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ABSTRACT

Introduction: Traditional dental extraction can cause excessive swelling, pain and 
many complications. Atraumatic or conservative extraction techniques try to minimize these 
complications. ATM is considered one of the recently invented conservative extraction techniques, 
it implies the use of modified periotomes followed by insertion of modified post in the root canal, 
followed by vertical extraction of the straight remaining root using special nuts and wrench. 

Methodology: Five patients requiring extraction of multiple remaining roots were enrolled in 
this study. Roots required for extraction were divided into 2 groups; in the study group extraction 
was made by the new technique (ATM), while in the control group, extraction was made using 
traditional elevators and forceps. Pre and postoperative ultra-low dose cone beam computed 
tomography (CBCT) examinations were made for each patient to assess bone remodeling and 
compare the two techniques.

Results: The new technique showed better results regarding time of surgery, postoperative 
pain, and bone resorption. However; these results were not statistically significant.

Conclusion: The use of ATM as a conservative extraction technique of single straight remaining 
roots is considered a successful promising technique. However; larger sample size and a multicenter 
study is required for better assessment and development of the technique.
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INTRODUCTION 

In spite of the major advances in dentistry, tooth 
extraction is still inevitable in many occasions; as 
advanced caries lesions, periodontal diseases, failed 
endodontics, trauma, pericoronitis and orthodontics1. 
Basic exodontia is defined as simple luxation 
techniques, bone expansion, and forceps delivery, 
while complex exodontia implies techniques used 
to remove teeth other than by simple luxation and 
forceps delivery2.

Traditional extraction can be done using 
elevators and forceps or even improvised tools such 
as screw drivers and pliers3. In many occasions 
dental extractions may need surgical intervention 
especially for remaining roots and third molars, it 
may include flap opening and bone removal using 
rotary tools or piezoelectric instruments4. This 
excessive trauma cause excessive swelling and 
pain and many complications such as bone fracture, 
excessive bleeding, wound infection and dry socket5 

which is destructive for the surrounding hard and 
soft tissues. However, Atraumatic extraction (as 
known as conservative extraction) is the removal 
of root or tooth, and in the same time conserve the 
surrounding soft and hard tissues6.

A lot of interventions for conservative extraction 
were lately introduced to the market trying to 
decrease this complications such as periotomes7, 

powertome8, piezotome9, sonosurgery10, using endo 
H file11, physics forceps 12,13, Benex I14, Benex II 
extraction systems15, Sapian extraction kit16, the use 
of implant drills17 and the use of electromagnetic 
device (Osseotouch)18.

Despite these new techniques, most of them are 
having their problems, for example the periotome 
needs more forces to cut the apical periodontal 
ligament leading to instrument bending or even 
breakage and yet it does not help to take the root out 
of the socket7. Piezo-surgery is very expensive, time 
consuming and also can’t take the root out of the 
socket9. H files11 are not helpful with fixed roots and 
it may break. ‘Easy X-TRAC’ is not recommended 

for curved remaining roots, rests on neighboring 
teeth which is not applied if they are periodontally 
affected and can’t reach last molars19.

Vertical extraction systems may be helpful for 
severely destroyed teeth, decreasing the need for 
flap and bone removal20.  In a previous study this 
group tested “the key”, a new extraction technique 
for curved roots, and it showed that a different 
technique is needed for extraction of straight roots21, 
so a new technique “ATM” was introduced, and 
needed testing.

ATM is considered one of the recently invented 
conservative extraction techniques. This technique 
starts with the use of modified periotomes followed 
by insertion of modified post in the root canal, 
followed by vertical extraction of the straight 
remaining root using special nuts and wrench.

The aim of this study was to compare clinically 
and radiographically socket healing (Bone and 
Gingiva) following extraction using ATM (the 
new extraction device) and traditional extraction 
technique (forceps and elevators).

Methodology

Ethical Approval

Approval from Ethical committee, Faculty of 
Dentistry, Cairo University, Egypt was obtained on 
19/2/2019 and its number is (19-2-31).

Participant’s recruitment

Five patients with thirteen single rooted teeth 
were enrolled in this study; they were selected 
randomly from the outpatient clinic of Oral and 
Maxillofacial Surgery Department, Faculty of 
Dentistry, Cairo University.  Inclusion criteria 
included the presence of more than one straight root 
to be extracted in the same patient and confirmed 
using a digital periapical radiograph.

