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Horizontal continuous and apical stretching sutures does not
reduce FGG shrinkage: A split-mouth randomized controlled

clinical trial

Purpose
This study aimed to evaluate whether horizontal continuous and apical stretching
sutures could reduce FGG shrinkage.

Materials and Methods

In this randomized controlled clinical trial ten patients (20 sites, seven females
and three males) ranging from 18 to 53 years (average 39 years) with insufficient
keratinized and attached gingiva received FGG in two quadrants of mandible (split-
mouth design). Horizontal continuous and apical stretching sutures were used in
test sites in addition to common suturing techniques. Clinical parameters including
probing depth (PD), the width of keratinized and attached gingiva (KG, AG), the
horizontal and vertical dimension of the graft (HD, VD), and graft area (GA) were
recorded at baseline and 1, 3, and six months after the operation.

Results

PD did not differ significantly for sixmonths.The average change of other parameters
in test and control sites respectively was as follows: KG increased 5.5 mm and 5.1
mm, AG increased 5.3 mm and 5.1 mm, HD shrinkage was 21.6% and 15.8%, VD
shrinkage was 33.7% and 33.2%, GA shrinkage was 47.3% and 43.3%. There were
no significant differences between test and control sites in clinical parameters six
months after surgery.

Conclusion
Application of horizontal continuous and apical stretching sutures does not reduce
FGG shrinkage.

Keywords: Free gingival graft; graft shrinkage; continuous horizontal suture; apical
stretching suture; probing depth

Introduction

The free gingival graft (FGG) is a surgical procedure which is used to
increase the keratinized tissue around the teeth (1, 2). It is the oldest sur-
gical technique in periodontal surgery (3). In this procedure, the graft is
obtained from the palate or the maxillary tuber. The FGG is the gold stan-
dard for the gingival augmentation procedures a procedure that is used to
increase keratinized tissue around teeth (4). Dentists use FGG in the clini-
cal situations that thin gingiva might be less protective in the presence of
inflammation and gingival recession. Orthodontic treatment, inadequate
plaque control, high frenulum attachment, and shallow vestibular depths
are the leading causes of mucogingival problems (5).

After utilization of FGG, the vestibular depth of recipient area may be
diminished by contraction of wound and reinsertion of muscle fibers in
postoperative stage (6). Therefore, dimensional changes including the
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contraction of transplanted tissue may occur, especially in
long-term follow-up, and as a result, expected treatment
outcome including a satisfied amount of new keratinized
tissue may not be achieved (6). The other factors affecting
on FGG shrinkage are phenotype of the periodontium, the
thickness of graft, and type of periosteal bed in the term of
preserving periosteum or not (7-9). Suturing technique has
been considered as an essential factor affecting graft shrink-
age. According to Oschenbein, stretching the graft by con-
tinuous horizontal suture may counteract the first contrac-
tion and make the graft more receptive to revascularization
by influencing the collapsed blood vessels (10). Furthermore,
Miller proposed apical stretching suture to prevent coronal
movement of the graft and reduce shrinkage by keeping the
vascular channels patent within the graft (11).1t is essential
to accomplish this operation with as low as a possible num-
ber of sutures in order to reduce trauma to the graft (10). To
our knowledge so far, no study has analyzed the effect of
horizontal continuous and apical stretching sutures on graft
contraction. Therefore the purpose of this study was to eval-
uate whether horizontal continuous and apical stretching
sutures could reduce FGG shrinkage.

Materials and Methods
Study design

In this split-mouth randomized controlled clinical trial, 10
patients (7 females and 3 males) ranging from 18 to 53 years
(average 39 years) with insufficient keratinized and attached
gingiva (keratinized gingiva < 2 mm, attached gingiva < 1
mm) in premolar regions of mandible were selected based
on their need to bilateral gingival augmentation due to oral
hygiene procedures or prosthetic or orthodontic reasons or
two-stage root coverage. Exclusion criteria were systemic
diseases contraindicated periodontal surgery, pregnancy,
breastfeeding, taking medications affecting on periodon-
tium such as phenytoin, smoking, and full mouth plaque
index and bleeding index> 20%. All patients received the
treatment protocol and accepted the detailed informed and
written consent. The ethics committee approved this re-
search in Kerman University of Medical Science (Ethics code:
KA/90/180) and registered through the IRCT website with
the number IRCT201608205305N5.

