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SUMMARY: Direct stimulation of 23 
median, 13 ulnar and 2 peroneal nerves 
at the time of surgical exploration has 
been used to locate, and characterize 
the conduction abnormalities in the 
nerves. The most frequent location of 
the major conduction abnormalities in 
the median nerve was in the first 1-2 cm 
distal to the origin of the carpal tunnel. 
In the ulnar nerve the important conduc
tion abnormalities were located most fre
quently in the segments I cm proximal 
and distal to the medial epicondyle. In 
the peroneal nerve the major conduction 
abnormalities occurred proximal or dis
tal to the entry point of the common 
peroneal nerve into the peroneus longus 
muscle. 

RESUME: Une stimulation directe de 
23 nerfs medians, 13 cubitaux et 2 
perones au moment d'exploration chir-
urgicale a ete utilisee pour localiser et 
caracteriser les anomalies de conduction 
dans les nerfs. La localisation la plus 
frequente des anomalies de conduction 
majeures dans le nerf median est juste a 
cote de la limite proximate du retina
culum flexor, tout pres de I 'epicondyle 
median dans le cas du nerf cubital, a 
proximite de la fibula dans un nerf 
perone, mais distal a la tete fibulaire 
dans les autres nerfs perones. 
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INTRODUCTION 
In man the localization of conduc

tion abnormalit ies in ulnar and 
peroneal nerve entrapments has 
been limited by measurement of the 
mean conduction times and changes 
in muscle and nerve compound ac
tion potential over a 10 or more 
centimeter (cm) length of the nerve 
bridging the level of 'entrapment' 
(Payan, 1969; Eisen, 1974; Singh et 
al., 1974). Similarly, methods to lo
cate the conduction abnormalities in 
carpal tunnel, median nerve entrap
ments have been limited to meas
urement of the median motor termi
nal latency and the distal latencies of 
median digital sensory nerve action 
potentials (Simpson, 1956; Thomas, 
1960; Thomas et al., 1967; Buchthal 
et al., 1974) and at times the trans-
carpal tunnel sensory conduction 
time (Wiederholt, 1970; Buchthal, 
Rosenfalck, 1971). 

Histological investigation of the 
type and location of structural ab
normalities in human peripheral 
nerve entrapments have also been 
limited (Marie, Foix, 1913; Sunder
land, Bradley, 1952; Thomas, Ful-
lerton, 1963; Chang et al., 1963; 
Neary, Eames, 1975; Neary et al., 
1975). Recent reports of experimen
tal acute pressure neuropathy and 
the chronic entrapment neuropathy 
in the guinea pig (Ochoa et al., 1972; 
Ochoa, Marotte, 1973) have stressed 
the probable importance of mechan
ical factors. 

To understand the mechanisms of 
entrapment neuropathies in man it is 
important to locate and identify the 
types of conduction abnormalities in 
the disordered peripheral nerves. 
The method chosen to investigate 
these problems has been to stimulate 
the exposed nerves at multiple 
points and record the changes in the 

evoked maximum muscle compound 
potentials (MCPs) of muscles distal 
to the entrapment. 

METHODS 
Patients: 

The clinical data of patients with 
median and ulnar nerve entrapments 
is listed in Table I and II respec
tively. Fifteen percent of the pa
tients with median nerve entrapment 
had thenar (T) wasting and 85% of 
the patients with ulnar nerve en
trapment had hypothenar (HT) wast
ing. The common peroneal nerve 
neuropathies located at the fibular 
head were the result of direct com
pression. Each patient was ex
amined clinically and investigated 
electrophysiologically pre and post 
operatively. 

Surgical Exposure: 
The intraoperative investigations 

were carried out under general anes
thesia except for a 78-year-old man 
with median neuropathy. The 
pneumatic tourniquet, if used in the 
period of surgical exposure of the 
nerve, was released at least 15 mi
nutes prior to the electrophysiologi
cal investigations. In no case was the 
tourniquet used longer than 25 mi
nutes. No neuromuscular blocking 
agents were used. The temperature 
of the exposed nerves could not be 
properly controlled in the operating 
room. The temperature on the sur
face of the 5 exposed nerves in 
which it was recorded varied from 28 
to 35°C. 

The ulnar nerves were exposed 
and freed from surrounding tissues 
4-5 cm proximal (—) and distal (4-) 
to the medial epicondyle tip; a length 
that included 1-2 cm proximal and 
distal to the cubital tunnel entrance. 
(Figure 1). 
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Figure I—Method of stimulation of the exposed ulnar nerve. 
The arrow points to the tip of the medial epicondyle. On the 
right, forceps mark the proximal edges of the divided 
aponeurosis of the flexor carpi ulnaris. Stimulation by means 
of bipolar electrodes, the cathode being placed at successive 
1 centimeter marks. 

