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Abstract

Background: Rehabilitation of edentulous ridges with im-
plants is becoming so popular. However, it becomes oner-
ous for a dentist to place implants in severely resorbed
ridges which requires tension free primary wound closure.
Instead of using invasive and extremely tedious methods to
augment soft tissue, an intra-oral soft tissue expander is an
ideal option.

Purpose: This review aims to pool all the data available on
the intra-oral soft tissue expander and all the recent advanc-
es of the concept of soft tissue expansion.

Material & methods: The electronic data bases search on
pubmed, google scholar and cochrane database for articles
searched until June 2020.

Results & discussion: Soft tissue expander can be used
as a very effective treatment option for increasing the soft
tissue volume before ridge augmentation. There are insuffi-
cient human intra-oral studies validating this method. How-
ever, there is a need for more well-designed human ftrials to
comprehend its use.

Keywords
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Introduction

Soft tissue complications like wound dehiscence af-
ter ridge augmentation is around 16.8% which occurs
mostly due to inadequate tension free primary would

closure [1]. Similarly, Proussaefs & Lozada reported
25% wound dehiscence in patients with vertical bone
augmentation with autogenous bone blocks [2]. Inad-
equate tension free primary closure is due to insuffi-
cient amount of overlying soft tissue. One way to avoid
wound dehiscence after guided bone regeneration tech-
nique is by using vertical releasing incisions and perios-
teal releasing incision for flap advancement. However
these two incisions greatly compromises vascularisa-
tion of the surgical area since it disrupts the continuity
of the flap and the periosteum [3,4]. Decreased vascu-
larisation and wound dehiscence negatively affect the
outcome of ridge augmentation [3]. For primary wound
closure and to prevent post-operative complications, a
very successful soft tissue management is mandatory.
Free fibula flaps [5], distraction osteogenesis [6], peri-
osteal distraction [7] and tissue engineered periosteum
[8] are some available methods for soft tissue augmen-
tation but their use for long length edentulous ridges is
very difficult. In plastic and reconstructive surgery the
soft tissue augmentation is done with the use of tissue
expanders [9]. This idea was mimicked with the use of
intra-oral soft tissue expanders to improve the overlying
mucosal volume before ridge augmentation. Intra-oral
soft tissue expander is a device that is placed in the sub/
supra-periosteal pouch that expands gradually leading
to increase in the soft tissue volume and thickness by
mechano-transduction. This literature review primarily

Citation: Medikeri RS, Pereira MA, Waingade M (2020) Intraoral Tissue Expander: Tissue Augmenta-

CLINME

INTERNATIONAL LIBRARY

#

tion for Deficient Alveolar Ridge by Mechanotransduction- A Systematic Review of Literature. Int J
Oral Dent Health 6:123. doi.org/10.23937/2469-5734/1510123

Accepted: December 29, 2020: Published: December 31, 2020

Copyright: © 2020 Medikeri RS, et al. This is an open-access article distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original author and source are credited.

Medikeri et al. Int J Oral Dent Health 2020, 6:123

ePage 10f 14 o



https://doi.org/10.23937/2469-5734/1510123
https://doi.org/10.23937/2469-5734/1510123
http://orcid.org/0000-0002-7879-8644
http://orcid.org/0000-0002-6831-1679
http://orcid.org/0000-0002-1996-573X
http://crossmark.crossref.org/dialog/?doi=10.23937/2469-5734/1510123&domain=pdf

DOI: 10.23937/2469-5734/1510123

ISSN: 2469-5734

focusses on the use of intra-oral soft tissue expanders
for soft tissue expansion in ridge augmentation.

Methods

The electronic data bases, pubmed, google scholar
and cochrane library were searched for articles pub-
lished from January 1950 until 1%t June 2020.

The terms “Tissue expander”, “Soft-tissue expand-
er”, “dental expander”, “oral expander”, “dental soft
tissue expanders”, “oral soft tissue expanders”, “Hydro-
gel expanders”, “Osmed® expanders” and “Osmed® soft
tissue expanders” were used. Only human studies that
have used intra-oral expanders for soft tissue expansion
in ridge augmentation was included in the study. Exclud-
ed studies include the use of intra-oral expanders used
in cranio-facial reconstruction and cleft lip and palate.
Animal studies, literature and systematic reviews, in-vi-
tro studies were excluded. The methodology of study
selection is illustrated in Figure 1.

