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Preface

A thorough anatomical and pathophysiological knowledge of the condition
and meticulous attention to surgical principlesarethe basisfor all surgical
procedures. Assuming these requirements are fulfilled, surgery is by its
very nature adiscipline which should be visualized. Modern visual aids
aretherefore playing an increasingly important role in the instruction of
surgical techniques. This does not mean that textbooks will become redund-
ant, but thereisatrend toward moreillustrations and lesstext, atendency
which underlies the preparation and publishing of this atlas.

The authors are of the opinion that it will be elucidating to students and
veterinary surgeonsto have available afull colour photographic atlas of the
treatment of the most important surgical conditions. We have attempted to
show the essential steps of each procedure, accompanied by pertinent but
limited text. It often has been achallenge to find a balance between text and
photographs and at the same time to meet the requirements of adequate
description, within the limitations of the concept of this atlas.

This publication does not aim at replacing a textbook, and thus chapters on
general surgical principles have been omitted. It istherefore assumed that
the reader has knowledge of current concepts of, for instance, asepsis and
antisepsis, instrumentation, suture materials and techniques, wound heal-
ing, principles of fracture repair, and supportive measures (fluid therapy,
role of antibiotics, anti-inflammatory drugsetc.).

The surgical techniques are in most cases time-honoured and are used in
the Department of General and Large Animal Surgery and the Depart-
ment of Obstetrics, Gynaecology and A.l. at Utrecht. The majority of the
presented techniques, especially those concerning the bovine species and
other food animals, can be carried out in general practice. However, a num-
ber of advanced techniques which can not be performed without hospital
facilitiesareincluded.

A.W.Kersjes
F.Nemeth
L.J.E.Rutgers

The editors are grateful to Prof.Dr.K.J.Dik and A. van der Woude, De-
partment of V eterinary Radiology, for providing the radiographs. Realiza-
tion of the book would not have been possible without help from fellow
members of the Departments of General and Large Animal Surgery and
Veterinary Anaesthesiology, particularly Dr. A.Barneveld, G.E.Bras,
W.R.Klein and H. W.Merkens, who performed some of the depicted sur-
gery. We also extend our thanks to Mrs. J.Th. Abels-van der Linden for
typing the manuscript.



Contents

1-2

13

14
15

16
1-7

18

19

PREFACE

CHAPTER | THE HEAD |

Poll
Disbudding and dehorning 2,3

Ear
Extirpation of aural fistula 4,5

Guttural pouch
Drainage and fenestration 6

Face

Trephination of the frontal sinusin cattle 7

Trephination of maxillary sinuses and repulsion of teeth in the
horse 8,9

Mandible
Treatment of premaxilla and mandibular body fractures 10
Treatment of mandibular interdental space fracture n

Mouth
Lingual mucosa resection in cattle 12

Eye
Suturing of eyelid laceration 13

i-io Excision of the nictitating membrane 14
i-n Enucleation of the eyeball 14,15

Nose

1-12 Treatment of nasolacrimal orifice atresia 16

2-1

2-2
2-3
2-4
2-5

31
32

4-1

4-3
4-4
4-5

4-6
4-7
4-8
4-9
4-10
4-11
4-12
4-13
4-14

51
52
53
54
55
56
57
5-8
59
5-10
511

CHAPTER 2 THE NECK 17

Muscles
Myectomy (Forssell) and accessory nerve neurectomy 18,19

Larynx and trachea

Laryngotomy - cricoarytenoidopexy and ventriculectomy 20,21
Laryngotomy-extirpation of subepiglottal cyst 22
Laryngotomy - in bovine necrotic laryngitis 23

Tracheotomy 24

CHAPTER 3 THE THORAX 25

Diaphragmatic herniorrhaphy 26,27
Treatment of fistulous withers 28

CHAPTER 4 THE ABDOMEN

Abdominal wall

Umbilical herniorrhaphy 30,31
Resection of urachal fistula 32,33
Ventral midline laparotomy 34,35
Flank laparotomy 36,37
Paramedian laparotomy 38

Gastro-intestinal system

Rumenotomy 39

Correction of left displaced abomasum 40,41
Correction of right displaced abomasum 42
Caecotomy in cattle 43

Enterectomy; side-to-side anastomosis 44,45
Enterectomy; end-to-end anastomosis 46
Jejunocaecostomy; end-to-side anastomosis 47
Correction of rectum prolapse 48,49
Treatment of atresia ani (et recti) 50

CHAPTERS THE UROGENITAL SYSTEM 51

The male urogenital system

Castration: open technique in the pig 52

Castration: closed technique in the goat 53

Castration: half closed technique in the horse 54,55
Castration: primary closure method in the horse 56,57
Vasectomy 57

Inguinal cryptorchidectomy in the horse 58,59
Abdominal cryptorchidectomy in the horse 60,61
Abdominal cryptorchidectomy: flank approach in the pig 61
Inguinal herniorrhaphy in the pig 62,63

Treatment of incarcerated inguinal herniain the horse 64
Inguinal herniorrhaphy infoals 65



Chapter 1 The head



Chapter | THE HEAD | Poll  i-i

00i

i-i Disbudding and dehorning

Dehorning of cattle is necessary as soon as the herd is being kept in a loose-
housing system. The animals are no longer able to gore each other and be-
come much quieter. As dehorning of adult cattle may be fatiguing for the
operator and the procedure may give riseto complications (e.g. sinusitis),
disbudding of calvesis preferable. Occasionally amputation of the horn is
indicated for other reasons e.g. fracture of the bony core of the horn.
Surgery.

(i) Disbudding. Several methods are practised.

a The use of caustics should be discouraged as it may cause too little or too
much tissue damage.

b The best method is removing the buds with a disbudding iron under local
analgesia (cornual nerve block). The hot iron isrotated asit burns through
the skin surrounding the bud [ooi]. The iron is then tilted, enabling the
bud to be scooped out [002]. This method is recommended because

004

haemorrhage does not occur and healing takes place within afew weeks
leaving little or no scar.

¢ Surgical excision may be performed with Robert's dehorning trephine
under local analgesia. The skin around the bud is incised by rotating the
trephine [003], and although the instrument is designed for scooping out
the bud, removal with forceps and scissors may be easier [004], The wound
produced isrelatively large, and some haemorrhageisalways present.

(2) Dehorning. If horn growth is already present some kind of surgical am-
putation must be performed. Several instruments are available for this pur-
pose (saws, shears, wire). Adult cattle, restrained physically and chemi-
cally, are dehorned standing, and surgery must be carried out under local
analgesia. If regeneration of horn isto be avoided the amputation should
include i cm of skin around the base of the horn.

Y oung cattle can effectively be dehorned with one of the smaller amput-
ation devices (e.g. Barnes' dehorner [005]). For older animals, em-
bryotomy wireisvery suitableasit offersthe greatest opportunity to con-
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trol the direction of the 'incision’ [006]. As sawing is begun the wireis held
in place at the horn base with a metallic object (e.g. scissors) to prevent the
wire moving from the intended incision site. The sawing often generates
sufficient heat to minimize haemorrhage [007]. If significant bleeding oc-
curs haemostasis is best achieved with a point firing iron. Pneumatization
of the bony core in animals over 6 months of age means that dehorning
resultsin an open frontal sinus [007].

Dehorning of goats is occasionally requested. The different innervation
should be noted: cornual branches of both lacrimal and infratrochlear
nerves must be blocked. Suitable instruments include dehorning saw or
embryotomy wire [008]. Amputation in adult goats should be considered
carefully, because very large openings to the frontal sinuses result, neces-
sitating prolonged aftercare.

Complications following dehorning of adult cattle are rare. Because second-
ary haemorrhage may develop after righting or rubbing the wound, a de-
horned herd should be inspected regularly during the first half day post-

B i

operatively. Sinusitis may also occur due to the opening of the frontal
sinus. If the sinusitis becomes purulent, trephination may be indicated (see
1-4).
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1-2 Extirpation of aural fistula

Ear fistulain the horse is most often caused by a dentigerous cyst. The
opening of the tract is commonly located on the cranial border of the pinna,
1-3 cm from its base [009]. The cyst is usually attached to the temporal
bone, under the temporalis muscle. In most cases the cyst contains one or
more aberrant teeth, which may be detected by introducing a probe into
the cyst [oi0Q], but in some cases only acyst is present. Definitive diagnosis
demands radiographic examination [011]. The only treatment is surgical.
Surgery. Surgery iscarried out with the animal in lateral recumbency un-
der general anaesthesia. The external auditory meatusis packed with a
sterile gauze plug, and a probe isinserted into the fistulous tract. A skin in-
cision is made around the opening and extended along the border of the
ear, immediately over the probe. The fistulous tract is dissected completely
free from the surrounding tissue [012]. Opening of the fistulous tract and
damage to the aural cartilage must be avoided. When the base of the fistula

isreached the skin incision is extended over the cyst. Careful searching
with the probe may give an accurate indication of the position and extent of
the cyst. The temporalis muscle is bluntly dissected in the direction of its
fibres; wound retractors facilitate exposure of the cyst and its contents
[013]. The cyst is then bluntly dissected. If the tooth is firmly attached to
the temporal bone it must be levered out using a chisel [014] and forceps
[015]; in doing so care must be taken to prevent fracture of the temporal
bone. Before closure, it must be established that all aberrant teeth have
been removed.

The temporalis muscle and subcutaneous tissue are sutured with simple in-
terrupted sutures of absorbable material, after alatex drain has been
inserted. The skin is also sutured with simple interrupted sutures [016].
Systemic antibiotics are administered. The latex drain isremoved on the
second or third postoperative day and the skin sutures on the tenth post-
operativeday.
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1-3 Drainage and fenestration

Guttural pouch drainageisindicated in chronic empyema, chondroids and
tympany, the latter of which is observed only in foals [017].

Surgery. Surgery isusually performed with the animal in lateral recumb-
ency under general anaesthesia. The guttural pouch is commonly opened
through Viborg'striangle, which is bounded by the linguofacial vein, the
tendon of the sternocephalic muscle, and the vertical ramus of the mand-
ible. A 3-5 cmincision is made dorsal and parallel to the vein through the
skin and subcutaneous fascia. The connective tissue at the ventral border of
the parotid is bluntly dissected, until the guttural pouch submucosa has
been reached. A fold iscarefully elevated as far as possible, and opened
with scalpel or scissors [018]. If possible the wall of the guttural pouchis
sutured to the edges of the skin wound. Abnormal contents are removed by
flushing with amild disinfectant. A rubber tubeisinserted into the drain-
age opening, and fixed to the skin with sutures [019]. Postoperative flush-

o018

020

ing is carried out until exudation has ceased; during this period the tubeis
left in place.

In unilateral tympany the tympanic pouch is opened through Viborg's tri-
angle, and afenestration is made in the septum between the right and left
guttural pouch, using long tissue forceps and scissors [020]. In bilateral
tympany one pouch is opened, fenestration performed, and the mucous
membraneflap (valve) at the outlet of the Eustachian tube of the opened
pouch dissected. In both cases the opened guttural pouch is drained and
flushed until exudation has ceased.
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1-4 Trephination of the frontal sinusin cattle

Trephination of the frontal sinusisindicated in
chronic empyema, which in adult cattle is caused
usually by infection of the sinus following de-
horning or horn fracture. Initially thesinusitisis
often confined to the caudal part of the sinus, but
in long-standing cases the entire sinus may be in-
volved. Inthe latter case drainage of the sinusis
obtained by trephining 2 cm from the midline on
aline passing through the centre of the orbits
[021]. If the original opening to the sinus at the
site of the dehorning wound is narrowed or
closed by granulation tissue, it isenlarged or
re-opened under cornual nerve block to facilitate
adequate flushing of the sinus.

Surgery. Trephination is carried out on the
standing animal under local analgesia. An ap-
proximately 5 cm long vertical incision is made
through skin, subcutis and periosteum. The peri-
osteum is dissected from the bone with a perios-
teal elevator [022] and drawn aside, together
with the skin, with wound retractors. The point
of the trephine is inserted into the bone. Trephi-
nation is performed by rotating the trephine
[023]. After acircular groove has been cut into
the bone, the point of the trephine is retracted,
and trephination is continued through the full
thickness of the bone. The disc is removed with a
bone screw inserted into the hole made pre-
viously by the point of the trephine. Sometimes
the disc must be levered out because it remains
fixed to a bony sinus septum.

To remove exudate and necrotic tissue the sinus
isflushed thoroughly with a disinfectant solution
[024].

To prevent premature closure of the openings
they are packed with gauze bandage plugs. Post-
operativeflushingis repeated daily, until the sinus
has healed, as evidenced by absence of purulent
discharge.
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1-5 Trephination of the maxillary sinuses and repulsion of teeth
in the horse

Trephination of the maxillary sinuses is indicated in cases of empyema,
cysts or neoplasms, and for repulsion of upper molar teeth. Plate 025
represents a radiograph showing chronic alveolitis of the first upper molar.
The rostral maxillary sinusis trephined about 2-3 cm dorsal to the rostral
end of the facial crest; the caudal maxillary sinusis trephined 2-5 cm rost-
ral to the medial canthus and 2-3 cm dorsal to the facial crest [026]. Care
must be taken to avoid damage to the nasolacrimal duct.

Surgery. The operation may be carried out either on the standing animal
under local infiltration analgesia, or on the recumbent animal [027] under
general anaesthesia. In case of tooth repulsion general anaesthesia is
required.

At the sdected site an approximately 4 cm long incision is made paralel to
the facial crest through the skin and subcutaneous tissue. Depending on

the site of surgery it may be necessary to retract the levator labii maxillaris
muscle in order to expose the periosteum. The periosteum is then incised
with a scalpel and separated from the bone with a periosteal elevator. The
wound edges of the skin and periosteum are drawn aside with wound re-
tractors [028]. Trephination is performed as described in 1-4. The disc is
removed with a bone screw [029]. In empyema caused by alveolitis, the
sinusisflushed and the affected tooth is carefully located. A punch isthen
introduced into the sinus and placed upon the roots of the tooth to be
repelled. To prevent damage to adjacent teeth and the maxillary bone, the
punch must be placed accurately; it may thus be necessary to enlarge the
trephination hole with rongeurs. The tooth isrepelled from its alveolus
with firm, but careful, blows [030]. The course of repulsion is constantly
checked by the surgeon's hand in the oral cavity. After removal the tooth is
examined to determineifit is complete. Any tooth or bony fragments must
be removed. Intra-operative radiography is recommended to ensure that
no fragments remain. The sinus and alveolus are copiously flushed with a
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disinfectant solution [031]. The alveolus and trephination hole are then
packed with povidoneiodine soaked gauze bandage plugs [032].
Postoperatively the sinus and alveolus are repeatedly flushed after removal
of both plugs. The plug placed in the alveolus after flushing must be some-
what smaller than the previous one, in order to enable granulation tissue to
gradually fill the alveolus; the plugsin the trephination hole are of constant
size. Only when the alveolusis closed off by granulation tissue and ex-
udation in the sinus has ceased is the trephination hole allowed to close.
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1-6 Treatment of premaxilla and mandibular body fractures

Fractures of the maxilla and mandible have been observed in all large an-
imals but occur most frequently in horses and cattle. Self-inflicted trauma
and external violence are the most common causes. In horses, fractures
involving the incisor teeth and a variable sized fragment of premaxilla or
mandible occur frequently [033]. The deciduous teeth in young animals are
frequently involved. Because these teeth have short roots the injury is often
minor and of little consequence. Clinically, dislocation of the incisor teeth
is obvious. The wound may be packed with feed if the animal has attempt-
ed to eat. Teeth may be loose, broken or missing.

Surgery. The operation should be performed in lateral recumbency under
general anaesthesia. Debris and granulation tissue, if any, are removed and
the wound is carefully cleansed and disinfected. The fragment should be
fixed to the premaxilla or mandible by wiring the incisor teeth, but com-
pression in a caudal direction may also be necessary. A canine tooth is used

10
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for the caudal fixation, but if absent (asin this case) a cortical screw is placed
in the interalveolar space [034]. To prevent the wire from slipping off the
teeth, grooves are made with a hack saw or filein the neck of both third
incisors [035] and in the canine teeth. By tightening the stainless steel
cerclage wire around the unfractured teeth the fragment is stabilised
|aterally, and additional stabilisation and compression is achieved by apply-
ing and tightening the wire around the canine tooth or the screw [034].
Postoperatively, there is usually no problem associated with prehension or
mastication. Healing of the fracture takes place in 4-8 weeks depending on
the age of the patient. After healing the wire must be removed.
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1-7 Treatment of mandibular interdental space fracture

Fracture in the interdental space is the most common fracture involving
the horizontal rami of the mandible. The fractures may be unilateral or bi-
lateral [037] and usually compound into the mouth. Unilateral interdental
space fractures without severe dislocation heal spontaneously. Bilateral
fractures of the interdental spaces cause dislocation of the rostral part
[038], and require osteosynthesis.

Surgery. The operation should be performed with the patient in lateral re-
cumbency under general anaesthesia. In this case intramedullary nailing
was chosen because the rostral fracture fragment was too short for plating
ortransfixation.

Implantation of the nails precisely in the mandibular rami without damag-
ing the roots of the teeth demands radiographic monitoring during surgery
to ensure accurate insertion of the drill. After reposition of the fracture a
holeisdrilled in each mandibular ramus beginning medioventral to the

040

two first incisor teeth or between the first and second incisor teeth. The
two Rush nails, previously cut to the required length and contoured
correctly, are inserted with a hammer and impactor [039]. It is important
that the nails do not damage the roots of the premolars [040].
Postoperative feeding must be modified, but in sucklings nursing can be
permitted. In the event of compound fracture bone sequestration often oc-
curs, in which case purulent material usually escapes from draining tracts
inside and/or outside the mouth. Sequestra must be removed, after which
discharge ceases. Healing of the fracture takes place in 4-8 weeks depend-
ing on the age of the patient; implants may then be removed.
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1-8 Lingual mucosa resection in cattle

Because of changes in housing facilitiesin the
last ten years the problem of cattle which suck
themselves or each other has increased. Num-
erous mechanical devices have been invented

to prevent sucking. Because the herd may be-
come restless due to the pain these devices inflict,
and feeding and drinking may be impaired, sur-
gical treatment is preferable.

Surgery. The patient is sedated and restrained

in lateral recumbency. Traction on a modified
sponge forceps applied to the tip of the tongue
facilitates exposure of the ventral lingual surface.
A tourniquet is placed around the base of the
tongue as close to the frenulum as possible, and
the operative areais submucosally infiltrated
with local analgesic. Theelliptical incision
begins a few centimetres caudal to the tip of the
tongue, ends just cranial to the attachment of the
frenulum, and is about 5 cm wide at its widest
part in adult cattle [041,042]: it isimportant that
sufficient mucosais excised so that a convex
shape of the dorsum of the tongue is produced
after suturing is complete. The wound edges are
apposed with single interrupted sutures of syn-
thetic absorbable material. The sutures must in-
clude not only the mucosa but also some muscle
to prevent tearing of the tissue by the sutures
[043,044].

For 12-24 hours postoperatively the patients re-
ceiveonly water. Nearly all animalswill eat im-
mediately thereafter, and show no major prob-
lemsin prehension and mastication of food.
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19 Suturing of eyelid lacerations

Eyelid lacerations in horses are often full-thickness, i.e. involving skin,
orbicularis oculi muscle and conjunctiva. Usually the upper eyelid istorn
[045]. In cases of recent |aceration re-apposition and careful suturing must
be attempted.

Surgery. Treatment may be carried out either on the standing animal under
local analgesia (infiltration or frontal nerve block), or on the recumbent ani-
mal under local analgesia or general anaesthesia. The wound and conjunc-
tival sac areflushed with physiologic saline. Sharp superficial excision of
the wound edges is then carried out with a scalpel, to produce fresh, bleed-
ing surfaces. Suturing is begun at the site of the palpebral margin, where a
simple interrupted suture is placed [046]. The remainder of the wound is
then closed. Usually the conjunctivais not sutured: in any case perforation
should be avoided to prevent damage to the cornea. The orbicularis oculi
muscle and skin are sutured together, either with interrupted vertical mat-

046

tress sutures or with deep simple interrupted sutures alternating with
superficial simple interrupted sutures. The deep bites of the mattress
suture involve the skin together with the orbicularis oculi muscle [047], and
the superficial bites only the skin. Either absorbable or non-absorbable
suture material may be used.

The sutures are left in place for at least one week [048]. During this period
ophthal mic antibiotic ointment may be administered twice daily.
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i-io Excision of the nictitating membrane

Surgery of the third eyelid isindicated in case of tumorous growth, which
in horses and cattle usually involves squamous cell carcinoma. Small neo-
plasms can be removed leaving an intact nictitating membrane, but larger
tumours require total excision [049].

Surgery. The operation is carried out on the standing or recumbent animal
under local analgesia. The base of the third eyelid isinfiltrated with alocal
analgesic after instillation of topical analgesic in the conjunctival sac.

The nictitating membrane is held with a forceps and drawn from the con-
junctival sac asfar as possible. Complete excision deep to the cartilage is
performed using a pair of curved blunt-pointed scissors [050]. Haemor-
rhage is controlled by pressure with a gauze swab soaked in 0.0i per cent
adrenalin solution.

Ophthal mic antibiotic ointment isadministered in the conjunctival sac for
several days[051].
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i-i i Enucleation of the eyeball

Enucleation of the eyeball usually includes removal of the globe together
with the bulbar and pal pebral conjunctiva, the nictitating membrane and
the lacrimal gland. The operation may be indicated in cases of eyelid or
eyeball neoplasia, grossinjuries of the eyeball (e.g. corneal rupture) and
panophthalmitis[052].

Surgery. Surgery is carried out with the animal recumbent under either
general anaesthesia, or under ophthalmic nerve regional analgesia and
infiltration analgesia of the lower eyelid and medial canthus. If possible, the
upper and lower eyelids are sutured together with a continuous suture. An
elliptical incision, 0.5-1 cm from and parallel to the margin of the eyelids, is
made through the skin and palpebral muscle [052]. By blunt dissectionin
the direction of the orbital ridge the orbit is entered [053]. The retrobulbar
tissues and extra-ocular muscles are dissected bluntly and transected as
close to the globe as possible. Finally the retractor bulbi muscle and en-

closed ophthalmic vessds and optic nerve are clamped with a curved crush-
ing forceps and transected between forceps and globe. The eyeball isthen
withdrawn from the orbit [054]. The lacrimal gland is then removed. The
forceps is removed; haemorrhage may be controlled either by vessdl lig-
ation or packing the orbit with sterile gauze bandages. The eyelids are
sutured together with interrupted sutures, leaving a small opening medially
for the gauze drain [055].

The gauze packing is removed after 2 to 3 days. Plate 056 showsthe in-
duced artificial ankyloblepharon several months postoperatively.
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i-i 2 Treatment of nasolacrimal orifice atresia

Atresia of the nasal opening of the tear duct may be the cause of chronic
lacrimation in foals. In some cases the distal part of the duct is also absent.
Surgery. Surgery is performed under general anaesthesia. A catheter isin-
troduced into the lacrimal papilla of either the upper or lower eyelid [057].
The catheter is then advanced carefully down the tear duct, until the tip is
pal pable beneath the nasal mucous membrane [058]. The nasal mucosa and
the mucosa of the blind end of the duct are incised over the tip of the ca
theter [059], after which the catheter is pushed through the opening cre-
ated [060]. If accessible, the mucous membrane of the duct is sutured to
the nasal mucous membrane with simple interrupted sutures of fineab-
sorbable material. The catheter is then sutured to the skin in the nasal and
eyelid regions, and |eft in place for at least two weeks. If suturing of the
mucosal layersisimpossible the catheter must be left in place for a longer
period (3-4 weeks), after which time the wound edges have healed and the
opening remains patent.

H>

058

obo

Postoperatively antibiotic ophthal mic ointments are administered into the
conjunctival sac, and corticosteroids may be added for severa days to re-
duce oedema and fibrosis around the created orifice.
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2-1 Myectomy (Forssell) and accessory nerve neurectomy

In crib-biting the horse grips afixed object (e.g. manger) with the
(upper)incisor teeth, arches the neck and attempts to swallow air; horses
which succeed in swallowing air are called windsuckers. Some horses are
'free’ windsuckers, these display the vice without cribbing. Initially non-
surgical methods (cribbing strap, aversion therapy) may be used, but are
often unsuccessful, and the owner requests surgical treatment. This con-
Ssts of partial resection of the paired ventral neck muscles: sternohyoideus,
omohyoideus, sternothyroideus and sternocephalicus. Instead of myect-
omy of the latter, neurectomy of the ventral branch of the accessory nerve
may be performed.