The surgical exposure of the me
dian nerve permitted stimulation of 
the nerve at least 1-2 cm proximal 
(—) to the origin of the flexor re
tinaculum and, in most, distal (-)-) as 
far as the origin of the recurrent the
nar motor branch. 

The common peroneal nerve di
vides into 2 major divisions, superfi
cial and deep, distal to the entry 
point of the nerve into the peroneus 
longus muscle. The common 
peroneal was stimulated proximal to 
the peroneus longus muscle bridge 
and the deep peroneal division distal 
to this point. Thus, it was possible to 
compare the maximum compound 
potentials of the extensor digitorum 
brevis (EDB) evoked by stimulation 
proximal (—) and distal (-)-) to the 
fibular head. 

Paper measuring tapes that did not 
change in length when wet, were 
trimmed to fit the length of the 
nerve. The surface tension held the 
tapes firmly enough to avoid move
ment. 

Figure 2—Illustration of the parameters of the maximum com
pound potentials (MCP) measured: 
Peak to peak voltage (p-pV) 
Negative peak voltage (—pV) 
Negative potential area 
UPPER: Muscle maximum compound potentials (Ai and A2) 
evoked by stimulation at two points along the length of a 
nerve. In healthy nerve, little (less than 5%) change in the 
negative potential area or p-p voltage occurs between stimu
lation points less than 20 cm apart. Only the negative poten
tial area was measured because late (F or H) discharges can 
contribute to the positive potential. S denotes stimulus. 
LOWER: A significant reduction in the voltage and negative 
potential area of the muscle maximum compound potential 
(MCP) (B2) evoked by stimulation at a point proximal to a 
nerve entrapment point compared to the MCP (Bi) evoked by 
distal stimulation is illustrated. 

The one half negative peak latency change; here designated 
( A t) was chosen as the conduction time index because it 
was difficult at times to identify the precise point of origin of 
the initial negative inflexion from the baseline of individual 
motor units and compound motor potentials. Note, however, 
that changes in the rise time of the initial negative inflexion 
could lead to disproportionally greater changes in the 
conduction time than would otherwise be obvious from 
measurements of the conduction time between initial nega
tive inflexions. 

Electrophysiology: 
The parameters measured (Fig. 2) 

included the peak to peak voltage 

(p-pV), negative peak voltage 
(—pV), the V2 —pV latency and the 
negative potential area. The last was 
included to partially correct for 
changes in the —pV and p-pV that 
could have resulted from changes in 
the impulse velocities of motor units 
contributing to the maximum com
pound potential. Except for complex 
potentials that necessitated meas
urement of the conduction times by 
hand, all the parameters were meas
ured by means of a program utilizing 
a Hewlett-Packard 2100S computer. 
The area measurements in the ear
liest investigations were obtained by 
means of a Hewlett-Packard 9864A 
digitizer. 

The maximum compound poten
tials of thenar (T), hypothenar (HT), 
extensor digitorum brevis (EDB) 
and in one case peroneus brevis 
were recorded by means of surface 
electrodes using conventional 
methods (Brown, Feasby, 1974). For 
comparison to the maximum com
pound (HT) and (EDB) potentials 
produced by stimulation of the ex
posed nerve, the respective (HT) 
and (EDB) maximum compound po
tentials evoked by percutaneous 
stimulation of the ulnar nerve at the 
level of the wrist and anterior tibial 
nerve at the level of the ankle, were 
recorded at the time of the intra
operative investigations. In the me-
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dian nerve, carpal tunnel entrap-
ments, it was most important to lo
cate the earth electrode properly to 
limit the occasional, troublesome, 
stimulus artifact produced by stimu
lation of the median nerve at the dis
tal end of the tunnel. An uninsulated 
needle electrode inserted into the 
thenar mass between the stimulating 
and recording electrodes was used 
as the earth electrode. Changes in 
the stimulus artifact from stimula
tion point to stimulation point along 
the length of the nerve sometimes 
necessitated changes in the location 
of the earth electrode to best 
minimize the artifact. 

To locate and identify the type of 
conduction abnormality, the ex
posed nerves were stimulated di
rectly by means of bipolar DISA 
13K72 electrodes. The interelec-
trode distance was 6 mm and the 
diameter of each of the electrodes 
1 mm. The tips of this electrode were 
bent into semicircular hooks onto 
which the nerve was lifted, free from 
the nearby tissues. The ulnar and 
peroneal nerves were stimulated at 
1.0 cm intervals and the median 
nerve at 0.5 cm intervals by means 
of isolated pulses, 0.05-0.1 mil
liseconds in duration, and frequency 
less than 1 per second delivered by a 

TABLE I 
CARPAL TUNNEL ENTRAPMENTS' 

TOTAL NUMBER PATIENTS = 20 

AGE DISTRIBUTION: 
Age 

0 - 20 yrs. 
20 - 30 yrs. 
30 - 40 yrs. 
40 - 50 yrs. 
50 - 60 yrs. 
60 - 70 yrs. 
70 - 80 yrs. 

