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ABSTRACT

The distribution in dorsal root ganglia of newrsnvhich innervate the distal tips of the
hindlimb digits in the rat were mapped after suaoabus injections of the fluorescent tracers
Fast Blue, Diamidino Yellow and Fluoro-Gold intdfdrent digits. Three-dimensional
reconstruction was used to describe the intragamgldistribution of neurones labelled from
different digits. Labelled neurones were found nyamthe L3-L5 ganglia. The distribution in
ganglia as well as the number of neurones lab#&ibed each digit varied considerably between
cases, but mean numbers of labelled neurones watardor the different digits. Neurones in
L3 tended to innervate medial digits and neuronésbitended to innervate lateral digits, but
most neurones from any digit were found in L4. Aligh overlap was considerable, the three-
dimensional reconstruction revealed tendenciegofanes to be distributed in restricted
territories within the dorsal root ganglia. Thissaespecially clear in ganglion L5 where digit IV
was found to be represented more rostrally thaih \digrhe results indicate that primary
afferent neurones which innervate the hind limbtsigre represented laycrude rostrocaudal

somatotopic organisation both among and within landorsal root ganglia.



INTRODUCTION

The central projections of hindlimb sensory affésdrave been found to be
somatotopically arranged in the superficial lamiobthe spinal cord of the rat (see Cervero and
Connell, 1984; Molander and Grant, 1985; Swett\Ataolf, 1985; Grant, 1993; Shortland and
Woolf, 1993). The existence of a somatotopic oggdion within dorsal root ganglia (DRGS)
of the adult rat, however, has been a controvarssdier (Ygge, 1984; Molander and Grant,
1985; Peyronnard et al., 1986, 1988; Wessels,t90).Certain kinds of intraganglionic
topography have been described in other animalespestich as adult frogs (Corner et al., 1978;
Baker et. al., 1981) and cats (Kausz and RetHE}d5). Furthermore, a somatotopic
organisation has been reported in rats during dpueént(Peyronnard et al., 1990; Wessels et
al., 1990, 1994; Mirnics and Koerber, 1995) andendy in adulthood, for the sciatic and
femoral nerve afferents in the L4 dorsal root gamy(DRG) (Puigdellivol et al., 1998a). In this
study, we have re-examined the possibility of aaobtopical organisation of primary afferents
in DRGs of the adult rat by studying the organ@abf afferents from small, clearly separated
distal targets. If such an organisation could beatestrated it might be useful for studies of
plastic changes after nerve injury. For this pugpes injected fluorescent tracers into the distal
phalanges of the hind limb digits of normal adatsr mapped the distributions and estimated

the numbers of labelled neurones found in lumbaGBR

MATERIALSAND METHODS

Twenty-two adult female Sprague Dawley rats (280-8 b.w.) were used in the present
study. All the animals have been obtained from &fathterfauna Iberica S.A., maintained in
the Animal Care Service, Faculty of Medicine, Umsry of Barcelona, antteated in

compliance with the ethical guidelines of this cenAnaesthesia was initiated with ether and
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then continued with chloral hydrate (300 mg/kg)idgrsurgical procedures and perfusion.

Injectionsin digits

The tips of the digits of the right hind limb faeere injected subcutaneously by means
of a 10ul Hamilton Syringe attached to a 26 gauge need|Edst Blue (FB) and Fluoro-Gold
(FG), and to a 25S gauge needle for Diamidino Yellow DM operating microscope was
used for optimal control of the needle placementtanensure tracer injection in the central
plantar part of the tip of the digit. In a few caskere was a slight leakage from the injection
opening. In those cases, the leaked tracer wasatesphiwith the syringe and reinjected with
the aim to obtain equal injections between animadgsng combinations of 1-2 digits per
animal, 0.5ul of either 5%FB (Sigma), 5% DY (EMS-Polyloy) or 2% FG (Fluorochre) were
injected in each digit (n=16; Table 1). Furthermamesome of the animals (Table 1), digits
injected with FB or FG on day one were reinjecaddays later with 0.6l or 1.511 of 5%
DY in an attempt to compare tracer efficacies. Qng/results of the FB and FG injections
will be shown here; the results of the second tradkbe presented elsewheta.a second
series of experiments (n=6), digit IV was injectath 1 pl of 2% FG and digit V with Ll of

5% FB (Table 1).

