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Course overview 

 

 

13.07.01 Introduction to the principles of small animal surgery 
Zurich University 
Chair: Montavon / Koch 
 

 0900  Tour in Zurich De Robillard 
 1200 Lunch  
 1300 Welcome, goal of the course Montavon 
 1315 Halsted principles Voss 
 1345 Suture techniques Keller 
 1515 Break  
 1530 Basic skin course Grundmann 
 1730 End of the day Montavon 
 1830 Apero at the hotel Koch 
    
14.07.01 0830 Wound toilet and wound dressings Dennler 
 0930 Orthopaedic bandages and slings Koch 
 1100 Introduction to the principles of fracture repair Koch 
 1200 Lunch, end of morning session 

Afternoon: shopping in Zurich 
  

 
 
 
 

   

15.07.01 Social programm 
Bernese mountains 
Chair: NN 
 

 0800 Departure at the hotel  
 All 

day 
Visit in the Bernese mountains, Jungfraujoch Faculty 

 
 
 
 
 

   

16.07.01 Basic course in fracture treatment 
Bettlach 
Chair: Schwab (AO) 
 

 0730 Departure at the hotel  
 0900 

– 
1700 

Basic course in fracture treatment:  
Several excercises on plastic bones with original material, 
short visit at the factory 

Schwab 
Montavon 
Koch 

 1830 Arrival at the hotel  
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17.07.01 Introduction to anesthesia, abdominal surgery on cadavers 

Zurich University 
Chair: Montavon / Koch 
 

 0830 Introduction to anesthesia Boller 
 0930 Feeding tubes Keller 
 1030 Break  
 1050 Celiotomy, exploration, biopsy techniques Dennler 
 1200 Lunch  
 1300 Splenectomy Damur 
 1345 Enterectomy, anastomosis Voss 
 1445 Gastropexy Haas 
 1545 Hernia diaphragmatica Dennler 
 1630 Reconstruction techniques (omentum, serosal patching, 

mesh, allografts) 
Koch 

 1715 End of the day  
 
 

   

18.07.01 Simple fracture treatment on cadavers 
Zurich University 
Chair: Montavon / Koch 
 

 0830 External skeletal fixator on the humerus (tie-in) Bass 
 0930 Tension band wiring and parallel pinning on proximal hu-

merus fracture 
Bass 

 1030 Break  
 1045 Metacarpal fracture treatment with pinning Keller 
 1130 Lunch  
 1230 External fixator (tubular) radius / ulna fracture Voss / Dennler 
 1330 Pinning technique for  femoral neck fracture Koch 
 1430 Cross-pinning for distal femoral Salter Harris fracture Damur 
 1530 Break  
 1600 Tibia fracture: it is your decision Koch 
 1700 Assessment of postoperative radiographs Montavon 
 1730 End of the day  
 1900 Farewell dinner, certificates Faculty 
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Halsted’s Principles of Surgery 

Katja Voss,  Dr. med. vet.; Curzio Bernasconi, Dr. med. vet. FVH 

 

 

Introduction 
Around the middle of the 19th century two important discov-

eries were made to bring surgery to the present state: the 

discovery of general anesthesia and the recognition of bacte-

ria as a source of infection. These changes enabled surgeons 

to pay more attention on asepsis and surgical techniques. 

instead of having to operate as quick as possible on a con-

scious patient. 

 

William S. Halsted (1852-1922) was a famous surgeon living 

in that period. His contributions to surgery were in the fields 

of asepsis, local and regional anesthesia and vascular, thy-

roid, intestinal and cancer surgery. Halsted propagated the 

importance of asepsis and the need for gentle tissue handling 

during operations. His surgical principles are still true at pre-

sent. Their common goal is the prevention of infections and 

the promotion of rapid tissue healing: 

 

1. Gentle tissue handling 
Every operation causes damage to the tissues, inflammatory reactions and pain. A certain degree 

of inflammation is part of the healing process. But rough tissue handling leads to tissue necrosis, 

the accumulation of fluid and debris in the wound bed and to a decrease in vascularization. The 

larger the amount of debris the longer it will take phagoycytic cells to remove it. Migration of fi-

broblasts and capillaries takes place after the “cleaning-up” of a wound and will therefore also be 

delayed. In addition to the prolonged healing time infections are more likely to occur.  

The use of appropriate instruments and correct surgical techniques help to treat tissues as gentle 

as possible and to minimize tissue damage, pain and infections. Some examples are: 

 

- Sharp dissection whenever possible (scalpel blade instead of scissors) 

- The least possible manipulation of tissues with appropriate instruments (Adson Brown forceps 

for skin, De Bakey forceps for abdominal surgery, oscillating drill for pelvic and spinal fracture 

repair) 

- Gentle retraction of important structures like nerves and vessels 

- Avoidance of drying out of tissues by frequent flushing 

- Heat reduction during drilling or sawing bone by flushing 

 

 

 

 

2. Accurate hemostasis 
Intraoperative advantages of a good hemostasis are obviously a better view in the operation field 

and a lesser amount of blood loss. Postoperative advantages are the avoidance of hematomas, 
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which are a potential source for infections. Blood clots are a perfect media for bacterial growth 

because the host defense mechanisms and antibiotic agents cannot reach the center of a fluid 

filled space. 

Hemostasis can be achieved by two techniques, electrocoagulation and ligation. Veins smaller 

than 2 and arteries smaller than 1 mm in diameter can be electrocoagulated. The electric current 

causes denaturation of proteins in the intima and seals the vessel. Care is to be taken to grasp 

only the vessel and not the surrounding tissue with the forceps. Larger vessels should be ligated, 

because this is more secure. Appropriate suture materials are catgut and silk because of their 

good knot security.  

 

3. Preservation of adequate blood supply 

An intact blood supply is the cornerstone for healing of soft tissues and bones. In regions with 

impaired vascular supply, host defense mechanisms cannot reach the wound and the growing of 

bacteria cannot be hindered. Also the migration of fibroblasts and new capillaries cannot take 

place without adequate blood supply. A good knowledge of the regional anatomy helps to identify 

and retract important vessels. Many techniques have been developed in the different surgical 

fields to enhance regional blood supply. Some examples are: 

- “Biologic Fracture Repair”: no attempt is made to reduce small bone fragments in comminuted 

fractures anatomically, only the main fragments are stabilized (fixateur externe, plate and 

rod). Like this the small fracture fragments remain attached to the surrounding soft tissue and 

the extraosseus blood supply. This leads to a rapid callus formation and therefore to early 

stability. 

- Using implants that preserve blood supply in fracture repair (fixateur externe, special plates 

(Point Contact Plate, Low Contact Plate), interlocking nail… 

- Avoidance of implants that destroy the regional blood supply (cerclage wiring) 

- Angling the cut in enterectomies towards the antimesenteric side of the intestine 

- Axial pattern skin flaps: transposition of a skin flap with its main vessel 

- Tying sutures too tight strangulates the incorporated tissue, impairs blood flow and can lead 

to dehiscence. 

 

4. Strict Asepsis 
Factors leading to wound infection are contamination of the wound with a certain number of bac-

teria and impaired host defense mechanisms. Contamination can’t be prevented, but minimized by 

aseptic pre- and perioperative techniques, host defense mechanisms can be influenced by proper 

surgical techniques. More than 106 bacteria per gram tissue in a closed wound generally lead to 

postoperative infections. This number is even lower in wounds with necrotic tissue, blood clots, 

dead space and impaired blood supply. 

 

Prevention of surgical infections can be achieved by the following aseptic techniques: 

- Aseptic preparation of the patient, the surgical team, the instruments and the operating room 

- Proper surgical technique (hemostasis, gentle tissue handling, changing gloves and instru-

ments after opening and closure of contaminated organs) 

- Copious wound lavage with sterile solutions  

- Reduction of operation time 

- Sterile dressings on the surgical wound postoperatively and clean waking-up boxes 
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5. No tension on tissues 

Too much tension on tissues leads to occlusion of underlying blood vessels by pressure elevation 

and therefore to ischemia. This problem is often encountered in closure of skin defects under ten-

sion, which leads to dehiscence of the suture. The problem can be avoided by placing tension re-

lieving sutures or by using skin flaps in large defects.  

 

6. Careful approximation of tissues 
The careful approximation of tissue layers during wound closure promotes wound healing and al-

lows restoration of normal functionality. The tissue planes also serve as a natural barrier against 

infections and should be respected. 

- Avoidance of seromas by closing subcutis and cutis 

- Allowing normal function of muscles or muscle groups through adapting corresponding fascial 

layers 

- Quicker initial healing of intestinal wounds with adaptive suture techniques compared to in-

verting or everting techniques 

 

7. Obliteration of dead space 

Dead spaces fill with blood or exsudative fluid and are prone to the development of infections. 

Smaller dead spaces can be avoided by a 3-point suture pattern (for example during closure of 

the subcutis in after midline coeliotomies, or mastectomies) or by placing a pressure bandage 

postoperatively (for example after fracture repair). Large dead spaces or already infected or fluid 

filled areas must be treated by drainage (bite wounds). 
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Suture techniques 

Marcel Keller, Dr. med. vet. 

 

 

Selection of the Suture Material 
 

Sutures are either absorbable or nonabsorbable. Absorbable sutures undergo degradation and rapid 

loss of tensile strenght within 60 days. Sutures are also natural (e.g., surgical gut/catgut) or synthetic 

(e.g., polydioxanone/PDS). One advantage of the synthetic suture material is the minimal foreign 

body reaction. A further classification exists of braided and monofilament sutures.  Braided sutures 

have better handling properties and knot security, but they have the disadvantage of capillarity and 

dragging bacterias into deeper tissues. 

As a general rule sutures should be at least as strong as the normal tissue through which they are 

placed. The relative rates at which suture loses strenght and the wound gains strenght should be 

compatible. A further important factor is if the suture biologically alters the healing process seen as an 

example in infected wounds. Monofilament sutures are more infection resistant, whereas catgut loses 

rapid its strenght when placed in infected wounds. 

The smallest suture size which is appropriate should be used. Use of too large a suture results in ex-

cessive foreign material in the wound and needlessly alters the architecture of the sutured tissue. 

 

 

Guidelines for Selection of Sutures 

 

Skin:  Monofilament sutures like polymerized caprolactam (Supramid!) or Polypro-

pylene (Prolene!) size 4-0 to 3-0.  

Subcutis:  Synthetic absorbable sutures like Poyglactin 910 (Vicryl!) or Polydioxanone 

(PDS!) size 4-0 to 3-0. 

Fascia: Synthetic nonabsorble sutures like Polypropylene (Prolene!) or  absorbable 

sutures like Polydioxanone (PDS!) size 3-0 to 0. 

Hollow viscus: Monofilament absorbable sutures like Polydioxanone (PDS!) or surgical gut 

(Catgut!), or nonabsorbable like Polypropylene (Prolene!) size 5-0 to 2-0. 

Tendon: Nonabsorbable sutures like Polypropylene (Prolene!) size 3-0 

to 0, or stainless steel.  

 

 

Handling of Instruments 

 
Good handling of instruments is important to minimize iatrogenic injury to tissues. With practice, time 

can be saved when respecting the following rules. 

 

1.  Positioning the needle: Generally grasped perpendicular to the long axis of the needle holder 

and near the tip of the needle for greatest driving force (dense tissue), near the midpoint of 

the needle for general purpose suturing and near the eye of the needle when suturing delicate 

tissues. 
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2.  Properly grasping the needle holder: Use of the modified thenar eminence grip for suturing 

speed and the thumb-third finger grip for suturing precision. 

3.  Positioning of the free end of the suture: Generally placed on the far side of the field or car-

ried by an assistant. 

4.  Placing the needle point: Forehand sewing is easiest (toward the surgeon or from right to 

left). The distance between the needle puncture site and the wound edge should approximate 

the thickness of the tissue layer being sutured. 

5.  Driving the needle: A single rotating motion of the hand with an arc similar to that of the nee-

dle is most efficient. 

6.  Releasing the needle: Use of tissue forceps to stabilize the tissue layer being sutured during 

release of the needle holder decreases the chance of needle dislodgement. 

7. Regrasping the needle: Perpendicular regrasping is most efficient. 

8.  Extracting the needle: Extraction with the hand supinated often allows the next suture of a 

continuous pattern to be placed without having to reposition the needle. Extraction with the 

hand pronated facilitates more precise extraction. 

9.  Pulling the desired length of suture trough the wound: One uninterrupted motion with the 

needle holder away from the wound is preferable to hand-over-hand pulling of the suture by 

an assistant. 

10.  Tying the knot or repositioning the needle for the next suture. 

 

Smooth execution of these ten steps is greatly fascilitated by efficient use of tissue forceps with the 

nondominant hand. Tissue forceps initially grasp the tissue layer above the one being sutured and 

retract it upward and outward to provide exposure for needle placement. As the needle is driven, the 

tissue forceps are moved to the layer being sutured, which is elevated to expose the needle exit point. 

The forceps are then moved to the near side or left side of the wound to expose the needle entrance 

site. As the needle penetrates the second site, the tissue forceps are moved to retract the layer 

above. Visibility of the needle is maximized throughout, thus aiding accurate suture placement. Al-

though time can be saved by penetrating both sides of the wound with one motion of the needle, 

more accurate approximation of wound margins is often obtained by taking seperate bites on each 

site. 

 

General Principles of Knot Tying 

    
 

 Simple   Square   Half-hitch  Granny 

 

 
 Surgeon‘s 
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The knot is the weakest point of each suture and therefore important to prevent losening of the su-

ture. 

The simple knot is the basic component of three different types of knots. Depending on how they are 

thrown, two consecutive simple knots can result in a square knot, a granny knot, or a half-hitch. 

Square knots are produced by reversing direction on each successive simple knot and maintaining 

even tension on both strands parallel to the plane of the knot as each throw is tightened. Failure to 

reverse direction on successive throws results in a granny knot. Failure to maintain even tension on 

both strands or applying upward tension on the strands (pulling the strands away from the plane of 

the knot) often results in a half-hitch. Granny knots and half-hitches are not generally recommended, 

because both are subject to slippage. They are sometimes intentionally applied as slipknots and tight-

ened to overcome tension. When this is done, the knot should be covered with several square knots 

to prevent loosening. 

A surgeon’s knot is similar to a square knot except that one strand is passed through the loop twice 

on the first throw. This produces increased friction and can be used when tissue tension precludes 

adequate tightening of the first throw of a square knot. A surgeon’s knot is not recommended when 

using surgical gut, because increased friction tends to fray the material at the knot, weakening it. 

 

1. Knot security is inversely proportional to suture diameter; thus the smallest suture material provid-

ing adequate strenght is used. Sutures no larger than 3-0 for isolated vessels and no larger than 0 for 

tissue pedicles are used. Polydioxanon or silk are recommended for ligatures. 

