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Fig 2 (a) Elevation of the retromolar pad 
(zone I). (b) Careful elevation of the soft tis­
sue located above the superior fibers of the 
mylohyoid muscle using a blunt instrument 
(zone II). (c) Semiblunt periosteal release 
using the back end of a number 1 SC blade 
on the anterior area of the flap (zone Ill). 
(d) Demonstration of vertical flap release
(-20mm).

mosquito forceps, as illustrated in 

Fig 3. The force was applied in a 

vertical direction following a per­

pendicular vector respective to the 

floor of the mouth. The same stan­

dard force was applied to stretch 

the flap after complete release was 

37 

Fig 1 Illustration (a) and photograph (b) showing the anatomy of 
the typical insertion of the mylohyoid muscle on the internal aspect 
of the mandibular body and the location of zones I, II, and Ill. 

achieved to maintain consistency 

between the baseline and final 

measurements at each surgical site. 

The standard force ranged from 1 

to 1.2 N, depending on the inher­

ent elastic properties of each speci­

men. Two previously trained and 
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calibrated examiners (B.B. and 1.U.) 

performed all the measurements 

in duplicate using a surgical probe 

scaled at intervals of 1 mm (Fig 

4). When an agreement was not 

reached, independent measure­

ments from both examiners were 
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Fig 3 Force gauge connected to straight mosquito forceps to pull the released flap in a 
perpendicular direction respective to the floor of the mouth. Notice the applied force of 
-1.1 N. 

Table 1 Shapiro-Wilk Normality Test of the Study Data 

Zone I Zone II Zone Ill 

Control Test Control Test Control Test 

Values (n) 11 11 11 11 11 11 

w 0.8634 0.8969 0.9400 0.9342 0.8755 0.9203 

p .0637 .1694 .5200 .4552 .0911 .3209 

Passed normality test? Yes Yes 

averaged and rounded up to the 

nearest millimeter. The mean val­

ues of all duplicate measurements 

were used for statistical analysis. 

Statistical Analyses 

The differences between measure­

ments per zone, expressed in mil­

limeters, and the percentage of 

change between baseline and fi­

nal flap advancement between the 

two techniques were calculated. 

Shapiro-Wilk normality test was per­

formed to assess whether there was 

normality in the data set for both 

groups. Paired t test was performed 

to calculate flap release differences 

between the two surgical tech­

niques per region, with the signifi­

cance at ct = .05. 

Yes Yes Yes Yes 

Results 

Specimen 3 suffered a flap tear on 

the control side at the time of estab­

lishing the baseline standard force, 

which prevented a fair comparison 

with the test side. Therefore, the 

data from this specimen were ex­

cluded from the analyses, resulting 

in a final sample of 11 heads and 22 

surgical sites (11 test and 11 control). 

All the remaining data passed the 

normality test (Shapiro-Wilk) with 

P > .05 (Table 1). 

The difference between the 

test and control group in zones I (RP 

area), II (middle area), and Ill (pre­

molar area) was 8.273 ± 1.794 mm 

(standard error of the mean [SEM] 

= 0.5409 mm), 10.09 ± 2.948 mm 

(SEM = 0.8889 mm), and 10.273 

± 2.936 mm (SEM = 0.8851 mm), 
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Fig 4 Measurement of the amount of 
vertical flap release using a calibrated 
probe. 

respectively, reaching very strong 

statistical significance (P < .0001) in 

all of them (Table 2 and Fig 5). In 

proportional terms relative to the 

control, the test technique allowed 

for 8.2, 2.5, and 5.3 times more 

flap release in zones I, II, and Ill, 

respectively. 