<Table 1 near here>

The results of this study are all based on und&&xperiments. However, as previous
experiments have shown (unpublished) that labeifirgpntralateral DRGs does not occur after
unilateral injection in digits, we injected alse ttontralateral side in some rats for the purpose

of another study which will be presented elsewhere.



Fixation, sectioning, mounting and tissue examination

Five to fifteen days after skin injection, the rare re-anaesthetised and a thoracotomy
was performed. After an intracardial injection @00 IU of heparin/kg b.w., the rats were
perfused through the ascending aorta with 100 realifie and then with 1.000 ml 4%
paraformaldehyde and 10% sucrose in phosphater §Bte pH 7.4) for twenty minutes. The
L3-L6 ganglia were removed, postfixed for 3 hourghie same perfusion solution, and then
immersed in 15% sucrose in PB overnidiit ganglia were carefully oriented before
embedding in Tissue-TekMiles, Elkhart, USA) mounting medium so that triginal
orientation in the rat could be reconstructedhis procedure, it was taken into account the
macroscopic observation that the DRGs have a weadgon caudally which projects in the
medial direction and that the dorsal root exitsriaty to the main mass of the ganglia.

The DRGs were cut on a cryostat in{dé-thick longitudinal serial sections which were
all thaw mounted on chrome-alum gelatinised (5%dgsland then coverslipped with an
antifading solution containing 1% paraphenylendrarand 10% PBS in glycerol. Slides were
examined within 2 hourafter cuttingn an Olympus Vanox fluorescent microscope, using
ultraviolet light filters (DM 400 dichroic mirrorradl UG1 excitation filter, which gives a 365 nm
excitation, 420 nm emission wavelength) and vilodgtt filters (DM 455 dichroic mirror and
BP 405 excitation filter, which gives a 405 nm éxiton, 455 nm emission wavelength). The
FB and DY labelling was examined with either vialeultraviolet light filters whereas the FG
labelling was examined with the ultraviolet filters

The skin of the injected paws were peeled off anettly examined under

epifluorescent illumination to determine the disttion of tracer near the injection site.



Neurone counts and cor rection factors

Neuronal profiles with an identifiable nucleus weounted in every fifth consecutive
section. The first section to be included in thentewas selected randomly among the first five
sections. Preliminary estimates of the total nunolbéatbelled neuronal profiles per ganglion
was calculated according to the form(dé)* ts wherec is the number of counted neuronal
profiles,sis the number of sections in which profiles hagerbcounted arig is the total
number of sectiong he estimated total numbers of labelled profilesifthe digits were
compared by an ANOVA-test.

A correction factor for split nuclei was calculatttording to the formulia(t/t+ D-2b),
wheren is the estimated total number of cells beforeestion,t is section thicknes® the
mean nuclear diameter ahdhe height of a fragment too small to be dete(féatlerus, 1944).
In our material, we have considerdala the diameter of the smallest measured neunoocki.
After measuring 60 neuronal profiles, the mean earctliameter was found to be 11403.32
pum, and the smallest nuclear profile had a diandtes.24um. Thus, the correction factor of
Floderus was calculated to 0.80.

A second correction factor for split neuromess calculated by counting the number of
labelledneurones in five DRGs obtained randomly from fivfeedent animalsLabelled
neuronal profiles and ganglionic landmarks in pgaaphs of all sections from these DRGs
(mean 47.2 sections/ganglion) were copied by haadidg to transparent papers which were
superimposed to reveal labelled neuronal profileglvappear in more than one section. Each
such neurone was counted only in the first seatiavhich it appeared. The true number of
labelled neuronal profiles so obtained was dividgthe total number of labelled neuronal

profiles observed (with or without a visible nu@gwiving a correction factor of 0.72.