Systematic assessment of papers

The methodological characteristics of the selected
papers were assessed according to the PICO format i.e.

P (patient/population): Patients requiring alveolar
ridge augmentation

| (intervention): Placement of soft tissue expander

C (comparison): Soft tissue volume with and without
placement of expander

O (outcome): Soft tissue expansion

All the studies were assessed separately by both the
authors and divergent opinions and assessments with
regards to the assignment of strengths and weaknesses,
consensus was reached by discussion.

History

The idea of using a tissue expander stems in 1957
when Charles Neumann was successful in reconstruct-
ing an external ear by placing an inflatable silicon rub-
ber balloon beneath the skin and inflating it by multi-
ple injections manually several times via an external
port [10]. However due to presence of the port close
to the reservoir, chances of infections and difficulty in
tracing the port for injection made the procedure stren-
uous for the clinician. Chedomir Radovan constructed
a conventional expander with inflatable reservoir but
with self-sealing valve and external port for breast re-
construction [11,12]. The following year, Argenta used
this technique for treatment of burns [13]. In 1992, Van
Damme used a conventional expander in craniofacial
defect [14]. Eric Austad and Rose developed a self-in-
flating hydrogen expander covered with semi-perme-
able silicon cover filled with hypertonic NaCl which did

PubMed (2236), Google scholar
(6490), Cochrane database (18)
n= 8744

No of articles excluded (n = 8706)
(Uses other than the oral cavity, Reviews, in vitro studies,

duplicates, animal studies)

Abstract screening

n=233

(n=18)

No of articles excluded

Articles on cleft lip and palate n =7
Articles on use of expanders in craniofacial
reconstruction = 9

Othersn=2

Full text screening

n=15

Figure 1: The methodology of study selection.
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Table 1: Classification of commercially available soft tissue expanders.

Standard tissue expanders

Differential tissue expanders

Custom built
tissue expanders

Anatomic tissue
expanders

Available in different shapes and sizes

such as circular, rectangular or crescentic
(croissant) with different volumes. These
expanders are made commercially available
by various manufacturing companies.

of the expander.

The stiffness or thickness of
the silicon envelope is altered
differentially in different areas

These expander
are customised
according to the
length, width and
volume required.

Used specially in breast
reconstruction. Becker
expander is a variation
of this type.

not require external port and multiple injections for in-
flation which overcame most of the trouble and cost of
the treatment for the patient [15]. It was based on the
principle that the expander would gradually swell due
to the osmotic forces of the surrounding fluid into the
hypertonic sodium chloride filled expander [15]. Hyper-
tonic sodium chloride solution was used since the solute
had to be a highly water-soluble, low-molecular weight,
non-toxic compound that produces two ions in solution
that double the effect of a single, non-ionised species
(e.g.: Glucose) [15]. These expanders were custom fab-
ricated by Dow-Corning Medical products in 1976. Later
in 1981, it was used in clinical trials in two patients after
multiple experimental studies [15]. However, it was ob-
served that the hypertonic NaCl solution in the expand-
er would leak out resulting in tissue necrosis [16].

As it is rightly said that “/Innovation is a continuous
process”. To overcome the limitations of the previous
expander, Wiese used a cross-linked hydrogel of co-poly-
mers based on methyl methacrylate and N-vinyl-pyrro-
lidone [17]. Osmed® (llmenau, Germany) designed and
manufactured the first commercially available self-inflat-
able osmotic expander in 1999 but FDA approved it in
2001 [16]. Osmed® osmotic expanders were later avail-
able in two generations. First and second generation ex-
panders only differed in the semipermeable silicon coat-
ing over the hydrogel present in the latter [16]. In 2007,
the availability of intra-oral miniature size self-inflating
expander made its use more easy and effective for soft
tissue mucosal augmentation [16].

Types of Soft Tissue Expanders

Tissue expanders can be mainly classified in two
types:-

1) Conventional soft tissue expander:

The conventional tissue expanders were made of
silicone rubber, with an external valve penetrating the
skin for manual inflation by serial injections. Repetitive
inflations increased the treatment time up to several
months [10].

