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Suture Materials and Suture Techniques

Jorg Meyle

This article provides a brief outline of the suture materials used in periodontal surgery and their
properties. Success of surgical treatment depends on achieving primary wound healing, particu-
larly with demanding surgical techniques — especially in relation to regenerative methods.
Choosing the right material in combination with the appropriate technique is the cornerstone of

treatment success.
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INTRODUCTION

A good healing result following either a surgical
procedure or a fraumatic lesion relies on precise
approximation of the wound edges and their fixa-
fion fo the surrounding tissue, in other words immo-
bilisation of the wound area. Some of the aids for
this purpose, in the form of suture materials and nee-
dles, have been in use for centuries. In conjunction
with the advances in surgical fechniques, the impor-
fance of optimal wound care and suture fixation has
greatly increased in recent years. In an impressive
experimental article, Burkhardt and Lang (2005)
reported on the advantages of microsurgical tech-
niques in the confext of plastic-aesthetic surgery. As
they showed in their study, perfect microsurgical
fissue approximation leads to early and rapid revas-
cularisation, which not only speeds up wound heal-
ing but also promotes successful treatment
(Burkhardt and lang, 2005).

Apart from plastic-aesthefic corrections, perfect
wound care and suture approximation are extreme-
ly important in regenerative methods and in connec-
tion with implantation (Christgau, 2001; Wachtel
etal, 2003). The aim is always fo achieve primary
wound healing.
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This article gives a brief outline of the most common
suture materials and suture fechniques and their
application in relation to treatment measures used
in periodontal surgery.

WOUND HEALING

A disfinction is made between primary (per primam
infenfionem|) and secondary (per secundam inten-
tionem) wound healing.

Primary wound healing is characterised by excellent
approximation of the wound margins with a minimal
haematoma, which is found in the wound gap and
becomes organised and is absorbed in the days fol-
lowing release of growth and healing mediators.
Organisation of this blood clot is triggered by
cytokines, which are released from the activated
platelets and include plateletderived growth factor
(PDCF), epidermal growth factor (ECF), insulindike
growth factor (IGF) and TGF (fransforming growth
factor-B). In addition, it is known that, after blood clot-
fing in serum, high activity of interleukin-1 receptor
antagonists (I-1 RA) can be defected, which also
blocks pro-inflammatory reactions (Busti et al, 2005).
It has recently been shown that derivatives of arachi-
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Fig 1 Atraumatic suture materials. Needles with three-
eighths of a circle curvature and a relatively large radius,
combined with thread sizes of 6,/0 or 7 /0, are typically
used in periodontal surgery.

donic acid metabolism, such as lipoxins and re-
solvins, are extremely important in wound healing
(Kantarci et al, 2006). They deactivate granulocytes
and activate macrophages, which then act as clean-
ing and eliminating cells; in other words, they have no
inflammatory activiies. The effects of these diverse,
locally acting cytokines are the budding and formar
fion of new capillaries, the migration of fibroblasts and
the rapid proliferation and migration of keratinocytes
on the wound surface so that surface epithelialisation
starts within a few days, closing the wound fo the out
side and restoring ectodermal infegrity.

In secondary wound healing, by confrast, the
wound margins gape a great deal, the healing
processes fake place far more slowly and are char-
acterised by heavy exudation and signs of inflam-
mation, which are caused by contamination of the
wound. Consequently epithelial wound closure is
delayed and distinct scarring can be seen as a
result of healing. Under certain circumstances, this
scarring may involve massive keloid formation,
depending on the localisation and the predisposi-
tion of the individual (Kumar et al, 2003).

In periodontal surgery, secondary wound healing
always puts freatment success at acute risk because
deeper fissue layers are eventually altered by
inflammation. This at least delays, if not entirely
excludes, complefe healing or restoration of the lost
periodontium. The aim of all surgical efforts, partic-
ularly in the context of regenerative or plastic-
aesthetic measures, must be to achieve undisturbed
healing with primary wound closure.
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Fig 2 Surgical needle with the typical elements: triangu-
lar tip, needle body (square and swaged at the end into
which the thread is fitted). The correct way to hold the
needle is not at the end or at the tip, but in the area of
the needle body.

