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Analysis of Sonographic Measurement by
Anatomical Area in Carpal Tunnel Syndrome
and Correlation the Measurement with
Electrodiagnostic Study

JungWoo Park

Department of Orthopedic Surgery, Saeson Hospital, Daejeon, Korea

Purpose: To evaluate effectiveness of ultrasonographic measurement of carpal tunnel
by anatomical area and correlation with electrodiagnostic study in diagnosis of carpal
tunnel syndrome.

Methods: From September 2018 to March 2019, we performed the ultrasonography
for 30 cases with carpal tunnel syndrome diagnosed with electrodiagnosis and 30 cas-
es as control group. We measured median nerve diameter, cross-sectional area (CSA),
and flattening ratio (FR) by area of carpal tunnel. We analyzed the difference of mea-
surement between two groups and correlate the measurement with electrodiagnosis
findings.

Results: There was significant statistically differences in sonographic measurement
between two groups by independent t-test (CSA zone 1, p=0.01; FR zone 2, p=0.000;
FR zone 3; p=0.001). With Pearson correlation test, there was correlation between so-
nographic measurement and electrodiagnostic findings (terminal latency and nerve
conduction velocity) statistically, but the Pearson coefficient was low (r<0.4).
Conclusion: By anatomical area, the available value of sonographic measurement was
different. But, as the values were has low power to diagnose the carpal tunnel syn-
drome, ultrasonography is proper to use as a complementary tool in diagnosis of car-
pal tunnel syndrome.
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Table 1. Demographic patients' data
Group A Group B p-value

Age (yr) 59.27 (33-86)  53.53 (34-78) >0.05”
Gender >0.05

Male 4 5

Female 26 25
Type of hands

Right 16 15 >0.05

left 14 15 >0.05

Bilaterally 12 14 >0.05

Values are presented as median (range).
JIndependent t-test.
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T FAAF AolE Ay= 9 (proximal carpal tunnel)& 279,
oz 9 G AlolE Au= F£Y(distal carpal tunnel)S 3
TFoo g JrEsto] Z47Ee] Gl AEE AIFsHATHO] (Fig. 1).

3. AE XE

Az NE2A FZAA AR D1, A& D2), E4(0), o
H&(cross-sectional area, CSA)E S45IHaL 7I= 217 9 A2
274 9] H|2A AFA17 o] dEtE o] A Sl= BI&(FR)= Al4tsI e
o 2238 YR Y4179 dHAT =23 o]d o] dA 9] v
(CSA ratio: zone I/zone 1I, zone I/zone D)= AAFFITHA]
(Fig. 2).

Fig. 1. Demonstration of zone of carpal tunnel. Zone 1 is proxi-
mal area to true carpal tunnel. Zone 2 is proximal carpal tunnel
between scaphoid distal pole (S) and pisiform (P). Zone 3 is dis-
tal carpal tunnel between hamate (H) and trapezium (T).
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Table 3. Bland Scale [12]

Grade Description

0 No neurophysiological abnormality

1 Very mild CTS, detected only in two sensitive tests (e.g., inching,
palm/wrist median/ulnar comparison, ring finger ‘double peak’)

2 Mild CTS (orthodromic sensory conduction velocity from index

finger to wrist <40 m/s with motor terminal latency from wrist
to APB <4.5 ms)

3 Moderately severe CTS (motor terminal latency > 4.5 ms and
< 6.5 ms with preserved index finger SNAP)

4 Severe CTS (motor terminal latency >4.5 ms and < 6.5 ms with
absent SNAP)

Very severe CTS (motor terminal latency > 6.5 ms)

[ B +»] .
TB7 083cm 6 Extremely severe CTS (surface motor potential from APB <0.2

C 200 cm mV, peak-to-peak)

A 023 cm*

CTS, carpal tunnel syndrome; ABP, abductor pollicis brevis; SNAP, sensory
Fig. 2. The measurement of median nerve. D1 and D2 are horizon- ~ nerve action potential.

tal and vertical diameter of median nerve. C is circumference and

A is cross-sectional area.

