
The effect of frequency of calcium hydroxide
dressing change and various pre- and
inter-operative factors on the endodontic
treatment of traumatized immature permanent
incisors

Apexification is a method to induce a calcified barrier in
a root with an open apex or the continued apical
development of an incomplete root in teeth with a
necrotic pulp (1). The use of calcium hydroxide
[Ca(OH)2] in apexification was first introduced by Kaiser
(2) and Frank (3) in the 1960s. It appears that the high
pH of non-setting Ca(OH)2 is an important factor in
stimulating the formation of mineralized and fibrous
tissue in the apical part of the root canal (4). Further-
more, it has been demonstrated that apical barrier
formation is more successful in the absence of microor-
ganisms (5) and the antibacterial property of Ca(OH)2
has been well established (6).

Some studies claim that certain factors may affect
the speed of apical barrier formation, such as patient
age, apical width, injury type, presence of an abscess,
presence of an apical radiolucency at the start of

treatment and inter-appointment symptoms (7–11).
Controversy exists as to whether, or how often, the
Ca(OH)2 dressing should be changed. Chawla (12)
found that a single application is sufficient to induce
apical closure in 92.3% of treated teeth. Furthermore,
Chosack et al. (13) in a study on monkeys’ teeth found
that after the initial root filling with Ca(OH)2, there is
no advantage to be gained by repeated root filling,
either monthly or after 3 months. Mackie (14) sug-
gested that the initial change be at 1 month and
subsequent 3-month intervals. Ghose et al. (8) advo-
cated changing at 1 month and again at 6–8 month
intervals until apical barrier formation takes place.
Other authors have suggested Ca(OH)2 to be replaced
only when symptoms develop or when the material
appears to have washed out of the canal when viewed
radiographically (10, 15).
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Abstract – Aim: The objectives of this clinical study were as follows: (i) to
determine the effect of frequency of calcium hydroxide [Ca(OH)2] dressing
change on the apical barrier formation in immature permanent incisors with
necrotic pulps and (ii) to investigate the effect of various clinical factors before
and during treatment that may be associated with the frequency of Ca(OH)2
dressing changes. Methods: The study involved 21 healthy subjects, 8–12 years
old. Twenty-three immature traumatized permanent maxillary central incisors
were treated using Ca(OH)2 powder mixed with barium sulfate and distilled
water. The progress of barrier formation was reviewed after 6 months of first
placement of Ca(OH)2 and then every 3 months until the detection of an apical
barrier. Clinical and radiographic evaluations were performed before and after
treatment. Data were evaluated using a chi-square test. Results: Apical barrier
formation was successful for all 23 teeth. Seventeen teeth (74%) needed only a
single application of Ca(OH)2, while six teeth (26%) required more than one
application. The average time of apical barrier formation was 30 weeks, and the
mean number of Ca(OH)2 dressing changes was 1.3. A significant positive
association was found between teeth that presented with displacement and the
number of Ca(OH)2 dressing changes (P = 0.004). Conclusion: An initial 6-
month application of Ca(OH)2 dressing followed by 3-month replacements
(usually in teeth presenting with displacement and/or sinus tracts) may be
successfully used in apexification treatment. This would assist in reducing the
number of Ca(OH)2 dressing changes, number of appointments, cost of
treatment and radiation exposure.



Some clinical studies have suggested that the fre-
quency of change of the Ca(OH)2 dressing may increase
the speed of apical bridge formation (7, 9, 16). On the
other hand, a relatively recent study performed on
6-month-old dogs concluded that monthly renewal of
Ca(OH)2 paste significantly reduces the occurrence
of apexification, and the replacement of Ca(OH)2 paste
was not necessary for apexification to occur (17).

The objectives of this clinical study were to determine
the effect of frequency of change of Ca(OH)2 dressing on
apical barrier formation in immature permanent incisors
with necrotic pulps. Additionally, we noted the effects of
various clinical factors before and during treatment that
may be associated with the frequency of Ca(OH)2
dressing changes.

Methods

This clinical study was approved by the Research Ethics
Committee of the College of Dentistry, Mosul
University, Mosul, Iraq as well as the IUPUI/Clarian
Institutional Review Board in Indianapolis, IN, USA
(EX1004-37). The study was performed between January
2006 and July 2010. The study involved 22 healthy
cooperative children, fifteen men and seven women, age
8–12 years. Each study subject visited the College of
Dentistry’s Pediatric Department at Mosul University in
Iraq. To be included in the study, the subject had to be
healthy without any systemic conditions, cooperative
and had to have suffered loss of vitality following trauma
to at least one permanent incisor resulting in incomplete
or arrested root development with an open apex.
Furthermore, a signed informed consent was obtained
from each subject’s parent or guardian. The exclusion
criteria were as follows: medically compromised children,
parents or guardians refusing to sign the informed
consent, necrosis of permanent incisors caused by caries,
any sign of active pathological root resorption, teeth
with root fractures, non-cooperating children, difficulty
with dental dam isolation or teeth with poor prognosis
requiring immediate extraction.

