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ABSTRACT

Statement of the Problem: Recently allogenic mesenchymal stem cells are proposed
to have multipotential progenitor cell capabilities to differentiate into cementoblasts,
osteoblasts, and periodontal ligament fibroblasts.

Purpose: The aim of the present study was to compare the efficacy of human umbili-
cal stem cells cultured on polylactic acid (PLA), polyglycolic acid (PGA) membrane
with PLA/PGA membrane alone in the treatment of multiple gingival recession de-
fects.

Materials and Method: A total number of 14 cases of multiple gingival recession
(Miller’s Class | or II) located in the anterior region were randomly selected and divid-
ed into test (stem cells in combination with PLA/PGA membrane) and control group
(PLA/PGA membrane alone). Clinical parameters including gingival recession, prob-
ing pocket depth, clinical attachment level, and width of keratinized gingiva were rec-
orded at baseline, and at 6 months postoperative.

Results: At baseline, there was 2.28 mm and 2.14mm mean gingival recession at 16
sites and 14 sites in test and control groups respectively. At 6 months post-surgery, test
group showed 1.57 mm mean reduction of gingival recession indicating 66% root
coverage, while the control group showed 1.24mm mean reduction of gingival reces-
sion indicating 57% root coverage.

Conclusion: In the present study, the stem cell with PLA/PGA membrane showed
significantly higher mean root coverage compared to only PLA/PGA membrane group.
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Introduction

standard in recession management. [9] Although effec-

Gingival recession defects present both functional and
aesthetic problems that require effective treatment to
achieve long-term positive clinical outcomes. Many
techniques have been developed to deal with this prob-
lem, including the use of pedicle flaps, [1-3] free gingi-
val grafts, [4] allografts, [5] and connective tissue grafts
with pedicle flaps. [6-8] The use of a subepithelial con-
nective tissue graft (SCTG) is the most widely used,
most predictable technique and considered the gold
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tive, it requires a second surgical site (palate) and only a
finite amount of donor tissue is available. Thus, an al-
ternative to SCTG is desired. Since, the early 1990’s
clinician have shown increasing interest in root cover-
age techniques based on the principle of guided tissue
regeneration (GTR) [10-12] with the purpose of a more
stable root coverage and healing by the formation of
new cementum, periodontal ligament and bone over the
exposed root surface. [13] In a recent meta-analysis, 40
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investigations in which GTR was applied for root cov-
erage were reviewed. [10] An average of 75% of ex-
posed roots was covered, with complete coverage in
42% of the treated sites. The GTR technique of using
polylactic acid (PLA), polyglycolic acid (PGA) bio-
absorbable membrane doesn’t require a second surgical
procedure for its removal and previous studies have
demonstrated that PLA/PGA is biocompatible, non-
allergic and does not produce any inflammatory re-
sponse. However, it has been claimed that the healing of
periodontal defects using GTR therapy occurs by new
attachment. [14] Therefore, periodontal regeneration in
the context of GTR therapy in the management of gin-
gival recession needs to be evaluated further with more
randomized controlled clinical trials. [15]

Recently, McAlliste [16] used commercially
available allogenic mesenchymal stem cells for the
treatment of periodontal defects in human and reported
significant radiographic defect fill at 6 months post
surgery in infrabony defects. Allogenic mesenchymal
stem cells (MSCs) are multipotential honhematopoietic
progenitor cell capable of differentiating into cemento-
blasts, osteoblast, and periodontal ligament fibroblast.
[17] Because of their low immunogenicity due to their
lacking expression of co-stimulator molecule, they are
able to escape alloantigen recognition. In addition,
MSCs can inhibit immune response invitro and invivo in
a dose-dependent non-human leukocyte antigen (HLA)
restricted manner. [18-19] These properties make
allogenic MSCs promising candidate cells for tissue
regeneration. The favorable results of the studies on
GTR in the treatment of gingival recession defects, the
combination of the bioresorbable membrane with
allogenic stem cells for the treatment of multiple gingi-
val recession defects may provide favorable root cover-
age by true periodontal regeneration. Therefore the pre-
sent randomized controlled clinical study was undertak-
en to evaluate the effectiveness of human umbilical
stem cells in combination with bioresorbable PLA/PGA
membrane under coronally positioned flap and com-
pared with PLA/PGA membrane alone in the treatment
of multiple marginal tissue recession.