Surgery. The horse is positioned in dorsal recumbency under general
anaesthesia. Excessive extension of the neck should be avoided because of
possible stretching of the recurrent nerve, the head should thus be resting
at an angle of about 30°.

0b4

A midline skin incision of 30-40 cm is made from the hyoid bone caudally.
The whole operation may be accompanied by considerable haemorrhage,
and careful haemostasis is obligatory. The skin and subcutis are dissected
and reflected laterally [061]. The omohyoideus muscle is carefully separ-
ated from the jugular vein. The omohyoideus and sternohyoideus are
transected near their insertions [062] and reflected back to the caudal edge
of the wound, whereafter the entire muscle section is removed [063]. This
exposes the cranial part of sternothyroideus [064] which is easily dissected
from the trachea and excised [065]. Next the sternocephalicus is freed by
blunt dissection after incising its sheath longitudinally. The muscle is tran-
sected at the caudal edge of the incision [066], reflected cranially and se-
vered through its tendon [067].

Instead of sternocephalicus myectomy, denervation of the muscle may be
performed. The purpose of neurectomy of the ventral branch of the ac-
cessory nerve isto diminish the post-operative deformity of the region.
The nerveis located on the dorso-medial aspect and runs parallel with the



n
N

Chapter 2 THENECK/ Muscles

0b3 066

muscle. The neurectomy site is proximal to the entry of the nerve into the
muscle; at least 3 cm are removed [068]. The procedure may be carried out
before or after myectomy of the other muscles. The skin is closed with in-
terrupted mattress sutures. At both ends of the wound a drain is placed.
Proper functioning of the drains must be checked twice daily, and they
must not be removed before 3 days.

Postoperatively the horse is confined for about three weeks, and care is
taken that the stall contains no objects that may be grasped with the
incisors or on which the wound may be rubbed.



Chapter 2 THE NECK / Larynx and trachea  2-2

obg

2-2 Laryngotomy - cricoarytenoidopexy and ventriculectomy

Inspiratory dyspnoea due to laryngeal hemiplegia (roaring) is acommon
clinical sign in horses requiring surgical treatment to enlarge the reduced
laryngeal lumen [06gA]. Many proceduresto alleviate laryngeal hemiplegia
have been utilized. Of the various techniques the combination of cricoary-
tenoidopexy with unilateral or bilateral ventriculectomy has given the best
results. Instead of lycra, a double ligature of heavy-sized chromic catgut is
preferred for the cricoarytenoidopexy.

Surgery. The horse is positioned in right lateral recumbency in general
anaesthesia with the head and neck extended.

A 10 cm skinincision is made parallel and ventral to the linguofacial vein
from the cranial border of the larynx to the second tracheal ring [070]. Sub-
cutaneous fascia is incised with a scalpel. The dorsolateral aspect of the
larynx is approached by blunt dissection. The muscular process of the
arytenoid cartilage is penetrated from medial to lateral with a pointed
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Deschamp's needle [071]. The double chromic catgut is threaded through
the eye of the needle and pulled through the muscular process. The medial
part of the ligature is brought under the crycoarytenoid muscle using the
Deschamp's needle. The needle is then passed, from medial to lateral,
through the caudal border of the cricoid cartilage, about 2 cm lateral to the
median ridge. The needle passes through the cartilage, but not through
mucous membrane into the laryngeal lumen. The needle emerges approxi-
mately i cm cranial to the caudal border of the cricoid [072]. The medial
part of the thread is threaded into the needle and pulled through the cricoid
cartilage [073]. The two ends of the ligature are tied [074] with sufficient
tension to fully retract the arytenoid cartilage; this can be checked by lar-
yngoscopy [0693].

A vacuum drain is placed in the wound cavity. The subcutaneous and deep
fascial tissues are closed with a simple continuous suture and the skin with
interrupted sutures, using synthetic absorbable material.

The patient is then positioned in dorsal recumbency; the nose is supported
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to prevent extreme extension of the neck. The laryngeal cavity is opened
(see 2-3); the crycoid cartilage is not incised.

The mucous membrane of the left laryngeal saccule is removed. The rim of
the laryngeal saccule is incised on its caudal border [075] and the index
finger isbrought submucosally to free and then evert the mucous mem-
brane. The everted mucous membrane is resected with scissors as close to
the base as possible without damaging the adjacent cartilage [076]. To
prevent foreign body aspiration during recovery and recuperation the skin
isclosed with afew non-absorbable interrupted sutures. If postoperative
dyspnoea occurs a tracheotomy tube isinserted through the laryngotomy
wound, or tracheotomy (see 2-5) is performed.

Antibioticsare administered. The vacuum drain isremoved after two to
three days. The laryngotomy wound is cleansed daily and heal s satisfac-
torily by second intention. The horseis confined to a box for 4 weeks. After
two months at pasture the horse may be returned to training.
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2-3 Laryngotomy - extirpation of subepiglottal cyst

Inspiratory and/or expiratory noise at work and dyspnoea due to epiglottal
lesions (subepiglottal cyst, abscess, and epiglottic entrapment) are oc-
casionally observed in horses. To enable surgery in the area of the soft pa-
late and epiglottis, alaryngotomy must be performed. The surgical tech-
nigque for removal of a subepiglottal cyst is described here. Diagnosisis
made by endoscopic examination [077].

Surgery. The patient is positioned in dorsal recumbency under general
anaesthesia. A 10 cm midline incision is made over the larynx through the
skin and through the midline junction of the sternohyoid muscles. The
crycothyroid membrane is incised in the midline. In this condition, in-
cision through ventral midline of the crycoid cartilage is necessary to gain
space. A self-retaining wound retractor exposesthe laryngeal cavity [078].
After the endotracheal tube has been removed exposure of the subepigottal
cys is possible. The apex of the epiglottis is drawn caudad from the naso-

pharynx into the laryngeal lumen, thereby presenting the cyst on the
ventral surface of the epiglottisin the surgical field. Traction on the epi-
glottisis accomplished by grasping the aryepiglottic fold, on the lateral wall
of the pharynx between the base of the epiglottis and the arytenoid, with a
sponge forceps. A Lakey traction forceps applied to the apex of the epiglot-
tisretainsit in position.

The mucosa surrounding the cyst is carefully grasped with Allis tissue for-
ceps [079], incised and the cyst is then dissected bluntly from the sur-
rounding tissue [080]. Excess mucosa may be excised. The wound is left
open. Only the skin is closed with a few non-absorbable interrupted
sutures. Thelaryngotomy wound heals by second intention. Thepatientis
box rested for 4 weeks.
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2-4 Laryngotomy - in bovine necrotic laryngitis

Necrotic laryngitis associated with calf diphtheriais the most important
cause of laryngeal dyspnoea in young cattle. The results of medical treat-
ment are often disappointing. The aim of surgical treatment is to excise
necrotic cartilage and/or granuloma and produce a permanent widening of
the glottis.

Surgery. Prior to laryngotomy, atracheotomy is performed (see 2-5). The
patient is placed in dorsal recumbency under general anaesthesia, or under
sedation in combination with local infiltration analgesia. If laryngeal intub-
ation is impossible an endotracheal tube must be inserted via the trach-
eotomy wound. Theinflated cuff prevents the passage of blood into the
lungs during surgery.

The skin and subcutanuous tissue are incised in the midline and the ster-
nohyoid muscles are separated. A midline incision is made through the
crycothyroid ligament, thyroid cartilage and thefirst 2 tracheal cartilages

[081]. (The thyroid cartilage is cut with a strong pair of scissors). Topical
analgesia of laryngeal mucosa is necessary if general anaesthesia has not
been used. The laryngeal cavity is exposed by means of Volkmann retrac-
tors. In most cases the.necrotic lesions and granulomas are clearly visible.
The depth of (a) possible fistulous tract(s) is determined with a probe
[082]. Necratic debris, including cartilage sequestra, are removed by curet-
tage [083]. After cleaning the laryngeal cavity, the skin is closed with non-
absorbable material in an interrupted pattern [084].

Systemic antibiotics are administered. The tracheotomy tube is removed as
laryngeal swelling reduces and has less effect on respiration.
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2-5 Tracheotomy

Tracheotomy is usually an emergency procedure and is indicated to re-
lieve dyspnoea caused by acute nasal, laryngeal or proximal tracheal ob-
structions. Tracheotomy is also indicated prior to some operations on the
nose, paranasal sinuses or larynx.

Surgery. Tracheotomy is usually performed on the standing animal under
local infiltration analgesia, but may also be carried out on the recumbent
patient. The head and neck of the animal are extended and an approxim-
ately 7 cm ventral midline skin incision is made in the cranial third of the
neck at the level of the 4th-6th tracheal ring. After incising the thin cut-
aneous muscle in the midline, the longitudinal junction of the sternohyoid
muscles is divided and the trachea exposed. The muscles and skin are
spread with a wound retractor.

If temporary tracheotomy isindicated, atracheal annular ligament is pierc-
ed with a scalpel and a tracheal tube (ovoid in cross-section) is inserted.
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If the tracheotomy tube is to remain for a longer period, partial resection of
atracheal ring is performed, (i) A tracheal window is produced by partial
resection of one tracheal ring [085]. The disc to be removed is grasped with
forceps. (2) To prevent the tracheal ring from collapsing, resection of a
semi-disc of the tracheal rings proximal and distal to an incision through
the annular ligament is recommended [086,087].

After tracheotomy a self-retaining tube is inserted [088] and the skin edges
are sutured around the tube in a simple interrupted pattern. Since thereis
considerable mucous secretion for the first few postoperative days, the tube
must be cleaned frequently. Later on, when the discharge has reduced, air
passage through the tube is checked daily, but the intervals of cleaning may
be prolonged. After the tube is withdrawn, the tracheotomy wound heals
by second intention.
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3-1 Diaphragmatic herniorrhaphy

In large animal surgery thoracotomy is seldom used. Itsmain indication is
diaphragmatic hernia, although the techniqueis occasionally used in cases
of traumatic injury with or without foreign body penetration into the tho-
rax, approach to the thoracic oesophagus, and experimental surgery.
Surgery. The patient is placed in lateral recumbency under general anaes-
thesia with positive pressure ventilation.

The thorax is approached through the left or right 8th, Qth or loth inter-
costal space, depending on the localisation of the hernia. Skin, subcutis,
fascia, intercostal muscles and pleura are incised in the middle of the inter-
costal space. In young animals access to the thorax is facilitated by one or
two rib retractors[089]. In older animals, partial resection of one or two
ribs may be necessary. Plate 089 shows a part of colon in the thorax of a
horse, between the lung and diaphragm. After partial reposition of the
intestine the diaphragmatic hernial ring is visible [090].

201

0Q0

A second surgeon, working through a laparotomy incision, may be needed
to aid with reposition of the abdominal organs (intestines and liver) and in
placing the sutures in the hernial ring. The herniais closed by tying the
pre-placed interrupted sutures of non-absorbable material [091,092].
When the diaphragmatic defect is extensive or can not be closed with
sutures, closure is achieved using a synthetic mesh [095,096] (see also 4-1).
Reposition of the ribs is done with the help of reposition forceps. The ribs
are held in position by several interrupted sutures [093]. Prior to tying the
last two sutures of the intercostal muscles, air must be removed from the
thorax by either evacuation or by inflating the lungs [094]. Closure of the
wound is completed by suturing of the fascia, subcutis and the skin with in-
terrupted sutures of absorbable material. Systemic antibiotics are indic-
ated. Intrathoracic drains are not routinely used, and postoperative com-
plications have not arisen. Residual air in the thoracic cavity is resorbed
withinafew days.
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3-2 Treatment of fistulous withers

Infection of tissues in the region of the withers may be the result of traum-
atic injury, pressure necrosis of skin and underlying tissues due to ill-
fitting saddles and/or prolonged riding [097], infection of the supraspinous
bursa (e.g. Brucellosis) and invasion of the nuchal ligament with filariae
(Onchocerca sp).

Pockets and compartments of exudate are formed between the tissues of
the withers as inflammation extends. The tissues involved (ligament, bursa,
spines of first thoracic vertebrae) and the depth and direction of the tracts
may be identified with a probe [098, recumbent horse]; (contrast)radio-
graphy isan additional diagnostic aid. Surgical therapy consists of drainage
of pockets and fistulous tracts.

Surgery. Short interventions and superficial incisions may be carried out on
the standing animal under sedation and physical restraint. Drainage of
deeper tissues demands recumbency and general anaesthesia. The general

28

098

principle of drainage should be followed: opening of pockets and counter-
incision™) at the lowest point to achieve drainage [099]. Transverse in-
cisions over the withers must be avoided. Necrotic tissue, which may
include the tips of spines, is removed, but excision should not be too
radical. Drainage openings are kept open by gauze drains or rubber tubing
[100] to allow daily irrigation with amild disinfectant until exudation
changes from a purulent to mucous character and finally ceases. Surround-
ing skin should be protected with vaseline ointment.

Anthelmintic drugs may be indicated, and systemic antibiotics are admin-
istered in cases of acute inflammation.

Treatment of fistulouswithers is usually time-consuming: several surgical
$essions may be necessary.
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4-1 Umbilical herniorrhaphy

Umbilical hernias may occur in all domestic animals, especialy pigs, cattle
[101] and horses, and may be reducible or non-reducible. A herniais re-
ducible if the hernial contents can be returned into the abdomen. Hernias
are non-reducible because of either adhesions between hernial contents and
internal hernial sac (herniaaccreta), or incarceration of viscera by the
hernial ring (incarcerated hernia). If spontaneous recovery of the umbilical
hernia does not occur, or in cases of incarcerated hernia, surgical correction
is indicated.

Surgery. Herniorrhaphy is performed with the patient in dorsal recum-
bency under general anaesthesia (pig, horse) or epidural analgesia (anterior
block) in combination with afield block cranial to the umbilicus (cattle).
Anincision, usually elliptical, is made through the external hernial (cu-
taneous) sac and dissection of the internal hernial sac is continued down to
the hernial ring [102].
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(i) Amputation of the internal hernial sac.

Amputation isindicated in cases of hernia accreta or incarcerated hernia.
Theinternal hernial sacis carefully incised without damaging the hernial
contents and amputated along the edge of the hernial ring using dissection
scissors. The adhesions between hernial sac and hernial contents are separ-
ated and the hernial contents returned to the abdomen. Ifit is expected
that the internal hernial sac can not be incised without damaging the
hernial contents (usually in cases of incarcerated hernia), the abdomen is
opened in the linea abajust cranial to the hernial ring, which isthen
enlarged using a blunt-pointed scalpel. If incarcerated viscera appear to be
devitalized, the internal hernial sac is not separated from the hernial
contents, but is removed together with the resected viscera at the time of
enterectomy. The hernial ring is closed using horizontal mattress sutures,
which perforate both abdominal wall and peritoneum [103,104]. When all
sutures have been inserted, steady traction isapplied on all suturesto close
the hernial ring, whereafter the sutures are tied. Non-absorbable suture
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material or stainless stedl is used. In horses with small hernias, use of
synthetic absorbable suture material is preferable.

(2) Replacement of the internal hernial sac.

In cases of reducible hernia, the internal hernial sac isusually replaced into
the abdomen. The hernial ring is then closed using horizontal mattress sut-
ures. The needle isintroduced into the hernial ring 1-2 cm from its edge
and runs deeply through the ring without perforating peritoneum. The
index finger or the handle of athumb forceps can be used as a guide [105].
When al sutures have been inserted, they are tightened [106] and tied.

(3) Closure of the hernial ring using alloplastic material.

When the hernial ring istoo large for closure with horizontal mattress sut-
ures [107], repair may be successful when alloplastic meshes are used. If
possible, the internal hernial sac should be left intact. The meshiscut 2 cm
larger than the hernial ring and the edges are sutured to the hernial ring
with simpleinterrupted sutures (non-absorbable material), without
perforating the peritoneum [108].
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In al three techniques, subcutaneous tissues are sutured in a continuous
pattern, in which the ridge of the closed hernial ring or the central part of
the mesh isincluded to obliterate dead space. The skin is closed using
simple interrupted sutures. In female cattle and horses, a belly bandage is
recommended for support and to prevent excessive oedema. Tension on
the wound edges of large hernias may be reduced by restricting dietary in-
take pre- and postoperatively.
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4-2 Resection of urachal fistula

Infection of the umbilical cord in calves may cause inflammatory processes
involving the umbilical vessals, urachus, bladder or liver. Chronic cases
may result in urachal abscessation, and surgical treatment is indicated.
Abscessation of the urachus frequently results in urachal fistula, in which
case purulent exudate is visible at the umbilicus. In this bull calf [109], the
fistula opening is visible cranial to the preputial orifice. The direction and
depth of the fistula can be determined with a probe [109]. Urachal fistulas
course caudo-dorsally towards the bladder, and are frequently accom-
panied by umbilical hernia.

Surgery. Resection of urachal fistulais performed under caudal epidural
analgesia (anterior block) in combination with afield block cranial to the
umbilicus. The calfis restrained in dorsal recumbency with the legs tied in
an extended position. To prevent contamination of the operative area by
the urachus, a purse-string suture is placed around the fistula opening

[no]. Anintestinal clamp is placed over the preputial orifice to avoid
possible contamination by urine. An elliptical skin incision is made around
the umbilicus and is extended paraprepudally. To facilitate dessection of
the affected umbilical cord, the cranial part of the prepuce is freed from the
underlying tissues. Traction is applied to the periumbilical skin, using a
tenaculum forceps. The umbilical cord is dissected towards the abdominal
body wall [i 11]. The abdominal cavity is entered by incising in the midline
cranial to the umbilical cord, and after digital exploration, the body wall
directly adjacent to the umbilical cord is excised.

Urachal fistulas often extend to the serosa of the bladder, in which case
partial cystectomy isindicated. In order to gain access to the bladder it
may be necessary to extend the laparotomy wound caudally. The umbilical
cord is dissected from peritoneum and/or greater omentum towards the
bladder [112]. The distinction between the affected urachus and the blad-
derisclearly visible [i 12]. Intestinal clamps are placed on the apex of the
bladder and the urachus [113], and the apex is transected between the two
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clamps. Plate 114 shows the incised bladder, the mucosa of which appears
to be normal. The bladder is closed with a Schmieden intestinal suture,
and oversewn with a Lembert seromuscular suture in a continuous or sim-
pleinterrupted pattern [115] using absorbable material. Finally, the ab-
dominal wall is sutured as described for umbilical herniorraphy (see 4-1).
Because surgery hastaken place in a possibly heavily contaminated area,
systemic antibiotics should be administered.

Plate 116 shows the severely enlarged urachus, which has been incised
longitudinally. The umbilicusis visible on the left and the resected apex of
the bladder on the right. The lumen of the urachus is necrotic and contains
purulent exudate.
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4-3 Ventral midline laparotomy

Laparotomy in the linea alba is the method of choice in abdominal surgery
in horses. Abdominal exploration and exposure of the intestines are easily
performed through a ventral incision. The paramedian and flank approach
should be considered only for specific indications e.g. bilateral abdominal
cryptorchidism (see 5-7), caesarian section. The incision through the linea
albamay be umbilical (through the navel), pre-umbilical and post-
umbilical, depending on the location of the abdominal disorder. The ad-
vantage of the median incision is the ease of extension craniad or caudad, if
necessitated by the abdominal situation.

Surgery. The animal is placed in dorsal recumbency under general anaes-
thesia. The legs must be tied with the forelimbs extended and the hind-
limbsslightly abducted and flexed.

The skin and subcutisisincised over the desired length, followed by a
small incision precisely through the linea alba [117]. After palpation of the
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dorsal aspect of the linea alba with the index finger this incision is extend-
ed, using a blunt-pointed scalpel [i 18]. Blunt dissection of the retroperi-
toneal adipose tissue reveals the round ligament (lig. teres hepatis). The
ligament is incised [119] and then split with the fingers or blunt scissors
[120]. The split round ligament [121] later functions as a reinforcement of
the peritoneum and prevents tearing out of the sutures. The wound edges
and viscera to be exteriorised are protected by introducing the ring of a
sterile plastic drape into the abdomen and spreading the drape over the
ventral abdominal wall [122].

The wound is closed by suturing the distinct layers, preferably with syn-
thetic absorbable material. The peritoneum is closed in a simple con-
tinuous pattern [123]; the linea alba with simple interrupted sutures [124]
or in asimple continuous pattern with double-stranded material of maxi-
mum strength; a simple continuous suture closes the subcutis and apposes
this layer to the linea alba; finally the skin is sutured with simple interrup-
ted or horizontal mattress sutures. Systemic antibioticsare usually-
indicated.
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0 4-4 Flank laparotomy

Laparotomy in cattle is most often carried out
through aflank incision. The choice between the
left or right flank, the selection of the specific site
and the type of incision depend upon the pro-
cedure to be performed and, in some cases, on
the preference of the surgeon.

Surgery. Flank laparotomy is carried out in the
standing animal. Local analgesiais achieved by
either infiltration, inverted L field block, or para-
vertebral nerve block.

(1) Leftflank.

The standard method for left flank laparotomy is
the 'through-and-through' incision. A vertical
skin incision is made ventral to the lumbar trans-
verse processes [125]. The external [126] and in-
ternal oblique muscle are transected in the same
direction. Bleeding vessels may be clamped with
haemostats or ligated. The transversus muscle is
then carefully incised vertically [127]. The trans-
versalisfasciaand peritoneum are elevated and
lifted with thumb forceps, and incised with a
scalpel; care must be taken not to incise underly-
ing viscera. Theincision isenlarged dorsally and
ventrally with scissors [128]. Each incision in the
separate layers of the abdominal wall is shorter
than the preceding one.

The wound is closed in three or four layers. The
peritoneum and transversalis fascia are closed to-
gether with the transversus muscle using a sim-
ple continuous suture. The oblique muscles are
closed together using simple interrupted sutures.
Either absorbable or non-absorbable suture
material may be used for these sutures. If the
|aparotomy is carried out in the lower part of
theflank the subcutis, which is more prominent
there, is sutured in a simple continuous pattern
with absorbable suture material. Finally the skin
isclosed, using simpleinterrupted sutures with
non-absorbable suture material.

(2)Right flank.

Rightflank laparotomy isusually executed by-
performing either a 'true grid' or a ‘modified
grid' incision. In both methods a 15-20 cm skin
incision is made vertically. In case of a 'true grid'
incision the external oblique muscleissplitin
thedirection of itsfibres(caudo-ventrally), while
in case of a 'modified grid' incision this muscle is
incised vertically. Both the internal oblique mus-
cle and the transversus muscle are split in the
direction of their fibres (i.e. cranio-ventrally and
vertically respectively). Thetransversalisfascia
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and peritoneum are incised vertically as de-
scribed for left flank laparotomv. Plate 129 shows
a'modified grid' incision.

The right flank laparotomv wound is always
closed in four separate layers. Peritoneum, trans-
versalis fasciaand transversus muscle are su-
tured together in a simple continuous pattern
[130], The internal oblique muscle is sutured
with two or three simple interrupted sutures
[131]. The external oblique muscle is also closed
with simple interrupted sutures, the number of
which depends upon the direction of muscle in-
cision: ina'true grid' incision two or three su-
tures are sufficient, while in a 'modified grid'
incision more sutures must be placed [132]. The
skin is closed with simple interrupted sutures.
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4-5 Paramedian laparotomy

The main indications for paramedian laparotomy are abomaso- and omen-
topexy in bovine left or right abomasal displacement, cystic surgery and
abdominal cryptorchidectomy in horses (see 5-7). Paramedian parapre-
putial laparotomy in the horse is discussed here.

Surgery. The paramedian laparotomy is performed under general anaes-
thesiawith the horse in dorsal recumbency. A 15 cm skinincision is made
caudally from the level of the preputial orifice, 7-10 cm lateral and parallel
to the midline. The abdominal tunic (tunicaflava) and the closely adherent
ventral sheath of the rectus abdominis muscle are incised in the same direc-
tion. The underlying rectus muscle is split in the direction of its fibres by
blunt dissection [133]. Subsequently, the internal (dorsal) rectus sheath is
incised at right angles (i.e. along itsfibres) to the skin incision, after which
the peritoneum is bluntly split in the same direction [134].

The wound is closed in four separate layers using synthetic absorbable
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suture material. Peritoneum and internal rectus sheath are sutured together
in a simple continuous pattern [135]. The rectus muscle and external rectus
sheath are sutured together using simple interrupted sutures [136].

Finally, subcutis and skin are closed with continuous and simple interrup-
ted sutures respectively.
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4-6 Rumenotomy

Rumenotomy is indicated for the removal of penetrating foreign bodies
(traumatic reticuloperitonitis), neoplasms (papillomas at the site of the car-
dia) or abnormal ruminal ingesta (plastic, rope, toxic plants).

