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The Role of Ultrasound in Diagnosing
Carpal Tunnel Syndrome
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AAN American Academy of Neurology | FN false negative
AANEM | American Association of Neuro- | FP false positive
muscular and Electrodiagnostic
Medicine
AUC area under the ROC curve FPL flexor pollicis longus
CMAP compound muscle action poten- | MN median nerve
tial
CSA cross-sectional area MRI magnetic resonance imaging
CSA, carpal tunnel CSA, NAP nerve action potential
at pisiform level
CSA.P proximal CSA, NCS nerve conduction studies
at pronator quadratus level
ACS A delta cross-sectional area, differ- | NPV negative predictive value
ence between CSAc
and CSAp
CT carpal tunnel — PBFR palmar bowing of the flexor reti-
computed tomography naculum
CTS carpal tunnel syndrome PMA persistent median artery
DML distal motor latency PPV positive predictive value
DSL distal sensory latency PQ pronator quadratus
EDX electrodiagnostic testing / studies | ROC Receiver Operating Characteristic
EMG electromyography SNAP sensory nerve action potential
FCR flexor carpi radialis SNCV sensory nerve conduction velocity
FDP flexor digitorum profundus TCL transverse carpal ligament
FDS flexor digitorum superficialis | TN true negative
FDT flexor digitorum tendons TP true positive
FLH fibrolipomatous hamartoma | US ultrasound
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Abstract

Purpose

Our objective in this study was to assess the accuracy of ultrasound in the di-
agnosis of carpal tunnel syndrome using the delta cross-sectional area of the
median nerve (ACSA), compared to the current reference standard of electrodi-
agnostic testing.

Materials and Methods

50 wrists of 34 patients with electrodiagnostically proven CTS, and 81 wrists
of 45 asymptomatic healthy volunteers were examined with ultrasound.

The radiologist performing the ultrasound exam was blinded to both the partic-
ipant’s symptom status, and results of electrodiagnostic testing.

The cross-sectional area (CSA) of the median nerve was measured on trans-
verse sonographic images at the carpal tunnel inlet CSA. (pisiform level), and
at the distal forearm CSA, (pronator quadratus level), and then the difference
between these two measurements “the delta CSA” was calculated for each
wrist.

Results

The mean CSA was significantly larger in patients with CTS than in healthy
volunteers (p < .0001). The mean ACSA was also significantly greater in pa-
tients with CTS than in healthy volunteers (p <.0001). Receiver operating
characteristic analysis revealed a diagnostic advantage to using the ACSA ra-
ther than the CSA. alone (p = .006). Use of a ACSA threshold of 2 mm? yield-
ed the greatest sensitivity (100%) and specificity (99%) for the diagnosis of
CTS.

Conclusion

The delta CSA of the median nerve provides a more accurate discrimination
between patients with CTS and controls according to receiver operator charac-
teristic (ROC) analysis.
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Palmaris longus

Flexor retinaculum (transverse
tendon

carpal ligament) Medi "
edian nerve
Ulnar artery

and nerve

Flexor carpi
ulnaris tendon
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digitorum
superficialis
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(3, 4 superficial; Flexor carpi
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digitorum exor pollicis

i longus tendon
?endons* in tendon sheath*
(2,3, 4,5) Radial artery

Hamate bone Trapezium bone
Capitate bone Trapezoid bone

*Contents of carpal tunnel
Cross section of wrist demonstrating carpal tunnel.
Adapted from "Atlas of Human Anatomy," by F. H. Netter, 2019. Elsevier Inc.
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Palmar branch of median
nerve from forearm

Paln ar view

Digital nerves —

Palmar branch ‘\. @; / Flexor pollicis brevis

(of median nerve) Abductor pollicis brevis

Recurrent branch

. (of median nerve)
Median nerve

Dorsal view

Median nerve in the hand.
Adapted from "Gray's Basic Anatomy. " by R. I. Drake, A. W. Vogl, & A. W.M. Mitchell, 2018. Elsevier Inc.
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Anatomy of a Peripheral Nerve (daaall uasl) g i

