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T r i c a l c i u m  p h o s p h a t e  as  an a d j u n c t  

to ap ica l  c l o s u r e  in p u l p l e s s  p e r m a n e n t  t e e t h  

Sidney  C. Roberts, Jr., DDS, MS, and  J. David Brilliant, DDS, MS, Columbus ,  Ohio  

Tr i ca l c ium p h o s p h a t e  w a s  ef- 
fec t ive  in i n d u c i n g  a p i c a l  c l o su re  
in h u m a n  p e r m a n e n t  p u l p l e s s  
tee th  wi th  f l a r ing  a p i c e s .  How- 
ever ,  it w a s  not  more  ef fec t ive  
t han  the c a l c i u m  h y d r o x i d e  that  

w a s  u s e d  a s  a control .  

One of the basic principles of endo- 
dontic therapy has been the oblitera- 
tion of the root canal space. This goal 
has been achieved by condensing an 
inert material into the root canal. This 
can be effectively accomplished only 
when an apically diminishing taper 
exists, that is, when the diameter of 
the apical portion of the canal is less 
than the diameter of the more coronal 
portion. 

Incompletely formed pulpless teeth 
have been a special problem because 
the apical diameter of the canal is 
greater than the cervical diameter. 
This problem has been approached 
from the surgical and nonsurgical 
aspect. The surgical method has 
proved unsatisfactory because, in 
young patients, such treatment has re- 
suited in dental management problems 
or in a deleterious effect on the crown- 
root ratio, or both. 1-~ 

The goal of the nonsurgical ap- 
proach has been to induce apical clos- 

ure so that the root canal can be com- 
pletely filled. The continuation of 
apical development after endodontic 
therapy has indicated the capability of 
the apex to resume formation. ~,5-a7 
Continued apical development has 
been seen with a variety of materials 
and methods. 2-5,7-a~ Calcium 
hydroxide, used in different tech- 
niques, has been the most favored 
method of inducing apical clos- 
ure.l-5.7-10,12,18-20.22.24.25.28.29 

Tricalcium phosphate (Caa(PO4) 2) 
has been successfully used to in- 
duce apical closure in monkeys, lz 
The purpose of this study was to 
evaluate clinically the effect of tri- 
calcium phosphate used as a canal 
dressing in human pulpless teeth with 
open apices. 

Method and  Materials 

This study used clinical patients at 
Ohio State University who had pulp- 
less teeth with open apices (Tables 
1-4). Sixteen teeth were used. The 
canal dressings, tricalcium phosphate* 
and calcium hydroxider were placed 
in identical glass vials, sealed, coded, 
and dry-heat  sterilized at 162 C for 
1 i/~ hours. They were used alternately 
as the patients were treated. The 
identities of the canal dressings were 
not available to the clinician when the 
powders were inserted into the canals. 

Technique of Clinical  Procedure 

At the first appointment,  the med- 
ical and dental histories, diagnostic 
tests, and pretreatment radiographs 
(Fig 1A; 2, left; 3, top) were made; 
the diagnoses were established (Ta- 
bles 1, 2). A local anesthetic was ad- 
ministered; then, a rubber dam was 
applied to isolate the tooth. After the 
access opening was made, the canal 
was biomechanically prepared (Fig  
1B) with files and Gates-Glidden burs, 
using 5.25% sodium hypochlorite as 
an irrigating solution. After  drying the 
canal, a sterile cotton pledget was 
moistened with Formocresol,  blotted 
dry, and placed into the pulp cham- 
ber. The access opening was sealed 
with a reinforced zinc oxide and 
eugenol temporary restoration. 

After seven to ten days, all patients 
were asymptomatic.  The local anes- 
thetic was administered, and the rub- 
ber dam was placed. The canal was 
irrigated with 5.25% sodium hypo- 
chlorite after the temporary restora- 
tion was removed. Subsequently, the 
canals were dried with paper points. If 
no blood was present, a no. 40 file 
was manipulated apical to the work- 
ing length to initiate bleeding. The 
dry, powdered canal dressing was con- 
densed in a stepwise fashion in the 
canal from the apex to within 4 mm 
of the access opening (Fig 1C) Radio- 
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graphs were taken to confirm the con- 
densation. The access opening and 
puIp chamber were sealed with a re- 
inforced zinc oxide and eugenol tem- 
porary restoration, and posttreatment 
radiographs were made. 