Surgery. Laparotomy is performed in the upper left flank (see 4-4). The ab-
domen is explored for the presence and extent of peritonitis and other pos-
sible disorders. To prevent peritoneal contamination by ruminal contents,
Weingart's apparatus is used. The fixation frame is inserted into the dorsal
commissure of the skin wound. A fold of the wall of the dorsal ruminal sac
isdrawn outside the skin incision [137] and fixed with two rumen forceps,
first in the lower and then in the upper eye of the frame [138]. The ruminal
wall isnow incised, beginning ventrally; astheincision is lengthened
Weingart hooks are placed through the full thickness of the rumen wound
edges and attached onto the frame [139]. Ruminal contents are now visible,
and abnormal ingesta can be removed. In cases of reticuloperitonitis all
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penetrating and loose foreign bodies must be removed from both the
reticulum and the rumen.

Ingesta is removed from the edges of the rumen wound by flushing. The
two lowest hooks are removed and a Schmieden suture or a continuous
seromuscular suture (Lembert or Gushing) is begun. As suturing progresses
dorsally the other hooks are removed. The first suture line is oversewn with
a continuous seromuscular suture [140]. Either absorbable or non-ab-
sorbable material may be used. The rumen fold is replaced in the abdomen,
after which the Weingart frame is removed and the laparotomy wound
closed (see 4-4). Administration of antibiotics is indicated. Dietary meas-
ures are taken routinely.
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4-7 Correction of left displaced abomasum

Procedures used for correction of left displaced abomasum include omen-
topexy through the left or right flank, and omentopexy or abomasopexy by
right paramedian laparotomy. In addition to these methods techniques of
percutaneous abomasopexy have been devel oped.

Surgery. The Utrecht method (left flank laparotomy and omentopexy) and
percutaneous abomasopexy using a bar suture are discussed here,

(i) Utrecht method.

In the standing animal left flank laparotomy (see 4-4) is carried out one
handbreadth behind the last rib and about 20 cm ventral to the lumbar
transverse processes. |n most cases the abomasum appears directly in the
|aparotomy wound [141]. With the right hand and forearm some pressure
is applied on the greater curvature in the direction of the xiphoid to expel
gas and achieve partial replacement. Only if distension is excessive, is gas
aspirated with aneedle affixed to along tube; the puncture openingis
closed with a seromuscular purse-string suture.

At the level of the i ith-i2th rib, a fold of the greater omentum is grasped
and pulled into the laparotomy wound. A two metre long heavy thread of
non-absorbable suture material with a needle at both ends is then passed a
few times through this fold over a length of about 10 cm close to its attach-
ment to the abomasum [142]. Care must be taken to avoid blood vessels.
The abomasum is pushed ventral to the ruminal antrum into its normal
position. Both ends of the thread still protrude from the laparotomy wound
[143]. The needles, shielded by the hand, are taken separately along the left
abdominal wall to the ventral midline and inserted through the abdominal
wall about 10 and 15 cm cranial to the umbilicus respectively. The mattress
suture is drawn tight and tied on the outside of the body by an assistant
[144]. Care must be taken that no other structures are interposed in the
omentopexy area. The laparotomy wound is closed as described in 4-4.
Postoperative dietary measures are routinely taken. The fixation suture and
skin sutures are removed on the tenth postoperative day.
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(2) Percutaneous abomasopexy using abar suture. Postoperative care consists of dietary measures. After about 10 daysthe
The cow is cast, restrained in right lateral recumbency, and then carefully sutures are cut close to the skin allowing the sutures to withdraw into the
rolled into dorsal recumbency. Percussion and auscultation of the body lumen of the abomasum.

wall between the umbilicus and xyphoid for detection of a 'ping' reveals the
|ocation of the abomasum and the site of trocarization. In the region of the
loudest 'ping', usually on the right side of the ventral midline, a4 mm
diameter trocar-cannula [145] is inserted through the abdominal wall into
the abomasum, avoiding the subcutaneous abdominal vein [146]. The tro-
car isthen removed with the cannula left in place. Perforation of the
abomasum is suggested by the distinctive odour of escaping abomasal gas,
and is confirmed by determination of apH of 2-3 in aspirated content. A
bar suture [145] is placed in the cannula [147] and pushed into the abom-
asal lumen with the trocar. The cannulaand trocar are then removed,
leaving the suture in place. In asimilar manner, a second sutureis placed
about 7 cm from the first [148]. Prior to removal of the second cannula,
abomasal gas is allowed to escape. The sutures are tied loosely. The cow is
rolled into | eft lateral recumbency and allowed to stand.
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4-8 Correction of right displaced abomasum

Right abomasal displacement always starts with a ‘flexio', i.e. a displace-
ment about a horizontal axis running cranio-caudally; the greater curva-
ture of the abomasal corpus moves dorsally aong the right abdominal wall
[149A]. In many casestheflexiois followed by a 'rotation’, i.e. the abom-
asum turns about an axis perpendicular to its greater curvature and
running through a point halfway between the omaso-abomasal junction
and the sigmoid curve of the duodenum; the pyloric part moves cranially
along the right abdominal wall [1493].

Surgery. After right flank laparotomy one handbreadth behind the last rib
(see 4-4) the abdomen isfirst explored to determine the type of displace-
ment and to detect possible complications. If necessary the abomasum is
punctured before reposition is started (see also 4-7). A flexiois corrected by-
pushing with the whole lower arm the greater curvature in acranioventral
direction along the right abdominal wall. If aflexiowith rotation is present,

the abomasal corpusisfirst pushed in acranial and ventral direction, after
which the pyloric part is grasped and pulled caudally across the abdominal
floor. In case of severe stasis of abomasal contents a pyloromyotomy may be
performed. The pylorusis grasped and brought extra-abdominally [150].
An approximately 8 cm long incision is made through the serosa and mus-
cularis of the pyloric region until the mucosa bulges along the entire length
of the incision [151]. The pylorusis replaced into the abdomen. In order to
prevent recurrence of the displacement a fold of the greater omentum
about 20 cm caudal to the pylorus [152 - dotted lin€] is incorporated into
thefirst layer of the abdominal wall closure, i.e. the simple continuous
suture of the peritoneum and transversus muscle. The other muscular
layers and the skin are sutured as described in 4-4.

Further supportive treatment, such as administration of fluidsand elec-
trolytes, is based upon the patient's general condition and biochemical
findings.
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4-9 Caecotomy in cattle

Caecotomy isindicated in cattle suffering from
dilation and torsion of the caecum and ansa
proximalis of the colon. In some casesonly a
dilationis present, but usually atorsion also
occurs; this may be clockwise or counterclock-
wise seen from the animal's right side.

Surgery. Laparotomy is carried out on the stand-
ing animal in the caudal part of the right flank
(see 4-4). The abdomen isexplored to detect
whether torsion is present or not; if present its
direction is determined. The free part of the cae-
cum is brought extra-abdominally and held in a
ventral position [153], after which the caecal
apex isincised to release ingesta{i54]. The
intra-abdominal part of the caecum and the ansa
proximalis of the colon are aso emptied as well
as possible, by massaging the ingesta in the ap-
propriate direction. An intestinal clamp isthen
placed proximal to the incision [155], which is
closed by either a Schmieden suture oversewn
with a continuous Lembert suture, or with two
continuous Lembert sutures [156]. The surface
of the caecal apex isflushed with physiologic
saline. The caecum is replaced in the abdomen,
and the reposition of the torsion is completed.
The laparotomy wound is then closed (see 4-4).
Antibioticadministrationisoptional. Dietary
measuresareroutinely taken.

155 156
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4-10 Enterectomy; side-to-side anastomosis

Enterectomy isindicated in cases of irreversibly compromised viability of
the intestinal wall, which may be caused by incarceration, torsion, in-
tussusception, strangulation by fibrous bands or pedunculated tumours,
etc. Plate 117 shows strangulation of ajejunal loop by a peduncul ated
lipoma. In horses, side-to-side anastomosis of the jejunum is often prefer-
red, to avoid postoperative stenosis.

Surgery. The operation is carried out with the animal in dorsal recumbency
under general anaesthesia. A laparotomy is performed in the ventral mid-
line (see 4-3). After correction of the primary disorder and emptying of the
jejunum, theintestinal wall isexamined for viability, in which specia at-
tention is paid to the state of circulation and motility. If enterectomy is
required the affected gut is brought sufficiently extra-abdominally to allow
resection through healthy tissue and to prevent peritoneal contamination
from intestinal contents. After the extent of resection is determined, the
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vessels of the adjacent mesentery are ligated; the mesentery to be removed
is usually wedge-formed. The blood supply of the proposed sites of re-
section must not be compromised. The affected intestine isisolated by
carefully placing two pairs of intestinal clamps over adjacent bowel. The
mesentery is transected distal to the ligatures, and the diseased gut is
resected between the two clamps, both proximally and distally. After
flushing with physiologic saline the remaining ends are closed using a
Schmieden suture oversewn with a continuous Lembert suture, both with
absorbable suture material [158]. An alternative method of resectionis as
follows: the intestinal loop to be resected is isolated from the remainder of
the gut by ligatures instead of intestinal clamps. The gut is then transected
between the ligatures [159]. The ligatures of the remaining ends are in-
vaginated after which closure of the ends is performed with a sero-
muscular purse-string suture [160].

The ends of the gut are now laid side by side with their stumps either in the
same direction (anisoperistaltic = functional end-to-end anastomosis) or in
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opposing directions (isoperistaltic). Intestinal content is milked back and
isolated with intestinal clamps. The two apposed loops are sutured together
with a continuous Lembert suture. They are then incised about i cm from
and parallel to the Lembert suture. The incisions must be of equal length
and shorter than the Lembert suture [161]. A simple continuous suture, in-
cluding al layers of the intestinal wall, is started at one end of the incision,
thus suturing together the wound edges on the luminal side of the Lembert
suture [162]. On reaching the other end of the incision the continuous su-
ture continues as a Schmieden suture [163], which is continued up to the
origin of the simple continuous suture. The previously placed Lembert
suture, with which the simple continuous sutureis already oversewn, is
now continued to oversew the Schmieden suture [164]. Absorbable suture
material is used for both suture lines. After removal of the clamps the
intestine isflushed again and the anastomosisis checked for patency and
|leakage. The mesentery is closed with interrupted sutures. The intestineis
replaced into the abdomen and the laparotomy wound closed (see 4-3).
Systemic antibioticsareindicated.
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4-11 Enterectomy; end-to-end anastomosis

I ntussusception [165] isthe most frequent indication for small intestinal
enterectomy in cattle, although other disorders which interfere with the
viability of the intestinal wall may a so necessitate resection. In cattle end-
to-end anastomosisis usually performed.

Surgery. A right flank laparotomy is carried out on the standing animal un-
der local analgesia (see 4-4). The affected bowel is carefully exteriorized
and the extent of the gut to be resected determined. After application of
topical analgesiaa V-shaped area of the adjacent mesentery, including the
vesss, isligated.

The diseased loop is then isolated from the remainder of the gut by intes-
tinal clamps and resected with its mesentery. The viable ends are flushed
with physiologic saline and apposed, with the lumina held toward the sur-
geon [166]. The adjacent halves of the two wound edges are sutured with a
simple continuous suture perforating all 1ayers of theintestinal wall. The

suture begins at the mesenteric border with the knot lying in the lumen of
the gut. On reaching the antimesenteric border the lumina are apposed and
the continuous suture continues as a Schmieden suture, with which the two
other halves are sutured until the mesenteric border has been reached
[167]. Using a continuous Lembert suture, the first suture line is com-
pletely oversewn [168]. Absorbable suture material is used for both suture
lines. The clamps are removed and the anastomosis checked. The defect in
the mesentery is closed by tying the long end of Mesenteric ligatures lying
opposite to each other. After replacing the intestine into the abdomen the
laparotomy wound is closed (see 4-4).

Systemic antibiotics are administered and dietary measures are routinely
taken.
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4-12 Jejunocaecostomy; end-to-side anastomosis

Obstruction of the ileum in horses is caused by ileocaecal intussusception
[169], involvement of the ileum in internal or external hernias, or ileal ob-
stipation. Because the ileocaecal area is inaccessible, resection of the entire
ileum and sparing the ileocaecal valve isimpossible. A new junction be-
tween the distal jejunum and caecum must therefore be created, and is
achieved by either end-to-side or side-to-side anastomosis.

Surgery. Treatment of ileocaecal intussusception by reduction alone rarely
succeeds. Usually the intussusceptum isleft in place and Jejunocaecostomy
is carried out. To perform an end-to-side anastomosisthe jejunum is
transected as distally as possible, after which the distal stump (ileum) is
closed, as described in 4-10. The caecum is then exteriorized. A fold of the
wall about 20 cm distal to the ileocaecal valveis clamped off. Half the
circumference of the open end of the jejunum is sutured to this fold, using
a continuous Lembert suture placed 6-7 mm from the transected edge. The
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caeca wall isthen incised 6-7 mm from this suture line; the length of the
incision corresponds with the diameter of the jejunal end. The caecal and
jejunal edges are joined together using a simple continuous suture, which is
continued as a Schmieden suture [170], asin 4-10. The Lembert suture is
continued to oversewn the Schmieden suture line [171]. The free border of
the mesentery of the distal jejunum is sutured to the caescum to obliterate
the space between jejunum and caecum.

Inileum obstipation and ileum muscular hypertrophy, ajejunocaecal by-
passis performed, leaving the normal ilea pathway open [172]. The bypass
is created as a side-to-side anastomosis (see 4-10).
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4-13 Correction of rectum prolapse

Rectum prolapse involves either the rectal
mucosa alone (incomplete prolapse) or the full
thickness rectal wall (complete prolapse). Fur-
thermore, the rectum prolapse may contain an
intussusception of the rectum, colon or even
small intestine.

Treatment depends on the degree of damage to
the mucosal layers. Usually, manual reposition
and suture retention of the prolapse can be car-
ried out. However, amputation of the prolapseis
indicated when reposition is impossible (because
of severe swelling or adhesions) or when perfor-
ating injuries or necrosis of the mucosal layers
are present [176]. In cases of extensive prolapse,
the prognosisis guarded dueto the possibility of
accompanying mesocolon vascular damage; in
this condition laparotomy should be considered
for definitive diagnosisand possible treatment.
Surgery. Correction of rectum prolapse is per-
formed under caudal epidural analgesia
(posterior block) or general anaesthesia.

(1) Reposition and retention of the prolapse.
Reposition [173, foal] isachieved by careful mas-
sage of the prolapse using a vaseline-based oint-
ment [174]. To aid retention of the replaced rec-
tum, a purse-string suture is placed through skin
and deep fasciaaround the anus[175]. Before
tyingthesuture, liquid paraffinisadministered
rectally with a soft rubber tubeto facilitate de-
faecation. The purse-string suture is then tied in
abow, so that it can be easily loosened and relied.
The sutureistied such that two fingers can easily
be passed through the anus, thereby allowing
somedefaecation.

(2) Amputation of the prolapse.

Before resection ([176], horse), aprobeis passed
between the prolapse and the anal ring to ensure
that intussusception is not present. Next, a suit-
ably sized firm rubber tube is passed into the
rectum [177]. Asslight traction is applied to the
prolapse, two long needles are thrust (one verti-
cally, the other horizontally) through the pro-
|apse and the tube. The needles must be close to
the anal ring [178], so that healthy tissue is pene-
trated. Thefirst quadrant of the prolapse is then
resected just distal to the needles, and the outer
and inner layers of the resected end of the rec-
tum are sutured together, using simple inter-
rupted sutures [178]. The second quadrant of
the prolapse is then resected in a similar way
[179]. After amputation and suturing of all
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guadrants have been completed, the ends of the threads are cut off and the
two needles and tube are removed. In most cases the stump retracts
spontaneously. In those cases in which the stump remains slightly
prolapsed, retention of the rectum is achieved by use of a purse-string
suture as described above.

Dietary measures and/or liquid paraffin administered either by stomach
tube and/or rectally may be used to facilitate defaecation.

It may be necessary to loosen the purse-string suture twice daily to release
faeces. The purse-string suture may be removed within 48-72 hours.
Plate 180 shows the situation on the tenth postoperative day.
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4-14 Treatment of atresia ani (et recti)

Absence of the anal opening is observed often in
the piglet and occasionally in other species. Af-
fected piglets may be up to several weeks old
without showing serious illness except progres-
sive abdominal distension [181]. In female pig-
lets even distension may not be evident because
of the presence of a recto-vaginal fistula through
which some evacuation occurs. |n some cases
there may be aswelling at the site of the anus
[182].

Surgery. After locd infiltration analgesiaor epi-
dural analgesiaacircular piece of skin isexcised
over the anal site. Ideally the rectum should be
sutured to the skin before the rectum is opened
but often faeces are discharged immediately fol-
lowingthe skinexcision [183]. After sufficient
evacuation of the bowel therectal wall isapposed
to the skin by interrupted sutures [184].

If the distal portion of the rectum is also atretic,
deeper dissection is required to locate the blind
end of the rectum. Gentle traction, assisted by
pressure on the abdominal wall, should be used
to draw the rectum caudad to the anus, where it
is sutured to the skin.

If too large a portion of the rectum is absent,
creation of a preternatural anus viaalaparotomy
under general anaesthesia may be considered.
Postoperatively acicatricial stricture of the anal
opening may develop.
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5-1 Castration: open techniquein the pig

Piglets are usually castrated using the open tech-
nique, in whichthevaginal cavity isleft open
after emasculation. It is clear that the open tech-
nique of castration is contraindicated in cases of
inguinal or scrotal hernia. Pigletsare generally
castrated at the age of 3-6 weeks.

Surgery. Castration is performed under local
analgesia of the scrotal skin and both testicles.
An assistant holds the animal upside-down by
the hindlimbs, with the piglet's back towardsthe
surgeon. The testicle is pushed up into the scrot-
umwiththumb and forefinger [185]. Anincision
ismadeinto testicular tissue through scrotal
skin, tunicadartos and vaginal tunic [186]. The
exposed testicle is grasped with the fingers and
the scrotal ligament is transected with a scalpel;
the incision starts at the site of the mesorchium
[187]. To prevent spermatic cord haemorrhage,
ligation (with acatgut ligature) or crushing (with
an emasculator, which crushes and cuts at the
same time) of the spermatic cord is recom-
mended. The emasculator is held as proximal as
possible on the spermatic cord [188] for 10-15
seconds. The emasculator is then removed and
188 the severed end of the cord retracts into the
inguinal canal.
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5-2 Castration: closed technique in the goat

Castration of goatsisin general indicated to re-
duce the odour originating from the horn glands.
Goats should be castrated after the age of six
months, since urinary obstruction due to urethral
calculi occur more often in young castrated
goats.

Goats are usually castrated by the closed tech-
nique, in which the vaginal cavity is not opened.
Thisisin contrast to the open castration tech-
nique, whereby the vaginal cavity isleft open af-
ter emasculation (see 5-1).

Surgery. An assistant restrains the goat in dorsal
recumbency in his lap: the goat's head is held
under one arm and the limbs grasped firmly to-
gether. The scrotal skin and both spermatic
cordsarelocaly infiltrated with suitable anal-
gesic solution. The tip of the scrotum is tightly
stretched distally and is amputated [189]. This
allows both testicles to emerge into the incision.
The testicle is grasped with a tenaculum forceps
and the tunica dartosis stripped from the vaginal
tunic with a gauze sponge [190]. The spermatic
cord, covered by vaginal tunic, is then crushed
by an emasculator or, asin this case, ligated with
aligature of absorbable suture material [191].
The spermatic cord istransected i cm distal to
the ligature [192] and the stump checked for
bleeding. The opposite testicle isremoved in a
similar manner.

Tetanus prophylaxis must be provided.
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5-3 Castration: half-closed technique in the horse

In the horse several methods of castration may be used: the open technique
(see 5-1), closed technique (see 5-2), haf-closed technique, which is dis-
cussed here, and the primary closure method (see 5-4).

The half-closed technique involves crushing and ligation of the spermatic
cord enclosed in the vaginal tunic, with the testicle itself lying outside the
opened vaginal tunic. Using this approach, the most serious postoperative
complications such as intestinal eventration and spermatic cord haemor-
rhage are averted.

Surgery. Half-closed castration can be carried out in the recumbent or
standingstallion.

(i) Half-closed castration in the recumbent stallion.

For aright-handed surgeon, the horse is positioned in left lateral recumb-
ency. Theright leg is pulled tightly against the chest and the foot tied at
thelevel of the shoulder joint. Castration is performed under local infiltra-

tion analgesia or general anaesthesia. The left testicle is held in the scrotum
with the left hand, so that the scrotal skin istightly stretched. A 7-10 cm
incisionismade i cm lateral and parallel to the median raphe through skin
and tunica dartos. A small incision is then made in the vaginal tunic and its
edges are grasped with haemostatic forceps [193]. The incision is enlarged
sufficiently to allow testicle and epididymisto emerge from the vaginal
cavity [194], whereupon the exposed testicle is grasped with atenaculum
forceps. The tunica dartos is stripped from the vaginal tunic with a gauze
sponge or blunt scissors [195]. The spermatic cord, covered by vaginal
tunic, isthen crushed with an emasculator [196]. A ligature of absorbable
suture material is applied at the crush site [197]. The spermatic cord is
transected 1-2 cm distal to the ligature and the stump checked for bleeding.
The opposite testicle is removed in a similar manner.

(2) Half-closed castration in the standing stallion.

The techniqueisin principle similar to the half-closed castration in the
recumbent stallion. Castration is performed under physical restraint and
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local infiltration analgesia, together with chemical restraint if necessary.
The scrotum is grasped firmly with one hand just proximal to the testicle,
S0 that the scrotal skinistightly stretched. A 7-10 cm incision is made,
beginning cranialh, about i cm lateral and parallel to the median raphe
through skin, tunica dartos and vaginal tunic into the testicul ar tissue
[198]. The exposed testicle is grasped with atenaculum forceps and the
edges of the incised vaginal tunic are grasped with haemostatic forceps.
Thetunica dartos is stripped from the vaginal tunic with a gauze sponge
and an emasculator is applied to the covered spermatic cord [199]. A liga-
ture of absorbable suture material is applied at the crush site and the
spermatic cord is transected 2 cm distal to the ligature [200]. The opposite
testicle is removed in asimilar manner.

Tetanus prophylaxisis provided. Postoperative management consists of
sufficient exerciseto avoid scrotal and preputial oedema.
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5-4 Castration: primary closure method in the horse

Castration in which primary closure of the scrotal wound is attempted
should be carried out only under strictly aseptic conditions. The technique
for the stallion is discussed here.

Surgery. Castration is performed under general anaesthesia with the horse
in dorso-lateral recumbency. The uppermost leg is secured in flexion and
abduction.

The testicle is grasped firmly in one hand, so that the scrotal skin istightly
stretched. A 7-10 cm incision is made through skin and tunica dartosin the
caudal part of the scrotum, parallel to the median raphe. A small incisionis
then made through the vaginal tunic and its edges grasped with tissue for-
ceps [201]. Theincision isthen enlarged sufficiently to allow testicle and
epididymisto emerge from the vaginal cavity, whereupon the exposed test-
icleis grasped with atenaculum forceps. The scrotal ligament is severed
with dissection scissors [202], and the mesorchium is carefully torn from
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the vaginal tunic and the spermatic cord is ligated with absorbable suture
material as proximally as possible. A peritoneum forcepsis applied to the
spermatic cord about 3 cm distal to the ligature [203] and the spermatic
cord is transected between forceps and ligature. The stump and mesorch-
ium are checked for bleeding. The wound is closed in three separate layers
using synthetic absorbable suture material : the vaginal tunic [204] and
tunicadartos [205] are sutured in a continuous pattern, and the skin with
interrupted mattress sutures.

Aftercare consists of routine postcastration management.
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5-5 Vasectomy

Vasectomy isindicated for production of heat detector (teaser) bullsor
rams.

Surgery. The operation can be performed under local analgesia, with the
animal either cast or standing.

The spermatic cord is located. A 2-3 cm skin incision is made medially to
reveal the vaginal tunic [206]. The ductus deferensis palpated as a firm,
non-pulsating cord-like structure. After careful incision of the tunic, the
ductus deferens is easily separated and exteriorized [207]. A segment of
about 2 cm isremoved and the incised ends are ligated [208].

