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Vertical Bone Grafting and Periosteal Vertical Mattress 
Suture for the Fixation of Resorbable Membranes and 
Stabilization of Particulate Grafts in Horizontal Guided  
Bone Regeneration to Achieve More Predictable Results:  
A Technical Report

Osteosynthesis screws and titanium or resorbable pins have been recommended 
for fixing guided bone regeneration (GBR) membranes and stabilizing the 
graft. However, the removal of fixation screws or pins often requires an 
additional surgical procedure. This article presents a periosteal suturing 
technique with resorbable sutures for the fixation of grafts and membranes 
in GBR in single implant sites. This technique avoids potential complications 
of using fixation screws or pins, such as perforation of the roots when 
inserting the pins, and eliminates the need for a second retrieval surgery. 
Int J Periodontics Restorative Dent 2016;36:153–159. doi: 10.11607/prd.2627

Bone augmentation techniques 
using guided bone regeneration 
(GBR) have shown excellent and re-
producible success rates for many 
years and have ensured a relatively 
low level of surgical invasiveness for 
patients.1–5 However, using GBR for 
large horizontal and vertical ridge 
defects is technique-sensitive and 
carries an increased rate of com-
plications.1 The principles of GBR 
require the use of resorbable or 
nonresorbable membranes for the 
creation of a space above a bony 
defect and under the periosteum, 
allowing osteoprogenitor cells the 
time to colonize this space rather 
than the faster-proliferating con-
nective tissue cells and/or overlying 
epithelial cells.6 Studies have dem-
onstrated excellent results with the 
use of nonresorbable membranes, 
especially when no exposure occurs 
during the healing phase.7–10 Never-
theless, removal of a nonresorbable 
membrane requires an extensive 
surgical reopening.11,12 Natural re-
sorbable membranes provide good 
tissue and cell compatibility and 
lower dehiscence rates than nonre-
sorbable membranes.13–16

A common goal of resorbable 
and nonresorbable membranes is 
to not only create a defined space 
above the defect but also maintain 
the space during the bone regen-
eration period.17,18 Since the mid-
1990s, resorbable materials, notably 
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native collagen, have been used 
widely as an alternative to expand-
ed polytetrafluoroethylene (ePTFE) 
membranes and provide equally 
good results for multiple indications, 

including but not limited to GBR 
around dental implants, implant site 
development, and ridge augmenta-
tion procedures.9,19–23 Nonetheless, 
resorbable membranes lack form 

stability, and this may lead to graft 
migration, membrane collapse, and 
insufficient bone formation.24 In fact, 
when resorbable membranes and 
particulate grafts are used, the pri-
mary challenge is the correct posi-
tioning and fixation of the graft and 
membrane at the desired site since 
graft particles may migrate and  the 
membrane may collapse under the 
flap. When performing GBR proce-
dures, the PASS principle has to be 
followed.25 A key factor of this prin-
ciple is to secure and stabilize the 
wound, including the barrier mem-
brane and bone grafts.26 Although 
there is no evidence comparing 
bone augmentation procedures with 
or without tacks for membrane stabi-
lization, clinicians have recommend-
ed the use of fixation pins/screws to 
fix resorbable membranes.

Resorbable and nonresorb-
able cortical bone pin systems have 
been used for the fixation of colla-
gen membranes.15,16,20,21,26 However, 
regardless of the resorption proper-
ties of the tacking system, the use of 
such pins leads to a risk of perforat-
ing important anatomical structures, 
such as the inferior alveolar nerve, 
the maxillary sinus, or the roots of 
teeth adjacent to the surgical site. 
So far, there is no agreement on 
whether nonresorbable pins or os-
teosynthesis screws need to be re-
moved post-healing. The removal 
of pins or screws presents risks such 
as bone loss, nerve lesions, scar for-
mation, and surgical complications. 
However, leaving nonresorbable 
pins may result in dislocation and 
migration into adjacent tissues, po-
tentially causing a rejection or sensi-
tivity disorder. 

Figs 1a to 1h  Representative case of the periosteal vertical mattress suturing (PVMS) tech-
nique. Buccal view of the defect before (a) and after (b) implant placement. Buccal (c) and 
occlusal (d) views of the autogenous bone placed on the buccal and occlusal surfaces of 
the implant. Buccal (e) and occlusal (f) views of the anorganic bovine bone mineral placed 
on the buccal and occlusal surface of the implant. Buccal (g) and occlusal (h) views of the 
native collagen membrane (BioGide, Geistlich) placed on the bone graft. 
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The aim of this article is to in-
troduce a new technique for fixation 
of resorbable membranes onto the 
underlying bone, potentially immo-
bilizing particulate grafts using re-
sorbable sutures in horizontal GBR 
procedures. Use of this suturing ap-
proach minimizes the need for sec-
ond retrieval surgeries and avoids 
damage to adjacent vital anatomical 
structures while inserting the pins or 
screws.

