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Background and Objectives: Selective spinal nerve infiltration blocks are used diagnostically in patients with
chronic low back pain radiating into the leg. Generally, a segmental nerve block is considered successful if the
pain is reduced substantially. Hypesthesia and elicited paresthesias coinciding with the presumed segmental
level are used as controls. The interpretation depends on a standard dermatomal map. However, it is not clear
if this interpretation is reliable enough, because standard dermatomal maps do not show the overlap of
neighboring dermatomes. The goal of the present study is to establish if dissimilarities exist between areas of
hypesthesia, spontaneous pain reported by the patient, pain reduction by local anesthetics, and paresthesias
elicited by sensory electrostimulation. A secondary goal is to determine to what extent the interpretation is
improved when the overlaps of neighboring dermatomes are taken into account.

Methods: Patients suffering from chronic low back pain with pain radiating into the leg underwent lumbo-
sacral segmental nerve root blocks at subsequent levels on separate days. Lidocaine (2%, 0.5 mL) mixed with
radiopaque fluid (0.25 mL) was injected after verifying the target location using sensory and motor electro-
stimulation. Sensory changes (pinprick method), paresthesias (reported by the patient), and pain reduction
(Numeric Rating Scale) were reported. Hypesthesia and paresthesias were registered in a standard dermatomal
map and in an adapted map which included overlap of neighboring dermatomes. The relationships between
spinal level of injection, extent of hypesthesia, location of paresthesias, and corresponding dermatome were
assessed quantitatively. Comparison of the results between both dermatomal maps was done by paired t-tests.

Results: After inclusion, data were processed for 40 segmental nerve blocks (L2-S1) performed in 29 patients. Pain
reduction was achieved in 43%. Hypesthetic areas showed a large variability in size and location, and also in
comparison to paresthesias. Mean hypesthetic area amounted 2.7 � 1.4 (� SD: range, 0 to 6; standard map) and
3.6 � 1.8 (0 to 6; adapted map; P � .001) dermatomes. In these cases, hypesthesia in the corresponding dermatome
was found in 80% (standard map) and 88% of the cases (adapted map, not significant). Paresthesias occurring in the
corresponding dermatome were found in 80% (standard map) compared with 98% (adapted map, P � .001).
In 85% (standard map) and 88% (adapted map), spontaneous pain was present in the dermatome correspond-
ing to the level of local anesthetic injection. In 55% (standard map) versus 75% (adapted map, P � .005), a
combination of spontaneous pain, hypesthesia, and paresthesias was found in the corresponding dermatome.

Conclusions: Hypesthetic areas determined after lumbosacral segmental nerve blocks show a large variability in
size and location compared with elicited paresthesias. Confirmation of an adequately performed segmental nerve
block, determined by coexistence of hypesthesia, elicited paresthesias and pain in the presumed dermatome, is more
reliable when the overlap of neighboring dermatomes is taken into account. Reg Anesth Pain Med 2001;26:147-155.
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Reprint requests: André P. Wolff, M.D., Regional Pain Centre, Department of Anaesthesiology, Bernhoven Hospital, PO Box 10, 5340

BE Oss, The Netherlands. E-mail: awolff@planet.nl or a.wolff@bernhoven.nl
© 2001 by the American Society of Regional Anesthesia and Pain Medicine.
1098-7339/01/2602-0010$35.00/0
doi:10.1053/rapm.2001.21436

Regional Anesthesia and Pain Medicine, Vol 26, No 2 (March–April), 2001: pp 147–155 147



Selective segmental nerve blocks are applied for
diagnostic purposes in patients with chronic

pain to differentiate the segmental level of pain.1-5

If the pain lasts more than 6 months without im-
provement despite conservative treatment, and if a
selective segmental block has led to temporary pain
relief, there may be an indication for invasive symp-
tomatic pain treatment.1 To assess the quality of a
diagnostic segmental block, the presence and extent
of temporary motor deficit, dermatomal hypesthe-
sia, and elicited paresthesias are useful criteria.

