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INTRODUCTION

The problem " Tendon repair by Suturing " though taken
on the experimental study 1in the buffalo - calves,s it
does cover the whole of the bovines by virtue of its
similarity in anatomical position . Sueh an study 1is of
considerable importance and has direct bearing on the economp
of the farmers. Practically the ent;re agriculture operation
rests on the motive power produced by the bullocks and
consequently in its draught capacity . One of the common
injuries the bullocks sustain during plouzhing is direect injurgy/
of the tendon . The injury may be from simple lacerationsto
even . rupture of the tendon which may completely disable the
bullocks thus resulting in disruption of the agricultural

operation.

According to Pulvertaft ( 1965) , Mayer in the year

1938 said § Reconstruction of severed tendems constitutes one

- of the most delicate problems in Surgery, a challenge to

ingenuity and dexterity of the operator ."

These remarks one must keep in view when ever
tendon repailr is to be performed . It is not at all difficult
to suture a tendon and obtain sound union but it is not so
easy to ensure repaired tendon to glide freely. The adihesion

which bind an injured tendon to the sorrounding tissue arise
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from the sheath and paratenon and from the epitenon.
Lindsay and Thomson in 1960 showed that the mere passage and
withdrawal of a needle through a tendon is suffieient to causa

loecal adhesions .

According to Padgett and stephenson, Pare in the 16th
century was first to speak of tendon suture but it was not
until Haller, in the middle of the 13th Century , demonstrated
that tendons were insensible in contradgetinetion to nerves
th&t operative procedures began to be accented. This process
of tendon repair to sald to have been studied first by John-
Hunter in 1767. The studies of Enderlen ( 1893) on the tendo-
achilles of the guinea -pig emphasized the importance of the

tendon cells themselves in the repair of tendon.

Repair of Superficial diglital flexer poses a major
surglecal problem . According to Hickman( 1964) , the super-
ficial digital flexor ruptures, either just below the knee
or just above the fetlock. The immediate cause of rupture is
some sudden and violent hyper extension of the fetlock joint
exceeding the limit and resistance of the digital flexor tendon
and suspensory ligament. Other condition involving these
tendors which are amenable to surgical repair, include abnor|

mally long tendons and contracted tendons. .

Butler (1965) described that general anaesthesia 1is

indicated in canine during tendon surgery as it eliminate§J

I




MAGADH UNIVERSITY M, Sg, ( Vet, ) THESIS, 1270

movement by the animal and thereby prevents excessive trauma
to the tissues during the surgical procedures. Experience has
shown that adequate hemostasis can be achieved only by applica-
tion of tourniquet «Sponging must be minimal as this traumatizf
and irritates the tendons and sorrounding tissues. Before
placing the tourniquet on the leg, the leg should be wrapped
from the toes proximally with an elastic bandage. This will
reduce the venuus blood in the lower ( distal) portion of the
limb. The tourniquet may then be placed to block the arterial
blood supply, the elastic bandage removed and then leg swabbed
with an antiseptic solution. This will render a relatively
bloodless field in which to work .

Incision should be longitudinal as this reduces
the occurence of binding scars. The incision should be made in
the side of the tendon as far as possible, rather than direct-
ly .

Similarly sealy ( 1946) , in case of hand surgeq
emphasized observance of following precautions :- Never increas
the incislon along the course of the tendon, and never cross a
flexion crease. Disregarding of the sbove precautions may result
in the spread of infection along a tendon-sheath , or formation
of a painful scar over the pressure bearing :-eea y Or loss of

function due to adhesion of the tendon to the secar.

The gliding mechanism is an essential part of

—
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' tendon is exposed to alr for the minimym possible time.

I—————tissne—Iis-essentiagl—

the tendon complex and every precaution must be taken to
avold damage to it . To accomplish this, there should be
minimal trauma to the tendon and adjacent structures . The

surgical procedure should so planned as to ensure that the

During exposure it should be molistened frequently with warm
saline solution. Rigld asepsis must be maintained at all time:s,
as infection and suppuration will inveriably result in fibros

and adhesions.

According to sealy (1946) , intelligent managemenft

of injuries to tendons require sound knowledge of the anatomy,
Physiology and healing properties of these structures. The
surgical management of injured tendon is always

towards the anatomical restoration of the tendon, Preservation
of the gliding function and repair of accompanying injured
structures, such as nerve and bony parts . To attain this, the

following steps are required to be taken :-

4 B S Examinati 3= Special attention

should be paid to any possible losgs of Sub~ cutaneus tissue

and skin or injury to nerves , bones or joints.

(2) Supgical Tephnigue s:- The repair at tendons i1s a majo:

Surgliecal Procedures and should be done in the operating room

under rigid aseptic technic. Careful atraumic handling of

is
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(3) Intelligent Post -Operative Cares~ This should be

supervised by the Surgeon who performs the repair . The
rate of healing of tendons will depend the duration and

the amount of motion to be permissible.

Suturing of divided tendon without loss of time
has definite advantage by restoring functional ability of
the effected limb over delayed or deferred stture of
devided tendon which is very often brought it dangeous
imfection and consequent loss of function. According to
sealy ( 1946) , outcome of Primary or Secondary repalr is

influenced by one or more of the five following factors.

(1)_Nature of wound $~ A cleanly ineised wound 1is less

likely to become infected t/ an one which is contused dmor

irregular.

(2) ingtion o s~ The gfeater the contamination
of gound with foreign materialsy, organisms , the more the

chances of wouldd becoming infected.

(3)_TIime interval s- Subjeet to the condition enumerated
under (1) & (2) the longer the interval between the injury
and the repalr the greater the possibility of developing

infection.
(4. Location of the Tendon :=  The flexor tendon of the

hand enclosed 1in sheath should be sutured within 4 hours




- MAGADH UNIVERSITY M, S¢, ( Vet. ) THESIS, 1870

after the injury and when injury is over the proximal

phalanx it should be sutured up to 6 hours after injury.

5) Faeiliti or T nt_:- A well equipped
operating room is necessary for the proper care of tendon
injuries when thig is not available treatment should be 1limid

to the care of the superfiecigl wound, and the tendon shture
should be deferred to a later date.

One of the Pre-requisite for a successful tendon
suturing 1s tc ensure that tendon suturé should approximate
the cut ends of the tendon as accurately as possible and by
means of sufficiently strong material which can hold the
tendon ends in apposition until healing takes place. The
suture material be non-irritating, of high tensile strength,
and of small digmeter. Braided silk or cotton ean easlly mee
the above requirements. The dis-advabtage of catgut is that
i1t causes marked tissue reaction around the tendon, thereby
delaying healing favouring the formation of adhesiong and

increasing the chances of infection.

Workers including sealy, Butler and 0' connor are
of opinion that the ideal suture should have firm anchorage,
its patter: should be simple and contain a minimum of suture
material, the apposed ends of the tendon should be free of
suture should be free of suture material. The suture material

should not cause tissue ~-reaction and the suture pattern

bd
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According te sterning Bunnell, as cited by Padgett and
stephenson (!'94% ) stainless Steel wire was the least
irritatingsature . Steel with 18 % chromium , 8% nickel and
enough molybdenum making an even mixture can be readily made
into wire. He placed the stainless steel wire so that it could
be removed, by a Pullout wire under the proximal loop after
3 weeks. Thhs pull-out wire was brough and through the skin and
tied over the button. He pointed out that active movament of
a tendon during the first two or three weeks retarded healing
and provoked fibrosis. For small tendons he used wire No.34d

and for larger tendons No. 28 or No. 35 .

Furthermore, various workers including sealy, Butler,
Padgett & stephenson,. Dinsmore, and Hickman have evaluated
the different techniques of tendon suturing.

" Following repalr the part should be immobiliged.
The plaster of Paris cast is the most satisfactory material
for immobilization and fixes the parts well and avoides
tension on the suture line. According to Mason and Allen , as

cited by sealy ( 1946) suggested the following routine :-
(1) Immobiligzation for 14 days .

(2) Restricted active motion under supnervision from the 14th

to 21st Post-Operative days,

(3) Gradual increase in motion afterf the 21st Post operative

day.
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Tendon healing forms an important part for the
success of operation . According to Flymn ( 1965) there
are too main schools of thought holding different
concept in regards to the tendon healing.:-

(1) One view 1is that new tendon arises mainly from the
sheaths that sorround the tendon stumps, and that the

tendon tissue plays no significant role.

(2) Another school holds that regeneration 1s affected

by proliferation from the cut ends, of the tendon. Riks

xkaw
Considering the importance of tendon Surgery

and its application in bovines, in which very liméted
work has so far been recorded, was taken up for study.

The techniques of tendon suture with different stturing
materials and their histo -pathology formed the basis

in the present plan .

In bovines, Buffalo -calves which could be
easily avallable were selected for khm study.
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ANATOMY OF THE SUPERFICIAL DIGITAL FLEXOR TENDON .

GENERAL 3~ The tendon is a specialised fibro-Collagenous
structure, 1lies between the two heads 6f the gastrochemius .

It originates from the bottom of the supra- condyloid fossa of
the femur and is inserted by three slips to the two tuberecles and
the trlangular roughened depression between them, on the posterigr
aspect of the proximal extremity of the Second phalanx. Its tendon)
of origin is round and is succeeded by a fleshy belly, which
descends on the posterlor face of the femore - tibial articulation),
and then between the two portions of the gastrocnemius, heing
intimately attached to its latersl portion. Its tendon of origin
is blended with the insertion of adductor . The muscular bally
is succeeded by a long tendon which is at first placed infront
of the gashrocnemius , but at the lower third of the leg it
winds round bhe tendon of that muscle, 1lies on its medial face
for a short distance and thereafter on its posterior face. It then
reaches the summit of the fibular tarsal, widens out forming a
sort of fibrous cap over it, and d<taches a fibrous band on
either gide.The tendon passes the grooved area on the summit of
the tuber-calcis and is provided infront with a synovial bursae|,
It then runs down the metatarsal region placing itself behind the
tendon of the deep digital flexor. The fendons divides into the
branches a 1ittle above proxiale sesamoidls. Each . branch

receives a slip - from the posterior division of the suspensory

ligament and forms , behind the metatarso- phalangeal articulatjfn,
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a ring for the passage of the corresponding branch of the
tendon of the deep digital flexor. The branches then pass

down under the two annular ligaments of the digit , and each
is incerted by three slips to the tubercles and the triangular
roughened depression between them on the posterior aspect of

the proximal exteemity of the second phalanx.

STRUCTURE s~
As already sﬁated, the tenden is a specialized

fibro-collagenous structure that transmit force from a muscle
to a movable part. This thick fibrous tissue is arranged in
bundles parallel to the line of force of the muscle. Between
these bundles are fibrous tissue septa containing blood and
lymph vessels. Immediately around the group of tendon bundle
is another dense layer of tissue known as Epitenon. In order
to full fill the fliding pathways in regard to proper tendon
function, these structures consist of the paratenon and tendon
sheath . Paratenon is made up of specialized loose fatty tissud
sorrounding the tendon and tendon itself. Fascia forms the
outer layer of the tendon -shaath . Tendon sheath possess
continuous parietal and visceral layers, analogous to the
mesentery, t e two being joined by a connective portion termed
‘Mesotendon ,' It is at this point that the blood -Vessels and
nerves enter between the sheath and the tendon.In some
cases mesotendon may disappear leaving only a strand of tigsue

the So called Vincula- tendon-. The mesotendon is never situatej
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situated on the pressure side of the sheath, but on e _ther
the superflcial purface Aor on one of the edges of the
tendon. Two adjacent tendens may be sorrounded by the same
sheath, and in this case the ad)acent portions of the two

visceral layers are connected by stands of the mesotendon.
RELATIONS :- The superficial diégital flexor related :-

(1)_Anteriorly :- The posterior ( capsular ) ligament of the
femore -tibial articulation, Popliteal and tibial vessels,
Popliteus and deep digital flexor.