Baaad e ol BaRA (3 A8 A clanl) LIV e aaall e Adaisall liac Y (35S
58 5 leday Caoal ol g (he A8 Ak A JA (S alal o34 A daind ¢allially
Lerand (oS alia prasd (1 Aukay 34 s PSENIFAT I EVEN Llaj ei (<5 .Perineurium aiuasll
52,880 Apaall GLIVG Ayl ALl ol L] Gl epineurium el siey Cigel das
(3 Jall) (3) endoneurium (oaasll Calll aeay a5
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Photomicrograph of a peripheral nerve in cross-section, H&E.
Adapted from “Histology a text and atlas,” by M. H. Ross, & W. Pawlina, 2011. Lippincott Williams & Wilkins.

3 Jsal
BNF: bundle of nerve fibers (fascicle); Epn: epineurium; BV: blood vessels; AT:
adipose tissue; Pn: perineurium; A: axon; M: myelin; SS: Schwann cell nucleus; NI:
neurilemma; C: capillary.

Normal Sonographic Anatomy (bl ¢ saall zo sl
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.T;‘:‘;J L._;*:')‘M /C,-,;JJBS‘J
CLGA\%AZJJ\.g_}bﬁa.ia;lai&a@#\é@\éd}ﬂ&@\&ﬁ@i&)@.ﬁﬂ)ﬁ)&\o
(4) 333 A3kt ¢ laal (4a dia sl

11



artifact 4deols oda oKls . srall dadli 4o ka7 of H 22U (Kar cdlila g/ jo Loy guad dic
Anii¥) L ondd il 5 a0 ) _piis anisotropy deall N (w3 ol Ci s
Ay )Y oY) 8 s pain g 655 Lo ST 5 Sl Loy ) A5 0 ol S s [ 4iid s
(3)

Lo 34 alia g Ly gy 5 clgin Jaady csaall Ladli 30224 2 54 L e lac V) jelaie

JSA) (4) SN " Jual) e A" Hedas Lndaay Laa cperineurium/epineurium sl
(554

-

|

e
A—

Morphology of the normal median nerve (Gervasio et al., 2020).
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B) * Median nerve . Flexor digitorum Pisiform bone

superficialis tendon
Flexor carpi » Transverse ligament Bursa

radialis tendon

‘ Flexor pollicis Flexor digitorum
longus tendon B profundus tendon
Scaphoid bone Subsynovial connective tissue

S5 sl
LG8 A2 (5 ghuay ga )l (38l (g gaall oy il
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Variant Anatomy 4aag y4d &) plas

/ Bifid median nerve (3 sidall cialll) cuaall

b Ui Selad cae Ll e sl o ) L8 fiaae (i 34 ) Calil) Cuaall andiy 8
Al e ganall CaMEAL (3 gidall Caalill Caanll LTI Jheae alidg | ol 583
L3 G sbadie G ki U 5Ss Le Wile caanll 6108 G Lanz 205l 713 572 om o) s
o 3l Gl el 5ol Cpded (pilide (pana (Shll QoY) (B s AT S8 G35l G (A
G L Gle s Al el 3T janae fpas¥1 6 5all s oA ans 6 T plasesa i)

Persistent median artery (PMA) aeal) cialil) ol pl)

Sl 3kt aa iall 3kl ol 8 Al g e bl (5 geall Gl all caalill ol il (a5
(8) bl 8 Caalill Comnll (381 )3y sle sl Canalill Ll aad i (533 3 5 (5 sl
(6 Jalh

Aorta

Upper
limb bu;;ln_:

' Deep artery of arm
' Intersegmental (profunda brachii artery)