ASSOCIATED DISORDERS: 
Diabetes mellitus 
Rheumatoid arthritis 

CARPAL TUNNEL INVOLVEMENT: 
Clinically bilateral 

unilateral 

Intraoperative investigations 
bilateral 

Total median nerves 
intraoperatively investigated 

Thenar wasting 
Absent 
Mild-Moderate 
Severe 

MOTOR TERMINAL LATENCY (MTL): 
Patients < 60 years of age 

Patients 60 and over 

Controls < 60 years of age 

Female 15 
Male 5 

No. of Patients 

5 
6 
4 
2 
2 

2 
1 

12 

23 

20 
2 
1 

5.2 ± 1.7 msec. N = 19 
Range (3.9— 11.0 msec.) 

8.4 ± 3.9 msec. N = 4 
Range (5.5 — 14.0 msec.) 

3.8 ± 0.5 msec. N =55 
(3.0 —4.9 msec.) 

Devices 3072 isolated stimulator. 
Particular care was taken to increase 
the stimulus voltage to a level just 
supramaximal to evoke a maximum 
counpound potential in order to limit 
extension of the stimulus current 
beyond the stimulation point. 

Except for the early intraoperative 
investigations photographed directly 
at the time, all later investigations 
have been recorded on an FM Phil
lips tape recorder. Trains of 10 or 
more stimulus pulses at each point 
were recorded and later analyzed in 
the manner outlined. 

Note was made in each case of 
changes in the circumference, color 
and location of external abnor
malities of the exposed nerve. 

RESULTS 
/. MEDIAN NERVE 

ENTRAPMENTS — CARPAL 
TUNNEL 

1. Operative Findings: 
All 23 median nerves were con

stricted along the length of the carpal 
tunnel. In only 7 was the constric
tion confined to a length less than 2 
cm. Such focal constrictions were 
most commonly located in the first 1 
to 2 cm distal to the proximal border 
of the flexor retinaculum. In 3 me
dian nerves explored, the nearby 
synovial tissue was thickened. 
Bluish discoloration was noted in 2 
median nerves. It was difficult to 
judge the importance of thickening 
of the flexor retinaculum. This ob
servation has been reported in most 
of the explored median nerves but 
has not been checked against the 
findings in age matched control sub
jects. In cadaver hands, thickening 
of the flexor retinaculum in the mid 
segment has been reported (Rob-
bins, 1963). 

2. Conduction Block: 
In 6 median nerves the negative 

potential area of the (T) maximum 
compound potential increased more 
than 10% as the point of stimulation 
moved from proximal to distal along 
the nerve (Fig. 3A). The 'unblock' 
occurred distal to the 0.5 cm seg
ment having the maximum conduc
tion time in 2 median nerves and 
over the identical segment in 4 me
dian nerves. In the remaining 17 me-
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(cm) 

Figure 3A—Female, 38-years-old, who had clinical evidence suggesting the carpal 
tunnel syndrome. The motor terminal latency (MTL) measured preoperatively was 
5.3 msec. 
At operation the median nerve was observed to be flattened along the length of the 
carpal tunnel but no enlargement was noted proximal to the carpal tunnel. The most 
abnormal increases in conduction time ( A t ) occurred proximal to the origin of the 
carpal tunnel. Significant conduction block, evident from the change in the negative 
potential area and the negative potential voltage was observed. 
3B—Female, 63 years of age with typical carpal tunnel sensory symptoms. The 
preoperative motor terminal latency (MTL) was 8.1 msec. Local constriction of the 
median nerve was noted between 1.5 and 2.0 cm distal to the origin of the carpal 
tunnel; the maximum increase in conduction time occurring in the identical segment. 

Zero (0) marks the origin of the carpal tunnel; stimulation points proximal to the 
tunnel being denoted by the negative (—) sign. The plots of the conduction time 
(A t) in milliseconds (msec), peak to peak voltage in millivolts (mV) and negative 
potential area in millivolt milliseconds (mVmsec) of the maximum thenar compound 
potentials evoked by stimulation of the median nerves at points proximal (—) and 
distal to the origin of the carpal tunnel are illustrated. 

dian nerves no significant change in 
the negative potential area or p-p 
voltage of the (T) maximum com
pound potential was observed. 