2. Inadequate tightening of each throw results in a bulkier and less secure knot. Adequate tension 

must be applied evenly to both strands in a controlled manner to produce secure square knots and to 

avoid damage to suture material. 

3. To minimize foreign body reaction, the completed knot is small with the ends cut short, about 3 

mm long for synthetic sutures and 6 mm long for surgical gut. Gut must be cut longer because its 

tendency to swell. 

4. Needle holders or hemostats are never placed on any portion of the suture that is to remain in a 

patient, especially the knot. 

5. Only the minimum throws needed to produce a secure knot are used. Single interrupted sutures 

need about 4 throws . Simple continous sutures for an example closure of the linea alba with PDS! 0, 

need 7 throws. 

 

 

Selected Suture Patterns 

 

Suture patterns are categorized into continuous or interrupted, and into their tendency to appose 

tissue in appositional, inverting and tension sutures. 

 

 Single interrupted suture Continuous suture 

Advantage precisely adjust tension at each point 

 

speed 

air and watertight seal 

Disadvantage time consuming 

poor suture economy 

suture breakage may lead to disruption 
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Appositional Sutures 
 

 single interrupted 

 

       Skin, subcutis 

 
 

 

 single continuous 

 

       linea alba, anastomosis of the intestines 

 
 

 

 

 interrupted cruciate 

 

       fascia 
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Inverting Sutures 
 

 continuous vertical matress (Lembert) 

 

       outer layer of stomach 

 
 

 

 

Tension Sutures 
 

 continous horizontal matress 

 

       inner layer of stomach 
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Wound debridement and wound dressings 

Renate Dennler, Dr. med. vet. 
 
Wounds may be closed immediately after injury (primary wound closure), within 1 to 3 days after 

injury when they are free of infection but before granulation tissue has appeared (delayed primary 

wound closure), after the formation of granulation tissue (secondary closure) or they may be allowed 

to contract and epithelialize (second intention healing). If there is any doubt as to whether a wound 

should be closed it is best to leave it open. The following list shows factors that affect the decision to 

close wounds: 

1. Time since injury: Wounds older than 6 to 8 hours are initially treated with bandages. 

2. Degree of contamination: Obviously contaminated wounds should be thoroughly cleansed and 

initially treated with bandages. 

3. Amount of tissue damage: Wounds with substantial tissue damage are more likely to become 

infected, therefore they should initially be left open and treated with bandages. 

4. Completeness of debridement: Wounds should remain open if the initial debridement was con-

servative and further debridement is needed. 

5. Blood supply: A wound with critical blood supply should be observed until the extent of nonvi-

able tissue is determined. 

6. The animal's health: Animals unable to tolerate anesthesia should be managed with bandages 

until their health has improved. 

7. Closure without tension or dead space: Wounds should be managed with bandages if excessive 

tension or dead space is present in order to prevent dehiscence, fluid accumulation, infection, 

and delayed wound healing. 

8. Location of the wound: Large wounds in some areas (e. g. limbs) are not amenable to closure. 

Degloving injuries are the best example for wounds that should be treated with conservative man-

agement as wound debridement and bandages. Degloving injuries result from rotational forces for 

example in car accidents. The sudden shearing strain leads to excessive skin loss (anatomical flaying) 

in combination with damage to soft tissue and bone. The skin surface can also stay intact (physiologi-

cal flaying) while there is complete disruption of the less resistant subcutaneous vascular network. 

This leads to ischemic necrosis of the skin several days after wounding. In most instances degloving 

injuries affect the distal limbs.  

 

Emergency Wound Care 

In general, there should be minimal interference with a wound before definitive treatment is per-

formed. Harsh antiseptic agents, ointments, solutions, and powders may inhibit normal wound healing 

and cause chemical injury to tissue. They should therefore be avoided. 

1. Wear gloves! Bacteria from ungloved hands can easily cause infection. 

2. Apply a temporary bandage to prevent further contamination and self-mutilation and to control 

local hemorrhage. 

3. Systemic broad spectrum antibiotics. 

4. Take radiographs to evaluate bone damage or joint instability. 

 

Wound Cleansing 

1. Protect the wound with sterile, water-soluble, lubricating jelly12. 

                                                             
1 IntraSite", Smith & Nephew, England 
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2. Clipp the hair around the wound (electric clipper). 

3. Rinse the wound with physiological solutions and gently remove jelly and adherent dirt. 

 

Wound Debridement 

1. Use a mosquito to remove foreign bodies, fibrin or necrotic tissue. 

2. Use the scalpel for incisions at the wound edges if necessary 

3. Irrigate the wound with moderate pressure (use wound lavage solution, syringe and needle. In 

open joints use Ringer solution or saline only!) 

 

Material: 

Sponges, Mosquito, forceps, syringe (20 ml), 20 gauge needle, wound lavage solution (Ringer solu-

tion, saline) 

 
 

Wet and Dry Bandaging 
1. Dress the wound with sterile sponges and soak it with wound lavage solution. 

2. Wrap one layer of hydrophilic cotton wool loosely from distal to proximal (distal extremity is 

closed by the bandage). 

3. Pour wound lavage solution over the cotton wool. 

4. Wrap 1-2 layers of hydrophobic gauze. 

5. Finish with a water repellent elastic tape. 

Technique of bandaging compare chapter “Slings and Supportive Bandaging”. 

 

Material: 

Sterile sponges, hydrophilic cotton wool, hydrophobic gauze3, elastic tape4, wound lavage solution5. 

 

Aftercare: 

Change wet and dry bandage once or twice a day, depending on secretion. When the wound bed is 

covered by healthy granulation tissue, wet and dry bandage is replaced by a nonadherent dressing67 

until closure either by second intention or flap or grafts. Change dry, nonadherent bandages every 2-4 

days. 

 

Wound Drainage 
Drainage is performed when contaminated or infected wounds are closed (e.g. bite wounds). Another 

indication for drainage is the accumulation of fluid in a large dead space (e.g. tumor resection). We 

prefer latex tubes, as they are well tolerated. The tube is fixed to the skin as proximal as possible and 

its exit is as distal as possible through a separate opening. The drainage should cross the whole dead 

space, but should not interfere with the skin sutures wound as it does disturb healing. To prevent 

contamination and self-mutilation, a protecting bandage is necessary consisting of the same layers as 

a wet and dry bandage but without soaking. 

                                                             
2 K-Y"lubricating jelly, Johnson & Johnson, USA 
3 Soffban", Smith & Nephew, England 
4 Easifix", Smith & Nephew, England 
5 e.g. Lavasept", Fresenius Pharma AG, Switzerland,  
6 Adaptic", Johnson & Johnson, USA 
7 Telfa", The Kendall Company, USA 
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After 3-5 days secretion normally reduces so that the drainage tube can be taken out. As every 

drainge configuration acts as a foreign body, secretion will never stop totally with the drainage left in 

place.  

 
Fig.1: Latex tube placed in a wound as drainage. Note that the drainage does not lie under the skin 

suture.  
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Orthopaedic bandages and slings 

Daniel Koch, Dr. med. vet. ECVS 

 

 

Slings and supportive bandages provide protection, immobilisation and even stabilisation to the in-

jured limb. In some instances they also counteract to swelling after surgery. Supportive bandaging, 

with or without splints added, are normally used for injuries or postoperative treatment as proximal as 

the stifle joint or the elbow joint. Only a spica splint may be used for more proximal forelimb prob-

lems. Slings however are excellent immobilisation techniques for the shoulder or hip joint. Care must 

be taken not to impair blood flow in the distal extremity. Animals with slings are therefore favourably 

stationary patients. 

 

Modified Robert Jones bandage: 

Indications:  Postoperative bandaging of any fracture treatment or arthrotomy or soft tissue 

surgery as proximal as elbow or stifle joint; 

emergency treatment for fractures in con-

junction with additional stabilizers (casts, 

metal, wood etc);  

Technique: 1. Place tape stirrups on the distal part of 

the extremity and  support the free end 

with a short piece of wood 

 2. Protect the interdigital spaces and the 

carpal pad with cotton 

 3. Wrap cotton band from distal to proxi-

mal in endorotation around the extrem-

ity (exception exorotation: postoperative medial patellar luxation and extracap-

sular stabilization of the cruciate ligament rupture). The distal end of the ex-

tremity must be left open for bandage control. The number of cotton layers ap-

plied depends on the stability required. 

 4. Wrap 1 or 2 layers of gauze on top of the 

cotton 

 5. Reflect the tape on the bandage  

 6. Protect the padding with waterresistant 

elastic bandaging 

 7. Control swelling, sensibility and tempera-

ture of the third and fourth toe daily and 

remove the padding if viability of the limb 

is of concern 
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Spica splint 

Indications: Immobilisation of humerus, shoulder joint 

and elbow joint; postoperative to elbow 

luxation  

Technique: 1. Apply tape stirrups, cotton and gauze 

to the forelimb (in the same manner 

as with a modified Robert Jones ban-

dage) as proximal as the withers or 

around the thorax  

 2. Support the padding with a synthetic 

cast while the limb is extended 

 3. Protect the splint with waterresistent gauze 

 

 

Cast 

Indication: Fractures of radius / ulna or tibia / fibula, especially in young animals; the frac-

tures ideally have  rotational stability and the fragments are minimally displaced 

Technique: 1. The animal is put under anesthesia and placed in lateral recumbency 

 2. Place wo tape stirrups on the palmar and dorsal distal extremity 

 3. Protect interdigital space, if possible,  and carpal pad with cotton 

 4. A stockinette is applied, long enough to reflect the ends 

 5. Wrap maximal two layers of cotton 

around the prominences (os carpi ac-

cessorium, olecranon, calcaneus, fibula 

head, patella). The joints adjacent to 

the fractures must be enclosed; during 

the procedure, the limb is held in 

slight varus position by means of the 

tape stirrups 

 6. Wrap gauze or a special nonadhesive 

material around the padding o fix it 

 7. Synthetic cast is prepared (follow the 

instructions of the manufacturer) and 

wrapped around the limb 

 8. Mold the cast with flat hands (no 

wrinkles) until it is hardened 

 9. Reflect the tape stirrups and stick it 

onto the cast 

 10. Control reduction with radiographs 
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 11. Protect the cast with waterresistant wrapping 

 12. Change cast (with the help of an oscillating saw) every 7 to 14 days and 

check reduction radiographically 

 13. Special note on casts on the hindlimb: Be aware that the Achilles tendon in 

young animals may shorten very fast; therefore casts on the hindlimbs should 

always be applied in maximal tarsal flexion. 

 14. Special note on casts on the forelimb: slight carpal and elbow flexion helps 

maintaining the cast on the limb 

 

Velpeau sling 

Indications: A Velpeau sling maintains the carpus, elbow, and shoulder joints in flexed position 

and prevents weightbearing on the forelimb. Therefore indications are: Scapular 

and humerus fractures, arthopathies in the shoulder and elbow joint. The Velpeau 

sling is best applied with the animal awake. 

Technique: 1. A selfsticking broad tape is used 

 2. Enclose the antebrachium in the sling  

 3. Wrap the tape around the thorax, achieving flexion in the elbow joint 

 4. Use a second selfsticking tape; 

wrap it alongside the antebra-

chium, enclosing elbow and 

carpal joint; avoid excessive 

carpal joint flexion; that way, 

cranial displacement of the 

forelimb is prevented 

 4. Complete the sling with your 

first tape by including the sec-

ond tape in the thoracal encir-

cling 

 5. Check the limb daily for sings of obstruction 

 

Carpal sling 

Indications: Same indications as Velpeau sling, but the elbow 

joint maintains full range of motion. Cats tolerate 

carpal slings better than Velpeau slings 

Technique: 1. Flex the carpus and wrap cotton bandage 

around it 

 2. Maintain flexion with an elastic tape 

 3. Do not flex the carpus above 90 degrees 
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Ehmer sling 

Indications: Craniodorsal hip luxations (after reposition); post-

operative to internal fixation of femoral head frac-

tures. The non-weightbearing Ehmer sling pro-

vides flexion of the hip and stifle joint, internal ro-

tation and abduction of the hindlimb 

Technique: 1.  A selfsticking broad tape is used 

 2. Enclose the metatarsals in the tape 

 3. The tape is directed medial to the crus, then 

lateral to the quadriceps muscle and is 

wrapped around the caudal abdomen. By 

means of that, the hindlimb is held in the 

forementioned position. 

 4. Check the limb daily for correct placement of the sling and signs of obstruc-

tion 

 

Hobble sling 

Indications: Ventral hip luxation (after reposition), fractures of 

the plevic floor 

Technique: 1. A selfsticking tape is used 

 2. Enclose both distal tibiae in either a tape.  

 3. Stick the tapes together, so that the cat may 

walk, but straddling is prevented 

 4. Secure the sling with two pieces of tape 

placed on both medial aspects of the tibiae. 
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Basic skin course: Tension relieving techniques and skin flaps 

Stefan Grundmann, Dr. med. vet. 
 

Introduction 

 

Most skin wounds which require reconstructive surgery are due to vehicular or thermal trauma. Surgi-

cally created wounds may also need reconstructive surgery. When dealing with malignant skin tumors 

the goal should be to get wide margins free of tumor without regard for problems with primary skin 

closure. Problems associated with the above mentioned cases are excessive tension during wound 

closure, which  can result in circulatory compromise, dehiscence and skin necrosis. 

 

Tension relieving techniques 

 

Tension relieving procedures are performed to reduce tension in wounds which do not require any 

other reconstructive procedures.   

Z–plasty is a very effective technique to release tension adjacent to an incision or to increase the 

length of skin along linear scars across curved flexor surfaces. 

 

Local skin flaps  

 

Skin flaps offer a reconstructive method without the undesirable effect of second intension healing. 

The vascular supply of subdermal plexus flaps depends on the deep or subdermal plexus of the skin. 

Because of the indirect blood supply they are limited in size and not appropriate for large skin wounds  

and defects involving the lower extremities. According to the method of transfer they can be classified 

as advancement, rotation and transposition flaps.  

 

 

Instruments: 

 

scalpel  

Adson tissue forceps 

Metzenbaum scissors 

needle holder, suture material 

Majo scissors 

 

Technique 

 

Tension relieving technique: Z-plasty (Fig.1) 
 

A „Z"-shaped incision is 

drawn onto the skin with 

equal length and angles of  

60 degrees to the central 

limb. The lengthening will 

take place in direction of 
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the central limb. 

Incision of the skin and undermining the two triangular shaped flaps. 

Transposition into the opposing donor beds and suturing with interrupted suture pattern. 

 

Local skin flaps: 

A. Advancement flap (Fig.2) 
 

The skin flap is moved forward into the defect without lateral movement. This technique is mostly 

used in square or rectangular wounds. 

 

A rectangular skin defect is created. 

The orientation of the flap along the tension lines is determined. 

Slightly diverging skin incisions are made and the flap is undermined. 

Stepwise progression until the flap can be advanced over the defect. 

