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OBJECTIVE. The few papers published on the use of sonography in carpal tunnel syndrome
suggest it may be a useful diagnostic test. This study aims to prospectively evaluate the use of
sonographic measurements of the median nerve in the diagnosis of carpal tunnel syndrome.

SUBJECTS AND METHODS. Patients with documented carpal tunnel syndrome and a
group of asymptomatic controls were enrolled and underwent high-resolution sonography of
the carpal tunnel. A small-footprint linear array transducer was used to scan and measure the
median nerve cross-sectional area and the maximum transverse and anteroposterior diameters.
Data from the patient group and the control group were compared to establish optimal diag-
nostic criteria for carpal tunnel syndrome.

RESULTS. Sixty-eight carpal tunnel syndrome patief@@women, 18 men) with 102 af-
fected nerves and 68 nerves in 36 asymptomatic controls (23 women, 13 men) were exam-
ined. Qualitative assessment alone was found to be unreliable. All measurements showed
significant differences between patients and controls. The most predictive measurement was
swelling of the median nerve, which was significantly greater in carpal tunnel syndrome pa-
tients compared with controls (mean, 0.12amrsus 0.07 cA). Thus, quantitative assess-
ment of the median nerve provides an accurate diagnostic test (sensitivity, 82%; specificity,
97%), with an area larger than 0.092dming highly predictive of carpal tunnel syndrome.

CONCLUSION. We confirm that median nerve cross-sectional area measurement correlates
well with the presence of carpal tunnel syndrome and is both sensitive and specific for the diagnosis.

common form of peripheral nerve sonography has the potential advantages of
entrapment and is particularly prev-lower cost, shorter examination time, and the
alent in middle-aged women. Compression opossibility of sonographically guided interven-
the median nerve within the carpal tunnel lead®n and treatment; however, there is little data
to the symptom complex, but the underlyingon sonographic evaluation of carpal tunnel syn-
etiology is often uncertain. Carpal tunnel syndrome other than the studies of Buchberger et
drome can be readily identified by most clinial. [9, 10]. A recent study using sonography to
cians, and the clinical findings alone may bessess cubital tunnel syndrome suggests that
sufficient for diagnosis [1]. Nerve conductionquantitative analysis may also prove useful in
studies are useful in the less typical cases andlire diagnosis of nerve entrapment at sites other
cases in which other conditions such as entrafitan the carpal tunnel [11].
ment of other nerves, cervical neural compres- With both MR imaging and sonography, it is
sion, demyelinating disease, diabetes, arecessary to measure the median nerve because
peripheral neuritis could cause confusion. Alsubjective assessment alone has proven insuffi-
though nerve conduction studies are highlgiently diagnostic [5-10]. The aim of this study
specific [2], they have a substantial false-negaras to prospectively evaluate quantitative sono-
tive rate of between 10% and 20% [3, 4]. Algraphic methods for the diagnosis of carpal
though nerve conduction studies often indicatiinnel syndrome.
the level of the lesion, they do not provide spa-
tial information about the nerve or its surround-
ings that could help in determining etiology. IrSubjects and Methods
recent years, MR imaging has been shown to Consecutive patients with a provisional diag-
be of value in the diagnosis of carpal tunnelosis of carpal tunnel syndrome (of any cause)

