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Abstract

Purpose: To determine the feasibilit y of using minimally invasive percutaneous plate 
osteosynthesis (MIPPO) in the t reatment  of humeral shaft  fractures and analyze the 
anatomical relations of the different bodily structures with the ixation plate.
Int roduct ion: Humeral shaft  fractures account  for 1.6% of all surgical fractures. Open 
reduction and compression plate ixation is a universally accepted method, but since it 
requires an extended dissection it could cause a lesion to the radial nerve. Another 
alternat ive is to use int ramedullary nails, but  the percentage of complicat ions associated 
to them is similar.
Mat erials and met hods: We conducted a study of 5 cadavers. At the proximal level, we 
carried out  a deltopectoral mini approach; the distal incision was performed at  about  5 
centimeters proximally to the elbow lexure in the inferomedial region of the arm. Once 
the two mini approaches were completed, a blunt  inst rument  was used to drive an 
anterior extraperiosteal sub-brachial tunnel on the anterior aspect of the humerus 
through which a 10-hole straight narrow plate was introduced from proximal to distal.
Result s: Once the osteosynthesis was completed, we identiied the relationship of the 
different anatomical structures with the plate, extending both incisions without inding 
any signiicant anatomical structure on the anterior aspect of the humerus that could be 
damaged.
Conclusions: Even if  technically challenging, the MIPPO technique described herein is less 
invasive or traumatic than open reduction and plate ixation, and it is not associated with 
any special risks of inj ury to the radial or musculocutaneous nerves.
© 2008 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Humeral shaft  fractures account  for 1.6% of all operat ive 
fractures. In the last  few years incidence of these fractures 
has increased as a result of the higher prevalence of trafic 
and occupat ional accidents. Diaphyseal fractures pose 
radically different problems from those raised by proximal 
humeral fractures. Apart  from healing t ime dif ferences, 
reduct ion o fan epiphyseal fracture requires great  accuracy 
while the aim of diaphyseal reduct ion is leg length, bone 
axes and rotational preservation as well as allowing small 
non-anatomical alterat ions. For this reason, the maj ority of 
diaphyseal fractures can be t reated conservat ively1-3.  
Nonetheless, in special situat ions, such as cases where the 
result  of closed reduct ion is unacceptable (open fractures, 
post -manipulat ion radial nerve palsy or mult iple fractures) 
surgical t reatment  is indicated4-6.  Moreover, there is growing 
social pressure to achieve early funct ion and comfort ,  which 
means that external immobilization is judged as 
uncomfortable, insuficient and ineficient, often delaying 
a surgical procedure that  could have been performed 
immediately. This occurs especially with your problems that  
have sustained an occupat ional or Sports-related inj ury and 
with obese women for whom conservat ive t reatment  
const itutes a several weeks- and at  t imes months-long 
torment . 

Open reduction and internal ixation with a compressive 
plate is a universally accepted method, which has a high 
incidence of successful healing and allows early mot ion4,6,  

but as it requires extensive dissection, there is a risk of 
damaging the radial nerve. Int ramedullary nailing also 
induces fast  recovery with the advantage that  it  is a 
percutaneous procedure that  minimizes soft  t issue 
damage5,7.

The role played by internal ixation in the treatment of 
these fractures remains cont roversial.  One of the reasons is 
the high rate of complicat ions related with delayed healing 
and pseudoarthrosis (7.4% of cases)12-14,  avulsions at  the nail 
insert ion site (4.2% of cases)13 and radial nerve palsy (4.2% 
of cases)13.

As a result of the technical advances in the ield of 
minimally invasive devices (MIPPO (minimally invasive 
percutaneous plate osteosynthesis), these techniques have 
gained popularity in recent  years with sat isfactory clinical 
results8-10.  Their advantage could lie in the fact  that  lower 
blood loss and less soft  t issue damage they afford might  
j ust ify a slight  imperfect ion in the alignment  of bone 
fragments. Although there are several studies of this 
technique performed in the lower limbs15,  studies of the 
applicat ion of MIPPO in the upper limbs are scarce16.  The 
plate is inserted percutaneously, with small incisions in the 
proximal and distal areas. This methods is more sparing of 
the soft  t issues and preserves the fracture hematoma and 
the blood circulat ion of the inj ured bone fragments.