Full mouth scaling and root planing and oral hygiene en-
hancement were performed for all patients one month be-
fore surgery. The width of keratinized gingiva (distance from
gingival margin to the mucogingival junction) by Roll tech-
nique and the probing depth in the midbuccal region was
measured with a Michigan-O-Probe (Hu-Friedy, USA) to the
nearest 1 mm. The width of the attached gingiva in the mid-
buccal region was evaluated by subtracting probing depth
from the width of keratinized tissue. All measurements were
performed by an experienced periodontist who was blind to
the study. Two sites in each patient were randomly assigned
to test or control with throwing a coin (simple randomization).

Surgical procedure

Each patient received free gingival graft in test and con-
trol sites at the same visit. The local anesthetic (Lidocaine

2% with epinephrine 1/80000) was administrated to re-
cipient and donor sites. At the recipient site, a 15C scalpel
(Hu-Friedy, USA) was utilized to make a 10 mm horizontal
incision in mucogingival junction with two 9 mm vertical
incisions in mesial and distal extensions. A partial thickness
bed was prepared with a scalpel. A Mucotome (PR4, DEPPEL-
ER, Swiss) was used to harvesta 9 x 10 mm free gingival graft
with homogenous thickness (1.5 mm) from the palatal area
of premolar and first molar teeth. The donor site was sutured
by the arbitrary technique with 4-0 silk suture (SUPA med-
ical devices, IRAN) to control bleeding and protected with
periodontal dressing (Coe-Pak, GC, Japan). The size of the
graft was measured midway in vertical and horizontal direc-
tions using a Michigan-O-Probe (Hu-Friedy, USA). The graft
was sutured to the recipient region by SERALON 4-0 suture
(SERAG-WIESSNER Co., Germany). The usual suturing tech-
niques (conventional sutures) which have been used at test
and control sites included two interrupted sutures in coronal
and two interrupted sutures in mesial and distal of the graft
and one circumferential suture (10). The latter was placed
through the periosteum apical to the recipient bed slight-
ly below the inferior border of the graft and carried around
the cervical region of the tooth and tied (Figure 1). Two ad-
ditional suturing techniques which considered only at test
sites included horizontal continuous and apical stretching
sutures. So we used combined sutures in test sites (Figure 2).
The continuous horizontal suture was placed approximately
midway corono-apically across the graft. First, the graft was
tied at its distal margin to the underlying periosteum. The
suture was not cut, but it was carried anteriorly across the

Figure 1. Interrupted sutures in coronal, mesial and distal of the
free gingival graft and one circumferential suture at control site (A).
Free gingival graft dimensions 1(B), 3 (C), and 6 (D) months after the
operation.
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graft with the needle passing through the mesial margin of
the graft and exiting at its undersurface. Slack was left in the
portion of the suture that extended across the body of the
graft. The needle entered the periosteum at a sufficient dis-
tance from the mesial border of the graft so that the graft

Figure 2. Two additional suturing techniques which considered only at
test sites were horizontal continuous and apical stretching sutures (A).
Free gingival graft dimensions 1(B), 3 (C), and 6 (D) months after the
operation.

could be stretched adequately, ordinarily 2-3 mm. The su-
ture end that had exited from the periosteum was tied to the
loop formed by the slack. In the apical stretching technique
two interrupted sutures with distal angulation tied the peri-
osteum to the mesio-apical and disto-apical borders of the
graft. The periodontal dressing (Coe-Pak, GC, Japan) was fi-
nally placed on the graft at test and control sites. All surgery
procedures were performed by a periodontist who was not
blind to the study.

Postsurgical care

Patients have prescribed 0.2% chlorhexidine mouthwash
and instructed to rinse gently twice daily for two weeks.
Tooth brushing activities in the operated sites were discon-
tinued during this time. They were also given ibuprofen (400
mg, four times daily in the case of feeling pain) and amoxicil-
lin (500 mg, three times daily for one week). The periodontal
dressing and sutures were removed two weeks after surgery,
and then mechanical supra-gingival plaque control was per-
mitted.

