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S. Salati, S. Setti, R. Cadossi, M. Cadossi

authors reported a significant impro-

vement in the quality of regenerated 

cartilage and subchondral bone [29] 

(fig. 1).

Recently, Hung’s research group at 

Columbia University investigated 

the effect of pulsed electromagnetic 

fields on the structural and functional 

quality of engineered osteochondral 

constructs and the post-implantation 

joint environment in a model of fo-

cal cartilage lesions in dog [30]. The 

results demonstrate that stimulation 

with PEMFs increases cell content, 

extracellular matrix deposition, and 

integration of engineered constructs 

in vitro. In vivo, stimulation with 

PEMFs, performed after implantation 

of engineered cartilage grafts, promo-

tes the formation of a uniform repair 

figure 1 Microtomography, macroscopic evaluation, and histological analysis of 
osteochondral lesions treated with scaffold, scaffold + PEMFs, scaffold + BMC, 
and scaffold + BMC + PEMFs.
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Treatment of osteonecrosis of the femoral head

post-traumatic cases (6 femoral neck 

fractures and 4 traumatic luxations). 

Of the non-post-traumatic cases, the 

causative agent was identified in steroid 

therapy (4 cases), while in the remain-

ing 12 cases, necrosis was idiopathic.

From a clinical point of view, the pro-

cedure failed to guarantee an improve-

ment in symptomatology in 15 of the 

cases. It was necessary to perform a 

subsequent hip prosthesis surgery at an 

average distance from the intervention 

of 25.7 months (7-78). The remaining 

patients had an initial improvement in 

clinic function test scores (mean HHS 

from 48.37 to 82.61) which was main-

tained until a mean follow-up of 82.3 

months (52-125). The histological anal-

ysis of the failed cases has shown excel-

lent osseointegration of the biological 

system (fig. 5). However, morphologi-

cal studies, obtained through micro-CT 

and 3D reconstructions, have highlight-

ed a severe deficit of the morphology of 

the femoral epiphysis (fig. 6), which has 

predisposed the joint to a rapid arthrit-

ic degeneration, probable cause of the 

need for prosthetic replacement.

figure 4 Implantation of biomaterials in 
osteochondral repair

figure 5 Histological result 5 years after 
osteochondral repair. Overview of the 
histological section of the femoral head. 
Presence of cartilage tissue (purple) along 
the entire articular surface. Presence of 
thickening areas bone not distinguishable 
from the underlying bone. It is possible to 
detect the presence of rare residues of 
material
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pseudoarthrosis of long bones;  patients 

were banned from loading for 6 weeks 

after surgery then were granted until 

complete consolidation. In 17 out of 

20 fractures, consolidation at 5 months 

was shown. These are all encouraging 

data to support the use of bone marrow 

in the treatment of fractures. 

One of the downsides is the limit-

ed number of stem cells it contains. 

Muscher and coll. [21] noted that the 

mean prevalence of alkaline phos-

phatase-expressing colony-forming 

units (CFU-AP), a marker of osteo-

blast progenitors, is 55 per million 

nucleated cells. These values are un-

dergoing a significant age-related de-

cline for both men and women. They 

also noted that the volume of aspirate 

used for the grafting procedure could 

also influence the number of CFU-AP, 

which increases as the volume of as-

pirate increases, but at the same time 

also increases the degree of contam-

ination of samples with peripheral 

blood. The researchers showed that 

an increase in volume from 1 ml to 4 

ml causes an approximate decrease in 

CFU-AP of 50% and advise that the 

volume of aspirate taken from a single 

site does not exceed 2 ml. 

Demineralized bone matrix 
The demineralized bone marrow 

(DBM) bone matrix,  produced by acid 

extraction of homologous bone, con-

sists of tissue deprived of the miner-

al component. It is often mixed with 

conventional bone chips in the avail-

able preparations or associated with 

organic carriers. It has both “osteocon-

ductive” and “osteoinductive”  effects 

(fig. 2) thanks to the presence in the 

extracellular matrix of bone morpho-

genetic proteins (BMPs). It has been 

shown that this family of proteins, part 

of the TGF-β superfamily, is of primary 

importance in all bone reparative phe-

nomena and therefore can stimulate 

the processes of angiogenesis and oste-

ogenesis compellingly.