Paralleling technique radiographs 
were taken at 12-week intervals to 
evaluate apical development, periapic- 
al radiolucent areas and internal and 
external resorption. After six months, 
the root canal was opened; a no. 25 
curved file and the largest file used at 
the working length were used to eval- 
uate an apical stop (Fig 1D, E).  If an 
apical stop was not found, the canal 
was refilled with the same canal dress- 
ing by the previous method. When 
an apical stop was evident, the root 
canal was obturated in the following 
manner. All master cones were fitted 
tightly to within 1 mm of the apical 
stop. The master cone then was soaked 
in chlororosin for 20 to 25 seconds 
and pushed apically until it could not 
be compressed further. The accessory 
gutta-percha cones were individually 
dipped in chlororosin for approxi- 
mately five seconds before their con- 

densation into the canal space with 
spreaders. The pulp chamber and ac- 
cess opening were sealed with a rein- 
forced zinc oxide and eugenol tem- 
porary restoration. Posttreatment ra- 
diographs (Fig 1F) were evaluated 
for density of filling, accessory and 
lateral canal filling, extrusion of the 
plasticized gutta-percha past the apex. 
apical development and closure, peri- 
apical radiolucent areas, and internal 
and external resorption (Tables 3,4). 

P h y s i c a l  a n d  C h e m i c a l  P r o p e r t i e s  

of  t h e  C a n a l  D r e s s i n q s  

Both canal dressings were white, 
odorless powders. The particle size 
for both dressings was measured us- 
ing a light microscope with a micro- 
meter disk. For  tricalcium phosphate, 
the smallest particles were less than 1 
micrometer (/zm) and the largest 
particles were 10/xm. These latter 
particles were seen infrequently in the 
sample specimen. The bulk of tri- 
calcium phosphate particles ranged 
from about 3/zm to about 5/xm. For 
calcium hydroxide, the smallest par- 
ticles were less than 1/xm; the larger 

particles were 10/zm with a few par- 
ticles measuring approximately 18/zm. 
Most particles ranged in size from 
2/xm to 5/xm. 

Both materials were hexagonal crys- 
talline substances. The solubility of 
calcium hydroxide was reported to be 
0.185 gm per 100 ml of water at 0 C 
and 0.077 gm per 100 ml of water at 
100 C. .~0 For  tricalcium phosphate, 
the solubility was reported to be 0.002 
gm per 100 ml water at 20 C. z0 In 
hot water, tricalcium phosphate de- 
composed. 3~ The water solubility pro- 
duce constant (K ~ for calcium hy- 
droxide was reported to be 1.65 • 10 -~ 
at 20 CY" The measured pH for 
calcium hydroxide in water at 25 C 
was 11.8. For  trieatcium phosphate, 
the K ~ value was reported to be 
1 .15•  .29 at 25 C. 31 The meas- 

ured pH for tricalcium phosphate in 
water at 25 C was 8.6. 

R e s u l t s  

The radiopacity of calcium hydrox- 
ide and tricalcium phosphate at the 
time of initial condensation was about 
equal. However, at the three- and six- 

Table 1 �9 Criteria used for the establishment o! diaqnoses o! 16 pulpless teeth, 

Patient Medical Percus- Palpa- Sinus Discol- 
No. Age Sex history Tooth sion tion tract oration Fracture Pain 

I 23 F NSF b Max left lateral incisor NRe NR Palatal Present Absent Absent 
2 21 M NSF Max right lateral incisor pRd NR Labial Present Absent Absent 
3 10 M NSF Max right central incisor PR NR Absent Absent Class IIe Present 
4 10 M NSF Max right central incisor PR PR Labial Present Absent Present 
5 16 F NSF Max right central incisor PR NR Absent Present Class II Absent 
6 9 M NSF Max left central incisor PR PR Absent Absent Class III e Present 
7 10 F NSF Mand left 2nd premolar PR PR Absent Absent Absent Present 
8 11 M NSF Max left central incisor NR NR Absent Absent Class II Absent 
9 22 M NSF Max left central incisor NR NR Absent Present Absent Absent 

