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Abstract

A pre-clinical experimental study was used to evaluate a new intralingual suture pattern, for
treating farm animal’s tongue-wounds. Experimental section was performed on 36 fresh goat’s
tongue-samples, to compare the new suture pattern with the traditionally used two patterns
(double rows simple interrupted pattern; and tension relieve vertical mattress with deep row
simple interrupted pattern that is followed by superficial opposing vertical mattress). Comparison
involved the required stitches number, duration of suturing, and pattern’s tensile strength. The
main clinical study was carried out on recent lingual wounds of variable depths which involved
30-50% of tongue width in one horse, one camel, one buffalo-calf, and three donkeys. In addition
to three donkeys had old lacerations which failed to heal by first intension. Wounds sutured by
the new pattern were covered by one row of cruciate mattress to oppose the mucosa. Results
revealed that the new pattern required fewer stitches numbers, consume lesser time, had higher
tensile strength, it could be easily applied, achieved proper apposition of both the muscular layer
and mucosa, and it induced minimal scar formation and deformity. The technique is widely
acceptable by the owners than the other traditional methods. The technique is advised to be used
as an alternative suture pattern for the repair of lingual wounds in farm animals.
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Introduction

Tongue wounds are not uncommon;
usually they involve the anterior free part
of the tongue and more frequently
transversely oriented across the dorsal
surface and extend variable distances into
the tongue’s musculature (Adams and
Becht, 1978; White and Hoffman, 1980;
Mohammed et al., 1991; Barber, 2005;
Barber and Stashak, 2008; Gerard, 2009;
Dixon and Gerard, 2012; Lang et al., 2014;
Mata et al., 2015; Jena et al., 2017).

The most predominant causes of
lacerations include inappropriate use of
bits, foreign bodies, accidental trauma,
blows to head, iatrogenic during intra oral
procedures, injury during recovery from
anesthesia, or  self-inflicted  bites
(Mohammed et al.,, 1991; Hague and
Honnas, 1998; Barber, 2005; Pusterla et
al., 2006; Fuller and Abutarbush, 2007;
Barber and Stashak, 2008; Gerard, 2009;
Farr et al., 2010; Dwivedi et al., 2013;
Lang et al., 2014; Mata et al., 2015; Aher
etal., 2018).

Fortunately, oral tissues have
extraordinary ~ rich  blood  supply,
regenerative capacity and marked tendency
for spontaneous healing (Howard and
Stashak, 1993; Barber, 2005; Barber and
Stashak, 2008), consequently many
superficial wounds heal properly with
minimal need for surgical intervention
(Barber and Stashak, 2008; Carmalt,
2012). Moreover, equine tongue does not
play a crucial role in the prehension like
ruminants, as they count on lips more than
tongue, and amputation back to the
junction of the frenulum caused no
functional abnormalities controversial to
cattle, and this explains why tongue
amputation after laceration caused greater
morbidity in  cattle than  horses
(Mohammed et al.,, 1991; Barber and
Stashak, 2008; Ali et al., 2017; Ducharme
etal, 2017; Jena et al., 2017; Sadan, 2017).

Veterinary surgeon should be aware
that the management of lingual injuries
requires proper understanding of the
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unique needs of these wounds as well as
quick-precise surgical interference.
Although  surgical techniques  were
enhanced over the last decades and despite
the high regeneration capacity of the
tongue, lingual wounds still represent a
challenge as a result of the largely
confusing anecdotal literatures (Das and
Gadicherla, 2008) in addition to the
difficulties experienced after suturing; as
the sutures may be lost shortly after
surgery due to chewing on the stitches
(Lamell et al., 1999; Michelle et al., 2018);
the wound may come apart due to lingual
mobility; in addition to the contaminated
wet oral environment that may break down
sutures and predispose the wound to
infection (Silver et al., 2016).

