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Inhis ortrod bed prospedctive study 22 consecutive surgical candidares with climcally diae-

nosed CTS and negative findings on median nen s—senson, and motarconduction s el s,
tests in hoth hands were reexamined with a protocol incorparating 5 specific pasitions of the
weist, Four of the 5 positions represented maximum phi siologic ranges of mation for the
patiznt, These positions were neutral tunstresseds, etension. flexion. radial deviation and
ulnar des jation. AMotor latency was recorded in sach of the 5 pssitions using atherw ise stan-
dard technigue. The least latencoy value in the test sequence was subtracted irom the greate
s vield a value called differential latency. Thim -two control studies were ohtained an both
hands i 16 normal solunteers and were used to sstablish a control difierential latencs
which was seen to have a mean of .13 ms. A 2 standard deviation z value of .11 ms was cal-
culated. giving an upper limt of normal (control differential latency of 24 me. Preoperative
studies vielded an a Er3ge differential lateney of .44 ms, with 20 .af 32 [h'!ri'l"n“.' hax il'lﬂ dirfer-
=ntial latency v alues of greater than .24 ms. Eyaluations of thess <ime patiente 3 menths after
sumery showed difierential latency values within the same range as those ol the contral
group. Simple modification of standard nerve testing techniques to include positional v aria-
tion increased the vield of positive test results in 20 af 22 patients with CT5 w e electiradi-
agnastic ke atheraise produced Regalive I'indjw;_x'_ il Hand Surg 1997: 22 410411 04w,

Various ohjective 1ests have been used for the
assessment of carpal wonzl syndrome (CTS 0, includ-
ing metor nerve=conduction  velucities (NCVa,!
sensory NCVs electromyography (EMG1 mag-
netie resonance imaging,” and thermography.” Ney -
eriheless, objective tests are accepled o have major
shorcomings, Wright reported 9047 sensitiviny and
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604 specificity of electrophysiclogic studies in
patients clinically diagnosed with CTS," In 1980,
Rosen and Warner reported that forceful supination
of the forearm caused an increase in Lateney of .5 ms
or more of the posterior interosseus nerve in 28
patients with sympomatic lateral epicondylitis.®
Olehnik et al. commented that normal NCV was pre-
sentin 4 large number of patients with pronator syn-
drome who had benetined from surgival decompres-
sion.” They speculated that nerve compression was
actually intermittent and depended on the pesition of
the elhow and/or rotation of the forearm, Phalen
reported inducing symptoms by siress-lesting the
wrist in fHexion in patients with CTS.™ Yoshioka et
al. commented on changes in the shape of the carpal
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tunnel in varons wrist positions and how that mizhi
induce s mpromatic response,’ Gelberman ot al.
repuorted on changes in Wick catheter Pressures
within the varpad tnnel in v arious wrist Pusitions, '+
These reports led us i postulite that positional
vhanges of the wriv influence the NCV s of periph-
eral nerves. We extrapolated thut such changes might
hetter demonsirate more subtle pathol sgies, such as
abnormalities of newral excursion or intermittent
lowal icchemia,

Since US4, we have used perioperative nerve
menitoring in conjunction with positional variation
0 over 350 surgeries for peripheral nerve enlrap-
ments. Initially, the justification for this monitoring
was bused on the tact that 855 of our cases imolve
peripheral nerve syndromes and 157%=201; imsolve
Berie reoperitions. Nerve monitoring pronvided us
with information abour the integrity of the nerve dur-
ng surzery and showed us immediate correlation of
latency changes with surgical release of observed
entrapments, It was our impression from this moni-
oring  that  statistically significant sariations in
latency could be seen from provocative positioning
of an estremity, Additionally. we observed that
delayed positional latencies did not alway s oceur in
expected provocalive positions, In carpal runnel
reledses, some patients demonstrated visible traction
of the nerve, wlong with prolonged latency, in
provucative wrist positions other than extension o
Hexion. We sometimes observed maximum lmencies
m radial or uinar deviation, usually in association
with synovial adhesions or hypertropiy. The rele-
vamee of this is that multiple stress positions are nec-
easury o encompass the various canses of CTS. On
the basis of these experiences, we designed a proto-
cul of 5 specific positions 1o test patients with CTS.
We report here the results vbtained in g controlled
prospective study that used this protocel g 22
patients tor whom the criteria of clinical CTS and
negative hndings on rraditional clectrodiagnostic
leals wWere met.