Location and size of hypesthetic regions and in-
tensity of paresthesias are generally evaluated by
using a standard dermatomal map. In the past, dif-
ferent attempts have been made to develop a hu-
man dermatomal map. Maps were designed based
on the location of skin eruptions in herpes zoster,6

innervation territories of peripheral branches of
lumbosacral and brachial plexuses by meticulous
anatomical dissection of 1 human,7 and by experi-
mental animal work on monkeys.8 Sherrington8

determined dermatomal areas by using the isolation
method and checking the areas of remaining sensi-
bility. Sherrington used the “remaining sensibility
method” or “isolation method” in monkeys, by cut-
ting a continuous number of dorsal roots and leav-
ing intact the most middle root. In this way, he
created for nearly all spinal nerves areas with intact
sensibility surrounded by areas in which sensibility
was absent. Thus, he proved an overlap in sensory
nerve supply by consecutive nerve roots and
showed that most cutaneous loci were innervated
by 2 or 3 dorsal roots. Larger dermatomal areas
were found with considerable overlap between
neighboring dermatomes. Keegan and Garrett9

used local anesthesia of the dorsal root ganglia in
healthy subjects. Hansen and Schliack10 made use
of the above-mentioned studies and synthesized the
data with personal clinical observations into a re-
newed human dermatomal map. Their map was
again modified by Buckhöj (an artist) and is cur-
rently used as a standard in many pain clinics and
anesthesia practices. The maps of the dermatomes
in humans worked out by different methods are not
concordant in all respects, but the main patterns are
identical.11

Diagnostic segmental blocks performed at the
same level do not always produce equal dermal
extension of sensory changes12 and may provide
false-positive results.13 North et al.13 compared the
temporary pain-relieving effects of lumbosacral
nerve root blocks, sciatic nerve blocks, medial
branch posterior primary ramus blocks, and subcu-
taneous injections in patients with sciatica and di-
agnosed root entrapment. The first 3 blocks pro-
duced temporary relief in the majority of patients

despite the fact that they were distal to the en-
trapped nerve. The study hypothesis that false-pos-
itive results are common and specificity is low was
confirmed. Much of the exact mechanism of diag-
nostic segmental nerve blocks still needs to be elu-
cidated.

In the present study the extension of sensory
changes after single segmental lumbosacral nerve
blocks was assessed by the pinprick method and
fitted in a standard dermatomal map (Buckhöj; Astra-
Zeneca, Sødertälje, Sweden; Figs 1A and 2A) fre-
quently used in local and regional anesthesia. Sher-
rington8 and Foerster14 showed that neighboring
dermatomes overlap to a large extent. This means
that the full extent of each dermatome is larger
than depicted in the vast majority of complete der-
matomal maps. Foerster14 defined the total extent
of a dermatome as “one dermatome to which both
half neighboring dermatomes were added.” How-
ever, in Foerster’s dermatomal map, not all der-
matomes are presented as a continuum from prox-
imal to the periphery. Therefore, Keegan and
Garrett9 proposed a dermatomal chart representing
dermatomes extending without interruption from
the dorsal midline to their termination. However,
Keegan and Garrett’s chart represents only the core
of the dermatomes, described as “areas of primary
hyposensitivity.” As a result, we modified the fre-
quently used standard map of Buckhöj by adding to
the original dermatome both halves of the 2 neigh-
boring dermatomes. Thus, larger dermatomes were
obtained (adapted map; see Figs 1B and 2B). The
findings were quantitatively fitted in both maps and
compared with each other.

Fig 1. Standard dermatomal map (A) versus adapted
dermatomal map (B), anterior.

148 Regional Anesthesia and Pain Medicine Vol. 26 No. 2 March–April 2001



Although spinal segmental test blocks are per-
formed to obtain more insight into pain patterns,
the questions in this study were limited to the fol-
lowing issues: (1) How often does a single segmen-
tal nerve block lead to hypesthesia in the corre-
sponding dermatome? (2) How often does electrical
nerve stimulation of a single segmental nerve elicit
paresthesias in the corresponding dermatome? (3)
How often do areas of spontaneous pain, hypesthe-
sia, and elicited paresthesia coincide within the cor-
responding dermatome?

The results will be compared between the stan-
dard and adapted dermatomal maps.

Patients and Methods

Patients suffering from unilateral chronic low
back pain radiating to the leg, in which noninvasive
therapy was excluded, were referred for symptom-
atic invasive pain treatment. All patients were ex-
amined extensively, including by computed tomog-
raphy (CT), magnetic resonance imaging (MRI),
and electromyograph (EMG), and diagnosed as “ra-
dicular syndrome without neurological deficit” by a
neurologist or an orthopedic surgeon. Patients were
recruited in accordance with the rules of the Dec-
laration of Helsinki and the study was approved by
the Hospital Ethics Committee. Written informed
consent was obtained from each patient. All pa-
tients were over 18 years of age.

