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Objectives/Hypothesis: Improved voice quality is the expected outcome of microphonosurgery. To this end, the com-
plex vibratory movement of the vocal folds must be preserved. Scarring of the vocal folds may compromise vocal outcome
and is one of the most difficult to treat conditions. To minimize scar formation, a consensus exists on the need for maximum
preservation of the epithelium and superficial lamina propria, and minimal exposure of vocal ligament. However, the need to
cover the microflap defect is controversial. The aim of this study was to compare healing characteristics of microflap tech-
nique when the microflap is left to heal by second intention, when the defect is closed with sutures, and when it is covered
with glue.

Study Design: Experimental animal study.
Material and Methods: An experimental study comparing the three techniques was carried out on 37 New Zealand rab-

bits. Vocal fold healing was evaluated 7, 30, and 90 days after surgical intervention. Collagen concentration, inflammatory
reaction, epithelium, and lamina propria thickness were evaluated.

Results: Collagen concentration significantly increased in all groups. After 7 days, epithelium thickness significantly
increased and lamina propria thickness was not significantly altered. At 90 days, only the suture group showed no significant
alteration in epithelium thickness. After 90 days, lamina propria thickness decreased, except in the fibrin glue group. No
difference was seen in the number of inflammatory cells among the techniques.

Conclusions: The use of microsutures or fibrin glue to close microflap defects did not consistently improve vocal fold
healing nor produce better scarring results when compared to healing by second intention.
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INTRODUCTION
Voice quality following phonosurgery is directly

related to vocal fold vibration. Vocal fold vibration basi-
cally depends on biomechanical characteristics1 of the
lamina propria and the preservation of its layered struc-
ture. Vocal fold scarring alters the vibratory mechanism
impairing progression of the mucosal wave. Scarring
and adhesions have been described as major causes of
dysphonia following microphonosurgery.2 Although
numerous treatments have been proposed, this remains
a challenge and still represents the most difficult-to-
treat cases in laryngology. Invariably, voice quality after
these treatments is less than satisfactory.3 Once present,
fibrosis and scarring of the vocal folds cannot be

reversed.3 Apparently, the prevention of fibrosis and
scarring in the vocal folds remains the best solution.4–6

Experimental studies in past decades have
increased our knowledge of the scarring process of the
vocal folds. Studies of vocal fold healing in rabbit models
have looked at different phases of the scarring pro-
cess.1,7–10 Branski et al.7 described the acute vocal
wound healing in rabbits with massive cell infiltration
in the wound bed 3 days after injury. By day 21 these
authors also described an increased deposition of colla-
gen. Thibeault et al.,1 in their rabbit model, described a
decrease in collagen concentration 2 months after injury
of vocal folds, with an increase in procollagen suggesting
that this might be still an immature phase of the scar-
ring process. Hertegard et al.8 reported increased levels
of collagen after 4 weeks in their rabbit model, with
thick longitudinal bundles of collagen observed in the
lamina propria of scarred vocal folds but not in the nor-
mal controls. Rousseau et al.9 reported their findings on
rabbit vocal fold scarring after 6 months. They described
an increased collagen deposition with thick unorganized
bundles, which was interpreted as characteristic of
chronic scarring. The understanding of lamina propria
components, how they interact and their response to
injury, have been the focus of many animal studies.11–13

However, few studies have focused on variations of
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phonosurgical techniques as a means of preventing or
reducing the risk of vocal fold scar formation.

Microphonosurgery involves the surgical treatment
of benign conditions of vocal folds. It is unacceptable
that in the process of restoring vocal function the treat-
ment might generate a scar and impair voice quality.
The vocal fold microflap technique has been well estab-
lished as the ideal method to remove benign vocal fold
pathology. The goal of the microflap approach is to use
the natural planes of the vocal fold to its advantage by
removing disease with minimal disruption of the epithe-
lium and lamina propria, staying away from its deeper
layers, and minimizing inflammatory reaction and
scarring in order to maintain the vibratory mechanism
at its best.14