Of the 22 subjects enrolled in our study, one male
subject stopped attending after the initial application of
Ca(OH)2. Therefore, this study was completed with 21
subjects (14 men and seven women) with 23 maxillary
central incisor teeth treated.

Comprehensive medical and dental records were taken
for each child, and details of the dates along with the
circumstances of the original injury were recorded. A
clinical examination was carried out (inspection, palpa-
tion, percussion and mobility). Teeth were classified as
displaced (luxated) or non-displaced. No teeth were
avulsed among the study subjects. Radiological exami-
nation was completed using periapical radiographs.
Vitality tests were also performed, using electrical and
thermal stimulation. The degree of root development
prior to treatment was assessed, according to Moorrees
et al. (18).

The clinical treatment protocol was established based
on clinical information from an initial pilot study. After
local anesthetic was given, a dental dam was applied. A
lingual access opening was made in the tooth sufficient to

allow adequate debridement of the root canal, and then,
the canal was widened cervically (when necessary) until
the entrance to the canal was thoroughly visualized. An
endodontic file was placed in the canal, and the working
length was determined by a conventional periapical
radiograph. Gentle debridement of the canal was per-
formed using a size 25 K file (Dentsply, Maillefer,
Ballaigues, Switzerland) to remove the remaining pulp
tissue or necrotic debris, and the canal was irrigated with
0.5% sodium hypochlorite.

The canal was gently prepared using hand K files
(Dentsply, Maillefer). The K file size used ranged from
60 to 120 depending on the width of the canal. Care was
taken not to exceed working length to minimize damage
to apical tissues. Filing was augmented with copious
irrigation with 0.5% sodium hypochlorite. If purulent
exudate was present, one or more further appointments
were given until the acute signs/symptoms were con-
trolled. Furthermore, oral antibiotics (amoxicillin) were
also given during this time for all cases with purulent
exudate. The number of the appointments from the
commencement of the endodontic treatment until the
application of Ca(OH)2 paste ranged between two and
four appointments. At each of these appointments, the
canal was irrigated with 0.5% sodium hypochlorite,
dried using paper points, a sterile cotton pellet was
placed inside the chamber floor, and the access cavity
was sealed with zinc oxide–eugenol IRM cement (Dents-
ply Caulk, Milford, DE, USA).

The Ca(OH)2 dressing was prepared according to the
manufacturers recommendations by mixing Ca(OH)2
powder (Dentonics; Master-Dent, Monroe, NC, USA)
with barium sulfate powder (Sigma-Aldrich, Gillingham,
UK) in a ratio of 8:1 (19). The powder mixture was then
mixed with distilled water (powder/liquid ratio of 3:4)
(20). Placement of the Ca(OH)2 dressing within the canal
was performed after canal irrigation with sterile saline
and dried using paper points. Ca(OH)2 was then deliv-
ered into the canal using a Lentulo spiral rotary file
(Dentsply, Maillefer) with sterile paper point condensa-
tion. A periapical radiograph was used to confirm
correct placement of the paste. To facilitate treatment
for future endodontic appointments, a sterile cotton
pellet was placed on the chamber floor. The canal
was sealed with glass ionomer cement (Ionofil, Voco,
Germany).

The progress of barrier formation was examined
6 months after the first placement of Ca(OH)2 and every
3 months thereafter. In case of any intra-appointment
symptoms or the loss of the interim restoration, the
parent and study subject were instructed to return to the
clinic. At each follow-up appointment, clinical signs and
symptoms were recorded, and the Ca(OH)2 dressing was
removed by flushing the canal with 5 ml of 0.5% sodium
hypochlorite. If an apical barrier had not formed,
another Ca(OH)2 dressing was placed as described. This
was repeated until the presence of an apical barrier or
apical stop was found.