Suturing of the skin with interrupted suture pattern. In the edges horizontal matrass sutures can be 

used to minimize circulatory compromise of the tips . 

 

Alternative: H-plasty 

Two single pedicle advancement flaps from each side of the wound. 

 

 

 

 

 

 

 

 

 

 

 

B. Rotation flap (Fig.3) 
 

Semicircular pedicle flap, commonly used to close triangular defect, rotating the flap over the defect. 

Creation of a triangular skin defect. 

Planning the position of the flap. 

A curved incision is made and stepwise undermined until the flap can be rotated over the defect. 

Suturing of the skin with single interrupted suture pattern. 
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C. Transposition flap (Fig.4) 
 

Rectangular pedicle grafts, which are applicable in various locations. 

 

Creation of a skin defect. 

Local skin tension is assessed. 

The base of the flap is measured and marked on the skin. The width equals the width of the defect 

and is usually taken within 90 degrees to the long axis of the defect. The length is determined by the 

distance of the pivot point to the most distant part of the defect. The outline of the flap is drawn on 

the skin prior to the incision. 

After skin incision the flap is undermined, transposed and sutured into place. The donor bed is pri-

mary closed in a similar fashion. 
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Introduction to the principles of simple osteosynthesis 

Daniel Koch, Dr. med. vet. ECVS 

 

 

Biological fracture healing 

 

Principles of modern fracture healing are guided by providing maximal blood supply at the fracture 

site. Therefore, perfect alignment of the fragments should not be accompanied by additional vascular 

damage, which could impair fracture healing.  Minimal requirements for biologoical fracture fixation 

are: correct length of the extremity, correct rotational and axial alignment and interfragmentary sta-

bility. Methods, which do not (cast, closed application of a external fixator) or minimally (OBDT, "open 

but don't touch", external fixator, intramedullary pin, Trilam nail) interfere with the fracture zone, are 

preferred. Cerclage wires around the whole bone are not indicated with young animals, because two 

thirds of the bony blood supply are provided by periosteal vessels. In adult animals, periosteal blood 

supply is one third, endostal is two thirds. 

 

Implant design shows the same evolution with some retardation. New implants with lesser contact 

area with the bones are now available (LC-DCP, PC Fix, no contact fixateur, Vet-Fix). We also notice a 

revival of the external fixator or the external coaptation with cast or plaster of Paris.  
 

 

 

The sequence of fracture healing steps follows the rules of the interfragmentary strain theory. The 

more micromotion a fixation system allows, the more healing tissues with  properties that can stand 

this strain are built. Granulation tissue can be deformed to 100 %, cartilage and connective tissue to 

10 % and bone to 2 %. When choosing a fixation with  high stability (e.g. plates), a direct fracture 

healing is therefore expected. In contrast, when choosing a cast or am external fixator system, first a 

callus is built. It further stabilizes the fragments and allows the development of cartilage and bone 

(indirect fracture healing). 

 

 

Indications 

 

There are no strict rules for the choice of an implant and the way of approaching a fracture. Factors 

as personal preferences, education level, economics, patient and kind of trauma all give their contribu-

tion. The following is thought as a guideline: 
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General risk parameters 
 

High risk   Low risk 

    
Old patient Middleaged patient Young patient Juvenile patient 
Large breed   Small breed 
Several extremities   One extremity 
Bad health Preexisting disease Good health 
Thin soft tissue coverage Good soft tissue coverage 
Cortical bone   Cancellous bone 
High trauma velocity Low trauma velocity 
Large approach Mini-Approach Closed 

From: Fossum, Small animal surgery, 1997 

 
 
 
Fracture assessment: 
 
Criterium Fact Rule 

 
Soft tissue trauma Open degree 1 As closed 
 Open degree 2 Drainage, external fixator 
 Open degree 3 Open, external fixator 
Fracture type Simple, fragment apposition Smaller implants, lesser stability re-

quired 
 Comminuted fracture, no fragment 

apposition 
Bigger implants, high stability devices 
required, intramedullary implants 

Localisation Diaphysis Plates, external coaptation, intrame-
dullary implants with rotational sta-
bility and others. 

 Epiphysis, Salter-Harris fractures Pinning, cross pins 
 Apophysis Tension band  
 Artikular Plates, screws 
Bone Humerus Special: medial plating, external fixa-

tor type I and Ib, Trilam nail, N. ra-
dialis injury 

 Radius Special: medial plating, external fixa-
tor type I, II, III, no IM nails, slow 
healing with toy breeds 

 Femur Special: lateral plating, external fixator 
type I and Ib, Trilam nail, watch out 
muscle contractures in young animals 

 Tibia Special: plate medial, external fixator 
type I, II , III; nailing possible, thin 
soft tissue coverage  

Infection Infection and instabilty Maximal stability required 
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Decision making: 
 
 

 

 

  

 

 

 

 

 

 

 

Splint #      -  
Cast # (  )  (  )   -  
Cross Pins, Pinning      #   
External fixator # # # # #    
Tension band       (  ) # 
Trilam nail #   #   -  
Screws, plates  # # # #  #  
Plate - Rod  (  )  (  ) #  (  )  
 
 

Diaphysal
 
 
  

epiphysal apophysal articular 

Young animal Adult animal 

closed  open closed 

simple comminuted simple comminuted 
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Basic course in fracture treatment 

Pierre M. Montavon, Prof. Dr. med. vet.; Daniel Koch, Dr. med. vet. ECVS 

 
Cerclage Wire Application.  

 

A) Cerclage wire with “Eye” 

Secure the bone model in the vice, place the wire passer around the bone staying close to the bone’s 

surface. Insert the straight end of the wire into the end of the wire passer. Withdraw the wire passer 

and remove it from the wire. Insert the straight end of the wire through the eye. The straight end of 

the wire is passed through the opening in the wire tightener. The wire is then passed through the hole 

in the center of the peg and the peg turned to tighten the wire. Once the wire is secured around the 

bone, it must be bent away from the eye to lock it in place. To achieve this, the peg is turned in the 

opposite direction, and tension is applied to the instrument to expose approximately 1 cm of wire. The 

wire is then bent over and cut off with the wire cutter. 

 

 

B) Cerclage wire without “Eye” 

A 15 cm strand of wire has been cut from the coil. For an alternative method of wire passing, curve 

one end of the wire and pass it around the bone. The two ends of the wire are twisted together two 

or three times by hand. The two free ends of the wire are bent 90° and held securely while excess 

wire ends are cut off. The thumb is being used to help keep the wire 90° to the long axis of the bone. 

In surgery, an instrument would be used for this purpose. The wire is twisted with even tension ap-

plied until it engages the bone. To lay the twisted end of the wire close to the bone the twisting action 

is continued (in the same direction) without any tension being applied to the wire. The excess wire is 

cut off leaving three or four twists. 

 

 

Fracture of the olecranon with tension band wiring. 
Place the proximal fragment in the vice. Starting at the caudal lateral point of the olecranon drill a 

Kirschner wire, also called K-wire, through the fragment until it penetrates the fracture site. Start a 

second K-wire at the caudal medial point of the olecranon and advance it to the fracture site with the 

air drive. If necessary, withdraw the wires to a point just below the fracture surface. Reduce the frac-

ture and hold the proximal fragment with the pointed reduction forceps. Advance the K-wires into the 

shaft of the distal fragment. With a K-wire drill a transverse hole in the distal fragment approximately 

1.5 cm distal to the fracture site. Cut 15 to 20 cm of cerclage wire from the coil. Pass 10 to 12 cm 

through the transverse hole. The wire is brought tightly round the K-Wires at the point of the olecra-

non and while applying even tension to the free ends, twist them together forming a figure eight. 

Continue to apply tension while twisting until the wire is tight. Now release the tension on the wire 

and continue to twist. The wire twist will come to lie flush with the straight portion of the wire. Cut 

the excess wire off at the level of the fourth twist. Bend the K-wires at right angles with the bending 

iron. Cut the excess off with the wire cutter. Note that the final position of the wire’s twisted end is 

centrally located in the tension band. 

 

 



Introduction to the principles of small animal surgery   page 27 
 
 
Principles of the Lag Screw and the Position Screw 

 
Exercise a) Lag Screw 

A lag screw will be placed in the bone model perpendicular to the fracture line. Be sure to choose the 

end of the bone that has a simulated fracture matching the one shown on the screen. The 3.5 mm 

drill bit is placed through the appropriate end of the double drill sleeve. The glide hole is drilled 

through the near cortex only. This hole has the same diameter as the outer diameter of the threads of 

the 3.5 mm screw. The 2.5 mm end of the double drill sleeve is placed through the glide hole until it 

engages the far cortex. The 2.5 mm drill bit is passed through this end of the double drill sleeve and 

the thread hole is created in the far cortex. Remove the double drill sleeve. Attache the countersink to 

the T-handle. Countersink the glide hole in a clockwise direction. Using this instrument increases the 

contact interface between the bone and the screw head. The depth gauge has a rod with a hooked 

end, and a measurement bar which is used to determine the length of the screw needed. The meas-

urement bar is marked in 2 mm increments. The hooked rod is passed through both holes in the 

bone. It is tilted slightly and withdrawn until the hook engages the surface of the far cortex. The 

rounded end of the measuring device is pushed tightly against the near cortex and the length of 

screw is determined from the measuring scale. Measurements are rounded up to the nearest 2 mm 

mark. The 3.5 mm tap is placed through the appropriate end of the double drill sleeve and passed 

through the glide hole until it engages the thread hole. Turning the tap cuts the thread in the thread 

hole. The tap should be turned until at least two or three threads have exited the far cortex. The tap 

is removed, and a 3.5 mm cortex screw of appropriate length inserted. Compression is achieved 

across the fracture line as the screw is tightened. Note that the long axis of the screw is perpendicular 

to the long axis of the fracture line. The screw is removed and the bone model rotated 90°. A lag 

screw is inserted  as before with the only exception being the orientation of the lag screw relative to 

the fracture line. When the lag screw is not placed perpendicular to the fracture line shear forces de-

velop along the fracture line, which can cause displacement of the fracture fragments as is shown in 

this demonstration. 

 

Excercise b) The position screw 

If the configuration of the fracture is such that the fracture fragment will collapse into the medullary 

canal when compression is applied, then a screw with position function should be used. A thread hole 

is drilled through both the near and far cortices using the 2.5 mm drill bit through the appropriate end 

of the double drill sleeve. In the bone model, it will be necessary to support the fracture fragment 

while drilling. The length of the screw is determined by using the depth gauge. Note that the counter-

sink was not used. The 3.5 mm tap is used to cut the threads in both the far and near cortices.Now 

the appropriate 3.5 mm cortex screw is inserted. The position of the near fragment is maintained by 

the screw, and the fragment can no longer be collapsed into the medullary canal. Remove the screw. 

The effect of using a screw with lag function in this type of fracture configuration will be demon-

strated by creating a glide hole in the near cortex with the 3.5 mm drill bit. The same 3.5 mm screw is 

now re-inserted. Because threads no longer engage the near cortex, the fracture fragment collapses 

into the medullary canal as the screw is tightened.  

 

 

Interfragmentary Compression Fixation of the Lateral Portion of the Humeral Condyle 
with a Lag Screw and Anti-rotation Pin 
The lateral portion of the humeral condyle has been placed in the vice and a 3.5 mm glide hole is 
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drilled from the outside-in, starting at a point distal and cranial to the epicondyle. The drill should be 

oriented so that it will exit in the center of the condyle. An alternative method is to drill this hole from 

the inside-out. When this is done, the glide hole is drilled from the center of the condyle, exiting the 

bone, just distal and cranial to the lateral epicondyle. The fracture is reduced and held in place with 

the large pointed reduction forceps. The 2.5 mm end of the double drill sleeve is inserted in the glide 

hole and the thread hole is drilled with the 2.5 mm drill bit. In hard bone, the countersink is used. The 

correct screw length is determined with the depth gauge. he 3.5 mm tap through the double drill 

sleeve is used to cut the thread in the thread hole. The appropriate 3.5 mm cortex screw is inserted 

achieving compression along the fracture line. To provide additional stability to the fracture, a Kirsch-

ner wire is inserted as an anti-rotation pin, starting at a point just distal and caudal to the epicondyle. 

The pin should be driven from the lateral fragment through the medial cortex. The wire is bent with 

the bending iron and cut off. When the bone is soft, as it might be in a young animal, the countersink 

is not used. In this case a washer is used with the screw to keep the screw head from pulling through 

the bone as the screw is tightened. The critical part of the repair is restoring the articular congruency 

utilizing interfragmentary compression. 
 

An oblique fracture of the humerus will be stabilized with a 3.5 mm lag screw. This sta-

bilization will be protected with a 3.5 dynamic compression plate used as a neutralization 
plate. 

Place the proximal fragment in the vice and reduce the fracture using the large pointed reduction 

forceps. With the 3.5 mm drill bit through the double drill sleeve, drill the glide hole perpendicular to 

the fracture line in the near cortex. Insert the 2.5 mm end of the double drill sleeve through the glide 

hole until it engages the far cortex. Use the 2.5mm drill bit to create the thread hole in the far cortex. 

The countersink is used to increase the bone - screwhead contact. Determine the screw length with 

the depth gauge. Place the 3.5 mm tap through the double drill sleeve and cut the thread in the far 

cortex. Insert the 3.5 mm cortex screw. This provides compression along the fracture line. Adjust the 

bone in the vice so that the medial side is upper most. Contour the bending template to the medial 

side of the bone. The bending pliers are used to contour the plate to the shape of the bone. The me-

dium sized anvil is inserted into the bending pliers and secured in place. The bending bar has a con-

vex surface,a flat surface, and a concave surface. The convex surface is used on the concave side of 

the plate. The position of the handles is adjusted by turning the knob at the end of the pliers. The 

bending template is used to indicate where the plate needs to be bent to match the shape of the 

bone. The plate is bent along its length at multiple sites between the plate holes until its shape 

matches that of the bending template. The plate is secured to the medial side of the humerus with the 

reduction forceps. The green neutral drill guide is centered in the plate hole at one end of the plate, 

and a 2.5mm hole is drilled through both cortices. The depth gauge is used to determine the length of 

the screw. The 3.5 mm tap through the double drill sleeve is used to cut the thread in both cortices. 

Insert the 3.5 mm cortex screw. A second screw is inserted in the same manner at the other end of 

the plate. The rest of the screws are inserted on either side of the fracture repeating the same se-

quence of drilling, measuring, tapping, and inserting the screw. The reduction forceps are removed 

and each screw is retightened. The fracture has been anatomically reduced and stabilized with a lag 

screw. The plate protects the fracture reduction and has a neutralization function. 

 

Axial Compression Fixation of the Radius with the Dynamic Compression Plate 
A straight uncontoured plate has been fixed to the two fragments of the radius with reduction forceps. 