(2)_Posteriorly - The gastrocnemius.

(3)_Postero-interhally s- The skin and fascia .

BLOOD SUPPLY $-= Popliteal and Posterior tibial arteries.,

Sealy ( 1946) described that the blood -supply

of a tendon enters through three portals :-

(1) From the musele, (8) From the periosteum @f the insertion
and (3) from speclagligzed struetures associated with the
tendom, the paratenon and the mesotenon. The mesotenon found
in tendons with sheaths, is a mesenteny like structures
which enters the tendon on its under surface and is sufficientily

redundant to allow for motion. In the flex tendors of the

fingers, the mesotenon is present only as small insertion.

After the blood and 1lymph mkzk vessels enter the tendon

they course through the fibrous tissue septa between the
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tendon bundles.

Smith ( 1965) observed the following conclusions for
the ecirculation in the tendon :-

(1) The blood supply to tendon is through a mesotenon whieh
contains a segmental pattern of arcades. In this regard, it is
similar to the small intestine. An anastomotic variation is
found where there is a flexer tendon sheath § the mesotenon is

consolidated into vincula.

(2)  The blood -supply to tendon is not significantly inereased
through its attachments to muscle or bone. Actually, the relativé
slze of the blood -Vessels and their concentration in any one

segment of tendon is not significantly greater than in any other.

(8) These arcades have some ability the support the adjacent
circulation within a tendon through collateral channel. However,
they will not maintain it over more than comparatively short

distances. Studies suggest that this range might be from 1 to 2 d¢m.

(4) These studies ajsp su gest that large portionsg of any tenddn
freed athkamd surgery must function as a free -tendon graft until
a blood supply 1s restored by the ingrowth of vessels.

NERVE - SUPPLY :- Internal Popliteal nerve.
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REVIEW OF LITERATURE .

The researches and expericnces made in the human
surgery in the field of teﬁdon repair and its different suturin
technigues, have all along remained the basis of the research

undertaken here .

DACOSTA ( 1808) reported the procedure of tendon sture.
The instruments employed in this oneration consist of Esmarch
apparatus § curved needles and needle holder 3 chromicized gut,
Kangaroo tendon or silk was used for an ordinary case and
Silver wire for a supporting wound. Firstly the site was made
aseptic in order to render the operation practically blood-less
a rubbér bandage was applied centrifugally on the proximal
side foreing the proximal end of the tendon into view . The
cut and was approximated and sutured with a continuous suture
or with tendon suture of Le-fort ; Le Dentu or Lé-lejars .
Esmarcﬁ apparatus was then removed and the wound was closed
and dr-ssed antiseptically., Finally splint bandage was
applied.

Willisms and Bvans ( 1953) deseribed a successful
treatment in a clinical case of severed superficisl and deep
flexor tendons on a 5 year old dairy cow . The limb was supsor-
ted with Qn iron bar in a normal position and a vertieal bar
17 by 1# inch strapped on the volar surface of the limb , which
was welded to a horigontal plate turned up in front and on
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the sides like a boot to enclose the foot. T-e animal was casted
and the ends of the tendon sutured but tOre.out with the sligh-
test movement., The wound was dr-ssed and the support was
strapped on. The wound healed in four weeks and the appliances
waﬁ removed in six weeks .-The cow started walking with slight
limp after three months of the injury, which soon dis -

appeared .

v Joshua ( 1953 ) reported tendon repair on a five month
0ld kitten unable to use the left hind -leg after an accident
witﬁ-hock completely flexed and a small hard object ,clearly
palpable behind the .distal third of the tibia. Under anaes-
thesia, on ingision the hard obJject was found to be a
detached portion of the tuber -calels still remaining
attached to the superficial flexor tendon. The detached chip
was removed and unable to attach it to the os-caleis, it was
sutured to the tendon of deep flexor. Six months later, no

differences could be detected between the other hind =limb,

Cammaghan and Hanson ( 1958) bellieves that rupture

of gastrocnemius tendon in fowls 1is due to hereditary factor

and influenced by the activity of the gonads.

0'Connor ( 1960) deseribed that rupture of tendons
in horses occur chiefly in the lower parts of the limbs,
affecting ehliefly the flexors of the diglt and the suspensory
ligsment. He stated the following eauses for both pre-disposin
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and exciting causes for this condition:- Pre-disposing
causes -

(1) Natural wealmess of the tendon.

(2) Weakening of the tendon by some debilitating disease.

(3) Working a horse in unfit condition. )

(4) A tiring race, the rupture occuring towards the end of the
race when the muscles are exhausted, and consequently excess-

ive strain is thrown on the tendons.

The exciting cause of flexor rupture ineclude violent

over-extension of the fetlock and inter-phalangeal joints.

He ascribed the following eriterip in the tr@atment

for tendon-rupture.

(1) Keeping the ends of the ruptured tendon as close together
as possible.

(2) The application of supporting pitch or plaster- bandage .
{3) Kéetaing the patient at rest, slings being usually
indicated to take some of the welght off the 1limbs, and
obviate attempt at lying and rising,

U/ézrcos ( 1962) reported tendon wound healing after
tenotomy of the Achilles tendon in rabbits and rats by injecting
daily I/M with either vitamin K (10 mg), isoniazid ( 12.5 mg) of
cortisone ( 5 mg) or received diphenylhydantoin sodium('dilantin)
in the drinking water ( 100mg . Per 100 ml.) daily , their

average Iintake of water being 20 ml. He concluded that Vitamir
|
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Vitamin K and dilantin were both effective in promoting
repsdd healing and restoration of cuntion j isoniazid and
cortisone hoth retarded healing particularly the later.

wJ/O'connor ( 1960) advocated silk for use as
suturing material as catgut can not withstand the strain.
The author also described the following methods to bring
the ends of the tendon into apposition s

(1) Pass the thread obliquely through each end of the tendon
and tile the two ends laterally.

(2) Pass the needle through the upper end of the tendon
near its border from behind forwards, and then close to the
opposite border from before backwards., Then suture the same
on the inferior end, but in thig case pass the threads

successively from behind forwards and then tie them.

(3) Make two sutures - Viz (1) an affronting stture close
to the Cut-ends , and (2) a suture of support farther away
(4) Pass the thread twice through the upper end of the
tendon, then bring it back through the inferior end and

tied laterally.

Butler ( 1965) have stated the different suturing

pattern for tenorrhaphy :

(1) The Bunnell - Hayér tendon suture is the most

effective for anastomosing tendons whieh are round or
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semiround in shape. This technic is carried out with a
double armed suture with a small. straight needle at either
end . BEither silk or a fine gauged stainless steel wire can

be useds The first stitch is teken approximately 3/8 of
an inch proximal to the traumatigzed region. This is usuallm
about § of an inch from the end of the tendon. The needle
is pierced the tendon is a transverse direction and then re-
entor the tendon at an angle of about 45 degrees pointed
towards the traumatized end. 4 second oblique stiteh is
taken at a right angle to the first. Following this, two
corresponding oblique stitches are taken. The traumatiged
portion of the tendon is removed with a razor blade or
scalpall Just distal to the suture § this will leave a

eross section of normal tendon.

When the described step is completed , the tendon
is steadied and the needle is again inserted and brought out
approximately in the middle of the cross seetion of the tendon
the same procedure is carried out with a second needle., Thig
will result in a double cross stitch which will leave only
a small amount of suture material on the surface of the
tend'n with both ends of the suture eoming out through the
end of the cross section . The same Procedure is carried
out on the distal stump. After thig ig completed , the two
tendons can be drawn together by tightening the suture,
Three knots are tied in each suture .
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(2) The straight needle enters the Proximal tendon stump
from the side about ¥ inch from the severed end in such a

manner that it emerges in the centre of the cut end of the

tendon.The suture is draw: through until the barb on it ahgageﬂ

the side of the tendon. The straight needle 1s then inserted
into the centre of the cross section of the cut end of the
distal segment . The needle 1s inserted down the tendon and
emerges through the side of the tendony it is then pulled
througp the overlying tissues and skin. At this point, the
suture is tied to a button. The other end of the suture with
the curved ncedle 1s brought out through the skin and tied over
a button in a similar manner. This technic is possible due to
the fact that only the profimal end of the tendon is active j
the distal end plays a passive role. This technie is satisfacte-

ory for anastomosing tendons which are small in cross section

The suture can easily be removed following healing by removing
the distal button and pulling on the proximal button.

The Bunnell Mayer suture is not applicable for use
in small flat tendons because they are so small on cross section.
In this instance , the buttonhole overlapping stture is preferabl
This particular suture has some disadvahtages in that if
leaves a small portion of tendon exposed, the sutures are not
completely buried, and the area of anasmosis &s bulkier thaﬁ
the normal portion of he tendon. It is essentlal that the tendon

T

stumps overlap by at least # inch . The buttonkole suture is
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contraindicated in areas where a tendon posses through a
sheath, as the Clroumference of the sheath is closely

adopted to the size of the tendon. This technic can be used
where the tendone are moving through lﬁose connective tissug
and where there is an abundance of paratenon § here the
bulkiness will not be detrimental.

Morel - Fatio and Ducourtioux ( 1964) described
that 4in Primary repair of flexor tendons in hand surcery,
the danger of subsequent infectlion must be taken into
account which 1s related to the character and degree of
the original wound . Retalned non- resorbablg sutures must

be considered as a foreign body.

Hickman ( 1964) described the use of fine suturin
material for tendon suture wlith sufficient holding strmgth
like cotton, linen thread and multifilament stainless steel
wire. The author also stated varlous technique to bring the
ends of the tendon into apposition by @Quilted or Mattress

suture and Koch - Mason Technique.

Myers et al ( 1964) reported the tendons r:eapza\i.radl
with 8ilk ¢y Cotton, Steel, or Plastic sutures over cohesive
steel reinforeing sutures , 69 % healed by Primary Union.
The fallures were caused by breaking of the sutures, by

inaccurate placement of the suture, or by dislodgement

of the cohesive steel after the adhesive was no longer e

i




MAGADH UNIVERSITY M, S¢, ( Vet. ) THESIS, 1570

used because of the difficulty of keeping a cast on the

effective .

Batson ( 1963) reported successful repair of both
superficial and deep flexor tendons in a 4 years old
dairycow which was injuréd by‘the blade of a scoop on g
farm tractor . The wound was a horigental incision about
7 to 10 om long. It was decided not to enlarge the wound
to facilitate suturing.The foot was held in a flexed
position aud the ends of the deep flexor tendon were grasped
with Allis tissue foreeps.fhe ends of the deep flexor
tendon were approximated and sutured together with two
sutures of extra heavy Synthetie suture material positioned
s0 that the knots were on the sides of the tendon. The
process was repeated with the superficial flexor tendon
except that four sutures were used to secure the severed
ends and they were so placed that the knotes were medial,

lateral and Postegior. A Plaster of Paris caste was not

entire leg and foot, the danger of necrosis, and the slushy
wet quarters which would keep the padding under the cast wet
for the entire ttme it was in place,

Instead, the leg was padded 1lightly with cotton
and wrapﬁed with gauzey and an aluminum splint was apllie#
The leg and foot were then heavily taped with adhesive
tape. The wound wvas left open and when the cow rose, however

the splint crumpled, and the foot extended beyond the normal
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position. The cow walked a few steps and then assumed a
recumbent positlon agaln. After this occurence, it was
decided to make a special brace. The tape and the alumi -
num splint were removed, leaving the leg covered onl' with

gauze except near the foot where tape was also applied .