L_ X\ artery

Primary axial
artery

Brachial artery

Common Brachial artery
interosseous
artery Ulnar artery

Median artery

Hand plate

Radial artery

Anterior
interosseous
artery

Brachial artery

Superficial palmar arch

Ulnar artery

Development of the arteries in the upper limb.
Median artery P PP

Development of the arteries of the upper limb.
Adapted from "Before we are born," by K. L. Moore, T.V.N. Persaud, & M. G. Torchia, 2016. Elsevier Inc.
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Adapted from "Ultrasound of Focal Neuropathies,” by M. S. Cartwright, 2016, Radiology Key
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(Gervasio et al., 2020)
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Open surgical technique for carpal tunnel release (19) (Figure 14):
(a) The incision of a standard open carpal tunnel release is a longitudinal inci-
sion (straight, or curvilinear parallel to the thenar crease) at the base of the
palm, along an axis defined by the radial aspect of the ring finger, extending
proximally toward the distal wrist crease without crossing it. (b) Injection of
local anesthesia. (c) Incision is made with a scalpel through skin and subcuta-
neous tissue. (d) Beneath the subcutaneous fat, the palmar fascia is exposed.
The fibers of the palmar fascia run longitudinally and can be distinguished
from the fibers of the TCL which run transversely. (e) A small incision is made
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in the TCL. (f) The TCL is transected distally until the volar fat pad is visible.
(g) The TCL is then released proximally using tenotomy scissors. (h) A bulb

syringe can be used to inject saline into the proximal aspect of the incision. A
visible collection of fluid underneath the skin indicates adequate release of the
antebrachial fascia. (i) Exposure of the median nerve after complete release of

the TCL.
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The Utility of Ultrasound in Carpal Tunnel Syndrome
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Pathophysiology and ultrasound appearance of compressive median neuropathy (Deniel et al., 2015).
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Adapted from "Electromyography & neuromuscular disorders." by D. C. Preston. & B. E. Shapiro. 2021. Elsevier, Inc.
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Adapted from: a. "Electromyography & neuromuscular disorders," by D. C. Preston, & B. E. Shapiro, 2021. Elsevier, Inc. b. (Peer et al., 2012).
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PQ: pronator quadratus, FDS: flexor digitorum superficialis, FDP: flexor digitorum profundus,
FPL.: flexor pollicis longus, FCR: flexor carpi radialis
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Adapted from "Electromyography & neuromuscular disorders," by D. C. Preston, & B. E. Shapiro, 2021. Elsevier, Inc.
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Table 2. Demographic characteristics of study participants

CTS Patients Controls
(n = 34) (n = 45)
Number of scanned
wrists, n 50 81

Gender, n (%)
Female
Male

Age in years,
mean (range)

25 (73.5 %)
9 (26.4 %)

59.5 (30 — 85)

32 (71.1 %)
13 (28.8 %)

57.6 (30 — 86)
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Tan 7.8 ) gl Ao gana By ¢(Tan 1.8 sokime il ail) Tan 7.7 (oia all Ao gana B
2l de e 8 CSA, a3l Jada 5 giuas ¢(Tan 1.9 s lime il i)

2 (s okma il ail) Tan 8 28l p8l) Ao gana Ay o(Tae 3.2 e <l i) Tae 13,9
ie sann b A CSA Couslill Cumall ol il dalusa Uiy Lol i (IS5 (e

il ail) Tae 0.2 158 Ao gana (5 ¢(Tae 2.8 (ke il ail) Tae 6.2 (ol
(3 Js2all) (Tae 0.8 s lbxs

Table 3. Nerve measurements in CTS versus control groups

CTS Patients Controls
CSApin mm?, mean (SD) 7.7 (1.8) 7.8 (1.9)
CSAc in mm?, mean (SD) 13.9 (3.2) 8 (2)
A CSA in mm?, mean (SD) 6.2 (2.8) 0.2 (0.8)

SD: standard deviation

CSA, : cross-sectional area at the PQ level

CSAc : cross-sectional area at the carpal tunnel inlet
A CSA = CSA.- CSA,
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Table 4. Correlation between US and NCS findings in CTS patients

DSL DML
CSA, -0.04 0.02
CSAc 0.23 0.45
A CSA 0.29 0.44

US: ultrasound, NCS: nerve conduction studies, DSL.: distal sensory latency, DML dis-
tal motor latency