Doubts remain as to whether there might be a need
to close the microflap defect with sutures or glue instead
of leaving it to heal by second intention. Some authors
have suggested that second intention healing would lead
to greater inflammatory response,15 while others believe
that generally epithelial migration leads to satisfactory
healing.16 Experienced laryngologists have reported
excellent results with the use of sutures to close micro-
flap defects,17 while others are less enthusiastic about
this method because it is technically challenging and
increases surgical time. In general, absorbable sutures
on eye needles have been used for this purpose, such as
chromic and Vicryl threads.17,18 In their study with ca-
nine model, Fleming et al.19 reported a 75% larger
average scar cross-sectional area when microflaps were
not sutured. This group used fast-absorbing gut sutures.
The use of fibrin glue is an attractive alternative to the
use of sutures, and it is practiced by a large number of
skilled laryngologists who also report very good
results.20,21 Fibrin glue has been used in some animal
models, specifically on vocal folds.10,22 In these reports,
activated human fibrinogen concentrate was used, which
consisted of lyophilized human fibrinogen and lyophi-
lized bovine thrombin. While both the use of fibrin glue
and sutures may increase time and cost of microphono-
surgical procedures, there remains a lack of evidence
concerning whether this might truly benefit vocal fold
healing and scar formation. This is the first experimen-
tal study to compare scarring characteristics of vocal
folds when submitted to closure of microflap defect with
sutures, fibrin glue, and when microflap is left to heal
by second intention.

MATERIALS AND METHODS
Thirty-seven New Zealand rabbits (2.5–3.6 kg) were used

in the experiment. Three animals were used as control group
for normal vocal fold characteristics. The experiment was
approved by the Animal Ethics Committee of the University of
Campinas–UNICAMP.

Surgical Procedures
All animals were sedated with Xylazine (40 mg/kg) and

Ketamine (5 mg/kg) intramuscular injections and maintained
under spontaneous ventilation. The anterior laryngeal fissure
was used to access the vocal folds. Vocal folds were exposed

under 16� magnification through an operating microscope and
microflaps were elevated bilaterally. An incision was made
through the epithelium and mucosa of the entire membranous
portion of both vocal folds, and a microflap was elevated by
using a microdissector. Extreme care was taken not to injure
vocal fold muscle; the microflap was thin enough so that the
microdissector could be visualized through the mucosa flap at
all times.

After microflap elevation, in 18 animals the free edges
of the microflap created on the right vocal fold were closed
with a 8-0 Vicryl suture while the left vocal fold was left to
heal by second intention. In 19 animals the microflap defect
created on the right vocal fold was covered with fibrin glue
(Tissucol) while the left vocal fold was left to heal by second
intention.

Histologic Preparation and Evaluations
Animals were euthanized at three different times: 7, 30,

and 90 days in both groups (suture and fibrin glue). Larynges
were removed en bloc and fixed in 5% buffered formalin
solution for 48 hours. Coronal sections were made at the
midpoint of the membranous portion of the vocal folds and
sample processing was routine, using alcohol dehydration
and paraffin embedment. Sections 4-mm thick were prepared
with a microtome. Two representative slides of each larynx
containing both vocal folds were analyzed, one stained
with hematoxylin & eosin (H&E) and one with Masson’s
trichrome.

Slides were scanned with Panoramic MIDI scanner
(3DHISTECH Ltd, Budapest; Hungary). Digital image analysis
on the stains at 200� magnification was performed with Pano-
ramic Viewer and Histoquant softwares (3DHISTECH Ltd,
Budapest; Hungary). Slides stained with H&E were used to
measure epithelium and lamina propria thickness with Pano-
ramic Viewer software. Epithelium and lamina propria
thickness were measured in a blinded fashion at three different
points of the free edge of the vocal folds, and the average was
determined. Slides stained with Masson’s trichrome were used
to determine collagen concentration. Twelve square areas of the
same size were blindedly drawn in the lamina propria of the
vocal folds with Panoramic Viewer software (Fig. 1). Histoquant
software then determined the amount of stain per unit area,
and an average of the square areas determined the final colla-
gen concentration for each vocal fold. An experienced
pathologist tested software reliability in collagen identification
in 10% of the slides before applying the method to all slides. To
determine the amount of inflammatory infiltration, inflamma-
tory cells were counted by a blinded pathologist in each of the
square areas described before. An average of the number of
inflammatory cells per vocal fold was determined.

