J Clin Periodontol 2012, 39: 971-978 doi: 10.1111]j.1600-051X.2012.01928.x

Crestal bone resorption after the
application of two periodontal
surgical techniques. A
randomized, controlled clinical trial

Kyriazis T, Gkrizioti S, Mikrogeorgis G, Tsalikis L, Sakellari D, Lyroudia K,
Konstantinides A. Crestal bone resorption after the application of two periodontal
surgical techniques. A randomized, controlled clinical trial. J Clin Periodontol 2012;
39: 971-978. doi: 10.1111/j.1600-051X.2012.01928 .x.

Abstract

Aim: To radiographically assess, by means of digital subtraction radiography,
crestal bone loss following two periodontal surgical techniques, over a period of
6 months.

Material and methods: A total of 30 chronic periodontitis patients participated in
this randomized controlled clinical trial and were separated into two groups.
Modified Widman flap was applied in the control group and apically positioned
flap, without intervention to the bone, in the experimental group. Clinical
measurements (plaque index, gingival bleeding index, probing pocket depth and
clinical attachment level) were recorded at baseline, 6 weeks, 3 and 6 months
after surgery. Digital radiographs were taken at baseline, 1, 3, 6 weeks, 3 and

6 months after surgical treatment and subtracted digitally in pairs.

Results: Both groups showed statistically significant improvement of clinical
parameters. Statistically significant differences between the two groups were
observed only in probing pocket depth (PPD) at 6 weeks interval, where the test
group showed more reduction (smallest statistically significant differences
observed, SSSDO = 0.64). Both groups showed the same rate of crestal bone
resorption.

Conclusions: Bone resorption of the alveolar crest is a phenomenon that is
observed as a consequence of periodontal surgical treatment without significant
differences between the two techniques. Furthermore, both surgical techniques
lead to satisfactory clinical results, indicating that bone removal during periodon-
tal surgical treatment is not always necessary.
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The primary goal of periodontal
therapy is to arrest the inflammatory
disease process. Treatment involves
mechanical removal of the subgingi-
val biofilm and the establishment of
a local environment compatible
with periodontal health [American

Academy of Periodontology (AAP)
1998]. Chronic periodontal disease
can be successfully treated by non-
surgical or surgical mechanical ther-
apy provided adequate plaque con-

trol is maintained during the
supportive  phase of treatment
971
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(American Academy of Periodontol-
ogy 2001). Modified Widman flap
(MWF) and apically positioned flap
(APF), with or without intervention
to the bone, are the surgical tech-
niques mostly used in everyday clini-
cal practice.

Histological findings in humans
have revealed that a consequence of
periodontal surgical treatment is the
loss of crestal bone. Kohler and
Ramfjord found an average loss of
0.23 mm (Kohler & Ramfjord 1960),
whereas Donnenfeld et al. observed
a mean loss of 0.63 mm (Donnenfeld
et al. 1964). All studies indicated
that crestal bone loss after surgical
treatment depends on the bone
trauma and on the periodontal bio-
type, with the thin one exhibiting
greater crestal resorption (Donnen-
feld et al. 1964, Wilderman 1964,
Tavtigian 1970).

Intraoral radiographs provide an
acceptable, non-invasive, diagnostic
test for the assessment and follow-up
of periodontal bone status. By mea-
suring distances between anatomical
landmarks, the extent of bone loss
and, by comparison of such mea-
surements over time, changes in
bone level may be assessed (Haus-
mann 2000, Mol 2004). Digital sub-
traction analysis represents another
volume-based tool for detecting even
minor bone changes (Ortman et al.

1985).
The aim of this prospective, ran-
domized, controlled, clinical trial

was the radiographic assessment of
crestal bone loss, by means of digital
subtraction analysis, after the appli-
cation of MWF and APF, without
intervention to the bone, over a
6-month period.

Material and Methods

Study design

A total of 33 severe chronic peri-
odontitis (Armitage, 1999) patients
(15 women and 17 men, aged 35—
70), referred for therapy to the post-
graduate clinic of the Department of
Preventive Dentistry, Periodontology
and Implant Biology, Dental School,
Aristotle University of Thessaloniki,
Greece, from April 2008, until
December 2009, were selected after a
screening examination of 45 patients.
The study was performed in accor-
dance with the Helsinki Declaration

of 1975, as revised in 2008, and was
pproved by the Ethics Commission
of the Dental School, Aristotle
University of Thessaloniki (protocol
number 114, 10/04/2008). All
patients read and signed informed
consent forms prior to their enrol-
ment in the study. The study design
and patient flow are depicted in
Fig. 1.