The positive clinical detection of an apical barrier was
determined by gently probing the apical region with an
endodontic file (11). The file was at least four sizes
smaller than the largest file used during instrumentation.
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Radiographic verification of an apical stop was consid-
ered positive when there was evidence of a normal
periodontal space, a decrease in size of the periapical
lesion compared with pre-operative radiographs and no
evidence of inflammatory external resorption. The apical
barrier was radiographically classified as being apically
placed if it was within 1 mm of the apex and coronal to
the apex in other cases (7). Apexification treatment was
deemed to be successfully diagnosed if both tactile and
radiograph assessment were positive. The root canal was
then obturated using gutta-percha (Dentsply, Maillefer)
and root canal sealer EWT (Dentsply, Maillefer), using
either lateral condensation or a thermoplastic technique.
After obturation, a minimum of a 3-month control
period for each tooth was followed. Furthermore, if a
radiolucency was present at the time of obturation, the
subject was seen at subsequent 3-month intervals until
the reduction or complete healing of the radiolucent
lesion.

The timing of the visit on which the barrier was first
detected was recorded, and the period from the applica-
tion of Ca(OH)2 dressing was calculated in weeks. The
number of changes of Ca(OH)2 dressing was also
recorded. All the treatments were carried out by two
experienced clinicians, and each subject was assigned
randomly to one of the clinicians. The data were
analyzed using sas (sas version 9.1; SAS Institute, Inc.,
Cary, NC, USA). An exact 95% confidence interval was
calculated to estimate the percentage of subjects requir-
ing a single Ca(OH)2 dressing. A chi-square test was used
to compare different clinical variables between teeth that
required a single Ca(OH)2 dressing to complete apexifi-
cation treatment and those that required more than one.
The difference was statistically significant if P < 0.05.

Results

The apexification treatment (apical barrier formation)
was successful for all 23 teeth (100%). Examples of
treatments and outcomes are depicted in Fig. 1a–f.
Table 1 describes the different clinical variables that
were measured in the study. The time from application of
Ca(OH)2 to barrier formation averaged 30 weeks with a
SD of 6 weeks. Seventeen teeth required only a single
Ca(OH)2 dressing (74%), five teeth (22%) required two
applications, while only one tooth (4%) required three
applications. The average number of Ca(OH)2 dressing
replacements was 1.3. The range of follow-up period
after apical barrier formation was 3 months to 3 years,
and the average follow up was 13 months. Five cases
were not followed up until the complete resolution of
periapical radiolucency. No intra-appointment symp-
toms were reported in any subject during the period of
Ca(OH)2 paste application.

Table 2 details all the clinical variables that were
measured with respect to the number of Ca(OH)2
dressings needed until apical barrier formation was
detected. A statistically significant positive association
was found between displacement at time of trauma and
number of Ca(OH)2 dressing changes (P = 0.004).
Furthermore, a trend of significant positive association
was found between the presence of sinus tract at the
beginning of the treatment and the number of Ca(OH)2
dressing changes (P = 0.057). No significant difference
was found between the two clinicians performing the
treatment regarding the number of Ca(OH)2 dressing
changes (P = 0.409). In this study, no significant asso-
ciations were found between the number of Ca(OH)2
dressing changes required to complete treatment and

(a) (b) (c)

(d) (e) (f)

Fig. 1. Treatment and outcome for a
subject requiring apexification. (a) A
pre-operative radiograph showing two
traumatized necrotic maxillary perma-
nent incisors in a 12-year-old child. (b)
The same teeth after application of cal-
cium hydroxide dressing. (c) Twenty-six
weeks after application of calcium
hydroxide paste with apical barrier for-
mation of tooth number 21. (d) Twenty-
six weeks after application of calcium
hydroxide paste, obturation of tooth
number 21 and change of calcium
hydroxide dressing for tooth number 11.
(e) Thirteen weeks after application of
the second calcium hydroxide dressing
for tooth number 11, apical closure and
obturation of tooth number 11. (f) Four-
teen-week follow up after obturation of
tooth number 11.
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subjects’ age (P = 0.306), gender (P = 0.687), degree of
apical development (P = 0.379), position of apical
barrier (P = 0.226), time elapsed between the occur-
rence of trauma and start of treatment (P = 0.166),
presence of radiolucency at start of treatment
(P = 0.283), presence of spontaneous pain at beginning
of treatment (P = 0.394), presence of pathological
mobility at beginning of treatment (P = 0.544) or
tenderness to percussion at beginning of treatment
(P = 0.108).

Discussion

The successful treatment of traumatized, immature
permanent teeth with necrotic pulp presents multiple
challenges. In addition to the traditional Ca(OH)2
apexification technique, recently, the use of mineral
trioxide aggregate (MTA) and pulp revascularization
have been introduced (21, 22). However, at present, there
is no prospective long-term outcome study that com-
pares the success rate of the relatively new techniques
with that of the traditional Ca(OH)2 apexification (23).
Cost and availability of MTA are also factors in some
areas of the world. Ca(OH)2 is readily available, easy to

use and relatively inexpensive. Therefore, Ca(OH)2
apexification is still a widely used clinical procedure (24).