Statistical Analysis
Vocal folds were grouped according to the operative tech-

nique they had been submitted to and the corresponding study
time. Nonparametric Mann-Whitney test was used for compari-
sons between each group and the control group of normal vocal
folds. Nonparametric Wilcoxon test was used to compare right
and left vocal folds in the same animals. Histological character-
istics at different study times were also studied and compared
for each technique. Kruskal-Wallis test followed by Mann-
Whitney test were used to compare the groups submitted to the
same technique at different study times.

Statistical analysis was carried out with SAS software
(SAS Institute Inc., version 9.1.3, Cary, NC, 2002-2003). The
level of significance was set at 0.05.
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RESULTS

Collagen Concentration

Collagen concentration significantly increased at all
study times in all techniques: microflap healing by
second intention, microflap with fibrin glue, and micro-
flap with microsuture when compared to the normal
control group (Table I and Fig. 2). Vocal folds left to heal
by second intention showed the lowest values of collagen

concentration 90 days after the intervention. However,
this still represented a significant increase when com-
pared to normal vocal folds.

Comparison between right and left vocal folds in
the same animals showed a significant increase in
collagen concentration for vocal folds submitted to
microsuture (9.8% median), when compared to the con-
tralateral microflap that healed by second intention
(1.7% median) 90 days after the intervention.

Fig. 1. Coronal section of a vocal fold with
Masson’s trichrome staining �100 magnifica-
tion. The red line marks the free edge of the
vocal fold. Twelve square-shaped areas can
be seen above (cranial) and below (caudal)
the red line: six superficially, just below the
epithelium; and six profoundly, in the lamina
propria. [Color figure can be viewed in the
online issue, which is available at
wileyonlinelibrary.com.]

TABLE I.
Collagen Concentration (%) for Each Technique at Each Study Time and Control Group and P Value of Comparisons Between Each Group

and the Normal Control Group.

Technique/Time n Median 25th percentile 75th percentile Minimum Maximum P*

Controls 6 ,07 ,02 ,10 ,02 ,59

MFþ glue 7 days 5 9,37 6,99 10,66 3,92 26,52 0,0062

MF þ glue 30 days 7 5,54 2,29 16,62 ,34 20,96 0,0023

MFþ glue 90 days 7 6,59 3,07 8,57 ,94 9,30 0,0012

MF þ sut 7 days 5 3,09 2,09 4,35 1,27 4,84 0,0043

MF þ sut 30 days 7 17,17 13,55 18,25 8,59 19,44 0,0027

MF þ sut 90 days 6 9,80 5,48 10,97 2,53 18,30 0,0039

MF 7 days 10 4,98 1,67 11,78 ,19 23,27 0,0012

MF 30 days 14 9,09 3,98 14,87 ,82 18,26 <0,0001

MF 90 days 13 2,44 1,01 4,35 ,48 7,78 <0,0001

MF¼ microflap; n¼number of vocal folds; sut¼suture.
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Collagen concentration significantly decreased
over time (Fig. 3) in the microflap with microsuture
group (P ¼ 0.0053) and the group that healed by second
intention (P ¼ 0,0247).

Epithelium Thickness
Epithelium thickness significantly increased in

most groups when compared to normal vocal folds. No
significant alteration in epithelium thickness were seen
in the microflap with microsuture group at 90 days or in

the microflap with fibrin glue 30 days after interven-
tions (Table II).

Comparison between vocal folds in the same
animals showed a significant increase in epithelium
thickness (P ¼ 0.0431) on vocal folds submitted to micro-
flap with microsuture when compared to contralateral
vocal folds left to heal by second intention 7 days after
interventions. Epithelium thickness decreased with
longer follow-up in all techniques (Fig. 4). However, this
variation was only significant in the microflap with
microsuture group (P ¼ 0,0026).

Fig. 2. Coronal sections of vocal folds with Masson’s trichrome staining �100 magnification: a) normal control vocal fold; b) vocal fold
submitted to microflap with fibrin glue after 30 days. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Fig. 3. Collagen concentration of normal control group and each
group at different study times. MF ¼ microflap (second intention
healing); MF þ glue ¼ microflap with fibrin glue; MF þ sut ¼
microflap with suture. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Fig. 4. Epithelium thickness of normal control group and each
intervention group at different study times. MF ¼ microflap (sec-
ond intention healing); MF þ glue ¼ microflap with fibrin glue; MF
þ sut ¼ microflap with suture. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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Lamina Propria Thickness
Seven days after the interventions, no significant

alterations of lamina propria thickness were seen in any
of the groups when compared to normal controls. At 90
days, a significant decrease in LP thickness was seen in
the group left to heal by second intention and the
microflap with microsuture group. The microflap with
fibrin glue group maintained no significant alteration of
lamina propria thickness (Table III) after 90 days.