Medical and dental histories were taken from the 
patients. Patients with any systematic condition or 
disease that affect bone healing after extraction, or 
even affect soft tissue were excluded from the study.
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Surgical Procedures

Teeth to be extracted in the same patient were 
divided randomly into two groups: In the study 
group, patients received local anesthesia in regular 
fashion, then periodontal ligaments around the roots 
were cut using modified periotomes (Fig. 1a). Root 
canals were prepared with special drills (Fig. 1b) 
so that certain modified ready-made post (Fig. 1c) 
is inserted stably in the canal to extract the root. 
A putty rubber base cushion was applied on the 
adjacent teeth followed by seating a metal tray with 
a hole corresponding the post (Fig. 1d). After the 
rubber base sets, the nut (Fig. 1e) was applied on 
the post using special wrench driver (Fig. 1f) till the 
root comes out (Fig.2). 

Fig. (1): Photograph showing components of the ATM extrac-
tor system: a: Modified periotomes, b: Special Drills, c: 
Modified ready-made post, d: Metal tray with a hole cor-
responding the post, e: The Nut, f: Special Wrench driver.

In the control group, local anesthesia was 
given normally and extraction was made using 
conventional forceps and elevators. The duration 
of procedure was calculated from the onset of local 
anesthesia till the completion of tooth extraction in 
both groups and was recorded.

Regular post extraction instructions and 
medications were given to the patients. The patients 
were instructed to record the number of times s/
he needed extra analgesic. Patients follow up was 
made after 3 days to check the healing of soft tissue, 
and any postoperative complications.

Pre- and Post- operative Patient Imaging

The patients were referred to the outpatient clinic 
of Oral and Maxillofacial Radiology Department 
– Faculty of Dentistry – Cairo University. Each 
patient was imaged twice using ultra-low dose 
CBCT (preoperative CBCT scan and another scan 
CBCT after 2 months). 

CBCT examination was performed by Planmeca 
ProMax® 3D Mid CBCT machine (Planmeca-
Helsinki-Finland). The patients were positioned 
on the CBCT machine guided with the positioning 
laser beam of the machine so that the mid-sagittal 
plane and the occlusal plane were perpendicular and 
horizontal to the floor respectively. The examination 
was done using the following parameters: 90 kV, 5 
mA, 6 seconds scan time, 0.2 mm voxel size and 
8x5 cm field of view (FOV).

Fig. (2): a: A photograph showing the placement of ATM extractor inside patient mouth. b: The root after extraction with the ATM
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Image Analysis:

Image analysis was performed by Planmeca Ro-
mexis software 4.6.2 (Planmeca- Helsinki-Finland). 
Both CBCT scans (Before & After extraction) were 
superimposed using “superimposition module” of 
Planmeca Romexis software which allowed semi-
automatic superimposition by defining three com-
mon points between the 2 volumes. This allowed 
standardization of assessment of bone changes and 
confirmed that the measurements were performed 
on the same cut in both pre- and post-operative 
CBCT scans (Figure 3).

Fig. (3): A: Superimposed pre- and post-operative CBCT 
scans. Same cut is displayed in both pre- (B) and post-
operative (C) CBCT scans.

The slice thickness for the three orthogonal 
planes (axial, sagittal and coronal) was adjusted to 
be 1 mm with no gap between cuts. The brightness, 
contrast and sharpness were adjusted according to 
observer preference to reach best image quality.

Using the “superimposition module”, the post 
extraction CBCT was hidden and only the pre-
extraction CBCT was displayed. On the displayed 
pre-extraction CBCT, the level of the axial plane 
was adjusted to be in middle third of root to be 
extracted. On the axial image, the axis of the coronal 
plane was rotated to be aligned perpendicular on the 
buccal surface of the root to be extracted (coronal 
axis divides the root equally into mesial and distal 
halves). On the coronal and sagittal images, the axis 
of orthogonal planes were oriented along the long 
axis of the root to be extracted. 

On the coronal image in center of root to be 
extracted, the distance between crest of buccal 
bone, crest of lingual bone and most apical part of 
potential socket to a fixed anatomical landmark as 
inferior border in mandible and floor of the nasal 
cavity in the maxilla were measured as well as the 
width of the ridge in buccolingual direction (For 
anterior teeth, the sagittal image was used). Then 
the pre-extraction CBCT was hidden and only 
the post-extraction CBCT was displayed and the 
same image with the same orientation used for 
measurement in pre-extraction CBCT was displayed 
on post-extraction CBCT. These measurements 
were repeated on the post-extraction CBCT and the 
difference in the height of bone crest of buccal bone 
and lingual bone as well as changes in socket depth 
and ridge width were calculated.