Materials and Method
Fourteen systemically healthy patients aged between 18
to 35 years with multiple gingival recession defects on

the labial or buccal surface of the teeth were selected
from the outpatient department of Periodontics, Sharad
Pawar Dental College, Sawangi (Meghe), Wardha. The
patients fulfilling following criteria were included in the
study. Patients having either Miller’s Class I or II gingi-
val recession, radiographic evidence of sufficient inter-
dental bone (the distance between the crestal bone and
cementoenamel junction as < 2mm), presence of width
of keratinized gingiva apical to recession > 3mm with
adequate vestibular depth were included in the study
and patients with thin gingival biotype, malposition of
teeth, unacceptable oral hygiene, using tobacco prod-
ucts, pregnant lady or lactating mother were excluded.
Prior to initiating this study, the purpose and design of
this clinical trial was explained to the patients and
agreed to participate during the entire period of study.
This study was approved by an Ethical Committee, Dat-
ta Meghe Institute of Medical Sciences, Sawangi,
Wardha.

Study Design

A randomized parallel single blinded designed con-
trolled clinical study was performed over six month
period. Each patient with minimum two adjacent reces-
sion defects was included in the study. Prior to surgery,
the patients were randomly assigned by a coin flip to the
stem cell in combination with PLA/PGA membrane
(test group) and only PLA/PGA membrane (control
group) with both groups consisting of 7 patients each.
Isolation and culture of mesenchymal stem cell

Human umbilical cord was collected from the hospital
in a sterile tube and then isolated and cultured by the
international stem cell services (Shri Raghvendra Bio-
technology Pvt. Ltd. Bangalore). The cord was washed
properly such as to clean up the blood from the cord.
The cord was surface sterilized by 70% ethanol and then
chopped into pieces of 2 inches. The Wharton’s jelly
was opened and the cord tissue was subjected to enzy-
matic treatment with collagenase Type II. The cell sus-
pension was taken and was washed twice with ringer
lactate. The cells were plated in a T75 flash with Stem
Pro MSC SFM media. After 3 days the media was re-
placed. The flask was kept in cultured until confluence.
The cells in the flask were then subjected for trypsiniza-
tion. The cells were counted and then cultured for 3days
on the scaffold (PLA/PGA bioresorbable membrane;
BioMesh - S®, Samyang corp, Korea) of 3X4 cm which
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was provided 10 days before proposed date of the surgi-
cal procedure, to the international stem cell services.
The stem cells were cryopreserved with different media
containing dimethyl sulfoxide, patient’s serum and hu-
man albumin. The viability of the cells was studied by
dye exclusion method and motility. An estimated count
of 5 lakh stem cells per mm? on the membrane was con-
sidered as acceptable for the membrane to be used in the
surgical procedure.

Initial therapy

Every patient was received initial therapy consisting of
oral hygiene instructions, scaling and root planning,
professional polishing with the use of rubber cup and a
low abrasive polishing paste. Occlusal adjustments were
done if needed. A modified Stillman’s brushing tech-
nique will be prescribed for teeth with recession -type
defects in order to minimize tooth brushing trauma.

If needed, additional professional oral hygiene
procedures were carried out and oral instructions reinsti-
tuted to achieve plaque scores of < 1. Further needed
dental treatments were also being carried out. All pa-
tients were asked to sign a written consent form and
should agree to participate during the entire period of
study.

Clinical Measurements

Before anesthesia, on the day of the surgical procedure,
3 months and 6 months later, full-mouth plaque scores
were recorded using the plaque index by Turkey- Gil-
more- Glickman modification of Quigley-Hein [20]
while gingival inflammation was assessed using gingi-
val bleeding point index by Lenox and Kopczyk. [21]

The following clinical parameters were measured
for assessment of the results in all the treated cases:
probing pocket depth (PPD), clinical attachment level
(CAL), gingival recession (GR) and width of keratin-
ized gingiva (WKG) by using a UNC-15 periodontal
probe (PCP-UNC 15 probe tip; Hu-Friedy, Chicago,
IL). All the probing measurements were recorded at
maximum depth recession (mid-facially per tooth). The-
se measurements were recorded only on teeth to be
treated at baseline and 6 months postoperatively. Base-
line clinical parameters were recorded 6 weeks after
initial therapy.