The first screw will be inserted in one end of the plate using the green neutral end of the DCP drill 
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guide. Using this guide will place the screw in the center of the plate hole. The 2.5 mm drill bit is used 

to create the hole in the bone. The depth gauge determines the screw length. The 3.5 mm tap, placed 

through the double drill sleeve, cuts the thread in the hole. The appropriate length screw is inserted. 

An other screw is inserted at the other end of the plate in exactly the same manner. Axial alignment 

of one fragment is secured by inserting a second screw in this fragment using the neutral drill guide. 

Compression will now be achieved by using the yellow-load end of the drill guide. The arrow on the 

guide should point towards the fracture line. Using this guide will cause the screw to be placed eccen-

trically in the plate hole. The 2.5 mm drill bit is used to create the hole. The hole is measured and 

tapped as before and the screw is inserted. As the screw head engages the gliding slope of the plate 

hole it pushes the plate to our left. Compression is created at the fracture line in the cortex under-

neath the plate. Note, that a gap remains in the far cortex.  Remove the plate and contour a bending 

template to the cranial surface of the radius. Bend the plate with the bending pliers. Slightly over-

bending the plate at the fracture site will pre-stress the plate. The over-bending is observed when the 

plate is compared to the bending template. Reinsert the screws in the holes in the order they were 

originally placed. Note, with the plate being pre-stressed, the eccentrically positioned screw provides 

compression along the entire fracture line. The remaining screws are inserted as before using the 

neutral drill guide. After all the screws are in place they should be retightened. The plate hole design 

allows the yellow-load drill guide to be used in any plate hole, once the fragments are axially aligned. 

 

In this exercise an oblique fracture will be fixed with a lag screw through a plate that has 
a neutralization function. 
The fracture has been reduced and the bending template is contoured to the lateral surface of the 

bone. The extent of plate contouring is determined by comparing the bending template to the plate. 

Contour the plate with the bending pliers. The plate is again compared to the bending template. The 

plate is now held in place with a reduction forceps and the bone holding forceps, while the oblique 

fracture is stabilized with the pointed reduction forceps. The first hole is drilled in one end of the plate 

using the 2.5 mm drill bit through the green neutral drill guide. The screw length is determined with 

the depth gauge. The 3.5 mm tap through the double drill sleeve cuts the thread in the bone. A 

3.5 mm cortex screw is now inserted. The next screw is placed in the same manner at the other end 

of the plate. A second screw in the proximal fragment is inserted to fix this fragment’s axial alignment. 

A lag screw will now be placed through the plate. The glide hole is created with the 3.5 mm drill bit 

through the double drill sleeve. The glide hole should be aligned perpendicular to the fracture line. 

The 2.5 mm end of the double drill sleeve is inserted through the glide hole until the far cortex is en-

countered. The 2.5 mm drill bit is used to create the thread hole. The depth gauge determines the 

screw length. The thread is cut in the thread hole with the tap placed through the double drill sleeve. 

The lag screw is inserted. The remaining screws are inserted. Although it appears from this view that 

the fracture line may go through one of the plate holes. When the plate hole is viewed from above, it 

is clear that this was not the case. Had the fracture line gone through the plate hole this hole would 

not have been filled with a screw. The screws are retightened after they have all been inserted. A 

view of the medial side of the bone shows anatomic reduction of the fracture. 

 

 

Buttress Plate Fixation of a Midshaft Femoral Fracture 

We will use the fractured femur from the previous exercise. Reduce the fracture and apply the long 

bending template to the lateral side of the femur. Because there is a medial deficit, a longer and 

stronger plate will be used in this fracture stabilization. Contour the broad 3.5 dynamic compression 
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plate to the configuration of the bending template. Fix the plate to the lateral side of the femur with 

the forceps. In the first plate hole drill a hole with the 2.5mm drill bit through the green neutral drill 

guide. Determine the screw length with the depth gauge. With the 3.5 mm tap through the double 

drill sleeve, cut the thread in both cortices. Insert the 3.5 mm cortex screw. Following the same steps, 

a screw is now inserted in the most distal plate hole. Screw holes are alternately filled throughout the 

length of the plate. Screw holes that lie over the area of the deficit will either be filled with screws 

that go through only the near cortex, or not filled at all, depending on the position of the fracture line. 

Clinically, the bone defect is filled with cancellous bone graft. Because of the  deficit in the medial 

cortex, the longer and stronger, broad plate has a buttress function and provides adequate stabiliza-

tion of this fracture.  

 

 

In this exercise a comminuted fracture will be reconstructed with 2.7 mm cortex screws 
functioning as lag screws, and a 3.5 dynamic compression plate with neutralization func-

tion will be applied to protect the reconstructed fracture. 
Secure one end of the tibia in the vice and reduce the comminuted segment to this fragment using 

the pointed reduction forceps. Starting on the cranial surface, drill a 2.7 mm glide hole perpendicular 

to the fracture line with the 2.7 mm drill bit through the appropriate double drill sleeve. Insert the 

2 mm end of the double drill sleeve through the glide hole until the far cortex is contacted. With the 

2 mm drill bit, create the thread hole. Countersink the glide hole. Determine the appropriate screw 

length with the depth gauge. With the 2.7 mm tap through the double drill sleeve, cut the thread in 

the thread hole. Insert a 2.7 mm cortex screw, to provide compression at the fracture line. Reduce 

the third fracture segment with the pointed reduction forceps. Insert the second lag screw, by creat-

ing the glide hole, and the thread hole, using the double drill sleeve,  countersinking the glide hole, .. 

measureing the screw length,  tapping the thread hole and inserting a 2.7 mm cortex screw. Rotate 

the reconstructed fracture so that the medial surface is upper most. Contour the bending template to 

the medial surface of the tibia. Secure the contoured plate to the bone and with the 2.5 mm drill bit 

through the green neutral drill guide, drill a hole at one end of the plate. Measure the screw length 

with the depth gauge. And with the 3.5 mm tap through the double drill sleeve cut the thread in the 

bone. Insert the appropriate 3.5 mm cortex screw. These steps are repeated at the opposite end of 

the plate. In each main fragment, a second screw is placed to fix the axial alignment of the bone. 

Remove the reduction forceps and insert the remaining screws following the same steps of drilling, 

measuring, tapping, and inserting the screw. Retighten all the screws. One plate hole is left empty 

because the fracture line crosses it, which is clearly seen when the hole is viewed from above. 

 

 
An obliquely fractured ilium will be stabilized with a 2.7 dynamic compression plate. 
Fix the caudal fragment of the ilium in the vice and reduce the cranial fragment. Fracture reduction is 

maintained with the pointed reduction forceps. Contour the bending template to the lateral surface of 

the ilium. Using the bending irons, duplicate the contour of the bending template on a 2.7 dynamic 

compression plate. With the 2 mm drill bit through the double drill sleeve, drill a hole 5 mm from the 

fracture line in the caudal fragment. Measure the depth of the hole and add 2 mm to compensate the 

thickness of the plate. Cut the thread in the hole with the 2.7 mm tap through the double drill sleeve. 

Position the plate over the hole and insert the appropriate 2.7 mm cortex screw. With the 2 mm drill 

bit through the green neutral drill guide, drill a hole in the cranial fragment through the plate hole 

next to the fracture line. After measuring and tapping the appropriate 2.7 mm screw is inserted.  The 
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two holes in the caudal end of the plate are now filled with 2.7 mm screws using the neutral drill 

guide. The final two holes in the cranial fragment are filled in the order shown, following the same 

steps as before. Retighten all the screws.  An alternative technique is to use the yellow-load drill guide 

in one of the cranial plate holes.   

 

In this exercise a fractured acetabulum will be stabilized using a special 5-hole acetabular 

plate. 
Secure the caudal fragment in the vice and reduce the cranial fragment to assess the contour of the 

dorsal rim of the acetabulum. Contour the special acetabular plate with the bending pliers to the 

shape of the dorsal rim. While one participant holds the fracture reduced, the other positions the plate 

over the dorsal rim to assess where the first screw hole should be drilled. The hole is created with the 

2 mm drill bit through the double drill sleeve. The hole is measured and 2 mm are added to compen-

sate the thickness of the plate. The thread is cut in the bone with the 2.7 mm tap through the double 

drill sleeve. The 2.7 mm cortex screw is inserted through the appropriate hole in the plate. Using the 

green neutral drill guide, a hole is drilled in the cranial acetabular fragment. Penetration of the articu-

lar surface of the acetabulum has to be avoided. Measure the depth of the hole. Cut the thread. Insert 

the appropriate 2.7 mm screw. The remaining screws are inserted in the same manner using the 

green neutral drill guide. After all the screws have been inserted they are retightened. This fixation 

provides stabilization of the acetabular fracture 
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Balanced Anaesthesia: A Multimodal Approach to General Anaesthesia 

Manuel Boller, med. Vet.   

 

The three mainstays of general anaesthesia are loss of consciousness, lack of pain sensation and 

muscle relaxation. The term ‘balanced anaesthesia’ describes an attempt to fulfil all the above criteria 

while minimally affecting the integrity of every individual patient. To reach this aim different drugs and 

techniques are used in a balanced way, such that the advantages of small amounts of drugs are used 

without getting the disadvantages of large doses of any one drug. 

In veterinary practice inhalant anaesthetics are usually administered alone and balanced anaesthetic 

techniques are rare. These inhalant anaesthetics depress cardiopulmonary function in a dose depend-

ent fashion, and when used alone, the deep levels of anaesthesia necessary to suppress autonomic 

responses to noxious stimuli, may increase morbidity and mortality. The aim of this presentation is to 

display some balanced anaesthetic techniques in small animal anaesthesia and discuss their advanta-

ges and disadvantages over traditional mono-anaesthetic approaches.  

 

1. Nitrous oxide/Inhalant anaesthetic 

The use of nitrous oxide (N2O) as a component of general anaesthesia technique is very widespread 

due to its rapid onset and cessation of action, its limited cardiopulmonary depression and minimal 

toxicity. Although considered to be less potent in animals than in humans nitrous oxide has shown to 

reduce inhalant anaesthetic MAC in a clinically relevant degree (Table 1) and in consequence benefi-

cial effects on cardiovascular function have been demonstrated. 

 

Table 1. Percent halothane at 1.0 MAC with increasing concentration of N2O in dogs and cats 

Species n Halothane Halothane  

+ 25% N2O 

Halothane  

+ 50% N2O 

Halothane  

+ 75% N2O 

Dog 9 0.87 ± 0.02 0.74 ± 0.00 0.65 ± 0.01 0.57 ± 0.02 

Cat 9 1.14 ± 0.03 0.98 ± 0.03 0.92 ± 0.03 0.79 ± 0.03 

Adapted from Steffey et al: Anaesthetic potency (MAC) of nitrous oxide in the dog, cat, and stump-tail 
monkey, Journal of Applied Physiology, Vol 36, No.5, 1974 
 

A potential problem is the development of hypoxic gas mixtures due to the high concentration of ni-

trous oxide necessary to produce a significant effect. This is a particular problem if a low flow tech-

nique is used. Measurement of inspiratory oxygen concentration is therefore strongly recommended. 

Further on nitrous oxide should not be administered to patients with respiratory dysfunction, to pa-

tients with pneumothorax, gastric dilation/volvulus, or in situations where air embolus could occur. At 

the end of anaesthesia the animals should be allowed to breath 100% of oxygen until inspiratory ni-

trous oxide concentration is less then 10 percent in order to prevent diffusion hypoxemia and con-

tamination of the environment. 

 

2. Opioid Infusions/Inhalant Anaesthesia 

Opioids produce minimal cardiac depression whilst they effectively suppress the response to noxious 

stimuli. Their administration during inhalant anaesthesia has been shown to decrease the require-

ments for inhalant anaesthetics and block response to noxious stimuli resulting in better hemodynamic 

stability. Maximal inhalant MAC reduction studies have been published for a number of opioids in dogs 

and cats (Table 2).  



Introduction to the principles of small animal surgery   page 33 
 
 
 

Table 2. Maximal anaesthetic MAC reduction for different opioids in dogs and cats 

Maximal anaesthetic MAC reduction (%) Species 

Nalbuphine Butorphanol Buprenorphine Morphine Fentanyl Alfentanyl 

Dog 8% 11% - 63% 65% 70% 

Cat - 22% 15% 27% - 35% 

 

Opioids can be part of a premedication (p.e. together with a sedative) and/or anaesthesia induction 

protocol and/or can be administered  by an intermittent  bolus technique or by constant rate infusion 

(CRI) during surgery. In our clinic, we induce severely ill dogs (ASA 4-5) with fentanyl 5µg/kg IV fol-

lowed by diazepam 0.25mg/kg IV and etomidate 1 mg/kg IV to effect. For maintenance we use fen-

tanyl 10µg/kg/h CRI and low dose isoflurane (ie. 0.5 MAC) in oxygen or oxygen/air or oxygen/nitrous 

oxide. To avoid significant respiratory depression, discontinuation of fentanyl infusion about 20 min-

utes prior to end of surgery is advisable. In dogs, but not in cats, bradycardia may occur after or dur-

ing fentanyl application. Therefore an anticholinergic either before induction or prior to a CRI and 

whenever heart rate drops to <75/min (in relation to size of dog and cardiovascular parameters 

measured) has to be administered. Hypoventilation and hypercarbia are usual during infusion of fen-

tanyl (or derivatives) and ventilation should be controlled to maintain an end tidal CO2 of 35-45 

mmHg. 

 

3. Non steroidal anti-inflammatory drugs (NSAIDs)/Opioids/Inhalant Anaesthesia 

By administering two or more analgesic agents that act by different mechanisms and in its combina-

tion provide either an additive or synergistic effect, analgesia can be maximised and any harmful side 

effects minimised. High opioid receptor density is evident in the dorsal horn of the spinal cord and 

certain subcortical regions in the brain, whereas nonopioid analgesics act mainly on the receptor level 

in tissues by influencing the release of pain mediating substances. Combinations of NSAIDs and 

opioids have been used and have been found to be superior over the use of every single agent. Fur-

thermore the pre-injury treatment with analgesics (pre-emptive analgesia) prevents or decreases the 

development of pain sensitisation and reduces the development of post-injury pain hypersensitivity. 

 

4. Transdermal Opioid/Inhalant Anaesthesia 

A transdermal therapeutic system (Durogesic" TTS, Janssens Pharmaceutica) was developed for con-

tinuous delivery of the potent opioid fentanyl in humans and has been adapted to provide periopera-

tive analgesia in veterinary medicine. The patch, that releases a constant amount of fentanyl accord-

ing to its size (Figure 1), has to be applied 24 hours preoperatively in dogs and 12 hours in cats, re-

spectively. Plasma fentanyl levels appear to stay constant for 72 (dogs) and 104 hours (cats).  

