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INTRODUCTION

Success of  surgery depends on wound closure and wound 
healing. Early man was aware of  the benefi ts of  closing 
wounds. For the procedure they had used different kinds 
of  suturing materials from natural origin like fl ax, grass, 
cotton threads, silk threads, hair, tendons, heads of  beetles 
or ants, animal gut, and so on.[1,2]

Suturing with horsehair was routinely practiced in ancient 
India and at various places all over the world.[1,3-8] There 
are many references that mentioned horsehair as a civil 
war sutures. During war, it has been used as an emergency 
suture when there was shortage of  other suture materials.[9]

In 1974, Sinha[10] from Patna Medical College had evaluated 
the horsehair as a tendon suturing material and obtained 
very encouraging results.

Percival hay used horse hair for closing the conjunctival 
wound in a Frost-Lang operation and found it extremely 
useful as it keeps the wound fi rmly closed and does not 
bunch up the conjunctiva.[11]

In spite of  several studies and bearing ideal suture 
characteristics, this material has not gained popularity; the 
reason behind this may be its low tensile strength and its 
biodiversity.

Although suture materials and aspects of  the technique 
have changed substantially over time, the goal remain the 
same: Closing the dead space, supporting and strengthening 
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wounds until healing increases their tensile strength, 
approximating skin edges for an esthetically pleasing and 
functional results and minimizing the risk of  bleeding and 
infection.[12,13]

Horsehair has got a strong potential as surgical suture. 
Though Ayurveda, the most ancient yet living traditions-was 
using it routinely, it is essential to promote it with more 
research-based and scientifi c approach.

Hence the study “Experimental Evaluation of  Horsehair as 
a nonabsorbable, monofi lament suture” has been undertaken.

MATERIALS AND METHODS

Study design
Basic preclinical research.

Study material
Horsehairs from caudal end were used for the study.

Physical properties
The parameters for physical properties of  the horsehair 
were carried out at a well-established laboratory of  
Ethicon – Johnson and Johnson Pvt. Limited. Parameters 
tested are diameter, straight pull tensile strength, knot 
pull tensile strength, sterility test, and bioburden of  the 
horsehair strands.[13-15]

The tensile strength of  horsehair was measured on a special 
motor driven tensile strength testing machine – Instron 
tensile tester (Model no.-4464 H/840).[12]

The specimen of  length 127 mm was inserted in the clamps 
of  the apparatus. Using the principle of  constant rate of  
elongation of  specimen, readings were recorded for 10 
strands of  horsehair.

For knot pull tensile strength test, the test suture was tied 
into a surgeons knot with one turn of  suture around a 
fl exible rubber tubing of  6.5 mm inside diameter. The 
specimen was placed in the testing device with the knot 
approximately midway between the clamps. The clamps 
driven with constant rate of  pull and reading were noted 
for 10 strands of  specimen.

The device used for determining the diameter of  sutures 
was the dead weight type Mitutoyo Dial Gauge.

The diameter of  the strands was measured at three points 
corresponding roughly to one fourth, one half, and three 
fourths of  the length. The diameter at the designated 
points was noted and the average diameter likewise was 
calculated.

Uniformity and smoothness were calculated by visual 
observations under compound microscope. The small 
piece of  hair strand was placed over slide and edges of  the 
strand were observed under 40x objective magnifi cation.

The horsehair were sterilized by two methods steam 
sterilizer (Lab Autoclave) and gaseous ethylene oxide. 
Bacterostasis and fungistasis test was performed.

Bioburden is a population of  viable microorganisms on 
a product. A total of  10 samples were used to perform 
bioburden test by Pour plate method. Gram staining of  
typical colony was performed.

All the results were documented.

In vivo study
The in vivo study has been designed to assess the effi cacy 
of  horsehair as a suture material and tissue reaction elicited 
by it in adult albino rats. Autoclaved caudal end horsehairs 
were used for the experiment. The visual observations 
like swelling, congestion, discharge, wound dehiscence, 
and impressions of  suture over scar and histological 
parameters like rate of  cellular infiltration, rate of  
fi broblastic proliferation, rate of  angioblastic proliferation 
were carried out.[16-18] The study was conducted for the 
period of  seven days.

The institutional animal ethical committee approved the 
experimental protocol. The experimental protocol met the 
national guidelines as per the guidelines of  the (CPCSEA), 
ministry of  social justice and empowerment, Government 
of  India.