Table 2. Severity of carpal tunnel syndrome

Severity” Sensory NCS Motor NCS APB needling EMG
Mild 1. 14 cm wrist stimulation, peak latency >3.7 ms 6. Distal latency >4.2 ms Normal

2. 14 cm wrist stimulation, the peak latency: proximal 7 ecm 7. CMAP amplitude: 4.1-4.5 mV
> distal 7 cm

3. Transcarpal 5 ¢cm short-segment latency: onset latency
> 1.3 ms, peak latency > 1.5 ms

4. 14 cm SNAP amplitude: 16-20 uV

5. Conduction block greater than 50% in wrist palm stimula-
tion if 14 cm stimulation amplitude >20 pV

Moderate 1. Wrist stimulation (14 cm) SNAP amplitude 6-15 uV 3. CMAP amplitude 2.1-4 mV 4, Fibrillation (+)
2. Conduction block greater than 50% at wrist & palm stim. 5. Abnormal MUAP with intermediate
If SNAP >10 pV with 14 cm wrist stimulation interference pattern
Severe 1. SNAP amplitude <5 uVvV 2. CMAP amplitude <2 mV 3. Fibrillation (+)

4. Abnormal MUAP with discrete ac-
tivity or single unit pattern

NCS, nerve conduction study; ABP, abductor pollicis brevis; EMG, electromyography; SNAP, sensory nerve action potential; CMAP, compound muscle
action potential; MUAP, motor unit action potential.

IMild, at least three of the following sensory and motor nerve conduction; Moderate, mild plus at least two of the following sensory and motor nerve
conduction; Severe, moderate plus the following sensory and motor nerve conduction.

4, 7| MBHA HA] AP ATH6-8]. $5& EFHS Steven [11]19] oJ7t &7
A7 0738 AR & 5] ARG oAl oJsh AlgE o] S4E & HH Bland Scale [12]& 285t (Tables 2, 3).
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& 0}7] HO]“# *1737‘15—'—501] e AgaA 24 2 S5 £ &5tk 5—%14'@' ASA 2} A7 AGHARS] AHiAE A
Holl gt 5Foll e 233 ASX Y Zo] f-7o) thgt AA 17| Y5l Pearson correlation testE ©]-85+ 1 A7 A
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Fig. 3. There was significant statistical difference between two groups in cross-sectional area of Zone 1 (A), flattening ratio of Zone 2

(B) and Zone 3 (C).
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Fig. 4. Receiver operating characteristic (ROC) curve of cross-
sectional area of Zone 1 (Z1A) and flattening ratio of Zone 2,
Zone 3 (Flattening R(Z2), Flattening R(Z3)). Each area under the
curve (AUC) was 0.69, 0.75, and 0.75.

e I50 WE 230 249 gt 242 Kruskal-Wallis
testE o|-&olrt BE A 54l HH2 SPSS version 18.0
(SPSS Inc., Chicago, IL, USA)E ©] &3} -9]4= 0.05°4
A7t

2t

Fisher exact testg ©]-&dto] & & 719 g, Yol, F582
)
BA AKX

BATH AT 2 710 1% A9 Aol THTable 1)
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Table 4. The difference between two groups in FR and CSA

Group A Group B
p-value
Avg SD Avg SD
Zone |
D1 0.62 0.14 0.52 0.08 0.002
D2 0.24 0.05 0.22 0.03 0.058
C 1.48 0.32 1.27 0.17 0.002
CSA 0.12 0.06 0.09 0.02 0.010
Zone |l
D1 0.71 0.15 071 0.15 0.000
D2 0.20 0.05 0.21 0.03 0.501
C 1.65 0.34 1.37 0.26 0.001
CSA 0.12 0.04 0.10 0.02 0.072
Zone llI
D1 0.67 0.13 0.58 0.08 0.003
D2 0.18 0.04 0.19 0.03 0.649
C 1.50 0.38 1.35 0.19 0.052
CSA 0.10 0.04 0.09 0.02 0.118
FR(Z2) 3.70 1.12 2.86 0.41 0.000
FR(Z3) 3.76 0.87 3.12 0.44 0.001
CSAR (21/22) 1.13 0.45 0.98 0.29 0.118
CSAR (21/23) 1.29 0.38 1.14 0.34 0.122

FR flattening ratio; CSA, cross-sectional area; D1, horizontal diameter; D2,
vertical diameter; C, circumference; Avg, average; SD, standard deviation.