Surgical procedure
Prior to the surgical procedure, the patients were in-
structed to rinse with 0.2% chlorhexidine gluconate
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(Hexidine-ICPA Health Product Ltd., India) for one
minute. The surgical protocol would emphasize com-
plete asepsis and infection control. After induction of
local anesthesia (2% lidocaine, epinephrine 1: 100,000),
the exposed root surfaces were carefully planned with
ultrasonic instruments followed by curettes.

Preparation of recipient site

The intra-sulcular incision was made at the buccal/labial
aspect of the involved teeth and the incision was ex-
tended horizontally into the adjacent interdental areas, at
the level slightly coronal to the cementoenamel junction
without interfering with the gingival margin of the
neighboring teeth. Two oblique vertical incisions mesial
and distal to the selected sites were given extending
beyond the mucogingival junction and a trapezoidal
mucoperiosteal flap was raised up to the mucogingival
junction. After this point, a split thickness flap was ex-
tended apically beyond the mucogingival junction re-
leasing the tension and favoring the coronal positioning
of the flap. The epithelium from the adjacent papillae
was stripped away so as to create a connective tissue
bed for suturing the coronally positioned flap. The root
surface was instrumented with curettes and washed with
saline solution.

A sterile template (aluminum foil) was utilized to
obtain the approximate dimension of the recipient site.
Using the surgical template, stem cell cultured
PLA/PGA membrane was trimmed and placed extend-
ing 1 mm apical to CEJ and covering 2 to 3 mm on me-
sial, distal and apical to the recession area and sutured in
place by using continuous sling sutures with the help of
resorbable sutures (4-0 absorbable surgical suture;
braided black silk, Vicryl, Ethicon, Johnson & Johnson
Ltd.). The flap was carefully placed over the site, ensur-
ing the membrane was not moved. The flap was coro-
nally repositioned in such a way that the flap margin
was located 1mm coronal to CEJ, thereby completely
covering the membrane. The flap was then sutured by
using continuous sling sutures (4-0 Non-absorbable
surgical suture; braided black silk, Mersilk, Ethicon,
Johnson & Johnson Ltd.). Surgical procedure for the
control group (Figure 1a-1e) was same as that of the test
group (Figure 2a-2e) except for the omission of stem
cell in the membrane. Immediately after surgery, perio-
dontal dressing (Coe-Pak; GC America, Alsip, IL, USA)
was placed on the recipient site as well as a donor site.
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Figure la: Pre- operative view with recession in #31 & #41 region, b: Releasing incision at recipient site, c¢: PLA/PGA membrane
stabilized at the recipient site, d: Sutures placed at the operated site, e: Post-operative view after 6 months.

Post-operative care flossing around the surgical area until suture removal
Patients were instructed to refrain from brushing and (14 days post-surgery) and to consume only soft foods

Figure 2a: Pre- operative view with gingival in #31 & #41 region, b: Releasing incision extending beyond muco-gingival junction, c:
Stem cells impregnated PLA/PGA membrane stabilized at the recipient site, d: Sutures placed to cover the membrane, e: Post-operative
view after 6 months.
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Table 1: Comparison of mean full mouth plague index (FMPI) and gingival bleeding point index (GBI) percentage between baseline,
3 months and 6 months follow-up for stem cell in combination with PLA/PGA membrane(test group) and PLA/PGA membrane alone

(control group).

Parameters Groups 3 Months 6 Months
EMPI Test 0.18+0.04 0.28+0.048
Control 0.16+0.06 0.30+£0.03

Test 34.33+7.34% 20.41+6.24% 27.50+6.84%

CEAEEEEEss) Control 35.41+5 5% 15.50+3.17% 25.08+4.03%

during the first week after surgery. Patients were also
instructed to avoid any mechanical trauma to treated
sites. For 4 weeks, patients used a 0.12% chlorhexidine
solution rinse for 1 minute twice daily.

Statistical Analysis

The means and standard deviation (Mean£SD) values
were calculated for all clinical parameters including
PPD, CAL, GR, and WKG. The mean data was ana-
lyzed for the statistical significance by the standard sta-
tistical method. Student’s paired t-test was used to com-
pare data from baseline to those at 6 months for each
treatment group. A comparison between treatment
groups at baseline and 6 months was accomplished with
student’s unpaired t-test. If the probability value (p) was
more than 0.05, the difference observed was considered
non-significant and if less than 0.05, it was considered
significant.