Postsurgical evaluation

Clinical parameters which were evaluated after surgery
included probing depth (PD), the width of keratinized and
attached gingiva (KG, AG), the horizontal and vertical di-
mension of the graft (HD, VD), and graft area (GA). KG and
PD in the midbuccal region were measured with a Mich-
igan-O-Probe (Hu-Friedy, USA) to the nearest T mm. AG in

Table 1: Clinical parameters at baseline, 1,3, and six months after surgery at test and control sites, and comparison of these clinical parameters

between test and control sites.

Clinical Baseline 1 month Within Between
parameters Mean + SD Mean + SD 3 months Mean + SD 6 months Mean + SD groups groups P

P value Value

Probing depth
Test 1.30£0.67 1.30+0.48 1.30+0.48 1.10£0.31 0.258 0.800
Control 1.10£0.31 1.20£0.42 1.10+0.31 1.10£0.31 0.343
The width of keratinized gingiva
Test 1.50+0.84 7.70+1.25 7.20+1.61 7.00+1.63 0.00 0.323
Control 1.90+0.56 7.30£1.15 6.70£1.15 7.00£1.49 0.00
The width of attached gingiva
Test 0.6+0.69 6.40+1.42 5.90+1.91 5.90+1.85 0.00 0.805
Control 0.80+0.63 6.10+1.44 5.60+1.34 5.90+1.66 0.00
Horizontal dimension of graft
Test 9.70+0.94 8.90+1.10 8.00+1.24 7.60+1.57 0.005 0.505
Control 9.50+0.70 9.10£1.10 7.90+1.44 8.00+1.41 0.040
Vertical dimension of graft
Test 8.90+0.99 6.40+1.42 5.90+1.91 5.90+1.85 0.007 0.952
Control 8.70+0.82 6.10+1.44 5.60+1.34 5.90+1.66 0.001
Graft area

Test 86.60+15.39 57.30+£15.07  48.40+21.39 45.60+18.33 0.003 0.821
Control 82.90+12.35 55.40+14.48 44.10+£13.16 47.00+£15.07 0.00
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the midbuccal region was evaluated by subtracting PD from
KG. The size of the graft in two dimensions was determined
midway mesiodistally and corono-apically with a Michi-
gan-O-Probe (Hu-Friedy, USA). The surface area of the trans-
planted tissue was calculated by multiplying the vertical and
horizontal dimensions. The shrinkage of the graft in horizon-
tal and vertical dimensions and the shrinkage of its surface
area were also calculated according to this formula:

Postoperative value - preoperative value
Shrinkage = 100*
Preoperative value

The same investigator recorded these parameters at base-
line and 1, 3, and six months after the operation to evaluate
the subsequent contraction of the graft.

Statistical analysis

One sample Kolmogorov Smirnov test revealed a normal
distribution of the data (p>0.05). Repeated measures ANO-
VA, was utilized in order to analyze the data.

Results

All patients had mild to moderate pain after the surgery
but there was no complication. Clinical parameters including
PD, KG, AG, HD, VD and GA were recorded at baseline and 1,
3, and six months after the operation (Figure 1 and Figure 2)
(Table 1). PD was relatively fixed in test and control sites and
did not differ significantly during six months (p=0.258, and
p=0.343 respectively). The average change of other parame-
ters in test and control sites (comparison between baseline
and 6 months after surgery) respectively was as follows: KG
increased 5.5 mm, and 5.1 mm, AG increased 5.3 mm and 5.1
mm, HD shrinkage was 21.6% and 15.8%, VD shrinkage was
33.7% and 33.2%, GA shrinkage was 47.3% and 43.3%. The
increase of KG and AG and a decrease of HD and VD and GA
were observed in test and control sites during the time, and
these changes were statistically significant in each site ac-
cording to the repeated measure test (Table 1). However, in
general, there were no significant differences between test
and control sites in any clinical parameter six months after
surgery (Table 1).