C arpal tunnel syndrome is the mossyndrome [5-8]. Compared with MR imaging,
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referred to a single rheumatologist were enrolled iBothell, WA). A group of asymptomatic control ments were taken in the distal carpal tunnel. The flat-
the study if they had either a nerve conductiosubjects with no prior condition affecting either armtening ratio was defined as the ratio of the nerve’s
study with positive findings, the signs and typicalwere also examined. major to minor axis.
history of carpal tunnel syndrome as assessed by All wrists were evaluated in the resting neutral The cross-sectional area of the median nerve
two physicians, or both. Patients with a history oposition with the palm up. The full course of the mewas calculated by two different methods: first with
wrist surgery or with anatomic variants of the median nerve in the carpal tunnel was assessed in battdirect method using a continuous boundary trace
dian nerve were excluded. Abnormal nerve cornthe transverse (Figs. 1 and 2) and sagittal plangsst within the echogenic boundary of the nerve
duction was defined as a reduction in the mediaffrig. 3). The median nerve cross-sectional area aifflig. 2), second with an indirect calculation of the
nerve sensory conduction velocity, prolongation ofhe transverse (major axis) and anteroposterior (marea using the transverse and anteroposterior di-
the distal motor latency without abnormalities innor axis) diameters were measured in the transversensions as described by Buchberger et al. [10].
the ulnar nerve or proximal median nerve parameplane at the proximal boundary of the carpal tunnell measurements were rounded to the nearest
ters, or both. at the point of posterior angulation of the media®.01 cnf and repeated at least once. Measure-
All patients underwent high-resolution real-timenerve (Fig. 3). Our measurements were equivalent taents of the median nerve in patients and controls
sonography of the carpal tunnel using an HDI 300éheasurements obtained by other researchers at thiere compared and then were used to calculate the
and 7-10-MHz small-footprint 26-mm linear arraylevel of the pisiform bone [9, 10], which is usuallyaccuracy of the technique using different diagnos-
transducer (Advanced Technology Laboratorieghe level of maximum swelling [10]. No measure-tic criteria.

Wi

A

Fig. 1.—Carpal tunnel syndrome in

A, Cross-sectional sonogram obtained with HDI 3000 scanner (Advanced Technology Laboratories, Bothell, WA) of left carpal tunnel at level of pisiform bone shows median
nerve. A = ulnar artery, MN = median nerve, RET = flexor retinaculum. Flexor tendons within carpal tunnel are depicted under the words “carpal tunnel.”

B, Cross-sectional sonogram of left carpal tunnel at level of pisiform bone shows median nerve outlined using direct area measurement tool on HDI 3000 scanner (Ad-
vanced Technology Laboratories). Note caliper measurements of short and long axes of nerve. Cursor indicates tendons of flexor digitorum in region between bone inter-
face and inferior surface of nerve. Considerable anisotropy, a sonographic hallmark of tendons, is seen in area around cursor.

LUNAT E

Fig. 2—43-year-old man with carpal tunnel syndrome. Sonogram shows flattened,  Fig. 3—Sagittal sonogram of right carpal tunnel in asymptomatic 65-year-old man.
swollen, and hypoechoic left median nerve. Flexor retinaculum immediately superficial ~ R =right, CT = carpal tunnel, MN = median nerve, FT = flexor tendons, lunate =

to nerve is seen to bow anteriorly. Caliper measurements of major and minor axes of  lunate bone. Cross-sectional measurements were taken at level where nerve angulated
nerve are shown. away from transducer on entering carpal tunnel (immediately distal to “MN” label).

2 AJR:173, September 1999



Sonography of Carpal Tunnel Syndrome

Results by more than 0.01 chwhen repeated. How- normal. In the remaining 28 nerves, the diagno-