In both veterinary and human-surgery,
management of lingual wounds is
categorized into three main options;
glossectomy depending on the severity,
duration, and location of the injury; second
intention healing; or tongue primary
closure (Mohammed et al., 1991; Barber,
2005; Lang et al, 2014). Partial
glossectomy, which can be used for
complicated cases, but it has high potential
risk of infection and inflammation,
unacceptable by many owners, and when
surgeons are obliged to use it in cattle, as
much as possible of the tongue should be
preserved (Ducharme et al., 2017). The
second option is leaving the tongue to heal
by second-intention by using daily mouth
lavage and systemic antibiotics as well as
by feeding a soft diet, especially when
there is chronic less-extensive laceration
and wound involves less than 30% of
tongue thickness or economic constraints
preclude surgical repair (Dixon and
Gerard, 2012). Regrettably, this method
predisposes to grooves formation at the
tongue’s surface, and scars may form in
the lingual tissues leading to long-term
problems as the tongue may not remain
straight between the dental arcades and
injured by the teeth (Barber and Stashak,



Seddek et al., 2021

SVU-1JVS, 4 (3): 38- 50

2008; Dixon and Gerard, 2012; Ducharme
etal., 2017).

The available third option is primary
wound closure for lacerations involving
more than 30% of the tongue thickness,
especially when unacceptability-constraint
precludes the use of the other two options
(Barber, 2005; Barber and Stashak, 2008;
Dwivedi et al., 2013; Sadan, 2017; Aher et
al., 2018). The primary wound closure
aims at; preserving the normal lingual
anatomical features; avoiding deformity of
the tongue conformation; and minimizing
scaring (Mohammed et al., 1991; Barber,
2005; Dixon and Gerard, 2012), and
despite it should be attempted in the light
of severity of the wound, its duration, and
its location, many lacerations can be
sutured regardless of the duration as a
result of the lingual high regenerative
ability and copious vasculature (Barber
and Stashak, 2008).

For applying primary closure, few
numbers of suture patterns and materials
were used like single or double rows of
simple interrupted pattern by absorbable
mono or multi-filament suture materials
(Patel et al., 2013; Sreenu et al., 2014;
Valentine et al., 2014; Aher et al., 2018);
single row of vertical mattress pattern by
catgut or polyglactin suture materials
(Dwivedi et al., 2013; Ali et al., 2017; Jena
et al., 2017); or a popular multi-layers
suture pattern by synthetic absorbable
mono or multi-filament suture materials,
applied in the form of deeply placed
tension-relieving vertical mattress suture, a
buried row of simple interrupted pattern,
and finally a more superficial simple
interrupted or vertical mattress pattern to
oppose the mucosa (Adams and Becht,
1978; White and Hoffman, 1980; Howard
and Stashak, 1993; Barber and Stashak,
2008; Gerard, 2009; Greet and Ramzan
2011; Carmalt, 2012; Dixon and Gerard
2012; Archer, 2013).

Regrettably, the available literatures
are perplexing and add more confusion to
the critical situation of lingual wounds that
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exist in wet contaminated environment and
can’t be immobilized, in comparison to
other wounds. Perplexing results are
engendered because the researchers used
paradoxical suture patterns and materials;
on few numbers of clinical cases; and they
relied on results gleaned from their own
clinical experiences; and obviated to point
out postoperative complications of these
suture patterns (Barnett, 2016; Silver et al.,
2016). Therefore, it is important to perform
a study to evaluate the suitable suture
pattern, rather than relying on results
gleaned from clinical experiences without
scientific reasoning and explanation.
Accordingly, the current study was
designed to evaluate experimentally and
clinically, a new suture pattern for the
management of lingual lacerations,
compared to the commonly used other two
patterns.

Materials and methods

The clinical study was approved and
supervised by the IACUC (Institutional
Animal Care and Use Committee) of
Sohag  University and Faculty of
Veterinary ~ Medicine  ethics  review
committee, Egypt. The experimental study
did not subject to review by the University
IACUC board because no live subjects
were studied.