Three-dimensional reconstruction

Three-dimensional reconstructions were made of eBEIRGs L3-L5 to demonstrate
the intraganglionic distribution of labelled neuabprofiles from a particular digit. The DRGs
used for this purpose were first selected amonggtinth a relatively small tendency of
formation of cell islands in intraganglionic fadeg as this complicates the 3D reconstruction.
From this selected sample, DRGs with neuronal soasitclose as possible to the mean for each
particular DRG and digit were used for 3D recorwtiom (R79 for digit | and IV, R38 for digit
[, R84 for digit Ill and R49 for digit V). In adtion, DRG L5 was reconstructed in all the
animals receiving simultaneous injections of digiand V (n=6, see Table 1).

Using an Olympus BH2 microscope with an attachreevohg tube, every second of the
consecutive serial sectiom&s examined under a 4x objective at brightfididiination. Its
contours and main details: blood vessels, rootrigags inside the ganglionic tissue, and section
artefacts were outlined on a transparent papefimdlamagnification of 44x. Using those details
as landmarkghe sections were re-examined with violet or ultat light and the positions of
labelled neuronal profiles were plotted insidegheviously drawn profiles of the sections. The
possible reduction of the detected number of ladelleuronal profiles that might result from
fading in this process could be discarded by thdiriig that the numbers of labelled neuronal
profiles were the same before and after the matdinige drawings.

The computer analysis consists of three stepdgidifisation of positions of labelled
cells and ganglionic tissue contours using a gdigigj tablet (Digicad) connected to an image
analysis system (IMCO 10, Kontron, Munich, Germafii))3-D surface reconstruction from
aligned serial sections by triangularisation usirgpecially developed software (Prats-Galino et
al., 1988), and finally (iii) generation of a shdd&D model from the resulting triangular facets

using 3D Studio Max 1.2 software (Kinetix, Autodgsk.). Original data files were transformed



to VRML format and then converted by the Crossteiéel Format Converter into Autocad DXF
format which could be imported into 3D Studio Make opacity of the ganglionic surface was
diminished up to a 30% to allow visualisation af #pheres representing neurones inside. The
model was reconstructed in dorsal views and hashrésolution in the Z-plane of 30n and
about 90 to 10@m in the X and Y planes. The graphic output TIFrat files, with dorsal

views of the ganglia, were finally imported and miad in a Powerpoint 97 document
(Microsoft) and printed using a Kodak Digital Saer8650 PS Colour Printer.

To visualise the neurones projecting to the difiedigits in a single DR@&odel
representingach segmental level, the mean widths and lendtihg eeconstructed DRGs at
each level were calculated. These values weretasealculate the size of each ganglion model
and to recalculate the co-ordinates of the neunoositions inside to mach the size of the
models. Finally, the re-sized co-ordinates of gaalronal population were merged with the
corresponding ganglion model and rendered with 0§ Max to generate the final integrated

image.

RESULTS
Specificity of injection site

Examination of the skin and subcutaneous partiseopaws showed that the
distribution of the injected tracers was alwaydrreted to the injected digits, with the main

distribution in their most distal parts.

Character of thelabelling
The FB and DY labelling was visible under both gt@nd ultraviolet light. Neuronal

profiles identified as FB labelled showed an inéebisie fluorescence in the cytoplasm (Fig. 1)
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and sometimes in the nucleus. Neuronal profilestified as DY labelled showed an intense
yellow fluorescence in the nucleus, and less stgim the cytoplasm (Fig. 1). Finally, neuronal
profiles identified as FG labelled showed a redtisielling restricted to the cytoplasm with
ultraviolet light filters (Fig. 1) and was compavaty less well visualised under the violet filter.

Nucleoli were visible as a shadow in DY labelledlruand sometimes in FB labelled nuclei.

<Fig.1 near here>

Vascular spread of the tracer was suspected iis gdsere all neuronal profiles showed
a very faint FB or FG labelling. The differencdabelling intensity between these cells and
those labelled from axonal transport was evidedtvaas not considered to cause any problem
regarding identification. Diamidino Yellow did nslhow such vascular spread in any case.