Independent t-testE ©]-&3t oA F  7He] 230t ]
ol 1701419 CSASF 279 9 379 9] JEHE(FR) 5°

st 0 & o] Qli= AolE B UtK(Table 4, Fig. 3). & :'1—4 54

A& e o 2 2435 ROC curve (receiver operating Charac-
teristic curve)olAl cutoff valuex= CSA=0.095 cm? ¥ZE=
70%, E°lk 53%; FR(Z2)=2.92, W 73%, E°l% 73%;
FR(Z3)=3.3, 91 67%, Bk 67%AtHFig. 4). A71-=4
AbeF 251 ASA| 9] AHBAE ZRIstr] Ao Al Pearson
correlation testo| A= 13+FGoA D13 NCV(F), D2+ TL ¥

Al
gl

o}m _IIN'
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Fig. 5. There was statistical difference between ultrasonography measurement and electrodiagnostic study. But they had low coeffi-
cient of correlation and ultrasonography measurement could not represent electrodiagnostic severity. (A) Pearson correlation test be-
tween CSA of Zone 1 and EDS (terminal latency [TL], nerve conduction velocity [NCV]). (B) Pearson correlation test between
cross-sectional area ratio and TL.

Table 5. Correlation between ultrasonography measurement and electrodiagnostic test

L NCV(F) NCV(P)
r p-value r p-value r p-value

Zone |

D1 0.28 0.13 -0.36 0.05 -0.05 0.78

D2 0.46 0.01 -0.37 0.04 -0.18 0.34

C 0.35 0.06 -0.40 0.03 -0.09 0.64

CSA 0.42 0.02 -0.38 0.04 -0.09 0.64
Zone |l

D1 0.00 0.98 -0.15 0.44 0.06 0.77

D2 0.12 0.53 -0.1 0.56 0.03 0.86

C 0.02 0.93 -0.15 0.42 0.06 0.76

CSA 0.1 0.57 -0.17 0.38 0.07 0.70
Zone Il

D1 0.09 0.63 -0.16 0.39 -0.03 0.86

D2 0.28 0.14 -0.21 0.26 -0.09 0.63

C 0.16 0.41 -0.24 0.21 -0.08 0.67

CSA 0.23 0.22 -0.21 0.27 -0.04 0.82

FR(Z2) -0.10 0.59 -0.01 0.94 0.02 0.94

FR(Z3) -0.21 0.27 0.11 0.58 0.09 0.62

CSAR (21/22) 0.44 0.01 -0.32 0.08 -0.30 0.10

CSAR (21/23) 0.29 0.12 -0.29 0.12 -0.12 0.54

There was some statistical differences, but coefficient of correlation was low.
r, Pearson correlation coefficient; TL, terminal latency; NCS, nerve conduction study; F, finger; P, palm; D1, horizontal diameter; D2, vertical diameter; C,
circumference; CSA, cross-sectional area; FR, flattening ratio.

12

https://doi.org/10.12790/ahm.19.0062



Arch Hand Microsurg 2020;25(1):8-16

Archives of Hand and MicrosurgcryAHM

S ER70)A Steven E579[11] € Bland Scale [12] &

T 7 Rkt o3t 229 ASA AlolE YErlA] 2okl
HKruskal-Wallis test ©]-&3F 4] Bland Scale®] % 17+
99| D2, 3799 D2, 3799 CSA7L, Steven EFHolA CSA
ratio (Z21/73)7F §-2lgt BAISHH Afo|7} Sl ACE USFA|T A
5474 Mann-Whitney testollA] 5-2J3F BAISH QJu]= 1th
(Tables 6, 7).
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Table 6. The number of patients by severity classification

Number of patients

Bland Scale [12] 30
Grade 2 3
Grade 3
Grade 4 n
Grade 5 2
Grade 6 8

Steven [11] 30
Mild 12
Moderate 9
Severe 9

Table 7. Analysis of correlation between severity classification and
ultrasonography measurement by the Kruskal-Wallis test

Bland Scale [12]

Steven [11]

Z1D1 0.41 0.54
7102° 0.03 0.12
Z1C 0.27 0.36
Z1A 0.05 0.18
72D1 0.69 0.55
72D2 0.20 0.41
72C 0.65 0.54
22A 0.31 0.77
Z3D1 0.30 0.60
73027 0.03 0.35
73C 0.27 0.57
Z3A? 0.03 0.26
FR(Z2) 0.43 0.23
FR(Z3) 035 0.45
CSAR(Z1/Z2) 0.47 0.55
CSAR(Z1/23)? 0.53 0.04

Z, zone; D1, horizontal diameter; D2, vertical diameter; C, circumference;
A, area; CSA, cross-sectional area; FR, flattening ratio.
IThere was no significant difference statistically in Mann-Whitney test.
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Fig. 6. Swelling of median nerve proximal to the carpal tunnel (ar-
row demonstrate the compression of median nerve and the right
side of figure is proximal area). So-called by “notching sign”. Gener-
ally, the median nerve in carpal tunnel syndrome is thickened, espe-
cially in proximal entrance of carpal tunnel.
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