1. Experimental study:

It was carried out on 36 samples of
recently slaughtered goats. Tongues were
subjected to full-thickness resection of half
of its width (equal length in all samples), at
the middle of the free lingual part. Samples
were randomly divided into two groups (I
and I1). Each group was divided into three
sub-groups; A, B and C (each of 6
samples), and one surgeon was asked to
suture all groups; the first group was
sutured by polyglactin 910 No. 4/0 in three
manners; the first pattern (subgroup 1A) is
double rows of simple interrupted suture;
the second pattern (subgroup IB) is tension
relieve vertical mattress with deep row of
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simple interrupted suture followed by
superficial vertical mattress; and the third
pattern (subgroup IC) is the new suture
pattern. The number of required stitches
and duration of the wounds suturing were
recorded for the three sub-groups. While
the second group was treated in the same
manner with application of standardized
pulling force to secure the knots (500 gms
= 4.90 newton) then they were subjected to
variable pulling forces for 5 seconds to
evaluate the holding strength of the suture
pattern. The mean weight in grams, that
were required to induce at least 1 mm
wound laceration at knots bites. This is
modified method previously described by
Silver et al. (2016) and the obtained results
of both groups were statistically analyzed
1.1. Technique of the new suture pattern:

A straight 6-cm needle was introduced
through the wound, close to the wound
commissure, into the muscular layer,
between the upper and middle third of the
tongue thickness, and advanced caudally-
obliquely-upwards,  parallel to the
longitudinal axis of the tongue, till it exited
2-3 cm caudal to the wound edge. Then it
was re-inserted 2 mm  caudally,
perpendicular to the dorsal mucosa, till it
exited from the ventral mucosa, then
reinserted 2 mm rostrally, and advanced
rostrally-obliquely- upwards, parallel to
the long axis of the tongue, to exit in the
muscular layer inside the wound, between
the lower and middle third of the tongue
thickness. The needle was inserted in the
wound, between the lower and middle
third of the tongue thickness, advanced
cranially-obliquely-downwards, parallel to
the long axis of the tongue till it exited
from ventral mucosa 2-3 cm rostral to the
wound, re-inserted 2 mm rostrally and
perpendicularly on the ventral mucosa till
it exited the dorsal mucosa, then re-
inserted 2 mm caudally and advanced
caudally-obliquely-downwards, parallel to
the tongue to exit inside the wound,
between the upper and middle third of
tongue thickness through a point opposite
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to the start point, then the knot was secured
and buried in the depth of the wound. The
remaining stitches were applied in the
same manner lateral to the first one,
leaving 1-cm distance between each two
stitches according to animal size, and the
last stitch was applied at the lateral border
of the tongue. Following application of this
suture pattern, one row of cross mattress
pattern was applied to oppose the wound
edges and to hide the buried knots of the
new pattern, by polyglactin 910 No. 4-0.
(Fig. 1).

2. Clinical study:

It was performed on 3 donkeys, 1
horse, 1 camel and 1 buffalo-calf had
recent cutting or lacerated lingual wounds,
rostral to the lingual frenulum, and
involved 30-50% of the tongue width with
depths varied from 30% to full thickness,
while another 3 donkeys had old lingual
lacerations that previously sutured and
underwent dehiscence of stitches, on the
way to heal by second intention, and either
had excessive granulation or scaring and
deformity.

Following animals examination, the
recent cases were prepared for aseptic
surgery; equines were narcotized by
chloral hydrate 4-5 gm/ 50 kg b.wt. 10%
solution intravenously; while ruminants
were sedated by intra-muscular xylazine
HCI 2%, 0.15 mg/ kg b.wt in buffalo calf
and 0.25 mg/kg b.wt in camel. The animals
were secured in with the lingual wound
facing dorsally and gentle traction was
applied to the base of the tongue, for better
visualization of the wound and application
of a plastic tourniquet, then a local block
by 2% lidocaine HCI was performed at the
base of the tongue. The wound was
cleaned by vigorous lavage to remove
clotted blood and food residues, swapped
with  diluted povidone iodine, and
subjected to debridement of devitalized
tissues. Then the new suture-pattern was
applied to the wound, sagittally and
parallel to the long axis of the tongue,
started from the wound commissure
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medially, in the form of 2-3 interrupted The other three donkeys that had old
stitches according to the width of the wounds and tongue deformities were
wound, by using polyglactin 910 No. O. managed in the same manner after minimal
The distance between stitches was about 1 resection and trimming of the scar tissue.

cm. Finally, the tourniquet was removed.

