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9.29+ 2.63mm’(range, 5.3-14.0mm?), 545+ 1.98mm’
(range, 2.9-7.9 mm?), 10.68+
3.38 mm’(range, 6.9-19.7mm?) , 6.55+ 2.01 mm’(range, 4.2-

Fig. 1. Schematic diagram of palmar displacement (PD) of the
flexor retinaculum shows that a straight line is drawn between
the tubercle of the trapezium and the hook of the hamate, and
the distance from this line to the palmar apex of the flexor reti-
naculum is measured.

H:hook of hamate, C:capitate, Td:Trapezoid, Tm:trapezium,
PD:palmar displacement, Fr:flexor retinaculum.

9.8mm?) 10.88+ 2.78 mm?*(range, 5.4-
16.1mm?), 6.34+ 2.00mm’* (range, 3.8-104mm°)

(p=00001) (Figs. 2, 3).
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(p=0.0001)
(Fig. 5).
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(p=0.0180) (Figs. 6, 7).
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Table 1.Comparison of Ultrasonographic Findings between Patient and Control
CTS (n=44) Control (n=30)
mean+ SD (range) meanz SD (range)
Cross sectional area of median nerve (mm?)
Distal radius* 9.29+ 2.63(5.3-14.0) 5.45+ 1.98(2.9-7.9)
Pisiform* 10.68+ 3.38(6.9-19.7) 6.55+ 2.01(4.2-9.8)
Hamate* 10.88+ 2.78(5.4-16.1) 6.34+ 2.00(3.8-10.4)
Flattening ratio of median nerve
Distal radius 2.11+ 0.40(1.1-3.1) 2.16+ 0.54(1.4-3.8)
Pisiform 2.14+ 0.42(1.1-3.6) 2.20+ 0.36(1.3-3.1)
Hamate* 2.37+ 0.56(1.5-3.7) 2.06+ 0.36(1.4-3.1)
Palmar displacement (mm)* 3.44+ 0.90(2.0-5.0) 2.20+ 0.55(1.3-3.0)
Transverse sliding distance
of median nerve (mm)* 0.98+ 1.03(0-4.0) 1.65+ 1.22(0.2-3.3)
CTS: carpal tunnel syndrome
*: p<<0.05
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Fig. 2. A 35-year-old woman with normal control. Fig. 3. A 51-year-old woman with carpal tunnel syndrome.
Axial sonogram of wrist at pisiform level shows median n- Axial sonogram of wrist at pisiform level shows enlarged hy-
erve(arrow) with normal size and shape. Cross sectional area poechoic median nerve. Cross sectional area of the median n-
of the median nerve is measured as 5.0 mmz. erve is measured as 15.3 mmz.

MN:median nerve.
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( 10.68+ 3.38mm, 10.88 (14, 22). ,
+ 2.78mm?). Mesgarzadeh  (8)
Buchberger  (6) , ;

meanz 2 SD
(20, 21). , 1.49-
9.41 mm’, 2.53-10.57 mm?,
, 2.34-10.34 mm? ,
, Buch- 1.34-2.78, 1.1-3.3mm

berger (1, 6)

Fig. 4. A 52-year-old woman with carpal tunnel syndrome. Fig. 5. A 52-year-old woman with carpal tunnel syndrome.
Axial sonogram at hamate level shows increased flattening of Axial sonogram at hook of hamate level shows increased pal-
the median nerve (arrow). Flattening ratio of the median nerve mar bowing of flexor retinaculum. Palmar displacement of
is measured as 3.7. flexor retinaculum is measured as 4.1 mm.

PD:palmar displacement.

A B

Fig. 6. Transverse sliding of median nerve in a 38-year-old woman with normal control.

A. Axial sonogram of wrist during flexion of index finger.

B. Axial sonogram of wrist during extension of index finger shows that median nerve moves toward ulnar aspect of wrist. Sliding
distance of the median nerve is measured as 3.1 mm.