All patients completed Phase I
periodontal therapy, consisting of
scaling and root planing. At base-
line, and at every recall session,
patients were continuously given
training, were motivated to imple-
ment oral hygiene procedures and
supragingival debridement was per-
formed. After a healing period of 6—
8 weeks, clinical evaluation was
repeated and patients presenting at
least three residual periodontal pock-
ets of posterior teeth, measuring
>6 mm in one quadrant, with
radiographic evidence of bone loss
were selected to participate in the
study. In addition to demonstrating
adequate oral hygiene levels (plaque
and bleeding score <20%), patients
enrolled in the study met the follow-
ing inclusion criteria: (1) no systemic
diseases or drugs potentially influ-
encing the outcome of therapy, (2)
no smokers, (3) no intake of sys-
temic antibiotics during the preced-
ing 6 months, (4) no pregnancy, (5)
tooth mobility < T grade, (6) tooth
recession < class I (Miller 1985).

Minimum sample size

The determination of sample size
was performed on a patient-based
analysis. If a difference in bone
resorption between the two groups
of 109 mm SD (Persson et al.
2000) within each group is to be
detected at significance level o = 0.05
with a power of y = (.80, the mini-
mum number of patients per group
would be 14. Hence, the inclusion of
at least 28 patients in the study
would yield the adequate statistical
power for group comparisons.
Hence, the primary outcome variable
was bone resorption in mm as calcu-
lated from digital subtraction images
and the secondary variables were
PPD, CAL, PLI and GBI. The
power analysis was accomplished by
the GPower v.3 software (Faul et al.
2007). This difference between the
two groups was considered clinically

significant according to previous his-
tological studies (Kohler & Ramfj-
ord 1960, Donnenfeld et al. 1964).
In total, 32 patients have been
included in the study, to foresee
any dropouts and were randomly
assigned to the control group receiv-
ing MWF (Ramfjord & Nissle 1974),
or to the test group receiving APF
(Friedman & Levine 1964), without
intervention to the bone.

Surgical procedure

Reverse bevel flaps with a scalloped
gingival incision were given using the
Bard Parker knife with blade num-
ber 12 and 11, respectively, on both
the buccal and lingual sides in the
operated sites. The gingival incision
was parallel to the long axis of the
teeth, about 1 mm from the tooth
surface, including the interproximal
surfaces and extending to the alveo-
lar bone. Vertical releasing incisions
were not made. A full thickness
mucoperiosteal  flap  was  then
reflected using the periosteal eleva-
tor. Care was taken not to elevate
the flap beyond the mucogingival
junction in the control group. At the
test group the flap was elevated
beyond the mucogingival junction.
After reflection of the flap and expo-
sure of theosseous defect, a thorough
surgical debridement of soft and
hard tissue was performed without
bone removal. The mucoperiosteal
flaps were then repositioned and
secured in place using 4-0 silk
sutures. Interrupted direct loop
sutures were placed to obtain pri-
mary closure of the interdental
space, in the control group, while
continuous sling sutures were used in
the test group, so as to place the flap
more apically.

All patients were prescribed with
Nimesulide 100 mg tablets twice
daily for 3 days and chlorexidin dig-
luconate 0.12% rinsing for 2 weeks.
After 1 week, sutures were removed.

Randomization

Randomization was performed using
a computer-generated assignment
procedure  (http://www.randomiza-
tion.com). This process was com-
pleted by one investigator who did
not participate in the surgical treat-
ment or data collection (D. S.). Then
another investigator (L. T.) gave a

© 2012 John Wiley & Sons A/S
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Fig. 1. Flowchart of the patients throughout the study.

sealed envelope to the clinicians
immediately after they had per-
formed the clinical measurements,
with the details of the surgical treat-
ment. The randomization code was
not broken until all data had been
collected.