Periosteal vertical mattress 
suture (PVMS) technique

To perform horizontal GBR proce-
dures using this membrane fixation 
technique, a remote flap, consisting 
of crestal and vertical releasing inci-
sions, should be used. A full-thick-
ness midcrestal incision is typically 
used in the keratinized gingiva with 
a no. 15c surgical scalpel. For surgi-
cal access, the two divergent verti-
cal incisions are placed one tooth 
away from the surgical site (Figs 
1a, 1b, 2a, and 2b). If preferred, de-
cortication holes (eg, using a 1-mm 
round metal bur) can be made in the 
area of the planned bone augmen-
tation to access blood from the can-
cellous bone. The particulate graft 
is then placed in the desired area, 
either alone or with a simultaneous 
implant placement. In both cases 
shown, a so-called sandwich aug-
mentation was used according to 
Wang et al, using autologous bone 
chips on the surface of a dental im-
plant with buccal dehiscence and an 
anorganic bovine bone mineral (Bio-
Oss, Geistlich) on top of the bone 
chips for slower resorption.27 The 

authors prefer to place graft mate-
rial even on top of the cover screw 
of the implant. The goal of vertical 
bone grafting is to achieve more 
space in the occlusobuccal corner 

of the implant (Figs 1c to 1f, and 2c). 
In the experience of the present au-
thors, this aspect is critical because 
even with the suturing technique 
the pressure of the sutured flap can 

Figs 1i to 1o  Representative case of the 
periosteal vertical mattress suturing (PVMS) 
technique. Buccal (i) and occlusal (j) views of the 
periosteal vertical mattress suture stabilizing 
the graft (6-0 monocryl, Ethicon). (k) Double 
layer suturing of the bone graft using 3-0 PTFE 
(Cytoplast) and 6-0 monofilament sutures (Prolene, 
Ethicon). (l) Uneventful healing 2 weeks after the 
bone graft. (m) Clinical view of the regenerated 
bone after 6 months of uneventful healing. Note 
that bone formation occurred even on top of the 
implant, resulting in complete bone formation.  
(n) Labial view of the final reconstruction in place. 
(o) Periapical radiograph demonstrates good 
bone-to-implant contact.
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Fig 2  Representative case of 
posterior site using vertical grafting 
and PVMS suturing. Buccal (a) and 
occlusal (b) views of implants placed 
into deficient buccal bone crest. (c) 
Buccal view of sandwich bone graft 
placed on the facial and occlusal side 
of the implant. (d) Occlusal view of 
the membrane fixated with suturing. 
(e) Buccal view of the regenerated 
bone. Note that bone formation 
occurred even on top of the implant. 
(f) Occlusal view of the regenerated 
bone. Note the excellent contour of 
the regenerated bone even on the 
most coronal part of the implant. (g) 
Labial view of the final reconstruction 
in place. (h) Periapical radiograph 
demonstrates good bone-to-implant 
contact.
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press out some of the bone graft to 
the lateral areas, and this can result 
in incomplete bone regeneration.

With the particulate bone graft 
in place, the resorbable membrane 
should be trimmed, positioned, 
and rehydrated with a sterile saline 
solution for better adaptation to 
the augmented area. In this case, a 
resorbable bilayer collagen mem-
brane was used (Bio-Gide, Geistlich)
(Figs 1g and 1h).  

Figure 3 illustrates the suturing 
technique. First, a periosteal release 
incision has to be made 3 to 4 mm 
beneath the planned apical position 
of the graft material and the over-
lapping resorbable membrane. 