Qualitative observations showed that there wasppar@nt difference in FB labelling
intensity between animals sacrificed at 5 daysairkb days after tracer injection (data not
shown).

No differences were found between the counts afamal labelled profiles made before

and after the drawing of the sections (data nowsio

Representations of digitsin the DRGs

Observations in five rats showed that less thanléibelled neuronal profiles were seen
in the L2 and L6 DRGs after injections in digind V, respectively. These ganglia were
therefore excluded from further analysis in thigestigation. Furthermore, as no labelled
neuronal profiles were found in the L3 DRG aftgedtion in digits IV and V, this DRG was

examined in detail only after injections in didit8, and lIl.



The total number of neuronal profiles labelledvira particular digit varied considerably
between animals, ranging from 154.3 to 780.2 imtlest extreme (digit 1ll). Howevemean
numbers of neuronal profiles per digit were simjtange 410.1 to 472.4, Table 2) amal
significant difference was found when those meagiewompare(p=0.9756).

Considerable variation in the number of neuronaliles in a DRG after injection in a
particular digit was found when different animaksrezcompared (Table 2). Furthermore, the
mean numbers of labelled neuronal profiles affection in the different digits was different for
each DRG level (Table 3). In general, labelled aeal profiles in DRG L3 were found mainly
after injectionin digits | and Il, whereas labelled neuronal pesfin DRG L5 were found
mainly after injection in digits IV and V. Digit&-IV, especially digit lll, tended to be more

represented in DRG L4 and less in L3 and L5 (Talded Fig. 2).

<Table 2,3 and Fig. 2,3 near here>

I ntraganglionic representation of digits

Examination of the three-dimensional representatajrseparate digits in the lumbar
DRGs revealed a sparse distribution of labelledareal profiles with no or little tendency to
form clusters (Fig. 3). Some DRG regions appeardxbtunlabelled by particular digits. Thus,
in the three-dimensional reconstructions of separases, digit | tended to be distributed mainly
caudally in L3 and rostrally in L5, digit Il wasmrepresented in the rostral parts of L4, digit llI
and IV appeared maintpstrallyin L5, and digit V appearetiainly centrally in L4 and L5 (Fig.
3). However, when observing the location of neurpnafiles belonging to the different digits
together in single ganglion compositégy. 4) a substantial overlap was found for tHeedent

populations, especially in L4. Viewed this way, tmdy relative arrangement found was that
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digit IV appeared to be represented more rosttiadip digit V in L5. This particular
arrangement was found to be consistent in 4 oGtasfimals subjected to an extended
analysis of the representations of digits 4 anal 5. Thus, separated distributions were seen
in R136, 138, 139 and 162, but not in R137 and Ridére both populations seemed to be

intermixed (Fig. 5).

<Fig. 4 and 5 near here>

DISCUSSION
Technical considerations

In order to facilitate the mapping of the topogiiaphrelation between neurones labelled
from different digits, we injected several digitgtwdifferent tracers in the same animal.
Previous studies in our laboratory have shownttiethree tracers used seem to label the same
populations of afferents with similar efficiencyu{gdellivol et al., 1998b). However, to further
avoid the possibility of such bias, we also vatlegltracer used for the same digit between
cases.

For practical reasons we could not use the oglisalctor method (Sterio, 1984; Pover
and Coggeshall, 1991) to avoid overestimate inomelhts due to split cells. First, the number of
labelled neurones in each section was small anddveonsiderably. Second, we did not have
access to the technology needed to perform thetdrsmethod using ultraviolet light. Third,
the sections were not oriented randoriiigtead, we used twdifferent methods of estimating
cell numbersgorrection factors for split nuclei accorditigthe classical but somewhat less
reliable Floderus method (Floderus, 1944), andyaisabf the real number of labelled neurones

in a sample (Coggeshall and Chung, 1984; Coggesthalll, 1990; Novikova et al., 1997) by
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superimposing transparencies from prints of adfaeections. These methods do not, however,
allow an ideal estimate of the true number of neesoBy using the diameter of the smallest
nucleus agb in the denominator of the Floderus formula instef@.5um (see Kéningsmark,
1970), our factor should be a slight overestimatbetrue correction factor. However, the
correction factor obtained by superimposing trarepaes from adjacent prints is certainly an
underestimate of the true factor, as is based@ndhnting of whole cells rather than nuclei,
which was used in the general counting. Wholeamlhting was used, since it was not possible
to see all nuclei accurately in the photographswlese used for the purpose of calculating this
factor. As the correction factors obtained withséaévo methods were found to be close and
because one of them is likely to be an underestimadl the other an overestimate, we find it
conceivable that the true factor lies between @n0.80.