The high success rate of Ca(OH)2 apexification
obtained in this study was similar to those previously
reported in other studies ranging from 74% to 100% (7,
9–11, 25, 26). In the present study, the formed apical
barrier was apically positioned (1 mm from the apex) in
16 treated teeth (70%); while it was coronally positioned
(more than 1 mm from the apex) in seven treated teeth
(30%). Furthermore, no significant relationship was
found between the number of Ca(OH)2 dressing changes
and barrier position (P = 0.226). This finding agrees
with Kinirons and colleagues (7), but contradicts Finu-
cane & Kinirons (16), who found significant positive
association between the frequency of Ca(OH)2 changes
and apically located barriers.

In this study, the average number of Ca(OH)2 dressing
changes was 1.3. This value is close to that reported by
Chawla (12) which was 1.1. However, it is lower than
those reported by Finucane & Kinirons (7), Walia et al.
(25) and Dominguez Reyes et al. (26) which were 1.9, 1.8
and 3.3, respectively. The average time of apical barrier
formation in this study was 30 weeks. In other studies, it
ranged between 6.7 and 18.2 months (7, 9–12, 16, 20, 26).
The relatively quick formation of apical root barrier in
this study may be due to the minimal disturbance of the
apical area by avoiding repeated instrumentation and
dressing changes (27, 28). The monthly replacement of
Ca(OH)2 dressing in a dog apexification model has been
shown to decrease the intensity of inflammation in the
apical area but significantly delay apical barrier forma-
tion compared with single application of Ca(OH)2 (17).
On the other hand, studies found that the frequent
replacement of Ca(OH)2 paste may shorten the time of
apical barrier formation (7, 9, 16).

Some concerns regarding the weakening effect of
long-term Ca(OH)2 dressing on an immature root have
been reported. Recently, an in vitro study indicated that
fracture strength of Ca(OH)2-filled immature teeth was
significantly decreased after 1 year compared with MTA-
treated teeth (29). The relatively short duration of apical
barrier formation obtained in this study (30 weeks ± 6)
might decrease the proposed weakening effect of
Ca(OH)2 on immature root. Ca(OH)2 apexification
technique is associated with some disadvantages such
as the long time required for the completion of
treatment, the need for patient compliance, chance of
coronal leakage and re-infection of the canal system after
loss of temporary restorations during treatment and
chance of unsuccessful treatment because of undiagnosed
root fracture of the traumatized tooth. Additionally, the
relatively thin tooth structure after apexification treat-
ment of immature teeth increases the risk of root fracture
or loss of final coronal restoration. In this study, high
strength zinc oxide–eugenol cement was used in the
initial appointments and high strength glass ionomer was
used after Ca(OH)2 dressing application to seal the canal
to avoid any chance of coronal leakage and re-infection
of the canal system. The initial 6-month follow up
interval after the first application of Ca(OH)2 followed
by 3-month replacements (if needed) suggested in this
study may assist in reducing the number of Ca(OH)2

Table 1. Description of the clinical variables measured in the
study

Clinical variable Categories N (%)

Age 8–9 years 4 (19)

9–10 years 7 (33)

10–11 years 6 (28)

11–12 years 2 (10)

12 years 2 (10)

Sex Female 7 (33)

Male 14 (67)

Displacement at time of trauma No 15 (65)

Yes 8 (35)

Degree of apical development Converging/parallel 2 (9)

Open 21 (91)

Time elapsed between the occurrence

of trauma and start of treatment

<6 months 15 (65)

6–12 months 5 (22)

>12 months 3 (13)

Position of apical barrier Apically placed 16 (70)

Coronally placed 7 (30)

Operator First operator 12 (52)

Second operator 11 (48)

Number of calcium hydroxide

dressing changes

1 17 (74)

2 5 (22)

3 1 (4)

Presence of radiolucency at start of

treatment

No 11 (48)

Yes 12 (52)

Presence of radiolucency after apical

barrier detection

No 15 (65)

Yes 8 (35)

Follow up until complete resolution

of radiolucency

No 5 (22)

Yes 3 (13)

Presence of sinus tract at beginning

of treatment

No 15 (65)

Yes 8 (35)

Presence of spontaneous pain at

beginning of treatment

No 7 (30)

Yes 16 (70)

Presence of pathological mobility at

beginning of treatment

No 22 (96)

Yes 1 (4)

Tenderness to percussion at

beginning of treatment

No 9 (39)

Yes 14 (61)
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dressing changes and the number of appointments with
subsequent reduction in cost of treatment and radiation
exposure for the child.