3. Location of Conduction Time 
Abnormalities: 

The location of the 0.5 cm 
segment(s) having the maximum 

conduction time(s) was proximal 
(—) to the flexor retinaculum in 4 
median nerves , one example of 
which is shown in Fig. 3A. It was 
also found in the first 1 to 2 cm distal 
to the proximal border of the flexor 
retinaculum in 15 median nerves 
(Figs. 3B, & 4) and distal to 2 cm in 4 
median nerves (Fig. 4). A focal in

crease in the conduction time (a 
conduction time over a 0.5 cm seg
ment of a nerve more than 2 times 
the conduction time of the other 0.5 
cm segments) was noted in 6 me
dian nerves. An example of such a 
focal increase in conduction time is 
illustrated by Fig. 5. This diabetic, 
54-year-old female had a median 
motor terminal latency of 4.7 msec 
but no thenar wasting or weakness. 
The local constriction of the median 
nerve was observed between 0 and 2 
cm. Between 0 and 0.5 cm an in
crease in conduction time occurred 
(1.2 msec) that corresponded to a 
conduction velocity of 4.0 m/s. 

In the other 17 median nerves, the 
abnormal increase in the conduction 
time was more evenly distributed 
along the length of the nerves (Fig. 
4). The maximum conduction times 
recorded over a single 0.5 cm seg
ment in the 23 median nerves had a 
range of 0.3 to 5.9 msec, the latter 
representing a maximum conduction 
velocity less than 1 m/s. This ab
normal conduction time occurred in 
a diabetic that had a preoperative 
thenar motor terminal latency of 
11.0 msec, intraoperative evidence 
of conduction block and a bluish dis
coloration of the median nerve in the 
carpal tunnel. (Fig. 6) 

/ / . ULNAR NERVE 
ENTRAPMENTS 

1. Operative Findings: 
The ulnar nerve was bound down 

by connective tissue in the epicondy-
lar groove in 7 cases, enlarged in the 
epicondylar groove in 2 cases and 
edematous along its entire length in 
one case. Enlargement of the ulnar 
nerve in the epicondylar groove was 
not as frequent as reported in cadav
ers (Chan et al., 1963) or at operation 
(Richards, 1945; Jensen, 1959). 

In no ulnar nerve was deformation 
or constriction of the nerve seen at 
the level of the aponeurotic arch of 
the flexor carpi ulnaris muscle. This 
is in contrast to the observations of 
Feindel and Stratford (1957). Focal 
constrictions of the ulnar nerve were 
noted in 2 cases, in one between 0 
and 1 cm and in the other distal to 
the cubital tunnel from 2 to 3 cm. 

2. Motor Conduction Velocities: 
Conduction velocity measure-
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Figure 4—Plots of the conduction times (A t) in 17 median nerves investigated by 

intraoperative stimulation of the nerves are illustrated. The right (R) and left (L) 
hands of patients investigated bilaterally are illustrated. 0 marks the origin of the 
carpal tunnel. 

ments in the ulnar nerves of the 14 
patients investigated intraopera-
tively and controls are listed in 
Table III. The maximum motor con
duction velocity in the ulnar nerves 
across the elbow segment was ob
tained by measurement of the dis
tance between stimulation points 
proximal and distal to the sulcus 
with the elbow flexed as suggested 
by Checkles et al., (1971). In 2 cases 

with normal preoperative maximum 
motor conduction velocities over the 
elbow segment, significant but usu
ally focal abnormalities of the con
duction time in 1 cm segments were 
observed on intraoperative direct 
stimulation of the nerve (Fig. 7). 
3. Conduction Block: 

Conduction block was noted in 4 
ulnar nerves. The block occurred 
distal to the segments(s) having the 

maximum conduction time(s) in 2 
ulnar nerves. In one male alcoholic, 
who reported paresthesia in the 
ulnar digits and had minimal (HT) 
wasting, an increase in the (HT) 
p-p voltage and negative potential 
area and the maximum increase in 
the conduction times occurred over 

r~x 

> 20 

- • _ « _ • 

. 4 . 

6 

(cm) 

Figure 5—Female, diabetic, 54 years of 
age who had sensory symptoms 
characteristic of the carpal tunnel en
trapment. The preoperative motor 
terminal latency was 4.7 milliseconds. 
Intraoperatively. a constriction of the 
median nerve was observed between 0 
(the origin of the carpal tunnel) and 2 
cm distal to the carpal tunnel origin. 
No conduction block was evident but 
an increase in the conduction time was 
observed between —0.5 to 0 cm. 
UPPER: The maximum compound 
thenar potentials evoked by stimula
tion at points proximal and distal to 
the origin of the carpal tunnel are illus
trated. The largest conduction time 
gap occurred over the 0.5 cm segment 
immediately proximal to the carpal 
tunnel border. No significant change 
in the voltage or negative potential 
area of the maximum compound po
tentials occurred. Time scale in mil
liseconds. 
BELOW: The voltage and areas of the 
thenar maximum compound potentials 
together with the corresponding inter
val conduction times are plotted. 
Symbols as per Figure 3. 
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TABLE II 
ULNAR NERVE ' 

TOTAL NUMBER OF PATIENTS 

AGE DISTRIBUTION: 
Age 

0 - 30 yrs. 
30 - 40 yrs. 
40 - 50 yrs. 
50 - 60 yrs. 
60 - 70 yrs. 