10 8 F NSF Max right central incisor PR PR Absent Absent Absent Present 
10 8 F NSF Max left central incisor PR PR Absent Present Absent Present 
11 16 M NSF Max right central incisor PR NR Absent Present Class II Absent 
11 16 M NSF Max left central incisor NR NR Absent Present Class II Absent 
12 13 M NSF Max right central incisor PR NR Absent Absent Class III Absent 
12 13 M NSF Max left central incisor PR NR Absent Absent Absent Absent 
13 20 F NSF Max left lateral incisor NR NR Absent Present Absent Absent 

b = No significant findings; c = Negative response; d = Positive response; and e = Ellis classification. 
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Fig 1--Maxillary right and left central incisor in patient 11. 
A, Root canals with parallel walls and open apices are apparent. 
B, No. 130 files were positioned in root canals for working 
lengths. Apical stops were absent in both teeth. C, Left  central 
incisor was filled with calcium hydroxide; right central incisor 
was filled with tricalcium phosphate. D, No. 25 curved file was 
placed into each canal to its greatest penetration. Hard tissue 
was probed in all areas of apices excepting areas through which 
files were passed. E, No. 130 files were placed into canals until 
they stopped. F, Obturated root canals show extrusion of gutta- 
percha at apices. G, At  six-month recall visit, difference (Fig 1C) 
in radiographic density o/canal  dressings was noted. 
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Table 2 �9 The d iagnoses  and  treatment of 16 pulpless teeth. 

Patient Periapical Diagnosis Periapical Canal Months under 
No. Tooth Mobility rarefaction of pulp diagnosis dressing treatment 

1 Max left lateral incisor Absent Present 
2 Max right lateral incisor Absent Present 
3 Max right central incisor Absent Present 
4 Max right central incisor Present Present 
5 Max right central incisor Absent Present 
6 Max left central incisor Absent Present 
7 Mand left 2nd premolar Present Present 
8 Max left central incisor Present Present 
9 Max left central incisor Absent Present 

10 Max right central incisor Present Present 
10 Max left central incisor Present Present 
11 Max right central incisor Absent Present 
11 Max left central incisor Absent Present 
12 Max right central incisor Absent Present 
12 Max left central incisor Absent Present 
13 Max left lateral incisor Absent Present 

Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necrosis 
Necros~s 
Necrosis 

CPI b TCP c 6 
CPI Ca(OH)2d 8 
API e TCP 9 
API TCP 11 
API Ca(OH)~ 10 
API Ca(OH), 7 
APt TCP 6 
CPI Ca(OH)2 - -  
API TCP 6 
API TCP 6 
API Ca(OH)2 6 
CPI TCP 5 
CPI Ca(OH) 2 5 
CPI Ca(OH)~ 5 
CPI TCP 5 
CPI Ca(OH) z 6 

b = Chronic periapical inflammation; c = Tricalcium phosphate; d = Calcimn hydroxide; and e = Acute 
periapical inflammation. 

month recall visits, the opacity of the 
two materials appeared different. Cal- 
cium hydroxide appeared less opaque 
within the canal than tricalcium phos- 
phate (Fig 1G). After the removal of 
the temporary restoration, tricalcium 
phosphate remained in the coronal 
third of the canal as a dense ma- 
terial; whereas calcium hydroxide was 
found as a white, fluid mixture 
throughout the canal. Another finding 
was the presence of hemorrhagic soft 
tissue in the apical third of all the 
root canals. 

Jndging the deposition of hard tis- 
sue or the extent of apical closure by 
radiographs was impossible. It was 
found by probing that the hard tissue 
deposition occluded most of the api- 
cal surface. In all teeth, the curved 
no. 25 file was pushed beyond the 
apex at some point in its 360 ~ rota- 
tion at the apex (Fig 1D). 

After filling the root canals, some 
gutta-percha extruded into the crevices 
of the hard tissue at the apex. None 
of the teeth were filled beyond the 
apex by a mass of gutta-percha (Fig 
IF; 2, right; 3, bottom). 

Radiographic examinations dis- 
closed the following information. 
Periapical radiolucent areas remained 
approximately the same size in five 

teeth and became smaller in five teeth. 
The lamina dura and width of the 
periodontal ligament were normal in 
five teeth. There was no progression 
of internal or external resorption at 
the six-month recall visit. The maxil- 
lary right central incisor of patient 10 
had been avulsed and reimplanted; 
it showed internal and external re- 
sorption at the six-month recall visit. 

D i s c u s s i o n  

Both canal dressings were missing 
from the root canal after six months 
of treatment. Tricalcium phosphate 
was missing from the apical half 
whereas calcium hydroxide was miss- 
ing from the whole canal; this may 
have been due to a difference in solu- 
bility. Radiographic determination of 
apical closure was unreliable. This 
supports other studies that relate the 
error of radiographic interpretation of 
periapical lesions a2-a4 and calcific 
repair. 35 Friend 5 and Duell 2~ em- 
phasized the discrepancy between ra- 
diographic appearance and anatomical 
configuration of the root apex in im- 
mature teeth. Steiner and Van Has- 
se129 reported their impression that 
apical closure occurred by concen- 
tric, circular depositions of cementum. 
Frank is described four morphological 

possibilities and recommended verifi- 
cation of the radiographic appearance 
with an instrument probe of the 
apical area. In consideration of the 
morphological variations and the in- 
adequacies of radiographs, apical clos- 
ure was evaluated with a small, curved 
file adopted from methods suggested 
by Weine, 2 Duell3 G and Mullaney and 
Petrich. a6 