Materials and Methods
Clinical Criteria for Tesst Subiject Selection
All test subjects considered for inclusion in either
the comtrel group or the patisn group were rated on
a <linical point scale, A POt wias assigned for each
Positin e response, Four hist Y POINGs vere possible:

Sumbness and tingling m the median distribution of
the hagnd

Fain in the wrist or fingers o along the ¢ ol the
micdlian nerie

Pain, numbne<.. or tingling at mighn

Apmptems szgravated by repetinis o hand activines

Siv points were wailable from elinical eteming-
ST

Decreased overall sensation and Pespanse Lo panprick,
and light touch in the median distribation

Possitive Tinel sign at the carpal wnicl

Fositive Phalen sign

Thenar weshness

Puin ageravated by direce compressivn o the median
nerve at the wrist

Pain in the median Sistribution of the hard cansed by
application of a forearm tourmiguet

A medical histony was taken 1o exclude from baoth
groups those with diabetes, rheumnaioid arthritis,
hy pothyroidism, or cervical spine discase or those
who were pregnant, Cenvical radiculopathy, when
appropriate. was screened with evohed potentials or
EMG,

Control Subject Selection

Control subjects were chosen only when they had
a positive Tinel sign on examination and go sbjec-
tive complaints on the above lists, Si Lieen lest sub-
Jects €32 hands) were selected. Standard sensory and
modor NCVs were recorded and had 1o be nermal to
allow control subjects’ inclusion, Group members’
dges ranged from 21 1o 44 years iaverage, 205
vearsi, Forty-four percent were men and 567 ere
women, No control subject had previous upper-
CXLTemity trauma of physical compliints,

surgical Subject Selection

The decision 10 operate was based not on the score
on our clinical point scale bur rather on traditiomal
clinical indications, as Judged by the physicians, On
average, patents in this group met 2 subjective and 3
ohjective points on our scale, hovever The 22 sorgi-
cal candidates were selected as folloves: oner an [5-
month prospective period, all candidutes WEre seen
and wnderwent NCV testing, If o patient’s lutency
Wis more than 4 ms. 4 value that is considered
abnormal in our laborag v ur 0F the patient's EAMG
findings were positive, he or she was volsidered o
have waditional CTS and was evoluded tromy this
study. Surgery candidates were berw een 1 and 59
vears old iaverage ape, 334 yearsh, Twenty-seven
percent were men and 739 women. There was no
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indication, on the busis of sympromatology alone,
prior o actual testing as o whether an individual’s
Lueney would tall above or helos our cutoft of 4 ma,
All patients who underwent surgery had S% MRS
1or at least o months and had received conservative

wcare tor -6 months,

Testing Tec hnigue

A standard Kimura technigue!® for carpal wanel
Motor testing was used. All tests were performed b
the same neurclogic technician, The recording ¢lec-
trode was placed oversin the abductor pollicis bre-
vis. the reference electrode wis placed 3 cm distally
“ver the thumb metcarpophalangeal doint, znd a
grounding elecirode was placed within 2 cm of the
recording electrode on the dorsum of the thumb
web. A supramasimal stimulus was introduced 8 em
proximal o the recording electrode over the CUUrse
of the median nerve. Pre- and postuperative testing
was performed with surface electrodes, and pariop-
erative tesis were done with sterile platinum needle
electrodes. All testing was done with a Nicolet
CAZ0U0 andfor a Viking 11 electrophysiolugical
monitor (Nicolet Insurument Cy .. Madison, W,
Room temperature was constant within 2°C.

Deriv ation of the Differential Latency Value

Each patient and control subject in this study had
normal standard motor and sensory latencies, Differ-
ential latency is a value proposed to be more sensi-
tve than traditional sensory latency. The positions
selected for testing were:

Morest wrist in standard neutral position
Maximum wrist extenision

Maximum Hexiun

Maamum radeal desiation

Masimum ulnar deviation

For testing, the forearm was positioned in supinta-
ben with the fingers free and the examiner Srasping
the patient’s palm 1o comrol the wrist, Afier the S
t=sts swere performed the sheolute greatest and least
latencies were noted. regardless of the positions
in which they were recorded, und the difterence
between them was calculaed. The intermediate 3
latencies or duplicare values were discarded. The
resulting  ditference was termed  the ditfereniial
latency value. reported in milliseconds. The resulis
reported in this study are expressed as differential
1-1".'111..']. valies,

Dietinition of Statistical Terms

Specific elements of statistical methods used in
this study were the =rest, the r-test the potest, and
multiple egressive analysis, The olest nieasurss
multiple observations and defines how My staf-
dard deviations (SDs) an observation is ahine the
wean. Itis caleulated by subtracting the vbservation
value from the mean and dividing by the SD. The ¢
value is 4 test for the mean of a small perpulation, T
i defined as (/SDVN 0.3, where d is the difference.
S is standard deviation of the difference, and N is
the number of observations, A P value is a probahil-
ity value that is never negative of rero: however. P
values of 001, for example, reflect an extremely
high level of confidence that a given tactor is valid.
Regressive analysis is a test used 1o define if 2 operi-
tive variables in a small population ETOMPr are staristi-
cally relevant o another group or if the differences
make the groups incomparable, Regressive anlysis
is conducted using 4 partial regressive coelfivient
and a standard error coefticient,

