC near
the ulnar fovea using long-axis approach; and (D) superposed schematic drawing. The
different color dashed rectangles are in accordance with the transducer positions in Figure
3. US: ultrasound; U: ulna; R: radius; L: lunate; T: triguetrum; SP: styloid process; Fo:
fovea; ECU, extensor carpi ulnaris; TFCC: triangular fibrocartilage complex. Superficial limb
of the radioulnar ligament (light brown shade), deep limb of the radioulnar ligament (dark
brown shade), articular disc (green shade), ECU tendon (grey shade), ulnar collateral
ligament (blue shade), meniscus homologue (red shade), lunotriquetral ligament (purple




CPPD in wrist joint




Dequervain’s disease

Tendon
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@ 2013 CHRISTY KRAMES




Trigger finger

ulley and Flexor Tendon Anatomy

PIP Joint DIP Joint

Metacarpal Proximal Phalanx Middle Phalanx Distal Phalanx

A1 Pulley A2 Pulley A3 Pulley A4Pulley ASPulley

Flexor Digitorum Superficialis (FDS)
Flexor Digitorum Profundus (FDP)
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1st MCP ulnar collateral ligament

Diffuse UCL thickening
without tear

Full-thickness UCL tear. Coronal US
scan of the thumb shows a
hypoechoic cleft (white arrow) that
extends through the UCL. The proximal
ligament (cursor) is still covered by the
smooth aponeurosis (black arrows).
MCP metacarpal, PP proximal
phalanx.

a proximally retracted nodule with
an irregular lobulated outline
(arrows), an appearance diagnostic
of a Stener lesion. The nodule
represents the retracted proximal
segment of the UCL and is

consistent with a full-thickness tear.
RadioGraphics 2006; 26:1007-1020



Stener lesion

The aponeurosis of the adductor
pollicis muscle becomes interposed
between the ruptured ulnar collateral
ligament (UCL) of the thumb and its
site of insertion at the base of the

RadioGraphics 2006; 26:1007-1020
nravimal nhalany



Skeletal Radiology (2021) 50:505-513
https://doi.org/10.1007/s00256-020-03575-w

SCIENTIFIC ARTICLE

Ulnar collateral ligament injuries of the first metacarpophalangeal
joint: prevalence of associated injuries on radiographs and MRI

Sebastian Manneck' - Filippo Del Grande? - Anna Hirschmann'

« a dislocation of the UCL of more than 3 mm is
associated with clinically unstable first MCP joint,
underlining the need for a surgical repair

* In conclusion, following traumatic UCL lesions, MRI
detects a high percentage of volar ligament injuries
that are often surmised on radiographs. Severely
dislocated UCL tears of > 3 mm, including Stener
lesions, are more often associated with volar ligament
Injuries.
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