The brace was then applied and secured in place with two

leather strape . When the cow stood, the leg and foot
remained in the normal position. The wound healed without
complications, and the sutures were removed from the skin
after three weeks . The brace was removed five weeks
after unitial appliecation , and the cow walked well except
for a slight limp which was noticeable when the ecow walled
but not when she ran. There was no significant loss in milk

production,

Pulvertaft ( 1965) deseribed the three methods of
Joining tendons in human surgery employing stainless
steel wire and silk for apposition of tendon ends:
(1) The Mayer - Bunnell criss eross stiteh,excellent
in securing a firm grip and accurate apposition. The only
possible criticisn 1is that the epitenon is penetrated
several times.

(2) The second method used 1s the Bunnell double angle
stitch . This 1s mn extremely useful suture for bringing

into apposition more than two secured tendon ends at a time
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(3) The mason or Chicago stitch technique though widely

accepted , but did not found favour with the author .

w Belenger et al ( 1965) reported the repair of
ruptured Achijles tendon in human by the use of autogenous
skin wihout removing the epidermis. After resecting exten-
sively all degenefated and frayed tendon, the strip of
skin was sutured with Nylon and immobilized in plaster for
three weeks . Welght bearing was started at five to six
weeks time.

\/Stuart ( 1965) deseribed Primary repair of the extensor
C— 1

tendons over the meta carpophalangeal Joints. Accomplished
primary end to end suture with No, 3-0 Silk and gall the
fingers were Iimmobiliged on a plaster slab. Patients were
divided into three groups ¢ 35 patients were splinted for
one day , 80 patients for 10 days and 22 patients for
three weeks. The author reported excellent result in 79 %

in group Il , 73 % in group IiIl and 60% in group I ,

Lewls and Manelis ( 1965) st.ted direct suturing of
lendon ends for spontaneous tendon rupture assoclated with
either tenosynovitis, previousytrauma or systemic degenera-
tive disease by frequent attrition of tendon at the

rupture site.

Moberg ( 1965) reported three caused of tendon rupture:

(1) Attrition from raw bony parts over whiceh the tendon
__must pass . s o
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(3) The mason or Chicago stitch technigque though widely
accepted , but did not found favour with the author .

v Belenger et al ( 1965) reported the repair of
ruptured Achijles tendon in human by the use of autogenous
skin wihout removing the epidermis. After resecting exten-
sively all degenefated and frayed tendon, the strip of
skin was sutured with Nylon and immobilized in plaster for
three weeks . Welght bearing was started at five to six

weeks time.

\/atuart ( 1965) deseribed Primary repair of the extensor
Cm— il

tendons over the meta carpophalangeal Joints. Accomplished
primary end to end suture with No, 3-0 Silk agnd all the
fingers were immobiliged on a plaster slab. Patients were
divided into three groups : 35 patients were splinted for
one day , 80 patients for 10 days and 22 patients for
three weeks. The author reported excellent result in 79 %

in group II , 73 % in group ILI and 60% in group 1 .,

Lewis and Manelis ( 1965) st ted direct suturing of
tendon ends for spontaneous tendon rupture assoclated with
either tenosynovitis, previousytrauma or systemie degenera-
tive disease by frequent attrition of tendon at the

rupture site.

Moberg ( 1965) reported three caused of tendon rupture:

(1) Attrition from raw bony parts over which the tendon
_must pass . e
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(2) Invasion of granulations into the tendon structures.

(3)  Tendon necrosis due to injunctions of hydrocortisone.

Tubiana ( 1965) Prefered long incisions 4in
Secondary or late repalr cases in order to resect the tendon
sheath, free the adhesion, and to protect the neuro-Vascular

bundle.

\~ Land and Viernstein ( 1966) reported the study of
- spontaneous non- traumatic ruptures of the achilles tendon
and stated that rupture of the tendon occur after degenerativi
changes have set in . This has also been supported by Hipp
and weigert ( 1966) .

v'Lynn ( 1966) have reported the repalir of ruptured
achilles tendon by employing plantaris tendon as a membrane

to re inforce the repair .

Myers and lundvall ( 1966) reported that normaley
could be restored to great extent in faals with weak flexor
tendon by apblication of supportive bandags.

.~ Schauwecker et al ( 1967) described the use of
direet suture for the Achilles tendon rupture in human with
symphetic material, the use of tendon eraft from the plantaris

Palmaris tendon , or a Z- plasty using autojenous tendon.

Hernandez et al ( 1967) instituted a "rogramme of
early mobiligation of the affected digit in order to accelera-

)
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accelerate rehabilitations of patients with flexor tendon
injuries s~

( 1) Passive movement were started on the first and second
Post operative days. These movements consisted of both
flexion and limited extension, because flexion mainly

relaxed the t8ndon and extension moved it back and forth,
allowing no adhesions to form,

(2) Active mobiligation started on the second, seventh and
fourteenth days,

Mekenzle ( 1967) described two different type of
multiple barbed suture for the long flexor tendons of palm
and fingers, made from nylon. The advanta e of using barbed

sutures provided less suture material within the tendon and

less trauma to the tendon at the suture site. Nylon appeared

to be the best material because of its law streteh co-effieienk

Bruner ( 1967) have described a Zig -zag Volar digital
incision on flexop tendons , provide direcot €xpasure and clear
vigion of the tendon without di sturbing neurq -muscular

bundle . There was no complécation of flexor contractures
or adhesions,

Langenskiold ( 1967) reported a satisfadtory result in
the treatment of chronie nonspecifiec tenosymovitis of the
posterior tibial tendon in man by removal of granulation

tissue present over the tendon sheath,
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dlStanstrom ( 1967) described a new method for the distal
anastomosis in flexor tendon grafting. The distal anastomosis
was perfcrmed after determining the proper tendon length. A
nonabserable thread was logped around the distal tendon,
being held fu the tendon in sling fashion by a 5+0 steel
suture ligature in the graft. The thr8ad was passed through
the nall- bed and affixed to the other side of a button above
the nall,

Robinson ( 1968) reported a technique of injeeting
a sclerosing agent ( monocethanolamine oleate) into damaged
tendons. This method produced a deep seated inflammatory
reaction at the site of the injury. The intense hyperaemia
prdduoed help in the healing process and the weakesed structu-
res are conslderably strengthened by the dense deposition of
connective tissue . This line of treat ent can perhaps be only
advocated when <faecilities for more conventional or radical

method is not readily available.

Nilsgson ( 1269) have described the operations for
the repair of superficial flexor tendons, in horses by spli-
tting the tendon and swturing it, with either continuous
No.0 or I catgut or with simple interrupted stainless
steel( 0.21 mm ) sutures .The author has classified more

than 50 § success in this fechnique .

y/V/Me Farlane et al ( 1968) reported better results
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with tendon sutureAin comparable to tendon graft with
profundus tendon injuries in man. In patients with the
Profundus tendon sutured average range of motion of the
distal joint was approximately 80 % of normal . With
tendon graft, the average range was approximately 55% of

normal.

Pulvertaft (1965 ) has re-orted the low reaction
to stainless steel which make i1t the most desirable
material and the disadvantage of kinking and breakage

in the single stramd type can be overcome.

Reed ( 1962) stated that ch-neces of reeurring

‘injury are great because the star tissue formed has

insufficient tenslile strength to withstand the stresses
of heavy training and raecing.

According to Bunndll ( 1944) , as cited by Padgett
and stefenson ( 1948), has st:ted the method of using
removable stalnless steel wire for tendon suture allows
a little tendon motion if the suture anchorage is made
beyond the first joint distal to the suturing. It is
found that in the first two or three weeks active

exercise of the sutured tendon does not hasten healing

but instead provokes adhesion.

Hickman ( 1964) has stated that when connec-

=

tive tissue will be slowly replaced by specific tendon
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tissue ( Collagen fibres) in time , though may be never
completely § complete rest is to be avoided as it would
aid the formation of adhesions.

Melmed ( 1965) reported that the strength of
surgically repaired tendon during étaroid therapy is 40%
less than 1in control animals . Histologle studies of
these tendon also showed a suppressed fibroblastic reac-

tion and delayed maturation of fibrous tissue.

Y" According to Mason and Allen, as ecited by sealy.
( 6) has stated three stages in the repalr of tendons :-

(1) Fibrablaste derived from the paratenon, epitenon and
Pibrous tissue septa between the tendon bundles gives a
fibrous union . This stage extends to the Sth day, with the
tensile strength of the wound decreasing during this time.
Until the 5th day of tensite strength is dependant upon
the sutures. About the 5th day the sutures tend to pull out
easily of softening of thetendon constricted by the suture.

(2) Foom the 6th to 14th day the tendon fibres grow
unto the soft callus 1ike fibrous tissue s and during

this time the tensile strength at the site of repair gradua=
1ly increases . After the 16th day increase in tensile strengt
continues, but at g greatly reduced rate, for a period of

about six weeks.

h
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(3) During this perlod, usually the 19th to 21st day,
the tendon becomes differenciated and organised and the
gliding function returns.

/' The gliding function gradually returns from about
the 14th to the 21st day, regardless of motion. Funetion

exerts two opposed 4influences on a healing tendon. Too

—_—

early motion enhances the reaction around the suture line

—

and causes retraction of the tendon endsy, with delay in

bridging the gap . On the other hand, if these results are
il -

avolded early motion promotes the tensile strength at an

earlier period . Thus the time for starting motion 1is

dependant upon the proper evaluation of thase factors,

Flynn ( 1965) reported gross and microscopieal

findings ofsutured tendons at different interval. & -

Three davs after suture:-

Grogs s~ Edema was seen in the sheath and in the peritendi-
nous tissues . The proximal and the distal stumps were
edematous and hyperaemic, and there was some separation
of the stumps. The suture hold the stumps but not very
securely. The gap between the stumps was filled with red
gelatinous granulations without any tensiie strength .

Microsconie Examination - Proliferative changes were

not advanced sufficiently to afford funetional union. The




MAGADH UNIVERSITY M, Sc, ( Vet, ) THESIS, 1270

. -

stumps were separated and end against granulation tissues
in the gap. Anuclear necrosis involved the ends of the
tendon . No mitoses were seen. The silk suture was sorrounde
by white blood cells. Intré tendinous vessels were seen.
The sheath showed a great proliferation of leucocytes,
lymphoecytes, histiocytes, and fibroblasts and an increased
number of blood vessels. Sheath tissues entered into tha.
gap and form granulation tissue.The earlj granulation
tissue in bhe gap consisted of many leucocytes, lymphocytes
histiocytes, and fibroblasts. There were many red blood
cells and much fibrin and capillary proliferation., The

suture seemed to be the main unifying factor.

g en 8K t-

Gross examinstion :- Continuity appeared to be due to

the proliferation of the sheath and the peri-tendinous
tissues., The sheath had fused with the stumps . Théf gap
was filled by a fusion of the sheath and organizing granu-
lations .