Sixty-eight carpal tunnel syndrome patientever, the area measurements done using an s of carpal tunnel syndrome was based on clin-
(50 women, 18 men) with 102 affected nerves arighse tool or the indirect method gave valuegal criteria alone. No significant differences
68 nerves in 36 asymptomatic controls (2&at differed slightly by up to 0.015 énthe  were found between the carpal tunnel syndrome
women, 13 men) were examined. The averagerrelation coefficient between the direct androup as a whole and the subgroup that had
age of patients was 54 years; the average ageraiirect methods was 0.87 in carpal tunnel symerve conduction studies with positive findings
controls was 44 years. Most cases of carpal tunmazbme patients and 0.77 in controls. (Table 1). The average cross-sectional area in
syndrome were of the primary (idiopathic) type, Table 1 summarizes the measuwatlies in those carpal tunnel syndrome patients who had
but possible etiologic factors were identified in 2¢arpal tunnel syndrome patients and asymperve conduction studies with positive findings
patients (35%). Associated diagnoses includedmatic controls. Using theest, all differences was 0.137 ch using the direct method and
rheumatoid arthritis (nine patients), diabetes (thrdztween patients and controls were found to 88126 cni using the indirect method, compared
patients), synovitis within wrist (three patients)highly significant. Qualitative assessment wawith 0.116 and 0.102 chin patients whose di-
flexor tenosynovitis (three patients), pregnanayf limited value in most patients because megnosis was made on clinical grounds alone.
(two patients), ganglion (one patient), chronic redian nerve swelling or flattening was often subFhese differences were not significant. No sig-
nal failure (one patient), gout (one patient), ante or mild. The diagnostic triad described bynificant differences in any measurements were
systemic lupus erythematosus (one patient).  Buchberger et al. [9, 10] (fusiform proximalfound between men and women in either the car-

Each assessment took approximately 5 mimerve swelling, bowing of the flexor retinacual tunnel syndrome group or the control group.
per wrist. Identification of the exact boundarietum, and flattening of the nerve within the carA weak, nonsignificant correlation between age
of the median nerve was clear in the proximaglal tunnel) was identifiable in only severand direct and indirect area measurements was
carpal tunnel but became more difficult distally{6.9%) of 102 affected nerves (Fig. 2). seen in the control group (correlation coeffi-
where the nerve is deeper, oblique to the trans- Of the 102 nerves evaluated in the carpal tuaients, 0.21 [direct method] and O.fibdirect
ducer, and there is a poor signal-to-noise ratiael syndrome group, 74 underwent nerve comethod). Table 2 sbws the diagnostic accuxa
Sonographic area measurements done by direlciction studies; 62 of the 74 studies had positivef the median nerve measurements at values se-
trace were highly reproducible and never variefindings, four were equivocal, and eight werdected for their greateskélihood ratio.

LA\ =1N=Nl Sonographic Measurements of the Median Nerve in 68 Patients with Carpal Tunnel Syndrome and 36 Healthy Controls

Measurement CTS-1(SD) CTS-2 (SD) Health();g())ntrols Htetaelit:)(/CCToSr;tlr c\)/IZ) H;t:;;)(lcgc)sr;tzr c\:lss)

Number of nerves studied 102 62 68
Mean cross-sectional area (cmz) calculated 0.127 (+0.04) 0.137 (+0.4) 0.070 (+0.01) p<.001 p<.001

by direct method
Mean cross-sectional area (cm?) calculated 0.114 (+0.04) 0.126 (+0.4) 0.068 (+0.02) p<.001 p<.001

by indirect method
Mean transverse diameter (mm) 6.62 (£1.2) 6.90 (£1.3) 47 (x0.9) p<.001 p<.001
Mean anteroposterior diameter (mm) 2.18 (#0.5) 230 (+0.5) 18 (+0.3) p<.001 p<.001
Mean flattening ratio 3.17 (+0.90) 3.09 (x0.71) 2.72 (x0.73) p=.012 p=.05

Note.—CTS-1 = entire carpal tunnel syndrome group, CTS-2 = patients with carpal tunnel syndrome who had nerve conduction tests with positive findings.

LA R=3 Diagnostic Accuracy of Median Nerve Measurements in Carpal Tunnel Syndrome

Criteria Sensitivity (%) Specificity (%) Pos”\'/‘;?uzrz%c“"e Nega\t/';ﬁ;r(‘;‘:)'c“"e Likelihood Ratio®
Area > 0.09 cm? using direct method 824 97.1 97.7 78.6 28.00
(all patients)
Area > 0.09 cm? using indirect method 76.5 88.2 90.7 71.4 6.50
(all patients)
Area > 0.09 cm? (female patients only) 80.6 95.5 96.7 75.0 17.72
Area > 0.09 cm? (male patients only) 86.7 100 100 85.7 >20
Width > 6.5 mm 50.0 98.5 98.1 56.8 34.00
Area > 0.09 cm? (direct method) 80.4 98.5 98.8 77.0 54.67
and width >4.9 mm
Flattening ratio > 3.3 38.2 75.0 69.6 447 1.53
Area > 0.09 cm? (direct method) 88.2 72.1 82.6 80.3 3.16
or flattening ratio > 3.3