A considerable variation in the number of labeledrones from a single digit was
found between animals. This is most likely duestthhical factors such as difficulties to
perform identical injection in different animalsakage of tracer out of the injected digit
(although special measures were taken to redusésittor, see Methods), and variable
subcutaneous spread inside the digit. It may astue to true inter-animal differences in the
number of cells in individual DRGs (Ygge et al.819Avendafio and Lagares, 1996).

We used computerised three-dimensional reconstrutdi study the intraganglionic
organisation of afferents from the different digifbree-dimensional reconstruction of neuronal
organisation has previously been used to show B® pography of primary muscle afferent
neurones (Peyronnard et al., 1990). Similar atedl techniques have been used to demonstrate
the outlines of certain CNS nuclei (Prats-Galinalgt1988; McRitchie and Toérk, 1993; Bayer
et al., 1991, 1994), the topography of neuronalpmgulations in the CNS (Filiano et al., 1990;

Huang et al., 1993; Ishihara et al., 1995), andhtaties of cortical areas (Funnell et al., 1990;
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Bayer et al., 1991). To us, it is clear that the aisthree-dimensional reconstruction in this study
facilitated the search for a topographical orgditaan the DRG as compared to the classical
way of examining serial sections. This might berason why we were able to demonstrate a

gross somatotopical organisation in contrast teipus investigators.

Organisation of digit projecting neuronesin the DRG

A somatotopic organisation of the central projewiof primary afferents which
innervate the hind limb digits in the rat has poegly been demonstrated after skin injections of
wheatgerm agglutinin conjugated to horseradishqigase (Molander and Grant, 1985) and
after intracellular injections of horseradish pgdase into physiologically characterised
afferents whose peripheral receptive field had beentified (Shortland and Woolf, 1993).
Despite a clear somatotopic organisation of prinadigrent projections from the digits in the
spinal cord, a corresponding organisation in th&Das not been demonstrated (cf. Molander
and Grant, 1985). There are several indicatiornsieae might be a somatotopical organisation
however. Peyronnard et al. (1986, 1990) reportatatierent neurones from different hindlimb
muscles tend to form separate clusters in lumbae§RIthough the inconsistent localisation of
the clusters raised doubts as to whether they tngyesomatotopic or not. Furthermore, at the
trigeminal level, where the targets are closehéganglion, a clear arrangement of primary
afferents has repetitively been described (see akdiReith, 1981; Jacquin et al., 1983;
Nishimori et al., 1986; Keller et al., 1991; Antand Peppel 1991; Kobayashi and Matsamura,
1996).

The results of this study show a considerable aper the DRG representations of the
different digits, both with regard to the DRGs ihigh the digits are represented and with regard