There were three teeth in which 
apical closure did not occur. One 
tooth containing tricalcium phosphate 
had been under treatment for 11 
months. In the other teeth (both teeth 
in patient 10), treatment had been in 
progress for six months. The maxil- 
lary right central incisor had been 
avulsed and reimplanted; it was treat- 
ed with tricalcium phosphate. After 
six months, radiographic interpreta- 
tion of external and internal root re- 
sorptions was made. The maxillary left 
central incisor had been treated with 
calcium hydroxide. External or inter- 
nal root resorption was not seen in the 
radiographs. Because of the differ- 
ences in dental histories, the observa- 
tions were not comparable. 

The radiographic appearance of the 
periapical tissue historically has been 
a major criterion of judging the suc- 
cess of endodontic therapy. Bender 
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Fig 2--Maxillary le[t lateral incisor o[ patient 13. Le/t: Root canal with parallel 
walls and open apex is apparent. Right: Minute strands o] plasticized gutta-percha 
extruded /rom apex [ollowing obturation a/ter six months o/ treatment with 
calcium hydroxide. 

Fig 3--Mandibular le]t 
second premolar of patient 
7. Top: Root canal with 
parallel walls and open 
apex is apparent. Bottom: 
A/ter six months o[ treat- 
ment with tricalcium 
phosphate, root canal was 
obturated. Extrusion of 
plasticized gutta-percha at 
apex can be seen. 

and Seltzer 3~,34 have shown that the 
absence of rarefied areas in bone 
may be misleading. Spedding and 
others 35 have shown the fallacy in 
radiographic interpretat ion of repair 
of hard tissue. Seltzer 3r said that the 
deposition of cementum on a pre- 
viously resorbed root surface was 
an indication of repair. On the as- 
sumption that the formation of hard 
tissue at the root  apex was evidence 
of repair, initial success was attained 
in all cases obturated in this study. 
For  immature teeth with open apices 
and periapical radiolucent areas, the 
achievement of a radiographic appear- 
ance of successful endodontic treat- 
ment required additional time and 
necessitated continued clinical obser- 
vation. 

The pH has been suggested as a 
factor inducing apical closure. The 
pH of calcium hydroxide has varied 
depending on the solvent or vehicle. 
Mixing the substance with tissue fluids 
or blood has altered the pH. Laws 24 
reported that the pH of calcium hy- 
droxide removed from a treated 
pulpotomy was 7.4. He attributed the 
pH change to the buffering effect of 
the tissue fluids. Any effect which 
the tissue fluids had on altering the 
pH of tricalcium phosphate was con- 
sidered small; any stimulating influ- 
ence on the pulpal or periapical tissue 
due to chemical irritation was proba- 
bly minimal. Therefore, the use of a 
highly alkaline material to induce 
apical closure was unnecessary. Par- 
ticle size is possibly a factor for induc- 
ing apical closure. In this study, the 
particle size of calcium hydroxide 
and tricalcium phosphate was prac- 
tically identical. The design of this 
study did not involve an evaluation of 
the influence of particle size on apical 
closure. 

Results of several histologic studies 
have indicated incomplete apical clos- 
ure after the use of calcium hydrox- 
ide. 3,~,s,22,~9 Torneck and others ~2 
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Table 3 �9 Criteria used for evaluation of posttreatment radiographs 

Patient Large Small Obturated/ Periapical Gutta-percha 
No. Tooth file stop file stop not obturated rarefaction strands 

1 Max left lateral incisor Present Partial 
2 Max right lateral incisor Present Partial 
3 Max right central incisor Present Partial 
4 Max right central incisor Absent Absent 
5 Max right central incisor Present Partial 
6 Max left central incisor Present Partial 
7 Mand left 2nd premolar Present Partial 
8 Max left central premolar N /A b N / A  
9 Max left central incisor Present Partial 

10 Max right central incisor Absent Absent 
10 Max left central incisor Present Partial 
11 Max right centrN incisor Present Partial 
11 Max left central incisor Present Partial 
12 Max right central incisor Present Partial 
12 Max left central incisor Present Partial 
13 Max 'left lateral incisor Present Partial 