Fig.1. Representative image of the experimental suturing technique of lingual wounds in
goats shows (A): Complete stitch of the new suturing pattern (stitch’s pass of the suturing
material in the tongue), S; Start point of the stitch inside the lingual wound, between upper
and middle thirds of lingual thickness, E; End point, and L; loops formed when the needle
exited the mucosa and re-inserted. (B): The tongue after application of two stitches of the
new suturing pattern. D; Dimples formed at the points where the suture material form loops
when the needle exited and re-inserted into the lingual mucosa. (C): The tongue after
application of two buried new pattern stitches and application of two cross mattress stitches
on the dorsal lingual surface and one cross mattress stitch at the lateral border of the
tongue. (D): The old suture pattern of subgroup (I B); 5 tension relieve vertical mattress, with
deep row of 5 simple interrupted pattern followed by 5 superficial vertical mattress patterns.
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2.1. Post-operative follow-up:

Post-surgical ~ aftercare  included
injection with anti-tetanic sera (for
equines), daily antibiotic, multi-vitamins,
and the owners were advised to feed the
animals with soft foods like wetted bran
mashes and green food during the first few
days, and to flush the oral cavity by diluted
povidone iodine after meals, also they
were asked to observe the animals for
comfortable prehension, inflammatory
signs, mastication and any pathological
changes in the tongue. AIll cases were
followed up each 15 days for 6 months
postoperatively. During the follow up
period we care about animal self-
traumatization for the tongue, stitch
dehiscence and the opposition of the
muscles and mucosa. However, owners
were asked about the animal’s appetite,
food prehension, and mastication.

3. Statistical analysis:

Statistical analysis was carried out
using the Statistical Package for the Social
Sciences software program (Stata ® 16).
Differences between the mean values of
groups were evaluated by using analysis of

variance test (one-way ANOVA) with
application of Tukey HSD as a post hoc
test. All data in the present study were
expressed as mean + standard deviation
and P value < 0.05 was considered
significance.

Results

Regarding to experimental study, the
number of required stitches were greater in
other patterns than the new one. The mean
time required to close the wound was
significantly lesser in the new pattern than
second sub-group (p= 0.0001) and was
nearly the same as first sub-group as well
(p= 0.2199) (Table 1). Furthermore, the
mean force in newton, that were required
to induce at least 1 mm wound dehiscence
or laceration at knots bites, was
significantly greater in the third sub-group
than the 1% sub group (p= 0.0006) and the
2" subgroup (p= 0.0226) (Table 1).
However, the mean weight in grams, that
were required to induce at least 1 mm
wound laceration at knots bites, was
significantly greater in the third sub-group
than the 1t (p= 0.0008) and 2" (p= 0.013)
subgroups.

Table 1: The required suturing time and number of stitches for the lingual defect in
subgroups of group (1) and the required tension force in newton and grams to induce > 1
mm laceration at stitches bites or separation of wound lips, in subgroups of group (1)

Group | 1Sub-group 1A 2Sub-group 1B 3Sub-group IC
Duration of suturing in 456 + 11.79° 857 + 4.582 468.33 +5.51P
seconds (Mean = SD)

Required stitches No. 10 15 7
Group Il 1Sub-group 1A 2Sub-group 11B 3Sub-group 11C

Tension force in Newton 4.90 + 0.49° 6.86 + 0.49°2 8.66 £ 0.74°

(Mean = SD)

Tension force in grams 500 + 50° 683.33 £ 57.742 883.33 + 76.38°¢

(Mean £ SD)