M ie

(53]

io := Revealed a union of the stumps
effected by proliferation tissue from the sheath. The

proliferating sheath tissus was gr-ater than at three days
and contained leucecytes, lymphocytes, histiocytes, fibro-

blasts, and proliferating ecapillaries. The gar was penetrg-

—

ted by sheath tissues. Both stumps showed active proli?eratJ

-0 of tenoblasts. The nueclei of the tenoblasgts were

0
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Microgcopie Examipation _ s:- The stumps showed a mark

larger than at three days and there were many basophilic
fibres . Some mitoses were seen . There was a great proli-
feration of the capillaries. The gap was invaded by teno-
blaste from the stumps. At the end of one week the union

appeared to be effected by the sheath .

After two Weeks s-
Gross Examination te The tendon stumps showed fusion by a

fibrous bridge across the gap. Union was mainly by tendom.

increase and advancedlent In fibroblastic and Vascular
Probiferation and a decrease in other cellubar reaction .
Mitoses were more numerous than at one week . Tenoblasts with
many collagen fibres bridged the gap from proximal to the
distal stump. Tenoblasts were arranged longitudinally in the
lines of stress. The gap was penetrated by sheath tissues.

The union at the end of two weeks was effected by tenoblashg

and sheath.
A thi H
Gross Examination s- The gap was bridged by a tough fibraus

tissue. The fibrous sheath, which was less edematous than

previously extend from stump to stump.

M 1 3 t= The stumps contained fibro-
blasts which were more mature than at two weeks .The nueclei

were smaller and many more collagen fibres were seen.There

et
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was a continuity of similar fibroblasts extending from
stump and stump. The fibroblasts were arranged 1longitudi-
nally in lin<s with the pull of the tendon . Longtudinal
blood vessels were numerous . Union after three weeks was

mainly due to the tendon .

! i=

Gross FExamination :- The healed tendon appeared to glide
beneath a <thin fibrous sheath.

Miscrosconical Examination s- The tenoblack in the stumps

and the gap site were more mature than at three weeks. The
nuecle$ were smaller., No mitoses were seen. There was more

collagen. Tenoblasts appeared to form into bundles as in

mature tendon.

te Weeks 3~ Tendon cells, arranged in bundles

were seen microscopieally.

After Tepn Weeks s~ Mature tendon cells were arranged in

bundles and resembled a normal tendon.

Peacock ( 1965) described three phases in the
tendon wound healing.

-

(lL—Eallnlar_mmguthf_- In this phase neither

mature tendon nor the sorrounding fibrous sheath contain

cells capable of amalgamating cogpted tendon ends, Tendon
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healing was entirely dependant upon large stellate fibro-
blasts migrating into the anastomosic from outside the
tendon itself.

(2)._Fibrous Protein Svnthesis Stage t= This stage

began on the third day after fibroblastie migration. A
soluble molecular precumrsors of Collagen was synthesized

and was extruded into the intercellular millieu.

( 8 i~ In this phase the tendon
gliding action was possitle due to an engymatic reaction

which had the capacity to degrade collagen,
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MATERIALS AND METHODS _

PART -1

—OPERATIVE SURGERY
Materigls

(1) Selection of dnimals :- Buffalo - Calves, representing

the bovine specles, were smelected for the »nresent study.
Animals were procured at different intemvals and soon
after their recelpt, a preliminary examination was done
and temperature, Pulse and regpiration were recorded. This
was done to ensure that they are reasonably healthy so
that <ths resulis of the present work may not be materiglly
affected « All the selected animals, thus, were apparently
healthy. |

Approximate age varied from one to two and half years,
ﬁhile the body weight varied rather widéd¥y from 200 to
300 lbs. The body weight was calculated by measuring the
length and girth in inches , according to the standard

formula :-

a2
LXa = Body weight (1bs)
300

(2) Design of the Experiment :- Before proceeding to

the aetual operation, the selected anlmals we e divided

-at random into different groups. In total y twelve buffale

calves were uged, and they were divided into three grouns,
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Each group consisting of four animals according to the

number of suturing technique employed.
In this experiment three technigues :-

(1) Koch- Mason  method of tendon suturing § (2) Bunnell -
Mayer double cross technique of tendon suturing and

(3) Simple Mattress method of tendon suturing were taken
up for study respectively for the first , Second and
third group.

HBach technique comprised of seperate suturing
material. The koch.- Mason Technique in group I employing
silk suturing materlal § Bunnell Mayer dquble crogs techni-
que In group 1l employing stalnless steel suture while in

group III Cotton sutures were used as suturing materials .

(3) Sutuping Materials i-

(1) Braided Silk ( 3-0)
(2) Stainless steel wire ( 35 mm)
(8) Cotton - Merecerigzed Commercial,

METHODS :-

PRE - OPERATIVE _PREPARATIONS :

(1) _Clinieal Examination :- The following Pre-Operative

Examingtions were made :-

(1) Recording of Temperature, Pulse and respirations :=
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Temperature , Pulse & respirations were daily recorded

morning and evening at rest. ( Table No -3) .

(ii) _Faecal sample Examination and Treatment :- Faecal

sample from every animal were examined and routine investis
gation for the presence of any parasitiec infestation was done q
All the buffalo- Calves, usually, harboured stomach and
intestinal worns, belong to the species of Haemonchus ,
Bunostomum strongyles. They were treated suitably (Pheno-
thiazine, Carbon tetrachloride, sulphamazathin 5 gm. Tablet
-ICI) 1in the prescribed doses. After the administration of

ot thedrug an interval of seven days was allowed , before taking

up the oneration .

(1i1) [Ecto Paragites:=- Ticks and lice infestation ,if

found were treated with Gammexene lotion.

(iv)__Haematological Studiess- was done primarily for

anagemia and blood borne protozoan infection. Nothing

significant was found ( Table No.4)

(v)__Recording of body weight s~ The body weight of 1lndivi-

dual animal was again calculated and recorded (Table No. 2)

(2)___Preparation on the Previous_day of Gperation :-

The buffalo -calf to be operated upon the next morning

was selected at random . The animal was washed and the
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skin around the right side of the leg, between the hock and
fetlock Jjolnt was scrubbed thoroughly, shaved and cleaned
with soap and water. The saved area was disinfected with
savlon ( ICI ) 1lotion, Sponged , dried and swabbed with

spt. Mercurochrome 1%.

Only 1light feed was allowed in the morning conslsting
of small amount of straw and green grass. It was then sepa-
rated from others to a clean dry stall . Water was given

adlibidum for the whole day.

(3) Preparations on the Operation day :-

The operation was carried out in the morning to get
maximum time for observation during the rest of the d ay.
(1) _Preparation of the Animal :- The temperature, Pulse
and respinations were fecorded. Prior to operation the shaved
area was thoroughly scrubbed with soap and water and sponge

dried and finally swabbed with Spt. Mercurochrome 1% .

(i1) terilisati $= The instruments, drapes, gaugzes
and other appliances were sterilised properly. B.P.Blade
and rubber tubing of Doyen clamp were steritised with eonc.

Savlon lotion.

Suturing materials such as silk, Cotton,Stainless

Steel wipe and Vetafil were sterilized by boiling along
with other instruments.

Scrubbing of the Surgeon's hand with soap and water
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followed by savlon lotion was done as a routine procedure.

(111)_Anaesthesia 3-

(a) Nareosis :- Chloral hydpgs in the doeses of six
drachms was used as Sedative. The animal was drenched atleast

half an hour prior to the operation.

(b)_Posterior tibial block :- Novocaine 2.5 % solution

was used for posterior tibial block.

(iv) Pogitioning of the Animal :- The animal was cast on

its right side and secured Properly. The 1limps except the righ]
limb was secured by a single rope. The 1limb to be operated was
kept over a sterilised drape and tourniquet was applied well

above the operative site.

(¢) —OPERATIVE PROCEDURE
The site of the operation was finally painted with
spt. Mercurochrome 1 %, and the drapes applied, leaving the

operagtive site completely exposed.

(1) _Site of Incision. s- An incision about 6" long was made

longitudinally on the medio lateral aspect begining just
behind the hock and extending toward the fetlock . The skin flap
was retracted with Allis foreey to fascilitate exposure.

(11) Exposure 3= The exposed superficial and deep fascia

was cleared off by blunt dissection to expose common sheath of

;
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the supefficial and deep flexor tendon with the help of small
artery forceps. The area was mopped up with steriligzed gausze
and belleding, if any, checked by artery forcep and some times

by ligation.

(iii) wWithdrawal of superficial digital flexor tendon s-

A longitudinal incision was made with scalpel over the common

sheath of both superficial and deep digital flexer with great

care to minimum injuries and the tendon sheath was grasped on
either side with artery forceps. A sharp demarcation between

the superficial and deep digital flexor enabled clear cut

exposure of superficial flexor tendon and was achleved by the

" help of tenaculum introduced between the superficial and deep

flexor tendons . (Photo- 1).

(iv)__Tenotomy :-  Sterilised pleces of gauze were placed

around the whole circumference at two points of the exposed
tendon. Again a rubber shod Doyens clamps were applied and
the tendon of superficial flexor was secured by placing a
tenaculum underneath . This procedure was adopted in a1l the

three groups (Photo - 2)

(V) Technigues of Tendon Suturing -

The three techniques of suturing were taken up for study:

1 BUNNELL - MAYER DOUBLE CROSS TECHNIQUE

The Cut -ends of the tendon were brought close together
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for éuturing. The énd of the devided tendon was grasped with
tigsue forcap to steady the tendon for placement of sture .
The forcep was grasped between the thumb and middle finger,
allowlng the tendon to rest against the index finger. This
technie was best carried out with a double armed suture with
a small straight needle at either end . The stainless steel .
wire was used as suturing material. The first needle was
pierced about half of an inch from the end of the tendon in
a transverse direction and then re -enter the tendon at an
angle of 45 degrees pointed towards, the end. This fashion of
Piercing followed by a second oblique stitch , Was given at
a right angle to the first. Following this, two corresponding
oblique stitches were given and the tendon was steadied .
The needle was again inserted and brought out approximately
in the middie of the cross -section of the tendon. The same
procedure was carrimd out with g second needle . Then both

ends of the suturing material was grasped with artery forcep

The same suturing technigue was adopted for the -
distal stump of the tendon. Doyens clamps were pushed forward
on the same course to fascilitate close apposition of both
stumps and drawn together by tightening the suture . Three

knots were tied in egeh suture . Terramyecind 1liquid was applied

to prevent infection.

II KOCH - MASON _ TECHNIQUE s~

The stumps of the tendon were brought in apposition and

g
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.until it emerged through the end on the opposite side of
. the base-line of the tendon and zrasped with artery forecep.

bpraided Silk Ligature ( 3-0) with two straight thin atrau-

matic needle fntroduced at each end . In the proximal

stump of the tendon behind half an inch from the cut end,
the first needle was pilerced transvereely straight through
the diameter of the tendon . The same needle was then angularsy
ly plerced at an angle of about 45 degrees through the

tendon by the side of previous point and continued plercing

The Silk 1ligature eyed through the second straight needle,
travelled in the same direction as the first one and graSpeﬁ
with artery forcep after 1t emerged through the opposite

base-line.

In the other stump of the tendon, the same course
of suturing'p;ttern was followed as in the first resected

portion of the tendon. (Photo -3)

The Doyens clamps were pushed forward on the same
course to fascilitate close proximity of both stumps and
drawn together by tightening the suture and placing conside-
rable tension . Three knots were tied in each suture -
(Photo - 4) . Few drops of terramycin 1liquid applied to

prevent infection.

