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Abstract 

Aim: The purpose of this study was to evaluate root and canal morphology of maxillary first premolars using a 

staining technique in cleared teeth. 

Material and methods: Our study was performed using extracted first maxillary premolars in the Histology 

Department of University of Medicine and Pharmacy Craiova. 

Results: When considering the number of roots for maxillary first premolars we noticed a high prevalence of two 

rooted first maxillary premolars 61,9%. 25,8% of the first maxillary premolars in our study presented a single root 

mesio-distally flattened, 9,5% of the premolars in our study presented one mesio-distally flattened root that divided 

into two separate roots in the apical area (bifid root). 

Conclusions: Thorough knowledge of the internal anatomy in maxillary first premolars as well as the possible 

particularities represent the key factor in a successful endodontic outcome. 

Endodontic systems specific to every population can guide the clinician in approaching the endodontic procedures 

starting with the access cavity, then shaping an cleaning and of course the root canal filling technique in order to seal 

the entire endodontic system. 
Keywords: canal morphology, maxillary first premolars, endodontic procedures 

Introduction.  

Successful endodontic treatments 

depend on complete root-canal shaping and 

cleaning, three-dimensional root-canal 

system obturation and good fittings with no 

leakage of coronal restorations. [1] The lack 
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of thorough knowledge about the anatomy 

of root canals is one of the main reasons for 

treatment failure in endodontics. Therefore, 

the first step in achieving a successful 

endodontic outcome is an exact diagnosis of 

the root-canal system and its anatomical 

variations[2]. 

Maxillary first premolars show a 

considerable variation in root-canal 

morphology. Although at first it may seem 

like an easy tooth to treat, the internal 

anatomy of the maxillary first premolars is 

particularly complex due to their variation in 

the number of roots and canal configuration. 

Over the years a series of anatomic studies 

and clinical reports were performed in order 

to analyze the root and root canal 

morphology of maxillary first premolars. 

In studies performed by Kartal et al, Carns 

and Skidmore, Loh, Bellizzi and Hartwell, 

and Vertucci and Gegayff, the prevalence of 

one root ranges from 22.0% to 49.4%, two 

roots from 50.6% to 72%, and three roots 

from 0 to 6%. Studies reported by Carns and 

Skidmore, Green, and Pineda and Kuttler, 

dealing with the canal morphology of the 

first maxillary premolars, have shown that in 

most cases they have two canals (from 

73.3% to 92%), although teeth with one or 

three root canals do exist (prevalence from 

8% to 26.2% and from 0% to 6%, 

respectively)[3-9] 

Aim. The purpose of this study was 

to evaluate root and canal morphology of 

maxillary first premolars using a staining 

technique in cleared teeth. 

We were interested in the following aspects: 

1. External root canal anatomy 

2. The length of the tooth 

3. Root length 

4. Position of the furcation 

5. Internal root canal anatomy- lateral 

canals, secondary canals, transversal 

communications 

 

Materials and method. Our study was 

performed using extracted first maxillary 

premolars in the Histology Department of 

University of Medicine and Pharmacy 

Craiova. 

The materials used in our study were the 

following: extracted maxillary first 

premolars, electronic calipers (Lumytools), 

access cavity burs (access cavity burs kit 

Dentsply Maillefer), Kerr files Ni-Ti no 08, 

10, 15 (Dentsply Maillefer), endodontic 

needls and seringes for irrigation, sodium 

hypochlorite 2,5% (Parcan-Septodont), 

distilled water, nitric acid 10%, ethanol 

70%, 95%, 100%, methyl salicylate, 

provisional coronal filling matherial 
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(Fermin-Detax), metallic conformators for 

keeping each tooth, foto camera and 

operator microscope (Global). 

In our study we included a number of 42 

first maxillary premolars that were extracted 

due to orthodontic, periodontal or 

prosthodontic reasons. From the total of 42 

teeth included in our study a number of 12 

first maxillary premolars presented a root 

canal treatment that was evaluated as correct 

on the preoperative X-Ray but they had 

periodontal complications that indicated 

tooth removal. The extracted maxillary first 

premolars were collected from the Oral 

Surgery Department and several private 

practice clinics without consideration of 

patient”s age, sex and religion. 