Itisnot essential to suture the vaginal tunic, but the skinisclosed with a
few interrupted sutures.
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56 Inguinal cryptorchidectomy in the horse

Cryptorchidism may be classified into two main types: a testicle and epi-
didymis retained between the internal inguinal ring and the scrotum (‘high
flanker"); b testicle and epididymisretained within the abdominal cavity
(abdominal cryptorchid). Inapartial abdominal cryptorchid, the epi-
didymis descendsinto theinguinal canal with the testicle remaining in the
abdominal cavity.

Inguinal cryptorchidectomy is discussed here.

Surgery. Surgery is performed with the patient under general anaesthesia
and in dorso-lateral recumbency with the leg on the cryptorchid side up-
permost and secured in flexion and abduction [209]. A 10 cmincision is
made over the external inguinal ring through skin and scrotal fascia. Care
should be taken to avoid traumato the large vesselsin thisregion. Blunt
dissection of the connective tissue is continued towards the inguinal canal
[210]. The testicle and epididymis, covered by vaginal tunic, may be en-

countered adjacent to the external inguinal ring or can be located in the
inguinal canal. The vaginal tunicis grasped with forceps [211] and incised
longitudinally [212]. The cryptorchid testicle (which isusually much smal-
ler than the descended testis) and epididymis are then drawn outside the
vaginal cavity [213]. Half-closed castration is then performed (see 5-3): the
spermatic cord, covered by the vaginal tunic, is crushed [214], ligated and
transected 2 cm distal to the ligature [215]. The stump is checked for
haemorrhage and the long ends of 'the ligature cut. A sterile gauze or latex
drainis placed in the wound and the skin is closed with simple interrupted
sutures [216].

If the vaginal sac can be drawn sufficiently beyond the external inguinal
ring, the closed technique or primary closure method of castration can be
used instead of the half-closed method. Tetanus prophylaxisis provided.
The drain isremoved after 48 hours. Aftercare consists of routine post-
castration management.
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5-7 Abdominal cryptorchidectomy in the horse

The inguinal approach is most commonly used for abdominal cryptorchi-
dectomy in the equine, while paramedian laparotomy is indicated for bilat-
eral abdominal cryptorchid or grossly enlarged testicles.

Surgery.

(i) Inguinal approach. The position, preparation and incision is as for
inguinal cryptorchidectomy (see 5-6). Frequently, in an abdominal cryp-
torchid the extra-abdominal part of the gubernaculum can be located in
theinguinal canal. Careful blunt dissection may allow visualization of

this structure. By exerting moderate traction on the gubernaculum [217],
the vaginal process can be drawn through the external inguinal ring. Ifthe
extra-abdominal part of the gubernaculum can not be recognized, dissec-
tionis continued and the vaginal processis searched for at the level of the
internal ring. The vaginal process is then grasped with sponge forceps and
withdrawn as far distally as possible. The vaginal processis then incised,

exposing the epididymis [218], which is grasped by forceps. Gentle traction
isapplied until the testicle isdelivered. Cystic degeneration had caused
enlargement and retention of this testicle [219].

When neither the extra-abdominal part of the gubernaculum nor the
vaginal process can be recognized in the inguinal canal, the peritoneum is
perforated at the level of theinternal inguinal ring with the finger. One or
twofingers (or even the entire hand) in the abdominal cavity search for the
gubernaculum, epididymis, testicle or ductus deferens. After one of these
structures has been recognized, it is brought into the inguinal canal, grasp-
ed with forcepsand withdrawn further until both epididymisand testicle
are exteriorized. The exposed spermatic cord is crushed [219], ligated [220]
and transected 2 cm distal to the ligature. Suture closure of the external
inguinal ring with simple interrupted or continuous sutures is recommend-
ed. A drainisplaced in the wound and the skin is closed with simple inter-
rupted sutures. Tetanus prophylaxisis provided. Thedrain isremoved
after 48 hours. Aftercare consists of routine post-castration management.
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(2) Paramedian approach. A paramedian parapreputial laparotomy [221] is
performed under general anaesthesia with the horse in dorsal recumbency
(see 4-5). The surgeon's hand is introduced into the abdominal cavity and a
search is made for the testicle. Most retained testicles are located close to
the internal inguinal ring. The testicle is brought through the incision
[222], and the exposed spermatic cord is crushed with an emasculator,
ligated with absorbable suture material and transected 2 cm distal to the
ligature. The laparotomy wound is closed in four separate layers (see 4-5).

5-8 Abdominal cryptorchidectomy: flank approach in the pig

Because cryptorchidisminthe pig isusually abdominal, alateral flank
laparotomy is recommended in this species.

Surgery. The operation is done under general anaesthesia with the pig in
lateral recumbency and the cryptorchid side uppermost. Flank laparotomy
is performed, using a through-and-through incision (see 4-4). The fore-
finger isintroduced into the abdominal cavity [223] and a search is made
for the testicle, which usually can be found between the caudal pole of the
kidney and the pelvic inlet. When the testicle has been located, it is deliv-
ered into theflank incision [224] and the spermatic cord is either ligated
and transected, or severed with an emasculator. Peritoneum and all muscle
layers are sutured together, using absorbable material in asimple inter-
rupted pattern. The skin is then closed with interrupted sutures.
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59 Inguinal herniorrhaphy in the pig

Inguinal or scrotal hernias frequently occur in
pigs and are often discovered at the time of cast-
ration. Inguinal hernias also occur in female
pigs. In general, inguinal and scrotal herniasin
pigs are reducible, and the visible swelling in the
groin can beincreased by applying sight pres-
sure to the abdominal wall, which allows viscera
to passinto the scrotum viathe inguinal canal,
uni- or bilaterally [225].

Surgery. Inguinal herniorrhaphy in pigsis per-
formed under general anaesthesia. The pig is
tied in dorsal recumbency. A 4to 6 cmincision is
made over the external inguinal ring through
skin, subcutaneous tissue and scrotal fascia. The
incision through the scrotal fascia must be done
carefully, so that the vaginal tunicisnot inadvert-
ently incised: it isthus preferable to split the
scrotal fascia with dissection scissors [226]. The
spermatic cord, covered by the vaginal tunic, is
|oosened from the surrounding tissues by blunt
dissection with the forefinger [227]. Steady tract-
ion is exerted on the tunic, testicle and sperm-
atic cord to distract the scrotal fascia from the
scrotal skin [228]. Small intestine can now be
visualised through the vaginal tunic [229]. The
hernial contents (intestine) are replaced into the
abdomen by twisting the vaginal sac [230]. The
vaginal sac and spermatic cord are ligated as
close as possible to the external inguinal ring and
the cord, covered by vaginal tunic, is transected
approximately i cm distal to the ligature [230].
To prevent inguinal herniation, the size of the
external inguinal ring is reduced. Thisis achiev-
ed by suturing the external inguinal ring in a
simple continuous pattern using both ends of the
spermatic cord ligature [231]. Finally, the skin
incision is partly closed with simple interrupted
sutures: the most ventral point is left open to
allow drainage of exudate [232].
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5-10 Treatment of incarcerated inguinal hernia in the horse.

Incidence of incarcerated inguinal herniais greatest in the equine [233].
Incarceration of herniated intestine (often ileum) is caused by the hour-
glass-like constriction of the vaginal tunic.

Surgery. Herniorrhaphy is carried out in the horse under general anaes-
thesiain dorso-lateral recumbency. The hindleg on the affected side is up-
permost and secured in flexion and abduction. A 15-20 cm skin incision is
made from the external inguinal ring to the distal aspect of the scrotum.
After carefully incising the vaginal tunic, the testicle and incarcerated
intestine are exposed [234]. Testicle and epididymis are then drawn outside
the vagina cavity. The spermatic cord is crushed, ligated and transected
2 cm distal to theligature [235]. If the bowel appearsto be vital, replace-
ment takes place through the vaginal cavity into the abdomen. |If replace-
ment is difficult, the hourglass-like constriction of the vagina tunic is
carefully incised in acranial direction with ablunt-pointed scalpel. Ifthe

intestinal loop is necrotic [234], enterectomy (see 4-10) is performed, the
remaining ends are closed [236] and replaced into the abdomen. If rupture
of the devitalized loop is unlikely, the hernial contents are reduced before
enterectomy. Resection and anastomosisis performed after ventral midline
|aparotomy (see 4-3).

The vaginal tunic is bluntly dissected, crushed, ligated and transected as
proximally as possible. Ifthe hourglass-like constriction of the vaginal tunic
has been incised, suture closure of the external inguinal ring is recom-
mended. A drain is placed in the wound and the skin is closed using simple
interrupted sutures. Systemic antibiotics are administered and tetanus
prophylaxisisprovided.
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5-11 Inguinal herniorraphy infoals

In male foals two types of inguinal hernia may be observed.

(1) Most frequently atrue herniais seen, i.e. a protrusion of intestine
and/or omentum through the vaginal ring into the inguinal region. The
contents are enclosed by the vaginal tunic. In personsthisiscalled an in-
direct inguinal hernia. Only if spontaneous resolution has not occurred
within ayear or if clinical symptomsarise, issurgical correction indicated.
The operative method is the same as is used in pigs (see 5-9).

(2) Lessfrequently theinguinal swelling is caused by the subcutaneous
presence of intestines, sometimes called interstitial inguinal herniaor in-
testinal prolapse [237]. This may be dueto a rupture of the vaginal tunic of
anindirectinguinal hernia; b adirectinguinal hernia, i.e. herniation
through the deep inguinal ring (outside the vaginal ring) into the inguinal
canal; c rupturein the abdominal wall, usually cranial to the deep inguinal
ring. In contrast to the indirect hernia, reduction of the contentsis very
difficultandimmediatesurgical interventionisindicated.

Surgery. Under general anaesthesia the animal is positioned in dorso-
lateral recumbency with the hindleg on the affected side uppermost and
secured in flexion and abduction. After incision of the skin over the external
inguinal ring, protruding jejunal loops are usually visible [238]. The intes-
tines, but not the testicle, are returned into the abdominal cavity [239]. If
the hernia has occurred through the inguinal canal, unilateral castration is
indicated. The hernial ring is closed with interrupted sutures [240],
followed by suturing of the subcutis (continuous pattern) and then skin
(interrupted). Drainage of the deeper regions of the wound with gauze or
latex drainsis recommended. Svstemic antibiotics are indicated.
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5-12 Management of evisceration after castration in the horse

Evisceration isthe most serious complication following castration and the
incidence is greatest when the open technique has been used. Evisceration
may consgt of either intestine [241] or omentum [242], and both conditions
require emergency surgical intervention.

Surgery. Surgery is performed with the patient under general anaesthesia
in dorso-lateral recumbency. The hindleg on the affected side is uppermost
and secured inflexion and abduction. A skin incision is made from the ex-
ternal inguinal ring to the scrotal wound. The vaginal tunicis bluntly dis-
sected from the scrotal fascia down to the external inguinal ring.

Plate 243 shows the spermatic cord stump and protruding omentum from
the vaginal cavity. The omentumisdrawn further exteriorly, ligated with
absorbable suture material as proximally as possible, transected 2 cm distal
to the ligature, and replaced into the abdomen.

In cases of intestinal evisceration, the exposed bowel is thoroughly cleansed

with physiological saline containing antibiotics and replaced into the ab-
domen. If the intestine appears to be devitalized, resection and anastomosis
isindicated (see 5-10).

After replacement of omentum or bowel, the spermatic cord, covered with
vaginal tunic, is crushed as proximally as possible [244]. A ligature of ab-
sorbable suture material is applied at the crush site and the spermatic cord
istransected 2 cm distal to theligature. A sterilegauzeor latex drainis
placed in the wound and the skin wound is partly closed using simple
interrupted sutures. Systemic antibiotics are administered.



Chapter THE UROGENITAL SYSTEM / The male urogenitalsystem  5-13

5-13 Cystorrhaphy

Rupture of the urinary bladder is observed primarily in male neonatal
foals, occasionally in calves with urolithiasis, and rarely in mature animals.
In foals the cause is attributed to external pressure on the distended blad-
der at parturition.

Surgery. Drainage of the accumulated urine by abdominocentesis before
induction of anaesthesia is indicated in order to relieve respiratory distress.
The animal is positioned in dorsal recumbency under (shallow) general
anaesthesia.

A paramedian, parapreputial laparotomy is performed (see 4-5); in fe-
males, midline laparotomy is preferred. After incising the peritoneum fur-
ther removal of urine should take place slowly to avoid hypovolaemic shock
[245, cdf].

The rent [246] isusually found in the dorsal surface of the bladder, but
may aso occur at the fundus. If necessary the edges of the tear are de-

brided. The rupture is closed in two rows of inverting continuous sutures
i.e. Schmieden suture [247] and Lembert suture [248] using synthetic ab-
sorbable material. The abdominal cavity is cleansed by lavage and suction.
Closure of the laparotomy wound is performed as described in 4-5.

To prevent urine retention the use of an indwelling catheter for about

3 daysisdesirable. (In case of urolithiasis the urethral obstruction must be
removed, if necessary by urethrotomy.) Systemic antibiotics are indicated
and should be continued until the catheter is removed.
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5-14 Pararectal cystotomy

In urolithiasisin male horses small vesical calculi
may be removed through an ischial urethrotomy
(see 5-15), but larger stones require removal via
either laparocystidotomy or Gokel's pararectal
approach to the bladder.

Surgery. The operation is performed on the
standing horse under caudal epidural analgesia
(posterior block); supplementary perirectal
infiltration analgesia may be needed. Physical
protection and restraint is necessary to protect
the surgeon from being kicked. The tail is band-
aged and secured overhead. The rectum is
emptied manually and the bladder evacuated by
catheterization if necessary. Right-handed surg-
eons make a 10-15 “" vertical skin incision be-
tween the anus and the right semimembranous
muscle. The incision is deepened by blunt dis-
section through the periproctal tissues along the
rectal wall to the neck of the bladder [249]. The
surgeon's (or an assistant's) free hand is intro-
duced into the rectum and the calculusis forced
into the bladder neck [250]. With the calculus so
presented an incision is made in the retro-
peritoneal portion of the bladder wall with a pair
of long half-pointed scissors. The cystotomy
incision is enlarged and the cal culus removed
with a suitable forceps [251]. Gentle traction is
often needed to free rough stones from the ad-
herent vesical mucosa. After removal of the
stone(s) the bladder is flushed with physiologic
saline. The wound is loosely packed with hydro-
philic gauze soaked in antiseptic solution: urine
must be allowed to flow through the wound for
several days. The wound heals by second inten-
tion. Systemic antibiotics are administered and
analgesicsareindicated if severe straining
OCCuUrs.

The gauze drain is removed on the 3rd postop-
erative day; theflow of urine through the wound
during micturition gradually diminishes and
healing usually takes place in 7-14 days without
complications[252].
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5-15 Urethrotomy

Indications for performing an ischial urethro-
tomy are a urethral obstruction by calculi and b
removal of small vesical calculi.

Surgery. Ischial urethrotomy is most easily ac-
complished in the standing animal, because the
incision must be made precisely in the perineal
midline. In calves and goats an upright position
ismaintained by positioning theanimal ona
tablein ventral recumbency, with the hindlegs
hanging. Larger animals (in this case the horse)
should be physically restrained, caudal epidural
analgesia (posterior block) administered and the
tail s ared overhead [253]. Catheterization may-
facilitate location of the urethra.

In the perineal region a midline skin incision is
made. Exact midline dissection is continued be-
tween the paired bellies of the retractor penis
muscle through the bulbo-spongiosus muscle,
corpus spongiosum and urethral mucosa into the
urethra [254]. The urethral incision should be
large enough to alow entry of a grasping forceps
[255].

In cases of vesical calculi the forcepsisintro-
duced into the bladder and the free hand is pas-
sed into the rectum in order to guide the calculus
into the forceps. Currently, removal of vesical
calculi isusually carried out by means of alaparo-
cystidotomy or by the pararectal approach (see
5-14), but urethrotomy is definitely indicated in
cases of urethral calculi; the incision should be
made as near as possible to the site of obstruc-
tion.

Postoperatively the bladder isthoroughly flush-
ed. The wound heals by second intention [256].
In cases in which achronic fistulais indicated
(urethrostomy), the urethral mucosais sutured
to the skin and a temporary catheter inserted.
Systemic antibiotics are optional.
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5-16 Removal of neoplasms of the bovine penis

Neoplasms occur rather frequently in young bulls. Fibropapillomaisthe
most common type, malignant tumours are rarely seen. Fibropapillomas
vary in size, they may be single or multiple and are usually located at the
free portion of the penis [257]. In some cases the tumours may cause phim-
0sis or paraphimosis.

Surgery. The operation may be carried out in the cast or standing position.
Tranquilization is needed to facilitate protrusion of the penis. Analgesiais
achieved by aring block proximal to the lesion. In the cast position general
anaesthesiais preferred.

The neoplastic tissueis excised by dissecting through the penile epithelium
at its base [258]. Bleeding vessels are ligated. Fibropapillomas often have a
rather small base, and this facilitates uniting the wound edges [259]. Clos-
ureis performed withfineabsorbable material, using interrupted sutures
[260]. If the defect is large, the areais treated as an open wound with anti-

biotic ointment. Recurrence of the disorder is not unusual but may be
reduced by vaccination with wart vaccine.

I the neoplastic growth is extensive and includes the urethra, amputation
may be considered. As described in 5-17 atriangular area of tissue is ex-
cised and the urethral wall incised. The two edges of the urethra are now
sutured to the penile epithelium. A ligatureis placed distal to the base of
thetriangle. Amputation is completed by simple transection of the tumor-
ous end of the penis distal to the ligature. If only the terminal free end of
the penisisremoved the bull may serve normally.
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5-17 Amputation of the equine penis

Indications for amputation of the penisin large animals are intractable
paralysis of the penis, especially then accompanied by irreversible enlarge-
ment, and extensive neoplasia [261]. The operation is the ultimaratio
where other means are impossible or have failed e.g. loca tumour excision
or Bolz' penis retraction operation (see 5-20).

Surgery. The animal is positioned in dorsal or lateral recumbency under
general anaesthesia. After catheterization of the urethraatourniquet is ap-
plied at a point which is determined by the indication for the operation, i.e.
more distally in cases of glans tumours and as far proximal aspossiblein

paralysis of the penis. The penisisdrawn forward under moderate traction.

A triangular skin incision, with the apex caudad, is made over the urethra.
Theincision is deepened and tissues (fascia, bulbospongiosus muscle and
corpus spongiosum urethrae) are dissected from the intact urethra [262].
The urethraisthen incised longitudinally, using the catheter as a guide.

The urethral mucosais sutured to the penile epithelium in a simple inter-
rupted pattern [263], starting at the apex of the incision. The amputation is
completed by transecting the penisin an oblique (craniodorsad) plane
[263]. Theidentifiable vessals are ligated and after removing the tourniquet
the stump is closed by interrupted sutures which pass through urethral
wall, tunica albuginea (twice) and skin [264].

Systemic antibiotics are advisable and tetanus prophylaxisis mandatory.
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5-18 Circumcision (reefing) of the equine penis

Chronic lesions (scar tissue, granuloma, neoplasia) of the inner segment of
the prepuce may cause sufficient deformity and dysfunction to prevent re-
traction of the penis [265,266]. If other treatments have failed and amput-
ation is not indicated, a circumferential segment of prepuce may be
resected.

Surgery. The horse is positioned in recumbency under general anaesthesia.
Plate 266 shows the granuloma and chronic thickening of the internal part
of the prepuce. To facilitate surgery atourniquet may be used, as well asa
catheter for identification of the urethra. A circumferential incisionismade
both cranial and caudal to the lesion. A third longitudinal incision connects
the two previousincisions. The segment including the lesion is dissected
free [267] and removed, avoiding the large dorsal penile arteries and veins
which lie just outside the tunica albuginea.

The tourniquet is released to identify and ligate bleeding vessels. The skin

edges are apposed and sutured in a mattress or simple interrupted pattern,
using synthetic absorbable material [268]. Temporary retention of the
penis by a subcutaneous purse-string closure of the preputial orifice (see
5-19) isrecommended. Systemic antibiotics are administered and tetanus
prophylaxis is provided. Stallions should be isolated from mares for at least
3 weeks. Regular exercise reduces postoperative oedema. Sutures are re-
moved after 14 days.

Plate 269 shows the improvement in retraction of the penis.



Chapter5 THE UROGENITAL SYSTEM / Themale urogenitalsystem 5-18,5-19

5-19 Retention suturing of the equine preputial orifice

Temporary retention of the penis in cases of traumatic injury followed by
paraphimosis may be achieved by a buried purse-string suture anal ogous to
Buhner's closure of the bovine vulva. Surgery must be preceded by reduc-
ing swelling by gentle massage and/or temporary application of rubber
bandages, whereafter the penis and internal part of the prepuce can be re-
turned to the preputial cavity.

Surgery. Surgery is best carried out in the recumbent horse under general
anaesthesia. For the standing operation, local analgesiaisachieved by
infiltration, and physical restraint is necessary. Two stab incisions are made
through the skin of the external prepuce [270] at the ventral commissure of
the preputial orifice, 0.5-1 cm lateral to the raphe. Oneincision is made on
the dorsal aspect. A Gerlach needle isinserted into one of the ventral in-
cisions and pushed subcutaneously in the direction of the dorsal incision,
under the guidance of the surgeon's hand in the orifice.
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After emerging at the dorsal incision, umbilical or Buhner vaginal tapeis
threaded through the eye of the needle and drawn through the ventral in-
cision. The procedure is repeated on the other side [271]. The two free
ends of the suture tape are tied ventrally, resulting in a buried loop dorsally
[272]. After tying, the orifice must admit two to threefingers, so that
urination is not hampered.

Systemic antibiotics are indicated and tetanus prophylaxisis provided.
Postoperative hydrotherapy and regular exercise will help reduce swelling.
The suture isusuallv removed after i week.
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5-20 Penis retraction operation in the horse

In cases of paralysis or prolapse of the penis
[273] which have not responded to initial thera-
peutic management (e.g. massage, hydrotherapy,
reposition, support with a suspensory, or tem-
porary retention by narrowing the preputial
orifice, see 5-18), Bolz' penis retraction operation
may be considered. The method is an alternative
to amputation of the penis, but may be used only
if a the horseisagelding (stallions should be
castrated some weeks before the retraction
operation is carried out) and b the prolapse isun-
complicated by severe swelling due to oedema,
fibrosis or inflammatory reactions.

Surgery. The horse is positioned in dorsal re-
cumbency under general anaesthesia [274]. It
may be preferable to catheterize the penis for
easy identification of the urethra. An approxim-
ately 10 cm long skin incision [275] ismadein
the midline just caudal to the castration scar.
Subcutaneous tissue is bluntly dissected and the
penis freed from the surrounding fascia. Injury
to blood vessels should be avoided. The penisis
gripped and retracted sufficiently toidentify the
annular swelling of the reflection of the inner
prepuce [276, arrow].

Fixation of the penis may be performed in two
ways: a by placing two heavy non-absorbable
percutaneous sutures through the ring on each
side of the midline incision and securing over
tension buttons or bandage rolls; b by placing
severa heavy absorbable synthetic sutures
through the reflection ring (without entering the
preputial cavity) and the subcutaneous fascia
[277,278]. Retraction [279] usually causes asSig-
moid curvature in the penis, but this abnormal
situation causes no problems with blood supply
and urination.

Fascia and skin are sutured separately with ab-
sorbable material. Temporary drainage of the
wound is desirable. Tetanus prophylaxisis
provided.

Regular postoperative exercise should be given
to minimize oedema, but the horse should not be
allowed in the company of mares for several
weeks. |f percutaneous retention sutures have
been used, they should be removed together with
the skin sutures after about two weeks. Plate 280
showsthe situation afew weeks postoperatively.
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5-21 Caesarean section in cattle

Different techniques have been developed for
caesarian section in cattle: flank, paramedian and
midline approach in the recumbent animal, and
right or left flank laparotomy in the standing pos-
ition. Each method has certain advantages and
disadvantages. Choice depends on the type of
dystocia, breed and condition of dam and foetus,
and in some cases on the preference of the surg-
eon. In many cases of dystocia, however, foeto-
tomy is the method of choice. In dairy cattle,
standing left flank caesarian section is most com-
monly carried out and is described here.