The method of expansion was intermittent, creating
pressure peaks [18] that lead to hypoxia of the tissue
leading to expander perforation [17,19]. Multiple injec-
tions for inflation of reservoir were cumbersome for the
patient as well as for the clinician which also added the
cost of the treatment and was accompanied by compli-
cations such as infections, tissue necrosis, tissue perfo-
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ration and treatment failures [16].
2) Self-inflating soft tissue expander:

Self-inflating soft tissue expander consists of hy-
drogel encompassed with semipermeable silicon
membrane without an external port [15]. Hydrogel is
a three-dimensional (3D) network of hydrophilic poly-
mers that swells in aqueous media but does not dis-
solve in it due to the presence of cross-links and exhibits
anisotropic expansion [16,17,20,21]. The rationale for
using semi-permeable coating over the hydrogel was to
prevent the rapid expansion of the expander [22].

Soft tissue expanders can also be classified based on
the commercially available forms. (Table 1) [23]. Osmed
self-inflating tissue expander (Osmed GmbH, Germa-
ny), mentor tissue expanders (Mentor Worldwide LLC,
Minneapolis and CUI brand tissue expander (Allergan,
California) are some few commercially available tissue
expander used for skin and mucosal augmentation.

Intraoral self-inflating hydrogel soft tissue ex-
panders

The self-inflating hydrogel expanders are available in
two shapes:-

1) Cupola: Used especially in small edentulous
span (1-2 missing teeth) in the maxilla [23].

2) Cylindrical: Can be used in both maxilla and
mandible and is available in 4 different types depending
on the volume, length and width [23].

The commercially available self-inflating tissue ex-
panders for intraoral use (Osmed® Germany) are avail-
able in the following dimensions:-

Cupola: The expansion volume varies from 0.05 ml
with 6 mm diameter (before expansion) to 0.35 ml with
9 mm diameter (after expansion).

Cylindrical: Available in before expansion volume of
0.045 ml, 0.15 ml, 0.25 ml, 0.42 ml and after expansion
volume of 0.24 ml, 0.7 ml, 1.3 ml, 2.1 ml respectively.

Requirements of soft tissue expander

The ideal soft tissue expander should be made of
an inert material causing no toxic reactions to the sur-
rounding tissues. The expansion process should be
gradual, slow and as short as possible thereby causing
less discomfort to the patient and reducing the risk of
tissue perforation. It should result in reduction of treat-
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Tissue expander

Mechanical stimuli

A 4

A 4

G-protein  coupled Growth factor receptors

receptors

Stretch activated ion Integrins

channels

(PK-3K, MPAK, Ca®")

Regulation of downstream signals

proliferation

Epithelial cell & Keratinocyte

Figure 2: Mechanism of action of the soft tissue expander. The gradual expansion of the expander acts as mechanical stimuli
to the overlying tissue resulting in controlled epithelial/keratinocyte proliferation via the inter-play of receptors of the growth
factors, G-protein couple receptors, stretch activated ion channels and Integrins.

ment time. The ratio of volume after expansion/volume
before expansion of the expander has to be as large as
possible. An expander should be provided with an op-
tion for fixation on the tissues, so that the expander
stays in position during expansion. A rounded shape of
the expander is preferred. The surface area of the soft
tissue expander adjacent to the underlying tissue should
be as large as possible. The tissue expander should also
be adaptable to form and size of the underlying tissue.
The pressure to the underlying structures should be
evenly distributed distributed so local peak pressure is
minimized. The expander and its components should
be easily recognisable in the surgical field during place-
ment and removal. The placement of expander should
not be tedious and overtly technique-sensitive [24].

According to Mazzoli R, et al. soft tissue expanders
should be easily placed through a small access site and
should enlarge over a relatively short time. It should
be well tolerated over the long term. There should not
be any uncomfortable inflation spikes. The expanders
should be resistant to infection, extrusion or inflator
complications. Should require minimal intervention,
manipulation or revision [25].

Mechanism of Soft Tissue Expansion

Soft tissue expansion involves an inter play of
growth factors, cytoskeletal structures and protein ki-
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nases (Figure 2). It works via the stretch induced signal
transduction pathway.

It was initially proposed that, increase in surface area
was due to tissue stretching or “Mechanical Creep”. This
is seen physiologically in pregnancy, obesity and patho-
logically in tumor. Stress induced by expansion results in
cellular proliferation and DNA synthesis [26].