Comparisons between vocal folds in the same ani-
mals 7 days after interventions revealed a significant
decrease in lamina propria thickness of the vocal fold
left to heal by second intention when compared to the
contralateral vocal fold submitted to microflap with
fibrin glue (P ¼ 0.0431). Lamina propria thickness
increased significantly over time in the microflap with
fibrin glue (P ¼ 0.0264) group and significantly
decreased over time in the microflap with microsuture
group (P ¼ 0.0271). No significant variation of LP thick-
ness over time was seen in the group left to heal by
second intention (Fig. 5).

Inflammatory Cells
Inflammatory reaction significantly increased with

all techniques (Table IV). Comparison of vocal folds in

TABLE II.
Epithelium Thickness (mm) for Each Technique at Each Study Time and P Value of Comparisons Between Each Group and

Normal Control Group.

Technique/Time (days) n Median 25th percentile 75th percentile Minimum Maximum P*

Controls 6 8,22 8,12 9,62 7,95 9,94 –

MF þ glue 7 5 50,69 35,95 59,84 31,99 116,96 0,0062

MF þ glue 30 7 27,44 6,71 31,95 5,94 47,89 0,5677

MF þ glue 90 7 16,42 10,12 81,56 4,53 114,35 0,0321

MF þ sut 7 5 73,00 40,21 121,78 21,69 137,76 0,0062

MF þ sut 30 7 21,71 17,47 34,06 14,53 307,81 0,0027

MF þ sut 90 6 12,19 9,94 14,05 6,94 16,41 0,0782

MF 7 10 55,26 35,95 116,96 21,69 137,76 0,0001

MF 30 14 24,58 14,53 33,98 5,94 307,81 0,0392

MF 90 13 14,05 10,12 16,42 4,53 114,35 0,0226

*Mann-Whitney test.
MF ¼ microflap; sut ¼ microsuture.

Fig. 5. Lamina propria thickness of normal control group and
each intervention group at different study times. MF ¼ microflap
(second intention healing); MF þ glue ¼ microflap with fibrin glue;
MF þ sut ¼ microflap with suture. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

TABLE III.
Lamina Propria Thickness (mm) for Each Technique at Each Time Period and P Value of Comparisons Between Each Group

with Normal Control Group.

Technique Time (days) n Median 25th percentile 75th percentile Minimum Maximum P*

Controls 6 346,61 342,05 450,86 337,28 480,60 –

MF þ glue 7 5 215,33 187,87 239,68 174,88 922,83 0,1003

MF þ glue 30 7 140,79 91,77 169,32 78,98 209,34 0,0027

MF þ glue 90 7 190,73 147,09 372,06 119,75 610,77 0,1161

MF þ sut 7 5 282,05 158,73 451,99 114,40 517,35 0,4652

MF þ sut 30 7 184,38 89,82 277,61 83,09 308,63 0,0027

MF þ sut 90 6 88,22 71,87 104,85 61,85 164,91 0,0039

MF 7 10 227,50 174,88 451,99 114,40 922,83 0,1585

MF 30 14 151,79 91,77 205,23 78,98 308,63 0,0001

MF 90 13 147,09 97,09 190,73 61,85 610,77 0,0110

*Mann-Whitney test.
MF ¼ microflap; sut ¼ microsuture.
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the same animals showed no significant differences in
any of the techniques.

An overview of the four parameters studied for all
three techniques can be appreciated on Table V.