III MATTRESS TECHNIQUE OF TENDON SUTURING -

The Cut -ends of the tendon were brought close together
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for suturing. The end of the divided tendon was grasped with
tissue - forceps to steady the tendon for placement of suture.
The forcep was grasped between the thumb and middle finger,
allowing the tendon to rest agalnst the index finger. This
technique was best carried out with a small straight thin
needle. Cotton mercerized was used suture material for this

technique.

The néedle was piercéd in vertiecal direction half
the way and then projecting straight its point through
middle of the thickness towards the end of tendon. The needle
was taken out from the thickness of the first stamp of the
tendon and agaln direected through the thickness of seecond
stump . After directing for a considerable distance, the need1é
was turned upward and taken out of the surface of the tendon |
The needle was then pierced behind the previous ppint half way
vertically and projecting » in turn , through middle &6 the
thickness towards the end of the stump and was taken outside
from the second stump. Again 4, the needle was inserted straight]
through the thickness of the first stump. After directing for
a cpnsiderable distance, the needle was turned upward and
taken out of the surface of the tendon and grasped with
artery forcep. The Doyens clamps were pushed forward on the
sameé course to fasc{litaté apposition of the tendon stumps.
The artery foreceps were removed to hasten free the suture

materials and were tied by giving three knots. If s the
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separation of the tendon stumps remained, the ends were

brought into apposition by interrupted sutures on both sideg

(Vi) _Suturing of tendon sheaths i-  After completed the

suturing of tendon ends it is necessary to examine for
proper placement of the sutures. The Doyens clamps were
removed and the area under clamp was gently manipulated
to restore the blood ecirculation. The area was mopped with
sterilised gauze. The retracted tendon sheath already
grasped with artery forceps was sutured with either Silk
or Cotton threat.Finally terramycin applied over the area

to prevent infection.

(Vii ) _sut f Skin Inciecio t-= Finally the skin
was placed into apposition with the help of 4llis forceps
and suturing was accomplished with vetafil sutures, in the
horizontal Halsted fashion (Photo 5). Then the incision
site was cleaned with Rectified spirit and the the skin
edge was supported with gauze pad soaked in terramycin

liquiaqd .

(Viid) Application of bandage and Plaster Cast :=

After padding with gauze, light bandage was applied which
was followed by the application of Plaster cast ( Velroe).
Velroc was wrapped tightly from hock to fetlock Joint
(Photo -6)
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(1) Recovery after the Operation :- Recovery was quite

normal in most of the cases and were able to stand and
bear weight. Animal moved with marked limping for about a

week after the operation.

(i1) Keeping the animals in Separate stall :- The Experis

mental animals were kept in stall for 5 to 6 days and then

allowed to graze.

(iil) Recording of Temperature, Pulse and Respiration :-

After recovery from the operation, temporature, Puls and
respiration were recorded . Dally recording was done every

morning and evening till the 7th day of the operation .

(iv) Removal of the Skin Sutureg :- The Plaster cast
(Velroc) was cut at i0th day and the skin sutures were

removed « The side was palnted with 1 % spt. Mercurochro-
me and tight supported bandage was applied between hock
and fatloek Jjoint .

(v) P -Operat T nt - Antibiotic ( Dicrys-

tiein) Started from the day of operation upto the fourth

day in all groups of animals.,




PART. - II

VRGICAL PATHOLOGY

i3

MATERIALS

Experimental animals were euthanized on the 10th, 14th,
21lst and 30th day of Operation. Autopsy was conducted with
special reference to Post Operative sequalae of tendon

suture. A piece of superficial digital fiexor including

the sutured part was collected and Preserved in 10 %

formaline for gross and mieroscopie studies.

METHODS

Grogs~ Examination 2~ At autopsy every animal was carefully
examined for adhesion, thickening of sutured part, presenck

of Secar or for other abnormalities.

Migrogcopic FExamination s- Paraffin bloeks of the tissues

were made by standard technigues. The sections through
sutured parts were made and the slides were stained with
standard technique of Haematoxylin and Eosin stain and
mounted. The slides were then examined for his-to -

pathological changes.,
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OB S IIONS AND RESULTS _

The Tendon suture was studied in buffalo -calves with

particular referenc: to its clinieal function, macroscopie

and microscople appearances .

The clinical funetion of tendon suture included :-
Preservation of gliding function and movement of animals,.
The macroscopic observations were confined to adhesion,
thicjness of stump and Presence of scar resulting from
tendon suture . The microscopic examination included histo-

pathological changes found at the site of suture.

Suturing materials used in the present plan were
811k ( 3-0) , Cotton mercerized and stainless steel wire
( 356 mm). The techniqueé in thils study were Koch - Mason and
Mattress as advocated by Hickman ( 1964) +y and Bunnell -
Mayer double cross Technique advocated by Butier (1965) .
GROUP I .

Buffalo- Calf No, 1 - The animal weighed 210 lbs approxi-

mately. The R.B.C, and differential count was normal ., Silk

(3«0) was used as suturing material for tendon repair.

No untoward symptoms except in galt were observed

during the post -operative management of the animal. The

intense limping was observed up to the second post -Opérativ&
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week - From the begining of 3rd week , the limping
movement of the animal gradually decreased and after 20th
Post -operative days there was only a slight limping tenden
cy and it soon disappeared from the 28th day.

The animal was sacrificed on the 30th Post opera-
tive day. On autopsy, the tendon appeared to glide within
the tenden sheath. The union at the sutured site was found
perfect, which established a complete continuity with an
inviskble scar (Photo- 7)

The microscoﬁic eéxamination revealed Ilongitudinal
arrangement of dense Collagen fibres. In between the
bundles of dense collagen Tfibres, there was loose.
presence of connective tigsue and this loose connective
tissue was Infiltrated by large number of lymphocytes.

Rare number of fibrablasts were seen.

B - il fo The approximate body welght of the
animal was 232 lbs. The R.B.C, and differezcial count was
found normal. Silk (8 -0) was used as suturing material for

tendon repair to regaln continuity.

Clinically, the part beyond the wrapped plaster
cast was swollen. The swelling continued til1l the 5th post
operative day. The intense limping movement of the animal

was present through out the second Post- Operative week.
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From the 18th Post- Operative day the intensity of the

limpness decreased.

The animal was sacriflced on the 21st Post Operative
day. The gross exsmination of thetendon appeared to have
perfect continuity although distinet Scar was vigible at the
suture site. There was a marled adhesion around the line of

sutured part (Photo -7 -(2) .

Microscopleally, the more collagen fibres werc seen
which were nearly arranged in longitudinal direction. Very

few number of fibroblasts were seen. Lymphocytss were absent

Buffalo- Calf No, 3 i~ Approximate body welght of the

animal was 236 lbs. The R.B.C, and differential count was
found normal. Silk ( 3-0) was used as suturing material

for adjoining the tendon ends.

Clinically, no untoward symptoms were observed
during the post operative period. The limping galt remalned
throughout this pericd .

The animal was sagerifiedd on the l4th Post operative
day on antopsy, the gross examination of tendon revealed
fusion of the tendon ends. A distinet scar was present at
the gite of suturing . The tendon -sheath was more cedema-
tous and had marked adhesion. (Photo No. 8 -(3).

The microscopical examination revealed presence
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vation showed no post- operative complications exaept

of irregularly arranged collagen fibres. More number of
fibroblasta were seen . Lymphocytes were present in few

numbersg .

Buffalo -calf No, 4 := Approximate body weight of the
animal was 225 1bs « The R.B.C and differencial count was

normal silk ( 2-0) was used as suturing material for adjoi-

ming te:den ends.

Clinieally, no complications were observed during
the post -operative period . The limping galt remalned
through out this periocd.

The animal was sacrifieed on the 10th Post operative
days On aﬁtOpsy, the macroscopic exmination of showed
breakage of tendon suture. The tendon sheath was more
oédomatuus and found broken. Marked adhesions were noticed

(Phot Ho.8~ (4) .

The mieroscopical examination revealed less number
of Collagen flbres present irregularly . The fibroblasts
were seen in few numbers but Ilymphocytes were present in

a‘large number.

CROUP-RESULT,

All the four animals in this group under obser-
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Buffalo- calf No.2 . The animal developed swelling of the
part beyond the wrapped plaster cast . The movement of

the animal remained 1imp in all with varying degree of
intensity but in Buffalo -calf lo.l1 the limping tendency in
galt disappeared towapds the end of a month,

On autopsy after the observation period , the gross
examination of the sutured part revealed no complications in
thq animals except that of Bufrilo-Calf Ko.k. In this case
suturing material of both tendon sheath and tendon ends were
found broken, The degree of adhesion was marked with mild to
Severe degree on different duration of time. The adhesiop
was absent in the animal sacrificed on the 30th day. Among
the group of four animals, the tendon wound showed normal

healing except in Buffalo- ealf no.4 in which failure of
suturlng was found .

Mieroscopieally , the amownt of collagen fibres
increased with post- operative extension psriod. At one month
the collagen -fibres reached nearly normal position and

were regularly arranged in longitudinal direction., The number

of fibroblasts relatively decreassd towards the end of a

month , The infiltration of lymphacytes between the dense

collagen fibres were more or less relatively lower at one
month,
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Buffalo- Calf No,5 :~ Approximate body weight of the animal
was 285 1bs, The R,B. C and differenclal count was found

normal . The suturing material used in this technique was
stainless steel wire ( 35 mm) for approximating the tendon

ends .

No untoward symptoms were observed during the post
operastive period except in the movement of the animal . A
high degree of limping gait was present during the first
week ., The limpness of the same inflengity remained through-
out the second week but gradually it declined from the 1%th
Post -Operative day. After 28th day, the gail pronounced
with a slight limping tendency and remained till 1t was
sacrificed. The animal was sacrificed on the 30th Post
Cperative day. On autopsy, the gross exsmination of the
tendon appeared to have perfect continuity and healed
without leaving scar . There was no adhesion of the tendon,

with the tenden sheath . (Photo «9 - (5) ,

The microscoplcal examination revealed an inerease

guount of collagen fibres which were infiitrated by less

number of Ilympho cytes . The fibroblasts were nresent in
few number.

Buffalo- Colf No, 6 3= The approximate body weight of the
animal was 270 lbs . The R.B.C. and differential count was |
|




5=

found normal. The shturing material wsed was stalnless steel

wire for uniting the tendon -gndse.

in this case, the part beyond the wrapped plaster

ecast was sﬁollen and revealed intense Pain which was obsaer=

ved on manipulation . The limplng galt of the animal was
nresent through out the post -opsrative days . Buring the
first and second week the intensity of the limping was
more pronounced. After entering thé third week, the limpness
gradually declined and continued till the antmal was

sacrificed on the 21st post aperative days.

fih autopsy, the gross examination of the

tendon shewed a perfect contimuity. An 11l developed scar
with adhesion was also present at the site of suture.

Photo Ko, 9 ~ (6) .

The microscopieal examination revealed increase
#n amount of collagen fibres and coming to normal shape,
although they were irregularly arranged in the shape of

whorl like. No lymphocvtes were seen .

- No 3~ Approximate weight of the
animal was 220 1bs. The R.,B.C and differential count was
found normal .8tainless steel wkre was used as suturing

material for anastomosing tendon ends.

Clinically, the animal did not show any
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Complication other than limping gait and was more intensivel
throughout the first week of observation.The limping syndron

lasted more or less till it was sacrificed.