Some studies have suggested that apexification treat-
ment of displaced or avulsed teeth might be unsuccessful
due to either extensive root resorption (9) or the
penetration of the apex into the cortical plate and out
of its normal physiologic position (30). Therefore,
immature teeth with necrotic pulps included in this
study were classified as displaced or non-displaced. The
present study revealed that Ca(OH)2 apexification
treatment was successful among all displaced teeth.
However, a significant positive association between
tooth displacement at the time of trauma and number
of Ca(OH)2 replacements (longer time for barrier
formation) was found in this study. This agrees with
Finucane & Kinirons (7), who found that teeth with
displacement injuries took significantly longer to form
an apical bridge. Furthermore, a trend toward signif-
icant positive association was found in this study
between the presence of a sinus tract at the beginning
of treatment and number of Ca(OH)2 dressing changes
(P = 0.057). Mendoza et al. (31) found that immature
teeth with necrotic pulps which presented with sinus
tract required considerable increase in the treatment
time (20 months).

In the present study, 12 teeth were presented with an
apical radiolucency at start of treatment; five of them
were not followed until the complete healing of the
radiolucency. However, a decrease in size of the periapi-
cal lesion compared with pre-operative radiographs was
observed in the five cases. Usually, apical barrier

formation preceded the complete resolution of the
radiolucency. Because it may be possible for an apical
barrier to form with the persistence of a chronic bacterial
infection, periodic recall examination should be rein-
forced to insure the complete healing of the periapical
area (11). To the best of our knowledge, the present
study is the first study to measure the effect of different
operators on the outcome of Ca(OH)2 apexification.
However, no significant relationship was found
(P = 0.409).

One limitation of the study is the small sample size; a
larger sample size may have given a more significant
result and a more accurate conclusion. Another limita-
tion could be the gender distribution with more male
participants than female. However, this may reflect the
prevalence of dental trauma in the Iraqi children as
reported by Noori & Al-Obaidi (32).

Conclusion

The clinical procedure suggested in this study reconfirms
that Ca(OH)2 apexification is predictable, highly suc-
cessful and still an acceptable procedure in treating the
traumatized immature permanent incisors. The average
time of apical barrier formation was 30 weeks, and the
mean number of Ca(OH)2 dressing changes was 1.3. The
procedure described may reduce the number of Ca(OH)2
dressing changes, the number of appointments, cost of
treatment and radiation exposure. Clinicians should
expect that certain conditions might prolong the apex-
ification treatment course such as displaced teeth or
presence of a sinus tract at the beginning of treatment. In

Table 2. Variables associated with number of Ca(OH)2 dressing change required to complete the treatment

Clinical variable Categories

One dressing

N (%)

Two or more dressing

N (%) P-value

Gender Female 4 (27) 3 (50) 0.306

Male 11 (73) 3 (50)

Age 8–10 7 (47) 4 (67) 0.687

10–12 8 (53) 2 (33)

Displacement at time of trauma No 14 (82) 1 (17) 0.004*

Yes 3 (18) 5 (83)

Degree of apical development Converging/parallel 2 (12) 0 (0) 0.379

Open 15 (88) 6 (100)

Time elapsed between the occurrence of trauma and start of treatment <6 months 13 (76) 2 (33) 0.166

6–12 months 2 (12) 3 (50)

>12 months 2 (12) 1 (17)

Position of apical barrier Apically placed 13 (76) 3 (50) 0.226

Coronally placed 4 (24) 3 (50)

Operator First operator 8 (47) 4 (67) 0.409

Second operator 9 (53) 2 (33)

Presence of radiolucency at start of treatment No 7 (41) 4 (67) 0.283

Yes 10 (59) 2 (33)

Presence of sinus tract at beginning of treatment No 13 (76) 2 (33) 0.057

Yes 4 (24) 4 (67)

Presence of spontaneous pain at beginning of treatment No 6 (35) 1 (17) 0.394

Yes 11 (65) 5 (83)

Presence of pathological mobility at beginning of treatment No 16 (94) 6 (100) 0.544

Yes 1 (6) 0 (0)

Tenderness to percussion at beginning of treatment No 5 (29) 4 (67) 0.108

Yes 12 (71) 2 (33)

*Significant difference; P < 0.05.
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our study, other variables were not found to affect the
treatment outcome significantly. These variables include
the following: patient’s age, degree of apical develop-
ment, different operators’ skill levels, time elapsed
between the occurrence of trauma and the start of
treatment, presence of periapical radiolucency, sponta-
neous pain, pathological mobility or tenderness to
percussion.
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