to the intraganglionic representations of digitsere is, however, a clear tendency of a
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rostrocaudal organisation such that medial digeésepresented more rostrally than lateral digits
in the DRGs. A similar organisation has previoumsgn observed in fetal (Wessels et al., 1990)
and neonatal rats (Wessels and Marani, 1993)lafielling of hindlimb nerve afferentEhis
finding is not unexpected considering the embrydeieelopment in which the medial side of
the foot is located rostral to the lateral side] sralso reflected by a corresponding rostrocaudal
organisation in the central projections in the apaord (Molander and Grant, 1985; Shortland
and Woolf, 1993). In the DRGs of adult rats, howgesach an organisation has been reported to
be hard to demonstraf@/essels et al., 1994). We also demonstrate ateledency foseparate
representations of digits IV and V within the L5 GRhat follows the rostrocaudal order
described above. This finding was relatively carsisdespite the great variation in the number
of labelled neurones from a single digit found kestw animals (see fig S)lthough a similar
organisation was observed also for other digiteéndifferent DRGs, further work is needed to
demonstrate its consistency, especially in the R&GAVhere most digits were represented to
some degred.his does not rule out that there might be a satmpitworganisation also in this
DRG, it is just harder to see when all digits amesidered. Interestingly, we recently showed
that the femoral nerve and the sciatic nerve, wisithe main nerve that innervates the hindlimb
digits, have separate but slightly overlappingespntations in the L4 DRG (Puigdellivol et al.,
1998a). Even though a clear tendencg ebmatotopic organisation within and between the
DRGs of neuronal cell bodies subserving the diffedégits seems to be presghts much less
pronounced than that of the central projectiontha$e neurones. It is possible that this
phenomenon arises from a random clustering of¢élneomes as the neural crest is divided by the
emerging somites. Furthermore, in contrast to pireascord dorsal horn, the interrelations of
the afferent cell bodies in the DRGs may be délitinctional importance as they seem to lack

synaptic contacts, at least under normal condifipltd.achlan et al., 1993).

14



A detailed description of the topographical orgation of the representations of the
digits in DRGs is of interest as it may be a priyr&ep to form an experimental model to study
the topographical accuracy of distal nerve regéioerafter nerve injury. The distal parts of the
digits would offer a possible tool for such invgations. In previous studies, the technique of
retrograde tracing has been used to study motuneriation after facial nerve injury
(Aldskogius and Thomander, 1986) and of motor miwnation after sciatic nerve injuries
(Aldskogius et al., 1987). A reorganisation of theographical organisation of retrogradely
labelled neuronal cell bodies following the nemjiiy indicated inaccurate peripheral
regeneration in those studies. Although the resiliise present study, showing a considerable
overlap of the representations of adjacent digithé DRG as well as inter-animal variation,
indicates that such studies would be difficult éofprm, it might be possible if the adjacent

digits IV and V are used, or perhaps if non-adjadagits are used.
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TABLE 1. Different combinations of tracer injection. All Injections were made 5
days before perfusion except those marked by aniasthich were made 15 days before
perfusion. Note that some animals were injectedawn the same digit on two different
occasions (see text).

Case Digit | DigitIl  Digitlll  DigitlV  DigitV

R25 0.54 FB 0.5 FG
R26 0.5 FG 0.51FB
R28 0.5ul FG
R29 0.5ul FB
R38 0.5ul FB
R39 0.5u FB
R44 0.54 FG 0.5 FB
R45 0.5ul FB 0.5ul FG
R48  0.5u DY 0.5ul FG
R49  0.5ul FG 0.5ul DY
R50 0.5ul FB"
1.51 DY
R51 0.5ul FB"
1.5u DY

R77 0.5u FG 0.5ul FB*

0.5ul DY
R78 0.5u FG 0.5ul FB"

0.5ul DY
R79 0.5u FG 0.5ul FB*

0.5ul DY
R84 0.5u FB
R136 1 FG  1plFB
R137 1WFG  1plFB
R138 1WFG  1plFB
R139 1WFG  1plFB
R140 1WFB  1plFG
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R162

1ul FB

1WFG
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TABLE 2. Numbers of neuroneslabelled from each digit. Estimates of the total number of

neuronal profiles in the L3-L5 DRGs labelled froack digit using the (c/s)*ts formula (see

text). The tracer used in each case is indicatachb¢rs have not been corrected for split nuclei

(see text).

Digit |

Digit Il

Digit Ill

Digit IV

Digit V

R48 DY 369.1

R49 FG 751.8

R77 FG 476.2

R78 FG 180.2

R79 FG 284.2

R25 FB 223.6 R25 FG 780.1 R44 %@2.0

R26 FG 443.4

R29 FG 349.2

R38 FB 560.0

R45 FB 474.1

R26 FB 468.7

R28 FG 388.0

R39 FB 154.3

R84 FB 342.3

R45 386.4

R775BB.4

R78428.0

R7940Y.8

R44 FB 554.6

R48 FG 559.3

R49 DY 268.0

R50 FB 366.8

R51 FB 352.3

Mean 412.3

* 218.8

410.0

128.6

426.7

228.8

472.3

82.6

420.2

116.6
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TABLE 3. Numbersof neuronesin thedifferent DRGs, labelled from different digits.