Clinical parameters

The following clinical parameters
were assessed on the day of the sur-
gery (baseline), after 6 weeks, 3 and
6 months, using the same type of
periodontal probe (PCP-UNC 15;
Hu-Friedy, Chicago, IL, USA):
probing pocket depth (PPD), clinical
attachment level (CAL), plaque

© 2012 John Wiley & Sons A/S

index (PLI, O’Leary et al. 1972) and
gingival bleeding index (GBI, Carter
& Barnes 1974). The measurements
were made at six sites per tooth. All
clinical measurements were made by
the clinicians performing the surgery
(T. K., S. G.). Initially, a total of
five patients were selected for cali-
bration. Every clinician measured
PPD and CAL of the five patients
twice, with at least 1 h between the
examinations. The examination was
judged to be reproducible, if the per-
centage of agreement within £1 mm
between repeated measurements was
at least 90%. So, intra-class correla-
tion for the one clinician (T. K.) was
92% for PPD and 91% for CAL,

and for the other (S. G.) was 93%
and 92%. Inter-class correlation
between the two clinicians was 91%.
To ensure blindness of the proce-
dure, at every recall session the
clinician recorded the clinical mea-
surements of those patients that had
not received surgical treatment by
him.

Radiographic procedure

Standardized periapical digital radio-
graphs (RadioVisioGraphy; Trophy
Radiology S.A., Paris, France) were
obtained using the long-cone paral-
leling technique (Eggen 1969). The
radiographs were taken employing
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an Oralix AC Densomat X-ray unit
(Gendex Dental System, Milano,
Italy), operating at 65kV and
7.5 mA. The exposure time was the
same for all the radiographs. To
standardize the exposure geometry, a
customized bite-block of an elastic
impression material was placed on
the film holder, stored in sealed plas-
tic containers at room temperature
and reused during every recall radio-
graphic  appointment  (Albandar
1989, Janssen et al. 1989, Shrout
et al. 1993, Eickholz et al. 1994).
The digital radiographs were taken
before the surgical treatment on the
day of the surgery (baseline), 1, 3,
6 weeks and 3 and 6 months after
surgery.

Each radiographic image was digi-
tally subtracted from the baseline
radiograph using the software Eikona
Subtraction Radiography for Win-
dows (AITA Laboratory, Department
of Informatics, Aristotle University
of Thessaloniki). This software uti-
lizes algorithms for registration and
subtraction of digital images. The
resulting digital subtractive image
was a greyscale image, with white
regions where there was crestal bone
apposition, or with black regions
where there was crestal bone resorp-
tion. The digital subtraction images
that were acquired from the subtrac-
tion of the baseline image were: (1)
D1, 1 week from the baseline, (2) D2,
3 weeks from baseline, (3) D3, 6 weeks
from baseline, (4) D4, 3 months from
baseline, (5) D5, 6 months from base-
line. In addition, the image of the third
week was subtracted from that of the
6 months (D6), because according to
histological studies, from the third
postoperative week there is a crestal
bone apposition (Caffesse et al. 1968).
Subsequently, one examiner (G. M.),
who did not participate in the clinical
and surgical procedures, made linear
measurements of the white and black
regions of all the digital subtraction
images, close to the tooth surface,
recording two measurements in each
interproximal space. These measure-
ments were made by clicking two
points on the radiographic image with
the mouse. The distance between
these points was calculated by the
software. Initially, a total of five
patients were selected for examiner
calibration. The examiner measured
the digital subtraction images of the
five patients twice, with at least 1 h

between the examinations. The exam-
ination was judged to be reproducible
if the percentage of agreement within
+] mm between repeated measure-
ments was at least 90%. Intra-class
correlation was found to be 90%.

Statistical analysis

The available data, only from
patients that had completed the
study, were summarized using statis-
tical descriptive indices of central
tendency and dispersion (means,
medians and standard deviations).
Data for bone resorption, PPD,
CAL, GBI and PLI were analysed in
the methodological frame of the
Mixed Linear Models to take into
account the hierarchical structure of
the data (West et al. 2007). Specifi-
cally, the model involved two fixed
effects factors, one factor between
patients, the group, and one factor
within patients with repeated mea-
sures, the time, and two random
effects factors: patients within groups
and sites nested in patients within
groups. Mean values of the parame-
ters were tested with the Least
Significant Difference criterion at
p <0.05. Due to the fact that the
design was unbalanced each compar-
ison of means was based on a sepa-
rate standard error and not on a
common one. In general, different
standard errors for the mean differ-
ences were estimated by the corre-
sponding Analyses of Variance. For
this reason and to facilitate the inter-
pretation of the results of the absolute
value of the smallest statistically sig-
nificant differences observed (SSSDO)
were reported in tabulated results (Ka-
doglidou et al. 2011). The significance
level of all statistical hypothesis test-
ing procedures was preset at
p <0.05. All the statistical analyses
were performed using the SPSS ver.

