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Abstract
The aim of this study was to evaluate the straight
lengths of the root canal of human second maxillary
premolars using standardized radiological techniques
in vitro. The distances were examined starting from
the cemento-enamel junction (CEJ) to the appearance
of a curvature. In particular recommendations which
may facilitate decision making with regard to the
length of post systems after successful endodontic
treatment should be available. Extracted human sec-
ond maxillary premolars (n = 210) were used; teeth
with root caries, artificial crowns, extensive fillings or
with previous endodontic treatment were excluded
from this investigation. The teeth were fixed in a spe-
cially developed device with standardized and repro-
ducible distances and digital radiographs using the par-
allel technique were made. A descriptive statistical
analysis and the calculation of the cumulative frequen-
cies were made. The values for the distance starting
from the CEJ to a first curvature were as follows:  a)
For right second premolars: median value=10.3mm
(min.: 5mm; max.: 15.8mm) and mean value= 10.4
SD±2.6mm; b) left second premolars: median val-
ue=10.2mm (min.: 5mm; max.: 17mm) and mean val-
ue=10.3mm SD ± 2.2mm. Based on our data, high
number of second maxillary premolars showed a cur-
vature (30.4%) 9mm apically from the CEJ. These
findings should be taken into consideration for en-
dodontic treatments and post insertions.   

Key words: maxillary second premolars, root canal
morphology and curvature 

INTRODUCTION

A continuous development in endodontic treatments,
especially concerning materials, techniques as well as
for the definitive restoration after endodontically treat-
ed teeth has taken place over the last years. Accurate
knowledge of the root canal anatomy is essential in or-
der to execute a successful endodontic treatment and a
following definitive restoration [5]. Many studies using
various techniques and methods dealt with the ques-
tion of the root canal anatomy [6]. Methods for the
evaluation of morphological conditions were carried
out by means of computer 3-D techniques [7], digital
X-ray procedures [4], also with radioopaque contrast

media [2], SEM [8], microcomputer tomography [10]
and with magnet resonance imaging microscopy [1]. In
summary, these investigations and methods showed
high differences and variations in the root canal mor-
phology. A first method to examine a root canal cur-
vature mathematically was established by Schneider in
1971 [11]. He divided the root canal curvatures into a)
straight root canals (<5°), b) slightly curved canals
(10-20°) and c) severe curved canals (25-70°). In 1992
Cunningham & Senia modified this method to de-
scribe root canal curvatures taking into consideration
the bucco-lingual and mesio-distal aspects of
mandibular molars [5]. Investigations regarding the
initial relevant straight length and the location and fre-
quency of root canal curvatures are rare. Nevertheless,
the lengths of the initial straight distances are relevant
if a post insertion is necessary after successful en-
dodontic treatment. The aim of this in vitro study was
to determine these lengths in second maxillary premo-
lars. 