Discussion

FGG is the most common technique for increasing kerati-
nized, and attached gingiva (8, 12, 13).- After the FGG surgery,
tissue shrinkage and dimensional changes occur, especially
in long-term follow-up and may affect the outcome of treat-
ment (6). One of the factors that influence the contraction
of the FGG is suturing technique. In the present study, the
effect of apical stretching and horizontal continues suturing
on graft contraction was examined for the first time. The re-
sults of our study showed increasing of attached and kerati-
nized gingiva in both test and control groups. The amount
of keratinized gingiva was 5.5 mm and 5.1 mm in test and
control groups respectively. Therefore, the average of ke-
ratinized gingiva width in the test was 0.4 mm more than
control. The amount of attached gingival augmentation was

5.3 mm in the case and 5.1 mm in control groups. In oth-
er words, the average increase in width of attached gingiva
in test sites was 0.2 mm more than control sites. There was
no statistical difference in the amount of keratinized and at-
tached gingiva between test and control groups.

Silva (19) evaluated the healing of FGG in the anterior
portion of the mandible in smokers in comparison with
non-smokers. After three months, the mean width of kerati-
nized gingiva was 5.4 and 4.8 mm in non-smokers and smok-
ers respectively, but the difference between the two groups
was not statistically significant. Wei, Laurell (14) compared
the clinical results of FGG and alloderm regarding achieving
increased attached gingiva. After six months, the keratinized
gingival was 5.57 mm in FGG group and 2.59 mm in allo-
derm group. The difference was significant.

Agudio, Nieri (15) evaluated the long-term efficacy of FGG
in 224 sites (103 patients). After one year, an average of kera-
tinized gingiva was 4.2 mm, and after 10-25 years, it was re-
duced to about 0.7 mm. Harris (7) evaluated three different
techniques (FGG, free connective tissue graft, and Allograft)
and increasing the width of keratinized gingiva was statis-
tically significant in all three groups. The result of FGG and
Allograft was 4.1 mm, and connective tissue graft was 3.6
mm. After the free gingival grafts in 53 patients in Kovacevic
(16) study, the gain of keratinized gingival was 5.41 mm that
this gain was significant.

In the present study, the average of sulcular depth was
reduced about 0.2 mm in the test group in comparison of
a control group that no change was seen in sulcular depth.
However, change of sulcular depth was not significant. In
Egli, Vollmer (17) study, FGGs in 42 teeth (n = 12) evaluated
for a year and did not see any change in probing depth. In
the same study that performed by Rateitschak, Egli (18), no
significant difference was recorded after four years. In Aqui-
do study, sulcular probing depth remains constant after 10-
25 years old (15).

Our results showed that horizontal, vertical dimensions
and the graft area were reduced in both the test and control
group compared to pre-operative measurement, but it was
not statistically significant. Therefore, the results of this study
revealed that horizontal continuous and apical stretching
did not have any effect in reducing shrinkage of the gingival
graft. In the present study, the amount of horizontal shrink-
age was 2.1 mm (21.6%) while it was 1.5mm (15.8%) in the
control site. So in a clinical view, the amounts of horizontal
contraction in the test group were 0.6 mm (5.8%) more than
the control group. The most percentage of horizontal con-
traction was 10.1% in the test group and 13.2% in the con-
trol group that occurred between the first and third months
after the surgeries.

These results were comparable to Hatipoglu, Keceli (8)
study that estimated horizontal shrinkage 10.2% after six
months, and it is not statistically significant while it was in
contrast with our study that was significant. In Silva study, the
percentage of horizontal shrinkage was 22% in non-smokers
and 25% in smokers that looks considerable, but the differ-
ence between the two groups was not significant (19). In the
present study, vertical shrinkage was 3mm (33.7%) in test
and 2.8 mm (32.2%) in control groups. In other words, the
test group had more vertical graft contraction (1.5%) than
control groups. Most vertical shrinkage was 28.1% in the
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intervention group and 29.9% in the control group in the
first month after surgeries. It was also observed that Verti-
cal shrinkage was greater than horizontal contraction that
was similar to Hatipoglu, Keceli (8) study. In the study above,
average vertical shrinkage was 24.8% after six months and
they reported statistical significant like our study.