Obturated Same Present 
Obturated Smaller Present 
Obturated Normal Present 

Not obturated Same Absent 
Obturated Normal Present 
Obturated Smaller Present 
Obturated Normal Present 

N / A  N / A  N / A  
Obturated Smaller Present 

Not obturated Same Absent 
Not obturated Same Absent 

Obturated Normal Present 
Obturated Normal Present 
Obturated Smaller Present 
Obtnrated Smaller Present 
Obturated Same Present 

b = Nonapplicable 

reported irregularities in the apical 
calcified tissue which contained en- 
trapped remnants of soft tissue. Hol- 
land and others r described irregular 
canaliculi containing connective tissue 
that permitted a communication be- 
tween the root canal and the perio- 
dontal tissues. With the use of tri- 
calcium phosphate, Koenigs 13 found 
a mineralized tissue closing the open 
apices of monkeys' teeth. A small ca- 
nal containing blood vessels and con- 
nective tissue,was observed within this 
mineralized tissue. The similar appear- 
ance radiographically of the extrusion 

of minute strands of plasticized 
gutta-percha at the apex of the teeth 
treated with tricalcium phosphate and 
of teeth treated with calcium hydrox- 
ide suggested communications be- 
tween the root canal and periapical 
tissues for ,both canal dressings, This 
also was substantiated by the previous 
probing. 

Further experimentation on animals 
is required to evaluate the apical cal- 
cified tissue and periodontal tissues 
during a period of time. It is sug- 
gested that studies be made that com- 
pare the influence of particle size and 

pH on apical closure. 

Summary w a d  Conclusions 

In a clinical study, 16 pulpless hu- 

man permanent teeth with open .apices 

were studicd. Apical closure occurred 
in 12 teeth. One patient failed to re- 

turn for further treatment after the 
second appointment. Tkree teeth 
failed to close during the length of 
the one-year study. 

The following conclusions were 
drawn: 

- -Ap ica l  closure occurred clinical- 
ly when pulpless teeth were treated 

Table 4 �9 Evaluation of periapieat raretaction and internal and external resorption in 
16 pulpless  teeth. 

Patient 
No. Tooth 

Periapical Periapical Internal Internal External External 
rarefaction rarefaction resorption resorption resorption resorption 

before after before after before after 

1 Max left lateral incisor Present 
2 Max right lateral incisor Present 
3 Max right central incisor Present 
4 Max right central incisor Present 
5 Max right central incisor Present 
6 Max left central incisor Present 
7 Mand left 2rid premolar Present 
8 Max left central incisor Present 
9 Max left central incisor Present 

10 Max right central incisor Present 
10 Max left central incisor Present 
11 Max right central incisor Present 
11 Max left central incisor Present 
12 Max right central incisor Present 
12 Max left central incisor Present 
13 Max left lateral incisor Present 

Present Present Absent Absent Absent 
Present Present Absent Absent Absent 
Absent Absent Absent Absent Absent 
Present Present Absent Present Absent 
Absent Absent Absent Absent Absent 
Present Absent Absent Absent Absent 
Absent Absent Absent Absent Absent 
N / A  b N / A  N / A  N / A  N I A  

Present Present Absent Absent Absent 
Present Absent Present Absent Present 
Present Absent Absent Absent Absent 
Absent Absent Absent Absent Absent 
Absent Absent Absent Absent Absent  
Present Absent Absent Absent Absent  
Present Absent Absent Present Absent 
Present Absent Absent Absent Absent  

b = Nonapplicable 
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with tricalcium phosphate and when 
they were treated with calcium hydrox- 
ide. Apical closure did not occur in 
every case. 

--Interpretat ion from radiographs 
of apica! closure was unreliable. 

- -Prob ing  with a small, curved en- 
dodontic file gave a clinically reliable 
indication of apical closure. 

- - T h e  use of a very alkaline ma- 
terial to induce apical closure was un- 
necessary. 

*Tricalcium phosphate resorbable ce- 
ramic, Miter Inc., Worthington, Ohio. 

tCalcium hydroxide powder USP, Eli 
LiIty and Co., Indianapolis, Ind. 

This article is based on a thesis sub- 
mitted by the senior author in partial 
fulfillment of the requirements for the 
degree of MS in the graduate school, 
Ohio State University, Columbus, Ohio. 

Dr. Brilliant is the director of graduate 
section, department of endodontics, Ohio 
State University. Requests for reprints 
should be directed to Dr. J. David 
Brilliant, Department of Endodontics, 
Ohio State University, College of Den- 
tistry, 305 W 12th Ave, Columbus, Ohio 
43210. 
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