The animal was killed on the 14th Post operative
day. The gross examination of the tendon revealed fusion of
the tendon- ends. @AX ill - developed scar was distinct at

the site of stituring . Adhesion was also well marked and th
suturing of the tendon-sheath was found broken ..Photo No.iq

Histopathologlceally, the Collagen fibres were
arranged loosely, There were more number of fibroblasts.

Lymphocytes were present but in less number,

Buffalo- Calf No.1l $= The approximate weight of the

animal was 262 lbs. The blood picture was found normal .
Stainless asteel wire ( 35 mm) was used as suturing matﬁriq

to regain continuity of the #endon-ends.

The animal showed marked swelling of the Part
beyond the ﬁrapped plaster cast and continued till the
7th Post -operative day and disappeared after usual anti-
biotic therapy. The galt of the animal remained gbnormal
thronghéut the post-operative period.

The animal was sacriffced on the 10th Poste
Operative day. The tendon -sheath was found oedematous and

its suturing was disrupted . Although the tendon ends




were fused yet the dlstinet gap was visible. Moreover
adhesion was also well marked in the tendon (Photo-10 (11).

The microscopic examination revealed less number
of collagen flbres which were irregularly distributed.
Fibroblasts were present more in number.Lymphocytes were

also less encountered.

GROUP RESULT .

Stainless steel wire was used as suturing material int-he
four animals of this group ( Buffalo - calf No.5,6,10 and
11) and the suturing of tendon -ends wars carried out

by Bunnell - Mayer double cross tachnique.

The Post ~operative complication of swelling part
beyond the wrapped plaster cast, was found in buffalo-calf
Ho .6 and 11. The clinical recovery did not return in any
animal due to 1°g presence of 1limping gait from #hild to
intese degree. A mild degrse of limned gait present in the
animal sacrified on 30 post - Operative day.

On autopsy , the gross examination of the sutured
part after the observation period, revealed no comlieation
other than adhesion., The breakage of suturing waterial was
not found in any anlimal. The adhasions were pregent with

varying amount in all animals exeept 1in buffalo-ealf No.5
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The tendon wound showed normal healing in all the four
animal but in bulfalo- calf No.ll although tendon-ends
regained coutinuity but a small gap was present at the

suture site .

The micros§Opical examination of healed tendon
showed relatively an increase in the amount of Collagen
fibres and weie regularly arranged in about @f month Post
opérative period . More or less the fibroblasts and lymphocys=
tes were reduced in number with increasing the post

operative intervals.

gROU P __II1
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{3 N $- The approximate weight of the
animal was 206 1bs. The R.B.C and the differencial count
was found normal . Mercerized cotton was used as suturing

material for uniting the tendon ends.

Clinically, the animal did not show any complication
other than abnormality in the gait the gait of t he animal
was limping and its intensity remained more pronounced
during the first. post-operative wsek . From the 10th day
the intensity of the limpness gradually declined, Toward
the end of third week , a mild degree of limping gait was
observed . This degree of gait remained for sometimes in

the 4th post -Operative week and soon dis-appeared.

)

The animal was sacrificed on the 30th nost-onerg&l!ﬂ
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days On autopsy, the tendon appeared to move freely within
the tendon -sheath as there was no adhesion in it . The
tendon ends were completely fused and perfect continuity
appeared although the scar was not distinct . The suturing

material was clearly visible well embedded in the tendon,
(Photo -11 (7) .

Mieroscopically, the more number of collagen
fibres present which were regularly arranged in longitudinal
direction. The less number of fisroblasts were seen. The
infiltration of 1lymphocytes in between the Collggen fibres

vere also present .

B - G o, 8 t= Approximate body weight of the
anlwal was 240 1bs. The blood picture was found normal o
Mercerized cotton was used as suturing material for the

union of tendon ends.

Ciinieally , the animal 4id not show any compl ieatiof

The animal showed the symtoms of limping which continued
with greater intensity during the first nost ~Operative week,
Fprom the 10th day the intensity of the lameness gradually

declined. A mild degree of limping movement was marked towards
its end,

~

The animal was sacrificed on the 21st post op rativ#

day « On autopsy the gross examination revealed no adhesion.

The tendon ends were fused and perfect continulty was estab-

lished at the site of suturing_j:l_&h_.an_illz_dualnnﬁd_sgn___—J




Sear (Photo No. 11 = (8) °

The microscopic - examination revealed presence of
more collagen fibres which nearly arranged towards the
longitudinal axis. The less number of fibroblasts were

present . Lymphocytes were also seen in less number.

Buffalo- Calf No. 93~ The approximate body weight of the
animals was 226 1lbs . The blood picture of the animal was
found normal. Mercerized cotton was used as suturing mater-

ial for approximating the tendon ends.

Clinically , no wuntoward symptoms other than limping
galt were observed . The lameness was present with high
internity during the first post -operative week and contéinued

to a lesser extent towards the end of second week .-

The animal was sacrificed on the 14th post
Operative day, on autépsy, the adhesion between tendon
and the tendon sheath was well marked. The tendon -ends
were fused and continuity was regained . A small scar was
present at the site of suturing ( Photo 12 + (9)

The microscopic examination revealed irregular
distribution of Collagen fibres., A large number of fibro-
blasts were present which intermangled with lymphoeytes.
At one point there was a aggregation of lymphoecytes .




for uniting the tendon ends .

oedematous . The tendon sutures were found broken on one

“animal other than abnormality in the gait. The elinieal

Buffalo -Calf No, 12 t=  The approximate body weight of
the animal was 218 1lbs . The blood - picture was found

normal. Mercerized Cotton was used as suturing material

The animal did not show any complication. The
galt was limping and continued tiil it was sacrificed .

The animal was sacrificed on the 10th Post Operge

tive day. On autopsy, the teudon sheath was very mueh

side where as the other side was found in better union.It
was marked by distinet scar with adhesion. (Photo No.12(12)

The microscopic examination revealed the
presence of less number of collagen fibres which were
arranged irregularly. Lymphoeytes were seen more in

number but the number of fibroblasts less.

GSROVUEP RESULT

Mercerized cotton was used as suturing material
in all t".he four animals of the same group (Buffado-Calf
No. 7, 8, 9, 12 ) and suturing of the tendon ends were
carried out by Mattress Technique.

No post operative complications wem seen in any

recovery returned to normal in Buffalo Calf No.7, sacrifi-




=ged on the 30th Post Operative day but were obstructed
the recovery of clinieal functions in remaining animals
by mild to severe degree of limpness.

On autopsy after the observation period, the
gross examination of the sutured part revealed no compli-
cation except in Buffalo-Calf No.12, in which tendom
suture was found broken on one end, but the other end
regalned continuity and marked by distinet scar. The ten=-
don wound showed normal healing in all the animals except
Buffalo-Calf No.l2 as already mentioned. Adhesions were
present in the animals with varying degree on different
duration of time but in Buffalo-Calf No.7 and 8, no
adhesion was marked, and the suturing material clearly
vigible embedded in the tendons.

Mieroscopically, the amcunt of collagen fibres
relatively increased with the increase of post-operative
intervals. The collagen fibres attained regular longitu-
dinal arrangements in asbout one month.But consequently,the
lymphocytes and fibroblasts reduced more or less with

increasing the post-operative period.
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The evaluation of different techniques of tendon suturi-
ng in buffalo-calves, was made on the basls of clinical fune-

tion, macrospopic and microscopic appearances.

KO CH-MASON TECHNIQUE:

This technique was emnloyed in four animals using brai-
ded silk (3-0) suture material and all the animals were
sacrificed on the 30th , 2lst, 14th and 10th Post operative

day respectively.

On clinical examination, the only one animal (Buffalo-
Calf No.1) was returned to normal clinical function (25%) and
remaining three animals showed limping gait (75%) . No post-
operative complication other than limpy gait were observed
except in Buffalo ~Calf No.2 showed swelling of part beyond
the wrapped plaéter Cast(25%) .

~ On autopsy, the gross examination of the Part revealed
perfect continuity of the tendon ends in all the animals (75%)
except the Buffalo-Calf No.4. Adhesion of tendons with tendon-
sheaths were found in three animals (75%) except the Buffalo-
Calf No.l1l. The tendon suturses were broken in only Buffalo-Calf
Fo.4 (257). Scar from distinet to obscure were present in
two animals (50%) except in the Buffalo-Calf no.l in which
scar was invisible and Buffalo-Calf No.4 in which tendon

sutures were found broken .
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Microseoplecally , the amount of collagen fibres iner-
eased with post operative extension period. At one month,
the collagen fibres reached mearly normal position and were
regularly arranged in longitudinal-direction.The number of
fibroblasts relatively decreased towards the end of a month.
The infiltration of lymphocytes between the dense collagen

fibres were more or lsss relatively lower at one month.

BUNNELL-MAYER DOUBLE CROSS TECHNIQUE :

This technique was employed in four animals, using
stainlegs steel wire as suturing material and all the

animals were sacrified on the 30th, 21st, M4th and 10th post

operative days, respectively.

Clinieally 4 not a single animal restored normal func-
tion but the limping galt were marked by all of them (100%).
The post operative copplication other than llmping galt were
observed in two animals (50%) with swelling of the part
beyond the wrapped plaster cast except in Buffalo- Calf
No.5 and 10.

The gross-examination of the part on autopsy, showed
adhesions in three animals (75%) except the Buffalo-Calf
No.5. The perfect continulty were established in all the
animals (100%). Scars from distinet to an ill-developed

~were marked in three animals (75%) except in the Buffalo-

" Calf no.5. The sutures for tendon ends were not found broken

—in—gany enimal,




The microscopial examination of healed tendon showed
relatively an inerease in the amount of Collagen fibres
and were regularly arranged in about a month post operati-
vely. More or less the fibreblasts and lymphocytes were
reduced in mumber with inecreasing the post onerative

intervals.
TT TECHNIQUE ¢

This technique was employed in four animals, using
Mercerized cotton suture material and all the animals
were sacriflced respectively on the 30th, 21st, 14th and

10th post operative days.

~ On clinieal examination , only one animal(Buffalo
Calf no.7) was returned to normal clinical function (25%).
No post operative complication other than limping gait
was obgerved in any animal. The limping gaits were marked
in three animals (75%) except in Buffalo-Calf No.7.

The pross-examination of the part on autopsy, showed
adhesions in two animals (50%) except the Buffalo-Calf
No.7 and 8. In all the animals except in Buffalo-Calf
No.12, healinz was marked with the ﬁerrect continuity of
the tendon ends (75%). Scars from distinet to an obscure
were present in all animals (757%) except in the Buffalo-

Calf no.7. The tendon suturss were found between in only

" one animal (2549).




Microscopically , the amount of collagen fibres rela-
tively increased with the increase of post operative inter-
vals. The Collagen fibres attained regular lopgitudinal
arrangements in about one month.But consequently, the
lymphocytecs and fibreblasts reduced more or less with iner-
easing the post operative periods.

I' WAS CONCLUDED,after evaluating the above techniques
that more or less the similar findings appeared in all the
animals. But Mattress Technigque using merceriged cotton
was slightly edged over the other two techniques, in respeect
to the padpular availability of suturing material and easier
technique which emphasizes its needs under field eondition.
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DIsCU I1ORN.

The researches and experiences made in the human
surgery in the fleld of tendon repair and its different
suturing technique, have all along remalned the basis of the

regearch under taken here.

The tendon repair entails greater hagzards in bovines
on account of septic nature of the tendon.According to
Padgett and Stephenson (1948),an absolutely sterile fleld
for tendon suture is necessary. Batson (1963) has also the

similar opinion while performing tenorrhaphy in a cow.