The implantation of DBM is followed 

by the formation of a hematoma and 

an inflammatory process character-

ized by the migration of polymorpho-

nuclear into the implant within 18 

hours. Mesenchymal cells differenti-

ate into cartilage-producing chondro-

L. Cevolani, Davide M. Donati, B. Spazzoli, S. Pasini
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Treatment of pseudoarthrosis

figure 2 (a-B) Histological preparations in which DBM (1) and MSM (2) are 
found. Notice how cells tend to adhere and organize into colonies around DBM 
particles.
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for 67% of shoulder pain and reduced 

function in patients between 40 and 

65, with an incidence of 200,000–

300,000/year globally and 20-70% of 

relapses [15].

The Achilles tendon is the most fre-

quently injured (about 40% of all ten-

don ruptures) in young, middle-aged, 

or elderly subjects who do recreatio-

nal activities or unconventional activi-

ties. Its incidence increases due to the 

ever-increasing number of elderly pe-

ople who dedicate themselves to spor-

ts activities. The incidence of relapses 

after conservative treatments is 12-

18%, 1-3% after surgery, with 4-17% 

of postoperative complications [16]. 

 Spontaneous tendon regeneration is 

a complex process that usually leads 

to scar and fibrovascular tissue forma-

tion with lower mechanical properties 

than the original healthy tissue.

Under normal conditions, spontane-

ous regeneration is slow due to the 

figure 3 Histological images of healthy (A, B) and tendinopathic (C, D) tendons. 
Staining Picrosirius Red (A, C), hematoxylin eosin (B, D). The fibers of COLL II are 
identified in green-yellow and those of COLL I in red-orange (A, C).
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Biological products and biomaterials for tendon regeneration
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figure 11 35-year-old 
female patient. Outcomes 
of conservatively treated 
peroneal fracture. At 
the top, pre-operative 
X-rays under load show, 
in anteroposterior, a tibial 
hyperpressure at the level 
of the astragal trochlea, 
a cause of osteochondral 
injury. The patient 
undergoes chondral repair 
surgery by reclamation and 
implantation of scaffolds 
with concentrate of 
autologous bone marrow 
mononuclear cells and 
joint reconstruction with 
elongation of the fibula, (RX 
below, control at 12 months).

figure 12 27-year-old male patient with early post-traumatic arosis at the tibio-tarsica, 
documented on X-rays and MRI. Cartilage repair is performed with bone marrow concentrate 
and scaffold, joint reconstruction with elongation of the fibula and subsequent arthrodiasis 
with external monoaxial fixator in distraction

Regenerative therapy in osteoarthritis
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the same good results as the ankle, 

probably due to the high amount of 

soft parts [42].

Conclusions

The evolution of surgical techniques 

in treating arthritic lesions, together 

S. Giannini, A. Mazzotti

figura 21 Top RX in 2 
projections of the right knee 
under load in male 50 years, 
with severe defect of the 
medial tibial plate in septic 
arthritis outcomes. The patient 
undergoes replacement of the 
medial tibial plate with partial 
allograft, synthesized with 
plaque and screws (RX below)
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D. Pressato, A. Franceschini

Figure 3 More frequent bone 
marrow aspirate concentration 
systems used and reported in 
the literature analysis: BMAC-
Harvest/Therumo (a); BioCue-
Zimmer/Biomet (b); Magellan-
IstoBiologics/Arteriocyte (c); 
Angel-Arthrex (d); IOR-G1 ResQ 
60 Novagenit/Thermogenesis (e)
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eral blood thanks to particular geome-

tries (lateral openings) 

compared to traditional sampling tro-

cars with openings located at the end 

(fig. 5a and 5b). It has been shown 

that a system approved for clinical use 

allows sampling of 10 mL of BMA and 

has a substantial equivalence with re-

spect to the use of BMAC. These sys-

tems claim ease of use, significantly 

reduced times from the moment of 

withdrawal to the administration to 

the patient of the aspirate, and regen-

erative potential higher than BMAC 

[17]. In small numbers and with 

short follow-ups, clinical investiga-

tions where the therapeutic efficacy 

is demonstrated using these devices in 

particular in joint infiltrative therapy 

for osteoarthritis of the knee [18] and 

in the primary arthroscopic revision 

of previous treatment of rotator cuff 

injuries [19] are described.

