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Abstract - This study was undertaken to determine the clinical
and radiographic success of calcium hydroxide apexification in a
group of 48 patients requiring endodontic therapy because of
pulpal necrosis prior to root-end closure. The study examined
tooth number, etiology of pulpal necrosis, age, sex, size of rootend opening, size of radiolucency, crown discoloration, interappointment symptoms, and total treatment time from initial instrumentation to completion of apexification. Apexification required an average of 1 year + 7 months. A statistically significant
relationship was found between: the presence of a radiolucency
and development of interappointment symptoms (p<0.04); and
the size of apex opening and development of interappointment
symptoms (p<0.02). If symptoms did develop, apexification was
delayed an additional 5 months when compared to patients who
did not have symptoms. Calcium hydroxide apexification was
found to be statistically highly successful regardless of the clinical
variables encountered.

Non-vital permanent teeth with immature root apices present a unique endodontic challenge. Current
endodontic therapy requires that instrumentation of
a root canal provide an apical stop or seat against
which an endodontic filling material can be condensed. Teeth with immature apices that require
endodontic therapy usually cannot be instrumented
to provide such a stop (1).
Frank (2) popularized the use of calcium hydroxide powder and pastes to facilitate growth of an
apical hard tissue barrier against which an endodontic filling material could be condensed. This
barrier has been described as an osteoid or cementoid material that is firmly attached to the apical
cementum and dentin ofthe immature root (3-5).
The probable mechanism by which calcium hydroxide stimulates closure of an immature root apex has
been described by Heithersay (6). The basic pH of
calcium hydroxide and its physical presence within
the root canal space is thought to provide a potent
antibacterial effect, prevent ingress of granulation
tissue, and inhibit osteoclastic activity. These
characteristics encourage formation of hard tissue at
the root apex (7-8). This technique, termed calcium
hydroxide apexification, has been reported in the
fiterature since the 196O's (9,10). Published case
reports and several long term studies have stated
a success rate of 74-96% (11-13). These studies
evaluated closure ofthe root apex but did not inves112
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tigate the effect of other clinical variables. One study
attempted to correlate apical diameter to closure
time (13).
This study was undertaken to determine the clinical and radiographic success of calcium hydroxide
apexification in a group of patients requiring endodontic therapy because of pulpal necrosis prior to
root-end closure; to determine if closure time could
be predicted or correlated to other clinical variables;
and to describe complications occurring during
treatment and analyze their effect on the closure
time and overall success.
Material and methods
The participants of this study were patients in the
dental practices of the authors. Forty-one patients
who had received calcium hydroxide apexification
during the time period of 1978-1989 were included.
The diagnosis of pulpal necrosis prior to root-end
closure was established by a dental history, clinical
examination including pulp testing, and periapical
radiographs (Fig. 1). The apexification technique
used by the authors consisted of a standard endodontic access, instrumentation to within one mm of
the radiographic open apex using standardized ktype files, irrigation with 2.6% sodium hypochlorite,
and placement into the canal space of either calcium
hydroxide/camphorated parachlorophenol U.S.P.
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Fig. 1. Representative anterior tooth (^9) with an open apex and
associated periapical radiolucency.

paste or calcium hydroxide in an aqueous methylcellulose base (Pulpdent, Brookline, MA, USA).
The calcium hydroxide was placed upon completion
ofthe initial instrumentation appointment (Fig. 2).
Placement of the calcium hydroxide within the canal space was accomplished by packing the material
with large files or pluggers or in some cases by using
rotary compaction devices (14). The teeth were
temporized between appointments.
The calcium hydroxide was replaced every 3 to
6 months as a routine until the apex was closed.
Root-end closure was determined by gently probing
beyond the established working length with an endodontic file several sizes smaller than the largest
file used during instrumentation. Closure was determined to be complete when the probing file would
not penetrate into the periapical tissue (Fig. 3). The
root canal was then obturated with gutta-percha
and an endodontic sealer using either lateral or
vertical condensation (Fig. 4). If a radiolucency
persisted at the time of obturation, the patient was
recalled to verify reduction or healing of the radio-

Fig. 2. Same case as in Fig. 1 showing canal filled with calcium
hydroxide paste.

lucent lesion (Fig. 5). A long-cone parallel technique was used for all radiographic exposures but
individualized film holders were not fabricated.
The clinical variables studied were tooth number,
etiology of pulpal necrosis, age, sex, size of rootend opening, presence or absence of a radiolucency,
crown discoloration, interappointment symptoms
and total treatment time from initial instrumentation to completion of apexification. The root-end
opening and size of radiolucency were measured by
the authors from preoperative radiographs using a
Boley gauge. The greatest width of the root canal
opening at the apex was recorded. If a radiolucency
were present, it was measured as its largest mesialdistal diameter.