15.0 statistical package (SPSS Inc,
Chicago, IL, USA).

Results

Figure 1 illustrates the study flow-
chart. The final composition of the
study population was 30 patients, 16
comprising the control group and 14
the test one. Two patients from the
test group did not receive any treat-
ment, one due to personal reasons
and the other due to health prob-
lems. Patients’ characteristics at
baseline were not clinically signifi-
cantly different between the two
groups, as can be seen in Table 1.
Post-operative healing was unevent-
ful in all cases.

Clinical results

The means of PLI and GBI at the sur-
gical sites in both groups were <20%
during the whole study. The values of
PPD at the surgical sites are displayed
in Table 2. In the control group base-
line PPD was 5.65 £ 0.23 mm and
was decreased to 3.69 £ 0.24 mm at
6 months interval, which was statisti-
cally significant (SSSDO = 1.86). At
every time interval the decrease in
PPD was statistically significant from
baseline (SSSDO = 1.86). The same
tendency was also observed in
the patients who received APF. Prob-
ing pocket depth was 5.39 £ 0.21 mm
at baseline and was statistically
significantly decreased at 6 months
(3.23 £0.21 mm, SSSDO = 0.64).
Statistically significant difference was
observed between the control and test
group only in 6 weeks, where APF
group showed greater reduction
(SSSDO = 0.64).

The values of CAL at the surgical
sites are shown in Table 2. In the
control group baseline CAL was
7.15£0.36 mm and was decreased

Table 1. Demographic characteristics of the patient sample

APF MWEF

N 14 16

Age (mean + SD years) 50.3 £13.2 51.7 £ 14.6
Gender (male/female) 6/8 7/9

Initial PPD (mean + SD mm) 3.57 £ 1.37 3.62 £ 1.58
Initial CAL (mean + SD mm) 521 +1.84 542 £ 1.79
Full mouth PLI (mean + SD %) 14.46 + 1.27 16.77 £ 1.45
Full mouth GBI (mean + SD %) 12.74 £ 1.23 14.21 £ 1.05

APF, Apically Positioned Flap; CAL, clinical attachment level; GBI, gingival bleeding
index; MWF, Modified Widman Flap; PLI, plaque index; PPD, probing pocket depth.

© 2012 John Wiley & Sons A/S
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Table 2. Mean probing pocket depth (PPD) and clinical attachment level (CAL) scores (mean + SE) at various examination intervals
Baseline 6 weeks 3 months 6 months

PPD
APF 5.39 + 0.21 mm 3.16 £ 0.21 mm* 3.26 £ 0.21 mm* 3.23 + 0.21 mm*
MWF 5.65 £ 0.23 mm 3.79 + 0.23 mm* 3.73 £ 0.23 mm* 3.69 £ 0.23 mm*
CAL
APF 6.57 £ 0.33 mm 5.79 £ 0.33 mm* 6.00 + 0.33 mm* 5.71 £ 0.33 mm*
MWF 7.15 £ 0.36 mm 6.72 £ 0.36 mm 6.37 + 0.36 mm* 6.48 £ 0.37 mm*

*Statistically significant difference from baseline (absolute SSSDO = 1.86 for PPD and absolute SSSDO = 0.56 for CAL).
Statistically significant differences among groups are indicated by bold lettering (absolute SSSDO = 0.64 for PPD).

to 648 £037 mm at 6 months
interval, which was statistically sig-
nificant (SSSDO = 0.56). At every
time interval the decrease in CAL
was statistically significant from
baseline (SSSDO = 0.56). The same
tendency was also observed at the
patients who received APF. CAL
was 6.57 £ 0.33 mm at baseline and
was statistically significant decreased
at 6 months (5.71 £ 0.33 mm,
SSSDO = 0.56). No statistically sig-
nificant differences were observed
between the control and test group.

Radiographic results

The total number of teeth analysed
radiographically was 62. The final
radiographic analysis included 58
teeth. Four teeth were excluded (two
belonging to the control and two to
the test group) because the subtrac-
tion of the images could not be
performed, due to geometrical dis-
tortion of these images.

