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Scanning electron microscopy of the dentinal tubules and the odontoblast processes was 
performed on young premolars that had been fractured to open the tubules in the crown 
dentine parallel to theiraxis. The tubules were viewed in an outward direction, starting 
from the attached pulp tissue at the buccal pulp horn. The odontoblast processesin the tubules 
were found within a distance from the pulp equelling about one quarter the total length of 
the tubule; in only a few tubules the process was more than 0.4 mm from the pulp and none 
were seen beyond 0.7 mm from the pulp. The process almost completely filled the tubule in 
the predentine-dentine area and up to a distance of 0.2 mm from the pulp. The processes 
were tube-like. 

In the predentine-dentine area the processes were surrounded by a thin membrane-like 
structure. Further into the dentine the tubule wall seemed to have a coating of an amorphous 
substance containing a few circumferentially, and in places also longitudinally, arranged 
fibres. The tubules apparently contained no nerve fibres. 

The picture of the dentinal tubules and their contents is still unclear and the 
information in the literature is controversial. As pointed out by Scott (1955), 
opinions differ on whether the odontoblast process, the Tomes’ fibre, is solid 
or tube-like, and whether or not it fills the entire lumen out to the enamel 
border. 

Some electron microscopic studies have indicated that there is no mem- 
brane-like lining of the tubule wall (Helmcke & Jahn, 1952; Scott, 1955). 
On the other hand, studies with the replica technique have brought to light 
a kind of sheath surrounding the odontoblast process, which, in turn, is 
directly attached to the tubule wall, thus completely filling the tubule through- 
out its length, leaving no room for tissue fluid (Syrrist & Gustauson, 1951; 
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SchrofSct al., 1956; A I (  czzaic a, 1969). siiiiilar conclusion has been reached 
hy Ancill and Bloom (1954) on the ha+ o f  an electron microscopic study 
of decalcified dentine. 

L bing tlie rlcctron microscope, but in nndecalcified dentine, Franl, (1959) 
has noticed that in the middle and outer portion of the dentine the odonto- 
I h t  process assumed a tubular form; he has found the part near the pre- 
dentirir. to hc a rod of (-1 toplasin, but sometimes apparently absent. In a 
Gecontl -tudy in 1966 FianX ha. concluded that the dentinal tubule contained 
the cellular exten4on of the odontobla>t. In the predentine area he has also 
found structures in  tlie tuhules reseinbling uiiniyelinated nerve fibrils. 

E’roni a siniilar study Johansen & Parks (1962) hare concluded that, 
except in the predentine area, the lumen of the dentinal tubule was lined by 
a menihranous structure containing collagenous elements and closely 
awxiated J\ itli the highly calcified perituhular zone. In the predentine area 
the onl\ menil~rano~is structure present Tias the plasma membrane of the 
odontoblast 1)rocess. In no section did these uorkers find evidence of two 
separate niernhranes in the tubule. 

Collagenous fibrils arranged circiimferentially or longitudinally on the 
tubule wall, or ~i hat has been termed ))the periprocessal area)), hale been 
noticed in many studies (Scott, 1955; Frank, 1959; Takuma, 1960). Such 
fibrils have also been ohsen ed in scanning electron microscopic examinations 
of fractured dentine (Ro3de & Lester, 1967). 

In <i hi+tocheniical study of undecalcified srctions Symons (1962) has 
found that the odontoblast process had a solid appearance and terminated 
about 120 and 200 pin froin the predentine junction. Peripherally to this 
7one the contents were tubular and stained strongly at the boundary between 
the peritiibular zone and the tubule contents. Symons suggested that this 
lining might ah Me11 be a thin limit boundary of the peritubular matrix as the 
outer limit o f  the odontoblast proces. 

In ‘1 study of longitudinally sectioned dentinal tubules in the scanning 
tlcctron rnicrowol)e, Szibota, illisaka and Inoue (1969) have found that the 
inner alls of the dentinal tubule3 often had fibrillar plica structures and 
nimy lateral branches. hut no Tomes’ fibres vere seen. 