Taking aseptic precautions is one of the most impor-
fant requirements. It has been demonstrated in var-
ious studies that, after removal and microbiological
work-up of suture materials that had remained in the
patient’s mouth for seven or 14 days, acne bacte-
ria could be cultured from these materials (Slots et
al, 1999). As these pathogens are only found on
the outer skin, this proves that the thread material
had contact with the skin surface during the course
of wound care and confamination with these bac-
feria thus took place (Nowzari et al, 1995). Even
given the best conditions, sterile circumstances
cannot be achieved in periodontal surgery during
and after the procedure as it is performed in the
bacterially contaminated oral cavity. Taking asep-
fic precautions should help to ensure that no foreign
organisms from outside, i.e. from the outer surface
of the patient’s body, from other objects or from the
surgeon or nurse, unintentionally enter the patient’s
mouth and penetrate the wound. Despite the fact
that asepsis is not possible in the oral cavity, it is nev-
ertheless very imporfant fo ensure that working is as
clean and sterile as possible.

SHAPE AND SIZE OF NEEDLES

In contrast fo other surgical fields, the situation in peri-
odontal surgery is characterised by one distinctive
feature: because of the length of the interdental
spaces, parficularly between the posterior teeth,
long, largeradius needles are required which can

Perio 2006; Vol 3, Issue 4: 253-268



Meyle - Suture Materials and Suture Techniques

Fig 3a Different types of needle (left to right): pointed tri-
angular needle, pointed needle with reverse cutting
edge, rounded needle tip (not usual in dentistry).

easily be grasped again affer being infroduced into
the interdental space on the opposite side. At the
same fime, it is important that these needles are
available with smallsized threads (6/0, 7/0].
Needles that describe three-eighths of a circle are
particularly suitable for this purpose (Figs 1 and 2).
It is important that the needles have a friangular
crosssection at their tip (Figs 3a to 3¢). This makes it
easier fo insert the needle and pass it through the
fissue because the needle cuts through the tissue with
its two outer cutting edges. The third cutting edge is
formed by the outer curvature. This contrasts with the
normal needle shapes where this edge is found in the
concave area, in other words on the inner curvature.
Hence the term reverse-cutting needle is used in this
respect. As a result of this configuration, a cut is pro-
duced that provides vertical relief and does not lead
fo immediate dehiscence (Figs 4a and 4b).

The same type of needle with a far smaller radius
is used to make cuts on the buccal or lingual/
palatal side. Table 1 lists the thread sizes (based on
thickness) and the corresponding diameters.

SUTURE MATERIALS

The choice of suture material is one of the decisive
factors in how successful the overall surgical freatment
is. As a basic principle, afraumatic suture materials
are used for periodontal surgery. In these operations,
needle and thread form a single unit so that the tissue
is not additionally fraumatised as it is punctured and
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Figs 3b and 3¢ Triangular needle tip with reverse cutting
edge. Apart from the two outer edges, the middle edge
of the outer curvature also cufs — unlike normal needles
where the third cutting edge is located in the inner curva-
fure.

Table 1 List of common thread sizes, as indicated in the
United States Pharmacopoeia (USP) and European
Pharmacopoeia (EP).

USP EP size code | Diameter range
size code (mm) (mm)

12/0 0.01 0.001-0.009
11/0 0.1 0.010-0.019
10/0 0.2 0.020-0.029
/0 0.3 0.030-0.039
8/0 04 0.040-0.049
7/0 0.5 0.050-0.069
6/0 0.7 0.070-0.099
5/0 1.0 0.100-0.149
4/0 1.5 0.150-0.199
3/0 2.0 0.200-0.249
2/0 2.5 0.250-0.299
1/0 3.0 0.300-0.349
0 3.5 0.350-0.399
] 4.0 0.400-0.499
2 50 0.500-0.599
3 6.0 0.600-0.699
5 7.0 0.700-0.799
6 8.0 0.800-0.899
7 Q.0 0.900-0.999
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the thread is passed through (Figs 1 and 5). A dis-
finction is made between absorbable and non-
absorbable materials. The absorbable materials
are often polymers or copolymers of lactic acid with
glycolic acid, which are processed in different pro-
portions and various molecular forms to produce
synthetic threads (Figs 6a to 6i). The most well-
known material, Vicryl®, is made of polyglycolic
acid and polylactide in a mixing ratio of 9: 1, which
is why it is also known as polyglactin 910. The
mixing ratio and the molecular arrangement of the
individual components determine the mechanical
properties of the polymer and its absorption and
degradation time. Absorbable materials of animal
origin [catgut), which are obtained from bovine gut
or sheep gut for instance, should not be used nowa-
days for safety reasons.

The advantage of absorbable materials is that they
are glycolysed or dissolved, and they are broken
down with almost no residues by natural metabolic
processes. If the molecules are hydrophobic, their
hydrolysis is delayed and their absorption time is
lengthened. Non-absorbable materials can be
divided into polymers, silks and Teflon (expanded
polytetrafluoroethylene) materials, which are com-
monly used in periodontal surgery.