Results

The mean full mouth plaque index score at baseline was
0.41+0.06 and 0.38+0.05 for the test and control group
respectively. There was statistically significant decrease
in plaque score at 3 months and 6 months compared to
baseline in both the groups. The mean PI scores during
6 months period remained below score 1 (Table 1). At
baseline, the GBI percentage was 34.33t+ 7.34% and
35.4145.55% for test and control group respectively.
Gingival bleeding point index scores, when compared
with baseline measurements versus 3 months and 6
months post-surgical measurements by using paired t-
test, we observed statistically significant reduction in
gingival bleeding point index percentage at 3 and 6

months post-surgery (p< 0.05), indicating improvement
in gingival condition throughout the study period (Table
1).

Mean values for all the clinical parameters at
baseline and 6 months for test and control group were
reported in Table 2 and 3, while the comparison be-
tween the groups was reported in Table 4 and 5. Both
test and control group showed a significantly greater
reduction in gingival recession (1.57+0.89mm and
1.24+0.47 mm respectively) at 6 months postoperatively
(p< 0.05), when to mean gingival recession reduction in
the test group compared with the control group a non-
significantly greater reduction was demonstrated in the
test group. Similarly, when the comparison was made
for mean root coverage between test group and control
group at 6 months, significantly higher root coverage
was observed in the test group (66.26% Vs 57.38%).
(Table 5) CAL gain was also greater in the test group
(1.78+1.1 mm) as compared to control group (1.74+0.62
mm) and a statistically non-significant difference was
found between test and control group (Table 4). Mean
PPD reduction was 0.35+0.37mm and 0.42+0.34 mm in
test and control group respectively and mean an increase
in WKG was 0.74+ 0.75mm in the test group and
0.78+0.56 mm in the control group at 6 months postop-
eratively. When comparison was made between test and
control group statistically non-significant difference was
observed in both PPD reduction and WKG increase
(Table 4).

In the test group, on an average 66.26+26.95 % of
the root surfaces initially exposed due to the recession
were covered with soft tissue at 6 months post-surgery.

Table 2: Comparison of clinical parameters between baseline and 6 months follow-up for Stem cell in combination with PLA/ PGA

membrane group (MV+ SD; in mm)

Parameters Baseline 6 months Difference p-value
PPD (Range) 1.5+0.5 (1-2) 1.14+0.24 (1-1.5) 0.3520.37 (Reduction) 0.11*
CAL (Range) 3.78+0.95 (2.5-5) 1.99+0.83 (1-3.5) 1.78+1.1 (CAL Gain) 0.0027
GR (Range) 2.28+0.56 (1.5-3) 0.71+0.59 (0-1.5) 1.57+0.89 (Reduction) 0.000'
WKG (Range) 3.54+1.06 (2-5.5) 4.28+1.25 (3-7) 0.74+0.75 (Gain) 0.25*

*Non-Significant (p>0.05)  'Significant (p< 0.05)
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Table 3: Comparison of clinical parameters between baseline and 6 months follow-up in PLA/PGA membrane group.

(MV+ SD; in mm)

Parameters Baseline 6 months Difference p-value
PPD (Range) 1.2840.26 (1-1.5) 0.85+0.37 (0.5-1.5) 0.42+0.34 (Reduction) 0.03"
CAL (Range) 3.42+0.53 (2.5-4) 1.68+0.36 (1-2.5) 1.74+0.62 (CAL Gain) 0.000"
GR (Range) 2.14+0.47 (1.5-3) 0.90+0.33 (0-1.5) 1.24+0.47 (Reduction) 0.0007
WKG (Range) 3+0.64 (2-4) 3.78+0.48 (3-4.5) 0.78+0.56 (Gain) 0.018'
TSignificant (p< 0.05)

At this point, 7 of the 18 treated recession defects
(45.23%) showed complete root coverage. In the control
group, on an average 57.38+15.57 % of the root surfac-
es initially exposed due to the recession were covered
with soft tissue at 6 months post-surgery. At this point,
4 of the 17 treated recession defects (21.42%) showed
complete root coverage (Table 5).