Surgery. In addition to paravertebral or infil-
tration anaesthesia, acaudal epidural analgesia
(posterior block) isgiven to reduce abdominal
straining. A vertical through-and-throughinci-
sion of adequate length is made (see 4-4). If the
apex of the gravid horn (left or right) is pos-
itioned in the right side of the abdomen, the
uterus must be rotated, by bringing the right
hand under the uterus, and grasping the dorso-
medial surface of the tip of the horn. With the
hand so placed, the uterusisrotated about 90 by
pulling the apex under the uterus, which isele-
vated and pushed to the opposite side by the arm
and elbow. The apex of thegravid horn iselev-
ated and exteriorized: the right hand locates the
foetal digitsinthehorntip, followsthe metatarsal
bone and grasps the calcaneus. The left hand
then grasps the tip of the horn from the medial
side [281] and presents the tip of the horn into
the wound. The calcaneus is brought into the
ventral commissure of the wound with the right
hand-[282]. Theincision through the uterine
wall along the greater curvaturerunsfrom 5 cm
below the digits to the cal caneup, and is large
enough to allow extraction [283]. (In cases of
posterior presentation, the head is supported
with theright hand, the uterusis exteriorized by-
traction on the metacarpus with the left hand,
and an incision in the greater curvature is made
over the metacarpus.) Sterile chains are applied
tothelimbsand the foetusis slowly extracted
[284], Thereafter the uterusis kept in position
by means of sponge forceps: escaping placental
fluids must not enter the abdominal cavity. The
placental edges are excised. The uterusis closed
with a modified Gushing suture (Utrecht meth-
od), using plain catgut. The suture begins about
2 cm from the upper end of the wound [285].
Oblique bites are used [286] so that the knot is
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buried by the inverted tissue. The next bite be-
gins about 2 cm from the incision edge and is
directed at an angle of 45° to it [287]. The bite on
the other sideis placed similarly but isinserted
some distance back from the emergence of the
previous bite. It isimportant that each suture be
pulled tightly following itsinsertion. Thisinver-
sion suture prevents any leakage and leaves min-
imal exposure of suture material. Before closure
is complete intrauterinetetracyclineis adminis-
tered. Thefinal knot is buried in the same way
as at the beginning of the suture line [288].

The uterusis replaced in the abdominal cavity,
and oxytocinisgivenintramuscularly. Thelapar-
otomy wound is closed (see 4-4). Systemic anti-
biotics are administered. The placenta is nor-
mally expelled after 4 hours. Retention of the
placentaisusually not treated: after about 10
daysit isexpelled as a necrotic mass. In some
cases repeated intra-uterine application of tetra-
cyclineisnecessary.

288
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5-22V estibul oplasty

Pneumovagina is the involuntary aspiration of
air, sometimes contaminated with faeces, into
the mare's vagina, and results from faulty con-
formation and closure of the vulva and vestib-
ulum. Itisseenin maresof all ages, and may
cause infection of the genital tract, and occasion-
aly pneumometra.

The aim of vestibuloplasty is to reduce the
vestibular introitus (vulvar cleft) by 30-50%,
and to lower the vestibular roof. Infection should
be treated pre-operatively.

Surgery. The mare is restrained in stocks, and
the tail wrapped and tied to the side. The vest-
ibular mucosaisflushed with amild antiseptic.
Analgesiais achieved by infiltration (using a fine
needle) of the dorsal vestibular mucosa and the
mucocutaneous junction of the upper vulvar
cleft. Sedation may be indicated.

Firstly, the site of the new dorsal commissureis
marked on the lips with scissors [289]. If a scar of
an old first- or second degree laceration is pres-
ent, thissite is at a point halfway between the
dorsa and ventral vulval commissures.

In anon-ruptured vulva, the upper third of the
vulvar cleft isclosed, and the new dorsal
commissure will be at the level of the floor of

the bony pelvis.

The vestibulum is exposed by retraction with a
forcepsin the dorsal commissure and two stay
suturesinthe vulval lips, placed just ventral to
the stissor marks. Incision startsin the vest-
ibular roof 3 to 6 cm caudal to the vestibule-
vaginal junction and runscaudally to the mark
on the vulval lip. An identica incision is made on
the other side. Finally the dorsal commissure
and muco-cutaneous junction of the labia are in-
cised [290]. A double-triangular section of muc-
osais then dissected submucosally from the
dorsum and dorsolateral aspects of the vesti-
bulum [291,292]. The left and right horizontal
wound edges are carefully apposed and sutured
with absorbable material in a smple interrupted
pattern, beginning cranially [293]. The knots are
tied in the vestibular cavity. After 3-4 knots,
simple interrupted sutures are placed dorsal to
this suture line to appose the dissected surfaces
[294]. Suturing is completed by alternate sutur-
ing of the mucosa and deeper layers [295]. The
skin is closed with simple interrupted sutures of
absorbable material [296].

Tetanus prevention is obligatory. Complete
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functional healing usually takes place in 4-8
weeks; during that time natural coveringis
prohibited.

Episiotomy is necessary at parturition, to pre-
vent irregular tearing of the vulva (see 5-24).
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g 5-23 Perineal reconstruction after third degree
laceration

Rupture of the perineal septum and body, vestib-
ular walls, and rectum may occur during partu-
rition at al ages, and is most common in the
primiparous mare. The foal's forefoot or nose
catches the vestibular roof caudal to the vagino-
vestibular junction. If unattended, the abdom-
inal straining pushes the foot or nose through
the vestibular roof and rectal floor. If the foal is
born in this position, the perineum ruptures and
athird degree laceration occurs. Immediate re-
construction is not recommended, because of
contamination and oedema. Haemostasis, teta-
nus prevention, debridement, and systemic anti-
biotics are of importance directly following
injury.

Surgical reconstruction is carried out after wean-
ing of the foal, or healing by second intention (in
case of adead foal). Plate 297 shows the cloaca in
the standing mare. Preoperative fasting for 9-10
daysis necessary to ensure uneventful wound
healing.

Surgery. Positioning in dorsal recumbency under
general anaesthesiais preferred because surgery
inthe standing mareisdifficult dueto the depth
of theinjury and the need for sufficient exposure.
The site of the new dorsal commissure is marked
on the vulva, and retraction is effected by two
stay sutures [298]. The operation consists of 3
phases.

(1) Incision of the rectovestibular septum and
sidewallsisbegun cranially, in the middle of the
shelf remai ning between vestibule and rectum.
The dissection is extended caudallv and horizon-
tally along thejunction of rectal and vaginal
mucosa to the points marked on the vulva [299]:
the dissection is extended sufficiently to create
flaps of tissue which can be apposed and sutured
without tension.

The next incisions run in the mucocutaneous
junction of both vulval lips, from the mark to
the anal sphincter, from where an incision runs
cranialy in the vestibular mucosa on both sides,
at an angle of 30 degrees to the horizontal in-
cision. The triangles of vestibular mucosa are
resected.

(2) The most cranial edge of one lateral flap is ap-
posed to the adjacent half of (the dorsal i.e. rectal
part of) the 'frontal’ flap, using absorbable syn-
thetic material in asimplecontinuous pattern.
The rectal mucosa is not included. The same
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procedure is followed on the opposite side [300],
and the continuous suture continues caudad, ap-
posing the more caudal parts of both side flaps.
The thus created Y-formed suture line is over-
sewn with a second continuous suture. The re-
maining part of the dissected surfaces of both
|ateral walls (vaginal side) are then apposed with
layers of continuous sutures. The mucosa of the
vestibular roof is then apposed and closed with
everting interrupted sutures, using non-absorb-
able material [301].

(3) The perineum (perineal body) is reconstruct-
ed by suturing skin and subcutaneous tissuein a
simple interrupted pattern, using non-absorb-
able material [302]. The anal sphincter is recon-
structed with a large supporting mattress suture,
which passes through muscle tissue and istied
over two surgical swabs [303].

Systemic antibiotics are administered and tetan-
usprophylaxisisobligatory. Fastingiscontinued
for 4 days postoperatively, after which the mare
isallowed small portions of hay, daily increasing
to full rations by the tenth postoperative day. On
the 6th postoperative day the supporting suture
in the anus is removed. Perineal skin sutures and
vestibular mucosa sutures are removed on the
loth [304] and 20th day respectively. If bacter-
iological examination of uterine mucus is nega-
tive 6 weeks postoperatively, natural coveringis
allowed. Just prior to the next parturition the
vulvar cleft must be opened (see 5-24).
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5-24 Episiotomy

Surgical widening of the vulvar cleft at parturi-
tion is sometimes indicated in primiparous mares
and is very often necessary after vulval surgery
(see 5-22,5-23).

Surgery. During parturition one vulval lip isin-
cised in adorso-lateral direction beginning 3 cm
below the dorsal commissure ([305] plate shows
non-foaling mare). The incision through skin
and vestibular mucosais sufficiently long and
deep to allow delivery. The wound must be sut-
ured within 4 hours after parturition. The first
suture is placed in the mucocutaneous junction.
The wound edges are stretched by applying
slight traction in a ventro-lateral direction. The
other sutures are then placed in a simple inter-
rupted pattern, penetrating all layers, including
the vestibular mucosa [306].

Tetanus prophylaxis is provided.

5-25 Ovariectomy

Bilateral ovariectomy may be indicated in vari-
ous types of nyphomania. A vaginal approach
(colpotomy) is described here.

Surgery. The operation may be performed on the
standing mare, but dorsal recumbency and gen-
eral anaesthesiais preferred. Bladder and rectum
are emptied and the vagina is prepared. The
vagina roof is stretched and thus lifted from the
underlying rectum by displacing the cervix cran-
ially with an instrument introduced through
thevagina. A 5 cmincision is made through the
dorso-lateral vaginal wall, 3 cm caudal to the
cervix. After careful manual enlargement of the
perforation, the ecraseur, with the loop of the
chain covered by hand, is inserted and the ovary
isbrought into the loop [307], which is tightened
around the mesovarium. The chain is tightened
step by step, at decreasing intervals[308]. The
vaginal wound heals by second intention.
Systemic antibiotics are administered and tetan-
us prophylaxisis provided. During thefirst days
the mare is kept standing to avoid the risk of
eventration.
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6-1 Skin grafting

Autologous skin grafting is often a very useful procedure in the treatment
of accidental wounds in horses, especially larger granulomatous wounds of
the lower legs. Various types of grafting techniques have been devel oped:
most involve split thickness grafting (Thiersch) and pinch grafting
(Braun's implantation technique).

(i) Split skin grafting.

The appropriate time for grafting is when the wound is in an advanced
state of second intention healing, i.e. the surface should be covered with
healthy granulation tissue [309]. The procedure requires recumbency and
general anaesthesia. After preparation for sterile surgery, asuperficial layer
of granulation tissue is removed [310]. Bleeding is prevented by atourn-
iquet. A donor site (abdominal wall, caudal surface of the thigh) is pre-
pared for surgery and a split thickness graft of about 0.5 mm thickness is
harvested with a dermatome [311], after which the transplant is trimmed to
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shape and sutured to the wound edges. In larger wounds several grafts may
be necessary to cover the surface. Small parallel incisions in the transplant
allow some increase in area of the graft, exact fitting of the donor skin to the
receptor site, and drainage of fluids[312]. The operation site is covered
with sterile paraffin gauze and an elastic bandage, which is changed every
2-3 daysfor thefirst two weeks postoperatively. Excessive movement
should be prevented by confinement in asmall box. Systemic antibiotics
are advisable.

Even when transplantation is not followed by complete adhering of the
donor skin, the healing process, i.e. epithelialisation and contraction, is
quickened considerably. The procedure usually leads to an acceptable
cosmetic appearance without excessive scar formation [313].

(2) Pinch grafting.

When bandaging isimpossible and/or larger areas e.g. withers and back
[314] must be covered, seed grafting may be preferred. The pinch grafts
are harvested from a surgically prepared site using a biopsy punch or sim-
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ply by excising a piece of skin elevated with forceps, so that a split skin seed
of 4-6 mm- is obtained. These grafts are implanted in healthy granulation
tissue, in stab incisions made at about 30° to the surface and to a depth of
4-5 mm. If movement can be prevented sufficiently, most seeds will take
and epithelial islands become visible after a few weeks [315]. This tech-
nique usually controls granulation tissue, accelarates epithelialisation and
may lead to complete skin cover of extensive wounds [316].
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6-2 Cryosurgery of sarcoids

Equine sarcoid is the most common tumour of the horse: it has a non-
malignant character but recurrence is often observed after surgical ex-
cision. Far better results are obtained by destruction of tissue through
freezing (cryonecrosis). Controlled freezing of tissue has the advantage of
absence of haemorrhage, reducing the likelihood of dissemination of tum-
our cells. A disadvantage is the necrosis and subsequent sloughing of
tissues. The cryonecrosis results from direct cellular damage (ice crystal
formation, dehydration etc.) and anoxia due to destruction of blood vessels.
Cryogens most often used include liquid nitrogen and nitrous oxide.
Surgery. Cryosurgery may be carried out under sedation and local anal-
gesia, but recumbency under general anaesthesia may sometimes facilitate
the procedure. Tissue should be frozen rapidly and this may be achieved
by direct spraying of the tumour with liquid nitrogen [317]. The surround-
ing skin should be protected, e.g. by a styrofoam cup, cut to a fitting shape

[317]. The tumour isfrozen to 2010-30° C, the temperature is monitored
by thermocouplesin and deep to the ‘iceball' [317]. The frozen tumour is
then removed at the level of the surrounding skin [318], whereafter the
base is frozen with acirculating contact probe [319]. A double freeze-thaw
cycleisused. The larger tumours may need several sessions of Cryosurgery,
after each of which a layer of tissue will become demarcated over a period
of weeks. The aftercareis usually minimal: the post-freezing oedema re-
solves quickly, and separation of the necrotic tissue occurs in 7-14 days
[320]. The time needed for complete healing depends on the lesion. Scar-
ring isminimal, but white hair will often grow at the site of the lesion.
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6-3 Extirpation of acquired carpal bursa

Subcutaneous acquired carpal bursais localised on the cranial surface of
the carpus [321] and is the result of (repeated) trauma. Rest, aspiration of
the bursa, and administration of medicaments (e.g. corticosteroids) togeth-
er with afirmly placed carpal bandage often produces unsatisfactory re-
sults. Surgical extirpation of the bursais recommended if further treatment
isrequested.

Surgery. The patient is placed in right or left lateral recumbency under
general anaesthesia, depending on the affected site. An Esmarch's bandage
facilitates surgery. The carpus is dightly flexed and a curvilinear incision
[323] is made through skin and subcutaneous tissue. On the dorsal surface
of the bursa blunt dissection from the surrounding tissue is difficult. When
the dissection plane is found on the edges of the bursa, separation of the
capsule from the dorsal surface of the carpus may be simpler. Theirregular
borders of the bursa may be the cause of opening the bursa despite the

widest possible excision. To avoid opening of the flexor tendon sheaths or
joint cavity care should be taken when dissecting the bursa from the dorsal
surface of the carpus [322]. Plate 324 shows the bursa, opened after
extirpation.

After complete excison dead space is closed with simple interrupted sut-
ures, subcutaneous tissue with continuous and the skin with interrupted
sutures, using absorbable synthetic material [323]. A vacuum drain may be
placed before closure of the dead space is complete. Systemic antibiotics
are administered.

After surgery thelimb isimmobilized (plaster cast) in extension for about
3 weeks. The drain is removed 3 days postoperatively. The cadt is replaced
by firm bandaging for 3 weeks.
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6-4 Treatment of pododermatitis

Septic pododermatitis may result from foreign
body penetration, cracks in the white line or sole,
local bruising (e.g. corns), or chronic laminitis.
Trauma causes haemorrhage and/or necrosis of
the pododerm, rendering it prone to bacteria in-
fection. The result is severe pain caused by exud-
ate under pressure between pododerm and sole.
The foot of the affected leg may be swollen, due
to oedema or extension of the septic process.
Puncture wounds in the sole or cracksin the
whitelineawaysresult in a black dot or line at
thesiteof initial injury [325]. A hoof tester is
helpful inlocating theinvolved area.

Surgery. Analgesia may not be required. The
hoof is trimmed. When present the tract must be
followed, if not the horn over the most pai nful
spot must be removed. The (black) exudate is
usually under pressure and has a putrid odour.
Proper drainage may be achieved through arath-
er small opening of the undermined area, foll-
owed by applying awet disinfecting cotton band-
age for two days. Tetanus prophylaxisis
provided.

If the patient remains very lame after this period
and purulent exudate is still present, all under-
mined horn must be removed (under analgesia),
even if this resultsin a large defect [326]. The
edges of the defect are thinned and the wound
should be dressed with disinfectant-soaked
gauze and a waterproof pressure bandage.

In this case healing was delayed due to bone
sequestration, which made removal of necrotic
material necessary [327].

Dressings are changed weekly. As soon as the de-
fect is covered with newly formed horn, the hoof
is shod with a sole protecting pad.
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6-5 Extirpation of keratoma

A keratomaisan abnormal proliferative growth
of the horn which develops on the inner aspect of
the hoofwall [328]. The whiteline is deflected in-
ward by the keratoma, which appears as a cylind-
rically shaped growth between the wall and
laminar corium. The keratoma may extend a
variable distance up the wall from the bearing
surface towards the coronet.

When the keratoma increases in size lameness
may gradually develop. Pressure of the keratoma
results in localized atrophy of the pedal bone,
which can be demonstrated by radiography
[329]. Contamination through defects in the
white line may result in secondary septic inflam-
mation of the damaged sensitive laminae which
usually leads to development of a fistulous tract
[328]. Therapy consists of surgical extirpation of
the keratoma.

Surgery. The operation can be performed on the
standing horse under local analgesia or in lateral
recumbency under general anaesthesia

The horny wall on both sides of the keratoma is
removed almost to the laminar corium [330].
The keratoma is then dissected from the corium
[331,332]. Ifitisconfirmed that the ‘tumour’ ex-
tends to the coronary band, removal may be
achieved by grasping the distal border with a
large pincer and reflecting it proximad. To pre-
vent hoofwall movement as much as possible, a
shoe with aclip on either side of the defect is
used. The defect is dressed with a disinfectant
and pressure bandage. The bandage is changed
weekly.

Bandages are | eft off as soon as the thin layer of
newly formed horn is sufficiently hard, but de-
siccation should be avoided to prevent cracking.
The special shoe is used until the defect in the
wall has grown out.
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6-6 Management of penetrating wounds of
the sole

Puncture wounds in the foot are quite common
in horses and are caused by a variety of foreign
bodies, such as nails and fragments of glass.
These foreign bodies may penetrate to the third
phalanx, which may result in an infectious pedal
osteitis. Wounds in the middle third of the frog
are most serious because of the possibility of
puncture of the navicular bursa [333], and infect-
ious arthritis of the coffin joint. The depth and
direction of the tract can be determined by
radiography [334] and exploration with a sterile
probe [335].

Surgery. Inthe early stages, treatment consists of
superficial drainage of the lesion, which is ac-
complished by wide trimming of the horny walls
of the tract opening. The horn in the surround-
ing area should be thinned to prevent a prolapse
of the pododermal tissue. The wound is then
flushed, and adisinfectant bandage is applied.
Tetanus prophylaxis is provided, and antibiotics
aregivensystemically.

If considerable improvement of lameness has not
occurred within two days, surgery isindicated
under local or general anaesthesia. In casesin
whichthenavicular bursaisaffected, drainage of
the bursa should be performed. The foot is dis-
infected and the frog trimmed out. All necrotic
tissue should be removed.

Drainage of the bursais achieved by fenestration
of the deep flexor tendon performed at the site of
the tract (by excising a 'window' of i X i cm),
theflexor surface of the navicular bone is now
visible [336]. If the cartilage has been damaged,
curettage of the navicular bone is carried out.
The bursais then flushed with sterile physiologic
saline, containing antibiotics. The wound is
packed with sterile surgical gauze [337].

The foot is kept under a sterile bandage and sys-
temic antibiotics are administered as long as the
bursa remains open. Five days postoperatively
newly formed granulation tissue is visible [338].
After 18 days, a zone of new pododermal tissue
has developed [339]. If the wound has granul-
ated in completely, which means that the navi-
cular bursais closed, the bandage is replaced by
a shoe with aremovable steel plate. This permits
prolonged treatment, if necessary. If the horse
remains lame, due to inflammation of the deep
flexor tendon, raising the heels of the shoe with
calks to spare the tendon is recommended. After
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40 days, epithelialisation is almost complete

[340]. At this stage protective shoeing (shoe with
aleather pad) is provided for a period of 4-6
weeks.

The prognosis of superficial puncture wounds
and pedal osteitisis favourable. In cases of in-
flammation of the navicular bursaand infectious
arthritis of the coffinjoint, the prognosisis
guarded and unfavourabl e respectively.
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6-7 Treatment of canker

Canker may be considered as a chronic hyper-
trophic pododermatitis, but also as parakeratosis
because of the abnormality of the horn pro-
duced. The disease begins usually in the frog,
but may extend to all other areas of the hoof. As
lamenessisnot present initially, thelesions may-
be well advanced before they are detected. In
severe cases the pododerma may show a cauli-
flower-like hypertrophy of foul-smelling weak
caseous horn [341].

Aetiologically thediseaseis presumably related
to unhygienic stabling and neglected foot care,
and must be differentiated from thrush (see 6-8)
and from so called chronic progressive podo-
dermatitis. The latter has been seen especially in
the fore feet of trotters and is associated with
|ameness.

Surgery. The treatment of both canker and pro-
gressive pododermatitis is based on removal of
the diseased tissue. Regional analgesia may be
necessary if part of the hypertrophic pododerm
must be removed. The procedure begins with re-
moval of loose and abnormal horn, followed by
thinning of the surrounding horn [342]. Severely
affected pododerm is also removed [343]. Surgi-
cal removal of abnormal tissuesis preferableto
the use of caustic agents. Less hypertrophic
pododerm may be left to the beneficial influence
of a pressure bandage, which is necessary in all
cases. Astringent and drying powders may be
added to the bandage. In cases of extensive
lesions a plaster cast may be used. Dressings
should be changed once a week. Plate 344 shows
the epithelialization of the treated area of the
frog one week after surgery.

The treatment of canker may be time-consum-
ing, but the prognosis is usually not unfavour-
able, although recurrenceis possible. As a matter
of course prevention lies in good hoofcare,
including hygienicstabling.

343 344
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6-8 Treatment of thrush

Thrush is a degenerative condition of the frog,
usually starting in the central sulcus and result-
ing from poor hoof care and unhygienic manage-
ment. The affected areas are characterized by the
presence of grayish-black degenerate horn [345]
with adistinct odour.

Surgery. The hoof should be trimmed to normal
conformation to achieve normal pressure on the
frog; all affected and undermined horn should be
removed and the surrounding horn trimmed.
Thorough cleansing of the sulci [346] is followed
by application of disinfectants and astringents.
Deep sulci may be packed with cotton swabs
soaked in the medication. Treatment should be
continued until the frog is covered with normal
horn. The prognosis is good, provided hoof care
and stalling areimproved.

6-9 Treatment of sand crack

Sand crack consists of a fissure (fracture) of vari-
able length commencing at the coronet or at the
bearing surface of the wall. The cracks are iden-
tified as toe, quarter or heel cracks depending on
their location. Lameness may not be present, but
it will develop if the crack extends into the
sengitive laminae [347].

Surgery. If the crack extends into the coronary
band and/or into the sensitive laminae radical
excision of the crack is the prime requisite. The
operation can be performed under local regional
analgesia. The horny wall on both sides of the
crack is thinned with rasp and knife and the dam-
aged sensitive laminaeis removed. The bearing
surface caudal to the crack should be trimmed
approximately 0.5 cm shorter than the rest of the
foot, so that it does not bear weight until the
crack has grown out [348].

The defect is dressed with disinfectant and a
pressure bandageis applied until the defect is
covered by horn. Shoeing is beneficial to prevent
recurrence (a full bar shoe is used in quarter
crack).
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6-10 Treatment of pododermatitis

Septic pododermatitis can result from foreign
body penetration, or from generalised bruising
which may follow irregular weightbearing and/
or chronic laminitis.

Bruising causes haemorrhage and/or necrosis of
the sensitive laminae; bacterial infection of the
damaged sensitive laminae can occur primarily
(in penetration trauma) or secondarily by con-
tiguous or haematogenous infection. The result
is serious lameness caused by pain brought about
by exudate under pressure between sensitive
|aminae and sole [349]. The hedl of the affected
side may be swollen, because of extension of the
septic process.

Surgery. Analgesia may not be required. When
present, the tract must be followed aong its full
length [350]. All separated sole horn should be
removed. If the affected areais small, horn trim-
ming, dressing the defect with a disinfectant, and
confining the animal on soft bedding or dry
pasture for some days may be sufficient to allow
healing. Often however the exudate has extens-
ively under-run the horn. Because of the pre-
sence of necrotic pododerma this horn must be
removed, even if a large defect results [351].
Necrotic material in deeper structures should be
removed similarly, asin this case of bone seques-
tration of the pedal bone [352]. The defect
should be dressed with disinfectant and packed
with gauze, cotton wool, and a waterproof pres-
sure bandage.