In various animal experiments in previous years, the
study group led by Selvig analysed the tissue reac-
fions to various absorbable or non-absorbable suture
materials (leknes et al, 2005). Interestingly, rapid
bacterial contamination of the puncture canal was
found in the oral cavity with all the materials; this was
partly accompanied by an intense inflammatory
reaction and partly by epithelialisation of the punc-
ture canal. This happened irrespective of whether the
suture was placed in the area of the lining mucosa
or the masticatory mucosa (Selvig et al, 1998).

Nature and properties of suture material

Owing fo the properties of the suture material, vary-
ing degrees of colonisation and biofilm formation
on the surface of the thread fake place within a few
hours postoperatively. This can only be avoided by
careful disinfection. As mechanical cleaning is nof
possible in the first few weeks following many diffi-
cult operative procedures, the wound area and
sutures can only be kept clean by rinsing daily with
a 0.1% chlorhexidine solution with/without perox-
ide solufion (3%). It is also advisable to wipe the
ends of the sutures with cofton buds previously
soaked in chlorhexidine solution.
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If the patient is not adequately covered during the
operation, the threads are already contaminated
after contact with the external skin and hence
pathogens from the extra-oral area infilirate the infra-
oral wound region. To avoid this, the face should
be covered with sterile drapes and the facial skin
disinfected.

With respect to bacterial contamination and sur-
face structure, monofilament materials are prefer-
able to polyfilament suture materials (see Fig 6a).
However, thicker threads made from monofilament
material have wire-like properties so that the
thread ends can cause injuries to the mucosal sur-
face either in the area of the alveolar process or
in the adjacent cheek area. For this reason,
monofilament polymer threads can only be used in
smaller sizes (6/0, 7/0, 8/0, etc.). When
thicker threads are required, either Teflon threads
or polyfilament suture materials should be used.
Unlike monofilament materials, polyfilament mate-
rials have a capillary effect. This leads to
pathogens and saliva rapidly being soaked up,
an effect that cannot be prevented even with cov-
ered polyfilament threads.

KNOT TECHNIQUES

As afraumatic suture material only is used for peri-
odontal surgery, the ends of the threads are knotted
with the aid of the needle holder or possibly
anafomical forceps for very thin sutures (7/0).
Among the various types of knots that can be used,
three are of greater importance:

® the surgeon’s knot

® the square knof (or reef knof) and

* the sliding knot.

The standard knot is the surgeon’s knot, in which the
thread is looped not once but twice around the shaft
of the needle holder, then the end of the thread is
pulled through this double loop; then a simple
reverse loop is made, which blocks the first knot
(Figs 7ato 7). In many cases a third knot is tied in
the opposite direction fo the second knot fo make it
even more secure. In the case of a square knot, the
two ends of the thread are joined together by loop-
ing once around the needle holder. In other words,
the shaft of the needle holder is placed on the
thread, the thread is wound once around the needle
holder, and then the end of the thread is grasped
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Figs 4a and 4b Model of passing a surgical needle with reverse cuting edge through the gingival tissue. As a result of
the reverse cutfing edge, the soft fissue is better able to withstand mechanical fension so that the risk of dehiscence is

reduced.
Fig 5 Needle swaged af the end to hold the thread. Fig 6a Different suture materials. From left fo right: Teflon

thread (ePTFE), monofilament polypropylene thread, poly-
filament Vicryl suture, polyfilament polyester suture,

catgut, silk (braided).

Fig 6b Macroimage of monofilament polypropylene. Fig 6¢ Scanning electron microscopic image of the
material from Fig 6b.
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Fig 6d Macro-image of braided Vicryl. Fig 6e Scanning electron microscopic image of the
material from Fig 6d.

Fig 6f Polyfiloment braided polyester material. Fig 6g Scanning electron microscopic image of the
material from Fig 6f.

Fig 6h Teflon thread. Fig 6i Scanning eleciron microscopic image of the mate-
rial from Fig 6h.
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Figs 7ato 7n Instrument tie (surgeon'’s knot), starting with the initial position.

Fig 7a The needle holder is placed on the end of the thread.

Figs 7b and 7c One thread is looped twice around the needle holder...
Figs 7d to 7h ...then the other end of the thread is grasped and pulled through.

with the needle holder and pulled through this loop.
The second knot is fied in the opposite direction,
which means the needle holder is now placed under
the thread and looped around once, then the end of
the thread is again pulled through the loop. This knot
does not provide adequate security, particularly with
suture materials that have a fotally flat surface (monofil
ament threads), so that loosening is a possibility (Figs
8a and 8b).