Similarly to systems that do not re-

quire centrifugation, other innova-

tions are being developed clinically: 

the Stem-G2 (Novagenit) system, for 

example, takes up the principle of 

bone marrow blood sampling through 

precise maneuvers. Moreover, being 

Bone marrow concentration systems: bone marrow aspirate concentrate (BMAC)

Figure 5 Traditional system of sampling of autologous bone marrow aspirate with aspiration 
through opening at the distal end of the device (a). Innovative trocar end with side openings 
that allow to reduce the infiltration of peripheral blood (b)
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C. Soranzo, A. Tognetto, L. Vidal

Figure 3 (A) Schematic drawing of the differential centrifugation tube. The neutral pressure valve 
with a lure-lock connection ensures the hermetic connection syringe – tube. The connection is 
open (inlet/outlet fluid) only when the union between the needle and the valve is correct. This 
ensures the transfer of blood or its derivatives into asepsis without risk of platelet activation.
(B) After blood sampling (anticoagulant), the same is transferred within the tube by 
connection to the valve as mentioned above, the processing volume is 20ml (18ml blood + 2ml 
anticoagulant solution).
(C) The blood is centrifuged under standard validated conditions (1800 rpm, 450G: P cycle). The 
different blood components are separated by centrifugal force. In this cycle, the entire plasma 
fraction is isolated, i.e., the sovereign fraction of straw color, clouded by the presence of platelets 
(PRP1). Selecting the 2ml below the demarcation boundary of the plasma with the red lower 
phase collects the fraction called “buffy coat.”
(D) The PRP1 fraction is recovered by means of a push-out system, which allows the transfer in 
asepsis of fluids between the two compartments (tube – syringe)
(E) The PRP1 fraction is transferred to a second tube and centrifuged (2000rpm, 600G: L cycle) 
in order to concentrate the platelets at the bottom of the container; while the superior plasma 
fraction (about 2/3 of the total volume) is discarded (PPP fraction)
(F) Platelets weakly aggregated to the bottom are gently resuspended with a rotary movement. 
This results in an average of 3 mL of PRP (or PRP2 fraction) with a platelet concentration in the 
range of 1,000,000 PLT/mL ± 20 %
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Adipose tissue
as regenerative tissue

The adipose tissue (subcutaneous and 

visceral) is the largest organ of our 

body and has multiple structural and 

endocrine support functions. It also 

has a very rich network of capillary 

microvessels that actively par-ticipa-

te in the self-repair processes of our 

body mainly because, as all the capil-

laries of every human tis-sue, they are 

rich of perycites (fig. 1), which repre-

sent the precursors of MSCs (mesen-

chymal stem cells), cellular elements 

particularly important in reparative 

mechanisms.

Even in past centuries, starting with 

military doctors in the Napoleonic 

army, fat had been used with con-tro-

versial results as a dressing. However, 

it is only since the 80s, with the inven-

tion of the liposuction technique and 

its increasing success, that access to lar-

ge quantities of tissue with more minor 

and less in-vasive techniques has made 

the lipofilling technique popular, whi-

ch is nothing more than an autologous 

Figure 1 (A) Histological appearance of 
clusters of adipose tissue processed 
with lipogems technology (note the 
integrity of the adipocytes (orange 
spheres) and the presence of pericytes 
(small green cells in single file because 
they are present around the capillaries)
(B) Appearance in electron microscopy 
of pericytes around a capillary. All 
vascularized tissues contain pericytes 
that detach in case of trauma and 
turn into MSCs that act as personalized 
micropharmacies secreting 
substances that initially regulate 
inflammation and later regeneration.
(c) Lipogems technology. Essential 
is the processing in the absence of 
air that allows the protection of fat 
clusters that can be reduced while 
maintaining their integrity
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