Ki th  the same technique IsoXaz*.a et al .  (1970) studied etched dentine 
wrface- M it11 crosi-fractured dentinal tubule<. After etching aImost all the 
~~eritnhiilar dentine dinppeareil, but an acid-resistant layer remained in the 
innermost aspect of the peritulsular dentine. At some apertures of the non- 
etched and cross-fractured dentinal tubules they also noticed structures M hich 
they interpreted as Tomes’ fibre.. 

The object of tlie present study uas, by means of the scanning electron 
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microscope, to examine the dentinal tubules and, in particular, the extent of 
the odontoblast process, and to record evidence of the presence or absence 
of nerve-like fibres in the tubules. 

MATERIAL AND METROD 

The study was performed on young permanent premolars. Immediately 
after the tooth had been extracted the root was cut off about 2 mm from the 
enamel border by means of a diamond wheel with constant water cooling. 
In the same way a narrow groove was cut in the buccolingual or mesiodistal 
direction in two surfaces and leaving either the buccal or one of the proximal 
surfaces intact. The tooth was then placed in liquid propane or liquid nitrogen 
to fracture spontaneously. If this did not occur, the tooth was removed 
from the liquid and the fracture was effected with a forceps. Some teeth 
were fractured before being placed in propane; others were first fixed in 
10 per cent formalin or 5 per cent glutaraldehyde for a few hours. The teeth 
were then treated with a freeze-drying procedure before mounting for exami- 
nation in the scanning microscope. 

The surface of fracture was covered in vacuo with a gold film about 200 A 
thick. A Cambridge scanning microscope was used with an accelerating 
voltage of 20 kV. After examination under a binocular microscope the 
surfaces were chosen for further examination by scanning; they should 
have the pulp well attached to the wall, and at the same level as the fractured 
surface. Areas from the middle of the crown pulp or the buccal pulp horn 
were examined starting along the pulpodentinal wall, and then following 
the tubules in an outward direction. Photographs were taken with a slight 
overlap, following the direction of the tubules. Twenty to 40 photographs were 
taken in such series, usually with magnifications of about 1000 and 2000, 
in some areas 5000 and 10,000. 

RESULTS 

The predentine - dentine area 

The odontoblast processes in the predentine were well defined, and continued 
into the tubules (Figs. 1-7). At the upper level of the surface of fracture the 
processes were interrupted, the ends being visible both on the pulp side and 
in the tubules at the dentinal border (Figs. 2-5, 7-9). Processes could 
also be seen fractured in the predentine. The process appeared to be tubular 
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Fig. I 

Fig. 2 
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Fig. 3. Exposed predentine. Pulp tissue to the right. Cytoplasmic processes without any 
membranous coating are entering the tubules. X 2200. 

Fig. 1. Exposed dentine (D), predentine (PD) and pulp (P) in an area at the buccal side in 
the middle of the crown. Odontoblast processes are seen exposed in the predentine and in 

the dentine. x 550. 

Fig. 2. Pulp-predentine area. Pulp tissue to the right. Folded processes are entering the 
tubules. x 2200. 



Fig. -1 

Fig. 5 
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Fig. 6. Predentine area at point A in Fig. 10. Folded and snaked)) cytoplasmic processes are 
entering the tubules. To the left they continue into the dentine. At the upper level of the 
fracture, opened and empty tubules, their walls being fairly smooth. Notice that the mem- 
branous structure on the tubule wall or on the process seems to be built up of mainly circum- 

ferentially oriented fibrils coated with an amorphous material. x 2200. 

Fig. 4. Exposed predentine. Pulp tissue to the right with interrupted processes. The tubule 
apertures contain the other end of the fractured, tube-like processes. Underneath the 
processes are continuous. A network of fibrils is seen between the tubules. The fibrils close 
to the pro-ess are coated with an amorphous material contributing to a membranous structure 

surrounding the cytoplasmic process (arrow) x 2200. 

Fig. 5.  Detail from Fig. 4. The process surrounded by a network of fibrils closely attached 
to the process. x 11,000. 



Fig. '7 

Fig. 8 
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Fig. 9. Exposed predentine with odontoblast processes embedded in a network of fibrils. 
Amorphous material on fibrils close to the processes. x 5400. 

Fig. 7. The predentine area exposed at point B in Fig. 10. Pulp tissue to the right. Cylindrical 
processes are seen to fill the tubules almost entirely. A membranous structure seems to 

line the process (arrow). x 2180. 