After extraction teeth were immediately 

cleaned with water and then kept in distilled 

water until the study was performed. When 

the total number of the teeth was completed 

they were again very well cleaned under 

continous water and using a periodontal 

scaler in order to remove any remains of 

tartar or periodontal tissues. Teeth were then 

placed in sodium hypochlorite solution 2,5% 

for 24 hours in order to dissolve any soft 

tissues left. 

After cleaning stage, the teeth were 

measured using an electronic caliper (Fig. 

1). The data noted was the following: 

 Crown length 

 Root length 

 Total length of each tooth 

 Position of the radicular 

furcation 

 Radicular curvature 

 Orientation of apical foramina 

 

Fig. 1 Electronic calipers (Lumytools) 

 

The maxillary first premolars were then 

divided into 2 groups considering the 

numbers of roots:  

 Group 1 – 12 first maxillary 

premolars with one root 

 Group 2 – 4 maxillary first 

premolars with one root that 

divided into 2 separate roots 

in the apical area 
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 Group 3 – 26 maxillary first 

premolars with 2 separate 

roots 

Next we prepared the endodontic 

access cavities using the known principles 

for preparing the access cavities in 

endodontic treatment and the special kit of 

burs (Fig. 2) for high speed hand piece. 

After identifying the root canal orifices and 

negotiation of the canals on working length 

using Kerr files 08, 10, 15 we placed the 

teeth in sodium hypochlorite 2,5% for 

another 24 hours in order to dissolve any 

pulpal tissues left. Teeth were then washed, 

dried and injected with China ink using an 

endodonticseringe and needle, the injecting 

technique being completed by apical 

vacuum.  

 

 

Fig. 2 Access cavity burs kit (Dentsply Maillefer) 

 

The 12 first maxillary premolars with root 

canal treatment were not prepared and 

stained but they were cleared using the same 

procedure as the stained teeth. 

After staining we left the teeth for 12 hours 

to dry and then we performed the coronal 

fillings using a temporary filling material 

(Fermin – Detax) in order to avoid 

dissolving the dye in the next procedures. 

Next the teeth were decalcified using nitric 

acid solution 10% in special metallic 

containers for 28-30 hours. The decalcified 

teeth were then thoroughly washed with 

continously running water for 4 hours to 

remove any acid debris and the they were 

rehidrated by placing them in ethanol 

solution with increasing concentration 75%, 

95%, 100% and they were kept in the final 

solution for 24 hours. 

The following step was clearing the teeth by 

placing them in methyl salicylate. Using this 

method of clearing each tooth the internal 

root canal antomy showed by the injected 

dye was easily observed, even the most 
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particular detailes of the endodontic system 

being disclosed under magnification. 

We noted the following aspects: 

 The number of root canals 

for each root 

 The type of root canal for 

each root according to 

Vertucci”s classification 

(1984) 

 The number of apical 

foramina 

 The presence and location of 

lateral canals 

 The presence of secondary 

canals and isthmus 

 

Results 

When considering the number of roots for 

maxillary first premolars we noticed a high 

prevalence of two rooted first maxillary 

premolars 61,9%. 25,8% of the first 

maxillary premolars in our study presented a 

single root mesio-distally flattened, 9,5% of 

the premolars in our study presented one 

mesio-distally flattened root that divided 

into two separate roots in the apical area 

(bifid root). 

From the total of 26 maxillary first 

premolars with two separate roots 76,9% (20 

teeth) presented a longitudinal groove on the 

palatal side of the buccal root. In most of the 

teeth the buccal root was flattened in a 

buccal-palatal direction (61,5%) whereas the 

rest of the two rooted first maxillary 

premolars (38,4%) presented a conical shape 

of the buccal root. 

The palatal root presented a conical shape in 

most of the examined teeth, only a few cases 

with a soft tendency of flattening and one of 

the teeth presented a longitudinal groove on 

the oral side of the palatal root. 

The length of the tooth was measured from 

the highest point of the coronal cusp until 

the apex for each root. 