MN:median nerve, UA:ulnar artery.
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A B

Fig. 7. Transverse sliding of median nerve in a 48-year-old woman with carpal tunnel syndrome.

A. Axial sonogram of wrist during flexion of index finger.

B. Axial sonogram of wrist during extension of index finger shows little difference in transverse sliding of median nerve as com-

pared with flexion view. Sliding distance of the median nerve is measured as 0.2 mm.
MN:median nerve, UA:ulnar artery.

Fig. 8.Schematic diagram of normal
carpal tunnel at hamate level shows
that median nerve lies underneath flex-
or retinaculum and courses ventral to
the flexor tendons.

H:hamate, C:capitate, Td:trapezoid,
Tm:trapezium,

Fr:flexor retinaculum, Fds:flexor digi-
torum superficialis tendon,

Fdp:flexor digitorum profundus ten-
don, Fpl:flexor pollcis longus tendon,
MN:median nerve, UA:ulnar artery,
UN:ulnar nerve.

10.6 mm? , 2.8 , Werner (11) Resnick  (9)
3.3mm ,
MRI ®),
, @, 12).
, Nakamichi  (24)
Nakamichi  (23) . )
MRI
] (6)1
MRI

) MRI

, Pha-
len(20)

— 1003 —



10.

. Buchberger W, Schon G, Strasser K, Jungwirth W. High-resolution

ultrasonography of the carpal tunnel. J Ultrasound Med 1991;10;
531-537

. Phalen GS. The carpal tunnel syndrome: seventeen year' s experi-

ence in diagnosis and treatment of six hundred fifty-four hands. J
Bone Joint Surg 1966;48A:211-228

. Chen P, Maklad N, Redwine M, Zelitt D. Dynamic high resolution

sonography of the carpal tunnel. AJR 1997;168:533-537

. Dawson DM. Entrapment neuropathies of the upper extremities.

N Engl J Med 1993;329:2013-2018

. Brahme SK, Hodler J, Braun RM, Sebrechts C, Jackson W, Resnick

D. Dynamic MR imaging of carpal tunnel syndrome. Skeletal Radiol
1997,26:482-487

. Buchberger W, Judmaier W, Birbamer G, Lener M, Schmidaur C.

Carpal tunnel syndrome: diagnosis with high-resolution sonogra-
phy. AJR 1992;159:793-798

. Middleton WD, Kneeland JB, Kellman GM, et al. MR imaging of

the carpal tunnel: normal anatomy and preliminary findings in the
carpal tunnel syndrome. AJR 1987;148:307-316

. Mesgarzadeh M, Schneck CD, Bonakdarpour A, Mitra A,

Conaway D. Carpal tunnel: MR imaging. Il. carpal tunnel syn-
drome. Radiology 1989;171:749-754

. Resnick D, Kang HS. Internal derangement of joints;Emphasis on MR

Imaging. Philadelphia;Saunders 1997;149-151

Stoller DW, Brody GA. The wrist and hand. In stoller DW. Magne-
tic resonance imaging in orthpedics & sports medicine. Philadel-
pia:Lippincott-Raven 1997:956-961

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

— 1004 —

Werner RA, Armstrong TJ. Carpal tunnel syndrome: Ergonomic
risk factors and intracarpal canal presure. Phys Med Rehabil Clin
North Am 1997;8:555-569

Akelman E, Weiss AP. Carpal tunnel syndrome: Etiology and en-
doscopic treatment. Orthop Clin North Am 1995;26:769-778

Omer GE. Median nerve compression at the wrist. Hand Clin 1992;
8:317-324

Rosenbaum RB. The role of imaging in the diagnosis of carpal tun-
nel syndrome. Invest Radiol 1993;28:1059-1062

JohnV, Nau HE, Nasher HC, Reinhardt V, Venjakob K. CT of
carpal tunnel syndrome. AJNR 1983;4:770-772