Discussion

Gingival recession mostly involves a group of adjacent
teeth than being localized to a single tooth. When multi-
ple recession defects affecting adjacent teeth in esthetic
areas of the mouth are present, they should all be treated
at the same time to help ensure the best esthetic results.
Therefore, the present controlled parallel design clinical
study was carried out to compare the effectiveness of
human umbilical stem cell in combination with
PLA/PGA membrane and only PLA/PGA membrane
for the treatment of multiple gingival recessions. The
present clinical study was conducted over a 6- month
period. The experimental design included two treatment
groups that differed only by the presence of stem cells
allowing the evaluation of the influence of the cultured
membrane in clinical results and not the surgical tech-
nique employed. At baseline, none of the investigated
parameters in both the study groups showed any statisti-
cal difference, thus ensuring the same starting point for
the procedures tested. During the course of the study,
wound healing was uneventful. There was no sign of
allergy, infection or any other complication in any pa-
tient after the use of stem cells, which indicates that the

stem cells were well tolerated. There were no post-
operative complications in any patients. None of the
selected patients dropped out before the termination of
the study.

The results presented here indicate that both the
treatment modalities showed significant improvement in
the studied clinical parameters compared to baseline. At
6 months, statistically, significant reduction in gingival
recession was found in both the treated groups (1.57
mm for test group and 1.24 for the control group). In the
test group, mean recession defect coverage of 66.26%
with 45.23 % of teeth showed complete root coverage.
While at the end of 6 months, the control group showed
mean recession defect coverage of 57.38% with 21.42
% of teeth showed complete root coverage. The results
of the present study on the use of PLA/PGA membrane
for the treatment of multiple gingival recession are
comparable to those reported by Matarasso et al. [22]
(73%) and Tatakis et al. [23] (58%).

Regeneration of lost tissues in gingival recession
has long been an altruistic goal of periodontal therapy.

The application of stem cells in periodontal de-
fects for regeneration in recent years [24, 16] holds
promise for the development of novel, more effective
approaches to periodontal regeneration during root cov-
erage procedures. Therefore, in the present study human
umbilical stem cells cultured on PLA/PGA membrane
was used to test its efficacy for the treatment of multiple
gingival recession defects to achieve periodontal regen-
eration. Since no clinical data available in the literature
on the use of stem cells in combination with PLA/PGA

Table 4: Comparison of clinical parameters between stem cell in combination with PLA/PGA membrane+CPF group and PLA/ PGA

membrane alone at 6 months follow-up.

(MV £ SD; in mm)

Parameters Stem cell with PLA/PGA membrane+ CPF group PLA/PGA membrane group p-value
GR reduction 1.57+0.89 1.24+0.47 0.35*
PPD reduction 0.35+0.37 0.42+0.34 0.71*
CAL gain 1.78+1.1 1.74+0.62 0.92*
WKG increase 0.740.75 0.78+0.56 0.90*

*Non-Significant (p> 0.05)
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Table 5: Comparison of mean percentage of root coverage corresponding to mean reduction in gingival recession in stem cell in
combination with PLA/PGA membrane + CPF group and PLA/PGA membrane group.

Parameters Stem cell with PLA/PGA membrane+CPF group  PLA/PGA membrane group  p-value
GR reduction 1.57+0.89 1.24+0.47 0.35*
Mean root coverage (in %) 66.26+26.95 57.38+15.57 0.0017
Complete root coverage (in %) 45.23+41.62 21.42+20.89 0.36*

*Non-Significant (p> 0.05)
TSignificant (p< 0.05)

membrane for the treatment of multiple gingival reces-
sion defects, the results obtained in this group were
compared with the studies reported on the use of other
regenerative biomaterials for the treatment of multiple
gingival recession defects. Koseoglu et al. [25] evaluat-
ed the effectiveness of collagen membrane in combina-
tion with autologous gingival fibroblast prepared by
tissue engineering approach under coronally advanced
flap for root coverage and observed mean root coverage
of 72.39% at 6 months postoperatively.

MSCs appear to be an attractive tool in the context
of tissue engineering and cell-based therapy. Mesen-
chymal stem cells have also been shown to form new
cementum, periodontal ligament and alveolar bone in
vivo after implantation into periodontal defects in bea-
gle dogs [26-27] suggesting that bone marrow may be a
useful source of mesenchymal stem cells for periodontal
regeneration. Currently, bone marrow represents the
main source of MSCs for both experimental and clinical
studies. [28-29] However, the use of bone marrow-
derived cells is not always acceptable due to the high
degree of viral infection and the significant drop in cell
number as well as their relative proliferative/ differen-
tiation capacity. In addition, aspirating bone marrow is
an invasive procedure.