Fig. 8. Exposed predentine with some cross-fractured tubules and processes. Pulp tissue to 
the right. The processes seem to have a ))collar)) at the pulp-predentine junction, possibly 

corresponding to the pulp-dentinal membrane. x 2150. 



Fig. 10. Surface of fracture with lonpituclinall!- opened dentinal tuliules on the huccal side 
of the crown. Pulp tipsue to the right. Figs. 1 to 9 were taken in the prdent ine  area at  A 
and B. Figs. 11 to 17 were taken along the lines from A and R. The tubules at the end 

of the lines. 0.6-0.7 nini from the pulp. and further outward were empty. x 54. 
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Fig. 11. Exposed dentine, 0.3 mm from the pulp, at A in Fig. 10 (arrow). Almost all tubules 
contain an odontoblast process. The tubules in the main part of the figure are cross-fractured 

due to a step in the fractured surface as seen in Fig. 10. x 2200. 

Fig. 12. Exposed dentine, 0.5 mm from the pulp, along the line from A in Fig. 10. A tube- 
like odontoblast process is seen. In this area only a few tubules contained a process. x 10,800. 
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Fig. 13. Exposed dentine. 0.6 nim from the pulp along the line from A in Fig. 10. In this 
area and further outward the tubules were empty. x 2200. 

Fig. 14. Exposed dentine, 0.15--0.20 mm from the pulp, at point B in Fig. 10 (arrow). 
Tubules with odontoblast process that almost entirely fills the tubule. x 1080. 
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Fig. 15. Detail from Fig. 14, framed area. x 5040. 

Fig. 16. Exposed dentine further outward along the line from B in Fig. 10, 0.5 to 0.6 mm 
from the pulp. Only one tubule was found to contain a process in this area. Further outward 

all tubules were empty. x 1080. 



Fig. 17. Detail from Fig. 16, framed area. Notice the profile of the lining of the tubules, 
0.1 -0.2 om thivk (arrov). A 5400. 

Fig. 18. Another specimen \sith fractured dentinal tubules about 0.7 rnm from the pulp. 
A few fibrils are exposed in the material lining the tubule wall. x 5800. 
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Fig. 19. Another specimen with tubules exposed 1.2 mm from the pulp. Fibrils are seen in 
the tubule lining in one of the tubules. The other tubules have a fairly smooth wall. x 6OOO. 

Fig. 20. A tubule about 2.3 mm from the pulp; the same specimen as seen in Fig. 18. Fibrils 
in the exposed wall. x 11,500. 

2 
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Fig. 21. A dentinal tubule de,ided in an area near the enamel border. The tubule is partly 
filled with rounded bodies, calcospherites, of the same tvpc as is seen in peritubular and 

intertubular dentine. A 11,OOO. 

in form and $\a> in t l i k  area coiered by a membrane-like structure (Fig.4, 
arrou). Thiq iccmbrane 5urrounding the odontoblast process seemed to be 
3 thin mall of the  tubule built up mainly by circumfereritial fibrils embedded 
ir i  an amorphous material (Figs 6, 7; arroM). Outside this membrane there 
bas  a nrt\\orb of fibrils (Figs. -2-9). The uninterrupted and makedo processes 
bere folded (Fig-. 2-4, 6). In places where they seemed to be covered with 
the mernbraiie-like btructiire they 1oobeJ more cylindrical and with a slight 
indicatioii of circumfereritial fibrils on the surface (Figs. 7,  9). The processes 
.eenied to fill the tubules almost completely arid the diameter at the pre- 
ilentine-dentine border was ahout 2.7 p n .  X o  double processes or fibres 
reminibcent of n c n e  structure \)ere seen to enter the tubules. 
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The dentine 
Following the dentinal tubules from the predentine areas (Fig. 10; A and B) 
described above and illustrated in Figs. 1 to 9, the odontoblast processes 
could be seen extending further outward. At a distance from the pulp of 
about 0.2 mm most tubules contained processes (Figs. 11, 14, 15). They 
seemed to fill the tubules almost completely but did not reveal any membrane- 
like lining of the type seen in the predentine area (Figs. 14, 15). Visible 
processes diminished greatly in number at about 0.4 mm from the pulp 
until, at 0.6 to 0.7 mm, there were none at all (Figs. 13, 16). The distal part 
of the process did not seem to fill the tubule completely (Figs. 12, 17). 
More than 0.7 mm from the pulp all tubules were empty and had a fairly 
smooth coating or lining with a thickness of 0.1 to 0.2 pm (Figs. 13, 17; 
arrow). Some fractured surfaces revealed that this lining may contain a few 
circumferential and longitudinal fibrils (Figs. 17-20). These fibrils with a 
diameter of 0.1 to 0.4 pm were occasionally observed in the tubules near the 
predentine as well as in the peripheral dentine. 