ENTRAPMENTS' 

= 13 Female 1 
Male 12 

No. of Patients 

0 
1 
6 
3 
3 

ASSOCIATED DISORDERS: 
Extensive alcohol intake 
Diabetes mellitus 
Post hospitalization ( > 3 weeks) 
Post operative 
Cervical spondylosis 
Arthritis elbow 

4 
2 
3 (1 alcoholic) 

HYPOTHENAR WASTING: 
Absent 
Mild - Moderate 
Severe 

the 1 cm segments proximal and dis
tal to the tip of the medial epicon-
dyle. (Fig. 8) 

Another patient with marked (HT) 
wasting had 19 distinct motor unit 
potential steps that could be counted 
by graded electrical stimulation of 
the ulnar nerve at the level of the 
wrist. At —4 to —1 cm only 2 dis
tinct motor unit potential steps could 
be counted. Stimulation at points 0 
to 2 evoked 3 distinct motor unit po
tential steps and 2 additional motor 
unit potential steps could be excited 
at 3 and 4 cm. These observations 
have been shown in Fig. 9 and point 
to conduction block in (HT) motor 
axons occurring over a long length of 
the nerve at the elbow. The max
imum conduction block apparently 
occurred distal to 4 cm in the 
forearm. 

4. Conduction Time Abnormalities: 
In certain patients, the conduction 

time abnormality(ies) were re
stricted to a short 1-2 cm length of 
the nerve (Fig. 8). One example of 
such a restriction is illustrated in 
Fig. 10. This patient had paresthesia 
and numbness in the ulnar distribu
tion, minimal (HT) wasting, but no 
evidence of denervation or hypothe
nar motor unit loss. The negative po
tential area and p-pV of the 
hypothenar maximum compound 

2 
8 
3 

potentials evoked by stimulation of 
the ulnar nerve at points proximal 
and distal to the medial epicondyle 
and at the level of the wrist did not 
differ much even though a minimal 
change in the configuration and p-p 
voltage of the hypothenar maximum 
compound potential occurred across 
the tip of the medial epicondyle. The 
most marked abnormalities were the 
increases in conduction time over 
the 1 cm segments proximal and dis
tal to the tip of the medial epicon
dyle. 

Figure 11 shows the abnormal in
creases in conduction time more 
evenly distributed over the length of 
the ulnar nerve (Fig. 11). In this 
nerve, no significant change occur
red in the negative potential area or 
p-pV of the hypothenar maximum 
compound potentials evoked by 
stimulation at the level of the wrist 
compared to stimulation at points as 
much as 5 cm proximal and 5 cm dis
tal to the tip of the medial epicon
dyle. The clinically and elec-
trophysiologically least ulnar 
neuropathy included was a female 
aged 34 who reported intermittent 
tingling in the IVth and Vth digits 
only. Pre-operatively she had a nor
mal hypothenar motor unit estimate 
and a reduction in the maximum 
motor conduction velocity across 

the elbow segment to 46 meters. The 
motor conduction times by intra
operative stimulation of the nerve in 
the 1 cm proximal and distal to the 
medial epicondyle were approxi
mately twice the conduction times 
over 1 cm segments that could be 
expected in control nerves based on 
surface stimulation (0.15 - 0.20 
msec), but conduction block was 
not noted. 

The distribution of conduction 
time abnormalities in 8 other ulnar 
nerves is illustrated in Fig. 12. The 
largest increases in conduction time 
were located proximal to the cubital 
tunnel and in all but 1 case were pro
ximal to the medial epicondyle tip or 
between 0 to 1 cm. 

/ / / . PERONEAL NERVE 
NEUROPATHY 

In the first case, the common 
peroneal nerve was reported to be 
enlarged proximal to the entry of the 
nerve into the peroneus longus mus
cle. The negative potential area of 
the extensor digitorum brevis (EDB) 
maximum compound potential in
creased 40% from —2 to 0 cm; the 
conduction times being correspond
ingly increased from —4 to 0 cm. 

In the second case (Fig. 13) an 
equally obvious increase in negative 
potential area and p-pV of the (EDB) 
and peroneus brevis maximum com
pound potentials occurred when the 
deep branch of the peroneal nerve 
was stimulated distal (+ ) to refer
ence point 0 (the entry point in the 
peroneus longus muscle). The max
imum increase in the conduction 
times corresponded to the segments 
of the nerve in which the conduction 
block was observed. In this nerve, a 
dense fibrous tissue band was noted 
about the nerve at the point of entry 
into the peroneus longus muscle. 
From inspection of the nerve at 
surgery no explanation was obvious 
for the abnormal conduction times in 
(EDB) and peroneus brevis axons in 
the nerve from —3 to —2 cm. 