It  could be thought  that  percutaneous insert ion of a 
ixation plate for the treatment of humeral Shaft fractures 
could damage the radial nerve. To date, 4 surgical 
approaches have been described for t reat ing humeral shaft  
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¿Es posible la osteosíntesis mínimamente invasiva de la diáisis del húmero  
sin riesgos? Estudio en el cadáver (técnica y anatomía)

Resumen

Obj et ivos:  Determinar la viabilidad de aplicar la técnica MIPPO (minimally invasive per-
cutaneous plate osteosynthesis, ‘ osteosíntesis percutánea con placa mínimamente inva-
siva’) en el tratamiento de las fracturas diaisarias de húmero, y observar las relaciones 
anatómicas de las dist intas est ructuras nobles con la placa de osteosíntesis.
Introducción: Las fracturas de la diáisis humeral representan el 1,6% del total de las 
f racturas quirúrgicas. La reducción abierta y la osteosíntesis con placa a compresión es 
un método aceptado universalmente pero, al requerir una disección extensa, hay posibi-
lidades de dañar el nervio radial;  ot ra alternat iva es el uso de clavos int ramedulares, 
pero el porcentaj e de complicaciones es similar.
Mat erial  y mét odo:  Para esto, se realizó un estudio en 5 cadáveres. Se procedió a realizar 
un miniabordaje deltopectoral en la zona proximal y se realizó la incisión distal a unos  
5 cm, proximal a la lexura del codo en la región inferoexterna del brazo. Una vez reali-
zados los 2 miniabordajes, se procedió a realizar un túnel subraquial anterior extrape-
rióst ico con un obj eto romo, siempre por la cara anterior del húmero, y se int roduj o una 
placa recta estrecha de 10 oriicios de proximal a distal.
Result ados: Una vez realizada la osteosíntesis, se procedió a identiicar la relación de las 
dist intas est ructuras anatómicas con la placa prolongando ambas incisiones: no se encon-
t ró ninguna est ructura anatómica noble en la cara anterior del húmero que pudiera da-
ñarse.
Conclusiones:  Aunque pueda ser técnicamente dif ícil,  la técnica MIPPO descrita aquí es 
menos invasiva y t raumát ica que la reducción abierta y la colocación de una placa, ade-
más no supone riesgos especiales de lesión en el nervio radial o musculocutáneo.
© 2008 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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fractures11:  posterior, anterolateral,  anterior and 
posterolateral.  Open reduct ion and plat ing is normally 
performed through an anterolateral or posterior approach. 
The anterolateral approach is recommended for middle or 
upper third fractures, while the posterior approach is 
reserved for lower third fractures6,11.  The anteromedial 
approach is less useful given its neurovascular connect ions 
and the anterior approach is only rarely used. However, the 
radial nerve never crosses the anterior aspect  of the 
humerus, which means that  the risk to inj ure this area is 
minimal.

The purpose of this study is to determine the feasibilit y 
to apply the MIPPO technique to the t reatment  of humeral 
shaft fractures by placing a ixation plate on the ventral 
aspect  of the humerus through a mini deltopectoral 
approach in the upper third and an anterior and inferior 
approach to the arm; another aim was to observe the 
anatomic relat ionship between the radial nerve and the 
ixation plate.

Materials and methods

This study was performed on 10 arms from 5 formol-
preserved cadaver. The procedure was carried out  with the 
full specimens in the supine posit ion. We made sure that  
none of the cadavers had any previous scars in the area 
indicat ing some sort  of surgery or t rauma in the region.

We performed a mini-deltopectoral approach in the 
proximal area. The incision was 4-5 cm long (ig. 1). A 
characterist ic dissect ion was carried out  between the 
pectoral muscle and the medial border of the deltoid 
advancing unt il the anterior aspect  of the humerus was 
reached. In this case, the main risk was inj uring the 
chephalic vein.

The distal incision, 3-4 cm long, was made 5 cm proximally 
about 5 cm proximal to the antecubital fossa. As usual, it 
was made in the inferolateral area of the arm. The interval 
between the biceps brachii and the brachalis was identiied. 
The biceps was relected medially in order to identify the 
musculocutaneous nerve, which runs over the brachialis. 