The high mineralized homogenous peritubular wall was not always distinct 
around longitudinally fractured tubules but seemed to appear about 0.2 mm 
from the pulp and became more clear with a thickness of about 0.5 pm 
after a further 0.1 mm. 

At a distance from the pulp of 0.4 to 0.6 nim the diameter of the tubules 
varied from 1.8 to 2.0pm. One millimetre from the pulp the diameter was 
about 1.5 pm; further outward it diminished and near the enamel border 
it was around 1.0 pm (Fig. 21). 

Near the enamel some tubules were divided into two, and some tubules 
occasionally contained rounded bodies with a diameter of 0.1 to 0.3 pm. 
Such rounded structures could also be seen on the fractured surface of the 
peritubular and intertubular dentine (Fig. 21). 

Although small grooves or ))apertures)) were seen on the walls in some 
tubules (Fig. 19), very few canaliculi were noticed. 

No nerve-like fibre was seen in the dentinal tubulea, which either con- 
tained a single tubular odontoblast process or were empty. 

DISCUSSION 

The folding and the tubular shape of the odontoblast process in the pre- 
dentine area might well be an artefact, possibly due to the fixation or the 
freezing procedure. As has been noticed by Scott (1955), a transversely 
sectioned tubule may sometimes give the impression of containing a number 
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of processes; this effect is possibly due to the folding of the process, repre- 
senting cross-sections in the predentine and the adjacent dentine - an area 
of particular interest judging from a large number of electron microscopic 
studies. 

The observations by Scott (1955), Boyde and Lester (1967) and others, 
that the process was surrounded by several fibrils enclosed within the mem- 
brane-like coating of the tubule walls, would seem to borne out by the 
present findings. Throughout its length the wall of the tubule might be 
coated \\ith an amorphous lining, about 0.1 to 0.2 p m  thick; this also con- 
tained a few mainly circumferentially oriented fibrils. Such fibrils have 
been observed in previous studies and identified as collagenous fibres (Joohan- 
sen & Parks, 1962; Lester 22 I?ol.de, 1968). In a histochemical study Symons 
(1962) found in peripheral dentine on the tubule wall a substance that stained 
inore strongly than the rest of the peritubular dentine. It cannot be excluded 
that this membrane-like structure is what some researchers have called the 
odontoblast process membrane. 

Johansen c(i- Parks (1962) found only one membrane in the predentine 
area !\here the present authors have seen two, including the cytoplasmic 
inein1)rane (Fig. 4). To judge from Figs. 6-9, the outer membrane-like 
structure closely attached to the process membrane seems to be the lining 
of the tuliule wall in this area. This membranous structure may thus corrc- 
spond to the junction betH een intertubular and peritiibular dentine further 
periplierally iii the dentine where peritubular dentine is developed. 

The fact that the lining of the tubules seemed to be closely attached to the 
cytoplasmic proces in the predentine area and about 0.2 mm further out- 
ward suggests that over this length the process ahnost entirely fills the tubule. 
Further outw-arc1 that is, from a point \%here the peritubular dentine has 
begun to develop the odontoblast process did not entirely fill the tubule. 
I t  this distance from the pulp, the cytoplasmic process was not coated with 
any extra lining. 

The rounded bodies, observed in a few tubules near the enamel seem to be 
of thc sanie type as the ))irregular outgrowths)) noticed hy Lester and Boyde 
(1968). They belieFed that such outgroir ths ))may represent the first stage 
in the occlusion of tubules ~ i t h  material of the same nature as the peri- 
tubular dentine)). The present authors found this structure not only in the 
tubule and the peritubular dentine but also in intertubular dentine (Figs. 
20, 21). If occlusion occurs in the tubules of young intact permanent teeth, 
it is likely to be first obserled in tubules near the enamel. 