Estimates of labelled neuronal profiles in DRGslIS3after injection in digits I-V. Numbers

have not been corrected for split nuclei (see text)

DRG Case Digitl Case Digitll Case Digitlll Case DigitlvV Case DigitV
R48 36.0 R25 4.0 R25 0.0 R44 0.0 R44 0.0
R49 264.5 R26 84.0 R26 4.0 R45 0.0 R48 0.0
L3 R77 858 R29 245 R28 20.0 R77 0.0 RA49 0.0
R78 165 R38 84.0 R39 0.0 R78 0.0 R50 0.0
R79 424 R45 64.9 R84 0.0 R79 0.0 R51 0.0
Mean 89.0 52.2 4.8 0.0 0.0
+ 101.3 36.3 8.6 0.0 0.0
R48 2204 R25 200.7 R25 656.5 R44 447.2 R44  203.6
R49 3928 R26 315.0 R26 350.0 R45 327.6 R48 2 91.
L4 R77 3904 R29 270.1 R28 340.0 R77 383.4 R4968.5
R78 156.0 R38 392.0 R39 1240 RY78 260.0 R50 96.7
R79 226.8 R45 399.0 R84 292.3 RY79 1778 R51 273.1
Mean 277.3 315.3 352.5 319.2 146.6
+ 108.0 83.7 192.6 104.9 87.9
R48 112.7 R25 18.8 R25 123.6 R44 1248 R44  351.0
R49 945 R26 44.4 R26 114.7 R45 57.8 R48 468.0
L5 R77 0.0 R29 54.6 R28 28.0 R77 163.0 R49 .399
R78 7.7 R38 84.0 R39 30.3 RY78 186.0 R50 270.1
R79 15.0 R45 10.2 R84 50.0 RY9 234.0 R51 79.2
Mean 46.0 42.4 69.3 153.1 2735
+ 53.3 294 46.3 66.3 147.5
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FIGURE LEGENDS.

Figure 1. Photograph of labelled neuronal profitedorsal root ganglion. Diamidino
Yellow labelled neuronal profiles (DY) shows a clgdabelled yellow nucleus and
occasionally cytoplasmatic labelling. Fast Blue Y@Bd Fluoro-gold (FG) labelled neuronal
profiles show a blue or reddish labelling locateaimty in the cytoplasm. Some labelling
occur in surrounding glia, indicating spread frdrma tetrogradely labelled neuron&sale

bar: 5Qum.
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Figure 2. The mean numbers of labelled neurondilgsger digit in each ganglion are
represented without correction for split cells. &ltite tendency of more medial digits to project

to rostral ganglia while more lateral digits aregressively more represented in the caudal

ganglia.
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Figure 3. Three-dimensional reconstruction ofrdesentations in DRGs L3 to L5 of
digits I-V made from four representative cases [8aterials and Methods). The opacity of the
"walls" of the reconstructed 3-D surfaces were ceduo 30% to allow visualisation of neuronal
representations inside the DRG. Rostral (r), ca(@amedial (m) and lateral (I). Scale bar:

50Qum.

DigitI DigitIl  Digit Il  DigitIV ~ DigitV
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Figure 4. Models of DRGs at levels L3-L5 with regentations of neuronal profiles

found after injection in the different digits. Didj red; digit Il, orange; digit lll, yellow; digilV,

green; digit V, blue.
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Figure 5. Plotted neuronal profiles projectingligit IV (green) and digit V (blue) in L5
DRG of rats 136, 137, 138, 139, 140 and 162. Notddncy of more rostral distribution of digit
IV neurones in R136, R138, R139 and R162, whereasich distribution is apparent in R137

and R140.
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