In cases of extensive inflammation and/or severe
|lameness, the sound digit is shod with a block to
avoid damageto the affected digit and to facil-
itate healing. The dressing should be renewed
after one week. Severe cases of bone infection
may require prolonged treatment.
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6-11 Treatment of heel abscess

Abscessation of the hedl results from necrotic pododermatitis, interdigital
necrobacillosis, or puncture wounds of the heel, and causes prominent loc-
alised swelling of the whole heel extending over the coronet to the haired
skin. The hedl itself may be firm or fluctuating. The abscess is often deep-
seated and associated with a purulent necrotic process originating in the
sole, asin this case.

Surgery. The patient is restrained in standing or recumbent position. A
tourniquet of rubber tubing is placed around the limb in the mid-
metatarsal (metacarpal) region and loca intravenous analgesiais administ-
ered. The horn of the heel isthinned [353]. An opening is made around
the necrotic ulcer and an incision is made into the abscess [354]. Necrotic
tissues and debris are removed from the cavity with a curette [355]. The
sound digit is shod with a block to avoid damage to the operated digit and
to facilitate healing [356].
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If the deep flexor tendon has been destroyed by necrosis, the toes are wired
together for about 6 weeks to prevent upturning of the operated digit.

The abscess space is irrigated, packed with sterile gauze swabs soaked in
povidone iodine, and bandaged for a few weeks. The shoe is removed after
healing is complete.

Complications such as extension of necrosis towards the pedal joint (caus-
ing septic arthritis) and/or towards the digital sheath (infectious teno-
synovitis) may occur.
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6-12 Resection of the distal interphalangeal joint and navicular bone

Purulent necrotic inflammation of the distal interphalangeal (pedal) jointis
usually a complication of other diseases such as foreign body penetration,
chronic necrotic pododermatitis [357], and interdigital necrobacillosis.
When chronic arthritis of the pedal joint is present, or when structures of
thejoint (cartilage, subchondral bone, joint capsule) are necrotic and anti-
biotic therapy is unlikely to be successful, amputation of the digit (see 6-13)
or resection of the pedal joint is indicated.

Surgery. The approach to the joint, dictated by the primary cause of the
arthritis, isin most cases as described here; occasionally (e.g. following cor-
onet wounds or extension of interdigital necrobacillosis) navicular bone
resection is unnecessary, and the joint is approached from the dorsolateral
or medial aspect respectively. The patient isrestrained in lateral recumb-
ency. A tourniquet of rubber tubing is placed around the limb in the mid-
metatarsal (metacarpal) region and local intravenous analgesia isadmin-
istered.

Thejoint is approached through acircular incision (about 3 cm diameter)
in the sole of the hoof about i cm distal to the plantar (palmar) coronary
border [358]. The remnants of the deep flexor tendon are resected using a
scalpel; the partially necrotic navicular bone becomes visible [359]. The
navicular boneisremoved by sectioning the distal navicular ligament first
and then the remaining navicular ligaments [360,361]. Care must be taken
not to penetrate the digital synovial sheath. All articular cartilage and sub-
chondral bone of the pedal joint isremoved with a 12 mm gouge driven by
alow-speed electric drill [362]. With ascalpel a2 cm diameter circular
section of skin isexcised just proximal to the coronet on the dorsolateral
aspect [363]. It isimportant that all remaining necrotic tissue and the joint
cartilage on the plantar aspect of the distal surface of the second phalanx
are removed, using a curette. The cavity is dressed with antiseptic-soaked
gauze drains [364]. The sound digit is shod with a block to avoid damage to
the operated digit and to facilitate healing. Systemic antibiotics are admin-
istered.
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If the deep flexor tendon has been transected the toes must be wired to-
gether for 6 weeksto prevent upturning of the operated hoof. A firm band-
ageisapplied, and ischanged after 2 daysand thereafter weekly for 3-4
weeks. When the bandage is renewed, the wound is cleaned and the drain
changed. When new granulation tissue hasfilled the depths of the wound
thedrain is not replaced. The block isremoved after about 6 weeks.

Ifit appears (following navicular bone resection) that other parts of the
joint are not necrotic, it may not be necessary to resect the entirejoint:
intra-articular antibioticsmay beeffective. Thewoundisfilledwith
antibiotic-soaked gauze swabs and the digit is bandaged with sterile cotton.
Systemic antibiotics are administered for 10 days. The wound must be
dressed sterilely till the joint capsuleisclosed by granulation tissue
formation.
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6-13 Amputation of digit

Digital amputationisindicated in cattle suffering
from severe disorders of the digit such as purul-
ent necrotic inflammation of the distal or prox-
imal interphalangeal joint, or severe pedal
trauma. Plate 365 shows a chronic necrotic
pododermatitis, which has resulted in a purulent
necrotic inflammation of the distal interphal -
angeal joint. Advantagesof digital amputationin
comparison with other surgical methods, are the
simplicity of the technique and the relatively
rapid return to normal general condition and
milk yield.

Surgery. The cow is restrained in a standing pos-
ition with the limb elevated and secured. A rub-
ber tourniquet is applied in the mid-metatarsal
(metacarpal) region and local intravenous anal-
gesiais administered. Using a scalpel, a2-3 cm
deep incision is made along the whole length of
the interdigital space through skin, subcutaneous
tissue and interdigital ligaments, asclose as pos-
sible to the affected claw [366]. An embryotomy
wireisinserted in the incision and the digit is
sawn off, directing the wire towards a point 2-3
cm proximal to the abaxial aspect of the coronet
[367]. The transection courses through the mid-
dle phalanx, flexor tendons, digital flexor syn-
ovial sheath and skin [368].

In cases of purulent necrotic inflammation of

the proximal interphalangeal joint, the level of
amputation is the distal third of the proximal
phalanx. The embryotomy wire isinserted in the
interdigital incision, and the transection plane
runs from 1-2 cm proximal to the axial aspect of
the proximal interphalangeal joint to a point 3-4
cm proximal to the joint space abaxially. The
wound is dressed with povidone iodine soaked
gauze, and a pressure bandage isapplied. The
first bandageisrenewed after 2 days. The stump
is checked for inflammatory processes, such as
infection of the digital flexor synovial sheath. Af-
ter 1-2 weeks no further dressing is required.
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6-14

6-14 Resection of digital flexor tendons and
digital synovial sheath

Infection of the digital synovial sheath develops
from a proximal extension of a sole lesion (navic-
ular bursitisand pedal arthritis), b penetrating
wound into the sheath or ¢ haematogenous infec-
tion. If conservative therapy fails - the affected
tendon and sheath being necrotic - excision of
the necrotic structures is the prime reguisite.
Surgery. The patient is placed in lateral recumb-
ency. A tourniquet of rubber tubing is placed
around the limb in the mid-metatarsal (meta-
carpal) region and local intravenousanalgesiais
applied. The skin and subcutaneous tissue over
the tendon sheath are incised from the bulb (or
sole ulcer) to a point about 5 cm proximal to the
accessory digit, i.e. immediately distal tothe
bifurcation of the deep flexor tendon [369]. The
sheath itself is then opened along its plantar
(palmar) aspect. The superficial flexor tendon
(which envelops the deep flexor at the level of the
fetlock) is sectioned longitudinally; the deep
tendon is transected adjacent to the bifurcation
[370] and subsequently transected distally and
removed. The superficial tendon isthen likewise
transected proximally and at itsinsertion at the
second phalanx [371].

After all necrotic debris and tissue have been re-
moved, the wound is dressed with povidone io-
dine soaked gauze and the skin is closed with
interrupted sutures [372]; distally the wound re-
mains open for drainage. The toes are wired to-
gether for about 6 weeks to prevent upturning of
the affected digit, and the sound digit is shod
with a block to avoid damage to the operated
digit and to facilitate healing.

The digit is bandaged firmly. Systemic antibiotic
administration is advisable. The bandage and
drain are changed on the second postoperative
day, and thereafter as needed.
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6-16 Repair of traumatic teat fistula

When milk flowscontinually through a perforating teat wound, failure of
wound healing results in a teat fistula [377]. Congenital teat fistula is associ-
ated with a supernumerary mammary gland (see 6-17). Treatment of a teat
fistula consists of dissection of the fistula and subsequent suturing of the
wound. It is preferable to operate after the cow has been dried off.

Surgery. The operation is performed under local ring block analgesia at the
base of the teat. A rubber tourniquet is applied to the teat base [377]. A
milk canula is placed through the streak canal into the sinus, and an elliptic-
al incision is made around thefistula. It isimportant that all scar tissue (in
skin, muscular layers and mucosa) is removed to ensure primary intention
healing [378]. After dissection, the fresh wound surfaces are apposed with
several vertical mattress sutures and simple interrupted sutures [379] (see
6-15). Because of anticipated postoperative wound swelling, it is important
to tie the sutures loosely to prevent wound edge necrosis. The tourniquet is
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removed and long-acting antibiotics are injected into the teat sinus.

In dry cows a self-retaining plastic teat canulais usually not used, although
in cases of streak canal damage a teat canula may prevent stenosis during
repair.

The teat is bandaged with a slightly elastic bandage (see 6-15). Postopera-
tive management consists of daily checking for mastitis. Plate 380 shows
primary intention healing on the tenth postoperative day, after al sutures
have been removed.
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6-17 Management of congenital teat fistula

A congenital teat fistulaisin general caused by
the presence of a supernumerary mammary
gland and isusually locaized in the proximal
part of the teat [381]. Milk flowsthrough the
fistula. Surgical correction is possible only when
the lactiferous sinus of the supernumerary gland
is situated close to the teat sinus.

Surgery. After local ring block analgesia at the
base of the teat, a rubber tourniquet is applied.
Anéelliptical incision is made around the fistula
into the lactiferous sinus of the supernumerary
gland. After dissection of the fistula, a fresh per-
forating teat wound is produced. In the depth of
the wound, the mucosal membrane between the
teat sinusand the sinus of the supernumerary
gland isvisible [382]. With amilk canula,
brought through the streak canal into the teat
sinus, the mucosal membrane is elevated into the
wound [383]. By excising the membrane with
scissors or scalpel, a connection is made between
the two sinuses [384], and milk can drain from
the supernumerary gland to the teat sinus. The
wound is sutured using vertical mattress and
simple interrupted sutures, loosely tied (see
6-15)-

The tourniquet is removed and antibiotics are
injected into the teat sinus. In lactating cows a
self-retaining plastic teat canulais placed in the
streak canal and the teat is bandaged (see 6-15).
Postoperative management consists of prevent-
ion of mastitis.
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6-18 Management of teat obstructions

Teat obstructions in the cow may be congenital or acquired. Congenital
obstruction at the base of the teat is caused by a completely closed annular
fold of mucous membrane. Acquired basal obstructions develop during the
dry period and are due to chronic inflammation of the annular fold. Local-
ised obstructions in the teat sinus (‘peas) may be due to local neoplasia or
to chronic proliferative inflammation. Chronic inflammatory processes of
the 'rosette of Furstenberg' or the streak canal may also lead to stenosis.
Surgery. In cases of basal teat obstructions the affected quarter is under
considerable tension [385] and milk flow is absent. Plate 386 shows a con-
genital basal teat obstruction at the annular fold. The membraneis per-
forated withamilk canula. Ifthereisno outflow of milk, the prognosisis un-
favourable. If milk flowis present, Hug's teat knife [388,centre] isinserted
through the membrane, which is then dlit radially in three of four direct-
ions [387]. To ensure a permanent communication, it is recommended the
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quarter is not milked completely for about ten days. In general the prog-
nosis for a productive quarter is guarded, but in cases of thin membranes
the prognosisis more favourable.

Teas are usually localized in the mid-teat region. Large lesions may re-
quire open teat surgery, but the smaller ones are removed from the wall
(with Hug's teat knife, Hug's tumour extractor [388,right] or a curette) and
massaged out.

Cows with apical obstructions (traumatic or congenital) are usually present-
ed as 'hard milkers'. The stenosis may be temporarily relieved by longitud-
inal radiate incisions of the sphincter or the fibrosed canal with a Danish
teat knife[388,left] or by widening the opening with ateat dilator. A self-
retaining teat canula prevents postoperative stenosis.
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6-19 Amputation of the mammary gland

The main indication for amputation of the mammary gland is a severe life-
threatening mastitis, often seen in sheep and goats. Plate 389 shows an
acute necrotizing mastitis in aewe, characterised by a dark blue dis-
coloration of the skin and a severely swollen right mammary gland.
Surgery. Amputation of the mammary gland is performed with the patient
under epidural analgesia (anterior block) or general anaesthesiaand in dors-
al or dorso-lateral recumbency. An elliptical skin incision is made around
the discoloured area [389], followed by dissection of the glandular tissue
along the suspensory ligament medially and the lateral ligament laterally
[390]. The gland is grasped with atenaculum forceps and dissected from
the body wall, beginning caudally. The major vessels (external pudendal
artery and vein, ventral perineal artery and vein, and subcutaneous abdom-
inal vein) are connected by humerous anastomoses, and doubleligationis
essential. The vessels are transected between the ligatures and dissection of

the gland is continued craniad [391]. The large external pudendal artery,
which enters the udder on the cranio-lateral aspect after passing through
the inguinal canal, should be respected. After dissection of the mammary
gland is complete, subcutisis sutured in a simple continuous pattern using
absorbable suture material. Sterile gauze or latex drains are placed in the
wound, one deeply, the other superficially [392], and the skin is closed with
simple interrupted sutures. Systemic antibiotics are administered.
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7-1 Desmotomy of inferior check ligament

‘Contraction’ of the deep flexor tendon in foals
may be congenital or acquired [393]. In the latter
case development may be associated with painin
the navicular bone/bursa, the suspensory ap-
paratus, or other sites. Initially, treatment is
aimed at gradual stretching of the 'contracted'
muscle-tendon unit. If serious pain is still pres-
ent, the stretching can only occur if analgesics
are administered. The heel of the hoof is short-
ened as much as possible; the toe is kept long or
is lengthened with the help of a shoe with an ex-
tended toe [395]. In severe cases, or if conserv-
ative therapy fails, desmotomy of the inferior
check ligament isindicated to allow further
lengthening of the muscle head.

Surgery. The patient is placed in lateral recumb-
ency under general anaesthesia. Theligament is
approached from the lateral aspect in the prox-
imal third of the metacarpus or metatarsus. Skin,
subcutis and deep fascia are incised in the groove
between the deep flexor tendon and suspensory
ligament. The ligament is separated from the
deep flexor tendon with dissecting scissors and
transected [394]. Fascia and skin are sutured
with absorbable material, using a continuous and
interrupted suture pattern respectively. The
wound is dressed with an elastic bandage. Start-
ing on the second postoperative day the patient is
walked daily on ahard surface, and thisexercise
isincreased gradually. The shoe with the ex-
tended toe [395] is removed when the position of
the digit has improved satisfactorily [396]. Con-
tinued optimal hoof care is important.

396
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7-2 Desmotomy of medial patellar ligament

Fixation of the patella may be persistent or temp-
orary. Permanent fixation of the patella prox-
imal to the medial trochlear ridge of the femur
preventsflexion of the affected hind limb. In
some cases (in standardbreds) there may be only
a 'catching' of the patella during locomotion and
the leg never truly locks in extension. The cond-
itioniscommonly bilateral, although it may be
worse in one limb. In al cases of persistent and
intermittent fixation and 'catching' where con-
servative treatment (e.g. corrective trimming and
shoeing) fails, surgical intervention isindicated.
Surgery. The medial patellar ligament is located
and the skin and tissues around the insertion of
the ligament to the tibiaare infiltrated with local
anagesic. Using a pointed tenotome a small skin
incision is made just proximal to the tibial insert-
ion of the medial patellar ligament, between the
media and middle patellar ligaments [397]. The
tenotome is further introduced, caudal to the
medial patellar ligament [398]; the blade isthen
turned so that the cutting edge is against the liga-
ment [399]. The ligament is severed by a combi-
nation of a slight sawing movement of the teno-
tome and percutaneous pressure applied to the
ligament with the forefinger [400]. There will be
adistinct snap as the ligament is cut, and a
definite cavity ispal pablefollowing transection.
A single suture of absorbable material is suffic-
ient to close the skin incision. In general both
medial ligaments should be severed evenif only
one limb isinvolved, since the cause of this cond-
ition appears to be related to conformation; the
other limb frequently becomes affected at alater
date. Aftercare consists of 4-6 weeks' rest from
work. To prevent the ends of the ligament reun-
iting prematurely, the patient iswalked at hand
daily from thefirst postoperative day, and the
exerciseisincreased gradually.

399 400
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7-3 Sectioning of fetlock annular ligament

Restriction of the free movement of the flexor
tendons within the fetlock canal may result from
swelling of the tendons (bowed tendon) or from
constriction by the annular ligament. Direct in-
jury to the annular ligament with subsequent
inflammation, fibrosis, and constriction of the
ligament, may result in lameness due to pressure
on the superficial flexor tendon. Fluid distention
and tendon swelling dorsal and ventral to the
constricted annular ligament causes the charact-
eristic notch in the caudal outline of the limb
[401]. Therapy is sectioning of the annular liga-
ment, if this is done in the caudal midline the
digital sheath is not opened.

Surgery. The patient is placed in lateral recumb-
ency under general anaesthesia. The use of an
Esmarch's bandage facilitates surgery.

An 8 cm skin incision is made about i cm from
and parallel to the caudal midline over the
annular ligament. Theincision is continued
through subcutaneous tissue and, in the midline,
into the annular ligament [402]. The incision
through the thickened annular ligament is

20 extended to complete sectioning of the entire
404 ligament [403].

The subcutaneous tissue is sutured in a cont-
inuous pattern with synthetic absorbable mat-
erial [404] and the skin is closed with simple
interrupted sutures. A steriledressingis placed
over the wound and a firm bandage is applied.
The bandaging is maintained for 4 weeks. The
patient is box rested for 3 weeks. The main
criterion for returning the patient to work isthe
time necessary for healing of the superficial
flexor tendon lesion.
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7-4 Tendon repair - carbon fibre implantation er. The carbon fibre bundle is pulled tight [406,408] so that the foot
reaches a slightly flexed position. A vacuum drain is placed in the wound.
Injuries of the digital flexor tendons are rel atively common and can arise The paratenon and subcutaneous tissue are closed separately in a simple
from (repeated) overloading or traumatic insult [405A]. Carbon fibre pros- continuous pattern and the skin with simple interrupted sutures, using
theses may be used to repair acute tendon rupture and aso to bridge the synthetic absorbable material. Systemic antibiotics are administered. The
defects which often remain in the tendon after conservative treatment. wound isdressed with sterile gauze and the legiscastin aslightly flexed
Surgery. The patient is positioned in lateral recumbency under general position up to the level of the carpus or tarsus for about 6 weeks. After the
anaesthesia. An Esmarch's bandage may facilitate surgery. On the lateral plaster cast has been removed the limb isfirmly bandaged for about 4
aspect of the tendon, alongitudinal incision of about 15 cm is made weeks. The hoof is shod by a shoe with extended branches. Plate 4053

through skin, subcutaneoustissue and paratenon to expose the rupture site. showstheresult of case 405A, 5 months after surgery.
In case of an unsatisfactorily healed rupture the inferior part of tendon and

scar tissue is removed and the ends of the tendons are connected by carbon

fibres [406]. In case of acute traumatic rupture, haematomaand severely

damaged parts of both tendons are removed [407]. Vertical stab incisions

are made in the tendon approximately 2 cm from each cut end. Sterilised

carbon fibre bundles are passed through both tendon ends and tied togeth-
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7-5 Tibial neurectomy in spastic paresis

Spastic paresis in cattle is a progressive spastic lameness of one or both hind-
limbs caused by increased muscular tone of the gastrocnemius (and to a
lesser extent of other hindlimb muscles), due to arelative overstimulation
of the y-motor neurons of the tibial nerve [409].

Surgery. Surgical treatment consists of total or partial neurectomy of the
tibial nerve. The operationis performed under caudal epidural analgesia
(anterior block).

The gte of the 15-20 cm skin incision is in the groove between the two
heads of the biceps femoris, in the ventral half of the distance between the
hip and knee [410]. It is recommended that this groove be marked on the
standing animal, since it is much less obviousin the recumbent patient.
After incising the skin and underlying gluteal fascia, acutaneous branch of
thetibial nerveisvisible [411,arrow]. This branch courses between the two
heads of the biceps femoris before emerging, and thus accurately indicates

no

the site of cleavage of the two heads of the biceps femoris, which are blunt-
ly dissected and separated by a suitable wound retractor [412]. The per-
oneal nerve[413A] liesin the adipose tissue on the lateral aspect of the
lateral head of the gastrocnemius. Thetibial nerve [4136] is situated caudal
to the peroneal nerve but the nerves can be reliably identified only by elec-
trical or mechanical stimulation. Irritation of the peroneal and tibial nerves
cause extension and flexion of the digit respectively. Depending on the
animal's weight, atotal or partial neurectomy of the tibial nerve is perform-
ed. Total neurectomy, in which a 3 cm segment of the tibial nerve is
removed, is performed only in animals with a relatively low body weight.
Partial neurectomy implies denervation of the gastrocnemius only. In this
procedure thetibial nerveisdivided into several bundles[414]. Electrical
stimulation of the branches which innervate the gastrocnemius causes con-
traction of the Achilles tendon, without flexion of the digit. The branches
which innervate the digital flexorsare spared and only the branches supply-
ing the gastrocnemius are transected [415]. The wound retractor is re-
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moved and the gluteal fasciais closed with a simple continuous suture, and
the skin with simple interrupted sutures.

Postoperatively, limited exercise should be given for several weeks. In most
cases, total or partial neurectomy of the tibial nerve resultsin normal funct-
ion of the hindlimb [416]. Very occasionally, rupture of the gastrocnemius
muscle occurs.
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7-6 Coccygeal myotomy

Cosmetic considerations may indicate severing
of tail muscles in horses which carry their tail to
the side [417].

Surgery. Physical restraint (including protection
from kicking) and local infiltration analgesiais
preferred to tranquilization and epidural anal-
gesia, because the result of surgery should be
judged immediately after the operation by hand-
walking and trotting the horse.

The surgical areaiis located on the concave side
(i.e. the same sde as the direction of the dev-
iation) of the base of the tail. A longitudinal

stab incision is made with a pointed tenotome in
the furrow between the dorsal and ventral coc-
cygeal muscles [418]. The tenotome is inserted
until the point contacts the lateral aspect of the
vertebra, whereupon the cutting edgeis rotated
dorsally. The point is then advanced dorsally un-
til it can be felt in the subcutaneous tissue, just
lateral to the dorsal midline of the tail. The teno-
tomeis carefully moved through a 90° arc so that
the (lateral and medial) dorsal sacrococcygeus
muscles are compl etely transected [419].

The skin incision is closed with a single suture.
Postoperatively the tail should curve in the op-
posite direction. Ifthisis not the case the teno-
tome should again be inserted in order to sever
the remaining fibres of the dorsal coccygeal
muscles. Thetail is bandaged (braided with hair)
and held drawn to the opposite side for one week
[420].
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7-7 Amputation of the tail

Docking may be indicated on medical groundsin
case of injury, necrosis or neoplasms of the tail
[421].

Surgery. Surgery is usualy performed in the
standing animal. Analgesiaisachieved by infil-
tration or caudal epidural analgesia (posterior
block). A tourniquet is placed proximally to the
site of amputation. In horses the hairs are re-
flected forward. The exact point of disarticula-
tion is determined by careful pal pation of the tail
asit is manipulated and/or by inserting a needle
in an intervertebral space. Just distal to thissitea
dorsal and ventral curvilinear skinflapis created
[422]. After reflecting oneflap, disarticulationis
performed by transection through the inter-
vertebral disc[423],

Vessels are ligated. Haemostasisis checked by
|oosening the tourniquet.

The skin is closed with interrupted sutures

[424)-
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7-8 Plate osteosynthesis of ulna fracture

Fractures of the ulna occur due to external trauma to the elbow and are rel-
atively common in younger horses. The most common fracture splits the
ulnatransversely through the semilunar notch and involves the elbow joint
[425A,,26].

Displaced intra-articular fracture of the ulna must be accurately reduced
and immobilized to prevent non-union and osteoarthrosis. A contoured
Dynamic Compression Plate (DCP), on the volar surface of the ulna, acts as
atension band fixation device.

Surgery. The patient is placed in lateral recumbency under general anaes-
thesia. The skin is incised from the olecranon to mid-radius on the latero-
volar aspect; the proximal portion of the skin incision curves cranially so
that it does not lie directly over the point of the olecranon. Approach to the
caudo-lateral aspect of the ulna is between the muscle bellies of the ulnaris
lateralis and the ulnar head of the deep digital flexor.

