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Summary
Objectives: Minimally invasive plate osteo-
synthesis (MIPO) is one of the most recent 
fixation techniques that embody the concept 
of biological osteosynthesis. Several studies 
evaluating MIPO in dogs have been pub-
lished in the recent years. However, there are 
few clinical reports of MIPO in cats and no 
description of the surgical approaches. The 
purpose of our study was to describe the safe 
corridors for plate insertion in cats using the 
MIPO technique. 
Methods: The surgical approaches for the 
humerus, radius-ulna, femur and tibia were 
developed after reviewing the described 
techniques and surgical approaches for MIPO 
in dogs, while considering any relevant ana-
tomical difference between dogs and cats. 

Following the MIPO approaches, the limbs 
were anatomically dissected and the rela-
tionship between proximal and distal posi-
tions of the implants and neurovascular 
structures was noted.
Results: The surgical approaches developed 
for the humerus and radius-ulna differed 
from what had been reported previously, be-
cause relevant anatomical differences were 
found between dogs and cats. Anatomical 
landmarks for safe plate application were de-
scribed for all the major long bones in cats. 
No damage to vital structures following plate 
insertion was detected in the dissection.
Clinical significance: In this cadaveric 
study, we evaluated the safety of the surgical 
approaches for MIPO in cats. By respecting 
the anatomical landmarks described in this 
report, damage to the neurovascular struc-
tures can be avoided performing the MIPO 
technique in cats.
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Introduction
Minimally invasive plate osteosynthesis 
(MIPO) involves the application of a bone 
plate without making an open approach to 
the fracture site (1, 2). Following indirect re-
duction of the fracture segments, small skin 
incisions are made remote to the fracture 
site and an epiperiosteal tunnel is dissected 
bluntly to connect the incisions (3–5). The 
plate is applied as a bridging implant in 

most cases, and the most proximal and dis-
tal screws are inserted through the skin inci-
sions. Additional screws can be introduced 
through small stab incisions using fluor-
oscopy to guide insertion (5). Several studies 
evaluating MIPO in dogs have been pub-
lished in the recent years, describing the 
technique and reporting the outcome and 
complications (2, 4–7). However, there are 
few clinical reports of MIPO in cats and no 
description of the surgical approaches (8).

Thorough knowledge of the local anat-
omy is important for performing MIPO 
safely and effectively. The MIPO surgical 
approaches are limited and do not allow 
exposure of the typical anatomical land-
marks used for open reduction and inter-
nal fixation. The surgical approaches for 
MIPO in dogs have been developed based 
on the open approaches to each bone seg-
ment (5, 9). Considering the anatomical 
differences between cats and dogs, a de-
scription of the safe corridors for plate and 
screw insertion in cats may offer valuable 
information for the performance of MIPO 
in this species. The purposes of this study 
were: 1) to describe the safe corridors for 
plate and screw insertion in cats using 
MIPO technique, with attention to the ana-
tomical differences between cats and dogs; 
2) to evaluate safety of these surgical ap-
proaches by evaluating the anatomical rela-
tionship between neuro-vascular structures 
and the implants after insertion.

Material and methods
Prior to the establishment of the MIPO ap-
proaches in cats, comparative dissections 
were performed in three cats (4-5 kg) and 
three dogs (20–25 kg) (euthanatized for 
reasons unrelated to the study) to evaluate 
the respective limbs for anatomical differ-
ences relevant to the MIPO approaches. 
Anatomical dissection was of great value 
for the review of the anatomical differences 
between cats and dogs, allowing the adap-
tation of the previously described canine 
MIPO approaches to cats. Subsequently 44 
limbs of 11 cats euthanatized for reasons 
unrelated to the study, were used to devel-
op the MIPO approaches in cats. Cadavers 
were used within 24 hours after euthanasia 
and were stored at 8° C until the ap-
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proaches were performed. Each hindlimb 
of each cadaver was used for a MIPO ap-
proach of both the tibia and the femur. 
Similarly, each forelimb was used for a 
MIPO approach of the radius and the ulna. 
For each cadaver, either the left or the right 
humerus was randomly assigned to medial 
or lateral MIPO. The approaches described 
in this report were based on the techniques 
described in dogs, dissections conducted 
on cat cadavers, and our clinical experience 
using this technique (5). Briefly, after estab-
lishing the proximal and distal windows, an 
epiperiosteal tunnel was created with either 
small Metzenbaum scissors (humerus, 
femur) or a Freer periosteal elevator 
(radius, ulna, tibia) to connect the two inci-
sions. Subsequently a 6.5 mm wide tita-
nium locking bone platea (radius, ulna, 
tibia) or a 8 mm wide titanium locking 
bone plateb (humerus, femur) was inserted 
in the tunnel with the aid of Crile haemos-
tatic forceps placed at the end of the plate 
in order to assist in sliding the plate in the 
epiperiosteal tunnel. Following insertion of 
the plate, the corresponding open ap-
proach was performed. Signs of iatrogenic 
trauma to the muscles, the periosteum and 
neurovascular structures and their rela-
tionship with the plate in situ were noted.