Of particular interest is the observation that the odontoblast process was 
found in the crown dentine only ~ i t h i n  a distance of less than one quarter 
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the length of the tubule from the pulp. Symons (1962) noticed solid staining 
of what he interpreted as being an odontoblast process extending about 
120 to 200 p m  into the dentine. Johansen and Parks (1962) found a cyto- 
plasmic membrane only in an area where there was no peritubular, highly 
mineralized and homogenous dentine, i.e., according to iltkinson and 
Harcourt (1961) 100 to 250 p m  into the dentine, according to the present 
observations 200 to 300 p m  from the pulp. Further outward some tubules 
still had their process, but they were fewer and none was seen more than 
0.7 mm from the pulp. Although the process might have been displaced from 
some tubules during fracturing or the following procedures, this would 
hardly be confined only to the tubules more distant from the pulp. Apart 
from the globule-like structures described above and present only in a few 
tubules near the enamel in one specimen, all tubules at a distance from the 
pulp of more than 0.7 mm were quite empty. I t  must be stressed that not only 
areas described and illustrated in the figures were examined. Many other 
areas were studied in several specimens, and special interest was focused 
on tubules 0.5 mm from the pulp and further outward. These findings seem 
to motivate a new concept of the Tomes’ fibre, which in many textbooks is 
said completely to fill the dentinal tubules out to the enamel. 

Frank (1968) pointed out that he ))usually located intradentinal nerve fibres 
in tubules devoid of peritubular dentine (that is about 0.2 mm from the 
pulp), and assumed that they did not extend further)). The present authors 
could not find any nerve-like fibre together with the ))naked)) cytoplasmic 
process or in cross-fractured processes in the predentine. It cannot be ruled 
out, however, that in areas, where the processes were covered with an ))extra)) 
membrane-like structure, a nerve-fibre was hidden inside this membrane. 
As the odontoblast process was not covered with any visible membrane 
beyond 0.2 mm into the dentine and at a greater distance did not fill the 
tubule entirely, any nerve-like fibre should have been detected. This would 
be the case at least further outward where no odontoblast processes at all 
were present. Small fibre-like structures were occasionally seen in the dentine 
containing odontoblast processes but never together with such a process 
(Fig. 14). Such ))fibers)) seemed to be displacements of processes, remnants of 
them or the tubule lining material. 

Nerve-like structures have occasionally been observed in light microscopic 
examinations of decalcified sections stained in various ways. Langeland et al. 
(1971) recently described thread-like structures extending into the peripheral 
1/3 of the dentine. These structures were observed to run transversely 
crossing a great number of dentinal tubules, in some cases about 20 in the 
published photographs. In view of the present knowledge of the ultrastructure 
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of the dentine, a i  revealed by recent electron microscopic studies (including 
scanning), it must be questioned if the structures observed actually represent 
true nerve fibers. Nerve fibers in mineralized tissue, free from any con- 
comitant visible tubule structures does indeed seem strange. 

It has been suggested that the tubule is mainly filled with interstitial fluid 
(Brunnstriim, 1968). Unlike cytoplasm, this has a low potassium content but 
is rich in sodium. The dentinal fluid has been found to be similar in this 
respect (Schneider, 1955; Paztnio &- A-iintii, 1965; Coffey, Ingram & Bjorn- 
dahl, 1970). HuZjamue and Kiickert (1969), who collected dentinalfluid from 
exposed dentine in uiz.0. found tuo types of liquid in the dentine, one of 

hich had an electrolyte composition similar to that of extracellular fluid. 
, Is  the tubules l m r  been reckoned to occupy about 21 per cent of the dentine 
(Hoppe 22 Stiiben, 1965) and the dentinal fluid accounts for about 25 per 
ccnt of the volume of the dentine, most of this fluid is evidently located in 
the tubules. This physiological approach would seem to throw light on the 
hydrodynamics of the dentine and the mechanism underlying the sensitivity 
of this tissue (Hriinnstrom, 1968, Briinnstrom &- .-$striim, 1972). 
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