The first periosteal suture with 
resorbable material (thin suture, eg, 
6-0) and a relatively small needle 
(eg, 10 to 13 mm 3/8 circle) is started 
by stitching through the periosteum 
apically from the periosteal release 
incision mesially and distally of the 
augmented area. At this point, it is 
important to suture that part of the 
periosteum apical to the horizontal 
release incision. This ensures that the 
tension of the vertical periosteal su-
ture (and therefore the fixation of the 
membrane) is kept after closure of 
the mucoperiosteal flap. The suture 
is next laid over the distal extension 
of the membrane beside the aug-
mented area; the suture is then con-

tinued as a mattress on the palatal/
lingual section of the mucoperios-
teal flap (Figs 1i, 1j, and 2d). The su-
ture is closed and tightened over the 
membrane until the latter is fixed to 
the underlying bone. Next, the same 
procedure is repeated on the mesial 
side of the bone graft. After both su-
tures are closed, the rehydrated and 
fixed membrane can be stretched by 
gently pulling it with pliers from both 
sides (mesial and distal) away from 
the vertical sutures until the bone 
graft is completely immobilized and 
positioned correctly. The sutures can 
also be lifted and repositioned using 
a periodontal probe. Thus, the two 
internal vertical mattress sutures will 

Fig 3  Fixation of the membrane using a 
periosteal vertical mattress suture.   1 Periosteum

2 Horizontal release incision
3 Mucoperiosteal flap
4 Anorganic bovine bone mineral
5 Vertical mattress suture
6 Dental implant
7 Resorbable collagen membrane
8 Autologous bone chips
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prevent potential movement and mi-
gration of the bone graft. Closure of 
the mucoperiosteal flap should be 
done in two layers. The first layer is 
closed with horizontal mattress su-
tures placed 4 mm from the incision 
line, and single interrupted sutures 
are used to close the edges of the 
flap. With this technique, the flap 
margins become averted, effectively 
abutting the 4-mm-wide inner con-
nective tissue layers of the buccal 
and lingual flaps. Vertical incisions 
are closed using single interrupted 
sutures, which can be removed 10 to 
14 days after surgery. The mattress 
suture should remain in place for at 
least 2 to 3 weeks (Figs 1k and 1l).

The remaining procedures can 
be performed according to standard 
clinical practice, and extensive surgi-
cal revision for the removal of tita-
nium pins (or similar pins or tacks) is 
not necessary (Figs 1m, 2e, and 2f).

Discussion

Although there is no convincing 
evidence of any advantage, some 
authors recommend the fixation of 
resorbable membranes when per-
forming GBR for the stabilization of 
particulate graft materials.20,21,26

Evidence has shown a large vol-
ume of bone formation after per-
forming GBR with fixed resorbable 
membranes using a cortical bone pin 
system.15,16,20,21,26 Despite these posi-
tive results, several potential risks 
have been documented: damage of 
the adjacent roots and underlying 
anatomical vital structures, and the 
need for an extensive reopening pro-
cedure to retrieve the nonresorbable 

pins.11,12 The PVMS technique, primar-
ily recommended for single implant 
sites, may lessen these risks while 
successfully fixing the membrane 
and immobilizing particulate bone 
graft materials at the desired posi-
tion. A limitation to this technique 
resides in the tensile strength of the 
resorbable suture material, and con-
sequently the resultant strength of 
the membrane fixation and graft sta-
bilization. A further limitation on the 
shape of the bone graft arises since it 
is only possible to fix the membrane 
by means of a linear-guided suture, 
thus resulting in possible migration 
of the particulate graft material in an 
apicocoronal direction. Therefore, for 
multiple ridge defects the use of pins 
is still recommended, as the PVMS 
technique may not provide enough 
stability for grafts in defects from 
multiple missing teeth. The time of 
fixation is also limited by the biodeg-
radation period of the resorbable 
suture material. The suture material 
used in the case shown is Monocryl 
(clear) 6-0 (Ethicon), a monofila-
ment resorbable copolymer of gly-
colide and epsilon-caprolactone.  
According to the manufacturer, the 
time for complete resorption is be-
tween 91 and 119 days. However, the 
suture’s tensile strength after 1 week 
is approximately 50 to 60% of its ini-
tial strength, and approximately 20 
to 30% after 2 weeks in vivo, which 
means a loss of three-quarters of 
its tensile strength over the first 2 
weeks.  Even if there is no evidence 
in the literature for the amount of 
time required for membrane fixation, 
it may only be necessary for the initial 
weeks of healing until a preliminary 
bone matrix is established.

Conclusions

To perform a ridge augmentation 
using the GBR technique with par-
ticulate graft materials, there may 
be a preference for fixation of a re-
sorbable collagen membrane and 
immobilization of the bone graft. 
However, for single implant sites 
with adjacent teeth the technique 
described herein provides an alter-
native to pin fixation. The authors’ 
clinical experience with this tech-
nique has shown a low rate of dehis-
cence and good bone regeneration 
results. Nevertheless, further well-
designed clinical studies are need-
ed to prove that the technique 
described can produce comparable 
and reproducible results.
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