After establishing the approaches in the 
initial 44 limbs, 14 additional fresh cada-
veric limbs (euthanatized for reasons unre-
lated to the study) (6 hindlimbs, 8 fore-
limbs) were used to perform the complete 
MIPO techniques with insertion and fix-
ation of the plates with two bicortical lock-
ing screws in the proximal and distal ends 
of the bone. Those limbs were also dis-
sected after placement of the implants and 
any signs of iatrogenic trauma caused by 
plate or screw insertion were noted. 

Results
Humerus
A cranio-lateral or a medial approach to 
the humerus can be used for MIPO in cats. 
Indications for the cranio-lateral approach 
include proximal and mid-diaphyseal frac-

tures. Indications for the medial approach 
include mid-diaphyseal and distal fractures 
with limited distal bone stock and cases 
where double plating is indicated. 

Craniolateral approach

The lateral approach combines modifica-
tions of the approach to the lateral aspect of 
the humerus, the humeral condyle, and 
epicondyle (9). The animal is positioned in 
lateral recumbency. The proximal anatomi-
cal landmarks for the cranio-lateral ap-
proach are the greater tubercle and the del-
toid tuberosity of the humerus. A 1 to 2 cm 
long incision is created at the cranial 
border of the greater tubercle. Care should 

be taken to preserve the omobrachial ar-
tery and vein. The skin and subcutaneous 
tissue are retracted and an incision is made 
through the deep fascia cranial to the om-
obrachial vessels along the brachiocephali-
cus muscle. The acromial part of the deltoi-
deus muscle is elevated, allowing exposure 
to the bone. The lateral epicondyle is used 
as a landmark for the distal insertion inci-
sion. The skin incision extends from the 
lateral epicondyle to approximately 1 to 2 
cm proximally. The skin and subcutaneous 
tissue are retracted and the deep fascia is 
incised along the cranial border of the lat-
eral head of the triceps muscle, which is 
larger compared to the dog (9). Access to 
the bone is achieved between the origin of 
the extensor carpi radialis muscle and the 
brachialis muscle. The origin of the exten-
sor carpi radialis muscle is incised proxim-
ally and partially elevated. Damage to the 
deep and superficial branch of the radial 
nerve is avoided by 1) creating a tunnel be-
tween the two incisions from distal to 
proximal while visualizing the radial nerve, 
and 2) dissecting underneath the brachialis 
muscle (▶ Figure 1). 

The risk of penetrating the supracondy-
lar foramen and injuring the median nerve 
and the brachial artery needs to be con-
sidered when placing bicortical screws in 
the distal humerus. Damage to the median 
nerve and brachial artery were observed in 
one of four limbs for which screws were in-
serted bicortically in the distal metaphyseal 
region. 

Medial approach

For the medial approach, a modification of 
the medial approach to the humeral shaft 
and the supracondylar region of the hu-
merus is used (9). The cat is placed in dor-
sal recumbency with the limb placed in ab-
duction. A proximal 2–3 cm skin incision 
located approximately 1 cm caudal and 2 
cm distal to the palpable cranial border of 
the greater tubercle is necessary for ad-
equate exposure. Due to the larger amount 
of soft tissue overlying the bone in the 
proximal part of the medial humerus, care-
ful retraction of the skin and soft tissue 
with blunt self-retaining Gelpi retractors 
was found to be beneficial. The brachio-
cephalic muscle is palpated cranially and 