Maxillary first premolars with one root – 

total length: 

 Maximum length 23,2 mm 

 Minimum length 19,4 mm 

 Medium length 22,4 mm 

Maxillary first premolars with two separate 

roots: 

 Palatal root: -    Maximum 

length 15,4 mm 

- Minimum 

length 12,3 

mm 

- Medium 

length 13,6 

mm 
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 Buccal root: -    Maximum 

length 16,2mm 

- Minimum 

length 13,4 

mm 

- Medium 

length 14,7 

mm 

 

Position of the apical foramina 

From the total of 12 maxillary first 

premolars with one root 58,33% (7 teeth) 

presented one apical foramina, a number of 

5 of them presented a distally oriented apical 

foramina. 

From the total of 4 maxillary first premolars 

with one root that divided into 2 separate 

roots in the apical third of the root, one tooth 

presented both roots with a straight line 

direction, whereas the other 3 teeth 

presented the apical foramen of the buccal 

root with a slight distal orientation and the 

apical foramen of the palatal root with a 

slight distal and buccal orientation. 

When analyzing group 3 two rooted first 

maxillary premolars the palatal root 

presented an apical foramina oriented 

towards distal and buccal in 69,23% of the 

cases (18 teeth), 15,3% of the cases (4 teeth) 

presented a straight line orientated apical 

foramina and 15,3% (4 teeth) presented a 

palatal root with an apical foramina 

orientated towards distal. When considering 

the buccal root, 61,5% (16 teeth) of the 

cases presented a palatal orientated apical 

foramina, 30,76%  (8 teeth) of the cases 

presented the apical foramina of the buccal 

root with a distal orientation and 7,69% (2 

teeth) presented a strait line orientated apical 

foramina of the buccal root.  

Position of the furcation area 

From the total of 30 first premolars with two 

separated roots 63,4% (19 teeth) presented 

the root furcation in the coronal third of the 

root, 23,33% (7 teeth) presented the root 

furcation in the middle third of the root and 

13,33% (4 teeth) presented the furcation in 

the apical third of the root (bifid root). 
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Number and type of root canals (Vertucci, 1984) 

PM1 max. Tip I Tip II Tip III Tip IV Tip V Tip VI Tip VII Tip VIII 

Group 1 

Single rooted 

 3 3 - 4 1 1 - - 

Group 2 

Bifid root 

 - - - - 4 - - - 

Group 3 

2 separate roots 

Buccal 26 - - - - - - - 

Palatal 26 - - - - - - - 

 

From the total of 42 maxillary first 

premolars we noticed a high prevalence of 

type I root canals in 69,04% of the cases, 

7,14% type II root canals, 9,5% type IV root 

canals, 11,9% type V and 2,38% type VI. 

 

Lateral canals and isthmus 

 From the total of 30 maxillary first 

premolars with 2 separate roots, 40% 

presented at least one lateral canal or 

transversal communications between main 

canals in the coronal third of the root, 

16,66% presented at least one lateral canal 

or transversal communications in the 

medium third of the root and 10% presented 

lateral canals or transversal communications 

both in the middle and apical third of the 

root. 

From the total of 12 single rooted 

maxillary first premolars, 83,33% (10 teeth) 

presented at least one lateral canal or 

isthmus between the two main root canals in 

the middle and apical third of the root. 
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Fig. 3 a, 3b Longitudinal groove on the palatal side of the buccal root, respectively longitudinal 

groove on the palatal side of the palatal root 

 

 

 

Fig. 4 a,bMaxxilary first premolar with a bifid root -4a buccal view, 4b apical view 
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Fig. 5a, b Maxillary first premolar with 2 fused roots – 5a apical view, 5b buccal view 

 

 

Fig 6a, b Type I Vertucci root canal. 

 

On the cleared tooth we can observe the type I Vertucci root canal on the palatal and 

buccal root an also the lateral canals in the middle third of the  palatal root in the furcation area. 
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Fig. 7 a, b Maxillary first premolar, single root, type II root canal (Vertucci) 

 

 

 

Fig.8a, b Maxillary first premolar, single root type V (Vertuccci) root canal 
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Fig. 9a, b Maxillary first premolar, single rooted, tip VI (Vertucci) root canal 

 

On the cleared tooth we cn notice the presence of a lateral canal on the buccal side of the 

root in the middle third of the root.The two main root canals are joined in the apical third of the 

root and then they become separate again with two separate apical foramine.  