Results
Results of Statistical Analvsis

The z-test was used in this study in the evaluation
of the 32 control subjects” examination tindings 1o
define the control differenial latency with a 057
vonfidence level. The mean value for the 32 sudies
wits .13 ms, with a 2 value of £ .11 ms. This vields an
upper limit of control differential Latency of 24 ms,

The r-test was used in our study 1o compare the
pre- and postoperative findings for the surgical group
with findings for the comtrol group. Prior 1o SUEgery,
the test findings indicated that the patient group
and the control group were significantly  difterant,
Afier surgery, the -test findings demonstrated o sta-
tistically high level of contidence that knency values
for the paticnt group then fell within the range ol
those for the control group.

Probabiliny was used W compare the prevperatve
patient group with the control group 1o determine
that these were distinetly differant groups, The p
value was 0001, indicating that this was the Case,
Probability was recaleulated 3 months afier Urgery:
the p value was 0, vonbrming with a high level
of confidence that the patient group values then fafl
within those of the contral Zroup,

Multiple regressive analvsis was performed by a
statistician o determine the significance o age and
sex differences between the patient and control -
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ulations, Age and gender differences were found pot
te be factors affecting the differences observed
between the 2 populmions.

Control Group Evaluation.  Thirs-iwo examing-
tons vielded 4 mean ditferential latency of .13 ms,
2 SD+ 11 mso oFig. 1. The upper limit of comrol
difterential lateney used in this study was therefore
=4 ms,

Surgical Group—Preoperative Evaluation, Twenty-
vwo patients were evalusted. The mean differential
Latency was found 1o be 44 ms 1 Fig. 24, One patient
had a differential Laency below control value, Over-
all. statistical analysis espressed a high level of con-
fudence that this was 4 distinet and separate group
from controls,

Surgical  Group—FEvaluation 3 Months After
Surgery. Repeat nerve testing 3 months afier
surgery showed that the mean differential latency fur
this group had become 08 ms. Statistical analysis
confirmed with a high level of confidence that these
patients’ latencies had changed enough to fall within
those of the control group tFig, 3.

Clinical Resulis

AL 3 months after surgery, no patient in the surgi-
cal group had more than 2 of the 10 objective and

LT

subjective complaints on aur clinical scale, In addi-
tivn, every patient in the group had retumed 1o his op
her weual « l\‘\'llPxL[il"i'l.

Discussion

Patients with clinically diagnosed CTS and new-
tive findings on electrodiagnostic tests present 4
comman clinical problem. For this prospective con-
trolled study, we developed a Jdifferent method of
provovative testing using standard equipment and
e wedires. The p.lt'ir]ll'\ Wrst i F"i.l\.."i'l.j in 5 dit¥er-
ent provocative positions during the test. By sub-
tracting the shortest latency value from the longest,
one can obtain a final valve called differentisl
latency. By this method. we obtained positive elec-
trodiagnostic test results in U175 of patients w ith
CTS whose previous tests yielded e gative results,

Several eriticisms of this study can be made. First,
provicative positioning of the wrist varies the length
of the skin and the nerve. making testing inaccuratc,
This was considered 10 be then into aceount by the
acceptable variation in latency as defined by the con-
trol differential latency value of .24 ms obtained w ith
Y3% cemainty using this method and equ ipment. Sec-
ond., the fact that the length of time thar a provocative
position was maintained in this study was not stap-

L ¥

LN B
A *E

-e
*u
LI

i
L]

T

' -—
by b

=)

45

4 T i

PATIENT NUM

Figure 1. The lomget amd shomest latencies fir sach subgect in the control group, The difterenrial luencs

ferchice betvween the

* . ulrer

g
>3 s SO

viduz s the dif-

= 2 values. Mean control differential latency, 13 ms, 4, neotral: B criensi n: k. fesion: ®, radial:

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

HEh Bronsen = ),

dardized might influence results. Our extensive expe-
rence with perivperative nerve monitoring, however,
indicates cthera ise. Lateney changes, if present. are
imvariably immiediate on pusitioning and oot time
dependent. Finalls, ome migh question whether the
differvntial latency correlates with clinical signifi-
canee in CTS. Our excellent postoperative results in
this study would tend o suggest that ditferential
latency has clinical usefulness., Provocative nerve-
conduction testing is a useful and simple addition 1o
the overall evaluation of patients with CTS, particu-
larfy those with otherwise normal findings on tradi-
tonal clectrodiagnostic studies,
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