Subsequent ly, the brachialis was divided into 2 port ions 
along its midline unt il contact  was established with the 
anterior aspect  of the humeral shaft .  Now, the biceps, the 
medial port ion of the brachialis and the sensory branch of 
the musculocutaneous were relected to the medial side. 
The lateral port ion of the brachialis, which protects the 
radial nerve, was relected to the lateral side. At this point, 
the radial nerve perforates the lateral intermuscular wall 
and runs between the brachioradialis and the brachialis 
(ig. 2).

Once the 2 mini-approaches were completed, an anterior 
extraperiosteal sub-brachial tunnel was driven with a blunt 
inst rument , always from the anterior aspect  of the humerus 
(ig. 3). The greatest dificulty may be found in the proximal 
area because of the int imate relat ionship between the 
ibers of the deltoid «V» at its attachment to the humerus. 
Care must  be taken in the distal area so that  the radial 
nerve is not  damaged; the humerus should be tunnelized in 
it s anterior or anteromedial aspect . 

Following preparat ion of the subrachialis, a narrow 
st raight  10-hole plate was int roduced from distal to 
proximal. The plate was ixed to the proximal humerus with 
a screw. The plate was ixed to the proximal humerus with 
a screw. Next, once the plate was placed on the anterior 
aspect of the humerus, it was distally ixed with 3 screws 
and inally stabilized with another 2 proximal screws.

Once the osteosynthesis was completed, the relat ionship 
of the dif ferent  anatomic st ructures with the plate. A wide 
deltopectoral approach was made, in order to ident ify the 
axillary nerve, the radial nerve, the musculocutaneous 
nerve and the orientat ion of the plate. The tunnel was 
exposed and subsequently bound by the proximal and distal 
incisions (ig. 4). 

Results

Plates were correctly placed on the anterior (extraperiosteal) 
humeral aspect , under the brachialis muscle, in all 
specimens, with a relat ively thin muscle layer between the 
plate and the periost ium.

Figure 1 Proximal 4-5 cm long incision (a), blunt dissection that spares the cephalic vein (b) until the anterior aspect of the 
humerus is reached (c).
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When the soft  t issues were dilacerated in order to 
int roduce the plate, the brachialis muscle was slight ly 
inj ured in the area of the tunnel.

The axilliary nerve runs from the posterior aspect of the 
proximal humerus proximal toward the lateral region; it is 
not  possible to damage it  when the anterior deltopectoral 
approach is used in the proximal incision.

The radial nerve (the branch originat ing at  the posterior 
secondary trunk of the plexus) runs along the arm from the 
axilla (posterior to the axillary artery), crosses the 
humerot ricipital sulcus, descends down the posterior 
aponeurot ic cavity (between the posterior aspect  of the 
humerus and the anterior aspect  of the t riceps) in the radial 
groove and, at  the level of the elbow, runs along the depths 
of the lateral intertubercular groove, which means that  
under no circumstances can the radial nerve be damaged. 
The closest  distance between the radial nerve and the 
lateral aspect  of the plate was at  least  2.5 cm with the arm 

in full supinat ion. When the arm was pronated, the distance 
decreased (ig. 5).

As regards the musculocutaneous nerve, which has an 
essent ially motor component  in it s upper half  and a sensory 
component  in it s bot tom half ,  it  runs between the biceps 
brachii and the brachialis and is protected by the medial 
ret ractor when a distal approach is used. In none of the 
specimens dissected did we observe any inj ury to the 
musculocutaneous nerve (ig. 6).

Discussion

Several minimally invasive methods have been developed 
for f racture Management  and MIPPO techniques enj oy an 
increasing level of popularity. The irst MIPPO techniques 
were designed for subt rochanteric and distal f ractures of 
the femur9. Subsequently, these methods were modiied 

Figure 3 Perforat ion of a sub-brachial tunnel with a blunt  inst rument  (a, b and c); the st raight  plate will subsequent ly  

be int roduced through that  tunnel.

Figure 2 3-4 cm long distal incision (a and b); identiication of the plane between the biceps and the brachialis (c); location  
of the musculocutaneous nerve (sensory branch) (d).
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and adapted to the t reatment  of  other f ractures, such as 
femoral shaf t  f ractures17, proximal and distal tibial 
f ractures8,9,17 and f ractures of  the foot 18.  MIPPO technique 
for the humerus were previously described by Fernandez19 
and Apivat thakakul20,  who int roduced a combined approach 
technique: a deltoid incision on the lateral aspect  of  the 
humerus and another incision in the distal region of  the 

Figure 4 Exposure of the tunnel bound by the proximal and 
distal incisions.