 

 

Fig 10a, b Maxillary first premolar, tip IV (Vertucci) root canal 

 

 

On the cleared tooth we can notice the presence of a lateral canal in the coronal third of 

the palatal root. The two separate root canals have two separate apical foramine with a slight 

distal orientation. 
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Fig 11 a, b Maxillary first premolar, type III (Vertucci) root canal 

 

On the cleared tooth we can notice a lateral canal in the middle third of the root. The two 

main canals are joined in the apical third of the root and open in one apical foramina with a 

palatal orientation. 

 

 

Fig. 12 a, b Maxillary first premolar type III (Vertucci) root canal 

 

On the cleared tooth we can notice a lateral canal in the coronal third of the root. The two 

main canals are joined in the apical third of the root and open in a single apical foramina. 
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Fig. 13 Maxillary first premolar single root, type VI (Vertucci) root canal 

 

On the cleared tooth we can notice the presence of a lateral canal in the apical third of the 

root and transversal communication between main canals in the middle thirsd of the root. 

 

 

Fig. 14 Maxillary first premolar type V (Vertucci) root canal 
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On the cleared tooth we can notice 

the presence of lateral canals in the middle 

and apical third of the root and transversal 

communications. 

 Discussion 

 Staining method using China ink 

followed by clearing technique turned out to 

be an excellent method to evaluate the entire 

endodontic system on extracted teeth. 

Although our study was performed 

on a small amount of extracted maxillary 

first premolars the results were accordingly 

with other studies mentioned in literature, 

recent studies developed in our country and 

international studies. 

Perlea and all in a recent study in 

2014 on 500 first maxillary premolars 

revealed in 73% of cases the presence of two 

separate roots in maxillary first premolars, 

26% of the teeth presented one root and 1% 

of the cases presented three separate roots. 

The results in our study were similar to this 

except the three rooted teeth but we can only 

assume that the number of teeth in our study 

was significantly smaller and therefore the 

results [10]. 

According to Weine in maxillary 

first premolars the most common anatomy is 

the one with two separate roots 60% of the 

cases, each root presenting one root canal 

type I Weine. The rest of the cases (40%) 

present a single root with two separate root 

canals (Type III Weine), two root canals 

joined in the apical third (type II Weine) or 

in few cases one canal type I Weine. In rare 

cases of maxillary first premolars with three 

separate roots they noticed one root canal 

for each root, type I[11]. 

According to Ingle, in maxillary first 

premolars in 9% of the cases it was observed 

one root canal with one apical foramina, 2 

separate root canal with one apical foramina 

in 13% of the cases, 2 separate root canals 

with 2 apical foramine in 72% of the cases 

and 3 separate canal with 3 apical foramine 

in 6% of the cases. More than that, maxillary 

first premolars with 2 root canals presented 

lateral canals in 49% cases and transversal 

communications between main canals in 

38% cases[12]. 

Pineda and Kuttler (1972) in their 

studies evidenced that 43% of 259 maxillary 

first premolars presented one root, 54,6% 

presented two roots and 2,4% presented 

three roots[9]. 

Vertucci in his study in 1984 realized 

on 400 maxillary first premolars found that 

39,5% presented one root, 56,5% two 

separate roots and 4% three separate 

roots[2]. 

Walker (1987) in his study 

performed on 100 maxillary first premolars 
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evidenced 60% of the cases presented one 

root, 40% two separate roots[13]. 

Pecora et al. (1991) in a study 

performed on 240 teeth evidenced 55,8% of 

the cases with one root, 41,7% with 2 

separate roots and 2,5% with three roots[14]. 

Loh (1998) in a study on 957 

maxillary first premolars found in 49,4% of 

the cases one single root, 50,6% with two 

separated roots[5]; Chaparro et al. (1999) in 

a study on 150 maxillary first premolars 

found in 40% of the cases one root, 56,7% 

two separate roots 3,3% three separate 

roots[15]. 

Maxillary first premolars present a 

very complex endodontic system. Analyzing 

the results of ten studies performed on non-

Asian population on a total amount of 1982 

maxillary first premolars the results shown 

an average of 31,2% with one root, 66.6% 

with two roots and 2,1% with three roots. 