Exclusion criteria were the following: availability
of noninvasive therapy, known hypersensitivity to
amino-amide–type local anesthestics or iodide,

presence of coagulopathy, or mental disorders. In
the study period, 38 consecutive patients with ra-
diating pain in the lower limbs were considered for
diagnostic lumbosacral segmental nerve blocks. Af-
ter obtaining written, informed consent, 29 patients
were enrolled the study. They were scheduled for
3 test blocks with local anesthetics—1 block at
the segmental nerve corresponding with the most
painful dermatome, and the remaining 2 at the
super- and subjacent levels. Finally, during the
study period, 29 patients underwent 42 diagnostic
segmental nerve blocks at lumbosacral levels ac-
cording to the experimental protocol.

The blocks were performed by 3 anesthesiologists
specializing in invasive pain treatment. A research
fellow, unfamiliar with the exact level of the exe-
cuted block, performed assessment of the blocks.

Technique

The patient was positioned prone. Fluoroscopy
was executed in an antero-posterior and lateral di-
rection. Under fluoroscopic guidance, the insertion
site of the needle was marked on the skin by a skin
marker. After subcutaneous injection with 1 mL of
lidocaine 1.5%, a 10-cm isolated needle was in-
serted into the intervertebral foramen (23-gauge,
Top-XE; Top Corp, Tokyo, Japan).

To confirm the position of the needle, an electri-
cal current generated by a radio frequency pulse
and lesion generator system (model RFG-3B; Radi-
onics, Burlington, MA) was applied, stimulating the
segmental nerve. Paresthesias were evoked by stim-
ulation with a frequency of 50 Hz and muscular
contractions by stimulating at 2 Hz. The paresthe-
sias elicited in the patient were registered by the
anesthesiologist in an “empty” dermatomal map.
The anesthesiologist recorded the locations of these
sensations as expressed by the patient as well as the
presence of muscular contractions manifest during
electrical stimulation. Thereafter, 0.3 mL contrast
medium (Omnipaque Nycomed Ireland, LTD, Cork,
Ireland) was injected through the needle to visual-
ize the segmental nerve. Radiographs were taken
for documentation. Then a mixture of 0.5 mL lido-
caine 2% (Astra Pain Control AB, Södertälje, Swe-
den) and 0.25 mL of contrast dye was injected. In
case of epidural or abnormal spread, the data were
excluded from further analysis.

The “blind” investigator examined the patients
twice: 30 minutes before and between 15 and 30
minutes after the injection. Sensory tests were per-
formed in the affected limb from distal to proximal
in annular shapes at 10-cm distances by pinprick
(hypo, 825044A, 27-gauge; MPL Technologies Inc,
Franklin Park, IL). The other limb was used as a

Fig 2. Standard dermatomal map (A) versus adapted
dermatomal map (B), posterior.
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reference. The areas with sensory changes were
fitted in the standard and the adapted dermatomal
maps (Fig 1). The dermatomal map was provided
with a grid with a resolution of 1 mm2 to quantify
the surface of the hypesthetic areas. Hypesthetic
areas were marked. The number of marked squares
per dermatome, as well as the total number of
marked squares, were counted. Thus, the relative
sizes of hypesthetic areas within affected der-
matomes in comparison to the total hypesthetic
areas were calculated. This was done for both stan-
dard and adapted maps.

With the standard map, each affected locus in a
hypesthestic area lies in only 1 dermatome. These
dermatomes are only neighboring. Using the
adapted map, each affected locus is, by definition,
lying in more than 1 dermatome because the larger
dermatomes on the adapted map do overlap. There-
fore, the mean hypesthetic area will be larger using
the adapted map. For example, when a small coin-
sized area is affected at the lateral side of the knee
with a total surface of “X,” it can only be counted
once in dermatome L5 in the standard map. In the
adapted map, the affected area is found within der-
matome L5, but also in L4 (see Figs 1 or 3). When
we calculate the total surface of the hypesthetic
area using the standard map we only can count “X,”
but using the adapted map in this case we can count
“2X.”

To determine which areas were hypesthetic in
the majority of patients, intensity maps were pro-
duced from superimposed data of all cases.