We use fentanyl patches for perioperative  analgesic management  of pelvic fractures, neurosurgeries, 

thoracotomies, amputations, polytraumatized patients and for chronic pain states like pancreatitis. In 

the cat the use of a 25µg/h-patch produced an isoflurane MAC reduction of 17%. In our experience 

postoperative analgesia is often sufficient, although a high degree of variability in plasma fentanyl 

concentrations  has been found. However concomitant   application of a NSAID and additional admin-

istration of another opioid, especially in the early postoperative time, might be necessary to prevent 

breakthrough pain in individual cases.  
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5. Epidural/Subarachnoid Opioid-Local Anaesthetic Mixture/Inhalant Anaesthesia 

 Opioids, local anaesthetics or a combination of both may be administered by injection in the epidural 

or subarachnoid space to provide regional anaesthesia. Epidural morphin at 0.1 mg/kg has been found 

to significantly reduce the inhalant anaesthetic requirements in dogs (45% halothane MAC reduction) 

and cats (31% isoflurane MAC reduction) and beneficial effects on hemodynamic function where 

demonstrated in dogs when using equipotent doses of either halothane or a halothane/epidural mor-

phine combination. Furthermore the analgesic effect of an epidural opioid may, in relation to its lipid 

solubility, extend into the postoperative period, i.e. 24 hours for morphine. Combining opioids with 

local anaesthetics like lidocaine or bupivacaine may potentiate the analgetic effect. To reduce the loss 

of motor function lower concentrated local anaesthetic may be used, i.e bupivacaine as a 0.25% solu-

tion instead of a 0.5% solution. The technique is simple but might be more difficult in obese animals. 

Contraindications are patients with skin or subcutaneous infections in the area of injection, trauma 

patients with neurological deficit in the hindquarters or patients with coagulopathies. By following 

basic rules (correct calculation of doses, aspiration before injection, injection of test dose), most com-

plications can be prevented. Using high doses and high volumes of local anaesthetics may cause sym-

pathetic blockade, prevent reflex vasoconstriction and lead to hypotension.  

 

6. Brachial Plexus Blockade/Inhalant Anaesthetic 

Brachial plexus block is suitable for operations within or distal to the elbow. In larger dogs 10 to 15 ml 

of 2% lidocaine HCl is slowly injected medially to the shoulder joint. The needle (7.5cm, 20 –22-

gauge) can either be positioned blindly, or a neurostimulator in combination with an insulated needle 

can be used to localize the plexus nerves. The second approach might give more reliable results, but 

occasional failure to obtain complete anaesthesia may occur, especially in obese animals. Anaesthesia 

lasts for approximately two hours and total recovery requires approximately 6 hours. 

According to the site of noxious stimulation any other local anaesthetic technique can be performed 

with the goal of considerably reducing inhalant anaesthetic requirements accompanied   by a higher 

degree of cardiovascular stability. 

 

 

Figure 1. Principle of a Fentanyl 
Patch: the drug is dissolved in 
ethanol and hydroxyethyl cellu-
lose in a reservoir, is released at 
a constant rate proportional to 
the surface area of the patch 
(2.5µg/hr/cm2) and reaches 
blood vessels by diffusion. 

FENTANYL PATCH 

Blood vessels 
in the skin 

Skin 

 

 

Blood stream To the body 
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Oesophagostomy and Gastrostomy Feeding Tubes 

Marcel Keller, Dr. med. vet.  

 

 

Nutritional support is indicated in critically ill patients with malnutrition to reduce morbidity and mor-

tality of the patient. Tube feeding can be performed short term or over months, even by the owners, 

and commercial pet food can be used. 

 

Equipment 

 

• pipe introducer 

• number 10 scalpel blade 

• Supramid 2-0 

 

Additional for oesophagostomy tube 
• oesophageal feeding tube 

• needle with peel away sheet 

 

Additional for gastrostomy tube 

• mushroom tipped feeding tube 

• guide wire and screw in connector 

• Seldinger needle 

 

 

Oesophagostomy tube insertion procedure 

 

After the cat is anesthetized and intubated the introducer is inserted into the mouth with the cat in 

right lateral recumbency. It is advanced aborally till the opening hole of the applicator is palpated with 

a finger on the left side in the midcervical area. 

The needle with peel away sheat is introduced through the skin into the lumen of the applicator. A 

small skin incision can help for the insertion of the needle. The correct position can be checked by 

moving the introducer. The introducer and the needle are removed and the direction of the peel away 

sheat changed by flipping it to a aborally position. 

The oesophageal feeding tube is premeasured from insertion site to the last rib and marked. It is then 

lubricated and inserted through the peel away sheet in its final position. The peel away sheat is re-

moved and the tube is sutured to the wing of the atlas with a chinese finger trap suture. A light ban-

dage is applied. 

Feeding can be started as soon as the animal is awake from anesthesia. The tube can be removed as 

soon as needed, even the next day after its placement. 

 

Gastrostomy tube insertion procedure 
 

First the flanshed end of a mushroom tipped feeding tube is removed and connected with a special 

screw-in applicator. Further security of this connection is achieved by passing a suture through the 

catheter and tying it. 
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The introducer is inserted through the mouth and passed down into the stomach. Leverage of the 

pipe introducer lateralizes the ostium of the instrument witch is then palpated caudal to the last rib on 

the left side. The Seldinger needle is inserted into the applicator, the guide wire advanced inside the 

needle with the threaded end first and pulled out of the mouth. Needle and applicator are removed. 

The screw-in connector attached to the feeding tube is screwed on the guide wire and the guide wire 

is retracted. A small skin incision can facilitate easier passage of the feeding tube through the ab-

dominal wall. Markings at 2 and 4 cm help to prevent pull out of the feeding tube. After final position-

ing the screw-in connector is removed and the tube anchored with a chinese finger trap suture to the 

skin. The insertion site is covered with antiseptic ointment and a light bandage applied. 

Feeding is started the next day and the tube has to stay in place for a minimum of 10 days. 



Introduction to the principles of small animal surgery   page 37 
 
 
Celiotomy, exploration, biopsy techniques 

Renate Dennler, Dr. med. vet. 
 
The most common major operation performed on dogs and cats (ovariohysterectomy) and many pro-

cedures on other body systems require surgical access to the abdomen. In the majority of cases, this 

access is obtained through the ventral midline. 

 

Anatomy of the median and paramedian abdominal wall  

Muscles of the abdominal wall from the outside to the inside: 

 

- External abdominal oblique muscle 

- Internal abdominal oblique muscle 

- Rectus abdominis muscle 

- Transversus abdominis muscle 

 

The aponeurosis of all abdominal wall muscles unite to form the linea alba in the ventral midline. This 

zone in dogs is visible as a trough of 2 to 3 mm width between the paired rectus abdominis muscles. 

The inner surface is formed by the transverse fascia that blends in with the inner sheet of the rectus 

abdominis muscle and the peritoneum. 

 

Fig.1: Sagittal section through the cranial portion of the ventral abdominal wall. 

 

Ventral Midline Approach 

Syn. Ventral celiotomie 

 

Material: 

- Towel clamps, drapings 

- Scalpel blade no. 10 

- Senn Miller retractor  

- Farabeuf retractor 

- Adson / Adson Brown forceps 

- Mayo scissors 

- Metzenbaum scissors 

- Halsted mosquito 

- Needle holder 

- Suture material 

- Suction  

- Physiological solution 

- Sponges (counted) 

- Balfour retractor 

- Walton retractor 
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Preparation 

The surgical site should always be prepared so that an extension of the icncision is possible. Thus the 

hair is clipped for the whole distance from the xyphoid to the pubis and for a zone of approximately 5 

to 10 cm on each side of the midline.  

The patient is positioned in dorsal recumbency and draped with 3 layers of sterile towels. After skin 

incision, subcutaneous vessels are sealed by diathermy. Excessive undermining of the subcutaneous 

tissue is avoided because the fascia receives some blood supply from the overlying subcutaneous and 

adipose tissue. Also excessive diathermy can lead to delays in healing. 

For caudal incisions in male dogs, the skin incision is directed paramedian to one side of the penis and 

prepuce. The preputial muscles and blood vessels are divided so that the prepuce and the penis can 

be reflected laterally and the linea alba incised along the midline. The linea alba is grasped with tissue 

forceps and elevated , while the point of the scalpel blade is inserted through it. Once the peritoneum 

is punctured, a finger is to confirm the absence of adhesions before the incision is extended with scis-

sors. 

In dogs the falciform ligament frequently obstructs adequate exposure of abdominal contents. It can 

be removed by avulsion of the linea alba. Hemostasis of individual bleeders by diathermy is important. 

Once the abdominal cavity has been entered, saline-moistened laparatomy sponges are placed and a 

self-retaining balfour retractor is inserted. Occasional lavage is used to protect exposed viscera from 

desiccation. 

 

Exploration of the Abdominal Cavity 

All abdominal organs should be closely inspected in a systematic step by step procedure, so that none 

of the organ systems is forgotten. Despite an obvious finding, the exploration should be finished in the 

same manner. 

After inserting the balfour retractor continue with the following protocol:  

Carefully shift the spleen out of the abdominal cavity, after inspection, cover with moistened sponges 

and put it aside. Inspection of the omentum and palpation of the stomach, cardia, greater curvature 

and pylorus. Go on to the duodenum as fas as to the plica duodenocolica. Carefully look at the pan-

creas without manipulating. Palpate all the liver lobes and check patiency of the common bile duct by 

slight pressure on the gall bladder. 

Change to the pubis. From there look for the descending colon, follow retrograde and palpate trans-

verse colon and ascending colon. Then shift the cecum out of the abdominal cavity. Continue retro-

grad inspection and check ileum and jejeunum until you get to the plica duodenocolica again. Have a 

look at intestinal lymph nodes. Kidneys and adrenal glands as well as retroperitoneum with ureters 

and large parts of the peritoneum can be visualised by pulling the duodenum (right side) or the de-

scending colon (left side) upwards and towards the midline. Palpate now the urinary bladder and don’t 

forget uterus and ovaries in female or the prostate in male animals. 

 

Intraabdominal Biopsy Techniques 

 

Stomach 

Stay sutures or Babcock tissue forceps are placed to stabilize the stomach. The abdominal cavity is 

walled off with moistend sponges. Take a elliptoid full thickness biopsy in a relatively avascular area. A 

two-layer-technique with a continous suture pattern and synthetic absorbable suture material should 

be used for closure. The first layer is everting, the second is inverting. 
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Intestine 

Again the surrounding is walled off with sponges. Intestinal contents are expressed from the region of 

the biopsy. A full thickness incision is made at the antimesenteric border and a longitudinal specimen 

is taken off. Any everting mucosa is trimmed with scissors before closure is begun. The defect is 

closed using a single layer of a appositional continous suture pattern. 

 

 

 

Fig 2: Longitudinal, antimes-

enteric incision, removing a 

longitudinal specimen. 

 

 

 

 

 

 

Fig.3: Continous, appositional 

suture pattern through all lay-

ers.  

 

 

 

 

 

Pancreas 

Pancreatitis can be caused by rough tissue handling and excessive surgical trauma to the gland or its 

blood supply.  

With the suture fracture technique we gain large enough specimens with little surgery time and litter-

ally no untoward effects.  

The Mesoduodenum or the deep leaf of the omentum is incised for access to the right or left lobe of 

the pancreas and tissue to be resected is isolated. A ligature is tied, crushing the parenchyma and 

ligating ducts and vessels. Tissue distal to the ligature is removed and the rent in the mesoduodenum 

/ greater omentum is sutured (Fig. 4a-4c). One must take care not to to disrupt blood supply to the 

duodenum or the spleen. 

 

 

 

 

 

 

 

 

Fig. 4a – 4c: Biopsy of the pancreas by suture fracture technique . 

 

 

A B 

A 
B C 
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Liver 

Biopsy specimens from the liver margins are representative for the generalized parenchymal changes 

in in most liver diseases. A marginal biopsy is most easily taken by looping a ligature (Catgut 0) over a 

protruding liver lobe margin. The parenchyma is crushed as the ligature is tightened. The tissue is 

removed by severing distal to the ligature. A small stump of hepatic parenchyma must be left to pre-

vent the ligature from slipping off.  

Singular changes in liver parenchyma must be resected by partial or total lobectomy.  

 

Kidneys 

It is possible to obtain a sample of kidney tissue without having to open the abdomen using guided 

needle aspiration. The needle must be directed toward one of the poles of the kidney and not at the 

hilus to avoid damaging the renal vessels, pelvis or ureters. Before biopsy the benefits must be 

weighed against the risk. Complications observed are gross or microscopic hematuria, fatal hemor-

rhage and hydronephrosis. If larger samples are wanted a longitudinal wedge biopsy can be per-

formed. A wedge of tissue 2 to 5 mm thick can be removed from the parenchyma in a sagittal inci-

sion. The nephrotomy is closed by apposing the two renal parenchymal flaps with gentle digital pres-

sure. Hemorrhage usually ceases within 5 minutes, and the clotted blood has virtuelly glued the two 

halves together (sutureless nephrotomy closure). The incision in the renal capsule is  closed with 3/0 

or 4/0 absorbable sutures in a simple continous pattern. 

 

Urinary bladder 

Stay sutures are placed at either side of the ventral midline near the apex. The bladder is well padded 

off the abdominal cavity. The incison site for biopsy specimen is in the most avascular and convenient 

area of the bladder between the two stay sutures. Avoid the trigonal area and the ureteral orifices. 

Watertight closure of the bladder is ensured by a double-layer everting-inverting suture pattern with 

absorbable, monofilament 3/0 or 4/0 material. By means of this,  contact of suture with urine is 

avoided. 

 

Closure of the abdomen 
 

Before closing, carefully count the sponges. The abdominal cavity is lavaged with sterile saline at body 

temperature to minimize heat loss. Lavage is effective because bacterial numbers are greatly reduced. 

All lavage fluid must be aspirated.  

Then, the midline incision is closed in three layers: rectus abdominis muscle and its sheats, subcuta-

neous tissue, and skin. 

The most feared complication, incisional herniation, can be avoided by correct adaption of anatomical 

structures. Proper choice of suture material, suture pattern, suture interval and suture technique fur-

ther diminish the risk of complications.  

 

Suture material 

Surgical gut or chromic gut loose their tensile strength more quickly than synthetic suture materials. 

They also tend to initiate an inflammatory reaction, eventually leading to granuloma formation. Surgi-

cal gut or chromic gut is not recommended for fascial closure. 

Recommended are monofilament, absorbable or nonabsorbable suture materials. 
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Suture pattern 

A continous suture in a simple adapting pattern, especially a monofilament suture with little friction 

between itself and tissue, distributes the tension equally over the entire length of the incision and 

resists dehiscence as well as interrupted sutures. Where the knot is made, an additional two to three 

throws are recommended in the continous suture. 

 

Suture placement 

The proper suture interval is unknown , but one should approximate the linea alba without allowing 

the viscera to protrude between the stitches, not weaken the fascia with multiple perforations nor 

compromise the blood supply to the fascia by placing sutures too close together. In dogs and cats, 

this means placing sutures 3-10 mm apart. In general closure of the outer sheat of the rectus ab-

dominis muscle is sufficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Incorrect and correct placement of sutures in the linea alba. The numbers indicate the holding 

strenght in Kilopond.  