In the present series, stainless steel wire suture
material was used in four animals employing Bunnel-Mayer
double cross technique .Thetendons were healed in all the
animals but the adhesions were present in three animals up
to the 21st post operative perlod. According to Bunnell{1944)
as clted by Padgett and Stephenson (1948) the method of
using removable stainless steel wire for tendon suturé
allows a little tendon motion if the suture anchorage is
made beyond the first joint distal to the suturing, and
it is found that in the first two or three weeks active
exercise of the sutured tendon does not hasten healing but
instead provokes adhesion. Pulvertaft (1965) reported low
reaetion to stainless steel suturingsuggesting it to be the
most desirable material as there is little chance of kinking
and breaking even in the single strand type of suture.
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Nilsson (1969) has performed operations on the Superficlal
flexor tendons in the horses by splitting the tendon and
suturing it either with continuous No.0 or 1 catgut or

with simple interrupted using stalnless steel ( 0.21 mom.)
w1r§ as sutures.He has claimed 36.4% of the horses were able
to start more than ten times after the 66 operations 6n the

forelegs, and seven of the horses started more than ten times

among eight operations.

Hage and Dupuis (1965) have advocated a primary direct
suture in children with clean injuries when it is presented
within the first eight hours. According to Lindsay, as cited
by Batin (1965), 70% excellent results in children were
obtained by direct tendon suture in a series of 31 tendons
sutures. Myers etal (1964) reported that the tendond those
were repaired with silk, cotton, steel or plastic sutures
over cohesive steel reinforeing suturcs, 69% were healed by
primary union. The failures were caused by breaking of the
sutures, by lnaccurate placement of the suture, or by dis-
lodgement of the cohesive steel after the adhesive was no
longer effective. Solonen(1967) reported the experiences of
140 reconstructions in the human finger including 112 involv-
ing the flexor profundus tendon and 28 involving the flexor
pollicis longus tendonsg. He claimed that there had been oven
all good results in 54%, ff;r in 33% and poor in 13% of the

flexor nrofundus tendon injuries; and 75% zood, 18% fair and

7% poor results of the fTemor pollicis longus tendon injuries.,

3
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The animals of the different groups were immobilized
with plaster cast for 10 days after the suturing of the
tendon ends. Stuart (1965) stated a primary end to end sutur7
with No.3-0 8ilk in the repair of extensor tendons in the
hand over the metacarpo-phalangeal joints and immobiliged
all the fingers on a plaster slab. iIn thisstudy, patients
were divided into three groups 3 35 patients were splinted
for one day, 80 (eighty) patients for ten days, and 22
patients for three weeks. Excellent results were achleved
in 79%, the fingers splinted for 10 daysj in 73% splinted
for 3 weeksy and in 60% splinted for one day.

Batson (1963) performed successfully tenorrhaphy
on a cow by employing a special brace to immobilize the
affected leg.The ends of the superficial and deep flexor
tendons were approximated with extra heavy syntheticsuture
material. The skin and fascia were closed with extra heavy
synthetic suture material. Plaster of Pari§ cast was not
used because of the difficulty of keeping a cast on the
entire leg and foot, the danger of neerosis, and the slushy,
wet quarters which would keep the padding under the cast
wet fbr the entire time it was in place. Instead, ﬁhe leg
was padded lightly with cotton and wrapped with gauze, and
an aluminum splint was applied.The leg and foot were then
heavily taped with adhesive tape.when the cow rose, however,

the splint -rumpled and the foot extended beyond the normal

position. The cow walked a few sieps and then assumed a
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recumbent position.After this occurrence, it was declded
to make a special brace.The tape and the aluminum splint

were removed , leaving the leg covered only with gauze
except near the foot where tape was also a pplied.The brace
was then applied and secured in place with two leather
straps. When the ecow stood, the leg and foot remained in
the normal position.The wound healed without complications,
and the sutures were removed from the skin after three weeks|
The brace was removed 5 weeks after initial application,
and the cow walked well except for a slight limp whieh-

was noticeable when the cow walked but not when she ran.

Post operative limping gait from mild to intense

was common in all the groups of animals till the 21st post

operative days and in group II, one animal that was sacrifi ;
ced on the 30th day exhibited slight lameness.Willlams

and Evg,s (1953) reported a successful treatment in a §
year 0ld dairy cow with a deep, unexplained wound

severing both the superficial and deep flexor tendons about
ten inches below the point of hoeck. An iron bar support was
fashioned to hold the limb in a normal position. The vertice-
;1 barY¥ to be strapped on the volar surface of the limb, was
welded to a horigntal plate turned up infront and on the
aidas like a boot to enclose the foot. The animal was cast
and an attempt was made to suture the ends of the tendens.

But the sutures were torn out with the slightest movement
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The wound was then dressed and the sﬁpport strapped on |

The wound healed in 4 weeks and the appllances were remo-
ved 1in 6 weeks . There was conzidcrable sagging of the
fetlock at that time, an elastoplast bandage was applied
in a figure of 8 and in 3 months the leg assumed a
fairly normal position. During the period of three monthL
from the time of injury, the cow walked with only a slight
limp, which soon disappeared. _@elanger,;t,al.( 1965)
reported that nylon suture in the repalr of rupbured
achilles tendon was used alongwith autogenous skin and
the part was immobillzed with plaster cast for 3 weeks.
Weight bearing began at 5 to 6 weeks after range of

motion regainsd.

in the prssent studies , the Post operative
adheslon following tendon repailr was a common complica-
tion met with different techniques. Adhesions were
present in all the animals sutured by koch ~Mason and
Bunnell - Mayer double cross technigue using silk ( 3-0)
and stainless steel wire ( 35 mem) respectively t11l
they were sacrificed on the 21st Post-Operative days but
by Mattress Technique using cotton, no adhesion was
marked « after post operative period of 21et day .
Hickman ( 1964) stated that the connective tissue will
be slowly replaced by speeific tendon tissues (Collagen,
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(Collagen fibres) in time , though may be never comple-
tely 3 Complete rest is to be avolded as it would aid

the formation of adhesions . Butler ( 1965) have reported
that penetration of fibroblasts from sorrounding tiss-

ues are responsible to cause adhesions.

Post -operative formation of gecar were
also common in all the animals sutured with different
techniques till sacrificed on the 21st day . Reed(1962)
has reported that the scar tissue formed has insuffiei-
ent tensile strength to withstand the stresses of heavy
training and racing in horses , in which chaneces of

recurring injury are great .

Flynn ( 1965) has reported the gross
finding of the tenden suture. The tendon ends which
were sutured showed fusion by a fibrous bridge across
the gap after two weeks . After the third week, the gap
is bridged by tough fibreus tissue. The fibrous sheath
which is less oedematous than Previously, extends from
stump to stump. But after four weeks the healed tendon
appears grossly to glide beneath a thin fibrous sheath.

The'microscopical examination of the sutured
part revealed nearly the same histological findings from
10th to 30th Post -Operative days using different suturi
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fechniques a.d hhe suture materlals. The amount of
of Collagen {ibres were ihcreased relatively more
from 10th day onward . The collagen fibreg relgularly
arranged in longitudinal dlrection in about a month
after the tendon suture . But just opposise to it
the number of flbroblasts were found lesser towards
the end of a month., Flynn ( 1965) have reported the
similar findings of tendon -suture at various intervalg
Accordingly after two weeks , the stumps show a mar-
ked advancsment in fibroblastic and vascular prolife<
ration and decrease in other cellular reaction. After
the third week , the stumps contain fibroblasts which
are more mature and having more Collagen fibres.The
fibroblasts are arranged longitudinally in line with
the pull of the tendon. In about a month interval ’

there is more collagen fibres .
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SUMMARY,

In the present study an attempt has been made to
evaluate the value of different technicues for suturing
the tendon-ends at various interval in bovines, taking

buffalo-calves as the type species;

Three technigues namely , Koch- Mason technigue of
tenden suture, Bumnell - Mayer double cross technique ofl
tendon suture, and Mattress technique of tendon suture

have been studied on twelve buffalo-calves.

Koch~ Macon technique of tendon suture in group I
employing braided 8ilk- (3-0) has been studied on four
buffalo calves . Bunnell- Mayer double éross technique
of teddon suture in group II using stainless steel wire
( 35 mm) was studi-d on four buffalo -ealves. And Matbre sy
technique 1in group III employing eotton mercerized has
been studied on four buffalo- calves . In each technique
the animals were saecrified resp@ctively for 30th y21st,
l4th and 10th days .

The sueccess of the tendon suture was assesgsged
from the eclinical observations made Post -Operatively

up o a period of thirty days, macroscopie and microsco-

ple appearances .
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fibres 1increased with Post-Operative extension period.

In Koch = Magon te ‘hnigue of tendon suture
employing braided silk ( 3-0) , clinical function was
found satisfactory in one animal { 25 4 ) observed
post -operatively for thirty days and in the remalning
three animals, (75 % ) limping galt was present Post-
operatively up to the twenty first days.Other post -
OperativeYy comlication assoclated was Swelling of the

nart beyond the wrapned plaster ecast in only one animal

(25 %) .

The gross examination of the tendon ends Travea-
led perfect continuity in three aanimals ( 75 % ) except
in one animal ( 25 % ) sacrificed on 10th POSt-Operat1v$
day, in which the tendon sutures were found broken.
Adhesion of tendons with tendon sheaths were present
in threc animals ( 75 % ) and in one animal observed
Post-oneratively for thirty days, was not marked by
adhesion . Sear from distinet to obscure was present
in two animal ( 50 %) , in one animal observed for
th.rty days, no scar was ¥isible.

Microscopieally, the amount of Collagen

At one month , the Collagen fibres reached nsarly normal
direction. The number of fibroblasts relatively decrea-

sed towards the end of a month, The infiltration of




lymphocytes between the dense collagen fibres were more

or less relatively lower at one month .

in Bunpell- Mayer double cross technique — of

tendon suture employing stainless steel wire ( 35 -mm),
not a single animal restored normal funetion. The
limping galt was marked in all the animals ( 100 )
other Post- Operative complicatlion assceiated with
Bwelling at the part beyond the wrapped Plaster cast,

was present in two animals (80 %) %

The gross examination of the tendon ends establi -
shed perfect continuity in all animals ( 100 4 ) Adhe-
sion of tendons with tendon-sheaths was present in three
animale (75 %) cexeept in only one animal observed
Post-Operatively for thirty days did not show adhesion.
Scar from distinet to an ill- developed was present in
three animals ( 75 %) except in one animal sacrified on

20th Post -Opsrativs days.

The miecroscopical examinatiop of healed tendon
showed relatlvely a-ninecrease in the amount of Collagen
fibres and were regularly arranged in about a month poste-
Operative period . More or less the fibroblasts and
lymphoeytes were reduced in number with increasing the

Post operative intervals,
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In Mattress technique of tendon Sutures employing
cotton mercerized , clinical function was found satis-
factory 1in one animal ( 25 % ) observed post-operatively
for thirty days and in the remaining three animals
(75 #) limping galt was present post-operatively up to
the twenty first days. No other post Operagtive comnli-

cation was encountered in any animal.

The gross examinatlon of the tendon-ends revealed perfect
continuity in three animals ( 75 %# ) except in one animal,
tendon s'uture was found broken ( 25 %) Adhesion was present
in two animals (50 %) sacrified on 14th and 10th Post-
operative day, Scar from distinet to obscure was present
in all animals (75 %) except in one animal saerificed on

thirty days post- operatively.