DISCUSSION
The use of microsutures and fibrin glue in micro-

phonosurgery is based on the surgeon’s personal
experience and training, instrumentation, and material
availability17,20,21 In general, authors describe good
results based on vocal quality and stroboscopy findings
of satisfactory mucosal wave vibration. The limitations
of these reports are the lack of control groups. Studies of
vocal fold healing in humans are also limited due to the
difficulty in controlling study times and variation in the
degree of injuries.5 Animal studies are valuable tools to
support clinical impressions, and in microphonosurgery
they present an opportunity for histological evaluations
of prevention and treatment of lamina propria pathology.
Limitations of these studies are obvious interspecies
variation, variation in the degree of vocal fold injury and
study times. Nevertheless, findings of these studies have
undoubtedly contributed to the understanding of scar
pathogenesis. There is quite a vast variation in the
degrees of injuries created, varying from small biopsies8

to superficial cordectomies7 and deep cordectomies
extending into the thyroarytenoid muscle.13 In the pres-

ent study, methodology of scar creation differed from
what has been described by most experimental studies.
An attempt was made to recreate a more similar situa-
tion to microphonosurgery with minimal disruption of
the deeper layers of the lamina propria. Suehiro et al.23

recently experimented on the feasibility of the microflap
technique in rabbits for the same reasons. These authors
performed microsurgery through an endoscopic
approach. In the present study, an external approach
was chosen due to the difficulty of performing sutures
through a laryngoscope in such a small animal.

This is the first experimental study to compare
microflap healing characteristics with the use of
microsutures and fibrin glue. The best results were con-
sidered those where the vocal fold characteristics were
most similar to normal vocal folds.

The study of scar formation in different time peri-
ods was aimed at evaluating the evolution of scarring in
this particular animal model. It seems that chronic scar
tissue might form even before the 6-month period.
Nevertheless, acute scarring characteristics are not to be
ignored in phonosurgery where time of recovery is cru-
cial for patients in need of their professional voice.

Vocal fold scarring and stiffness have been attrib-
uted to an increased collagen content of the lamina
propria.13 Normal rabbit vocal folds have been described
as having low levels of collagen,8 which was also a find-
ing in our normal control group. Hertegard et al.8 also
found in their group of six rabbits with scarred vocal
folds increased levels of collagen after 4 weeks when
compared to normal controls. Thibeault et al.1 on the
other hand reported a decrease in collagen concentration
2 months after vocal fold scarring. These authors
reported a decrease in collagen concentration in 11 rab-
bits submitted to vocal fold scarring after 60 days when
compared to normal contralateral vocal folds. In canines,
unaltered levels of collagen were reported for scarred
vocal folds 60 days after interventions,13 and after 6-
months collagen levels increased.13 In rats, levels of col-
lagen were found to be elevated 60 days after
intervention.24 These discrepancies probably occur due

TABLE V.
Comparison of the Three Techniques (Healing by Second

Intention, Microflap with Glue and Microflap with Suture) for All
Four Parameters Studied: Collagen Concentration, Epithelium

Thickness, Lamina Propria (LP) retraction and Inflammatory Cells.

Technique
Collagen

Concentration
Epithelium
Thickness

LP
Retraction

Inflammatory
Cells

2nd intention þþ þþ þþ
Glue þþ þþþ þ þþþ
Suture þþþ þ þþþ þ

þ ¼ least increased; þþþ ¼ most increased (when compared to
normal vocal folds).

TABLE IV.
Number of Inflammatory Cells Found in Lamina Propria for Each Group at Each Study Time and Their Respective P Values When

Compared to Normal Controls.