Figure 1 Minimally invasive plate osteosynthe-
sis approach to the lateral aspect of the left 
 humerus in a cat. Note the close proximity of the 
radial nerve (arrow) to the distal incision. Damage 
to the radial nerve with its deep and superficial 
branch is avoided by creating the tunnel deep to 
the brachialis muscle (asterisk). Care is taken to 
preserve the omobrachial artery and vein proxim-
ally (arrow head). Skin was removed for better 
presentation of neurovascular structures and ana-
tomical landmarks.

a  ALPS 6.5 Plate: KYON, Zurich, Switzerland
b  ALPS 8 Plate: KYON, Zurich, Switzerland
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head of the triceps brachii and along the 
caudal edge of the biceps brachii muscle as 
the neurovascular structures overlie these 
muscles. This position was found to be 
beneficial as the distal plate holes can be 
positioned caudal to the supracondylar for-

marks for the distal window. After per-
forming a 2 cm skin incision along the su-
pracondylar ridge, the deep fascia is incised 
along the cranial edge of the long head of 
the triceps muscle. Care is taken to visual-
ize the brachial artery and the median and 
ulnar nerves before the medial head of the 
triceps is separated from its short part 
covering the supracondylar foramen. The 
short part of the medial head of the triceps 
brachii muscle is carefully elevated while 
visualizing the neurovascular structures (9, 
10). If necessary for implant positioning, in 
order to avoid impingement of the neuro -
vascular structures by the plate, cranial re-
traction of the brachial artery and the 
median nerve is possible after freeing these 
structures from the supracondylar foramen 
by removing its medial border with a ron-
geur (▶ Figure 4). 

A tunnel is created starting distally and 
connecting the two incisions. Care should 
be taken to stay underneath the medial 
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the deep brachial fascia is incised between 
its caudal border and the superficial pec-
toral muscle. The brachiocephalicus 
muscle is retracted cranially. The superfi-
cial pectoral muscle is retracted caudo-
 distally with careful attention to the under-
lying neurovascular structures. After incis-
ing the aponeurosis of the deep pectoral 
muscle along the shaft of the humerus, the 
proximal part of the biceps brachii muscle 
is visualized and retracted cranially (▶ Fig-
ure 2). The underlying broad tendon of the 
inserting teres major muscle is an impor-
tant landmark for the proximal approach 
(▶ Figure 2, ▶ Figure 3). Dissection should 
not be continued further distal to the inser-
tion of the tendon of the teres major 
muscle to avoid damage to the brachial ar-
tery and the musculocutaneous nerve im-
mediately distal to the aforementioned 
point. 

The medial epicondyle and the supra-
condylar ridge are used as anatomical land-

Figure 2 Minimally invasive plate osteosynthesis approach to the medial aspect of the right humerus 
in a cat after creation of the proximal and distal window (A) and after transection of overlying muscles 
following plate placement (B). The tendon of the teres major muscle (arrow head) and the supracondy-
lar foramen with the median nerve and brachial artery (white arrow) are shown as important land-
marks. The plate is placed underneath the medial head of the triceps brachii muscle (asterisk) to avoid 
the overlying neurovascular structures (black arrow). Skin was removed for better presentation of 
 neurovascular structures and anatomical landmarks.

Figure 3 Relevant anatomy of the medial 
 aspect of the right humerus after caudal and cran-
ial retraction of overlying musculature. The tendon 
of the teres major muscle must be identified as an 
important landmark (black asterisk). The muscu-
locutaneous nerve (white arrow) is located 
 immediately distally. Note the brachial artery and 
the median nerve (arrow head) as they pass 
through the supracondylar foramen (black arrow). 
The epiperiosteal tunnel is created underneath 
the medial head of the triceps brachii muscle 
(white asterisk). Note that the scissors are not 
representing the final plate position but have 
been dislocated with  retraction.
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amen and the medial head of the triceps 
stays in between the plate and the overlying 
neurovascular structures (▶ Figure 2). Al-
ternatively, the plate can be positioned 
cranial to the medial head of the triceps in 
a true medial position. In the proximal 
window the tunnel is continued superficial 
to the tendon of the teres major muscle 
(▶ Figure 2, ▶ Figure 3). 