Mieroseopieally , the amount of Collagan fibres
relatively increased with the lnercase of Post- Operative
intervals , The collagen fibres attained regular longitu-
dinal arrangements in sbout one month . But consequently,
the lymphoeytes and fibroblasts reduced more or less
with inereasing the post operative period.

A new approach on bovine tendon suturing,

employing different techniques has been tried in thig
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experiment and nearly more or less the

similar findings appeared in all the animals .

But Mattress technique using merceriged Eotton

has been edged slightly over the other two techniques
in respect to the popular availability of suturing
material and easier teehhique which emphaslzed its

needs under field condition.
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TABLE NO.
L AR g i
ANIMAL NO i TECHNIQUE OF TENDON X SUTURING MATERIAL
X
i SUTURING . 1 :

13 Koch- Mason Silk (3-8 )

g oy Koch = Mason 8ilk ( 3-0)

3, Koeh - Mason . 831k ( 8-0 )
4 o Koch - Mason Silk ( 3=0 )

5. Bunnell- Mayer - Stainless Steel Wire ( 35 mm)

Double - Cross :
6 . Bunnell- Mayer Stainless Steel Wire (35 m-m)
Double - Cross

y Mattress Cotton ( Mercerised )

8. Mattress Cotton ( Mercerised )

9. Mattress Cotton .( Mercerised )
10. Bunnell- Mayer Stalnless Steel Wire ( 35 mm )

Double Cross.
p s Bunnell- Mayer Stalnless Steel Wire (35 mm)
Double Cross
12 Mattress Cotton ( Mercerised )




P ABLE NO -2
] ) |
ANIMAL NO.§ omoup §.PPROX . BoDY I OBSERVATION PZRIOD IN
Iygicu? IN Ips § DAYS ‘
i ! i
Pl P 3
1. Group 1. 210 30 days.
32. Group Ia 232 21 da}?’s.
/ Be Group I 236 14 days.
4, Group 1 255 10 dayse.
s. Groun II 285 30 days.
6. Group 55 270 21 dayse.
70 Grou‘p. 3 70 P 206 30 days-
8. Group.I11, 240 21 days.
10 Group . IL. 290 14 days.
11. Groug . 1I. 262 10 days.
12, Group . iII, 218 10 dawms.
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T ABLENOS-5

SUMMARY OF HABMATOLOGICAL STUDEES

X
Group] Average of Total count.} Average of Differential Count.

- No.

R.B.C.in W.B.C, 1in ThouwjLympho Mono Neutro GLosino Basophil
Million/ sand / C m.m Icgtes C%tes p;idl pgil. %

Cmm {
—f
I, 5.0 9590 71 4 23 2 NAYie
11, ©.82 0584 69 5 P 2 Nil

11I. 5.07 10086 63 4 20 2 1




_TABLENO -6 (1)

_SUMMARY OF THE _CLINICAL FUNCTION DURING

2. Koach- Mason
Technique.

3. Koache Mason
Technique .,

4. Koch- Mason
Technique.

: POST - OPERATIVE PERIOD .
Animal No, Technique Observaticn
| ofr : Period. . Cliniecal Function.
\
1. Koch- Mason = 30 days. No untoward Symptoms except in gait
Technique.

were observed during the Post Operativ?

management of the animal.The intense
limping was observed upto the Second
Post -Operative Week, Fiom the begining
of third week, the limping movement of
the animal gradually decreased and aftey
20th Post -Operative days‘, there ywas
slight limpness and disappeargg‘from 28th
days.

21 days. The Swelling of the part beyond wrapped
Plaster cast was evident . The limping

movement was marked t111 the animalwwas

sacrificed.

14 days. No untoward Sympton was encountered
except that of limping galt,which remai-
ned throughout the Post -Operative period

10 days. The limping gait was marked through out

the Post- Operative Period.




SUMMARY OF THE
pOST- OPERATIVE PERIOD ,

TABLE-NOG6-(11)

GLINICAL FUNCTION _ DURING

Technique.

10. Bunnell.Mayer
double cross

Technique.

cross
que.,

Animal No. Technique Observation Clinical Function.
of Period .
Suturing.
5 Bunnell Mayer

. double = Cross 30 days.

6, Bunnell Mayer double 21 days .
cross technique.

4 days.

11, Bunnell- Mayer double 1 days.

Techni=

animal for seven days and the gait
remained 1imp throughout the Post

-Uperative Period.

The limping Syndrome of the anima]
was continued through out this
perlod .

Plaster cost was pronounced in th

No untoward symptom except that
limping galt was observed.The
limping galt gradually declined
and remained slight when the

animal was sacrificed.

The Part beyond the wrapped
nlaster cast was Swollen.The
galt of the animal was limping
and continued throughout the

Posgt- Operative Period.

Swelling of Part beyond the wrapDJP

=




TABLE NO -6 (111)

_SUMMARY OF THE CLINICAL FUNCTION DURING
POST - OPERATIVE _PERIOD

Animal No, Technique Observation
or g Period. Clinical Function.

Suturing

A Mattress Technique. 30 days; The animal did not show any Post
Operative Complication other

than limping gait .The limping

galt with varying degree was
present till the third week but
from in the fourth week, the

lameness disappeared .

8. Mattress Technique. 21 days. No untoward sympton was noticed
other than limpy gait.A mild degreg
of limpness was present when the
animal was sacrificed.

9. Mattress Technique. 14 days. The animal did not show any compli
-cation other than limping gait.
The limpness was present through-
out this peried.

12. Mattress Technique. 10 days. The animal did not show any comp
-lication except that of limpy
galt which was marked through out

the Post-Operative period .




TABLE N

0 =7 (1)

SUMMARY OF  GROSS _ CHANGES .

Animal No. Technique Observation
of Period .

Suturing .

Gross = Changes .

1e Koch-Mason 30 days
Technique.

. R Koch Mason 21 days
Technique .

3. Koch- Mason 14 days.
Technique.

4, Koch- Mason

Technique. 10 days.

Tendon appeared to glide within
within the tendon-Sheath.Tendon
Showed perfect healing .Scar was
invisible. No adhesion was presenf.
Tendon -ends regained Continuity

but marked by distinet Sear.
Adheslion was present aground the

site of stituring .

Tendon-ends established Continuityy
and marked by distinet Sear. The
tendon- Sheath was oedematous and

formed marked adhesgion,

Sutures of the tendon- Sheath
and tendon itself was found
broken.Marked adhesions were

noticed,




MAGADH UNIVERSITY M, Sc, ( vet, ) THESIS, 1270

TABLE NO -7 ()

—SUMMARY OF GROSS -

CHANGES

imal No. Technigue Observation
of Gross - Changes.
Suturing. Period.
5. Bunnell
Mayer double 30 days. Tendon-ends regained Parfect

Cross Technique.

Bunnell Mayer

double Cross
technique.

6.
21 days.

Adhesion was also present around

Bunnell Mayer
double cross
Technigue.

10
4 days.

11. Bunnell Mayer
double cross

10 days.
technique .

Jap was visible.

Continuity without leaving any Secar
Adhesion was not marked with the

tendon~ sheath.

Tendon- ends showed union with the
presence of an 1ll-developed Scar .

the suture site,

Tendon ends appeared to fuse and
an 111 developed Scar was present,
Adheslion was well. Marked around
the site of suture.

The tendon sheath was more Ogdmm
-yyatous and its supures disrupted.

Tendon ends fused but distinet




_TABLE NO -7 (i11)
SUMMARY OF GROSS CHANGES

Animal No, Technique Observation

of Period. Gross- Changes.
Buturing °
7 Mattress
' 30 days. The tendon appeared to move
Technique.

freely within the tendon-shegth
as there was no adﬁesion in it.

The tendon-ends regained perfect
continuity although the Scar was

not distinet.

8, Matdress 21 days. Tendon-ends established Perfeet
technique . continuity and an iRl developed
Sear was visible. There was no

adhesion around khe site of suturg.

9, Mattress 14 days . Tendon-ends fused and well marked

Technique .
adheslon was present around the

site of Suture , A small Sear

was present at the site of fusion,

12, Mattress 10 days. Tendon sheath was more Oedematous,

Techniques,
Tendon sutures were broken on one

side while the othep side fused
and was marked by distinet Scar,
Adheslon was well -marked, J
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TenoToMy PROCEDURE
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Step N Kock-MaSON TECHNIQUE




Koch-MASON TECHNIQUE




RUNNELL-MAYER TSOUBLE Cross ~CHNIQUE
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MIL.-.LL_ Photog!’tph showing* :

1 Xposure
of Superficial fles:r tendon,

elevated with the help of téna

Sigso ¥o.2 :-~  Pbotograph showimg

ehds of the tepdeon.

e 140




Photograph showing suturing
technique of tendon-ends by
koch Mason, Four ends of 3ilk

Sutures grasped by artery

forceps .,




Photo No,5 :- Showing Closure of the Skin
incision after suture of the

tendon-ends.

Photo No.6 ;- Showing standing of the

animal just after Operasion,
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- Photograph showing sutured tendon ends
by Bunnell Mayer dpuble cross techaique
on autopsy.

(5) Tendon after 30 days , showlng perfact
continmuity of tendon-ends.

(6) Tendon after 21 days ,shoving union
of the tendon -ends. _ ‘. \

‘Phote Ho. 10 3- Photograph showing sutured tendon by
: Bunnell- Mayer double cross technigue

s On sutopsy.
E‘!.O) Tendon after 14 days , shovwing regalned
sontinuity of the tendon ends, :
(11) Tendon after 10 days , shoying ¥nien |

of the tendon ends and well.marked

SC1E ione



Fhoto No,1l 3= = Photograph showing sutured tendon -#0ds
by Mattress technique on autonsy.

(?) Tendon after 30 days , Showing perfect

continui ty of the tendon -ands and
embedded suture material.
fendon after 21 days, showing union

m_[_g_,_la_%__ Photograph showing sutureg tendon by

Mattress Technique on autopsy.

(8) Tendon after 14 days, showing uniep

of
the tendon -gnds ,

(12) Tendon after 20 days , showing fusion

¢
the E
%
the sutupe of

tendon ends on one side with digtdy
scar but on other side
s AR tendon brokan



ohoto,N¥0. 18: < Longitudinel section 6f tendon through-the

sutured »art by K och - Masol Techiique sfter S
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0 days from

A

sutured nart b

Longitudthal section of tendem through the

| oneration, l8ohRique efter 21 daye from the
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Photo.No, 16t~ Longitudingl Section of tendon through EEGBSQt“r
ngrt by Koch-Mgson Technique after 21 days from OMET At 0 e

i T

Photo.N0.17:~- Longhtudinal S€ tendon through the
sutured rart yy Mattrese Technique after 21 days from the
onérgtion.




Photo.N0,16:~ Longitudingl Section o tendon through the suturedg

>

part by Magttress Technique efter 30 days from the onergtion.
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Photo .N0w 185~ Longotudinsl Secticn oftann thrgh the

Bt ured wmarg by Mattress TTehnicue x .
o~aration, que efter 14 dgys from the

o

-







Photo.10.20:- Section oftandon through the sutu®ed nart by
Bunnall-Mayer Technidue 9'_!’“661? 21 days from the oneratione.

Photo.70.19:- Section of tendon through the sutured nart
by Bunpell-ligyer Technique after 30 days from the oneration
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