Growth factors

Growth factors play a very important role in cell
homeostasis, so their role in cell proliferation second-
ary to mechanical strain cannot be ignored. EGF, IGF,
TGF help in cell proliferation by governing changes in
extracellular matrix and cytoskeletal system [10-12].
EGF is associated with cell proliferative response since a
large amount of EGF receptors are found on actin-bind-
ing proteins which causes depolarisation of cells lead-
ing to influx of cations [26]. TGF-B protein is secreted
in response to mechanical stretch stimuli [27]. Stretch
induced cell proliferation is matrix dependant, this jus-
tifies the role of TGF-B on the amount of type | and IV,
fibronectin and other ECM molecules. Mechanical strain
also has an autocrine function on the cell by influencing
the expression of TGF-B and IL-1 in human keratinocyte
that initiates the cascade of cell proliferation [26,28].
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Integrins

Integrins act as mechanochemical transducers
that transmit extracellular signals to the cytosol in a
force-dependant manner. It results in cell proliferation
by activation of varied growth stimulatory proteins such
as tyrosine kinase, phospholipase C, protein kinase C.

Cytoskeleton of the cell participates in initiating the
mechano-transduction pathway by converting external
applied forces into biochemical signals. Rearrangement
of actin filaments in the cytoskeleton of cell results in
morphological changes of the cell in response to me-
chanical strain. Actin filament bundles interact with ad-
jacent cytoplasmic membrane via vinculin, talin, paxil-
in. In mechanical stress, there is interchange of signals
through these microfilaments which help in transmitting
mechanical signals into the cytosol of cells leading to
alteration of extracellular matrix and cell proliferation.
This occurs with the activation of integrins that promote
formation of focal adhesion complexes which provide a
link between integrins-induced receptors and the actin
cytoskeleton along with the signal transduction into the
cell [26,28].

A number of research studies have emphasized on
the role of Ca% in stretch induced cell contraction, ac-
tivation of various intracellular enzymes like the phos-
pholipase C resulting in activation of protein kinase C
which results in cell growth. Mechanical strain is known
to induce conformational change in cell membrane
leading to activation of voltage gated Ca?* channels that
allow the influx of Ca®*ions and also increase the sensi-
tivity of cells for extracellular Ca**ions [26].

Protein kinase

Mechanical strain activates phospholipase C thereby
activating the phospholipase C-dependant pathway and
protein kinase C. The cytoskeleton changes, EGF, Ca*
are known to activate protein kinase C for cell prolifer-
ation [26,27].

Second messenger systems like cAMP are studied
extensively by investigators since they are known to
play a very important role in cell proliferation probably
because there is consumption of cAMP to produce cell
protein. Itis studied that prostaglandin E2 and cAMP are
known to be involved in cell proliferations in response
to mechanical stretching [26,27].

These are the various pathways proposed by exten-
sive laboratory studies aiming to understand the re-
sponse of cells to mechanical stress and stretch. How-
ever, still the exact pathway is unknown.

Clinical applications

1) Intra-oral tissue expanders are used for soft tissue
augmentation before vertical/lateral hard tissue
augmentation [16]. Expanders increases the soft tis-
sue volume which helps in the primary wound clo-
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sure during ridge augmentation procedures and pre-
vents wound dehiscence during healing.

2) Plastic and reconstructive surgeries for congenital
defects, anomalies and trauma (e.g. congenital nevi
etc) [25].

3) Cleft lip/cleft palate [29].
4) Scars and contractures [30].

Guidelines for placement of intra-oral expander

Expander size selection: Selection of appropriate
size of an expander is obligatory for optimum soft tis-
sue augmentation. The clinician can easily pick an ap-
propriate size of the miniature soft tissue expander with
the help of a template provided by the manufacturer.
Osmed® Germany provides five types of templates
mimicking the five sizes of tissue expanders. Both the
ends of the instrument gives a perfect idea to the cli-
nician with regards to the size of the expander before
expansion as well as after expansion.

Tunnel preparation: A sub-periosteal or supra-peri-
osteal tunnel is dissected a little more than the size of
the expander with the incision a bit away from the ex-
pander [16]. The template can be placed in the tunnel
to recheck for the correct size of the expander as well as
the tunnel dissected.

Fixation of the expander within the tunnel: The ex-
pander is slipped into the tunnel and fixated on the bone
with a fixation screw. The flat end of the soft tissue ex-
pander facilitates screw fixation. Chewing or expanding
forces can displace the expanders therefore it is man-
datory to fixate the expander. It is necessary to avoid
perforations while preparing the tunnel [16]. Placement
of expanders in oral mucosa is technique sensitive since
the preparation of the tunnel and selection of the ap-
propriate size of the expander needs experience and
skill. The tunnel can be closed by two layered wound
closure with fine sutures [16]. Placement of the expand-
er within the tissue and mechanism of tissue expansion
is depicted in the Figure 3.

