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My current conceptions on surgical treatment of complex humeral head fractures

If we exclude that the complex fracture must be treated with a prosthesis

what is our first goal?

• Reduction
(as close as possible to the anatomical one)

(Primary healing)



• Everyone 
performs it 
according to:

• tradition

• experience

• ability
tradition – experience - ability
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Which are our
second

third and
fourth goals?

Once the reduction is obtained,
and temporarily stabilized



My current conceptions on surgical treatment of complex humeral head fractures

2nd goal:

stable fixation

which prevents, in post-op period, rotation and translation of the HH
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3rd goal:

fixation that does not hinder healing

(Secondary healing)

hematoma: (activation of coagulation cascade; release inflammatory mediators )
internal callus (bone marrow, mesenchymal stem cells)
external callus: muscles and periosteum
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4th goal:

fixation that reduces the major complication rate

avascular necrosis
infections
non union
sintering 



Our cases, plates with different shapes, profiles and radiolucent

Complication%.....
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Complications: 9.6%

• Avascular necrosis
• Non union
• Sintering  

2016

My current conceptions on surgical treatment of complex humeral head fractures



2017

major complications affect 25% pts (re-operation)
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• Failure rate: 34%

Failure increases with increasing age and 
fracture complexity

• Complication rate: 44%

• AVN with severe head collapse (52% of 

failures), 

• delayed intra-articular screw penetration 

(14% of failures)

• Reoperation rate: 11%
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Conclusions:
The intramedullary nail is superior to locking plate in:
• reducing the total complication
• intraoperative blood loss
• operative time
• postoperative fracture healing time
• postoperative humeral head necrosis rate

2019
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Role??!!



My current choice : TRANS-LESIONAL fixation with blocked threaded wires 
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«Trans-lesional»:  suggested term by (my friend) Marco Massobrio

Positioning of the threaded wires: no random!!!!!



our series of three-part (Hertel 7) humeral head 
fracture treated with

deltopect approach and trans-lesional fixation
(ISOSTATIC CONSTRUCT)

with blocked threaded wires
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Our first goal:
reduction

percutaneous technique



Consecutive series of complex proximal humeral 
fractures treated with blocked threaded wires

In a NEW CONFIGURATION 
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Hertel 7 fracture



Immobilization for 30 days

Post-op protocol
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Arm in neutral position
Elbow mobilization: after 15 days 



after 30 days we remove the brace

passive and assisted active mobilization
(limited to 100° flex and abd)

Post-op protocol
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45 days: Blocked threaded wires removal
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Passive and active assisted Rehabilitation



Results

With respect to our LP :

              1) lower incidence of major complications (2.5%  vs  9.6% plate)

-no periosteal or fracture hematoma removal
-no multiple perforation of the HH (as we do when plate is used)
-no permanent metallic devices that may hinder the healing

                 2) lower rate of infection:     4.5%     (all superficial)    vs     6%

                                                                                                                      
     -weekly antiseptic treatment of the inlet holes
        -short surgical time
        -small surgical approach

                      

                 3) similar clinical and radiological outcomes 

                             
                                                                                         
         

-Mean individual relative CS: 91%
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How can these good results be explained?



1.Biomechanical validation

2.Postoperative stability

3.Postoperative interference with fracture healing
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Mesh of the finite element discretization 
of the fractured humeral domain

• Two loading scenarios were 

tested 

(1) a composite tension/bending/shear

Loading

(2) a compression loading

A finite element incremental analysis and a parametric optimization analysis were performed

(thanks to the collaboration with Engeneering Dep. of Sapienza)
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• Geometry of Hertel 7 fr. was created



Parametric analysis

Four design parameters, each represented by three values, were tested

• Wires AB

• Wires EF

• Material

• CD Interdistance

18 simulations
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According to the two loading patterns

The maximum von Mises stress: 

64.4 MPa (point A) 

(Points B: 39 Mpa;  C:22 MPa).