 

Recommendation 

For closure of the lineea alba the recommendation is to use polydioxanon 3/0 to 1 USP depending on 

body weight (PDS) in a simple continous pattern. The sutures should be 3 to 10 mm apart and each 

suture placed 5 to 10 mm from the incised egde of the linea alba. Sutures should always include the 

external leaf of the rectus abdominis muscle sheat. Make 7 throws in the knots at the beginning and 

the end of the suture.  

For the subcutis we use polydioxanon (3/0 or 4/0 USP) in a interrupted pattern and for the cutis loose 

interrupted sutures with a nonabsorbable material or staplers. 
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Splenectomy 
Daniel Damur, Dr.med.vet., FVH 
 
Indications: 

• Splenomegaly resulting from neoplasia, torsion, immun-mediated thrombocytopenia and a-
nemia, congestion, and lymphoproliferative diseases. 

• Splenic infarct  
 
Anatomy:  
 

• The spleen is situated in the left cranial abdominal 
quadrant 

• Splenic artery divides into a dorsal and ventral 
branch. The dorsal branch gives off the short gas-
tric arteries. The left gastroepiploic artery arises 
from the ventral branch of the splenic artery 

• The spleen is innervated by sympathetic (from the 
celiac plexus) and parasympathetic (from the 
vagus) nerve fibers. 

 
 
Antibiotics: 
Perioperative prophylactic may be given at induction and 
discontinued within 24 hours (Cephalosporine 22mg/kg 
every 2 h) 
 
Technique of the splenectomy: 

1. midline celiotomy  
2. Insertion of Balfour retractor – Exploration of the abdomen 
3. The spleen is carefully delivered from the abdomen, caudally to the left side.    

There is the potential risk to rupture the spleen due to manipulation !! 
 
4. double ligation (2-0 silk or 2-0 catgut) of all the vessels as close to the 

hilus as possible 
5. Alternatively, open the omental bursa, and isolate the splenic artery. 

Identification of the branches to the left limb of the pancreas and of 
the a. gastroepiploica sinistra.  
Double ligation distal of the  a. & v. gastroepiploica sinsistra, double 
ligation of the cranial vessels of the spleen under preservation of the short gastric branches 
supplying the gastric fundus, if possible 

6. Closure of the celiotomy 
 
Postoperative care and assessment 

• Animal should be closely observed for 24 hours for evidence of hemorrhage. The hematocrit 
should be evaluated every few hours until the animal is stable.  

• 4 days cage rest, followed by 3-4 weeks of restricted activity 
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Complications 

• ventricular tachycarda in dogs with anemia, hypotension, leukocytosis or rupture of a mass of 
the spleen. Normalisation after 10 days with cage rest. 

• Hemorrhage 
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Enterectomy, anastomosis, bowel plication 

Katja Voss, Dr. med. vet.; Andrea Maute, Dr. med. vet. 

 

Introduction 

Intestinal resection and anastomosis is a commonly performed procedure in small animal surgery. The 

intestinal mucosa is very susceptible to ischemia and necrosis. If the mucosal barrier breaks down, 

bacteria and endotoxins may enter the systemic blood flow and/or the peritoneal cavity and cause 

sepsis and/or peritonitis. Diseases that lead to ischemia or necrosis of the intestinal wall therefore 

require resection of the involved segment. 

The most common disease processes leading to an enterectomy are foreign bodies, intussusceptions, 

strangulation of intestinal loops in hernial rings, intestinal trauma (bite wounds, shot wounds) and 

volvulus. After intussusceptions a bowel plication, which is described later, is always performed. Also 

intestinal tumors require intestinal resection and anastomosis. 

 

A lot of techniques have been described for intestinal suturing. The single layer approximating suture 

patterns have clearly shown advantages over inverting or everting techniques, such as less luminal 

narrowing, better apposition of intestinal wall layers, less adhesion formation and quicker initial heal-

ing. In addition, a continuous approximating pattern leads to less mucosal eversion, better vasculari-

zation in the first 3 weeks and a shorter operation time than interrupted approximating sutures (Elli-

son et. al., 1982). A modified continuous suture pattern minimizes the potential complication of lumi-

nal narrowing (Weisman et. al., 1999). 

 

Anatomy 
The intestinal wall consists of 4 layers: mucosa, submucosa, muscularis and serosa. The submucosa is 

the toughest tissue and ensures 

holding of the suture material. The 

blood supply of most of the intestine 

arises from the A. mesenterica crani-

alis. Proximally, the duodenum is 

supplied by branches of the A. coeli-

aca. The jejunal blood vessels reach 

the intestine over the mesenterium. 

The intestinal vascularization is 

therefore better on the mesenterial 

side than on the antimesenterial 

side. One exception is the ileum with 

its antimesenterial vessel. 

 

 

Surgical material 

Besides the standard instrumentation, a Balfour retractor and Doyen intestinal forceps are useful. The 

ideal suture material for the intestine is monofilament and resorbable and is used with a swaged-on 

cutting round needle (Polydiaxanone (PDS) or polyglyconat (Maxon)). Suture material size varies be-

tween 3-0 and 4-0 and depends on the size of the animal. 
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Technique (modified simple continuous suture pattern) 

Animals undergoing intestinal resection and anastomosis receive perioperative antibiotics (Cepha-

losporine, 22 mg/kg i.v.) and fluid replacement (Ringer solution, 10 ml/kg/h). Animals showing signs 

of shock, sepsis or peritonitis require stabilization with aggressive fluid therapy before performing an 

emergency enterectomy. In cases with intestinal obstruction and accumulation of air, nitrous oxide 

should be avoided during anesthesia.  

 

The following surgical steps are performed for a jejunal enterectomy: 

 

1. Coeliotomy via ventral midline incision 

2. Placement of a Balfour retractor – exploration of the abdominal cavity 

3. Determination of the area to be resected and placing bowel segment out of the abdominal cavity 

with moistened sponges 

4. Isolating branches of the jejunal arteries and veins that supply the devitalized bowel with curved 

mosquito forceps and double ligating them (silk 3-0) 

5. Isolating the arcadial vessels in the mesenteric fat and double ligating them at the resection point 

(silk 3-0) 

6. Milking intestinal content out of the segment to be resected and closing the intestinal lumen ei-

ther by an assistant with middle and index finger or with Doyen forceps. 

 

7. Resection of the intestinal segment: 

Because the antimesenterial blood 

supply is fragile, the incision line runs 

in an angle of 60° to the intestine. An 

even smaller angle (up to 45°) can be 

chosen to enlarge the circumference 

of the cut in cases with luminal dispar-

ity of the bowel ends. 

 

If there is to much luminal disparity a  

wedge is excised from the 

antimesenteric border of the smaller 

segment (1-2 cm long and 1-3 mm wide) 

to enlarge the circumference. 

 

8. Trimming everted mucosa with 

Metzenbaum scissors 

9. Placing a simple approximating suture 

on the mesenteric border of the intestine and leaving the end long (3-5 cm) 

10. Placing a second suture on the antimesenteric border and also leaving an end long 

11. Starting the simple continuous suture with the second needle from the antimesenteric towards 

the mesenteric border. The bites involve all intestinal layers and should be placed 2-3 
mm apart and about 3-4 mm away from the edge. A knot is tied at the mesenteric border 

with the free end of the first knot. 

12. Suturing the other half of the intestine with the other needle from the mesenteric to the antimes-

enteric border and tying it to the free end of the other suture. 
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12. Closure of the mesenterium in a simple continuous suture pattern (be careful not to damage to 

jejunal blood vessels) 

13. Changing gloves and contaminated instruments and flushing the abdominal cavity with 1 (cat) to 

5 (large dog) liters of warm Ringer’s solution. Don’t remove the coagula on the enterectomy side, 

as they are part of the initial healing process! 

14. Placing omentum over the suture line 

15. Routine closure of the abdominal cavity (abdominal fascia, subcutis and cutis) 

 

The postoperative management in uncomplicated cases consists of analgesia for 2-3 days (Butorpha-

nol, 0,2 –0,4 mg/kg i.v. every 2-4 hours) and intravenous fluid and electrolyte (potassium!) replace-

ment until the patient is allowed to eat. Drinking water is allowed 8 hours postoperative. Feeding is 

begun after 12 to 24 hours postoperative with small portions of a low fat diet. Antibiotics are only 

necessary in cases with peritonitis or after a breakdown in asepsis, for example spilling of intestinal 

contents into the abdominal cavity. 

Complications can include dehiscence, perforation, peritonitis and stenosis. They can be minimized by 

preservation of the vascular supply and a gentle apposition of the intestinal layers by a correct suture 

technique (the complication rate is as low as 2%, Weisman et. al., 1999). If there has to be resected 

more than 80% of the entire length of the intestine (for example in a volvulus) the animal will develop 

a short-bowel-syndrom. 

 

 

 

Bowel plication 
The recurrence rate after intussusceptions is quite high (25 %). Therefore, after reduction or enterec-

tomy of the intussusception a bowel plication is recommended. As intussusceptions are thought to 

occur after enteritis, the localisation of the new intussusception can be anywhere along the small in-

testine. Plication is an entero-enteropexy from the duodenocolic ligament to the iliocolic junction. A 

monofilament, absorbable suture material is used. 

 

 

1. The small intestine is placed in gentle loops, which should 

be around 15 cm long.  

2. The adjacent loops are each secured by placing 2 sutures 

halfway between the mesenterium and the antimesente-

rium. 

3. The stitches must include the submucosal layer. 

4. The ends of the loops should be left free (that means the 

stitches not to near to the loop end) to prevent acute an-

gles, which could complicate intestinal passage. 
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Gastropexy 

Barbara Haas, Dr. med. vet. 

 

Canine acute GDV is a potentially catastrophic condition in which emergency medical and surgical 

therapy and intensive postoperative care are needed to optimize the chance of successful outcome. 

GDV occurs most commonly in large or giant, deep chested breeds of dogs. The onset of clinical signs 

is typically peracute or acute. Initial signs include restlessness hypersalivation, and retching. These 

signs are usually followed by further discomfort and gradual abdominal distension. 

Physical examination findings reflect gastric dilatation and circulatory and respiratory compromise. A 

distended abdomen, tachycardia, poor peripheral pulse quality, prolonged periphery refill time, pale 

and dry mucous membranes, tachypnea and dyspnea may occur depending on duration and severity 

of the episode. 

Dogs with GDV develop local and systemic consequences that result in hypovolemia, placing them at 

risk for gastric and splenic vascular compromise, focal and generalized bacterial infections, initiation 

and propagation of local and systemic inflammation, disseminated coagulopathy, shock, and death. 

Managment of hypovolemia to prevent or treat shock is the primary goal of emergency treatment of 

GDV. Fluid therapy should be started at a rate of 90ml/kg/h using a balanced electrolyte solution. In 

giant breed dogs HES (450/0,7) administered at 10-20 ml/ kg may provide more rapid initial circula-

tory resuscitation. These fluid resuscitation protocolls should be followed by high volume crystalloid 

administration ( 20ml/kg/h) for maintenance of resuscitation. 

Gastric decompression should  be attempted as soon as possible. It can usually be achieved by oro-

gastric intubation of the conscious or sedated animal. The tube selected should be measured from 

external nares to the caudal edge of the last rib and marked. The dog should be placed in a sitting 

position and the tube gently rotated in a counterclockwise direction. 

If orogastric intubation is not possible, gastrocentesis - in the right or left paracostal space at the site 

of greatest tympany- usually facilitates orogastric intubation.  

Radiographs with the animal in right lateral recumbency is the initial examination of choice. The ra-

diographic features of GDV include a large, dilated, gas filled gastric shadow, which may be divided 

into to compartments by soft tissue of the lesser curvature and the proximal duodenum, which 

courses caudally from the abnormally positioned pylorus in the craniodorsal quadrant of the abdomen. 

If gastric perforation has occured, pneumoperitoneum is present.  

 

Intraoperative fluid should remain at a high rate ( 10-20 ml/kg/h) to offset further deterioration in 

hemodynamics during surgery. 

 

Surgery 

 

The immediate aim of surgery is to return the stomach to its normal position and evaluate it and the 

spleen for signs of irrevesible vascular compromise. Any necrotic portions of stomach 

and spleen should be removed and the stomach emptied completely. Finally, a gastropexy should be 

performed in an attempt to prevent recurrenc of the volvulus. 

 

 

Anesthesia is induced with a combination of ketamin 10mg/kg and midazolam 0,25 mg/kg and main-

tained with isofluran. 
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A cranioventral midline celiotomy is performed. The stomach is covered by the greater omentum 

when a clockwise volvulus has occurred. First, the stomach is repositioned. If the gastric rotation is in 

a clockwise direction, downward pressure on the right side of the stomach along with gentle traction 

on the pylorus will aid counterclockwise rotation. 

Gastric decompression is then easily achieved intraoperatively by orogastric tubing. After decompres-

sion, the pylorus should be identified and grasped gently with the hand. Careful inspection of the sto-

mach and spleen should be performed. 

The junction between the fundus  and body along the greater curvature of the stomach is the most 

common site of gastric necrosis following GDV. If the serosal surface is either torn, gray-green, or 

black 10 minutes after anatomic reduction of the stomach, ischemia should be suspected and subse-

quent tissue necrosis anticipated. Resection of the affected portion of the stomach should be per-

formed. A fullthickness gastric wall resection is carried out until the cut edges are actively bleeding to 

ensure healing without further necrosis. Closure of the stomach following partial resection is per-

formed in two layers. Gastric necrosis and perforation can occur up to 5 days after surgery, especially 

if resection was performed. 

The spleen can sustain vascular damage or occlusion following GDV. Any devitalized portion of splenic 

tissue should be resected. If the spleen has undergone torsion around its pedicle, splenectomy is per-

formed before reducing the twist to lessen the risk of releasing toxins, myocardial active substances, 

and thromboemboli in the systemic circulation. 

 

Without gastropexy recurrence rates of up to 80 % have been reported. Therefore, all affected dogs 

should have a gastropexy. The common procedures for accomplishing gastropexy are incisional gas-

tropexy, circumcostal gastropexy, belt loop gastropexy and, right - sided tube gastropexy. 

 

 

Permanent incisional gastropexy is a relatively simple, quick method of gastropexy, avoiding the com-

plications associated with tube gastropexy  and the technical difficulties or complications associated 

with circumcostal or belt loop gastropexy. 

 

Surgical technique for permanent incisional gastropexy 

 

1.  A longitudinal incision is made into the seromuscularis, located over the ventral surface of the pylo-

ric antrum equidistant from the lesser and greater curvatures.  

2.  An incision is also made into the peritoneum and internal fascia of the rectus abdominal or trans-

verse abdominal muscles, located in the right ventrolateral abdominal wall.  