Zeiss J, Skie M, Ebraheim N, Jackson WT. Anatomic relations be-
tween the median nerve and flexor tendons in the carpal tunnel:
MR evaluation in normal volunteers. AJR 1989;153:533-536
Mesgarzadeh M, Schneck CD, Bonakdarpour A. Carpal tunnel:
MR imaging. I. Normal anatomy. Radiology 1989;171:743-748
Fornage BD, Rifkin MD. Ultrasound examination of the hand and
foot. Radiol Clin North Am 1988;26:109-129

Fornage BD. Peripheral nerves of the extremities: imaging with
US. Radiology 1988;167:179-182

Phalen GS. The carpal tunnel syndrome:clinical evaluation of 598
hands. Clin Orthop 1972;83:29-40

Rietz KA, Omne L. Analysis of 65 operated cases of carpal tunnel
syndrome. Acta Chir Scan 1967;133:443-447

Gelberman RH, Hergenroeder PT, Hargens AR, Lundborg GN,
Akeson WH. The carpal tunnel syndrome: A study of carpal canal
pressures. J Bone Joint Surg 1981;63A:380-383

Nakamichi K, Tachibana S. Restricted motion of the median nerve
in carpal tunnel syndrome. J Hand Surg 1995;20B:460-464
Nakamich K, Tachibana S. The use of ultrasonography in detection
of synovitis in carpal tunnel syndrome. J Hand Surg 1993;18B:176-
179



1999;41:999-1005

J Korean Radiol Soc 1999;41:999- 1005

Ultrasonographic Findings of Carpal Tunnel Syndrome*

Yeon Soo Lee, M.D., Eun Seok Choi, M.D.2, Tae Kyu Min, M.D.,
Ji Chang Kim, M.D., EunJa Lee, M.D., Hyun Kim, M.D., Si Won Kang, M.D.

'Department of Radiology, Taejon St Mary' s Hospital, The Catholic University of Korea
*Department of Rehabilitation Medicine, Taejon St Mary' s Hospital, The Catholic University of Korea

Purpose : To describe the ultrasonographic (US) findings of carpal tunnel syndrome (CTS) and to evaluate the
diagnostic value of US in CTS.

Materials and Methods : Forty-four wrists of 26 patients aged 35 to 67 (mean, 52) years with CTS who were
electrophysiologically diagnosed, and 30 wrists of 15 normal control subjects aged 33-62(mean, 48 years) were
studied using US with a 7.5MHz linear transducer. Axial images of these wrists in the neutral position were
obtained at the level of the distal radius, pisiform, and hook of hamate. The following measurements were tak-
en: at each level, cross sectional area (CSA) and flattening ratio (FR) of the median nerve; at the hamate level,
bowing of the flexor retinaculum (palmar displacement: PD); during passive flexion and extension of the index
finger, transverse sliding of the median nerve.

Results : CSA at each level was significantly higher in patients than in controls (p=0.0001): 9.29+ 2.63 mm?
(meant+ S.D.) vs 5.45+ 1.98 mm? at the distal raidus; 10.68+ 3.38 mm? vs 6.55+ 2.01 mm? at the pisiform;
10.88+ 2.78 mm?, vs 6.34+ 2.00 mm? at the hamate. FR was significantly higher in patients(2.37
+ 0.56) than in controls (2.06+ 0.36) only at the level of the hamate (p=0.0064). In addition, PD
of the flexor retinaculum was also significantly higher in patients (3.44+ 0.90 mm) than in controls (2.20+
0.55mm) (p=0.0001). The sliding distance of median nerve during passive flexion and extension of the index
finger was, however, significantly lower in patients (0.98+ 1.03 mm) than in controls (1.65+ 1.22 mm)
(p=0.0180).

Conclusion : For the diagnosis of CTS, US proved useful. Significant ultrasonographic findings in CTS were
swelling of the median nerve, increased flattening ratio of the median nerve at the distal carpal tunnel, in-
creased bowing of the flexor retinaculum, and decreased mobility of the median nerve during motion of the in-
dex finger.
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Wrist, abnormalities
Wrist, injury
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