MATERIALS AND METHODS

A total of 210 extracted human second maxillary pre-
molars were used for this study. Non-definable cemen-
to-enamel junction (CEJ) or apex, and endodontically
treated teeth were defined as exclusion criteria. Fur-
ther reasons for exclusion were: a non-definable clini-
cal crown and/or root, root caries, artificial crowns or
extensive fillings and second premolars with two root
canals (4 such cases were omitted from this study). A
fixation device, specially constructed for this investiga-
tion, with standardized, defined and reproducible
lengths (object holder without vertical adjustment; dis-
tances: focus to object=500 mm; object to sensor=50
mm; and focus to sensor=550 mm) was used (Fig. 1).
The teeth were fixed and digitally radiographed (He-
liodent MD, Sirona Benzheim, Germany; Merlin 2.1)
and measured (Adobe Photoshop 7.0) in an oral-
vestibular projection. The exposure time was 0.2 sec
(60 kV) and the parallel technique was used. The con-
stancy of the x-ray beam was controlled by means of
an aluminum key (Hounsfield-scale) and the radi-
ographs were taken horizontally and in 20° from the
mesial and distal tooth axis aspects. A straight line be-
tween the mesial and distal cemento-enamel junctions
(CEJ) served as the reference level. The intersection
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point in the middle of the pulp cavity was used as a
reference point for the specified straight distances and
tangents. To achieve objective results the investigators
were calibrated by experienced dentists of the en-
dodontic and radiological disciplines. After a pilot in-
vestigation of 10 teeth the measured distances and
corresponding angels were defined as follows: distance
1 = CEJ to the first curvature; distance 2 = from the
first curvature to the second curvature (if existing) and
distance 3 = from the first or second curvature to the
radiological apex; angles were defined as: angle 1: be-
tween distance 1 and distance 2 and angle 2: between
first or second curvature and the radiological apex
(Fig. 2). The images (JPEG format) were imported
into Adobe Photoshop (7.0). 36 pixels correspond to 1
mm and 1 pixel to 0.027 mm. A descriptive statistical
analysis (absolute and relative frequencies) was carried
out and the cumulative frequencies were calculated
(Microsoft Excel 2003® and SPSS 9.0). Statistically
significant differences between the left and right sec-
ond premolars were determined using the Mann-Whit-
ney U Test and the modified Wilcoxon Test (p value
<0.05).

RESULTS

A total of 210 second maxillary premolars were inves-
tigated (n = 105 left and n = 105 right second premo-
lars). According to the exclusion criteria 4 second right
premolars with two root canals were omitted from this
study. The straight length of distance 1 (CEJ to a first
curvature) was for the second right premolars as fol-
lows: median value = 10.3mm (min.: 5mm; max.:
15.8mm) and mean value = 10.4mm SD ± 2.6; for the
left second premolars: median value = 10.2mm (min.:
5mm; max.: 17mm) and mean value = 10.3mm SD ±
2.2 (Fig. 3). 

The median distance 2 from a first to a second cur-
vature was for the second right premolars 4.6mm (min.:
2mm; max.: 7.7mm). The mean value was 4.4mm SD ±
1.5. For the second left premolars the median value for
the distance 2 was 4.9mm (min.: 1.1; max.: 7.4mm) and
the mean value was 4.5mm SD ± 1.4 (Table 1).
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Fig. 1. Illustration of the specially developed fixation device with standardized and defined lengths. 
Distance x-ray tube/ object: 500 mm;  Distance object/ sensor mount: 50 mm;  Distance sensor mount/ x-ray tube to object:
550 mm

Fig. 2. Schematic description of the measured distances (tan-
gents), angles and curvatures.
CEJ = A horizontal line starting from the mesial to the distal
cemento-enamel junction served as coronal reference level
Distance 1: distance from the CEJ to the first curvature
Distance 2: distance from the first curvature to the second
curvature (if existing)
Distance 3: distance from the first or second curvature to the
radiological apex
Angle 1: angle of the first curvature
Angle 2: angle of the second curvature
Apex: radiological apex



The length of distance 3 (from the first or second
curvature to the radiological apex) for the second right
premolars was as follows: median value = 6.1mm
(min.: 1.2mm; max.: 10.6mm) and mean value=
5.6mm SD ± 2.4; for the second left premolars: medi-

an value = 5.5mm (min.: 1.2mm; max.: 10mm) and
mean value = 5.4mm SD ± 2.2 . 

The total length of the root canal starting from the
CEJ to the radiological apex was as follows: for the
second right premolars the total length of the root
canal showed a median value of 16.9mm (min.: 12.4;
max.: 22.8mm) and a mean value of 16.9mm SD ± 2.2;
for the second left premolars the median value of the
length of the root canal was 16.6mm (min.: 12.2mm;
max.: 22.2mm) and the mean value was 16.6mm SD ±
2.2 .

Viewing the cumulative frequencies of the distance
1 of the second maxillary premolars, 35% of the left
premolars and 27.9% of the right showed a curvature
at a distance of 9mm after the CEJ; 46.6% of the right
premolars and 48.1% of the left showed a curvature at
a distance of 10mm (Figs. 4 and 5).