3.  The edges of the gastric incision are sutured to the abdominal wall incision using a simple conti-

nous suture pattern with  2-0 or thicker monofilament nonabsorbable material. The deeper ( dor-

sal- cranial) incisional margins are sutured first, followed by the more superficial margin, creating 

an imperforate circular stoma. With disruption of mesothelial surfaces deep infiltration of fibrous 

tissue into the abdominal and gastric muscles occurs at the gastropexy site. 

 

Postsurgery 

 

Fluid therapy should be maintained at a rate of 8 to 10 ml/kg/h using a balanced electrolyte solution 

for the first 24 hours. Systemic administration of opioid analgesics ( e.g. intramuscular morphine  0,5 
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mg/kg every 4 to 6 hours)  will reduce postoperative discomfort. It is useful to monitor PCV an total 

protein intermittently. ECG records should be made during the first 72 hours. Cardiac arrhythmias are 

common following an acute episode of GDV. They are usually ventricular in origin and range from 

intermittent ventricular premature conductions to sustained ventricular tachycardia. Cardiac arrhyth-

mias may need to be treated if there is evidence of poor cardiac performance. 

An abnormal hemostatic profile or a clinical bleeding tendency should be interpreted as a evidence of 

disseminated intravascular coagulopathy. Replacement of consumed coagulation factors using fresh 

frozen plasma should be considered. 
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Diaphragmatic hernia 

Renate Dennler, Dr. med. vet. 

 

Trauma is the most common cause of diaphragmatic hernia in cats and dogs. Direct injuries of the 

diaphragma from thoracoabdominal stab or gunshot are rare compared to the indirect injuries in car 

accidents or falls from great heights. The mechanism in indirect injuries is suspected to be a sudden 

increase in intra-abdominal pressure with the glottis open. The diaphragmatic tears are either cir-

cumferential, radial or a combination. The diaphragmatic costal muscles are more often ruptured than 

the central tendon. Herniation of viscera is usually immediate after the injury. Clinical symptoms de-

pend on the herniated abdominal viscera. Although no pathognomonic signs of diaphragmatic hernia 

have been identified, respiratory signs predominate. Most patients have dyspnea and exercise intoler-

ance. Interference with cardiorespiratory function by compression of caudal vena cava and lungs and 

incarceration, obstruction, and strangulation of abdomainal organs are the chief effects.  

 
Fig.1: Functional anatomy of the diaphragm. 

 

Diagnosis 

Radiography is the most useful test for diagnosis of diaphragmatic hernia. The first radiographic view 

is in the position that causes least distress.  

The finding of viscera in the thorax is diagnostic. But more often a partial loss of the normal line of 

the diaphragma or lung lobe collapse and pleural fluid are detectable. In these cases diagnostic ultra-

sonography is the most useful alternative. 

 

Treatment 

Herniorrhaphy is performed at the earliest opportunity in a stable patient.  

Acutely injured animals are treated for shock, allowed to rest quietly, and given supplemental oxygen. 

Surgery is only performed on an emergency basis in the presence of life-threatening hypoventilation 

due to compression of the lungs by abdominal viscera (e.g. gastric tympany following stomach herni-

ation). 
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Intravenous catherization, fluid therapy, adequate monitoring and a heating pad are essential. After 

anesthetic induction, the insertion of an endotracheal tube allows maintenance of gaseous anesthesia 

and controlled ventilation, adequate pulmonary expansion and oxygenation. 

Midline celiotomy is the preferred approach. Using this approach it is not necessary to know the posi-

tion of the tear before surgery and it allows inspection of all the abdominal viscera. 

 

Material 

Scalpel blade no. 10 

Metzenbaum scissors 

Adson foreceps 

Gelpi retractor 

Needle holder 

Absorbable suture material 

Butterfly catheter and syringe (20 ml) 

 

Procedure 

1. An incision is made in the linea alba from the xyphoid to beyond the umbilicus. The Gelpi re-

tractor is placed into the rectus abdominis muscle. A generous incision faciliates exposure of the 

diaphragm and abdominal viscera. 

 The falciform ligament is excised to improve exposure. 

1. The hernia is reduced. This can usually be easily done by gentle traction. Incarcerated spleen 

and liver are often friable and need careful handling. For irreducible hernia (relative undersize 

of the hernia ring, the hole is enlarged with a ventrally directed radial incision. 

2. Perform herniorrhaphy, commencing at the most dorsal aspect and proceeding ventrally, using 

a continous suture pattern and an absorbable suture material. Use long needle holders and tis-

sue forceps. 

3. The peritoneal cavity is filled with warm saline to check for leakage. Major leaks are closed with 

additional interrupted sutures. 

4. Re-establish negative intrathoracic pressure by thoracocentesis through the diaphragm using 

the butterfly catheter and syringe. 

5. All abdominal organs are carefully inspected for viability. 

6. Close the celiotomy with absorbable, monofilament suture material in a simple, continous pat-

tern. Evacuate residual air with butterfly catheter and syringe. 

 

Aftercare 

A thoracic radiograph is taken before recovery from anesthesia as there is concern about persisting 

pneumothorax, pleural effusion, and collapsed lung lobes. Let the animal recover from anesthesia in a 

heated oxygen cage. 

For liver incarceration and biliary tract injury (proliferation of clostridial organisms and release of tox-

ins after repositioning) prophylactic antibiotics are given before and 2 to 3 days after surgery. 

Maintenance fluid requirements are continued until the animal feeds spontaneously. 
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Reconstruction techniques 

Daniel Koch, Dr. med. vet. ECVS 

 

 

Soft tissue reconstructions may be  difficult procedures, when large defects are present. Preferably, an 

autograft should be used. For skin defects, a number of pedicle flaps and skin graft techniques are 

described. Abdominal wall lacerations including the diaphragma may be covered by transverse ab-

dominal muscle or sartorius muscle flaps or omentum. The omentum may also be conducted into the 

thoracic cavity. Several specific autogenous flaps have been described in the oral cavity, in the peri-

neal area and for musculoskeletal problems. 

A well known reconstruction method for abdominal wall defects is the use of polypropylene mesh. This 

is a non-absorbable mesh, which is sutured to the border of the laceration. It is well tolerated by the 

host. However, the polypropylene mesh will never have the same properties as the tissue it replaces. 

Complications as wound infection, bowel fistula, repair failure and mesh extrusion are reported. 

Continuing investigation suggested xenogeneic (porcine) small intestinal submucosa (SIS) for repair of 

any defects in the human and the animal. SIS consists of a natural collagen matrix with its natural 

integral growth factors. It is prepared into 70x100 mm freeze dried sheets, which can be stored at 

ambient room temperature. Beeing free of viruses, bacteria and all viable cells, it makes a truly versa-

tile surgical "aid" as it can also be trimmed, folded, rolled and rehydrated before suturing into the 

particular tissue bed requiring tissue regeneration. SIS acts as a scaffold and stimulant for tissue re-

generation and differentiation (remodelling). SIS is angiogenic, rendering the graft surprisingly resist-

ant to infection. In 8-12 weeks, it is almost entirely resorbed and replaced by similar tissue to the 

host.  SIS can be used to hasten and improve the outcome of surgical intervention for skin regenera-

tion on degloved limbs, cleft palate repairs, adhesion barrier, vascular conduits, corneal protection, 

bladder repairs and tendon augmentation. 

 

 

Exercise A: 

1. Make a midline celiotomy 

2. Create a 6 x 6 cm defect in the right lateral abdominal wall 

3. Place a prepared sheet of SIS into the defect, using single interrupted sutures with polydioxanon 

3-0 or 4-0 

4. Create a 6x6 cm defect in the left lateral abdominal wall 

5. Place a prepared mesh of polypropylene into the defect, using single interrupted sutures with 

polydioxanon 3-0 or 4-0 

6. Compare both methods 

 

 

Exercise B: 

1. Incise the skin on the Achilles tendon and sever it 3 cm proximal to the calcaneus 

2. Use a locking loop technique to reappose the tendon, using 2-0 polypropylene suture material 

3. Enhance your repair by SIS: fold it several times around the tendon and fix it with 4-0 polydioxa-

none sutures 
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Exercise C: 

1. Your specimen has a frontal sinus trauma 

2. Explore the trauma by skin incision and remove devitalized pieces 

3. Reconstruct the defect with SIS 
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External skeletal fixator on the humerus (tie-in) 

Martin Bass, Dr. med. vet. 

 

The majority of the fractures involving the humerus are in the middle and distal third. Clinically, the 

ellbow is usually dropped and the paw is resting on its dorsal surface. Nerve injury, which occasionaly 

accompany humeral fractures, may occur at the fracture site or in the brachial plexus. Avulsion of the 

spinal nerves are also possible. Therefore a careful assessment of the animal’s status is essential. 

Fractures of the shaft and supracondylar region are the indication for treatment with intramedullary 

pinning combined with a type I external fixator. This technique provides adequate rotational (external 

fixator) and axial (intramedullary pin) stability for the fracture healing. Compaired to the application of 

bone plates, this technique is less invasive as it respects tissues and blood supply. Furthermore, ex-

ternal fixators are cheaper and can be applied with a minimal surgical instrumentation. Their removal 

is not invasive and can be accomplished either under deep sedation or short general anaesthesia. 

In cats and small dogs, transversal or oblique shaft fractures can be palpated. This makes close re-

duction occasionally possible. 

In open reduction, a craniolateral approach is usually performed. A medial approach is preferred in 

case of fractures occuring in the distal half of the shaft. 

Usually, intramedullary pinning is performed normograde and the external fixator type I is placed on 

the lateral surface of the leg. To do a tie-in-configuration, you bend the proximal end of the intrame-

dullary pin perpendicular to its axis and connect the pin to the external skeletal fixator or you fix the 

intramedullary pin to the external connector with a bar and two clamps. 

 

Exercise: 

1. The skin incision is following the 

craniolateral border of the hu-

merus. 

2. Subcutaneous fat and fascia are 

incised on the same line and mo-

bilized and retracted with the 

skin. Brachial fascia is incised 

along the lateral border of the 

brachiocephalicus muscle. Careful 

isolate and protect the cephalic 

vein. The cephalic vein may be 

ligated if necessary to achieve 

the desired exposure. 

3. Incise the craniomedial brachial 

fascia along the border of the 

brachiocephalicus muscle and the 

lateral head of the triceps. Use cau-

tion when incising the fascia along 

the cranial border of the lateral 

head of the triceps overlying the 

brachialis muscle until the radial 

nerve is visualized. 
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 Once the nerve is isolated, an incision is made in the periosteal insertion of the superficial pecto-

ral and brachiocephalicus muscle on the humeral shaft. Reflect these two muscles cranially and 

the brachialis muscle caudally to expose the proximal and central humeral shaft. To gain further 

exposure of the distal humeral shaft reflect the brachialis muscle cranially and the lateral triceps 

muscle caudally. 

4. Normograde placement of the intramedullary pin. 

The pin is driven from proximal to distal beginning at 

the craniolateral aspect of the greater tubercle. A 

small skin incision is made at the point of pin entry 

and the pin is directed along the medial cortex to the 

medial epicondyle. During insertion into the distal 

segment, the fragments must be held in the reduced 

position. 

Alternatively you can do a retrograde insertion. The 

pin is directed proximally from the fracture surface 

toward the shoulder joint. To ensure that the pin ex-

its at the proper site, the shaft of the pin should be 

pressed against the medial and caudal surface of the 

marrow cavity. This forces the point of the pin to 

glide along the craniolateral cortex and exit craniolateral of the shoulder joint. The fracture is re-

duced and the pin moved distally to get anchored in the medial con-

dyle. 

6. External fixators are placed on the lateral side of the bone to keep 

them from interfering with limb function and because anatomy pre-

vents them from being placed medially. The pins are placed through 

small skin incisions. Care must be taken to avoid muscles and in the 

distal third of the humerus the radial nerve. 

 The proximal transfixation pin is placed craniolaterally distal to the 

greater tubercle. 

 The distal transfixation pin is inserted laterally across the humeral con-

dyles and should be centered within the condyles. The lateral epicon-

dyle is palpated and the pin is inserted 1 to 2 mm cranial and distal to 

the epicondylar prominence. For unstable fractures additional tranfix-

ation pins may be added. 

7. Connecting the IM pin to the external fixator frame to make a tie-in 

configuration increases the strength of the fixation system without adding to patient morbidity 

through placement of additional pins. 

8. Fascia, subcutis and cutis are closed in separate layers. 

 

 

Material: 

• 1 Steinmann pin (2mm) 

• 1 pin chuck 

• 2 Ellis pins (2 x 1.6mm) 

• 1 connecting bar (2 mm) 

• 2 connecting clamps 
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Tension band wiring and parallel pinning on proximal humerus fracture 

Martin Bass, Dr. med. vet. 

 

Fractures of the proximal humerus are uncommon, but occasionally occur in immature animals 

through the proximal growth plate. Fractures through the growth plate may result from minimal 

external force and exhibit only slight displacement. Careful evaluation of the lateral radiograph and 

comparison to a radiograph of the contralateral limb may be needed to correctly diagnose these 

fractures. 

The fracture management and bone healing is influenced by the fast growth of the bone in the young 

animal. Non-union fractures are seldom, excessive callus possible. If the implants restrain the growth 

plate, the proliferation of the bone is stopped and progressive deformation is possible. 

These fractures of the proximal humerus in immature animals are fixed either by cross pins or parallel 

pins. In adult animals they are stabilized either with lag screws or by tension band wiring and parallel 

pinning. 

 

 

Exercise: 

1. The skin incision is made slightly lateral to the cranial midline of the bone and extends from the 

greater tubercle of the humerus distally to a point near the midshaft of the bone. 

2. Following undermining and retraction of the skin, an incision is made through the deep fascia 

along the lateral border of the brachiocephalicus muscle. The insertion of the acromial part of the 

deltoid muscle is also incised. 

3. The brachiocephalicus can be retracted cranially following blunt dissection between the muscle 

and the bone. The deltoideus muscle is retracted caudally to reveal the tendons of insertion of the 

teres minor and infraspinatus muscles. If more exposure of bone is needed, the insertions of the 

superficial pectoral muscle and the lateral head ofthe triceps muscle can be incised 
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4. An epiphyseal fracture is made with a osteotome 

5. Manually return the bone segments to close approximation and 

keep the reduction with a bone-holding forceps. 

6. Place two pins with a Jacob’s chuck perpendicular  to the fracture 

line and parallel to each other. 

7. Drill a small hole through the bone 1 – 2 cm below the fracture 

line such that the wire will rest on the bone’s tension surface, 

when tightened. Pass the wire through the drill hole and around 

the two small pins used to stabilize the fracture. Twist the ends to 

form a figure-eight from the pins to the drill hole. Wind the twist 

knot to tighten the arms of the tension band. 