ALikelihood ratio = [sensitivity]/[1-specificity] and is an indicator that is independent of prevalence bias: The higher the likelihood ratio, the better the test, with a ratio of 1 indicating that the
test is no better than random.
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Discussion nerve were inclusive or exclusive of the 2. Nathan PA, Keniston RC, Meadows KD, et al.
Buchberger et al. [9’ lO] were the first t(ﬁchogenic rim surrounding the nerve. This Predictive value of nerve conduction measure-

. . . ; ; ; ; _ments at the carpal tunndlluscle Nervel993
quantify anatomic changes in carpal tunndRctor may explain slight differences in aver- = 2 o)

syndrome using sonography. Their finding@g? meas_urements t?et""ee” this study ang MacKinnen SE, Dellon AL. Diagnosis of nerve in-
confirmed those of earlier MR imaging studiegheirs, but in both studies all measurements in - jyry. In: Mackinnen SE, Dellon AL, edSurgery of
[12, 13]. Diffuse or localized swelling of the carpal tunnel syndrome patients were signifi- - the peripheral nerveNew York: Thieme]98874-79
median nerve and flattening of the nerve aantly different from normal values. We found 4. Wright PE. Carpal tunnel and ulnar tunnel syn-
consistent findings on sonography [9, 10] anthat the flattening ratio was highly variable (Ta- dromes and stenosing tenosynovitis. In: Crenshaw

- ) P oAl _ AH, ed.Campbell’s operative orthopaedj@th ed.
MR imaging [5-8, 10, 12, 13]. ble 1) and thus poorly predictive (likelihood ra: St. Louis: Moshy19923435-3437

This study confirms the usefulness of quantfio, 1.53 [Table 2]). We did, howeveaiso find 5 200 'k, Horch R, Uhl M, et al. MR imag-
tative sonographic assessment in the diagnodigit a combination of median nerve width  ing of the carpal tunneEur J Radiol199725:
of carpal tunnel syndrome. This study foun@reater than 4.9 mm and an area greater than 141-145
that the best criterion for sonographic diagnos@,Og cn? may be even more specific and pre-6. Horch RE, AIImann KH, Laubenberger_J, Langer
of carpal tunnel syndrome is a median nendictive than the area criterion alone. Buch- M. Stark GB. Median nerve compression can be
cross-sectional area greater than 0.09atrthe  berger et al. [10] suggested that the flattening detected by magnetic resonance imaging of the car-

.. . . pal tunnelNeurosurgeni 99741:76-83

level of the pisiform bone. Most MR studies ofatio may be better assessed at the level of the 5 o\ iavnor DR, Kuntz C, Goodkin R, Gitter
carpal tunnel syndrome have found a similar déamate bone. A, Kliot M. Carpal tunnel syndrome: correlation of
gree of swelling of the median nerve. MR imag- We did not quantify transverse sliding of the  magnetic resonance imaging, clinical, electrodiag-
ing may be better than sonography in subti@edian nerve, which Nakamichi and Ta- nostic, and intraoperative findingsleurosurgery
cases because of its soft-tissue contrast [10] afldbana [16] found was reduced in carpal tun-  199537:1097-1103

because it has the additional diagnostic featur€l syndrome. Like Chen et al. [17], we found®: Mesgarzadeh M, Triolo J, Schneck CD. Carpal tun-
nel syndrome: MR imaging diagnodidagn Reson

of showing signal changes caused by edema fgansverse sliding difficult to quantify; how- i\ Ami0953:249-264