The minimal difference that could
be detected by this methodology is
one pixel (picture element). The
actual size of a pixel of a digital
image is depended on its resolution.
In this study the resolution of digital
subtractive images was 300 pixels/cm,
so the minimal difference that could
be detected was 0.0033 cm (Orstavic
et al. 1990, Reddy 1992).

The healing process of the alveo-
lar bone was the same for the two
surgical procedures and can be seen
in Table 3. Bone resorption was
observed from the first week after

surgery and it lasted until the third
week. From the third postsurgical
week, and throughout the sixth post-
surgical month, there was bone
apposition that never reached the
pre-surgical level of bone. The linear
measurements of the black and white
regions (bone resorption or apposi-
tion) of the digital subtraction
images (Figs. 2-4) showed that, in
the control group, bone absorption
was 2.80 + 0.37 mm during the first
post-surgical week, 3.01 + 0.37 mm
during the third week and reached
to 0.80 £ 0.39 mm at 6 months. In
the test group, bone resorption was
2.68 £0.34 mm at the first week,
2.90 £ 0.34 mm at the third week
and finally, 1.49 £0.36 mm at
6 months. In addition, patients who
received MWF showed bone apposi-
tion of 2.64 £ 0.38 mm from the
third postsurgical week throughout
the sixth month. The same measure-
ment for the APF showed bone
apposition of 1.61 £ 0.36 mm. This
difference was not statistically signifi-
cant between the two groups
(SSSDO = 1.08). Statistically signifi-
cant differences between the two
groups were only observed in bone
resorption at the third postsurgical
month, where MWF group showed
1.0 mm less resorption than APF
group (SSSDO = 1.08).

Discussion

The results of this study showed that
periodontal surgical treatment is an
effective method of therapy that

Table 3. Mean bone resorption/apposition in mm (mean + SE) during healing process

arrests the disease progression, as
shown by the clinical outcomes.
Although the 6 months of observa-
tion is not a very long period from
which to extract safe conclusions,
the strict study design with the ran-
domization, the blindness of the
investigators and the frequent recall
system of the patients, indicate that
surgical treatment can successfully
inhibit the disease progression. In
addition, the study showed that
MWF and APF, without interven-
tion to the bone produce very similar
clinical results.

Probing pocket depth of all the
patients were statistically significant
reduced from the baseline measure-
ments. In addition, there was a sta-
tistically significant gain in CAL of
all the patients. Statistically signifi-
cant differences between the two
groups were found only in PPD at
6 weeks; attributable to greater gin-
gival recession of the patients that
had undergone APF, due to the
more apical position of the flap.
These results in the present study are
in agreement with those of the classi-
cal studies over greater time periods
(Pihlstrom et al. 1983, Lindhe et al.
1984, Olsen et al. 1985, Westfelt
et al. 1985, Isidor & Karring 1986,
Ramfjord et al. 1987, Kaldahl et al.
1996, Becker et al. 1988, 2001). Pihl-
strom et al. (1983) in their study,
found a reduction of 2.18 mm in
PPD and a gain of 0.91 mm in CAL
at 6 months after periodontal surgi-
cal treatment. A more recent study
produced the same results. Patients

1 week 3 weeks 6 weeks 3 months 6 months Bone apposition (3w—6 m)
APF (n = 14) —2.68 +0.34 —2.90 + 0.34 —2.15+£0.34 —2.06 = 0.34 —1.49 £ 0.36 1.61 £ 0.36
MWF (n = 16) —2.80 + 0.37 —3.08 = 0.37 —1.72 £ 0.37 —0.98 + 0.37 —0.80 + 0.39 2.64 +0.38

Statistically significant differences in radiographic linear measurements among groups are indicated by bold lettering (absolute

SSSDO = 1.08).
© 2012 John Wiley & Sons A/S
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Fig. 2. Digital
baseline.

radiography image at

Fig. 3. Digital
6 months.

radiography image at

Fig. 4. Digital
image resulting from the subtraction of
the sixth month image from the baseline
one and linear measurements of the
black areas (bone resorption) of this digi-
tal subtraction radiography image.

subtraction radiography

who received MWF had a 2 mm
reduction of PPD and a gain of
0.73 mm in CAL, whereas patients
of APF with bone removal had a
2.6 mm reduction of PPD and a gain

of 0.77 mm in CAL (Becker et al.
2001).
The final bone resorption after

MWF was 0.80 £0.39 mm and
1.49 £ 0.36 mm after APF, at
6 months. This difference was not

statistically significant. Bone apposi-
tion from the third postsurgical
week throughout the 6 months, was
2.64 £ 0.38 mm for the control
group and 1.61 £0.36 mm in the
test one; not a statistically significant
difference. Statistically significant
differences between the two groups
were found only at 3 months, where
patients in APF group had 1.0 mm
more crestal bone loss. This is prob-
ably due to the fact that healing of
bone after the application of APF
demands more time, as indicated by
the not statistically significant differ-
ence between the two groups at
6 months.