DISCUSSION 
The motor terminal latency and 

digital sensory potential distal laten
cies represent conduction times in a 
nerve more than 5.0 cm in length in 
the median nerve. In the ulnar and 
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Figure 6—Diabetic male, 49 years of age, who complained of pain and numbness in the 
fingers of both hands. The preoperative motor terminal latency was 11.0 mil
liseconds. Intraoperatively, the median nerve was observed to be markedly con-
tricted along the length of the carpal tunnel. 
RIGHT: The maximum thenar compound potentials evoked by stimulation of the 
exposed median nerve at 0.5 cm intervals, proximal (—) and distal to the origin of 
the carpal tunnel are illustrated. Stimulation at each point was just supramaximal for 
the observed evoked potential. Changes in the stimulus artifact are partly the result 
of changes in the distance between stimulating and recording electrodes and the 
angle subtended by the nerve and long axis of the thenar muscles. The position of 
the earth electrode had to be changed between —1.0 and —1.5 cm and again be
tween 0 and 0.5 cm in order to minimize the stimulus artifact. That the second 
potential inflexion recorded at 1.0 cm is not the same potential inflexion noted 
between 0 and —1.5 cm is evident by the differences in potential configuration and 
area and the longer latency of the second potential compared to the potential latency 
at 0 cm. 
LEFT: The changes in conduction time (At ) and voltage (p-pV) of the evoked 
potentials are plotted, 0 corresponding to the origin of the carpal tunnel. In this case, 
the conduction times (A t) were calculated to the initial inflexion of the thenar 
compound potential and not the one-half negative potential amplitude. The max
imum conduction time occurred between 0.0 and 0.5 cm. Major conduction blocks 
occurred between 0 and 0.5 and 1.0 cm and again between 1.5 and 2.0 cm. 

Symbols are as in Figure 3. 

peroneal nerves the minimum dis
tance between electrodes located 
distal and proximal to the entrap
ment has been at least 10 cm (Payan, 
1969; Eisen, 1974; Singh et al . , 
1974). As a consequence, even 

marked focal abnormalities in con
duction time could lead to little sig
nificant overall change in the max
imum conduction velocity in the 
nerves. 

The most frequent locations of the 

important conduction abnormalities 
in the ulnar nerve were 1 cm proxi
mal and distal to the medial epicon-
dyle. In the median nerve they were 
in the first 1-2 cm distal to the begin
ning of the carpal tunnel. In the 
peroneal nerve, the most abnormal 
conduction times occurred proximal 
or distal to the entry of the common 
peroneal nerve into the peroneus 
longus muscle. 

Variations in the location of the 
conduction abnormalit ies were 
common. In some median and ulnar 
nerves the abnormal conduction 
times and conduction block were 
evenly distributed along the length 
of the nerve. In other nerves the 
conduction abnormalities occurred 
in unusual positions. For example, 
in the median nerve the largest in
creases in conduction time occurred 
proximal to the flexor retinaculum in 
about 18% or at the distal end of the 
carpal tunnel in 13% of the nerves 
investigated. 

Local conduction abnormalities or 
pathological changes in the appear
ance of the ulnar nerve at the en
trance to the cubital tunnel were not 
observed in the 13 nerves investi
gated. The entrance to the cubital 
tunnel was at least 2 cm distal to the 
tip of the medial epicondyle in each 
case. Nevertheless, the conduction 
time abnormalities observed in the 
first 3-4 cm proximal to the entrance 
of the cubital tunnel could have been 
the result of cubital tunnel entrap
ment. This is supported by the re
port that conduction abnormalities 
in a peripheral nerve may extend up 
to 7 cm proximal to the level of ex
perimental crush (Cragg, Thomas, 
1961). Nonetheless, the most obvi
ous abnormalities in the appearance 
of the 14 ulnar nerves were located 
in the epicondylar grove, an obser
vation in agreement with other re
ports (Nicolle, Woolhouse, 1965; 
Staal, 1970; Chang et al . , 1963; 
McGowan, 1950; Jensen, 1959) and 
did not support the contention that 
the cubital tunnel entrapment is a 
frequent cause of ulnar neuropathy 
(Feindel, Stratford, 1957; Wads-
worth, Williams, 1973; Eisen, 
Danon, 1974). However, a recent 
report of the pathology of ulnar 
nerve compression in man (Neary, 

Brown et al MAY 1976- 117 

https://doi.org/10.1017/S0317167100025865 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100025865


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 

4 0 1 -

u 
a> 
</> 
£ 
> 
E 20 

< 
UJ 
cr 
< 

I.Or 

E 0.5|-

• • ^ . •̂-•—i—•—•—•— • 

I I I I 

n r j 

40 

u 
4) 
V) 
E 
> 
£ 20 
< 
UJ 
cr 
< 

r— • « 

w 
20r -

> 
£ 
> a. 

i 

Q. 

10 

W 

I.Or-

. — \ ! 

L. 
J I L I I I 

s 
_L_i L_J_ 

\ 

i I i I 

40 

u 

E 
> 
£ 20 
< 
UJ 
cr 
< 

r— • « 

w 
20r -

> 

E 

> 
Q. 
i 

a. 