Results
The 41 patients in this study yielded 48 teeth that
required treatment. Forty-one of these teeth were
incisors and 7 were molars. Of the 41 incisors
113
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Fig. 3. Same case as in Fig. 1 showing an endodontic file probing
the apical barrier.

treated, 16 became discolored and required endodontic bleaching after completion of apexification.
There were 19 females and 29 males. Sex difference
had no effect on the clinical variables studied. Trauma was responsible for pulpal necrosis in all the
incisor teeth in both sexes with the exception of one
lateral incisor that became necrotic because of a
dens in dente malformation. All of the molar teeth
required treatment because of caries. Twenty-six
teeth had an associated radiolucency. Nine patients
developed painful interappointment symptoms during treatment that required an unplanned office
visit. All cases eventually formed an apical hard
tissue barrier allowing completion of endodontic
therapy and no case required periapical surgery or
extraction. Table 1 shows other descriptive data for
the patients in this study.
Table 2 compares 4 clinical variables found in
patients who developed painful interappointment
symptoms to those who did not develop symptoms.
Statistically significant differences existed between
114

Fig. 4. Same case as in Fig. 1 showing postobturation radiograph.
The canal was filled with vertically condensed warmed guttapercha. The radiolucent lesion has not resolved but an apical
barrier has formed.

the 2 groups when examining the length of closure
time necessary for apexification, the size of apex
opening, and if present, the size of an apical radiolucency.
Table 3 shows correlation coefficients for 4 clinical
variables. When patients who had an apical radiolucency were grouped, a statistically positive correlation existed between the size of radiolucency and
the size of apex opening.
Twenty patients who presented with an initial
apical radiolucency had complete resolution of the
apical lesion by the time the canal was obturated.
The remaining six patients developed an apical barrier allowing canal obturation but had not yet
achieved complete resolution of the apical lesion.
Of these six patients, four eventually healed and two
could not be recalled.
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Table 2. Comparison of variables for patients with vs. without symptoms

Variable
Closure time (mo)
Apex Opening (mm)

Average for
patients with

Average for
patients without

symptoms (n = 9)

symptoms (n = 39)

15.9

10.6

1.2
5.9

0.8
3.7

10.7

10.1

Radiolucency (mm)*

Age

t

sig.

1.96

0.05

2.36

0.02
0.04

2.13
0.86

n.s.

* Represents only the 26 cases with a radiolucency.
Of the 26; 5 had symptoms and 21 did not.

Fig. 5. Same case as in Fig. 1 showing 21-month recall radiograph. Significant apical bone regeneration has occurred.

Discussion
This study agreed with reports by Andreasen (15)
that the most common teeth involved in trauma are
the maxillary anterior teeth in juvenile males. In
this study male patients outnumbered female patients by a factor of three. The major finding of
this clinical study, however, was that the calcium

hydroxide apexification technique was statistically
highly successful. Apexification was defmed as the
development of an apical hard tissue barrier that
allowed completion of nonsurgical endodontic therapy. This finding agreed with other studies that
reported a high rate of clinical success for calcium
hydroxide apexification (8,11-13). It should not be
assumed, however, that every apexification case will
always heal. Because trauma is the main etiology
for most anterior teeth requiring treatment, undiagnosed horizontal or vertical root fractures could
prevent success and might even necessitate extraction.
The presence of periapical disease in conjunction
with an endodontically involved tooth indicates infection of the root canal and possibly the periapical
tissue with pathogenic bacteria (16-18). Because of
the flaring characteristics of the wide open apex,
removal of necrotic debris and bacteria is difficult
(19). The greater the size of apex opening, the more
difficult canal instrumentation becomes. If necrotic
debris and bacteria cannot be removed from the
apical portion of the root canal, then periapical
infiammation is more likely to persist. The results of
this study indicate that patients who present with a
combination of open apex, necrotic pulp, and sizeable periapical radiolucency (> 5 mm) are at
greater risk for developing painful interappointment
symptoms. This relationship proved statistically significant even though the number of patients who
developed painful interappointment symptoms was

Table 3. Correlation coefficients for four clinical variables
Correlation
Clinical variables

Coefficients

Table 1. Descriptive data for patients studied

Variable

Mean

S.Q

Range

Closure Time (mo)
Apex Opening (mm)

11.6

1-30

Radiolucency (mm)*

4.2

7.6
0.5
2.2
1.8

Age

0.9
10.2

* Represents only the 26 cases with a radiolucency.