Figure 5 Proximal area (a y b). Note the distance between the plate and the radial nerve, and the safety distance between the 
radial nerve and the plate distally (c).

bone. The irst author published a report on 20 cases 
treated chiely with this technique, with satisfactory 
result s.

This cadaver study, l ike others of  it s kind20,  shows that  
it  is possible to perform a minimally invasive approach to 
the anterior aspect  of  the humerus. The course of  the 
radial nerve has been well described in the l it erature21 and 
in textbooks11,22.  The nerve passes through the t riangular 
space between the long head of  the biceps and the humeral 
axis, below the teres major. It crosses the posterior aspect 
of the humerus approximately 20.7 ± 1.2 cm proximal to 
the epicondyle and 14.2 ± 0.6 cm proximal to the 
epit rochlea.

As in the proximal region the radial nerve is located in 
the posteromedial humeral shaft; the proximal incision of 
the MIPPO approach can under no circumstances damage it .  
In the middle part ,  the nerve runs posterior to the shaft ,  
which also protects it  f rom any damage since the plate is 
int roduced through the anterior aspect  of the humerus. 
However, in this area care must  be taken that  the screws 
ixing the plate are not in a purely anteroposterior direction 
in order to prevent  potent ial damage to the radial nerve in 
the spiral groove. Nonetheless, as in these cases the plate 
is used as an internal st rut , as a kind of bridge, screws are 
rarely used in the middle area23.  In the distal area, the 
nerve runs laterally between the brachioradialis and the 
brachialis muscles. In this area, the lateral port ion of the 
brachialis acts as a buffer between the nerve and the 
ret ractor. The Hohmann ret ractor should not  be used on the 
lateral aspect  of the humerus so as not  to compress the 
bone.

The position of the forearm inluences the position of the 
nerve in it s distal-most  port ion. In the dissect ion carried 
out  for the present  study, we found an area of the brachialis 
muscle between the plate and the radial nerve in all 
specimens. According to t radit ional wisdom, the posit ion of 
the forearm is related to the posit ion of the radial nerve in 
its distal portion, so that in maximum supination the nerve 
shif ts laterally and in pronat ion it  shif ts medially, for which 
reason in these cases when the tunnel is driven and the 
plate int roduced it  is recommended that  the forearm should 
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be placed in maximum supination to avoid potential damage. 
This, combined with split t ing the brachialis in half  and 
relecting the medial portion of the muscle together with 
the nerve, will prevent  damage to the distal-most  port ion 
of the brachialis.

In the MIPPO technique as described by Fernandez19,  the 
tunnel begins in the sub-deltoid space and bends 90° 
towards the anterior aspect  of the humerus, in the direct ion 
of the sub-brachial space. In this case it is the axillary nerve 
that  could be damaged in the deltoid region when the 
lateral plate is int roduced. In this case, an inj ury could also 
occur when dilacerating the deltoid ibers or when the plate 
is compressed against the bone on proximal screw insertion. 
This was prevented in the present case since the proximal 
approach is deltopectoral rather than purely lateral.

Another problem that  may arise is interference of the 
plate with the biceps tendon, as described by Fernandez19,  
but  in our case the plate was lateral to the biceps and 
medial to the deltoid so it  could not  interfere with the 
course and hence with the funct ion of these tendons. It  
should be remembered that  this study was performed in 
cadavers with an intact  humerus. However, a humeral 
fracture may disrupt  a subj ect ’s anatomic landmarks. For 
this reason it  is advisable to restore the alignment  of the 
arm before performing any incisions; this can be done by 
means of simple t ract ion or in special cases through an 
external ixator, mainly during the tunneling and plate 
int roduct ion processes. The authors of this study have not  
performed a biomechanical study, since that  was not  the 
aim of this paper.

To conclude, although technically dificult at times, the 
MIPPO technique described herein is less invasive and 
traumatic than open reduction and plate ixation. This 
technique may be indicated in the t reatment  of simple or 
comminuted humeral shaft fractures, which extend around 
6 cm from the at tachment  of the deltoid toward the 
olecranon fossa. This would make it  possible to place at  
least 3 screws both in the proximal and the distal areas. The 
technique might  also be indicated in humeral fractures that  
cannot  be t reated with an int ramedullary nail because the 
diameter of the canal is too small.
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