The plate is inserted from distal to 
proximal in order to not damage the distal 
neurovascular structures. In addition, the 
large soft tissue coverage and the thorax 
can make proximal insertion of the plate 
more difficult. The plate is twisted to allow 
placing it caudal to the supracondylar for-
amen distally and on the medial aspect 
proximally (▶ Figure 2.) 

If the median nerve and brachial artery 
are not freed from the supracondylar for-
amen, the screw hole positioned over the 
supracondylar foramen is left empty and 
screws are placed in the adjacent holes 
(▶ Figure 2.)

Radius

In contrast to the dog, a cranio-lateral ap-
proach is advocated in the cat due to the 
change of the orientation of the cranial sur-
face of the radius directing cranio-laterally 
in the proximal part and cranio-medially in 
the distal part (▶ Figure 5). The approach 
resembles a modification of the lateral ap-
proach to the shaft of the radius and a dor-
sal approach to the carpal joint (9). The in-
dications for this approach include distal 
metaphyseal and diaphyseal fractures of 
the radius.

Dorsal recumbency of the cat is recom-
mended. The surgical procedure is carried 
out with the limb extended caudally. The 
proximal approach is located in a more lat-
eral position than described for the dog (5). 
A 1–2 cm skin incision is created in the 
palpable groove between the common digi-
tal extensor muscle and the lateral digital 
extensor muscle at the level where the two 
most proximal screw holes of the plate will 
be positioned. Small self-retaining Alm re-
tractors may be used for retraction of the 
skin and soft tissues. The deep antebrachial 
fascia is incised between the common digi-
tal extensor muscle and the lateral digital 
extensor muscle. The supinator muscle 
may be elevated for increased exposure, 
taking care not to damage the deep branch 
of the radial nerve. 

For the distal approach, the radio-carpal 
joint is identified by thorough palpation 
during flexion and extension. A hypoder-
mic needle may be used for better orien-
tation during the surgical procedure. A 1 to 
2 cm cranio-lateral skin incision is created 
just proximal to the radio-carpal joint. The 
antebrachial fascia is incised between the 
tendon of the extensor carpi radialis 
muscle and the tendon of the common 
digital extensor muscle. If further exposure 
is desired, the tendon of the abductor polli-
cis longus muscle may be transected. Alter-
natively, the antebrachial fascia can be in-
cised between the tendon of the common 
digital extensor muscle, and the tendon of 
the lateral digital extensor muscle (▶ Fig-
ure 6). As described in dogs, it is preferable 
to create the epiperiosteal tunnel from dis-
tal to proximal. Care should be taken to 
preserve the tendon of the lateral digital ex-
tensor muscle to the first phalange as it 

curves cranio-medially at the level of the 
radio-carpal joint. Insertion of the plate is 
generally performed from distal to proxi-
mal. 

Ulna

A lateral approach is recommended for the 
ulna. The described approaches to the 
proximal and distal shaft of the ulna and 
the styloid process were combined and 
modified (9). Indications include diaphy-
seal and distal metaphyseal fractures of the 
ulna, when associated with comminuted 
fractures of the radius (11, 12). The animal 
is positioned as described for the radius. A 
1 cm long incision is made on the lateral 
aspect of the proximal shaft. The deep 
antebrachial fascia is incised and retracted. 
The ulnaris lateralis muscle can be care-
fully elevated at its caudal border and re-
tracted cranially to increase exposure. 

The styloid process of the ulna is used as 
anatomical landmark for the distal 

Figure 4 Cranial retraction of the brachial 
 artery and the median nerve (arrow) after release 
from the supracondylar foramen (arrow head in 
the right limb. Skin was removed for better 
 presentation of neurovascular structures and 
 anatomical landmarks.