Image assessment was done by an Oral and 
Maxillofacial Radiologist. The observer was blind 
to the grouping of the teeth of patients.

Statistical Analysis

Numerical data were explored for normality by 
checking the distribution of data and using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). All data showed non-normal (non-parametric) 
distribution. Data were presented as mean, standard 
deviation (SD), median and range values. Wilcoxon 
signed-rank test was used to compare between the 
two groups as well as to study the changes with-
in each group. Qualitative data were presented as 
frequencies and percentages. McNemar’s test was 
used to compare between the two groups. The signif-
icance level was set at P ≤ 0.05. Statistical analysis 
was performed with IBM SPSS Statistics for Win-
dows, Version 23.0. Armonk, NY: IBM Corp.

RESULTS

Base line characteristics

The present study was conducted on five sub-
jects; three males (60%) and two females (40%). 
The mean and standard deviation values for age 
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were 46.6 (13.8) years old with a minimum of 34 
and a maximum of 70 years old. Six roots were ex-
tracted atraumatically while seven roots had trau-
matic extraction.  

Extraction time (minutes)

There was no statistically significant difference 
between extraction time in the two groups although 
mean time needed with atraumatic extraction was 
less than mean time needed with traumatic extrac-
tion (P-value = 0.916, Effect size = 0.043) (Table 1).

TABLE (1): Descriptive statistics and results of 
Wilcoxon signed-rank test for comparison 
between extraction time (minutes) in the 
two groups

Traumatic 
extraction (n = 7)

Atraumatic 
extraction (n = 6) P- 

value
Effect size 

(d)Mean 
(SD)

Median 
(Range)

Mean 
(SD)

Median 
(Range)

8.7 (9.6) 3 (2-27) 8.2 
(3.5) 7.5 (5-12) 0.916 0.043

*: Significant at P ≤ 0.05  

Pain

There was no statistically significant differ-
ence between prevalence of pain in the two groups  

(P-value = 1).  Only one patient reported post-oper-
ative pain in the first three days following extraction 
in traumatic extraction group and absence of post-
operative pain needing extra analgesic in atraumatic 
extraction group (Table 2).

Ridge width (mm)

In traumatic extraction group; there was a de-
crease in ridge width post-extraction by 1.27 
(±1.31) mm while in atraumatic extraction group, 
there was a decrease in ridge width post-extraction 
by 0.8 (±0.78) mm. Although atraumatic extraction 
showed decreased bone loss in ridge width than 
traumatic extraction, there was no statistically sig-
nificant difference between changes in ridge width 
in the two groups (P-value = 0.500, Effect size = 
0.275) (Table 3).  

TABLE (2): Descriptive statistics and results of 
McNemar’s test for comparison between 
prevalence of pain in the two groups

Traumatic extraction 
(n = 7)

Atraumatic extraction 
(n = 6) P-value

n % n %

1 16.7 0 0 1

*: Significant at P ≤ 0.05

TABLE (3): Descriptive statistics and results of Wilcoxon signed-rank test for comparison between ridge 
width (mm) in the two groups as well as the changes within each group

Time
Traumatic extraction (n = 7) Atraumatic extraction (n = 6)

P-value
Effect 

size (d)Mean (SD) Median (Range) Mean (SD) Median (Range)

Pre-extraction 7.94 (1.46) 7.7 (6.45-10) 7.5 (2.86) 6.8 (4.6-11.6) 0.917 0.043

Post-extraction 6.66 (1.12) 6.6 (5-8.2) 6.8 (3.06) 6.2 (3.6-11.2) 0.500 0.275

Change -1.27 (1.31) -0.8 (-3.6-0) -0.8 (0.78) -0.4 (-1.9-0) 0.500 0.275

P-value 0.028* 0.068

Effect size (d) 0.899 0.696

*: Significant at P ≤ 0.05
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Change in height of buccal plate of bone (mm):

In traumatic extraction group; there was a 
decrease in height of buccal bone post-extraction 
by 1.02 (±0.87) mm while in atraumatic extraction 
group, there was a decrease in height of crest 
of buccal bone post-extraction by 2.95 (±4.79) 
mm. While for median (range) of bone changes, 
traumatic extraction group; there was a decrease in 
height of buccal bone post-extraction by 1.1 (-2.1-0) 
mm while in atraumatic extraction group, there was 
a decrease in height of crest of buccal bone post-
extraction by 1.05 (-12.6-0) mm.