To the best of our knowledge,
few clinical trials study crestal bone
resorption after periodontal surgical
treatment. Nevertheless, there are
some studies of guided tissue regen-
eration (GTR) that refer to this phe-
nomenon as a secondary parameter.
Persson et al., through linear mea-
surements in digital images, found
that crestal bone loss after APF is
1.7 and 1.5 mm after GTR (Persson
et al. 2000). These findings are
almost identical to those of the pres-
ent trial. However, Eickholz et al.
found less bone resorption of
0.4 mm after surgical therapy
(Eickholz et al. 1997). A more recent
study evaluated bone resorption at
0.18 mm after GTR and 0.32 mm
after MWF (Joly et al. 2002). The
majority of the other clinical trials
using digital subtraction radiography
just answer the question of whether
or not bone resorption occurs, quali-
tatively, without producing numeri-
cal data (Brdgger et al. 1988,
Schmidt et al. 1988). At this point, it
is worth noting that a number of
quantitative measurements can be
made, such as linear, area, perimeter
and density to detect bone loss in
digital imaging (Bridgger et al. 1992,
Iversen et al. 1996, Parashis &
Tsiklakis 2000, Christgau et al.
2006). In the present clinical trial a
programme of digital radiography
was used to execute linear measure-
ments in the subtraction images.
Tonetti et al. and Toback et al. sta-
ted that linear measurements in

radiographs  underestimate  bone
apposition by almost 1 mm after
GTR (Tonetti et al. 1993, Toback
et al. 1999). Nevertheless, the find-
ings of the present study are almost
the same of the above studies and
closer to the histological ones that
were made in the 1970s.

All the histological findings in
humans have revealed that crestal
bone loss is a consequence of peri-
odontal surgical treatment. Kohler
and Ramfjord found an average loss
of 0.23 mm after MWF (Kohler &
Ramfjord 1960), whereas Froum
et al. showed a bone loss that
reached 0.8 mm (Froum et al. 1982).
In addition, Donnenfeld et al.
observed a mean loss of 0.63 mm in
patients who received APF which
reached 1.2 mm to some patients
(Donnenfeld et al. 1964). Similar
results were reported by Tavtigian
with a mean bone loss of 0.47 mm
of the facial radicular alveolar crest,
after full thickness flap procedures
in six patients. Post-operative
changes varied from a loss of
2.3 mm to a bone gain of 0.5 mm.
This loss of bone after APF was sta-
tistically  significant  (Tavtigian
1970). Crestal bone loss is greater
when osteoplasty and ostectomy
procedures are performed during
surgery (Moghaddas & Stahl 1980).
The results of the above histological
trials, which present the most reli-
able method of studying the bone
healing, almost coincide with the
radiographic ones of the present
trial. In conclusion, the findings of
this study suggest that crestal bone
resorption is a phenomenon that
happens as a consequence of peri-
odontal surgical treatment, with
similar effect for patients receiving
either a MWF, or an APF. In addi-
tion, both surgical techniques lead
to satisfactory clinical results, indi-
cating that bone removal during
periodontal surgical treatment is not
always necessary.
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Clinical Relevance

Scientific rationale for the study:
Although, histological findings
from animal and human studies
have provided evidence that crestal
bone loss is a consequence of peri-
odontal surgical treatment, it is not
yet determined whether apically
positioned flap without interven-

tion to the bone, leads to greater
bone resorption, compared to modi-
fied Widman flap.

Principal findings: The findings of
this study indicate that periodontal
surgery involving either modified
Widman flap, or apically positioned
flap with no bone removal lead to
similar crestal bone resorption.

Practical implications: Both surgical
techniques lead to satisfactory clin-
ical results, indicating that bone
removal during periodontal surgi-
cal treatment is not always neces-
sary. In addition, there is lack of
significant  differences in bone
resorption between the two surgical
procedures.
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