The present research work carried out on six Wistar albino 
rats.

Design of experiment
Total six adult Wistar albino rats were used to evaluate 
tissue reaction to horsehair. The rats were weighed between 
275 and 300 gm.

Anesthesia − rats were anesthetized by IM administration 
of  3 mg of  xylazine HCl given in triceps brachii region. 
Disappearance of  palpebral and padal refl exes was taken 
as a guideline for adequate anesthesia.

Hairs over the lumbodorsal region were removed and the 
skin was prepared for aseptic wounding.

After induction of  anesthesia, the animal was held in a 
dorsal recumbency. Two experimental wounds about 5 cm 
long were created through skin, subcutaneous tissue and 
musculature, on each side of  dorsal midline with a sharp 
15 number scalpel blade fi tted on a BP handle.
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Each animal received two sutures-Horsehair 4-0 and ethilon 
4-0 [Figure 1a].

The wound over right side of  dorsum was sutured with 
horsehair and considered as Group I and left-sided 
wound was sutured with ethilon 4-0 was considered as 
Group II.

The wounds closed with fi ve simple interrupted stitches 
with a 1 cm interval between each stitch. The same surgeon 
and assistant performed all operations. The same skin 
preparation, same sterile precautions, and same suturing 
technique were used in every wound closure.

The sutured areas were grossly examined on 3rd and 7th days 
for visual observations like congestion, edema, infection, 
wound disruption, and impression of  suture material on 
healed wound.

Visual observations
Each incision was graded according to following scale:
● Grade 1: No visible reaction
● Grade 2: Minimal swelling at the site of  incision
● Grade 3:  Suture line infl ammation at least 1 cm 

thick with pain or redness
● Grade 4: Seroma or abscess formation
● Grade 5: Wound dehiscence.

Histological study
Tissue suture specimen collection:
● After 7 days, the rats were anesthetized and a 2-5 cm 

section of  the skin, subcutaneous tissue and body wall 
that include 1cm margin around the entire stitch were 
removed from the dorsal area

● The samples were excised and collected in neutral 
buffered 10% formalin solution

● The wounds were sutured and the rats were allowed 
to recover

● The samples were then processed for paraffin 
embedding with standard procedure

● Paraffin section were cut at 6 microns thickness 
and stained with hematoxyline and eosin stains for 
histological analysis

● The healing process and tissue reaction around 

the suture materials were studied under the light 
microscope and compared.

Histological data
The tissue response to suture material was assessed with 
a crude grading system based on severity of  cellular 
infi ltration, rate of  fi broblastic proliferation, and rate of  
angioblastic proliferation were scored as follows:
0: None
1: Mild
2: Moderate
3: Severe.

The overall reaction was estimated as follows:
● 0.5-1.4 : Very mild reaction
● 1.5-2.4 : Mild reaction
● 2.5-3.4 : Moderate reaction
● 3.5-4.4 : Severe reaction.

RESULTS

Diameter of  horsehair was calculated and found to be 
0.192 mm, which complies with the 4-0 sizes of  USP 
standards. Straight pull tensile strength of  horsehair was 
found to be 0.585 ± 0.122 kg and the average knot pull 
tensile strength was 0.399 ± 0.078 kg. Straight pull tensile 
strength and knot pull tensile strength of  autoclaved 
sample was 0.493 ± 0.09 kg and 0.405 ± 0.06 kg, 
respectively. The average bioburden was found to be 
17.9 cfu/product. All samples (horsehair) of  both the 
types (steam and ethylene oxide sterilized samples) 
inoculated in SCDM (Soyabean Casein Digest Medium) 
and FTM (Fluid Thioglycollate) were found to be sterile 
after 14 days of  incubation. Visual parameters of in vivo 
study shows excellent healing in both the groups on 
seventh postoperative day. There was no evidence of  
edema, congestion, and discharge in both the groups. 
Scar mark was minimum in both the groups. There were 
minimum impressions of  suture material on healed up 
wounds [Figure 1b]. Mean histological scoring shows 
very mild tissue reaction in both the groups. It revealed 
healthy granulation completely covered with proliferative 
dermoid epithelium.

DISCUSSION

In spite of  lack of  manufacturing and synthetic development 
of  suture materials, ancients were well-known about how 
to utilize natural materials for wound closure, which are 
available anytime around us.