There was no statistically significant difference 
between changes in height of buccal bone in the 
two groups (P-value = 0.500, Effect size = 0.275)  
(Table 4).  

Change in height of lingual plate of bone (mm)

In traumatic extraction group; there was a de-
crease in height of lingual bone post-extraction by 

2.92 (±1.67) mm while in atraumatic extraction 
group, there was a decrease in height of lingual 
bone post-extraction by 0.92 (±1.01) mm. 

Although atraumatic extraction showed de-
creased bone loss in height of lingual bone than 
traumatic extraction, there was no statistically sig-
nificant difference between changes in height of lin-
gual bone in the two groups (P-value = 0.075, Effect 
size = 0.727) (Table 5).

Bone formation in depth of extraction socket (mm)

In traumatic extraction group; there was a de-
crease in depth of extraction socket by 0.46 (±0.39) 
mm while in atraumatic extraction group, there was 
almost no change in depth of extraction socket -0.1 
(±1.01) mm. There was no statistically significant 
difference between depth of extraction socket in the 
two groups (P-value = 0.249, Effect size = 0.471) 
(Table 6).  

TABLE (4): Descriptive statistics and results of Wilcoxon signed-rank test for comparison between buccal 
ridge height (mm) in the two groups as well as the changes within each group

Time
Traumatic extraction (n = 7) Atraumatic extraction (n = 6)

P-value
 Effect size

(d)Mean (SD) Median (Range) Mean (SD) Median (Range)

Pre-extraction 21.57 (10.34) 21 (7-34) 24.47 (7.4) 23.25 (14.8-34.5) 0.917 0.043

Post-extraction 20.55 (10.87) 19 (5.6-34) 21.52 (9.76) 22.95 (7.6-33.6) 0.917 0.043

Change -1.02 (0.87) -1.1 (-2.1-0) -2.95 (4.79) -1.05 (-12.6-0) 0.500 0.275

P-value 0.043* 0.043*

Effect size (d) 0.765 0.765

*: Significant at P ≤ 0.05
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DISCUSSION

Conservative extraction techniques are continu-
ously developed through history in order to find a 
simple, fast, painless, universal and economic tech-
nique, however; the flawless technique that met all 
these criteria is not invented yet. ATM is considered 
one of the conservative extraction techniques, it was 
originally invented by Dr. Tadros Morcos, and later 
tested and developed by Dr. Ahmed Elsharkawy 
and Dr. Mohamed Elanwar; hence the name (ATM) 
which is short for (Ahmed- Tadros -Mohamed).

Considering the time needed for extraction, our 
study showed no statistically significant difference 
between extraction time in the two groups although 
mean time needed with atraumatic extraction was 
less than mean time needed with traumatic extrac-
tion. This results went with the results of the regular 
time of extraction using traditional forceps and even 
physics forceps tested by Hariharan et al 201412. On 
the contrary, Sharma et al 20147 showed that the du-
ration of extraction in conventional extraction for-
ceps group was significantly greater than atraumatic 
extraction group. This may be due to their higher 
sample size than our study and different atraumatic 

TABLE (5) Descriptive statistics and results of Wilcoxon signed-rank test for comparison between lingual 
ridge height (mm) in the two groups as well as the changes within each group

Time
Traumatic extraction (n = 7) Atraumatic extraction (n = 6)

P-value
Effect size 

(d)Mean (SD) Median (Range) Mean (SD) Median (Range)

Pre-extraction 21.46 (11.28) 20.14 (6.4-34.2) 24.78 (7.86) 24.75 (14.2-34.5) 0.753 0.128

Post-extraction 18.54 (10.27) 15.7 (5.2-29.57) 23.87 (7.6) 24.6 (13.2-33.6) 0.249 0.471

Change -2.92 (1.67) -2.4 (-4.9- -1.2) -0.92 (1.01) -0.8 (-2.8-0) 0.075 0.727

P-value 0.018* 0.043*

Effect size (d) 0.896 0.765

*: Significant at P ≤ 0.05

TABLE (6) Descriptive statistics and results of Wilcoxon signed-rank test for comparison between distance 
to floor of the socket (mm) in the two groups as well as the changes within each group

Time
Traumatic extraction (n = 7) Atraumatic extraction (n = 6)

P-value
Effect size 

(d)Mean (SD) Median (Range) Mean (SD) Median (Range)

Pre-extraction 11.59 (9.35) 9 (0.4-22) 15.27 (9.27) 17 (3.5-24.3) 0.600 0.214

Post-extraction 12.05 (9.57) 9 (0.6-22.7) 15.17 (8.85) 16.5 (3.6-24.3) 0.893 0.055

Change 0.46 (0.39) 0.55 (0-0.95) -0.1 (1.01) 0 (-2-1) 0.249 0.471

P-value 0.043* 1

Effect size (d) 0.765 0

*: Significant at P ≤ 0.05
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technique as the use of periotome before ATM is 
mandatory and time consuming.