ACSA 1 50.950 (st CSA J (Saidll caad daluall (g ROC (S84 Jalas
Ol 3 e (K Cariatll 65 3lee 383 e Jaylas 1 0.996 s
(p=.006) Cus CSA; Ao ol Ll & 58 ACSA &I Y)

54
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BolAs ddie JS e a il aall

Table 5. Diagnostic accuracy of median nerve CSA measurements

Sensitivity %  Specificity % PPV % NPV %
CSAC 98 (49/50) 83 (67/81) 78 (49/63) 99 (67/68)
with 100 mm?  [89.4 -99.9] [73.0-90.5] [65.7-87.6] [92.6-100]
threshold
CSAc
with 11 mm? 86 (43/50) 91 (74/81) 86 (43/50) 91 (74/81)
threshold [73.3-94.2] [82.4-96.3] [73.3-94.2] [82.4-96.3]
CSAc
with 12 mm? 64 (32/50) 96 (77/81) 89 (32/36) 81 (77/95)
threshold [49.2-77.1] [89.0-99.2] [73.6-97.3] [71.6-88.3]
A CSA
with 1 mm? 100 (50/50) 84 (68/81) 79 (50/63) 100 (66/66)
threshold [94.2 -100] [74.1-91.3] [66.8-88.3] [95.6-100]
A CSA
with 2 mm? 100 (50/50) 99 (80/81) 98 (50/51) 100 (80/80)
threshold [94.2 -100] [93.3-100] [89.5-99.9] [96.3-100]
A CSA
with 3 mm? 92 (46/50) 100 (81/81) 100 (46/46) 95 (81/85)
threshold [80.3-98.0] [96.4—-100] [93.7-100] [87.8—-98.6]

Numbers in parentheses are numbers of wrists used to calculate the percentages
Numbers in brackets are 95% confidence intervals
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Table 6. Studies reporting diagnostic performance of US for the diagnosis of CTS

Aurhors (year) Number of Diagnostic CSAc (mm?)  Sen (%) Spc (%)
Wrists referemce
CTS/controls

Duncan et al. 102/68 NCS 9 82 97
(1999) (44)
El Miedany et al. 96/156 Clinical and 10 98 100
(2004) (45) NCS
Klauser et al. 100/93 Clinical and 11 99 86
(2009) (37) NCS ACSA > 2 99 100
Hunderfund et al. 55/49 NCS 11 84 84
(2011) (46) ACSA > 6 82 84
Elnady et al. 89/76 NCS 13 90 95
(2019) (47) ACSA >25 97 100
Our study 50/81 NCS 11 86 91
ACSA > 2 100 99

US: ultrasound, CTS: carpal tunnel syndrome, Sen: sensitivity, Spc: specificity, NCS: nerve con-
duction studies, CSAc: cross-sectional area at the carpal tunnel inlet (pisiform level)
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"No one would try to diagnose diabetes without knowing the blood sugar level
because blood sampling is painful*

1(20) LS 8 Shapiro s Preston 25l LS (&

"The situation is similar to the role that electrodiagnostic studies and MRI
have in the evaluation of radiculopathy. EDX studies are physiologic tests
and, as such, yield information about the function of the nerves, nerve roots,
and muscles. In contrast, imaging studies show a picture of the nerves, nerve
roots, and muscles, but yield no information on the functioning.

Thus, for example, whereas EDX studies give information about how well
the nerve root is functioning, an MRI can show the nerve roots and whether
they appear impinged by a disk, spondylosis, or other structural causes.
Likewise, whereas EDX studies may be able to identify median neuropathy
at the wrist, they cannot discern what is causing it. This is where ultrasound
may add critical complementary information. For example, it may reveal
thickened synovium, compressive cysts, tumors, or vessels.

Indeed, one can make a reasonable argument that ultrasound should be
employed as a useful complement to EDX studies in all mononeuropathies,
since ultrasound can add structural information that EDX studies cannot
determine."
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