The following data were processed: the der-

matome(s) in which the patient experienced the
pain, the pain score before and after the segmental
nerve block (on a 10-point Numeric Rating Scale
[NRS], 0 � no pain, 10 � unbearable pain), the
spinal level of the blocked nerve, the voltages at
which paresthesias and muscle contractions were
perceived during electrical stimulation (mean �
SD), and the dermal projection of paresthesias. A
decrease of at least 2 points on the NRS was con-
sidered to be clinically significant.

To compare the effects related to the level of
spinal nerve infiltration, hypesthesia, and paresthe-
sias between standard and the adapted dermatomal
maps, the paired t-test was used with a confidence
interval of 95%.

Results

Forty-two segmental nerve blocks were per-
formed in 29 patients. Data of 2 block procedures
were excluded from further analysis because of epi-
dural spread. An L2 nerve block was performed in 6
cases, an L3 in 1, an L4 in 8, an L5 in 14, and an S1
in 11 cases. In all cases, the number of the vertebrae
from C1 to the treated level was normal. For demo-
graphic data, see Table 1. In Fig 3, a hypesthetic
area, developed in a case after a segmental nerve
block of L4, is presented in a standard map (3A) and
in adapted dermatomal maps (3B and 3C). Super-
imposition of hypesthetic areas per level of segmen-
tal nerve block shows a large overlap in all cases, as
shown for levels L5 and S1 in intensity maps (Figs
4 and 5).

Hypesthesia locations with the highest intensity
are found at the anterior thigh (L2, 30%), at the
anterolateral side of the knee (L4, 40%), at the
lateral caudal half of the lower leg and lateral ankle
(L5, 80%), and at the dorsolateral thigh, lateral
ankle, and lateral side of the foot (S1, 60%).

Elicited paresthesias are found in the anterior side
of the upper leg, knee, and upper part of the lower
leg (L4), over the buttock along the dorsal side of
the thigh and lateral side of the lower leg to the
great toe (L5, Fig 4), and from the buttock over the
dorsal side of upper and lower leg to the lateral side
of the foot to the fifth digit (S1, Fig 5).

Comparisons were made between the presence of

Table 1. Demographic Data in Patients With Pain in
the Lower Limbs Undergoing Segmental Nerve Blocks

No.

Patients 29
Sex: F/M 12/17
Age (SD, range) 49.3 (11.0, 29-77)
Blocks 40

Fig 3. Hypesthetic area (case no. 5) after a segmental
nerve block of L4, projected on a standard map (A) and
on adapted dermatomal maps (B and C).
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spontaneous pain, hypesthesia, paresthesia, and
pain reduction in corresponding dermatomes in
standard and adapted dermatomal maps (Fig 6). In
all but 1 (i.e., frequency of hypesthetic area), the
frequency of signs and symptoms located in the
corresponding dermatome is significantly higher in
the adapted dermatomal map.

After single segmental nerve blocks, hypesthesia
was found in 34 cases (85%), but was not detected
in 6 cases (15%). The hypesthetic surface areas as
recorded on the dermatomal maps (both standard
and adapted) varied from 0 to 1,244 mm2 (mean �
SD, 537 � 357 mm2; Fig 7). In 40 cases, areas of
hypesthesia were recorded within the boundaries of
a total of 106 (standard map) and 145 dermatomes
(adapted map). Hypesthetic areas extended over

2.7 � 1.4 dermatomes (mean � SD; range, 0 to 6;
standard map) and 3.6 � 1.8 dermatomes (mean �
SD; range, 0 to 6; adapted map; P � .001, paired
t-test).

Hypesthesia occurred in the corresponding der-
matome in 32 cases (standard map) and 35 cases
(adapted map; not significant [NS], paired t-test).
The mean hypesthetic surface area in the corre-
sponding dermatome (as percentage of the mean
total hypesthetic area) was 26% (standard map)
versus 52% (adapted map; P � .01, paired t-test).
Using the standard map, at least 50% of the total
hypesthetic area was found within the correspond-
ing dermatome in only 6 cases (15%), but in 23
cases (58%; P � .001, paired t-test) for the adapted
map.

The mean measured voltage necessary to elicit

Fig 4. Intensity map of L5 areas of hypalgesia (gray tones
in right legs) and paresthesias (black dots in left legs; gray
area represents total area of paresthesia) in 14 patients.
Areas of hypesthesia and paresthesia of all 14 patients
have been superimposed. The gray tones correspond with
the intensity scale that describes the percentage of pa-
tients in which the areas overlapped each other. The
darkest areas represent sites that were found hypesthetic
in the largest number of patients. For paresthesia it is
depicted as more black dots at a certain spot.