2nd  Load scenario

Where

Gap distances increase: 

point 1 (from8.441 mm to 8.494 mm)

point 3 (from 7.534 mm to 7.540 mm)
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CD distance has the maximum influence
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Results of parametric optimization analysis 

L’analisi parametrica è lo studio della variazione dei risultati in funzione di 
parametri variabili



• Minimum gap distance

15.37 mm  3rd combination 

• Lowest von Mises stress 

51.51 MPa 12th combination.

18 combinations
(best values: 2 of them)

No influence of the external rod diameter (12 
mm) (4.2%)

The geometries which guarantee minimum gap 
distance are those making use of stainless steel 
for the wires
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3 Issues:

1.Biomechanical validation

2.Postoperative stability

3.Postoperative interference with fracture healing
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they evaluated the
post-operative stability

Comparison: 

• Plate and screws (GOLD STANDARD)

• Manufacturer’s recommended technique

• Gumina’s technique
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Setup

Test setup with 20° of varus

Two test protocols
 

• cyclic loading

 

• load to failure 

performed at 5 mm/min for 500 

cycles or until construct failure.

conducted with a displacement 

rate increase of 5 mm/min.
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Distance change (in mm) Angular change (in degrees)

• (Gumina’s construct) revealed the least relative motion at

     the fracture site, without a statistically significant  

difference compared with locking plates. 

• (COMPANY construct A) resulted in the lowest stability 

and the highest rates of displacement.

Load application (N)
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3 Issues:

1.Biomechanical validation

2.Postoperative stability

3.Postoperative interference with fracture healing
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2019

3D Vibrometry analysis (response of the material)
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By studying the response of the material subjected 
to vibrations induced by a piezoelectric, indirect 

information is obtained on the primary stability of 
the system and therefore on the possible 

interference of the synthesis system with the first 
phases of the fracture healing process. 



1. Healthy proximal humerus
2. Plate and screws (GOLD STANDARD)
3. BTW Construct (6 wires model 1)
4. BTW Construct (6 wires model 2)
5. BTW Gumina’s Construct
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response to the vibrometric analysis on 

blocked thread wires (BTW)



Results

0.05 kH

1 kH

4.5 kH

BTW Construct (6 wires model 1) BTW Construct (6 wires model 2) Gumina’s Construct

Significative less deformation in Gumina’s construct

My current conceptions on surgical treatment of complex humeral head fractures
3

 d
if

fe
re

n
t 

Fr
e

q
u

e
n

ci
e

s 
o

f 
vi

b
ra

ti
o

n



Higher deformation of the humeral head due to excessive stiffness (plate) 

Gumina’s Construct Plate and screws (GOLD STANDARD)
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2nd analysis: Waves propagation 

Plate and screws

Gumina’s Construct

BTW Construct (6 wires model 1)

BTW Construct (6 wires model 2)

Significative less stress (red color) on the humeral head  with BTWs
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Elderly patients, without cognitive problems

F - 81 yo, ASA 3
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• operating times are reduced
• blood loss is low 



4-part proximal humerus fractureYoung patients:       F, 55 yo
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M, 53 yo
Posterior fracture 
dislocation

• posterior approach
• HH reduction
• posterior capsuloplasty
• TL-fixation
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FU: 60 days
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FU: 4 years
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Why do we use TL-fixation?

              1) Hertel 7 fracture

          lower incidence of major complications (2.5% vs 9.6% locking plate)

• NO periosteal or fracture hematoma removal
• NO multiple perforation of the HH (as we do when plate is used)

                                        

6 reasons
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                 2) lower rate of infections  (4.5% vs  6% locking plate)

                                                                                                                      
•  weekly antiseptic treatment of the inlet holes
• shorter surgical time (mean: 37 mins)
• often, small surgical approach (3 cm)
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                 3) 

Our construct is 
stable (isostatic)

It prevents 
traslation and collapse 
of the humeral head

No loss of reduction in the 
postop period

Validated by biomechanical 
analysis
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4)

diameter of the threaded wire is smaller than that of the screws

number of used threaded wires is less than that of the screws

all this preserves bone stock
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With respect to plate and screws:

              5) no permanent metallic means

that may hinder the healing
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                 6) our series:

                        irCS similar to those obtained with locking plates

                       

fewer complications and shorter operating times

.
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When does it fail? ………………interruption of the lateral wall

Patients with comminution of the both/lateral metaphyseal column/s

Loss of compression
Excessive micromotion
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Unstable medial column: possible solutions

• endosteal strunt grafting with LLCP
• supplement tension band suturing after LLCP
• intramedullary nail
• medial buttress plating
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Unstable medial and lateral columns: possible solution

• endosteal strunt grafting 
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goal is not only
“how to synthetize the humeral head fracture”

but
“how to obtain the best functional result”
(reducing the percentage of major complications)
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TL-fixation meets this needs



Guest Nation: South Korea 
registration fee: astonishing!!!
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