10 

W 

I.Or-

. — \ ! 

L. 
J I L I I I 

s 
\ 

J__i L_J_ i I i I 

o 
a> 
1 0.5 3 2 I 0 - 1 - 2 - 3 - 4 

(cm) 
Figure 7—Retarded male epileptic on diphenylhydantoin and 

primidone with typical motor ulnar neuropathy including 
hypothenar muscle wasting. The maximum motor conduction 
velocity across the elbow was 56.8 metres per second, a value 
almost identical to the maximum velocities in the forearm and 
upper arm. Intraoperatively, increases in the conduction 
times were observed, particularly between I cm stimulation 
points proximal to the tip of the medial epicondyle. 

Ordinate Symbols as per Figure 3. W denotes the point of 
stimulation at the wrist. Point 0 denotes the tip of the medial 
epicondyle and stimulation points proximal to the epicondyle 
tip are preceded by a negative (—) sign. 

4 3 2 I 0 - 1 - 2 - 3 - 4 

(cm) 
Figure 8—Male, 42, alcoholic with mild hypothenar muscle 

wasting. 
UPPER: The maximum hypothenar compound potentials 
evoked by stimulation at points proximal and distal to the 
medial epicondyle and by stimulation at the level of the wrist 
are illustrated. 
BELOW: The corresponding plots of the changes in the nega
tive potential area, peak to peak voltage and conduction 
times are plotted. Symbols used are the same as in Figure 7. 

Between —1 cm and 1 cm the negative potential area in
creased by a factor of 2. The maximum conduction time over 
a 1 cm segment was located between —1.0 cm and 0 cm (tip 
of the medial epicondyle). 
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Figure 9—UPPER: Graph illustrating 
the number of distinct motor unit po
tential steps that could be evoked by 
graded stimulation of the ulnar nerve 
at the wrist (W) and at points —4 to 4 
along the exposed length of the ulnar 
nerve at the elbow. 
LOWER: Changes in the conduction 
time between excessive maximum 
hypothenar compound potentials 
evoked by stimulation at successive 1 
cm segments. The cubital tunnel en
trance was located 2 cm distal to the 
medial epicondyle. 
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1.0 

0 0 L 

3 2 I 0 -I -2 -3 -4 -5 

(cm ) 

Figure 10—Male, 49 years of age, with clinical symptoms of an ulnar neuropathy. 
RIGHT: Upper — The maximum hypothenar compound potential evoked by stimu
lation of the ulnar nerve at the level of the wrist. 
Lower — The corresponding hypothenar maximum compound potentials evoked by 
stimulation of the exposed ulnar nerve at 1 cm intervals proximal (—) and distal to 
the tip of the medial epicondyle (0). No significant change in the negative potential 
area occurred but minimal changes in the configuration of the maximum compound 
potentials occurred between —I cm and I cm that could represent changes in the 
relative conduction velocities of the component motor axons between —1 and 0 but 
not conduction block. 
LEFT: The corresponding conduction times ( A t ) over successive 1 cm segments 
of the ulnar nerve are plotted. 

Symbols are as in Figure 7. 

Eames, 1975) described a firm nodu
lar swelling of the ulnar nerve im
mediately proximal to the entrance 
to the cubital tunnel. The most 
prominent histological abnormalities 
extended for a distance 1.5 cm pro
ximal and distal to the entrance. The 
exact location of the injury to the 
ulnar nerve is likely to remain in 
doubt until more extensive histolog
ical and electrophysiological data on 
human ulnar neuropathies becomes 
available. 

Conduction block was not fre
quent, occurring in Vb of the ulnar 
nerves and only lA of the median 
nerves. Both peroneal nerves had 
conduction block. It might be ex
pected that the conduction block 
would occur in the segments of the 
nerve having the maximum increase 
in conduction time. Exceptions were 
found in which the block occurred 
distal to the segments having the 
maximum increases in conduction 

2.0 

f'.o 

• 
3 2 I 0 - 1 - 2 - 3 - 4 - 5 

Figure II—Male, diabetic, 47 years of age with stocking sensory loss in the legs. 
Hypothenar muscle wasting was present. 
RIGHT: The maximum hypothenar compound potential evoked by stimulation of 
the ulnar nerve at the wrist (upper) can be compared to the corresponding potentials 
evoked by nerve stimulation proximal and distal to the tip of the medial epicondyle 
(below) 
LEFT: The corresponding conduction times ( A t) over successive I cm segments 
proximal (—) and distal to the medial epicondyle are plotted. 
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Figure 12—The conduction time plots in 
8 ulnar nerves, not illustrated in other 
figures, none having evidence of con
duction block. The location of the tip 
of the medial epicondyle and most 
proximal location of the cubital tunnel 
entrance are noted. Conduction times 
(A t) of successive 1.0 cm segments 
of the ulnar nerve in milliseconds are 
illustrated. 