Fig 5. Intensity map of S1 areas of hypalgesia (gray tones
in right legs) and paresthesias (black dots in left legs; gray
area represents total area of paresthesia) in 11 patients.
Areas of hypesthesia and paresthesia of all 11 patients
have been superimposed. The gray tones correspond with
the intensity scale that describes the percentage of pa-
tients in which the areas overlapped each other. The
darkest areas represent sites that were found hypesthetic
in the largest number of patients. For paresthesia it is
depicted as more black dots at a certain spot.
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paresthesias was 0.8 � 0.6 V (SD), range, 0.1 to 2.0
V. Muscle contractions were elicited at a mean volt-
age of 1.4 � 1.1 V (SD), range, 0.15 to 4.0 V. After
electrical stimulation, in 32 cases (80%, standard
map) versus 39 cases (98%, adapted map; P � .01,
paired t-test), paresthesias were experienced in der-
matomes corresponding to the level of the seg-
mental nerve block. In the remainder of cases, par-
esthesias were perceived in dermatomes not
corresponding to the level of the stimulated seg-
mental nerve. Areas with paresthesias were gener-
ally of limited size and showed a more bandlike
pattern in comparison with hypesthetic areas. In 26
cases (65%, standard map) versus 34 cases (85%,
adapted map; P � .005, paired t-test), hypesthesia
and paresthesias were recorded in the correspond-
ing dermatome.

In most cases, spontaneous pain was located in an
area exceeding the boundaries of at least 2 der-
matomes with a mean of 2.4 � 1.3 dermatomes
(mean � SD; range, 1 to 6; total 93; standard map)
versus 3.4 � 1 dermatomes (mean � SD; range, 2 to
6; total 131; adapted map; P � .001, paired t-test).
Using the standard dermatomal map, pain was
present in only 1 dermatome in 11 cases. Using the
adapted map, in 5 cases pain was present in just 2
dermatomes. In 34 and 35 cases, pain was present
in the dermatome corresponding to the treated spi-
nal nerve. In 17 cases, (43%, both maps) pain was
reduced significantly, of which in 14 (standard
map) and 15 cases (adapted map) the level of seg-
mental nerve block corresponded with the painful
dermatomal area. In 3 and 2 cases, the segmental
nerve block was performed at a spinal level not
represented in the painful area. In 55% (standard

map) versus 75% (adapted map, P � .005), the
combination of spontaneous pain, hypesthesia, and
paresthesias was found in the corresponding der-
matome.

Discussion

The mean hypesthetic surface area in the corre-
sponding dermatome with the standard maps was
half (26%) of the mean area found using the
adapted dermatomal map (52%; P � .01, paired
t-test). This is a direct consequence of the charac-
teristics of the maps: each locus on the standard
map is always represented twice on the adapted
map. It is, nevertheless, remarkable that on both
maps the dermatome representing the greatest part
of hypesthesia generally is not the dermatome cor-
responding to the blocked segmental nerve. This
was only found in 11 (standard map) and 12
(adapted map) cases of the 40 test blocks.

In most cases using the standard and adapted
dermatomal maps, hypesthesia after single segmen-
tal nerve block was found in at least 2 dermatomes
(range, 1 to 6). The mean area of hypesthesia in-
terpreted in the standard map differed with statis-
tical significance from the adapted map areas (2.7 �
1.4 dermatomes, standard v 3.6 � 1.8 dermatomes,
adapted map; P � .001, paired t-test). In 6 cases, no
hypesthesia was found. Therefore, single segmental
nerve blocks, as applied in the present study, seem
to have a limited selectivity with regard to sensory
changes. In the cases where no hypesthesia was
found, the pinprick method might have been too
insensitive to detect hypesthesia, or hypesthesia did
not develop at all, or the effect was concealed by
overlap by neighboring dermatomes.

Fig 7. The hypesthetic surface areas per segmental nerve
block (L2, 6 cases; L3, 1 case; L4, 8 cases; L5, 14 cases; and
S1, 11 cases) as recorded on the dermatomal maps, both
standard and adapted, depicted in mm2. In 6 cases no
hypesthesia occurred: L2, 1 case; L4, 1 case; L5, 3 cases;
S1, 1 case.