Discussion 

In this comparative, split-mouth ca­

daver study, a novel technique (test) 

for the advancement of the lingual 

flap in posterior mandibular sites 

was found to be more effective than 

a classic flap management approach 

(control). The mean differences be­

tween techniques in terms of flap re­

lease were overwhelmingly in favor 

of the test, regardless of the ana­

tomical zone, ranging from 8.273 to 

10.273 mm (Table 2). Although the 

mean difference in release between 

groups in zone I (8.273 mm) was in­

ferior to that observed in zones II 

(10.09 mm) and Ill (10.273 mm), that 

difference was proportionally far su­

perior since the flap was released 

8.2 times more in zone I, while in 

zones II and Ill the difference was 

2.5 and 5.3, respectively. 
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Fig 5 The mean and standard error of the mean for each group in zones I (a), II (b), and Ill (c). 

Unfortunately, it is not possible 

to contrast the present results with 

others since no other study involv­

ing a similar design and outcome 

measures was identified, leading 

the present authors to believe that 

this is the first study of its kind avail­

able in the literature. 

Deliberate preservation of the 

mylohyoid muscle attachment to 

the body of the mandible in the 

present modified technique is in­

tended to prevent the incidence 

of serious complications. As men­

tioned earlier, classic techniques 

involve either complete8 or partial9 

detachment of the mylohyoid mus­

cle from its mandibular insertion 

at the mylohyoid ridge. Complete 

detachment, however, may lead to 

disruption of the diaphragm of the 

floor of the mouth and may sub­

sequently create a communication 

between the surgical area and the 

sublingual and/or submandibular 

space, which could trigger a severe 

medical complication in case of a 

postoperative infection. Partial re­

flection of the mylohyoid from the 

Table 2 Flap Release Data (in mm) from Baseline to Final Flap 

Advancement for Each Zone on the Control and Test Sites 

Zone I Zone II Zone Ill 

Specimen Control Test Control Test Control Test 

1 1 12 5 14 13 

2 3 10 8 17 2 18 

4 2 10 11 18 2 16 

5 0 6 6 19 0 10 

6 0 8 8 12 1 10 

7 0 7 2 12 0 11 

8 1 12 9 20 3 14 

9 1 10 5 17 4 10 

10 2 12 6 17 6 14 

11 0 8 5 20 9 

12 7 5 15 6 14 

Mean 1 9.272 6.363 16.45 2.363 12.636 

SD 1 2.195 2.46 2.876 2.157 2.873 

SEM 0.301 0.661 0.741 0.867 0.65 0.866 

Difference 8.273 10.09 10.273 

p < .0001 < .0001 < .0001 

Zero values in the control group denote no change in flap release from baseline to 
final advancement. 

internal part of the flap may result 

in excessive thinning of the central 

aspect of the flap when attempting 

primary closure, as well as possible 

exposure of the graft to the oral 

environment in the early stages of 
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healing. Additionally, these tech­

niques primarily advocate for the 

advancement of the middle portion 

of the flap, without the inclusion of 

zones I and Ill. This classic approach 

is generally not conducive to pas­

sive primary closure, particularly in 

the anterior area (zone 111), because 

unless there is severe ridge atro­

phy, the mylohyoid muscle inser­

tion tends to be deeper respective 

to the alveolar ridge crest. 

The present study is not ex­

empt from limitations. For example, 

the examiners were not blinded 

to the technique applied on each 

surgical site. However, an attempt 

was made to control the reliabil­

ity and reproducibility of the mea­

surements by applying the same 

tensile force to the lingual flap on 

both control and test sites within 

the same specimen, and the same 

scaled probe was used for all the 

flap release assessments. Measure­

ments were obtained in duplicate 

to minimize the error, and the same 

experienced surgeon performed all 

the procedures to ensure technical 

consistency. Another potential limi­

tation is that although the speci­

mens were carefully selected to 

include sites that were comparable 

between sides, posterior atrophic 

mandibular ridges rarely present a 

flat architecture and perfect sym­

metry. These anatomical variations 

may have influenced the measure­

ments. However, the primary out­

come in this study was the relative 

difference in flap release from the 

crest (fiduciary landmark) to the 

margin of the flap, both at baseline 

and after complete flap advance­

ment. To increase reproducibility, 

the point of reference on the ridge 

crest was marked with a surgical 

pen (as displayed in Fig 4) so the 

final measurement could be made 

from the same reference. For this 

reason, the authors believe the re­

sults should not be largely affected 

by possible anatomical discrepan­

cies between the control and the 

test sites. 