Removal of the expander: The expander is kept for
almost 20-60 days depending upon the location and size
of the expander and defect [22,31]. Larger the size of
the expander, more is the time it takes to swell [31].
Expanders used for breast reconstruction are kept for
around 6 months in the tissues [16].

Clinical studies on the use of intra-oral soft tissue
expander for tissue expansion before ridge augmenta-
tion: Most of the animal studies on the intra-oral use
of soft tissue expander for ridge augmentations have
reported that the use of soft tissue expanders results in
considerable increase in soft tissue volume that allows
efficient ridge augmentation and primary tissue closure
with minimal complications [9,32-48]. The soft tissue
expanders were left in the animal jaw for minimum of 2
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Figure 3: Placement of the expander within the tissue and mechanism of tissue expansion (a- Oral epithelium; b- Fibroblast;
c- Blood vessels; d- Intraoral tissue expander; e- Periosteum; f- Bone; g- Fibrous capsule). (A) Small access incision and
placement of intraoral tissue expander within the tunnel; (B) Flat (unexpanded) tissue expander within the tunnel; (C) Expansion
of the expander within the tissues (convex shape) that stimulates the release of cytokines, changes in the cytoskeleton and
protein kinases by mechano-transduction; (D) Increase in the microvessel density and the number fibroblast and collagen
within the connective tissue. Placement of tissue expander for a long time can result in formation of fibrous capsule around it.

weeks to 6 weeks [9,32-48]. Performing animal studies
gave an opportunity to even assess the histologic and
histomorphometry features of the soft and hard tissue
changes after the use of soft tissue expanders that has
proved that the expanders improve the micro-circu-
lation as well as soft tissue volume due to the fibrous
capsule formation and little or no inflammatory changes
[9,37,42,43,46]. This therefore gave an opportunity for
researchersto assess and replicate the results in humans
and expand the possibilities of using the expander prior
to ridge augmentation. Intra-oral soft tissue expander
was not effective in the palatal region which was shown
in five studies. It was reported that maximum effective-
ness of the soft tissue expander is not appreciated in
the palatal region due to the presence of highly kera-
tinised, fibrotic palatal soft tissue and the hard palate
beneath. The use of the expander in the palatal region
in growing cats have retarded the transversal growth in
the anterior part of the bony palate and dentoalveolar
structures [32-34,41,42]. Swan M, et al. observed a sub-
stantial increase in the palatal soft tissue volume due
to the formation of soft tissue capsule with no acute
inflammatory response in 6 porcine palate along with
attenuation of the palatal bone shelf [42]. The author
also advocated that the use of silicon coated intra-oral
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soft tissue expander allowed controlled soft tissue ex-
pansion unlike uncoated expanders that led to animal
euthanasia due to mucoperiosteal ulceration by exces-
sive soft tissue expansion [43].

Human studies on the use of intra-oral soft tissue ex-
pander and the outcomes are summarised in Table 2 [48-
62]. Human studies showed that the advantage in using
a tissue expander is that there is considerable soft tis-
sue augmentation both in quality and volume in a short
duration of 20-40 days. Byun H, et al. also observed no
thinning of the overlying epithelium on account of the
expansion of the expander [52]. Mertens, et al. also re-
ported that the expanded tissue was normal in color,
texture [56]. The disadvantages of placing the expand-
er sub-periosteally was that a slight amount of bone
resorption was observed on account of the expansion
process, however this was not observed in the human
studies [47]. This procedure is highly technique sensi-
tive especially while fixating the expander and some
amount of expansion of the expander takes place. There
have been cases of minor perforation of overlying tissue
during expansion in-situ [4]. Mild pain, infection, per-
foration and temporary paraesthesia were some of the
complications experienced by patients [48-62]. Place-
ment of soft tissue expander did not result in increase
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of vestibular depth nor increase in the keratinised tissue
width.