Different letters in the same row indicates significant differences between groups (p < 0.05).
(1): Sub-group A was treated by double rows of simple interrupted pattern (one deep layer
covered by on superficial layer), (2): Sub-group B was treated by tension relieve vertical mattress,
deep row of simple interrupted pattern followed by superficial vertical mattress pattern, (3): Sub-
group C was treated by the new intra-lingual pattern. SD means standard deviation.
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. Fig.2. Representative images of a recent

lingual wound in a donkey (A): Dorsal and
(B): Ventral aspect of the tongue after
applying the first stitch of modified pattern and
before knotting. (C): The dorsal and (D):
ventral aspect after applying two stitches of the
modified pattern. (E): The dorsal and
(F): Ventral aspect of the tongue after applying

- the modified pattern and opposing cruciate

matters pattern. Notice complete closure of the
wound with maximal opposition and eversion
of the lingual mucosa and retraction of the
tongue (F): Complete healing 4 months later
after suturing.
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Regarding to clinical study, the
technique could be easily applied, the
required stiches were fewer than the
traditional technique, the knots were buried
and protected inside the wound and
covered by one row of cross mattress
pattern, with lower possibility of untying
or dehiscence. During postoperative follow
up; the tongue contracted at the sutured
half of the tongue with lower possibility of
self-traumatization by teeth, and a very
little number of suture materials exposed to
the oral environment. The new pattern
ensured complete obliteration of the dead
space with maximal opposition of the
muscles and mucosa and induced slight
inverting of the mucosa on both sides of
the wound (Fig. 2). Mild swelling and
redness were noticed in all clinical cases
for 3-5 days postoperatively. The main
complaint of owners was reduction of
appetite and difficulty in prehension and
mastication during the first week post-
surgery, but all animals returned to normal
eating by the second week.

One-month  post-suturing, all treated
animals showed complete healing of the
wounds with minimal scaring and
distortion of the tongue, and all of them
had normal lingual mobility and sensation
when tested by needle pinching. Neither
suture material could be observed in the
suture line, nor dehiscence of the wound
stitches occurred, and the cosmetic
appearance of the tongue was better in
recent cases than in old ones (Fig.2.G).
Although the owners of the old cases were
satisfied by the results in comparison with
the pre-surgical status of the animals
(Fig.3.A&E).

Discussion

Experimentally, the new technique
proved to be advantageous to the other
popular methods of suturing the tongue as
it required fewer numbers of stitches,
consumed shorter time, and used lesser
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number of suture materials and knots in the
wound, accordingly it avoided entrapping
of foreign bodies in the wound which may
cause infection, and delay healing (Silver
et al., 2016). The new suture pattern is
covered by a layer of one row of cross
mattress pattern and the stitch knots were
hidden inside the surgical wound.
However, in other two suture pattern the
surgical knots were outside the surgical
wound which may be irritating and cause
slight laceration to adjacent structures
(DeRowe and Woodson, 2000).

From clinical point of view, deep
lingual lacerations are complex-issues and
require more intensive care than that
applied for minor superficial wounds
which can be left to heal by second
intention because of the high lingual
vascularity and high regenerative ability
(Barber and Stashak, 2008). Their
management is guided by location,
duration, and depth of the wound; their
suturing is encouraged by the deep location
of lingual artery and the high regenerative
ability; and their suturing mainly aims at
preservation of the normal lingual
architecture (Dixon and Gerard 2012).

Unfortunately, there is a scarcity of
the veterinary literatures discussing the
suitable suture patterns on scientific base;
the knot security and its relation to the
suture pattern and suture materials; or the
ideal protocols for management of these
lacerations, furthermore the management
principles, even in human-surgery, are
based on clinical experiences with little
scientific reasoning (Barnett, 2016; Silver
etal., 2016).