78.6% of the right premolars showed one and
21.4% two curvatures. Viewing the second left premo-
lars one curvature could be detected in 79.8% and two
in 20.2% of the cases. 

Because of the considerable range of the results the
median values were used for the description of the an-
gles 1 and 2. The median angle 1 was for the right pre-
molars 10.8° and for the left premolars 11.8°. The me-
dian angle 2 was for the right premolars 17° and for
the left 17.5° (Table 1). For the values of the distance
1, 2 and 3 as well as for the angles 1 and 2 between the
left and right second premolars the differences were
not statistically significant.  

DISCUSSION

In this study the location of curvatures and the initial
straight length starting from the cemento-enamel junc-
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Fig. 3. Measured length of the distance for the second maxil-
lary premolars.
15 =  right second premolars
25 = left second premolars

Fig. 4. Cumulative frequency and the relationship between
the length of the distance 1 and the appearance of a first cur-
vature for the second right premolars.

Fig. 5. Cumulative frequency and the relationship between
the length of the distance 1 and the appearance of a first cur-
vature for the second left premolars.

Relationship between distance 1 and the
appearance of the first curvature



tion were measured. For necessary post insertions af-
ter successful endodontic treatment and root canal fill-
ing, it is important to have exact information about
the root canal morphology. Several studies and investi-
gations have been carried out to examine the anatomic
condition of the root and the configuration of the root
canal systems [5]. Various techniques and methods
were used to evaluate the root canal path [1], morpho-
logical variations [3, 9] and the angles of root canal
curvatures [10, 11]. But few data exist concerning the
location and the distance to the appearance of root
curvatures. This information could be used as a guide-
line for the straight length for post insertions.  E. g. al-
most a third of all second maxillary premolars showed
a curvature at a length of 9mm. Viewed a length of
10mm this value increased to 47.3%. For example,
Sorensen and Martinoff recommended in 1984 a post
length of two thirds of the original root canal length
[12]. The mean length of the root canal was in our

study 16.7mm; two thirds of this length would be a
distance of 11.2 mm starting from CEJ. If we look at
this distance in the line graph of the cumulative fre-
quencies from our study, this showed that 66.2%
should have a curvature. From lengths of 9mm the
probability for the appearance of a curvature clearly
increases.

The initial straight portion of the root canal is es-
sential for the decision-making process prior to a post
insertion. Deviations from the original root canal path
can cause weakening of teeth, perforations or even
root fractures. In our study only teeth without en-
dodontic treatment were used to preserve the original
condition of the root canal curvature. Due to these
criteria the root canals were unchanged in size and di-
ameter. In this investigation it was important to estab-
lish a length parameter for second maxillary premo-
lars, such as the initial relevant straight length of the
root canal path up to the appearance of a first root
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Table 1. shows the results of the measured lengths, distances and angles (median and mean values).

Tooth/ Group Second premolars Right premolars Left premolars
(right and left)

[n] 210 105 105

Length of the crown [mm] Mean ± SD 6.9 ± 0.9 7.1 ± 0.8 6.9 ± 1
Median 7 7.1 6.9

Min. 4.7 5.1 4.7
Max. 9.7 9.7 9.6

Length of the root [mm] Mean ± SD 14.4 ± 1.7 14.6 ± 1.7 14.2 ± 1.7
Median 14.5 14.6 14.5

Min. 7.8 10.4 7.8
Max. 19.4 19.4 17.6

Distance 1 [mm] Mean ± SD 10.3 ± 2.3 10.4 ± 2.6 10.3 ± 2.2
Median 10.2 10.3 10.2

Min. 5 5 5
Max. 17 15.8 17

Distance 2 [mm] Mean ± SD 4.4 ± 1.4 4.4 ± 1.5 4.5 ± 1.4
Median 4.7 4.6 4.9

Min. 1.1 2 1.1
Max. 7.7 7.7 7.4

Distance 3 [mm] Mean ± SD 5.5 ± 2.3 5.6 ± 2.4 5.4 ± 2.2
Median 6.1 6.1 5.5

Min. 1.2 1.2 1.2
Max. 10.6 10.6 10

Total length of the canal [mm] Mean ± SD 16.7 ± 2.2 16.9 ± 2.1 16.6 ± 2.2
Median 16.7 16.9 16.5