10, 12]. However, two recent studies [14, 15ver, this observation may be helpful wheng Buchberger W, Schon G, Strasser K, Jungwirth W.

have cast some doubt on the validity of usingieasurements are borderline or indeterminate. High-resolution ultrasonography of the carpal tun-

specific MR features in the diagnosis of carpal Further standardization of the sono- nel.J Ulrasound Med99110:531-537

tunnel Syndrome. graphic technique and prospective eva|ué.0. Buchperger W, Judmaier W, Birbamer G, Lgner M.'
Although the indirect method for area caltion of these suggested diagnostic criteria Schmidauer C. Garpal tunnel syndrome: clagnosis

Lo . with high-resolution sonographyJR 1992159:

culation is simpler to perform and is probablyare needed before measurement of the me- o, -

more reproducible, the direct method used iflian nerve can be accepted as a routine iy chioy H-3, Chou Y-H, Cheng S-P, et al. Cubital tun-

our study has a higher diagnostic accuracy. Ugestigation. Each laboratory should establish  nel syndrome: diagnosis by high-resolution sonog-

ing the ellipse tool available on many sonogrdts own range of reference measurements. raphy.J Ultrasound Med 99817:643-648

phy machines should give the same result as Like Buchberger et al. [10], we found thatl2. Middleton WD, Kneeland JB, Kellman GM, et al.

the indirect method. subjective assessment of the median nerve Mzima?i”_g of “f‘,egarpa'_ t”t’r‘]“e': “°”I“ta' anal‘tomy
i . . _ ana preliminary findings in tne carpal tunnel syn-
The mean cross-sectional area of the mélone is not sensitive for carpal tunnel syn- o o o a7 4907316

dian nerve (at the level of the pisiform bonewomei the triad of SWe"mg and ﬂattenlng 0f13. Mesgarzadeh M, Schneck C, Bonakdarpour A,
of the 68 nerves in 36 asymptomatic controlthe nerve with bowing of the flexor retinacu-  amitabha M, Conway D. Carpal tunnel: MR imag-
was 0.070 Cﬁ'](SD, 0.016 [direct method]) lum was present in only seven patients. How- ing. Il. Carpal tunnel syndrom&adiology1989
and 0.067 cr7n(SD, 0.017 [indirect methody]). ever, sonographic evaluation of the median 171:749-754

In comparison, Buchberger et al. [10] founderve is a simple, relatively low-cost, rapid*# Rac:ja‘:k DM'SCtE‘Ne,\iAtZRe;.'\Q.E’TaraS ) (l:tar'f)al tunlnd
. : . . syndrome: are the INAaIiNgs a result or popula-
an average area of 0.079%(8D, 0.011 [in- and accurae technique for the diagnosis of o' oo uon hiasaIR1997169.1649-1653

direct method]). In patients with carpal tunnefarpal tunnel syndrome. Sonography mays guy | Bak S, Gaster P, et al. MR imaging of the

syndrome, Buchberger et al. [10] found afave greater diagnostic usefulness in the as- wrist in carpal tunnel syndromedcta Radiol
average area of 0.145 Emjsing the indirect sessment of peripheral nerve entrapment if 199738:1050-1052

method at the level of the pisiform bone) an@uantitative techniques are used. 16. Nakamichi K, Tachibana S. Restricted motion of
the median nerve in carpal tunnel syndrorhe.

i i ichi le
a.ﬂattenlng ratio of 2.7, which is compargb Hand Surg [B]199520B:460-464
with the results of 0.11 cirand 3.2 in this References 17. Chen P, Maklad N, Redwin M, Zealitt D. Dynamic
study. Buchberger et al. [10] did not statei, phalen GS. The carpal-tunnel syndrome: clinical high-resolution sonography of the carpal tunnel.
whether their measurements of the median evaluation of 598 handSlin Orthop197283:29-40 AJR1997168:533-537
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