Fig 6. Relationships between frequency of presence of
spontaneous pain, elicited paresthesias (par), hypesthesia
(hyp), and decrease in pain (dNRS) in corresponding
dermatomes of standard (�) versus adapted ( ) derma-
tomal maps in 40 cases undergoing lumbosacral segmen-
tal nerve blocks. *P � .05.
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The finding of hypesthetic areas exceeding 1 der-
matome may seem surprising, but it is actually a
normal representation of the extensive receptive
fields of 1 segmental nerve. In this way, the periph-
eral nerve branches of 1 segmental nerve intermin-
gle with similar branches of the sub- and supraja-
cent segmental nerves, as already described by
Bolk.7 Sherrington8,15 also described an overlap in
skin innervation and showed that most cutaneous
loci were supplied by 2 or 3 consecutive posterior
roots. This was corroborated in dogs by Fletcher
and Kitchell.16 Foerster14 confirmed overlap in
human dermatomes using 3 different methods:
Sherrington’s “remaining sensibility method”; the
Strickers and Bayliss method14—dermatomal vaso-
dilatation by faradic stimulation of the distal part of
a divided posterior nerve root; and finally his own
“constructive method”—when a series of contigu-
ous roots is divided, the superior border of the
resulting anesthesia represents the inferior border
of the dermatome corresponding to the next higher
intact root, while the inferior border of the anes-
thetic area represents the superior border of the
next lower dermatome. Finally, overlap of innerva-
tion was shown in various animals by several other
investigators.17-23

The extent of hypesthesia over more than 3 der-
matomes may be related to undetected epidural or
distal spread of local anesthetics during injection,
although this was controlled visually. Epidural
spread was only seen in 2 cases that were excluded.
A second explanation might be the way in which
the adapted map was constructed. We assumed an
overlap by 2 halves of neighboring dermatomes.
However, a more extensive overlap may exist, as,
for example, suggested by Fletcher and Kitchell.16

Other factors may also contribute to inaccuracies
in the findings with respect to hypesthesia. The
conversion from skin to map may lead to a shift.
The pinprick method is rather insensitive in assess-
ing the extent of the vital sensory changes. It can-
not discriminate between subtle differences with
respect to lower and higher tactile thresholds.16

More precise outcomes can possibly be obtained
when applying a modified Von Frey-hair test: e.g.,
Semmes-Weinstein.24,25

Nitta et al.12 studied spinal nerve blocks by ap-
plying lidocaine to the spinal nerves L4, L5, and S1
and tested the sensory system by using the writing
brush method. They found distinctive regions in-
cluding the medial side of the lower leg (L4), the
posterior side of the great toe (L5), and the fifth
digit of the foot (S1). In 43%, 44%, and 92% (L4-
S1), respectively, Nitta et al.12 found bandlike zones
from the posterior midline of the trunk to the pe-
riphery formed by regions of sensory impairment.

Their findings are in agreement with the theory of
Keegan and Garrett9 with respect to the bandlike
dermatomes. In the present study, the same regions
were found included in the hypesthetic areas. How-
ever, the highest frequency of hypesthesia were
found in the lateral thigh and anterolateral side of
the knee (L4), at the lateral caudal half of the lower
leg and lateral ankle (L5), and at the dorsolateral
thigh, lateral ankle, and lateral side of the foot (S1).
Only the latter is in agreement with the findings of
Nitta et al.12 Furthermore, we discerned bandlike
hypesthetic zones in many individual cases, but
after superimposition of all total hypesthetic areas
we found quite extensive regions, as depicted in the
intensity maps. However, regions with higher in-
tensities tend to form bandlike zones as well. Nitta
et al.12 present bandlike zones but do not give any
description of superimposition of the total hypes-
thetic areas. Furthermore, they used lidocaine at a
volume and concentration twice as high as that
used in our study and did not describe any control
of spread of their study drug after injection.

In contrast, superimposed areas with paresthesias
were generally of limited size and showed a more
bandlike pattern in comparison with hypesthetic
areas. The discrepancy between the occurrence of
paresthesias and hypesthesia in the corresponding
dermatome can possibly be explained by the more
local effect of electrostimulation on the neural tis-
sue. The effect of the injected local anesthetic also
depends on many pharmacokinetic and pharmaco-
dynamic factors. Although the methodology differs,
our findings of regions with paresthesias seem to fit
with those of Nitta et al.12 for L4, L5, and S1. Also,
the locations representing the highest density of
superimposed paresthesias correlate quite well for
L5 and S1, with the highest incidence of hypesthe-
sia for L5 and S1 in the study of Nitta et al. Only
paresthesias after neurostimulation at L4 remain
more anterior in the lower leg in our patients.