Effect on tissues

Connective tissue capsule formation: A connective
tissue capsule is formed around the tissue expander
[16,43]. The outer layer of the capsule contains fibro-
blast and inner layer consist of macrophages [43]. Some
researchers believe that the increase in the soft tissue
volume is due to the presence of this connective tis-
sue capsule [43]. It has been observed that the outer
layer consist of rich collagen fibers, and the innermost
layer adjacent to the capsule is richly vascularized after
the removal of the soft tissue expander. Abrahamsson
removed sub-periosteal expanders 14 days post-inser-
tion without any signs of fibrous tissue encapsulation
[54]. Similarly Mertens C also observed a thin capsular
around the expander when left for more than 20 days

[52]. Soft tissue expanders should not be kept for a long
time in situ as the capsule becomes thicker [23]. A sub-
periosteal placement of soft tissue expander negatively
affects the post-expansion augmentation of bone grafts
since it is presumed that the periosteum gets converted
into fibrous connective tissue that fails to provide viable
progenitor cells and also affects the vascularization of
the site [23].

Micro-circulation of the soft tissue: The effect of
soft tissue expanders on the micro-circulation was as-
sessed by Kaner and Friedman by Laser Doppler Flow-
metry [23,43]. It is observed that higher microvessel ca-
pacity and blood flow were found in soft tissue in sites
where soft tissue expanders were placed compared to
sites with no tissue expanders. Von See reported that
subperiosteal implantation of expanders resulted in
complete ischaemia of periosteum in 14 days leading to

Table 2: List of human studies with the use of intra-oral soft tissue expander.

Sr. Author (year) Type of No. of Placement of Duration Result Complications
No. study expanders expander
placed
1 Byun SH, et  Prospective 23 Sub-periosteal 4 weeks 1) Mean tissue augmentation | 1) Two patients
al. [31] randomised was 6.88 + 1.64 mm vertically. experienced
control trial . tearing of the
§1)eLeJlI:arZ(r):eor?trsag? Icfverl in silicone shell
1easu ying leading to
gingiva revealed no thinning uncontrolled
after tissue expansion (p > over-expansion.
0.05).
3) Higher vertical bone gain 2) One patient
. : showed
was shown in the experimental mucosal
group (5.12 + 1.25 mm) .
: . perforation
compared with that in the associated with
control patients (4.22 + 1.15 .
. previous severe
mm;(p < 0.05).
scars.
2 Salah El- Prospective 8 Sub-mucosal 60 days | 1) The mean soft tissue No
Abbasey, et | clinical volume after 60 days following | complications
al. [49] study the expansion procedure was
834.4 £ 59 mm? on optical
scanning of pre and post-
operative cast analysis.
2) No underlying bone
resorption was observed
due to the placement of the
expander sub-mucosally
3 Elbolke NN, | Prospective | 10 Sub-periosteal 4 weeks | Primary wound closure during | Minor
et al. [50] clinical bone augmentation procedure perforation at
study Sufficient bone volume (1.19 02 S|te_s c_lo_se
- to the incision
cm?) was clinically observed i ;
ine measuring
for the placement of dental
implant 4 x5 mm
Impiants. and 4 x 7. mm
respectively.

Medikeri et al. Int J Oral Dent Health 2020, 6:123

ePage 7 0f 14 e



https://doi.org/10.23937/2469-5734/1510123

DOI: 10.23937/2469-5734/1510123

ISSN: 2469-5734

Bhavsar AK,
etal. [51]

Prospective
randomised
control trial

Sub-periosteal

2 weeks

1) No mean gain in Keratinized
tissue width: The mean
difference from baseline to six
months is 0.46 mm + 0.292
mm which is statistically not
significant (p = 0.061).

2) No mean increase in
vestibular depth from baseline
to six months post-operatively
(p=0.977).

3) No mean increase in

keratinized tissue thickness
from baseline to six months
post-operatively (p = 0.592).

4) No improvement in gingival
recession depth from baseline
to six months post-operatively
(p = 0.693).

5) A good color and texture
achieved six month post-
operative p < 0.01.

6) Statistically insignificant
difference in Plaque index and
Gingival Index (p = 0.732, p

= 0.147) at baseline and 6
months post-operatively.

7) Osmed® STE could
generate surplus of soft

tissue volume but it proved

to be ineffective in achieving
significant gain in the
keratinized tissue. However,
the gain thus obtained was not
sustained.

Mertens C, et
al. [52]

Prospective
clinical
study

Sub-periosteal

20, 40,
60 days

1) The expansion time
depended on the defect size
and expander dimensions.

2) The expanded soft tissue
was of normal texture, color,
and thickness.

3) No signs of inflammation or
thinning of the mucosa were
visible.

4) No increase in keratinized
mucosa was documented after
the expansion phase.

Perforation of
the expanders
through the
oral mucosa,
extreme
preoperative
scarring in the
treated areas.