Min. 12.2 12.4 12.2
Max. 22.8 22.8 22.2

Angle 1 [Degree] Mean ± SD 12.5 ± 7.8 12.4 ± 8.8 12.7 ± 6.8
Median 11.6 10.8 11.7

Min. 0.1 0.1 0.5
Max. 45.7 45.7 38.4

Angle 2 [Degree] Mean ± SD 19.1 ± 8.4 18.5 ± 8.6 19.7 ± 8.2
Median 17.5 17 17.5

Min. 5.6 5.6 6.6
Max. 35.9 39.5 35.9



canal curvature. This would support the decision for
an operator to choose the correct post length to re-
store endodontically treated teeth. 

Knowledge concerning the total root canal length
and the initial straight distance up to the first curva-
ture are important to avoid the risk of possible root
canal damages. 

REFERENCES

1. Baumann MA, Doll GM (1997) Spatial reproduction of
the root canal system by magnetic resonance microscopy.
J Endod  23(1): 49-51

2. Bedford JM, Martin DM, Youngson CC (2004) Assess-
ment of a contrast medium as an adjunct to endodontic
radiography. Int Endod J 37(12): 806-813

3. Blaskovic-Subat V, Smojver B, Maricic B, Sutalo J (1995)
A computerized method for the evaluation of root canal
morphology. Int Endod J 28(6): 290-296

4. Burger CL, Mork TO, Hutter JW, Nicoll B (1999) Direct
digital radiography versus conventional radiography for
estimation of canal length in curved canals. J Endod
25(4): 260-263

5. Cunningham CJ, Senia ES (1992) A three-dimensional
study of canal curvatures in the mesial roots of mandibu-
lar molars. J Endod 18: 294-300

6. Deutsch AS, Musikant BL (2004) Morphological mea-
surements of anatomic landmarks in human maxillary and
mandibular molar pulp chambers. J Endod 30(6): 388-390

7. Dobo-Nagy C, Keszthelyi G, Szabo J, Sulyok P, Ledeczky
G, Szabo J (2000) A computerized method for mathemat-
ical description of three-dimensional root canal axis. J
Endod 26(11): 639-643

8. Gilles J, Reader A (1990) An SEM investigation of the
mesiolingual canal in human maxillary first and second
molars. Oral Surg Oral Med Oral Pathol 70(5): 638-643

9. Mayo CV, Montgomery S, del Rio C (1986) A computer-
ized method for evaluating root canal morphology. J En-
dod 12: 2-7

10. Petersilka GJ, Draenert M, Jervoe-Storm PM, Heinecke
A, Flemmig TF (2002) Assessment of root curvature and
distance using computed tomography. Epub 2002 May
30, Clin Oral Investig 6(3): 171-174 

11. Schneider S W (1971) A comparison of canal prepara-
tions in straight and curved canals. Oral Surg Oral Med
Oral Pathol 32: 271 

12. Sorensen J A, Martinoff J T (1984) Clinically significant
factors in dowel design.J Prosthet Dent 52(1): 28-35 

Received: November 5, 2005 / Accepted: January 17, 2006

Address for correspondence:
Prof. Dr. Willershausen
Department of Restorative Dentistry 
Klinikum of the Johannes Gutenberg- University 
Augustusplatz 2, 
D-55131 Mainz, Germany 
Tel.: +49-6131-177246
Fax.: + 49-6131-173406
e-mail: willersh@uni-mainz.de

EUROPEAN JOURNAL OF MEDICAL RESEARCHJune 30, 2006 231



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