The sliding knot resembles the square knot in that the
thread is looped around the needle once, but the two
knots run in the same direction, so that the needle
holder is laid on the thread each time. This leads to
a certain insfability, even after the ends of the thread
have been tightened.

I working with very fine suture materials (sizes >
6/0), itis advisable to use fine anatomical forceps
for knotting instead of the needle holder. Fine suture
materials sometimes get hooked in the limbs of the
needle holder.
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SUTURE TECHNIQUES

The basic aim with a simple inferrupted suture is to
unite fissue areas adjacent to the two lips of the
wound. The distance from the puncture point fo the
edge of the wound should be the same as the dis-
fance from the needle exit point to the wound
margin. The puncture depth should also be the
same at both wound edges (Figs Qa to 9h).

After tooth extractions, an overlying, crossed-over
mattress suture can be placed in order to approxi-
mate the wound edges (Figs 10a and 10b).

In periodontal surgery, the interdental simple infer-
rupted suture is the standard method for wound clo-
sure as part of a flap operation (modified Widman
flap) (Figs 1Tato 11d). In many cases this leads to
the postoperative formation of craters (Figs 12a
and 12b), which can only be avoided by altering
the flap and suture technique.

Apart from flap mobilisation in the form of a split flap
or periosteal incision, recommended improvements
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Figs 7ato 7n Instrument tie (surgeon'’s knot), starting with the initial position.

Figs 7d to 7h ...then the other end of the thread is grasped and pulled through.
Figs 7i to 7| The end of the thread is then laid on the needle holder, looped once around the needle holder...

have included preparing a (modified) papilla preser-
vafion flap in the inferdental area or a simplified
papilla preservation flap (Takei et al, 1985;
Cortellini et al, 1995). Compared with the tradi-
tional modified Widman flap operation, these tech-
niques are far more time-consuming, demand consid-
erable surgical skill, and require an inflammation-
free gingiva. With this flap preparation technique,
approximation needs fo be carried out using several
stitches in order fo achieve good revascularisation as
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early as possible. This has led to the use of microsur-
gical suture fechniques with the finest materials (6,/0,
7/0) so that the wound edges can be approximated
as perfectly as possible (Figs 13ato 13d).

In order to improve interdental soft fissue approxi-
mation, vertical mattress sutures in combination with
a simple inferrupted suture (also known as ‘Laurell’s
suture’) have been proposed and have proved suc-
cessful in clinical use (Figs 14a and 14b) (Laurell et

al, 1998).
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Figs 7k and 71 ... then the other end is pulled through as before.

Fig 7m The result is a surgeon'’s knof. ..
Fig 7n ...with the typical pattern.

Fig 8a loose knof.

In relation to microsurgical, minimally invasive oper-
ation techniques and mobilisation of a papilla
preservation flap or the modified papilla preserva-
tion flap, a combination of different sutures is
advantageous for wound stabilisation. According
to Cortellini ef al [1999), not only wound stabilisa-

Perio 2006; Vol 3, Issue 4: 253-268

Fig 8b The knot is fightened.

fion but also good approximation of the soft tissue
is achieved by using socalled supporting sutures.
As a result, the fine interdentally placed sutures to
unite the two edges of the wound simply provide
fissue approximation but they do not have to with-
stand any mechanical fension (Cortellini et al,
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Figs 9a to ?h Simple interrupted suture on phantom flesh.

Fig 9a Wound fo be stitched. Fig 9b Passing the needle through two lips of the wound
at the same distance from the edge of the incision...

--

Figs 9c and 9d ...and fo the same depth.

Figs 9e and 9f Then the ends of the thread are joined together using a surgeon’s knot.
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Fig 9g The knot is fightened.

Fig 9h The ends of the thread are trimmed.

Figs 10a and 10b Approximation of the wound edges after tooth extraction by overlying, crossed-over matiress sfitch.

1999). Consequently the delicate interdental tissue
is relieved of direct mechanical tension and any col-
lapse of the capillaries is prevented. Otherwise, the
blood flow in these sensitive fissue segments would
deteriorate further (Figs 15a fo 15¢).

These so-called "offset sutures” are supported on the
available interdental bone; if this is absent, support
must be provided via a fitanium-reinforced mem-
brane, which in turn is fixed on a spacer, for exam-
ple a screw. By means of support on this hypo-
mochlion, the two mobilised flaps (buccal and oral)
after periosteal incision or the prepared split flaps
are mobilised in a cranial direction and the wound
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edges alone are approximated by the supporting
sutures (Figs 16a and 16b, 17ato 17¢).