Figure 5 View to the cranial surface of the 
right limb radius of a dog (A) and a cat (B). Note 
the obvious external torsion of the cranial surface 
of the radius of the cat, especially in the proximal 
part.
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muscle can be retracted cranially by placing 
a small Hohmann retractor cranial to the 
femur thereby exposing the lateral aspect of 
the femur. A distal 1–2 cm incision is made 
just proximal and caudal to the patella in 
case of proximal metaphyseal and diaphy-
seal fractures. For distal metaphyseal frac-
tures, the skin incision is extended distally 
to the level of the tibial tuberosity. After in-
cision of the subcutaneous fascia, the biceps 

Femur

We advocate using a lateral approach to the 
femur, which combines the lateral approach 
to the greater trochanter and to the sub-
trochanteric region of the femur and an ap-
proach to the distal femur through a lateral 
incision (9). Indications for this approach 
include diaphyseal, proximal, and distal 
metaphyseal fractures. The cat is positioned 
in lateral recumbency. The greater troch-
anter is palpated and a 1 cm incision is 
made at its caudo-distal aspect. The cau-
dofemoralis and biceps femoris muscle is 
identified and the superficial leaf of the fas-
cia lata is incised along their cranial border. 
After retraction of the deep fascia lata the 
underlying vastus lateralis muscle is par-
tially elevated off the proximal part of the 
femur. Subsequently the vastus lateralis 
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window. A 1 cm skin incision is made 
slightly proximal to this point. After incis-
ing the subcutaneous tissue, the antebra-
chial fascia is incised between the tendons 
of the ulnaris lateralis muscle and the lat-
eral digital extensor muscle. The tendons 
are retracted and an epiperiosteal tunnel is 
created. The tunnel is created in a proximal 
to distal direction to avoid interference 
with the styloid process of the ulna during 
instrument insertion.

Figure 6 Minimally invasive plate osteosynthe-
sis approach to the right limb radius in a cat, 
cranio-lateral view. Note the lateral position of 
the approach due to external torsion of the radius 
in the cat. Windows to the bone have been 
 created between the common digital extensor 
muscle (asterisk) and the lateral digital extensor 
muscle (black arrow head). For orientation, the 
 ulnaris lateralis muscle is shown with the white 
arrow head. Skin was  removed for better presen-
tation of neurovascular structures and anatomical 
landmarks.

Figure 7  Minimally invasive plate osteosyn-
thesis approach to the left femur in a cat. The 
proximal window is created along the cranial 
border of the caudofemoralis (white asterisk) and 
biceps  femoris muscle (black asterisk) overlying 
the greater trochanter. For the distal window, the 
lateral trochlear ridge and the patella (arrow) are 
palpated. Skin was removed for better presenta-
tion of neurovascular structures and anatomical 
landmarks.

Figure 8 Minimally invasive plate osteosynthe-
sis approach to the right tibia in a cat. The black 
lines indicate the incision lines for the windows. 
The tibial tuberosity (white arrow) is palpated for 
the proximal window. The medial malleolus 
 (asterisk) helps identify the location for the distal 
window. Care is taken to preserve the medial 
 saphenous artery and vein (arrow head). Skin was 
removed for better presentation of neurovascular 
structures and anatomical landmarks.
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However, our findings should be inter-
preted cautiously because of the inability to 
evaluate functional and histological nerve 
injuries such as neuropraxia, axonotmesis 
or neurotmesis. We found that the lateral 
and medial approaches to the humerus 
carry higher risk because of the specific 
anatomy and close relationship of the neur-
ovascular structures. Especially when per-
forming a medial MIPO of the humerus, it 
is crucial to respect the reported landmarks 
and individual anatomical differences. An-
other limitation is that the approaches were 
performed on intact bones. Future clinical 
studies should evaluate the efficacy and 
clinical safety of the described techniques 
in cats. 

In our clinical experience, MIPO can be 
safely performed in cats for fixation of 
humeral, radial, ulnar, femoral, and tibial 
fractures. However, the approaches de-
scribed in this manuscript are more chall-
enging in clinical cases due to soft tissue 
swelling and interference with the frac-
tured bones. In cases where MIPO is un-
successful in restoring alignment or pre-
vents adequate implant anchorage, conver-
sion to an open approach is mandatory. 
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Discussion
Establishing specific guidelines for MIPO 
approaches in cats may be important be-
cause of the anatomical differences be-
tween dogs and cats. The only compli-
cation observed in this cadaveric study was 
a screw penetrating the supracondylar for-
amen in MIPO of the lateral humerus. The 
supracondylar foramen, unique to the fe-
line humeral anatomy, should therefore be 
considered when selecting the approach for 
humeral fractures. Placing bi-cortical 
screws from the lateral to the medial aspect 
of the distal humerus is associated with the 
risk of iatrogenic damage to the brachial 
artery and median nerve, which pass 
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