The used simple interrupted suture
pattern in some studies (Patel et al., 2013;
Sreenu et al., 2014; Valentine et al., 2014;
Sadan, 2017; Aher et al., 2018) has single
bite on both sides of the wound
controversial to vertical mattress pattern
which has double bites, consequently the
later has better holding strength (Hickman
et al.,, 1995) and this may explain its
popularity among researchers (Howard and
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Stashak, 1993; Barber and Stashak, 2008;
Greet and Ramzan 2011; Dixon and
Gerard 2012; Carmalt, 2012; Dwivedi et
al., 2013; Ali et al.,, 2017; Jena et al.,
2017). Along the same lines, the new
suture pattern has 2 double bites on both
sides of the wound, with long distance
between them and consequently a higher
holding  ability that was proved
experimentally and manifested clinically
by satisfactory healing without dehiscence
or complications.

The use of traditional suture patterns
for that playable organ, the wet
contaminated oral environment, and
securing the knots (which is the weakest
link in a surgical seal) on the surface of the
tongue (Tera and Aberg, 1977), predispose
the knots to be soaked continuously in
saliva and expose them to frequent friction
against the palate and the food with
subsequent higher incidence of untying or
dehiscence (Lamell et al., 1999; Silver et
al., 2016) that finally may lead to healing
by second intention with excessive scaring
and lingual deformity (Valentine et al.,
2014). Unfortunately, few researchers
recorded the incidence of dehiscence after
using these suture patterns (Dixon and
Gerard, 2012; Valentine et al., 2014), and
the animal samples in most studies were
very small to rely on the results obtained
from these studies.

The new suture pattern has many
advantages over the traditionally used ones
as it buries the thread and the knots intra-
lingual; and the second row of cross
mattress pattern opposes the mucosa and
hides the buried knots and prevents it from
coming in contact with saliva, accordingly
the compilations mentioned in some
literatures (Gerard, 2009; Dixon and
Gerard, 2012; Valentine et al., 2014) didn’t
observed in the current study. At the same
time, the current technique is advantageous
over the suture patterns frequently used by
many researches (Greet and Ramzan 2011;
Dixon and Gerard, 2012; Jena et al., 2017;
Ali et al., 2017; Aher et al., 2018) as the
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number of the required stitches is fewer,
subsequently it avoids using of excessive
number of suture materials and knots than
the required in the wound which offer no
mechanical advantage and represents more
foreign bodies in the wound that may
damage host defenses and resistance to
infection, and delay healing (Silver et al.,
2016). Moreover, it has better obliteration
ability of the dead space, opposes both of
the muscular layer and the mucosa, and
oriented in the same direction of the blood
supply like the traditionally used patterns,
consequently it minimally interferes with
the healing, the same as vertical mattress
(Céleste and Stashak, 2008), but it is
advantageous over the later as it causes no
eversion of the mucosa. One more point
that should be noted that this pattern
induces retraction of the tongue at the
wounded half, which may lose nerve
supply and has paralysis as a result of deep
injury involving full thickness. Such
wound retraction prevents self-
traumatization of the retracted tongue by
teeth.

Conclusion

frequent complications; the better
opposing of lingual muscles and mucosa
and subsequent noted preservation of
normal lingual anatomical features with
minimal  deformity of the tongue
conformation, make  this  pattern
advantageous over the other traditionally
used patterns, and it is advised to be used
for repair of lingual lacerations on the
scientific base. Further investigation using
histopathological evaluation is required to
assess the quality of healing pattern.

The recorded shorter time of
application of this suture pattern; the fewer
number of required stitches; the proved
stronger holding ability and the higher
tension-relieving capability with higher
ability of dead space obliteration; the lesser
number of suture materials and knots in the
wound; the retraction of the paralyzed
sutured side of the tongue that minimized
self-traumatization by teeth; the less
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Fig.3. Representative images of lingual
wounds in a donkey showing (A): An old
wound underwent healing by second
intention in a donkey tongue, before being
treated by the new pattern (old case). (B):
 Dorsal and (C): Ventral aspect of the
tongue after resection of the scar, trimming
- of the wound, and applying the modified
suturing technique. (D): Tongue directly
after applying the new suturing pattern
(E): Complete healing 4 months later after
suturing using the new suturing pattern.
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