Three studies performed on an Asian 

population on a total amount of 4259 

maxillary first premolars presented very 

different result compared to Caucasian 

population 61,9% one root, 37,5% two roots 

and 0,6% three roots. 

Significant differences were noticed 

also when discussing the internal 

morphology and the number of root canals 

in Asian population and Caucasian 

population. 

Statistical results obtained in 13 

studies performed on non-Asian population 

on a total amount of 2664 maxillary first 

premolars evidenced that 11,6% of the cases 

presented one root canal, 84% with two 

canals, 1,9% with three canals, 2% other 

configuration of the endodontic system. 

On the other hand, two studies 

performed on an Asian population on a total 

amount of 1057 maxillary first premolars 

showed important differences: 46% with one 

root canal and 54% with 2 root canals[16]. 

Similar studies performed in 2008 in 

Jordan on 600 decalcified maxillary first 

premolarsevidenced that 30,8% of the cases 

presented one root, 63,2% two roots, 5,2% 

bifid root. When considering the root canal 

system, 79,7% presented 2 root canals[17]. 

There were also observed some particular 

aspects in maxillary first premolars like the 

longitudinal groove on the palatal side of the 

buccal root in two rooted maxillary first 

premolars[18]. This external groove 

influences the internal shape of the root 

canal and has a great importance especially 

when the clinician has to restore the tooth 

using a cast post or a fiber post. 

Clinical and practical observation. 
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Flattened roots are more likely to 

present more root canals and transversal 

communications than conical roots. The 

width of the root is usually hidden on a 

preoperative X-Ray because of its maximum 

width on a buccal-palatal direction. Using a 

CBCT investigation is probably the best 

choice in preoperative diagnosis of the 

endodontic system. 

Divided canals also may not be that 

easy to observe on an X-Ray, especially if 

thei are very thin. Sudden disappearance of a 

root canal on an X-Ray may suggest the 

division of the main canal but more accurate 

information we can obtain also on a 

preoperative CBCT. 

Fused root may present in many 

cases longitudinal grooves that increase the 

risk for periodontal lesions, these lesions 

being in fact the first signs of diagnostic in 

these anatomic variations. These 

longitudinal grooves appear usually on the 

mesial or distal sides, respectively on the 

palatal or buccal sides of the roots, 

according to the direction of flattening of the 

root. 

Tubular root canals (Type I, IV, 

VIIIVertucci) can be easily cleaned during 

shaping although it is possible to have 

untouched areas of the root canal walls. 

When shaping those types of root canals the 

clinician should use Ni-Ti instruments, but 

there are some risks also with this 

endodontic instruments such as fracture of 

the instrument in some particular cases 

(large root canals with an important apical 

curvature, large root canals that become 

suddenly very narrow, type II, III, IV VIII 

Vertucci when the two main canals are 

joined in one in a sharp angle). 

In all these cases prior to rotary 

endodontic instruments the clinician should 

use manual endodontic instrument to create 

the glide path in order to avoid instrument 

fracture inside root canal, or in some cases 

with important apical curvature manual 

shaping of the apical third of the root canal. 

Configuration of lateral canal, 

isthmus, transversal communications 

between main canals (Type III, VI, VII 

Vertucci and the additional types) can make 

even more difficult the shaping an cleaning 

of the endodontic system. In those cases 

using sodium hypochlorite with ultrasonic 

activation may improve the cleaning phase 

in those areas that cannot be shaped as well 

as the main canal. 

Three-dimensional filling of the 

endodontic system in tubular canal can be 

obtained even with cold lateral condensation 

of gutta-percha but in cases with lateral 

canals, isthmuses or other anatomical 
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variations it is recommended to use warm 

vertical techniques. 

Conclusion. 

Thorough knowledge of the internal 

anatomy in maxillary first premolars as well 

as the possible particularities represent the 

key factor in a successful endodontic 

outcome. 

Endodontic systems specific to every 

population can guide the clinician in 

approaching the endodontic procedures 

starting with the access cavity, then shaping 

an cleaning and of course the root canal 

filling technique in order to seal the entire 

endodontic system. 
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