Technique
Time
(days) n Median

25th
percentile

75th
percentile Mı́nimum Maximum

P
value*

Controls 6 7 1 11 0 12 –

MF 7 10 23 19 30 1 43 0,0056

MF 30 14 27 19 38 5 112 0,0017

MF 90 13 22 11 37 1 50 0,002

MF þ glue 7 5 49 39 80 16 121 0,0062

MF þ glue 30 7 18 6 31 6 48 0,0721

MF þ glue 90 7 30 15 37 12 106 0,0034

MF þ sut 7 5 38 26 39 21 62 0,0062

MF þ sut 30 7 19 14 45 8 84 0,0081

MF þ sut 90 6 15 5 18 3 19 0,1093

*Mann-Whitney test.
MF ¼ microflap only; sut ¼ suture.
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to the variation in degree of vocal fold injury and study
time, although in general an increase in collagen concen-
tration within the lamina propria is expected over time.
Rousseau et al.9 reported that at 6 months vocal fold
scar in their rabbit model could be considered as chronic,
mature scar. At this time, these authors described
increased levels of collagen. In the present study, best
results regarding lamina propria collagen concentration
were seen in vocal folds left to heal by second intention.
Other authors have in fact reported higher levels of
collagen following the use of fibrin glue in10,22,25 micro-
flaps both in canine, rabbits, and porcine. The only
animal study to report the use of microsutures in vocal
fold microflaps was Fleming et al.19 These authors used
a canine animal model and reported a larger average
cross-sectional scar area when microflaps were not
sutured 6 weeks after interventions. Although the
authors’ sample was small (four animals) and the evalu-
ation was quite subjective, their findings are in
agreement with clinical impressions reported by Woo
et al.17 And although collagen concentration was greater
when sutures or fibrin glue were used, no increase in
inflammatory reaction was seen. Duprat et al.,26 com-
paring rabbit vocal folds submitted to microflap and
microflap with fat implantation, also found no difference
in inflammatory response and suggested that this might
in fact be a result of manipulation and not necessarily
the actual technique.

The decreased thickness of the lamina propria may
be clinically translated as scar retraction, and in this
study best results, or less retraction, was seen in the
fibrin glue group. There has been limited report on
lamina propria thickness following vocal fold scar.
Hertegard et al.27 reported in their experiments with
rabbits that scarred vocal folds had a thicker lamina
propria 11 weeks after the interventions. These authors
achieved scarring with vocal fold 2–3 mm biopsy with a
microcup forceps and scissors that involved not only the
midmembranous portion of the vocal fold mucosa but
also the thyroarytenoid muscle.

Disturbances of the epithelium were described by
Okamura et al.25 in their canine model. These authors
described thicker and irregular epithelium in vocal folds
submitted to mucosal biopsies and microflaps with fibrin
glue. On the other hand, in the same study thin and uni-
form epithelium was described in vocal folds submitted
to microflap without fibrin glue. Suehiro et al.23 also
reported normal epithelium thickness in vocal folds
submitted to microflap technique in their rabbit model.
Branski et al.7 reported initial epithelial hypertrophy 5
days after vocal fold stripping of rabbit vocal folds, but
surprisingly quick reepithelization, and they suggested
that epithelium findings might not be clinically relevant
in laryngology. Massive cellular infiltration occurring 3
days after injury was also reported in this study.

Inflammatory cell reaction in vocal folds in a rabbit
model submitted to less aggressive injury has been
reported by Campagnolo et al.28 These authors studied
acute injury produced by an incision made in the vocal
folds and the effect of corticosteroid injection on the
healing process. Although significantly less collagen

deposition was seen on the vocal fold submitted to corti-
costeroid injection following injury, inflammatory
reaction was no different from control injured vocal fold.
Duprat et al.26 also described inflammatory cell infiltra-
tion following fat implantation of rabbit vocal folds and
reported no significant difference between the fat-
implanted vocal folds and the controls at 3 months
follow-up. Suehiro et al.23 studied the effect of microflap
procedure in rabbits after 2 weeks and also found no dif-
ference in gene expression of inflammation between
vocal folds submitted to microflaps and controls. In the
present study, inflammatory cell infiltration occurred in
all groups and was apparently more related to the
surgical manipulation and less to the use of sutures or
glue. Although inflammation and cellular infiltration is
an important part of the healing process following
manipulation of vocal folds, its presence in different
levels past the acute inflammatory phase might not
accurately correlate with quality of scarring.

Comparing experimental studies is difficult due to
methodology variability, sample size, and interspecies
heterogeneity. In the future, larger samples, longer fol-
low-up periods, and study of collagen organization might
allow better description and understanding of the results
of these technical variations and their effects over time.

CONCLUSION
The injury caused by microflap elevation led to

increased levels of collagen. The use of microsutures and
glue to close the microflap defect resulted in an even
greater increase in collagen concentration of the lamina
propria. The use of glue to cover the microflap defect
had a better effect on lamina propria thickness, with no
significant retraction. The use of microsutures to close
the microflap defect had a better effect on epithelium
thickness.

The use of microsutures or fibrin glue to close
microflap defects did not consistently improve vocal fold
healing nor produce better scarring results than
microflap technique alone. Furthermore the use of
microsutures presented some of the worst results for the
parameters analyzed in this study.
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