In India, about 68.8% population reside in rural areas 
and they get treated at local healthcare centers, the 

Figure 1: (a) Experimental wounds sutured with horse hair (right side) 
and ethilon (left side). (b) Healed wounds on 7th postoperative day

ba
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availability of  expensive suture materials is not possible 
and the multifi lament sutures like cotton or silk are most 
common cause of  infecting the sutured wound in those 
conditions.[19-21]

The general performance of  suture material is based on 
its physical characteristics, handling characteristics, and 
biological properties.[22]

As mentioned before, suture size also affects the wound 
healing. Smaller the size of  suture lesser will be the trauma 
and infl ammatory reaction.

The horsehair has got diameter 0.19 mm. As per USP 
standards, this diameter complies with the 4-0 size standard 
suture material.[12] Therefore, it can be stated that horsehair 
is a 4-0-sized suture material. The diameter after autoclaving 
the sample was measured as 0.18 mm. Therefore, it can 
be concluded that horsehair does not show too much 
alteration in the diameter after boiling or autoclaving the 
sample.

The perusal of  literature reveals that boiling was the most 
accepted method of  sterilization for horsehair to make it 
more pliable and then it can be left any number of  days 
without causing suppuration and can be removed without 
pain.[4,8,9]

Straight pull tensile strength of  the horsehair was found 
0.5851 ± 0.122 kg and knot pull tensile strength was 
0.3998 ± 0.078 kg, which complies with the class II of  
nonabsorbable suture material of  USP standards.

The average straight pull tensile strength of  autoclaved 
sample is 0.493 ± 0.09 kg and % elongation is 
203.9 ± 23.4%. The average knot pull tensile strength of  
autoclaved sample is 0.405 ± 0.06 kg and % elongation is 
146.8 ± 31.4%. If  hair keratins are stretched in steam, then 
they develop a ß-sheet confi guration. It is observed that the 
knot pull tensile strength is increased after autoclaving the 
sample of  horsehair. It means the strands become more 
pliable when boiled or autoclaved. Boiling the samples can 
reduce the stiffness of  horsehair.

A bothersome tendency to attract adjacent tissue is known 
as tissue drag of  the suture material.

If  the suture is of  a rough morphology (e.g. braided), the 
tissue will swell more and is more susceptible to infection 
than if  a smooth suture (e.g. monofi lament) is used.[19]

The structure of  horsehair is very smooth as seen under 
high power of  light microscope and the passage through 
tissue, that is, tissue drag of  the material is smooth and 
harmless to injured tissue [Figure 2].

An evaluation of  handling characteristics of  the suture was 
subjective and found to be good. But the disadvantage with 
the strand of  horsehair is that it slips out from the eye of  
eyed needle; therefore, the handling characteristic should 
be improved with needle attachment with eyeless needle.

The inflammatory reaction associated with a suture 
material is attributed to a combination of  the trauma of  
the implantation process and the physical and chemical 
properties of  the suture material.[17] Trauma associated 
with insertion of  any suture will cause aseptic infl ammation 
lasting approximately fi ve days.[19,20] The results of  tissue 
reaction of  horsehair were dramatically encouraging.

Wound healing with horsehair was complete without 
suppuration. Histologically, the slides of  horsehair have 
shown very mild exudative and foreign body reaction 
[Figure 3a and b].

The observation of  7th day of  wound healing revealed 
progressive normal healing of  both the wounds without 
any complication and hence appeared to be comparable.

CONCLUSION

Horsehair is a natural material, easily available and very 
cost-effective. It will cut off  the cost of  surgery to a great 
extent.

Monofi lament sutures are always superior to multifi lament 
sutures with regard to the incidence of  wound infection.[21] 
As the horsehair is monofi lament; it will not provide a 
medium for bacterial growth and thus reduce chances of  
infection.

Considering the diameter and tensile strength of  the 
material, it is useful in external suturing especially 
cosmetically important areas like face, neck, extremities, 

Figure 2: Smooth structure of horse hair under light microscope
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and so on where delicacy is the need while suturing and 
the wound healing is expected with minimum scar.

No allergic reaction was noted with the experimental suture.

Thus, it can be concluded that horsehair can be used 
as suture material in plastic surgery and in ophthalmic 
surgeries and will prove benefi cial to society.
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