Park SH, et
al. [53]

Case series

02 (0.15,
0.045 ml)

Sub-periosteal

Case 1:
6 weeks

Case 2:
3 weeks

Tension-free wound closure
over the augmented bone
without periosteal incision after
the use of the expander.

No
complications

Abrahamsson
P, et al. [54]

Prospective
clinical
study

20

Sup-periosteal

2 weeks

The mean soft tissue profile
change was more after placing
soft tissue expander.

The mean vertical and lateral
augmentation at grafting

and implant placement was
more after placing soft tissue
expander.

2 patients
had minor
perforation of
the soft tissue
expander.
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8 Kaner D, et Proof of 24 Subperiosteal 60 days 1) After expander placement | 02 sites had
al. [55] principle expander incidence of graft expositions | perforation.
o,
study was low (4%). 02 sites had
2) MicroCTs of bone revealed | infection.
a good ratio of bone volume/
tissue volume (mean BV/TV 5
0.1614 0.0582).
9 Von See C, et Technical 1 Subperiosteal 21 days  Tension-free coverage of No technical
al. [56] note expander the augmented bone without | problems or
periosteal releasing incision. inflammatory
reactions.
10 Lew D, etal. | Prospective 10 Subperiosteal - To avoid injury to mental and | One patient
[57] clinical expander inferior alveolar nerves as complained of
study well as perforation of sinus continuous pain
membrane, a bilateral crestal | following the
incisions at canine area with procedure.
subperiosteal expander witha _.
posterior filling port was used. T|s§ue .
dehiscence in
the horizontal
ramus area.
Hypoesthesia
of the inferior
alveolar nerve
6 months
postoperatively.
11 Quayle AA, et Prospective 18 Subperiosteal  3-6 1) The procedure is technique | 1) Transient
al. [58] clinical expander weeks sensitive mental nerve
study hypoesthesia:

2) Predictable ridge
augmentation is obtained,
dissemination of HA particles
is eliminated and significant
improvement in denture
function is achieved.

Due to direct
manipulation
of the nerve
during the
dissection.

2) Wound
dehiscence:
Due to
Staphylococcal
infections.

Patient’s
medical
condition
(emphysema)
and serial
inflations with
larger volume
was performed.

3) Dehiscence:
Pinhead sized
defect on

the lingual
aspect of the
augmented
ridge due to the
over packing

to the HA at
second stage

surgery.
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12 Schwartz HC, | Prospective |17 Subperiosteal 2 weeks 1) The expander is placed 1) No
et al. [59] clinical expander under direct visualization via infections,
study an extraoral approach and no wound
hydroxy-apatite was injected | dehiscence,
into this capsule from the and no vascular
intraoral route in class IV problems,
mandibular resorption cases.  no deflations
or other
e e mechanca
- . L failures of the
injury and its complications as STE
well as reduced the hospital ’
time. 2) In one case,
3) The extra-oral approach the §-|I|-E dwa'?h
was most reliable and effective Vo oo V!
. saline that
method of treatment especially lted in
for the geriatric patient rbes”u .
population. allooning of
the STE and
corresponding
bulge in the HA
at that spot.
This led to a
painful area
when a denture
was worn
which had to be
trimmed.

13 Wittkampf Case series | 60 Subperiosteal |1 month  Sufficient soft tissue 1) Two patients
Albert, et al. U-shaped  expander augmentation with the use of  had unilateral
[60] silicone 3.6 soft tissue expanders. paraesthesia

mL of the lower
lip after
insertion of the
expander.
2) Two
dehiscence
occurred
immediately
after insertion
of the STE.

14 Lew D, etal. Case report |1 Subperiosteal |1 month | An advantage of placing the Two problems
[61] expander soft tissue expander was faced:

increase in quantity and the
quality of the soft tissue. The
flaps are highly vascular and
thick because of the fibrous
capsule that forms around the
tissue expander.

1) The need

for an added
procedure to
insert the tissue
expander.

2) Time
necessary to
incrementally
inflate

the tissue
expander.
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N

15 Lew D, et al Preliminary

[62] report expander

Subperiosteal

4-5 Advantages: 1) Two patients
weeks 1) A major advantage of the expgrlenced
. . . dehiscence of
tissue expander is that with S
. the incision.
the controlled tunnel formation
a subsequent vestibuloplasty | 2) Pain on

is not always necessary.

2) Scarred tissue in previously
surgically involved areas can
be satisfactory dissected

injection of the
saline.