After reposition the fracture fragments are fixed with reposition forceps.
The proximal fracture fragment isfixed to the distal part of the fracture
with a DCP and cancellous and cortical screws. The length of the plate de-
pends on the size of the patient. An 8 hole slender plate is used for demon-
stration of the technique of osteosynthesis. The sharp edge of the volar
surface of the ulnais removed with abone chisel to facilitate the placing of
the plate [427]. The proximal fracture fragment isfixed to the plate with 2
or 3 cancellous screws. After drilling a hole with the 4.5 mm drill and drill
guide [428], the cancellous tap is inserted through the first hole and the
threads tapped [429]. The plate is loosely attached to the bone by inserting
the first screw [430]. The second and third screws are placed, and all three
are tightened. The other half of the compression plate has a screw hole
design (with the exception of the hole closest to the fracture site) which
permits the sliding of the plate and compression of the fracture during
screw tightening.

The distal end of the ulna, together with the proximal end of the radius, is
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fixed to the plate with a cortical screw in the first screw hole - the adapting
hole - near the fracture space. The other screws, the so-called load screws,
are placed starting at the end of the plate. Holes for these cortical screws
are drilled with the 3.2 mm drill and guide. To obtain fracture compression
when tightening the screws, the screws are sited at the end of the oblong
screw holes which is farthest from the fracture line. The plate isfixed to the
bone with screws some 2 mm longer than measured [431] so that about i-,
threads protrude on the opposite site of the radius [432].

Radiographic monitoring during surgery should be used for checking re-
duction and exact positioning of the screws in the olecranon. A vacuum
drainisplaced into the wound.

Muscle, fasciaand skin are sutured with absorbable synthetic material in
an interrupted suture pattern. Systemic antibiotics are administered. The
drainisremoved 2-3 days after surgery.

The patient is stall rested until the fracture heals. Plate 4258 shows the
healed fracture after removing the plate.
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7-9 Arthrotomy in carpal bone fracture

Injuries of the carpal bones are common in horses, especially racing thor-
oughbreds. Radial carpal bone fractures are usually small chip fractures
and third carpal fracture may result in alarge slab, usually on the dorsal
surface. When dislocation of the fragment is minimal, the fracture may be
envisaged clearly only in oblique radiographs [433]. The only effective
therapy for displaced fracturesis surgical removal of the small fragments or
fixation of the larger fragment.

Surgery. The horse is placed in right or left lateral recumbency under gen-
eral anaesthesia, depending on the fracture site. The carpal joint is slightly
flexed, and avertical (curvilinear) incision is made through skin, subcut-
aneous structures and joint capsule, avoiding tendons and tendon sheaths.
Retraction of the joint capsule is necessary to be able to envisage the exact
reposition of the fragment and removal of possible debris [434]. The site
and direction of the screws can be established using hypodermic needles
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and intra-operative radiography. In this case the fragment of the third carp-
al bone was fixed with two 3.5 mm navicular lag screws [435]. The joint
cavity isflushed with sterile physiological saline. The joint capsule (without
penetrating synovial membrane), the dorsal carpal ligament (extensor
retinaculum), subcutaneous fascia and the skin are sutured separately with
absorbable synthetic material. The limb is firmly bandaged from hoof to
mid-radius for about 3 weeks (a plaster cast is used only in exceptional
cases). Systemic antibiotics may be given.

Radiographic control is carried out during convalescence; plate 436 shows
the situation 6 weeks postoperatively.

Prognosis depends on the possible development of carpal arthrosis.
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7-10 Correction of valgus deviation

Angular deformity is a common disorder afflicting the distal radius, tibia,
and metacarpal / metatarsal bonesin the young animal. One of the causes of
the deformity isretardation of enchondral ossification on one side (in most
casesthelateral side) of the growth plate. Inthiscasethe affected foal shows
an abnormal curvature of the distal radius, causing the limb distal to that
point to deviate laterally [437A]. If conservative treatment fails, surgica in-
tervention is necessary. The aim isto reduce growth of the growth plate on
the convex side by means of staples or screws and wire.

Surgery. The patient is placed in lateral recumbency under general anaes-
thesia. The use of an Esmarch's bandage and a pneumatic tourniquet facil-
itatesthe surgery. A 5 cmincision is made through skin, subcutaneoustis-
sue and deep fasciafrom 2 cm proximal to the medial radial epicondyleto
almost the level of the radiocarpal joint. The growth plate islocated by
using a hypodermic needle or by radiographic monitoring. The size of the
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stainless steel staple depends on the size of the patient. Holes (3 mm dia-
meter, 2.5 cm deep) are drilled through the unincised periosteum proximal
and distal to the growth plate to accomodate the staple [438]. The staple is
inserted with a hammer and driver [439]. The second staple is placed ap-
proximately 20 mm cranial or caudal to thefirst staple, and at an angle of
some 30° to it [440].

The subcutaneous tissue and deep fascia are sutured in a continuous pat-
tern with synthetic absorbable material, and the skin is closed with simple
interrupted sutures. A sterile dressing is placed over the wound and an
elastic bandageis applied for about i week. Exerciseislimited to stall rest
until the limb is completely straight [4373]. It isimportant to remove
staples before overcorrection occurs.
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7-11 Plate osteosynthesis of supracondylar fracture

Supracondylar femur fractures occur in foals, ponies and newborn calves
[441] (the latter are often delivered in posterior presentation with the help
of a caf extractor).

Supracondylar femur fractures are not suitable for the usual osteosynthesis
techniques, because of their form and the short, comparatively wide mar-
row cavity. It is possible, however, to treat supracondylar femur fractures
in young animals, especially those with a low bodyweight, with condyle
plates fabricated for human use [443].

Surgery. Open reduction is performed in lateral recumbency under general
anaesthesia or caudal epidural andgesia (anterior block). After a suitable
skin incision the tensor fasciae latae is separated from the biceps femoris.
The vastus lateralis is split in the direction of its fibres. If the femoro-
patellar joint capsule is not already ruptured, arthrotomy exposes the lateral
surface of the lateral ridge of the trochlea.

444

Reposition with the help of reposition forceps [442] is possible only if disloc-
ation of the fracture fragments and contraction of adjacent musculature is
not severe. Reposition is more difficult or even impossible in fractures older
than 48 hours. If reposition is impossible even after administration of musc-
le relaxants, the distal end of the proximal fracture fragment is shortened
with rongeurs. Reduction of the fragments is maintained with reposition
forceps [444].

The distal fracture fragment (condyle) isfixed to the proximal fracture
fragment using acondylar plate (DCP) [443]. These plates are available with
different angles, and the appropriate plate (usually with an angle of 90°, 95°
or 100°) is chosen. With the help of the angle gauge, a Steinman pin or a
drill is placed in the distal fracture fragment [444]. The purpose of this pin
isto indicate the direction of the two drill holes [445] and to guide the
chisel, which has a guide hole [44& A]. The stem of the plate, the length of
which depends on diaphyseal length, is contoured to the correct shape in-
dicated by a bending template. The transverse part of the plate (the length
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of which depends on epiphyseal diameter) isinserted using the impactor,
which istemporarily attached to the plate [4468]. The stem of the plate is
then fixed to the metaphysis and diaphysis using (cancellous and) cortical
screws [447].

A vacuum drain is placed in the wound. The femoro-patellar joint capsule,
muscle layers, subcutis and skin are closed separately with synthetic ab-
sorbable suture material. Systemic antibiotics are administered. Weight-
bearing on the treated leg after recovery from anaesthesia is permitted. The
drainisremoved after 3 days.

Radiographic study is conducted immediately postoperatively [448A], and
thereafter every 2 weeks. Because growth in the distal growth plateis stunt-
ed by the condyle plate, it isimportant to remove the plate as soon as
sufficient callus has formed [4483).



Chapter 7 THEMUSCULOSKELETAL SYSTEM/ Tibia 7-12

449

7-12 Plate osteosynthesis

Plate fixation of long bone fractures of large animalsis - since the walking
cast technique (see 7-17) - used mainly in treating radius-ulna and tibia
fractures and seldom in humerus and femur fractures. A tibial diaphyseal
fracture in acalf[449] is used to show a plating technique that may be used.
Surgery. The patient is positioned in lateral recumbency with the affected
limb down. A curvilinear incision through skin and subcutaneoustissueis
made on the medial aspect of the tibia. The convexity of the incision is dir-
ected caudally. The straight incision through the fasciais made carefully,
avoiding the medial saphenous vein, artery and nerve. Deep fasciaisdis-
sected from the fractured tibia as far as both epiphyses. Blood clots are
removed. After reposition of the fracture fragments and securing with a
bone holding forceps, cerclage wiring isemployed asa (temporary) fixation
method prior to definitive stabilisation with plate and screws [450]. Long
bone fractures of large animals require a broad plate. In general, the
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longest possible plate is used. Compression plate osteosynthesisis pre-
ferred. Compression is achieved with the help of the tension device or a
Dynamic Compression Plate. The plate is contoured and then placed over
the bone, secured with a bone holding forceps, and fastened with cortical
bone screws [451,452] (see also 7-8). Defects at the fracture site should be
filled with cancellous bone graft. Before closing, avacuum drainis put into
the wound for 2-3 days.

Fascia, subcutaneous tissue and skin are closed with interrupted sutures
using synthetic absorbable material. Systemic antibiotics are administered.
In large animals osteosynthesis must in most cases be protected with a
plaster cast or Thomas splint.
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7-13 Arthrotomy in osteochondrosis

Tibio-tarsal joint arthrotomy in horses may be indicated in cases of chip
fracture and osteochondrosis. Lameness and/or severe hydrarthrosis may
be indications for removal of osteochondrotic fragments and/or curettage
of lesions.

Surgery. Thetibio-tarsal joint can be approached from the craniolateral or
craniomedial side. The craniolateral approach isindicated in case of osteo-
chondrosis at the intermediate ridge of the tibia [453]. The horse is pos-
itioned in lateral recumbency under general anaesthesiawith the affected
leg uppermost.

A 7 cmskinincision is made from the level of the lateral malleolus distally
and runs lateral to the digital extensor tendon. Superficial and deep fascia
are incised avoiding damage to blood vessels. The joint capsule is most
easily entered just over the lateral trochlea of the talus. After retracting the
wound edges and slight flexion of the joint the intermediate ridge becomes

visible [454]; suction of synovial fluid facilitates the exposure. Removal of
osteochondrotic fragments is often accomplished using a Brun curette
[455], but occasionally the fragment must be freed with the help of an
osteotome. Subsequent curettage of the base of the lesion depends on the
findings; flushing of the joint cavity isthen obligatory.

Closure is performed in four layers: the fibrous part of the capsul e [456],
deep fascia, subcutaneousfasciaand skin, all in aninterrupted pattern
using synthetic absorbable material. A firm (possibly elastic) bandageis
applied.

After i week the bandageis changed. In cases of severe postoperative joint
distension, synovial fluidisaspirated.



Chapter 7 THEMUSCULOSKELETAL SYSTEM/ Tarsus 7-14 122

457 458

7-14 Arthrodesis of the distal intertarsal joint
in the horse

Spavin is an osteoarthrosis of the distal tarsal
joints, in which the changes are localised to the
central tarsal bone (Tc), third tarsal bone (Ts)
and the proximal articular surface of the third
metatarsal bone (Mt3). Arthrodesis of the distal
intertarsal joint (D1 T) isone of the possibilities
for treatment of bone spavin, and is especially
indicated in cases in which the osteoarthritic
changes are characterized mainly by osteolysis
[457- . .

The principle of arthrodesis is that surgical de-
struction of parts of the joint surfaces of two ap-
posing bones of a joint with restricted movement
induces arigid ankylosis, as shown in the radio-
graphofaDI T six months after arthrodesis [458].
In this operation the drilling of three holes de-
stroys tissue only in the predilection sites of the
frequently occurring spontaneousankylosis
[459,460].

Surgery. The horse is anaesthetized in lateral re-
cumbency with the affected limb down. A skin
incision is made over the dorso-medial part of
theDIT. Careshould betakento avoid the
saphenous vein. A cunean tenectomy, in which
2-3 cm of the tendon is excised, is performed
[461]. TheDI T isidentified by inserting four
needles of different shape [462].

First needle: dorso-media inthe DI T at the site
fromwhich drilling will later begin.

Second needle: medial inthe DIT between Tc,
T3andTi+2.

Third needle: dorsal inthe DI T just lateral to the
midline.

Fourth needle: lateral in the tarsal canal, be-
tween Tc, T3 and T4. Only by this careful
marking of the joint spaceisit possibleto drill
accurately in the desired directions, especially
since attainment of precision is complicated by
the curvature of the joint surfaces, and because it
is necessary that the drill penetrates the sub-
chondral bone to auniform depth. Taking intra-
operativeradiographs, or preferably fluoroscopic
viewingwith animageintensifier, isthusoblig-
atory [464].

After marking is completed, thefirst needleisre-
moved and asmall incision (0.5 cm) ismade
through the ligamentsand joint capsule. All
drillingofthe DIT iscarried out through thisin-
cision. To reduce the chance of thermal necrosis
and prematurely drilling too deeply, it is better
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to use amanually operated drill than an electric
or air drill [463]. The dorsal, medial and lateral
needles determine the drilling direction of the
dorsal, medial and plantar holes respectively.
Extreme care should be taken to ensure that the
drills do not emerge from the bone and damage
the adjacent soft tissue.

When thedrill bit (0 4.5 mm) isabout i cminto
thejoint space, radiographic control isused to
ensure correct positioning of the drill in the joint
space. After drilling further to the desired depth,
the drill holes areflushed with sterile physiologic
saline. The wound is closed as follows: joint cap-
sule and ligaments with one simple interrupted
suture, subcutaneous tissue with continuous,

and skin with interrupted sutures, all with syn-
thetic absorbable suture material. Arthrodesis of
the tarso-metatarsal joint is necessary only in
cases in which thisjoint isinvolved. This opera-
tion can be performed through one incision,
using similar identification and siting proced-
ures. In horses with bilateral spavin both hocks
are operated in the same surgery.

Six weeks box rest and four to five months at
pasture are recommended.

463 464




Chapter 7 THEMUSCULOSKELETAL SYSTEM/ Tarsus  7-15

124

7-15 Arthrotomy and curettage in septic bovine spavin

In cattle serious lameness of the hindleg may be caused by osteomyelitis of
the centroquartal bone and the fused second and third tarsal bones. The
distal intertarsal joint and/or the tarso-metatarsal joint may beinvolved in
the process, which causes a painful localised swelling at the medial site of
the distal tarsal joints [465A]. The osteomyelitisis caused by haemat-
ogenous (usually Corynebacterium pyogenes) infection, possibly in combi-
nation with local trauma. The result is necrosis and sequestration, and it is
thus usually too late to expect antibiotic therapy to be successful. If radio-
graphy shows evidence of necrosis and/or sequestration [4653], surgery is
indicated.

Surgery. The op'eration is performed with the patient in lateral recumb-
ency, under general anaesthesia or regional intravenous analgesia. The
correct site of incision may be ascertained by radiographic control or by
aspiration of the process [466].

An incision is made directly over the process and the abscess opened [467],
Necrotic tissue (and if present) bone sequesters are removed with a Brun
curette [468]. The cavity is packed with gauze soaked in a disinfectant and
the hock is bandaged firmly.

Antibiotics are administered systemically for about 10 days. The bandage
and gauze drain are changed every second day. If postoperative lameness is
severe, analgesics are administered. The prognosisis guarded, since further
extension of the osteomyelitis may occur.
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7-16 Resection of fractured splint bone

Fracture occurs anywhere along the length of the
splint bone but most often in standardbredsin
the distal third of the bone. Traumais the agtio-
logy in most cases, but some distal fractures have
been attributed to stress. This kind of stress is
most common in trotters. The constant move-
ment of the fracture fragments prevent healing
and may result in non-union with superfluous
callus formation [469], which may cause a (peri)-
tendinitis of the suspensory ligament. Treatment
consists of surgical removal of the distal frag-
ment and the involved part of the proximal frag-
ment.

Surgery. The operation should be performed
with the horse in lateral recumbency under gen-
era anaesthesia. A skinincision, from the distal
end of the bone to 3 cm proximal to the fracture
sSite, is made over the cranial border of the affect-
ed splint bone. The periosteum-covered distal
fracture fragment and the fracture site are dis-
sected free [470,471]. The periosteum is separ-
ated from the distal end of the proximal frag-
ment, which is transected with a chisel just prox-
imal to the hard swelling around the fracture site
[472). The proximal segment should be carefully
tapered with a chisel or suitably sized rongeurs
to prevent subsequent irritation of the surround-
ing tissues. If possible, the periosteum is closed
with fine synthetic absorbable material over the
stump to reduce bone proliferation.

Deep fascia and subcutaneous tissue are sutured
separately in a continuous pattern with absorb-
able material and the skin with simple interrupt-
ed sutures. The wound is dressed with a sterile
firm (elastic) bandage for at least two weeks.

The patient is box rested for 4 weeks. Training
can begin after 6 weeks if undisturbed healing, as
evaluated by radiological examination, has taken
place.
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7-17 Fracture treatment by the walking cast technique

The walking cast technique is used in treating fractures of the distal radius
and tibia, metacarpal/metatarsal bones and phalanges. This method is use-
ful in treating comminuted fractures which can not be treated by other
osteosynthesis techniques. It is dso used where it is necessary to protect
the digit from weightbearing (e.g. protection of osteosynthesis). The con-
cept of the method is that two or three Steinmann pins, inserted proximal
to the fracture site and connected to a U-shaped steel frame, allow the body
weight of the patient to rest on the frame and thus relieve the fracture site.
Indistal radius and tibiafracturesthe pins are placed in the proximal
radiusand tibia, in cannon fracturesin the distal radius or tibia, and in
phalangeal fracturesthe pinsare placed in distal metacarpus/metatarsus.
One of four sizes of Steinmann pins can be used, depending on the weight
of the patient: standard factory Vitallium® pinswith adiameter of 3.96 mm
or 4.76 mm and stainless steel pins of 6 or 8 mm diameter. The pins are cut
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pre-operatively such that both ends will protrude approximately 2.5 cm
outside the steel frame, the size of which depends on the weight of the
patient. The cast and frame should reach to the elbow, stifle, carpal, or
tarsal joint to prevent secondary fractures at the site of the proximal pin.
The technique is demonstrated on a distal cannon bone fracture in ayoung
bull [473].

Surgery. Surgery isperformed with the patient in lateral recumbency un-
der general anaesthesia, or (for hindlimb fracturesin cattle) under caudal
epidural (anterior block) analgesia. A piece of steel wireisfixedto the hoof-
wall, and traction can be applied to the limb if necessary to facilitate reduc-
tion [474]. The reduction is checked radiographically, as are the sites of pin
placement.

After stab incisions, the holes are drilled through the distal part of the tibia
[475]. The diameter of the drill isthe same as the diameter of the pins. Af-
ter the pins have been placed [476,477], the frame isfitted and the sites
where holes must be drilled in the frame are marked. The holesin the



Chapter 7 THEMUSCULOSKELETAL SYSTEM / Metacarpus and metatarsus  7-17 127

477

frame must be about 3 mm larger than the pin diameter to prevent torsion
between pins and frame. If necessary, the skin wounds are closed with syn-
thetic absorbable suture material, and covered with sterile tampons.

A sterile layer of cotton wool and gauze bandage are used as padding. A
plaster cast approximately 3 mm thick is applied to the leg from hoof to
stifle. The frame is moulded to the shape of the casted leg and placed on the
pins [478]. The space between the pins and frame isfilled with Technovit®
to fasten the frame to the pins. The protruding ends of the pins are covered
with Technovit® to protect the animal aswell asthe pins [479]. A second
layer of plaster incorporates the frame and fixesit to the first layer. The dis-
tal part of the frame is not covered by the cast and the hoof is not fixed to
the frame [480]. After hardening of the cast, the steel traction wire is cut.
Systemic antibiotics are administered.

The patient is confined to stall rest during the healing period. The walking
cast is not removed until X-ray control reveals that sufficient callus has
been formed. There may be osteolysis around the pins, accompanied by
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slight purulent secretion. The skin and subcutaneous wounds close some
days after the pins have been removed. After removal of the cast the healed
leg can be put in a supporting bandage.
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7-18 Sequestrectomy

Boneinfectionin large animalsis a sequel of penetrating wounds, haemat-
ogenous infection (usually metaphysitis), or local extension of infection
from neighbouring tissues. The resulting devitalised bone, separated from
the parent bone and surrounded by granulation tissue, is called a seques-
trum [481], which may become enclosed by new bone (involucrum), pene-
trated by channels (cloacae). The escape of exudate resultsin adraining
tract to the skin surface. In most cases removal of the sequestrum s
obligatory.

Surgery. The method of restraint and analgesia depends on the site and size
of the sequestrum, presence or absence of an involucrum, and tractability
of the patient. Esmarch's ligature may be useful. If adrainingtract is pres-
ent, it isremoved in toto. The skinincision is lengthened and the subcut-
aneous tissues are incised. Periosteal new bone, if present, isremoved with
a bone chisdl, allowing visualisation of the sequestrum [482], which is often

discoloured and located in a bed of pus and/or granulation tissue. The
sequestrum is loosened [483] and removed with a suitable forceps [484].
Very large sequestramay be fragmented with a bone chisel and hammer to
facilitate removal.

After removal of all necrotic bone and debris, which should be checked by-
taking radiographs, the wound is partly closed with simpleinterrupted skin
sutures of non-absorbable material, leaving the distal commissure open to
allow drainage. An antiseptic bandage isfirmly applied. Systemic anti-
biotics may be indicated. The bandage is changed on the second postoper-
ative day and thereafter as needed.



Chapter 7 THEMUSCLLOSKELETAL SYSTEM / Fetlock and phalanges  7-19

485

7-19 Ostectomy of apical fracture of proximal sesamoid bone

Fractures of the proximal sesamoids are most common in standardbreds
and thoroughbreds and are classified as apical, midline or basilar fractures.
Treatment consists of either lag screw fixation, plaster casting in slight
flexion or removal of thefracturefragment. Apical fractures[485] involving
one third or less of the bone are amenabl e to treatment by surgical resection
of the fragment.

Surgery. The patient is placed in lateral recumbency, with the affected ses-
amoid bone uppermost, under general anaesthesia. An Esmarch bandage
may facilitatesurgery.

Anincision approximately 5 cm long is made, between the caudal border of
the third metacarpal (metatarsal) bone and the cranial border of the susp-
ensory ligament from just below the button of the splintbone to the prox-
imal border of the collateral sesamoidean ligament. The joint capsule is
incised and a Weitlander retractor is positioned to facilitate exposure of the
proximal sesamoid bone.
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The fragment should be dissected free from its attachment to the suspen-
sory ligament and intersesamoidean ligament using a hooked scalpel blade
[486]. When the soft tissue attachments are severed, the fragment isre-
moved with Ochsner forceps [487,488]. Flushing of the joint cavity may be
indicated.

The fibrous capsule is closed with simple interrupted sutures of synthetic
absorbable material. The subcutaneous tissue is closed in a simple con-
tinuous pattern using synthetic absorbable material, and the skin with sim-
pleinterrupted sutures. A sterile dressing is placed over the incision, and a
firm bandageisapplied.

Aftercare consists of at least 3 weeks' bandaging and box rest. Training
may begin after 6 weeksin some cases.
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7-20 Treatment of first phalanx fractures

Firgt phalanx fissures and fractures in horses are usually the result of in-
juries sustained during locomotion and may be classified into nine types
[489]. There are two types of fissure (type i and type 2), which result from
the effects of torsion of the sagittal ridge of the loaded metacarpus and
metatarsus (‘screwdriver effect’). The fracture types 3, 4 and 5 occur in the
sagittal plane and may also result from the screwdriver effect. Type6isa
fissure or fracture in the frontal plane; type 7 isacomminuted fracture,
type 8 an avulsion fracture. Type 9 isatransverse fracture, and most often
occurs in young foals, due to trauma caused by the mare. There are two
possibilities for treatment of first phalanx fissuresand fractures.

(1) Conservative treatment (non-surgical). Typesi and 9 aretreated by ex-
ternal fixation.

(2) Surgical treatment (osteosynthesis). Relative indication for osteosyn-
thesis means that the prognosis will not be much different in using either
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osteosynthesis or conservative treatment [490], but osteosynthesis reduces
the time of healing. Absolute indication for osteosynthesis means that the
prognosisissignificantly less favourabl e if the lag screw technique is not
employed. Types2 and 7 may betreated surgically (relativeindication); lag
screw fixationis used in type 2 fissures, whereas for type 7 the walking cast
technique may be employed (see 7-17).