The frequency of hypesthesia and paresthesias in
the corresponding dermatomes (Fig 6) was equal
for the standard map (80%). For the adapted map
these figures tend to be somewhat better: 98%
(paresthesias) versus 88% (hypesthesia; P � .1,
paired t-test). Comparison between both maps for
frequency of paresthesias in the corresponding der-
matome shows a significantly higher score for the
adapted map (98% v 80%; P � .01, paired t-test),
stressing the significance of including neighboring
dermatomes in dermatomal maps.

Whereas this study was primarily directed toward
the interpretation of the sensory effects caused by
segmental nerve blocks, some remarks can be made
with respect to pain. Using the adapted map, pain
was present in 1 dermatome (mean � SD: 2.4 �
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1.3) in only 11 cases, while using the adapted map
pain was always present in at least 2 dermatomes
(mean � SD: 3.4 � 1.0). The extensive areas rep-
resenting pain in most cases, and the multisegmen-
tal innervation pattern (each dermal locus is sup-
plied from 3 adjacent spinal levels), reemphasize
the need to perform diagnostic segmental nerve
blocks at more than 1 level to obtain insight into the
effects on pain. However, after blocking 40 single
segmental nerves, in 6 cases no sensory changes
could be demonstrated. In 2 of these cases, a signif-
icant decrease in pain was experienced: in one, the
segmental nerve block was performed at a level
represented in the pain area, and in the other case
the block was performed at an adjacent level. In
both cases there was no difference between the
standard and the adapted map. In the 4 remaining
cases pain did not diminish, while the block was
performed at a spinal level corresponding to the
painful area. These phenomena underline the com-
plexity of pain transmission.

Although all patients had been diagnosed as “ra-
dicular syndrome without neurological deficit,” this
does not mean that all patients should have a
pathophysiological process comprising the segmen-
tal nerve. Other sources of pain might also be con-
sidered.1,13 However, the mechanism and interpre-
tation of the effects of diagnostic lumbosacral
segmental nerve blocks was the primary issue of the
present study, and not pain or pain reduction.
Questions remaining are the influence, type, and
concentration of local anesthetic drug, the minimal
volume needed, and consequences on extension,
duration, and quality of block of mixing a local
anesthetic agent with radio-opaque fluid. Also, the
position of the tip of the needle is critical for the
spread of the study solution. Particularly, the posi-
tion of the tip of the needle relative to the foramen
is of paramount importance in obtaining a selective
spinal nerve (and ganglion) block.1 Placing the nee-
dle tip too medially can result in epidural spread. A
refinement of the projection procedure in comput-
ing the area of hypesthesia from skin to paper needs
further study. Furthermore, we are aware of the
rather small number of cases included in this study.

Nevertheless, the results contribute to a further
elucidation of the mechanism and role of the seg-
mental nerve blocks. With respect to the use of
dermatomal maps, the frequency of hypesthesia
and paresthesias in the corresponding dermatome
are significantly higher in the adapted map com-
pared with the standard map. As stated earlier,11

dermatomes should not be considered as static, but
need to be regarded as neurophysiological entities.
In our opinion, a dermatomal map in which neigh-
boring dermatomes are included is more concor-

dant with this principle, as shown by the signifi-
cantly higher scores of the combined presence of
spontaneous pain, hypesthesia, and paresthesias in
corresponding dermatomes.

Conclusion

After segmental nerve block, a large variability in
size and location of hypesthetic areas is found that
is much more variable than considered until now;
hypesthesia shows also more variability compared
with elicited paresthesias. This seems to be in accord
with the overlapping innervation pattern of der-
matomes and reemphasizes the fact that der-
matomes are more extensive than depicted in
standard dermatomal maps. Confirmation of an ad-
equately performed segmental nerve block, as de-
termined by coexistence of hypesthesia, elicited
paresthesias, and pain in the presumed dermatome,
is more reliable when the overlap of neighboring
dermatomes is taken into account.

Further studies are necessary to enhance the
technique of the segmental nerve block, to find the
optimal mixture of drugs used in the spinal nerve
block, and to elucidate the clinical significance of
the adapted map.
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