Recently MSCs have been isolated from the um-
bilical cord, placenta, perivascular areas, amniotic fluid,
and from the tissue surrounding the umbilical cord ves-
sels, i.e., Wharton’s jelly. [30] The collection of MSC-
like cells from umbilical cord tissues that are discarded
at birth is easier and less expensive. The collection of
umbilical cord MSCs (UC-MSCs) does not require any
invasive procedure. These cells may be stored frozen
and then thawed to provide stem cells for therapeutic
use after cryogenic storage. In addition to the well-
documented self-renewal and multipotent differentiation
properties, UC-MSCs possess immunoregulatory capac-
ities that have been permissive to allogenic transplanta-
tion. [31] Given these characteristics, particularly the
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plasticity and developmental flexibility, the UC-MSCs
are now considered an alternative source of stem cells
for the long-term clinical trials. [32]

In the present study, CAL gain was non-
significant more in test group as compared to control
group. The type of healing obtained in human umbilical
stem cells cultured on PLA/PGA group between the soft
tissue and previously denuded root surface can only be
speculated on since no histological evaluation were
available due to ethical considerations. Yildirim et al.
[33] evaluated histologically the osteogenic differentia-
tion potential of human umbilical stromal cells and reli-
ability of these cells for dental tissue engineering. They
reported that stem cell populations isolated from the
human umbilical cord, have osteogenic differentiation
potential and could be a choice in dental tissue engineer-
ing applications, based on this observation it may be
assumed that the healing following treatment with stem
cells in combination with PLA/PGA membrane may
represent, a real periodontal regeneration characterized
by the formation of new cementum, periodontal
ligament, and alveolar bone.

A large number of allogenic stem cells can be de-
rived from a single donor for multiple uses. A potential
limitation to this universal donor concept is a rejection
of donor cells by the recipient’s immune system. How-
ever, recently it has been shown that MSCs have the
ability to modify and influence almost all the cells of the
innate and adaptive immune systems that interfere with
and affect cellular proliferation, differentiation, matura-
tion, and function to induce an anti-inflammatory phe-
notype. [34] MSCs modulate the immune response by
soluble factors, including IL-6, M-CSF, IL-10, TGFg,
HGF and PGE2. MSCs have been shown to suppress
inflammatory cells like neutrophils, dendritic cells, nat-
ural killer (NK) cells, eosinophils, mast cells, and mac-
rophages and alter NK cell phenotype and suppress pro-
liferation, cytokine secretion, and cytotoxicity against
HLA class | expressing targets. [35] In this study, GTR
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membrane (PLA/ PGA membrane) was used as a scaf-
fold for delivery of MSCs. The test group in the study
showed mean recession defect coverage of 66.26% with
45.23 % of teeth showed complete root coverage, the
mean PPD reduction in test group was 0.35£0.37mm
and mean CAL gain in test group was 1.78+1.1mm at 6
months. Results of the present study were in agreement
with the similar study by Zanwar claiming stem cells in
combination with bioresorbable PLA/PGA membrane
resulted in significantly higher CAL gain than sub-
epithelial connective tissue grafts. [34] McAllister [16]
claimed 6 mm reduction in probing depth and three-
dimensional bone fill when he used stem cell containing
allograft.

The allogenic material undergoes a selective im-
mune-depletion process that results in a graft-rich in
MSCs and osteoprogenitor cells without cells of
hematopoietic lineage. [16] For the delivery of umbili-
cal cord mesenchymal stem cells, different scaffolds
were used which includes calcium phosphate cement,
electrospun fiber-CPC, chitosan, collagen and different
polymers. Scaffolds can deliver cells to the correct site,
improve cell survival, enhance cell integration, and di-
rect cell differentiation, thereby; providing a promising
platform for cell transplantation.

Conclusion

We conclude that stem cell with PLA/PGA membrane
showed significantly higher mean root coverage com-
pared to only PLA/PGA membrane group. Further,
long-term studies controlled clinical studies with large
sample size and histological evaluation for the mode of
attachment need to be performed to quantitatively com-
pare the results to other well-documented treatment
approaches.
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