If connective tissue grafts are harvested, there is a
possibility in the palatal area of closing the wound
with horizontal crossed-over matress stitches looped
around the adjacent teeth, or by direct local wound
closure in the form of a continuous suture (Bhm et
al, 2005). In this case, considerable dehiscence
can arise if the knot becomes loosened (Fig 18).
Externally placed interdental sutures have been
described for coronal or apical flap advancement,
which make corresponding soft fissue movement
possible (Silverstein, 1999). Fixation of a split flap
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Figs 11ato 11d Principle of the interdental simple interrupted suture in flap surgery.

Fig 11a Penetration of the buccal wound lip.

Fig 11b Passing the needle through the interdental space and penetration through the lingual /oral lip of the wound.
Fig 11c Passing the thread back onto the buccal side below the contact point.

Fig 11d Knotting on the buccal side and trimming the thread ends.

Fig 12a Clinical example of the interdental simple inter- Fig 12b Four weeks affer the surgical operation, there is
rupted suture after modified Widman flap. distinct crater formation at the freated sites.
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Figs 13a to 13d Modified papilla preservation flap interdentally between teeth 36 and 37. Fixation with:three simple
interrupted sutures (size 6/0).

Fig 13c Two weeks after the procedure. Fig 13d Clinical situation 4 weeks after the surgical
operation.

——— ——
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Figs 14a and 14b Principle of the vertical matiress suture in combination with a simple interrupted suture in the interdental
area: firstly a vertical mattress suture is stitched from buccally to orally above the edge of the bone and below the confact
point. This is not knotted at first, but the thread is looped once around the thread end on the buccal side using the needle,
then it is passed through the inferdental space above the gingiva and below the contact point onto the oral side, where it is
passed through the visible loop between the two puncture points. The thread then follows the interdental space again
below the contact point onto the buccal side where it is knotted.
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Figs 15a to 15¢ Principle of the interdental supporting suture for coronal advancement of the wound edges and stabilisa-
tion of the periodontal fissue.

Figs 15a and 15b  Starting from the buccal wound, which is penetrated apical fo the highest lying interdental bone, the
suture material is faken along the upper edge of the bone fo the oral side, where it perforates the soft tissue apical to the
supporting bone. The local bony situation gives rise to various support points (blue arrows), with which it is possible to
move the two wound edges in a cranial direction, provided they were mobilised beforehand by periosteal incision or pro-
vided a split flap is being used.

Fig 15¢ Status following suturing and additional approxi-
mation of the wound edges with a simple inferrupted
suture.

Fig 16a Clinical example of an infernally crossed-over Fig 16b Status after complete suturing with simple inter-
mattress suture [supporting suture) for approximation and rupted sfifches.

stabilisation of the wound edges as part of guided bone

regeneration (GBR) before implantation.
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Figs 17ato 17e Clinical example of supporting and simple inferrupted sutures during regenerative periodontal-surgery.

Fig 17b After exposure, a single-wall bony pocket is
revealed.

Fig 17¢ For re-approximation of the wound edges, a
non-absorbable ePTFE suture is placed around the distol
side of the adjacent tooth (see bone condition).

Fig 17e Status following wound closure with additional
simple inferrupted sutures in the area of the wound edges.
The suture material used was Teflon thread (Gore®, size:
5/0 for the supporting sfitch and monofilament poly-
propylene (Prolene®, size: 6,/0) for the interdental simple
inferrupfed stitches.
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Fig 17d Status affer fixation of the wound edges with the
aid of a matiress suture.

Fig 18 Continuous locking suture (thread size: 6,/0) affer
harvesting of a connective fissue graft from the palate.
Status af the fime of suture removal 7 days in situ).
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in a different vertical position can also be achieved
by direct fixation to the underlying periosteum. If a
distal wedge-shaped excision is made, it is often
advisable fo use not just a simple inferrupted suture,
which joins the two flap edges together, but also to
combine this additionally with a looping sfitch on the
distal tooth so that the best possible sealing is
achieved on the disfal surface of the last molar.
Careful tensionree suturing is one of the most impor-
fant prerequisites for freatment success in the major
ity of operative procedures in periodonfology.

CONCLUSIONS

In most cases, primary wound healing can
be achieved by careful flap and suture tech-
nique, provided that the preceding treat-
ment steps have been successfully com-
pleted. This is then evident as successful
regeneration that is clinically measurable
and visible on X-rays. Today's suture mate-
rials and needles, together with the rest of
the instrumentation used, make a decisive
contribution fo this success.
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