Closure time - Apex Opening

0 22

Closure time - Radiolucency

0.15
n D"^
u.uo

L/iosure Time — /\ge
0.2-2.2
1.5-9.2
7-15

Apex Opening - Age
Radiolucency - Age
Radiolucency - Apex Opening

-0.07
0.23
0.51*

* p<0.01
Note: Represents only the 26 cases with a radiolucency.
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relatively small (n = 9). The use of prophylactic
antibiotics when treating such cases could possibly
reduce or eliminate the risk of interappointment
fiare-ups. Morse and coworkers (20) compared two
groups of patients receiving endodontic therapy because of pulpal-periapical lesions. The group that
received prophylactic penicillin had a significantly
reduced risk of developing a fiare-up compared to
the group that received no antibiotic therapy.
If painful interappointment symptoms occurred,
closure of the root apex was delayed by approximately 5 months. Periapical inflamation caused by
a bacterial infection could reverse or delay formation of an apical barrier. Treatment of these flareups by reinstrumenting the root canal, replacing the
calcium hydroxide paste, and prescribing appropriate antibiotics facilitated healing and allowed continued formation of the apical barrier.
The authors decided which form of calcium hydroxide to use based upon the material's handling
characteristics. Many different formulations of calcium hydroxide have been used for many years with
no evidence that one product is more advantageous
than another (21). At the present time, however,
there appears to be little value in combining calcium
hydroxide with antibacterial chemicals since calcium hydroxide by itself is a potent bactericide.
In this study the calcium hydroxide paste was
changed every 3-6 months. The literature is varied
on how often open apex teeth should be debrided
and repacked with calcium hydroxide. Some authors recommend repacking every three to six
months (19), repacking only in the presence of
symptoms (22), repacking if the paste appears less
dense radiographically (23), or only when checking
for a hard tissue barrier (24). Each technique has
been shown to be successful. Young patients, however, might not be aware of problems such as the
loss of a temporary restoration or the development
of a sinus tract. The 3 month time interval was
chosen in this study because the authors wished to
verify soft tissue health and test the integrity of
the temporary restoration. Since an apical barrier
cannot always be detected radiographically (1), the
development of such a barrier was checked physically with an endodontic file at each recall interval.
Forty percent ofthe anterior teeth receiving treatment discolored during apexification. Although
there was no statistically significant relationship between tooth discoloration and any of the variables
studied, there was a tendency for teeth to discolor
if treatment continued beyond one year. Microleakage of the temporary filling material or other factors
may be responsible for this clinical finding. It was
possible to restore an acceptable appearance to these
teeth by endodontic bleaching after gutta-percha
obturation.
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When all the patients were grouped together
(symptoms and no symptoms), there was no correlation between size of apex opening, size of radiolucency, or age when compared to closure time.
This means that the initial size of apex opening, size
of radiolucency, or age are not reliable predictors
of how long it will take to achieve apical closure.
Only Ghose (13) compared these relationships. His
finding that there was no statistically significant relationship between size of apex opening and closure
time was confirmed in this study.
A statistically positive correlation existed between
the size of apical radiolucency and the size of apex
opening. This finding seemed logical because a large
root canal and apex opening would provide space
for a greater volume of necrotic debris and bacteria
and would present a greater periapical contact area
for these irritants. The authors sometimes found it
difficult to distinguish between a pathologic radiolucency and the normal radiolucency associated
with the developing root apex. Comparisons with
the adjacent and contralateral teeth were used in
these measurement determinations (25).
It was not necessary for a periapical radiolucency to completely resolve in order for apexification
to occur. In several instances apexification preceded resolution of a radiolucency. This was illustrated in Figs. 4 and 5. Large radiolucencies may
take several years to completely resolve. There is
recent evidence that some radiolucent lesions and
associated bacterial infections may be refractory to
conventional endodontic therapy (26). Because it
may be possible for apexification to occur in the
presence of a chronic bacterial infection, periodic
recall examination is necessary to insure complete
periapical healing.

Conclusions
• Trauma was the etiology of pulpal necrosis in
almost every instance of an anterior tooth requiring apexification. Caries was the etiology for posterior teeth.
• Closure time for all cases took approximately 1
year + 7 months.
• Nine patients suffered painful interappointment
symptoms. When this occurred it usually involved
a tooth with a relatively large radiolucency (5.9
mm average size).
• If painful interappointment symptoms occurred,
closure time was delayed an additional 5 months
compared to patients without symptoms.
• Forty percent of the anterior teeth in this study
developed coronal discoloration.
• Although treatment time was prolonged for some
individuals ( > 2 years), closure ofthe root apex
allowing completion of non-surgical endodontic
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therapy was achieved for every patient in this
study.
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