3) Loss of
sensation in the

for tunnel preparation in
augmentation.

mental region.

3) The morbidity associated
with this procedure is less
than that encountered with
the complete open envelope
technique of the maxilla

and mandible for class IV
reconstruction.

STE: Soft Tissue Expander.

conversion of periosteum into a connective which was
richly vascularised with a higher density of micro-ves-
sels in the soft tissue surrounding a slowly inflating ex-
pander compared to a rapidly inflating expander [56].
Histological investigation reveals that the junction be-
tween connective tissue capsule and host tissues shows
an increased number of blood vessels, which contrib-
utes to an actual increase in the vascularity of the soft
tissue and rapid angiogenesis [63].

Effect of soft tissue expander on bone: Expansile
forces are transmitted in all directions in the tissue. It
was observed that expander left a foot-print on the skull
after its removal. Few animal studies demonstrated a
decrease in the bone density when the expanders were
directly in contact with bone since the underlying bone
surface acts as a counter-bearing area [64]. Some stud-
ies reported bone resorption or decreased bone density
after expander placement [36,52,65,66], while contra-
dictory findings negating this observation was reported
in the other studies which showed no bone resorption
or even new bone formation [54]. However, Sato, et al.
concluded that there was no bone resorption with con-
tinuous compressive pressure of < 1.96 kPA [67].

Biocompatibility

Hydrogel expanders are biocompatible and are con-
sidered to be inert with no toxic, mutagenic, or immu-
nologic reactions, not neglecting the fact that the fi-
brous tissue capsule is formed around the expander due
to aseptic inflammatory reactions [20]. An in-vivo study
demonstrated that the monocytes neither migrated nor
they were tightly attached to the hydrogel, nor did they
phagocytose the expander material. The presence of
hydrogel expander did not disturb the differentiation
processes of monocytes to macrophages or dendritic
cells, respectively [20].

The advantage in using soft tissue expanders is that
it improves both the soft tissue quality, volume and also

Medikeri et al. Int J Oral Dent Health 2020, 6:123

increases the vascularity that positively affects the ridge
augmentation outcomes. Conversely, expanders come
at a higher cost and increased treatment time since it
is implanted in the mucosa for 20-60 days before ridge
augmentation. It requires two surgical procedures
during placement and removal of the expander. The
use of soft tissue expanders in the palate is very limited
since the palatal tissue is very fibrotic [67,68].

Complications

Some complications do occur after use of soft tissue
expanders like expander perforation or soft tissue per-
foration. Subperiosteal implantation causes significant
resorption of the underlying bone [50]. Seroma forma-
tion was also observed in Ronert study with the use of
conventional expanders [22]. Paresthesia of lip is not
uncommon due to the subperiosteal tunnel prepara-
tion [60]. However such complications can be avoided
by higher technical skills and proper selection size of
the expander. Candida infections and Aspergillus Niger
around and in the soft tissue expander were observed
in breast implantation of inflatable expander however
its occurrence with the use of osmotic intra-oral tissue
expander has not been observed yet [69,70].

Future considerations

A lot of literature is available regarding the use of
tissue expanders in animal studies, however expand-
er used in human clinical trials are in countable num-
ber. The effect of soft tissue expander on the under-
lying bone needs to be studied yet, as no significant
conclusion can be made. Studies evaluating the effect
of soft tissue expander on periodontal clinical param-
eters assessing the width of keratinized tissue and tis-
sue biotype are required [16]. Further more technical
guidelines are necessary regarding the subperiosteal
or supra-periosteal tunnel dissection for placement of
expander in relationship to the gingival biotype. In vivo
study by Varga, to assess the properties of different hy-
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drogel made of acrylamide, acrylic acid or N-isopropy-
lacrylamide found that although N-isopropylacrylamide
was one of the most appropriate hydrogel to be used in
plastic and reconstructive surgeries, future clinical trials
are needed to validate this [71].

An alternative to soft tissue expanders to increase
the soft tissue volume before bone augmentation is by
using connective tissue graft or other regenerative ma-
terials or by making the flap mobile by giving periosteal
releasing incision during the bone augmentation proce-
dures.

Conclusion

Improvement in the quality and quantity of the soft
tissue that enhances the tension free closure during
ridge augmentation can be achieved with the use of
soft tissue expanders. More clinical trials authenticating
its intraoral use in humans are needed to bring such a
promising option forward that will encourage its use in
dentistry.
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