Types 3, 4, 5 and 6 have an absolute indication for lag screwing. In type 8
lag screwing is used only if the fragment is large enough; if the fragment is
small, itissurgically removed.

Surgery. The lag screw technique, in this case for type 4 fracture [491], is
carried out under general anaesthesia with the patient in lateral recumb-
ency. At the site of insertion of the screw into the smaller fragment, an
approximately 1.5 cm incision is made through the skin into the peri-
osteum, which isthen retracted. With the soft tissues protected by adrill
guide, a4.5 mm diameter holeisdrilled through the smaller fragment
[492]; thisisreferred to asthe gliding hole. Inthelarger fracture fragment,
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the thread holeisdrilled, using a 3.2 mm drill guide placed in the gliding
hole. The length of the cortex screw is determined with the depth gauge
[493]. In the larger fragment the thread is cut using atap [494]. After
countersinking, the screw is screwed in [495]. The length should be such
that i-i threads of the screw protrude on the cortex of the larger fragment.
Radiographic monitoring during surgery should be used for exact position-
ing of the screws. The osteosynthesis is protected by an external fixation
for about six weeks. The best chances for full functional recovery occur af-
ter contact healing with minimal or no callus formation [496].

Healing isradiographically visible at approximately eight weeks. Patients
with comminuted fractures (type 7) remain lame and can be used only for
breeding purposes.
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7-21 Arthrotomy of fetlock joint in chip fracture

Arthrotomy of the fetlock joint isindicated in e.g. anterior or posterior chip
fractures of the first phalanx, apex fracture, and basilar chip fracture of the
proximal sesamoid bone. Arthrotomy to remove a posterior chip fracture of
the first phalanx is presented here. The presence of such a fragment is often
the cause of lameness. Radiographic examination shows a dis-placed bony
fragment at the level of the base of the proximal sesamoid bone [497].
Surgery. The patient is placed in lateral recumbency with the affected side
uppermost, under general anaesthesia. An Esmarch bandage may facilitate
surgery. Thejoint is opened with the same technique used in the removal
of the apical chip fracture of the proximal sesamoid bone (see 7-19) but in
this operation the incision must be extended distally through the collateral
sesamoidean ligament to provide exposure of the posterior distal joint
cavity [498]. Wound retractors are positioned to facilitate exposure of the
fragment. The fragment should be dissected free from the joint capsule

using ahooked scalpel blade, after which the fragment is removed using
Ochsner forceps or a Brun curette [499]. After removal of the fragment the
joint cavity isflushed with sterile physiologic saline.

The fibrous capsule and the collateral sesamoidean ligament is closed with
simple interrupted sutures using synthetic absorbable material [500]. The
subcutaneous tissue is closed in a simple continuous pattern using syn-
thetic absorbable material and the skin with simple interrupted sutures. A
sterile dressing is placed over the incision, and the leg is firmly bandaged.
Postoperattive management is similar to that for removal of apical chip
fracture (see 7-19).
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7-22 Treatment of third phalanx fracture in the horse Four calks are used to prevent wear and tear to the cast [503,504]. Care is
taken to leave the coronary band free of the cast to avoid pressure sores.

Trauma is the predominant cause of fractures of the third phalanx. Wing
[501], sagittal, and extensor process fractures are most common. Large and
small extensor process fracture fragments may be treated by lag screw fixa-
tion and ostectomy respectively. The failure of bony union of wing and
sagittal fractures is caused by continuous movement of the fracture frag-
ments by expansion of the hoof. Therapy aims to immobilize the fracture
fragments by preventing expansion of the hoof. Stability can be also
achieved by lag screw fixation of the fracture fragments. Use of alag screw
may be considered in case of sagittal (intra-articular) fracturesin older
horses. Precise implantation of the screw demands a special guide appara-
tus (see 7-23) and radiographic monitoring during surgery.

However, most fractures heal successfully with conservative treatment
using a full bar shoe with quarter and heel clips [502]. Further reduction of
hoof expansion can by achieved by applying arigid cast over the clip shoe.
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7-23 Lag screw fixation of navicular bone
fracture

()

monitor

Navicular bone fractures in the horse occur in-
frequently. These fractures are presumably the
result of sudden extreme unequal pressure from
the second and third phalanges and deep flexor
tendon upon the navicular bone. Osteoporosis as
aresult of severe navicular disease or local os-
teolysis may be predisposing factors. Most fract-
ures are sagittal, located in the latero-central or
medio-central area of the navicular bone, and are
minimally displaced. Healing occurs mainly by
fibrous callus of endosteal origin, resultingin
permanent lameness. The failure of bony union
of navicular fracturesis caused by continuous in-
stability of the fracture fragments. Stability can
be achieved by lag screw fixation of the fracture
fragments. Implantation of the screw precisely
along the transverse axis of the navicular bone
demands radiographic monitoring during surg-
ery aswell asaspecially developed apparatus
[505,506] to ensure perfectly accurate insertion
of the drill. With the help of two 3.5 mm thread-
ed drill guides, the guide system can be fixed to
the hoof. The screw on the drill guide is made of
nylon, which is not radiopaque. A stainless steel
ring around the nylon screw facilitates centering.
Surgery. The horse is placed in lateral recumb-
ency under general anaesthesia. By means of a
|atero-medial fluoroscopic view, the ends of the
navicular bone are located and marked with hy-
podermic needlesin the lateral and medial area
of the hoof wall. The threaded drill guides of the
guide apparatus are placed over the needles. The
needles are removed and the position of the drill
guides is adjusted, using latero-medial, dorso-
palmar and caudal proximo-distal fluoroscopic
views. Exact alignment of both drill guides along
the transverse axis of the navicular boneisre-
quired [507,508].

Through the 3.5 mm drill guide, aholeisdrilled
through the hoofwall, sensitive laminae, |atera
cartilage or wing of 23, and through the navi-
cular bone as far asthe fracture line [509]. The
progress of the drilling is monitored radiograph-
ically [SIOA]. With the 2 mm drill guide in the
3.5 mm guide, aholeisdrilled into the other frag-
ment of the navicular bone [5108]. The 3.5 mm
drill isreinserted, and the hole in the tissue per-
ipheral to the navicular boneiswidened usinga
6 mm flexible (intramedullary) reamer. The 3.5
mm holein the navicular boneis countersunk.
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The lag fragment is tapped, and a cortical screw
of suitable length (usually about 50 mm) is used
to exert compression between the two fragments

Systemic antibiotics are administered. Postoper-
atively, bandages covering the coronary band
and hoofwall are applied and the animal isbox
rested until the fracture is healed.

Bony union of the fracture fragments is visible
on radiographstaken approximately 6 weeks af -
ter surgery [5129].
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7-24 Posterior digital neurectomy

Neurectomy of the posterior distal digital nerve is used in some cases of in-
curable disease in the caudal part of the hoof, e.g. navicular disease, nav-
icular bonefracture, ossification of thelateral cartilages). Before neurect-
omy isconsidered, it should be established that palmar digital nerve block
abolishes the lameness, because concurrent causes of chronic lamenesse.g.
ringbone, sesamoiditis, arthrosis of the fetlock joint, are contraindications
for neurectomy.

Surgery. The horse is placed in lateral recumbency under general anaes-
thesia. The operation can aso be performed on the standing horse with a
regional nerve block proximal to the site of the operation. A skin incision of
about 3 cmis made over the nerve, which liesjust cranial and parallel to the
digital flexor tendons. Subcutaneous fasciais dissected just caudal to the
ligament of the ergot [513]. At this point the tissues may be separated by
dissection scissors or by careful sharp dissection. It isimperative that the
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least possible surgical traumaisinflicted. The nervelies slightly caudal to
the digital artery, and is separated from the artery using dissection scissors
[514]. The nerve is then stripped of the surrounding fascia. One should
positively identify the nerve (by careful observation of macroscopic charac-
teristics) before transection. With tension applied, a sharp scalpel is used to
cut the nerve in the proximal commissure of the incision [515]. The sev-
ered end retractsto its normal position proximal to the incision. The nerve
isthen severed at the distal end of the incision, removing about 2.5-3 " °f
the nerve. Theincision is closed with interrupted skin sutures [516]. A
sterile pressure bandage is applied and left in place for 7 days. The surgical
areais protected with bandages for two further weeks.

The horse can be put back to work after six to eight weeks' rest. The prog-
nosisisgenerally fair but pai nful neuromaoccasionally may develop.
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abdominal cryptorchidectomy
- flank approach 61
- inguinal approach 60
- paramedian approach 61
aberrant teeth 4
abomasopexy, percutaneous 41
abomasum
- displacement of, left-sided
- left flank omentopexy 40
- percutaneous omentopexy 41
- displacement of, right-sided,
- right flank laparotomy 42
- 'flexio'of42
- pyloromyotomy of 42
-'rotation’of 42
accessory nerve, neurectomy of 18,19
anastomosis of intestine
- Side-to-side 44,45,47
- anisoperistaltic 45
- isoperistaltic 45
- jejunocaecostomy 47
- end-to-end 46
- end-to-side 47
- jejunocaecal bypass 47
annular ligament of the fetlock, sectioning of 108
ansa proximalis of colon, dilation and torsion of
43
anus
- atresia of 50
atresia
- of nasolacrimal orifice 16
- ani (et recti) 50
arthrodesis
- of distal intertarsal joint 122,123
-oftarso-metatarsal joint 123

arthrotomy

-of carpal joint 116

- of fetlock joint 129,132

- of intertarsal joint, distal 122,123,124
- oftarso-metatarsal joint 123,124

-of tibio-tarsal joint 121

bone(s)
- carpal, fracture of 116
- femur, supracondylar fracture of 118,119
- metacarpal / metatarsal
- fracture of 126,127
- sequestration of 128
- valgus deviation of 117
- navicular
-fracture of 134,135
- resection of 96,97
- phalanx
- first,fracture of 126,127,130,131,132
- second, fracture of 126,127
- third, fracture of 133
- radius
- fracture of 126,127
- valgus deviation of 117
- sesamoid, apical fracture of 129
- tibia
-fracture of 120
- valgus deviation of 117
- ulna, fracture of 114,115
Braun's pinch skin grafting 84,85
Bolz' penis retraction operation 74,75

1%

caecotomy 43
caecum,dilation and torsion of 43
caesarean section 76,77
canker 92
carbon fibre, implantation in tendons 109
carpal bone fracture 116
carpal bursa, extirpation of 87
carpal joint, arthrotomy of 116
castration
- closed technique 53
- in cryptorchidism
-inguinal 58,59
-abdominal 60,61
- half-closed technique 54,55
- in the recumbent stallion 54
- in the standing stallion 55
- ininguinal (scrotal) hernia 62,63,64,65
- open technique 52
- primary closure method 56
caitle
- abomasal displacement
- left-sided,correction of 40,41
- right-sided, correction of 42
- anus, atresia of, see pig
- caesarean section 76,77
- caecotomy 43
- cystorrhaphy 67
-dehorning 2,3
- diaphragmatic herniorrhaphy, see horse
- digit
- amputation of 98
- digital flexor tendons, resection of 99
- digital synovial sheath, resection of 99
- heel abscess, treatment of 95
- interphalangeal joint, distal, resection of 96,97
- navicular bone, resection of 96,97
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-disbudding 2,3
- enterectomy, end-to-end anastomosis 46
- episiotomy,see horse
- eyeball, enucleation of 15
- eyelid laceration, see horse
- femur, supracondylar fracture, plate osteo-
synthesisof 118,119
- flank laparotomy 36,37
- laryngotomy,in bovine necrotic laryngitis 23
- mandibular body fracture, see horse
- mandibular interdental space fracture, treat-
ment of 11
- mammary gland, amputation of, see sheep
- metatarsal bone fracture, treatment by walking
cast 126,127
- nictitating membrane, excision of 14
- paramedian laparotomy, see horse
- patellar ligament, medial, see horse
- penis
-amputation of 70
- removal of neoplasms 70
- rectum prolapse, see horse
- rumenotomy 39
- sequestrectomy 128
- sinus, frontal, trephination of 7
- skin grafting, see horse
- tail, amputation of 113
- tarso-metatarsal joint, arthrotomy and
curettage of septic bovine spavin 124
-teat
- fistula, congenital, management of 102
- fistula, traumatic, repair of 101
- lacerations, repair of 100
- obstructions, repair of 103
- tibia fracture, plate osteosynthesis 120
- tibial neurectomy in spastic paresis 110,111
- tongue, lingual mucosa resection 12
- tracheotomy, see horse
- ulna fracture, see horse
- umbilical herniorrhaphy 30,31
- urachal fistula, resection of 32,33
- urethrotomy,see horse
- ventral midline laparotomy, see horse
cerclage wire 10,120
circumcision (reefing) of equine penis 72
cloaca 80
coccygeal myectomy 112
colpotomy 82
condylarplate(DCP) 118,119
cracks 88,93
crib-biting 18
cricoarytenoidopexy 20
cryosurgery 86

cryptorchidectomy

- abdominal 60,61
-inguinal 58,59
cryptorchidism

- abdominal 58,60,61

- inguinal (‘high flanker") 58
- partial abdominal 58
cunean tenectomy 122
cystectomy, partial 32
cystorrhaphy 67
cystotomy,pararectal 68

dehorning
-in cattle 2,3
- in goats 3
dentigerous cyst 4
desmotomy
- of annular ligament of the fetlock 108
- of inferior check ligament 106
- of medial patellar ligament 107
diaphragmatic hernia 26,27
diaphragmatic herniorrhaphy 26,27
digital flexor tendon
-deep
- 'contraction'of 106
- fenestration of 90
-resection of 96,99
- rupture of 109
- superficial
-resection of 99
- rupture of 109
digital synovial sheath
-synovitisofgg
- resection of 99
disbudding,incalves2
Dynamic Compression Plate (DCP) 114,115,118,
119,120

ear fistula 4

embryotomy wire 3,98
enterectomy 44,46,47,48,49,64,66
enterotomy 43

enucleation of eyeball 15
episiotomy 82

Eustachian tube 6

evisceration

- of intestine 66

-ofomentum 66
eyeball,enucleation of 15

eyelid

-lacerations of 13

- third (nictitating membrane) 14

femur, supracondylar fracture of 118,119
fenestration

- of gutteral pouch 6

- of deep flexor tendon 90,91
fibropapillomatosis, penis 70
fistula

-ear 4

- recto-vaginal 50

- teat 101,102

-urachus32,33

- withers 28

flank laparotomy, seelaparotomy
'flexio'of abomasum 42

flexor tendon, see digital flexor tendon
fracture

- of carpal bone(s) 116

-of femur 118,119

- of mandible 10,11

-of maxilla 10

- of metacarpal bone 126,127

- of metatarsal bone 126,127
-of navicular bone 134,135

- of phalanges 126,127,130,131,132,133
-of radius 126,127

-of sesamoid bone 129

-of splint bone 125

-of tibia 120,126,127

-of ulna 114,115

frog

- canker 92

- pododermatitis of 88

- puncture wounds of 90,91

- thrush 93

Forssell's myectomy 18

goat

- castration,closed technique 53
- dehorning 3

- rumenotomy, see cattle

- urethrotomy,see horse
Gbkel's pararectal cystotomy 68
grid incision 36,37

guttural pouch

-drainage of6

-fenestration of 6

heel abscess 95

hernia

- accreta 30

- diaphragmatic 26,27

- incarcerated 30,64

- inguinal (scrotal) 62,63,64,65
- interstitial 65
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- non-reducible 30
-reducible 30,62
- umbilical 30
herniorrhaphy
- diaphragmatic 26,27
-inguinal 62,63,64,65
-umbilical 30,31
hoof, see horse
horse
- accessory nerve, neurectomy of 18,19
- anus,atresia of, see pig
-aural fistula,extirpation of 4,5
- castration
- closed technique, see goat
- half-closed technique 54,55
- open technique, see pig
- primary closure method 56
- carpal bone fracture, arthrotomy in 116
- cricoarytenoidopexy 20,21
- cryosurgery of sarcoids 86
- cryptorchidectomy
-abdominal 60,61
-inguinal 58,59
- cystorrhaphy,see cattle
- cystotomy,pararectal 68
- diaphragmatic herniorrhaphy 26,27
- enterectomy
- end-to-end anastomosis, see cattle
- end-to-side anastomosis 47
- side-to-side anastomosis 44,45,47
- episiotomy 82

- evisceration after castration, management of 66

- eyeball, enucleation of, see cattle
- eyelid lacerations, suturing of 13
- femur, supracondylar fracture of, see cattle
- fetlock annular ligament, sectioning of 108
- fetlock joint, arthrotomy 132
- Forssell's myectomy 18,19
- guttural pouch, drainage and fenestration 6
-hoof

- canker, treatment of 92

- cracks, treatment of 93

- keratoma, extirpation of 89

- pododermatitis, treatment of 88

- puncture wounds, management of 90,91
- thrush, treatment of 93
- inferior check ligament, desmotomy of 106
- inguinal herniorrhaphy 64,65

- intertarsal joint,distal,arthrodesis of 122,123

- jgjunocaecostomy 47

- laryngotomy
- subepiglottal cyst, extirpation of 22
- ventriculectomy 20,21

- mammary gland,amputation of, see sheep
- mandibular body fracture, treatment of 10

- mandibular interdental space fracture, see cattle
- metacarpal/metatarsal bone fracture, see cattle

- nasolacrimal orifice atresia, treatment of 16
- navicular bone fracture, lag screw fixation of
i34,i35
- nictitating membrane, see cattle
- ovariectomy 82
- paramedian laparotomy 38
- patellar ligament, medial, desmotomy of 107
- penis
-amputation of 71
- circumcision (reefing) of 72
- retraction operation (Bolz) 74,75
- perineal reconstruction after third degree
|aceration 80,81
- phalanx fracture
- first, treatment of 126,127,130,131
- third, treatment of 133
- posterior digital neurectomy 136
- premaxilla fracture, treatment of 10
- preputial orifice, retention suturing of 73
- rectum prolapse, correction of 48,49
- sequestrectomy,see cattle
- sesamoid bone fracture, ostectomy 129
- sinus, maxillary, trephination of 8,9
- skin grafting 84,85
- splint bone fracture,resection of 125
-tail, see cattle
-teat, see cattle
- teeth, repulsion of 8,9
- tendon repair, carbon fibre implantation 109
- tibia fracture, see cattle

- tibiotarsal joint, arthrotomy in osteochondrosis

121
- tracheotomy 24
- ulna fracture, plate osteosynthesis 114,115
- umbilical herniorrhaphy, see cattle
- urethrotomy 69
- valgus deviation, correction of 117
- vestibuloplasty 78,79
- withers, treatment of fistula 28
- ventral midline laparotomy 34,35

inferior check ligament, desmotomy of 106
inguinal cryptorchidectomy 58,59

inguinal (scrotal) hernia

- direct 65

- incarcerated 64

- indirect 65

- interstitial 65

- reducible 62

inguinal herniorrhaphy 62,63,64,65
interphalangeal joint, distal, resection of 96,97
intertarsal joint, distal

- arthrodesis of 122,123

-curettageof 124

intestine

- anastomosis 44,45,46,47,64,66

- enterectomy 44,45,46,47,48,49,64,66
- enterotomy 43

-evisceration of 66

- herniation of 26,27,30,31,62,64,65

- prolapse of 48,49,65,66
intussusception

- ileocaecal 47

- jejunal 46

- rectal 48

jejunocaecostomy 47
joint
- carpal, arthrotomy of 116
- fetlock, arthrotomy of 129,132
- interphalangeal, distal, resection of 96,97
-intertarsal, distal
- arthrodesis of 122,123
-curettageof 124
- tarso-metatarsal
- arthrodesis of 123
-curettageof 124
- tibio-tarsal, arthrotomy of 121

keratoma 89

lag screw fixation

- of carpal bone fracture 116

- of first phalanx fractures 130,131

- of third phalanx fractures 133

- of navicular bone fracture 134,135

|aparotomy

-flank,left 36
- in abdominal cryptorchidism 61
- in abomasal displacement, |eft-sided 40
- for caesarean section 76,77
- for rumenotomy 39

-flank,right 36,37
- in abdominal cryptorchidism 61
- in abomasal displacement, right-sided 42
- in intestinal disorders 43,46

- paramedian 38
- in abdominal cryptorchidism 61
- inurinary bladder disorders 67

- ventral midline (linea alba) 34,35
- in abdominal disorders 44,45,47

laryngeal hemiplegia20
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laryngitis, necrotic 23

laryngotomy

- in bovine necrotic laryngitis 23

- for extirpation of subepiglottal cyst 22
- for ventriculectomy 20,21
lineaalba,laparotomy 34,35

mammary gland

-amputation of 104

- supernumerary 102

mandible, fractureof io, 11

maxilla, fracture of 10
metacarpal/metatarsal bone
-fracture of 126,127

- sequestration of 128

- valgus deviation of 117

muscle(s)

- coccygeal,myotomy of 112

- gastrocnemius,denervation of 110
- omohyoideus, myectomy of 18

- sacrococcygeal,myotomy of 112

- sternocephalicus, myectomy of 18
- sternohyoideus, myectomy of 18

- sternothyroideus, myectomy of 18
myectomy, Forssell 18,19
myotomy,coccygeal 112

nasolacrimal orifice, atresia of 16

navicular bone

- fracture of 134,135

-resection of 96,97

navicular bursa

- bursitis of 90,91,96,97

-drainage of 90,91

neurectomy

- of accessory nerve 18,19

- of posterior digital nerve 136

- of tibial nerve 110,111

nictitating membrane (third eyelid), excision of
14

omentopexy

- left flank 40

- right flank 42

omentum

- evisceration (prolapse) of 66

- omentopexy 40,42
osteochondrosis,tibiotarsal joint 121
osteosynthesis

- of carpal bone fracture 116

- of femur (supracondylar) fracture 118,119
- of mandibular interdental space fracture 11
- of navicular bone fracture 134,135

- of phalanx fractures 130,131,133

- of premaxilla and mandibular body fractures 10
- of tibia fracture 120

- of ulna fracture 114,115

ovariectomy 82

paramedian | aparotomy,see |aparotomy

paraphimosis 72,73

pararectal cystotomy 68

patella, fixation of 107

patellar ligament, medial, desmotomy of 107

penis

- amputation of 70,71

- circumcision (reefing) of 72

- fibropapillomaof 70

- neoplasms of 70,71

- paralysis of 74

- paraphimosis of 72,73

-retention of 73

- retraction operation (Bolz) of 74,75

perineum, third degree lacerations (cloaca) of 80,
81

phalanx

- first,fracture of 126,127,130,131,132

- second, fracture of 126,127

- third, fracture of 133

Pig

- anus, treatment of atresia 50

- castration, open technique 52

- cryptorchidectomy, abdominal 61

- herniorrhaphy
-inguinal 62,63
- umbilical, see cattle

- rectum prolapse, see horse

plate

-condylar (DCP) 118,119

- Dynamic Compression Plate (DCP) 114,115,
118,119,120

plate osteosynthesis

- of femur (supracondylar) fracture 118,119

- of tibia fracture 120

-of ulna fracture 114,115

pneumovagina78

pododermatitis

- in cattle 94,95,96,98

- in horses 88,90,92,93

preputial orifice, retention suture of 73

prolapse

-of intestine 65,66

-of rectum 48,49

puncture wounds of the sole 88,90,91,94,95,96

pyloromyotomy 42

radius
- fracture of 120,126,127
- valgus deviation of 117
recto-vaginal fistula 50
rectum
- atresia 50
- prolapse
- amputation of 48,49
- complete 48
- incomplete 48
-reposition of 48
-retention of 48
reefing of equine penis 72
rectovestibular septum, rupture of 80,81
repulsion of molar teeth 8,9
rumenotomy 39
'rotation’ of abomasum 42

sarcoids,cryosurgery of 86
sequestrectomy 128
sesamoid bone, fracture of 129,132
sheep
- anus, atresia of, see pig
- flank laparotomy, see cattle
- herniorrhaphy
-inguinal,see pig
- umbilical, see cattle
- mammary gland,amputation of 104
- rectum prolapse, see horse
- rumenotomy, see cattle
- urethrotomy,see horse
- vasectomy 57
sinus
- frontal, trephination of 7
- maxillary, trephihation of 8
skin grafting
- pinch skin grafting (Braun) 84,85
- split skin grafting (Thiersch) 84
spastic paresis 110,111
spavin (horse) 122
spavin, septic (cattle) 124
splint bone,fracture of 125
subepiglottal cyst, extirpation of 22
suckingin cattle 12

tail

-amputation of 113

- coccygeal myotomy 112
tarso-metatarsal joint

- arthrodesis of 123
-curettageof 124
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