The conduction times of the patient 
with the clinically and elec-
trophysiologically most mild ulnar 
neuropathy is the 5th from the top. 
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Figure 13—Male, 14 years of age with a peroneal neuropathy of 4 weeks duration. 0, 

represents the point of entry of the peroneal nerve into the peroneus longus muscle. 
Points proximal to that entry point are preceded by the sign (—). The maximum 
compound potentials recorded on the surface from the peroneus brevis (PB) and 
extensor digitorum brevis (EDB) muscles were recorded and the corresponding 
parameters plotted for each of the stimulation points proximal and distal to the point 
0. The conduction times ( A t) between successive maximum extensor digitorum 
brevis and peroneus brevis compound potentials evoked by stimulation at 1 cm 
intervals are plotted together with the corresponding changes in peak to peak vol
tage (p-pV) and negative potential areas (mVmsec). 
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TABLE III 
MAXIMUM MOTOR CONDUCTION VELOCITY 

(metres per second) 

ULNAR NEUROPATHIES 
N = 13 

Range 

CONTROL ULNAR NERVES 
N =15 

Range 

* FA Forearm 
**E Elbow 

***UA Upper Arm 

FA* 

47 .1± 10 
41 —60 

60.2 ± 2 . 6 
58 — 64 

38.5 ±12.6 
20 — 66.7 

59.6 ±10 .6 
47 — 85 

61.8 ±. 16.2 
48 — 72 

62.6± 8.5 
50 — 79 

tural abnormalities in human nerve 
entrapments and electrophysiologi
cal information including stimulation 
of the nerves over shorter segments, 
measuring the changes in conduction 
of sensory impulses over the same 
segments and control of the nerve 
temperature would all be useful. It 
would also be of interest to relate the 
outcome of surgical treatment of the 
nerve entrapments to the type and 
location of conduction abnormalities 
in the nerves. 

time. It must be remembered, how
ever, that the conduction times pro
ximal to a block do not infer any
thing about conduction times in 
blocked fibers distal to that point. 

Definite abnormalities of conduc
tion times were present over 0.5-1 
cm segments in median nerves that 
had a motor terminal latency or digi
tal sensory potential latency in the 
normal range. Similar abnormalities 
were found in the ulnar nerve in 
spite of a maximum motor conduc
tion velocity across the trans-sulcul 
segment of the nerve in the normal 
range. 

The most important technical limi
tations of the present method of di
rect stimulation of the exposed 
nerves were uncertainty of the exact 
point of stimulation and the inability 
to control the temperature of the 
nerves. Reductions in the nerve 
temperature were unlikely to change 
the general pattern and type of con
duction abnormality but could be 
expected to reduce the conduction 
velocity (Paintal, 1965) and increase 
the safety factor for nerve impulse 
transmission (Rasminsky, 1973). 
The latter would lead to a reduction 
in the proportion of nerve fibers pos
sibly blocked at a higher tempera
ture. Despite the careful placement 
of the stimulating electrodes and the 
reproducibility of the latencies at 
each point of stimulation, the exact 
excitation point must remain uncer
tain. This is particularly true of 
pathological fibers with possible 
nodal and paranodal structural ab
normalities, (Neary et al., 1975). It 
must also be recognized that the in-
ternode lengths of motor axons can 
be one or more millimeters, large 

values in relation to the 5 millimeters 
that separated successive stimulat
ing electrode positions in the median 
nerve. For that reason, the exact 
point of excitation of the nerve fibers 
may not be directly opposite the 
cathode despite the care taken to in
sure that the stimulating voltage was 
just supramaximal for the maximum 
compound potential. 

In patients with no clinical evi
dence of a disorder of the peripheral 
nerves clearcut structural abnor
malities have been observed in the 
median nerve at the level of entrap
ment in the carpal tunnel and in the 
ulnar groove, particularly just pro
ximal to the cubital tunnel (Neary et 
al., 1975). Pathological changes in
cluded the increased frequency of 
Renaut bodies and connective tissue 
at the level of the entrapment. There 
were also distortions of the inter-
nodes that consisted of bulbus en
largements at the ends of internodes 
directed away from the level of the 
entrapment and at the opposite ends 
of the internodes, thinning and re
traction of the myelin. In ulnar 
nerves associated with ulnar hand 
muscle wasting (Neary, Eames, 
1975) comparable but more exten
sive internode changes, including in-
ternode demyelination at the level of 
injury, have been described. The 
bulbar swellings were evident as 
much as 5 cm proximal and 4 cm dis
tal to the central part of the lesion. 

The relation of the above struc
tural abnormalities to the conduction 
changes in the median and ulnar 
nerves reported here is uncertain 
and likely to be dependent on more 
extensive quantitative investiga
tions. The type and location of struc-
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