 

 

Material: 

• 2 Kirschner pins (1.2 mm) 

• Orthopedic wire (0.8mm) 

• 1 pin chuck 

• 1 forceps 

• 1 bone holding forceps 
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Metacarpal- and metatarsal fractures 

Marcel Keller, Dr. med. vet. 

 

 

Fractures of the metacarpal- or metatarsal bones are common and occur in all three anatomical re-

gions of the bone – the base (proximal end), the shaft, and the head (distal end). The treatment can 

either be conservatively or operatively.  

 

Anatomy 

 

    
 

 
Principles of conservative treatment 
 

Shaft fractures of the Mc and Mt bones may be treated by closed reduction and external coaptation 

under the following circumstances: 

- Not more than 2 bones are fractured and the fracture is relatively undisplaced.  

- One of the main weight bearing Mc respectively Mt III or IV is intact. 

- A secure molded splint or short leg cast is maintained until radiographic healing is well advanced 

which typically occurs within 4 to 8 weeks. 
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Open reduction and internal fixation 

 

Different methods are applicable for open reduction and internal fixation: 

 

     
 

Fixation of a displaced base fractures is usually done by the tension band wire technique. Lag screws 

are also useful in some cases. 

Fractures of the head may be done by hemicerclages or lag screws. 

Fractures of the shaft which are very unstable, or in larger breeds, are best treated by plates. 

Smaller breeds or cats can be treated by the intramedullary pinning technique. The pin should not fill 

the medullary canal too tightly because it will interfere with medullary blood supply and delay healing. 

It is best to think of the pin as merely an internal splint to maintain reduction of the bone and to rely 

on an external cast/splint to furnish a good deal of the immobilization needed for fracture healing. 

 

 

Intramedullary pinning technique 
 

1.  Skin incision directly over the fractured bone. Preparation of 

the subcutaneus tissue and the fascia. 

2.  Exploration of the fracture. 

3.  Normograde technique: The ciscortex of the fracture is 

predrilled with a slightly larger than the definitive pin. The 

insertion site is preferably dorsally and as close as possible 

to the joint. The tip of the definitive pin is slightly bent to 

avoid penetration of the transcortex. The fracture is re-

duced and the pin advanced proximally. 

4.   Retrograde technique: The ciscortex is predrilled in the 

same fashion as in the normograde technique. A pin is then 

advanced from the fracture to the predrilled hole. The pin is removed and the tip of the pin 

slightly bent. Again the pin is advanced and exits the predrilled hole to the level of the frac-

ture. A hypodermic needle is sometimes used to facilitate this procedure. The fracture is then 

reduced and the pin advanced proximally. 

5. Fascia, subcutis and skin are closed routinely. 
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Fixation of a distal radius-/ulna fracture with a tubular fixateur exerne (FESSA) 

Katja Voss, Dr. med. vet. 

 

 

Introduction 
The main advantage of fracture repair with a fixateur externe compared to plate fixation is the preser-

vation of adequate blood supply and therefore a lower risk for the development of avascular delayed- 

or non-unions. The use of a fixateur externe is generally indicated in fractures with im-
paired blood supply. Severe damage to vascular supply is seen in comminuted and open fractures. 

The tibia is the bone with the highest incidence 

of open fractures, because it is not much pro-

tected by musculature.  
In the distal radius/ulna in small breed dogs 

the vascular supply seems to be impaired, be-

cause a high incidence of delayed- or non-

unions has been observed after plate fixation of 

distal metaphyseal fractures in these dogs.  

Fractures in immature animals are also a good 

indication for a fixateur externe because of the 

importance of the extraosseus blood supply 

and the fast bone healing in young animals. 

 

Tubular fixateur externe 
The tubular fixateur externe system was devel-

oped in the French army medical services. The 

system contains of a stainless steel tube with 

two rows of holes perpendicular to each other, Kirscher wires and side screws instead of clamps to 

connect the wires to the tube.  

For veterinary use tubes with 6, 8 and 12 mm in diameter are available. Because of the tubular form 

and the small side screws the tubular fixateur is much lighter compaired to other systems with the 

same stability. Another advantage is the possibility of inserting a good number of Kirschner wires over 

a relatively small distance. This makes the tubular fixateur ideal for the use in small fragments, like 

metaphyseal fractures. 

 

The tubular fixateur is a stable, but not a very flexible system. The Kirschner wires are inserted more 

or less parallel to each other and perpendicular to the bone. Therefore threaded Kirschner wires have 

to be used to prevent early pin loosening. For the same reason the tubular fixateur is only suitable for 

fracture fixation in straight bones. 

 

If additional stability is desired, a unilateral tubular fixateur (type 1a) can be combined with an in-

tramedullary nail in the humerus, femur or tibia or two unilateral fixateurs can be combined in two 

planes (type 1b) in the radius and tibia. The fixateur can be placed after closed fracture reduction or 

reduction by a mini approach.  
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Good indications for the use of a tubular fixateur externe are distal fractures of the humerus and ra-

dius/ulna and most of the tibial fractures in small dogs and cats.  

 

Surgical material 

Threaded Kirschner wires, connecting tube and side screws, Jacob’s hand chuck and/or low speed drill 

Different sizes drill bits when larger Kirschner wires are used 

 

Technique (fixation of a distal metaphyseal radius/ulna fracture) 
The fixateur (like a plate) should be placed on the medial side of the radius. This has several biome-

chanical advantages: The Kirschner wires pass more bone substance, the tension side is medially and 

the extensor tendons don’t have to be retracted, which helps to prevent valgus deformities. 

 

1. The dog is positioned in lateral re-

cumbancy with the broken leg on 

the table. 

2. Closed fracture reduction or reduc-

tion with a mini approach medially 

is performed (prevent valgus and 

outward rotation deformities). The 

V. cephalica and the tendon of the 

M. abductor pollicis longus must be 

preserved. 

3. The Kirschner wires are inserted 

with a low speed drill (<150 rpm). 

If pins larger than 1,6 mm in di-

ameter are used, it is useful to pre-drill a hole with the next smaller drill bit (ideal 0,1 mm 

smaller) and inserted the pin then with a Jacob’s hand chuck. This reduces heat production in 

the bone and enhances pin-bone contact. 

4. The skin is incised with a small scalpel blade before Kirschner wire placement. 

5. The first Kirschner wire is inserted through the most distal hole in the tube, parallel to the 

joint surface. This allows a parallel position of the tube to the bone. The wire is fixed to the 

tube with a side screw. 

6. The second Kirschner wire is placed through the most proximal hole in the same fashion.  

7. In a next step the two fracture-near Kirschner wires are inserted. Now all the forces are neu-

tralized. 

8. To provide enough stability at least 3, if possible 4 Kirschner wires are placed in the two main 

fragments. 

9. The ends of the Kirschner wires are left long until their position has been evaluated on the 

postoperative radiographs.  

 

Postoperatively the skin around the pins is packed with a sterile dressing and the tube and Kirsch-

ner wire ends are protected with a bandage. Analgesia should be provided for the first 3 days. To 

control pin tract infections and early pin loosening, the bandage should be changed every week. 

At the same time the side screws can be tightened when loose. Radiographs are taken 3 weeks 

postoperatively and then every 4 weeks until fracture healing has occurred. 
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Femur head and neck fractures 

Daniel Koch, Dr. med. vet. ECVS 

 

Epiphysiolysis (Salter I or II) occurs commonly in small animals between the age of 6 to 8 months. 

The femoral head then often luxates, rearing the dorsal joint capsule. In older animals, a similar frac-

ture situation can produce a femoral head fracture. The ligamentum capitis femoris remains intact. It  

should not be severed during surgery in order to avoid developing hip dysplasia. In these cases, frac-

ture fixation using a craniolateral or caudolateral approach and K-wires inserted from  below the third 

trochanter, may be technically difficult. Also, these approaches require severance of the joint capsule, 

hence serious vascularisation damage to the femoral head and neck. Wire purchase in the detached 

piece with the round ligament is minimal. The pins may be introduced in a retrogarde or antegrade 

manner. 

A ventromedial approach offers the advantage of a 

better visualisation of fracture reduction and the 

possibility to stabilize the fracture with a screw and a 

pin or with two pins. It also respects the vascularity 

and does not require severance of the round ligament 

for precise reduction. One pin or the screw may be 

lowered into the fovea capitis. In every case, interfer-

ence with normal movement of the the hip joint must 

be avoided by hammering down the pin with a Stille 

nail or countersink the screw head. Screws should not 

be used with animals younger than 5 months because of disturbance of the growth plate. 

Femoral neck fractures preferably occur in adult animals. Mostly they are basilar. Here we prefer a 

craniolateral approach.  The most stable fixations are combinations of pins and a screw from the re-

gion of the third trochanter. It is also possible to insert double armed K-wires in a retrograde manner 

from the fracture into the subtrochanteric region, until their ends are still just visible. Then the frac-

ture is reduced and the pins advanced. The correct length is measured by comparison with a control 

pin. 

A well known problem with these fractures is vascular damage during trauma or approach. In young 

animals, the blood supply in the growth plate is marginal. Therefore, a so called "apple-core" sign may 

be noticed during healing, which can cause collapse of the neck. Notice that the Lig. capitis  femoris 

does barely contribute to the blood supply of the femoral head. A ventromedial approach causes 

lesser vascular damage than a craniolateral approach. 

 

 

A. Femoral head fracture from craniolateral 

 

1. Approach 

 - Skin incision from pelvis, along cranial border femur to midfemur 
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 - Incision into fascia lata along cranial border of M. biceps 

 - fascial incision between M.tensor fasciae latae and M. gluteaus superficialis 

 

 

 

 

 

 

  

 - dorsal retraction of the gluteaus muscle group 

 - proximal detachment of the M. vastus lateralis on the femur 

 - Incision into joint capsule parallel to the M. articularis coxae, basilar extension to a "T" 

2. Assessment of the fracture 

3. Three K-wires (1.6 mm) are driven from the third trochanter into the 

fracture region. 

4. Fracture reduction, advancement of the pins, control of the length 

5. Instead, double armed pins may be introduced from the fracture first, 

which gives a better distribution of the pins. 

6. Closure of joint, fascia, subcutis and skin 

7. Ehmer sling for 10 days, physical therapy 

 

 

B. Femur head fracture from ventromedial 

 

1. Ventromedial approach 

 - Palpation of the M. pectineus, incision of the skin, be aware of the proximinity of the A. fe-

moralis 

 - Incision into fascia of M. pectineus, detachment of its origin on the pubic bone and its inser-

tion on the femur 

 - retraction of the A. femoralis profunda proximally, indentification of the joint capsule, longi-

tudinal incision 

 

 

 

 

 

 

 

 

2. Reduction of the fracture. In case of an epiphysiolysis, use the caudal border for orientation 



Introduction to the principles of small animal surgery   page 64 
 
 
3. Strong abduction of the hindlimb, insertion of a K-wire through the joint surface into the femoral 

neck 

4. If a screw is inserted now, is it a lag screw. The head must be countersunk under the joint sur-

face. If two pins are used, they should cross each other. The cut ends must hammered down 

with a Stille nail. 

5. Ehmer sling for 10 days, physical therapy. 
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Distal Femoral Fractures 

Daniel Damur, Dr. med. vet. FVH 
 

 

Classification of distal femoral fractures 

• Metaphyseal Fractures 

• Physeal Fractures -  Salter-Harris Types I and II and Supracondylar Fractures 

    -  Salter-Harris Types III and IV and Intracondylar Fractures 

• Epiphyseal Fractures 

 

Distal Femoral Physeal Fractures 

Distal femoral physeal fractures occur through the distal femoral growth plate. The distal femoral 

growth plate is shaped like a „w“ and lies at the joint capsule reflection. Fractures involving the distal 

femoral epiphysis are relatively common, particularly in young animals, and are seen primarily be-

tween the ages of 4 and 11 months. The distal segment is usually displaced caudally and accompa-

nied  by a sizable hematoma. The configuration of the growth plate and cancellous bone surface pro-

vide a degree of inherent stability for the fracture. 

Distal femoral physeal fractures are often classified according to the Salter-Harris scheme for physeal 

fractures.  

 

 
The prognosis for healing of a physeal fracture is excellent. The prognosis for continued function or 

growth from the physis depends on the damage to the proliferating zone (Type III-VI). 

The majority of the injuries are Salter-Harris Type II physeal fractures. A combination  of a Salter-

Harris Type II and Salter-Harris Type IV fracture occurs with crushing of the trochlea and cancellous 

bone.  

The objectives of treatment include anatomical reduction, rigid uninterrupted fixation and movement 

of the stifle joint. 

Stabilization of a Salter-Harris Type I or Salter-Harris Type II Fracture should be fixed with smooth 

intramedullary pin or Kirschner wire. A smooth intramedullary pin or Kirschner wire crossing the physis 

allows the proliferating cartilage to slide along the pin. Plates and screws or external fixators that 

bridge the physis prevent normal bone growth and indirectly cause compression of the physis. 

Physeal fractures should be reduced carefully so as to avoid crushing or injuring the physeal cartilage. 

 

 

 

Salter-Harris Fracture Classification 

 

• Type I    fractures involve only the cartilagenous  physis 

• Type II   fractures involve the physis and metaphyseal bone 

• Type III  fractures involve the physis and epiphyseal bone 

• Type IV fractures involve  metaphyseal and epiphyseal bone and cross 

the physis 

• Type V  fractures crush the physis 

• Type VI  fractures crush only a part of the physis 
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Technique of stabilization of Salter-Harris Type I or Salter-Harris Type II Fractures with small Kirsch-

ner Pins 

 

The position of the physeal growth plate necessitates an arthrotomy incision to facilitate exposure. 

• lateral recumbency 

• craniolateral approach to the stifle joint 

-  make a skin incision parallel to the lateral border of the patellar tendon 

-  extend proximally over the femoral shaft, as indicated, for exposure 

-  identify fascia lata and patella tendon 

-  perform parapatellar arthrotomy through the distal fascia lata and joint capsule 

-  cut along the caudal border of the vastus lateralis muscle 

-  reflect quadriceps muscle, patella and patella tendon medially 

• check the joint for ligament and meniscal damage 

• in chronic cases, elevate the fibrosis at the popliteal area  

• flex the stifle and use the tibia to push the femoral condyle into place  

• overreduce the fracture 

• a Kirschner wire can be driven from the lateral condyle across the 

physis into the femoral metaphysis and trough the medial cortex 

• a second wire is then driven from the medial femoral condyle across the fracture into the 

femoral metaphysis 

 

 

 

• alternatively, the Kirschner wires can be placed parallel from proximal 

to distal (this technique is especially useful in cats or in dogs with wide 

epiphysis (Dachshound)  

 

 

 

• Care should be taken to avoid penetrating the articular  surface 

 

Special instruments 

• Kirschner wire 

• Jacob’s pin chuck and key 

• pointed reduction forceps 

• Hohmann retractor 

• bone-holding forceps 

• periosteal elevator 
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Trilam nail 

 