Conclusions 

In light of the findings from this 

study, the novel approach for lingual 

flap advancement in the posterior 

mandible described here is associ­

ated with two major advantages: 

increased chance of achieving pas­

sive primary stability and avoiding 

premature wound dehiscences, and 

decreased risk of a medical compli­

cation involving deeper anatomical 

spaces (ie, sublingual or subman­

dibular) due to the intentional pres­

ervation of the mylohyoid muscle 

attachment to the mandibular bone. 

Acknowledgments 

This study was exclusively supported by a 

grant from the Osteology Foundation. None 

of the authors has any financial interests in 

the companies that manufacture the prod­

ucts used in this study. Miguel Romero­

Bustillos would like to acknowledge the 

support received from the NIH under the 

R90 DE024296-03 grant to pursue a career 

in dental science. The authors reported no 

conflicts of interest related to this study. 

The International Journal of Periodontics & Restorative Dentistry 

References 

1. Greenstein G, Cavallaro J, Romanos G, 
Tarnow D. Clinical recommendations for 
avoiding and managing surgical complica­
tions associated with implant dentistry: A 
review. J Periodontol 2008;79:1317-1329. 

2. Simien M, Trisi P, Piattelli A. Vertical
ridge augmentation using a membrane 
technique associated with osseointe­
grated implants. Int J Periodontics Re­
storative Dent 1994;14:496-511 .

3 .  Tinti C,  Parma-Benfenati S. Vertical ridge 
augmentation: Surgical protocol and ret­
rospective evaluation of 48 consecutive­
ly inserted implants. Int J Periodontics 
Restorative Dent 1998;18:434-443. 

4. Urban IA, Lozada JL, Jovanovic SA, 
Nagursky H, Nagy K. Vertical ridge
augmentation with titanium-reinforced, 
dense-PTFE membranes and a combi­
nation of particulated autogenous bone 
and anorganic bovine bone-derived min­
eral: A prospective case series in 19 pa­
tients. lntJ Oral Maxillofac Implants 2014;
29:185-193. 

5. Urban IA, Lozada JL, Wessing B, Suarez­
Lopez del Amo F, Wang HL. Vertical bone 
grafting and periosteal vertical mattress 
suture for the fixation of resorbable 
membranes and stabilization of particu­
late grafts in horizontal guided bone re­
generation to achieve more predictable 
results: A technical report. Int J Periodon­
tics Restorative Dent 2016;36:153-159. 

6. Simien M, Fontana F, Rasperini G, 
Maiorana C. Vertical ridge augmentation 
by expanded-polytetrafluoroethylene 
membrane and a combination of intra­
oral autogenous bone graft and deprot­
einized anorganic bovine bone (Bio Oss). 
Clin Oral Implants Res 2007;18:620-629.

7. Urban IA, Monje A, Lozada JL, Wang HL.
Long-term evaluation of peri-implant 
bone level after reconstruction of se­
verely atrophic edentulous maxilla via
vertical and horizontal guided bone 
regeneration in combination with sinus 
augmentation: A case series with 1 to 15
years of loading. Clin Implant Dent Relat
Res 2017;19:46-55. 

8. Pikes MA. Atrophic posterior maxilla and 
mandible: Alveolar ridge reconstruction 
with mandibular block autografts. Alpha 
Omegan 2005;98:34-45. 

9. Ronda M, Stacchi C. Management of 
a coronally advanced lingual flap in re­
generative osseous surgery: A case se­
ries introducing a novel technique. Int J 
Periodontics Restorative Dent 2011 ;31:
505-513. 