While for postoperative pain, there was no statis-
tically significant difference between pain intensity 
in the two groups although only one patient report-
ed post-operative pain needing extra dose of anal-
gesic in traumatic extraction group and absence of 
post-operative pain in atraumatic extraction group. 
This result is in line with the results of Hariharan 
et al 201412 which reported absence of any post-
operative pain in traumatic and atraumatic extrac-
tion after 3 days of follow up in atraumatic (phys-
ics forceps) and traumatic groups. Again Sharma et 
al 20147 showed that pain reduction in atraumatic 
extraction group was significantly greater than con-
ventional extraction forceps. This may be due to the 
fact that none of our patients required open flap sur-
gery and bone removal or timely procedure, which 
are the main reasons for postoperative pain regard-
less of the technique.

Low dose protocol of CBCT examination al-
lows reduction in dose delivered to the patient with 
acceptable image quality fulfilling the diagnostic 
purpose of examination22. The amount of radiation 
(Dose Area Product- DAP) delivered to the pa-
tient using ultra-low dose CBCT was less than half 

the amount of radiation Dose Area Product- DAP 
(DAP) of the same CBCT machine of the same field 
of view FOV with conventional exposure parame-
ters. DAP of  ultra-low dose protocol of CBCT used 
in our study was comparable to DAP of convention-
al radiography mentioned in the study of Harris et al 
201222. Dose Area Product is used as a measure of 
patient dose as it is relatively easy to be measured 
in a clinical situation23,24. For that, Ultra-low dose 
CBCT protocol was used in our study to decrease 
the amount of radiation delivered to the patient to 
the minimum with the benefit of 3D assessment.

For accurate radiographic assessment, standard-
ization is essential in order to get identical CBCT 
images for reliable measurements25.  For that in our 
study, superimposition between pre- and post-oper-

ative CBCT was done to achieve identical cuts and 
highest accuracy in measuring difference as Meloni 
et al 201526. Method of measuring the changes in 
ridge width and level of buccal and lingual bone 
was similar to the method used by Jung et al 201327 

except for using fixed anatomical landmark as infe-
rior border in mandible and floor of the nasal cavity 
in the maxilla in our study instead of horizontal ref-
erence line at the most apical point of the extraction 
socket to avoid any changes in the level of reference 
line under the effect of healing and bone formation.

Considering bone changes assessment using 
ultra-low dose CBCT, there was no statistically 
significant difference between changes in the two 
groups. Although atraumatic extraction showed 
decreased bone loss in ridge width and height of 
lingual plate of bone than traumatic extraction, 
perhaps due to the fact that it’s a vertical extraction 
technique which requires no load on the bone plates, 
and hence no bone resorption later on. These results 
are in line with the results of Menchini-Fabris et al 
202218, as they found no significant differences in 
height of bone buccally and lingually in atraumatic 
and traumatic extraction groups although they 
used 3-dimensional intra-oral scanner instead of 
CBCT and followed up the patients for 4 months. 
Considering changes in height of buccal plate of 
bone, there was a controversy between results 
of mean of change in bone height and median of 
the change, this is related to presence of one case 
of sever bone loss in atraumatic group (Loss of 
12.6mm).

Points of strength of this study included the 
1st time assessment of the new tool (ATM) which 
is improvised tool that may represent a cost 
effective tool for vertical conservative extraction. 
Also the clinical selection of patients included 
only those having multiple extractions to make 
a split mouth study, so each patient was his own 
control; eliminating the host immunity and healing 
power factor from the equation. The radiographic 
assessment added to the strength by making the 
results more objective and reliable.
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Points of weakness in the study included the 
limited number of patients; since it was a pilot 
study, lack of objective assessment of gingival 
healing, and the fact that the inventor of the device 
was the surgeon, so next study is recommended to 
be a multicenter one with large number of patients.  

CONCLUSION

The use of ATM as a conservative extraction 
technique of single straight remaining roots is con-
sidered a successful promising technique. How-
ever; larger sample size and a multicenter study is 
required for better assessment and development of 
the technique.
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