Silva, Ribeiro Edel (19) showed vertical shrinkage in smok-
ers was 44% versus in non-smokers reported 31% that the
difference was not significant. The average vertical contrac-
tion was reported 25% within a year in Egli investigation
(17).The results of Jung study showed vertical shrinkage in
classic and strip technique was 29% and 28% respectively
that did not find any significant difference (20).

In six months study of Wei, vertical shrinkage was report-
ed 16% in FGG group and 71% in Allograft group that was
statistically significant (14). In Kim study, the average vertical
contraction after six months of free gingival grafts, connec-
tive tissue graft was 29% and 55% respectively. This differ-
ence was statistically significant (11). Rateitschak, Egli (18)
estimated 25% vertical shrinkage after one year follow up.

In our study, area shrinkage was 47.3% in test and 43.3% in
the control group. Therefore, in clinical view, the percentage
of area shrinkage in the test was 4% more than the control
group. The most percentage of area shrinkage was 33.8% in
test and 33.1% in control sites after one month after surgery.
These results are similar to Hatipoglu, Keceli (8) study that
the average contraction of 35.3% was achieved six months
after transplantation. In comparing smokers and non-smok-
ers in Siva study, graft area shrinkage was 58% and 44%
respectively. The changes in both groups were statistically
significant, but the difference between the two groups was
not statistically significant (19).

In the present study, using of Horizontal Continuous and
Apical Stretching sutures does not seem to be efficient. Al-
though the difference was not statistically significant be-
tween test and control groups, in term of clinical view, the
percentage of graft shrinkage was more in intervention
group that the most important factor could be trauma from
an additional entry needle into the tissue. When the num-
ber of are increased to stabilize the graft, more trauma may
exerted to the graft, and therefore, the probability of graft
necrosis will increase. We can conclude that, using minimum
number of sutures to stabilize the graft can be a factor which
decrease the graft shrinkage.

One of our study limitations was low sample size which
was because of budget and time shortage. The power analy-
sis showed that a study with larger sample size can show the
differences between two methods more accurately.

Conclusion

The findings of our study showed that using of apical
stretching and continuous horizontal sutures do not pro-
vide any advantage in reducing graft shrinkage. Therefore,
the use of the aforementioned sutures is not recommended.

Tiirkge Oz: Tiirkce baslik Yatay devamli ve apikal esnetici dikisler SDG
bliziilmesini etkilemiyor: Split-Mouth randomize kontrollii klinik ¢als-
ma. Amag: Bu ¢alismada, yatay devamli sutur ve apikal germe sutur-
larinin Serbest dis eti greftinin biiziilmesini azaltip azaltmayacadi deger-
lendirildi. Gere¢ ve Yontem: Bu randomize kontrollii klinik ¢calismada,
yetersiz keratinize ve yapisik dis eti bulunan, 18-53 (ort:39) yas araligin-

da, 10 hastada (7K,3E) alt cene her iki kadranda Serbest dis eti grefti
uygulandi. Test bélgelerinde, yaygin kullanilan sutur tekniklerine ek
olarak yatay devamli sutur ve apikal germe sutur kullanildi. Sondalama
derinligi(PD), keratinize ve yapisik dis eti genisligi (KG,AG), greftin yatay
ve dikey boyutu (HD,VD), greftin alani (GA) da dahil klinik parametreler
baslangicta, 1. Ve 3.ayda, ameliyattan 6 ay sonra kaydedildi. Bulgular:
Sondalama derinliginde (PD) 6 ay boyunca anlamli fark gériilmedi. Test
ve kontrol bélgelerinde klinik parametrelerin ortalama degisimi sirasiy-
la, KG 5.5-5.1 mm artti, AG 5.3-5.1 mm artti, HD biiziilme %21.6-%15.8,
VD bliziilme %33.7-%33.2, GA biiziilme %47.3-%43.3 olarak belirlendi.
Ameliyattan 6 ay sonra test ve kontrol bélgeleri arasinda klinik para-
metrelerde anlamli bir fark yoktu. Sonug: Yatay devamli sutur ve apikal
germe sutur uygulamasi serbest dis eti greftinin bliziilmesini azaltmaz.
Anahtar Kelimeler: Serbest dis eti grefti; greft biiziilmesi; yatay devamii
sutur; apikal germe sutur; sondalama derinligi
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