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Abstract. – BACKGROUND: In orthopedic
field is growing interest in the use of stem cells:
this mesenchymal multipotent line (MSCs) can
lead to differentiation into osteocytes and thus
the formation of bone tissue. In literature appli-
cations of this line are described in injuries of
tendons and ligaments, small bony avulsions,
nonunion fractures and cartilage defects.

AIM: Utilize MSCs expanded in laboratory in
case of atrophic pseudoarthrosis of the upper limb.

MATERIALS AND METHODS: We obtain the
amount of cell necessary for the implant by the col-
laboration with the UO Haematological Department.

For the procedure we make a blood sample
from the iliac crest bone marrow and a subse-
quent phase of selection and cultivation of mes-
enchymal line for 3 weeks, to get a sufficient
amount of tissue to be used, which is presented
at the time of surgery on a scaffold made by au-
tologous plasma gel and CaCl2.

We reassessed our experience in 8 different
types of upper limb fractures result in pseudarthro-
sis and delayed of consolidation: 4 women and 4
men, average 44 years old followed with a follow-
up of 50.3 months.

In all cases the site of non-union has been revi-
talized (by microfractures and drilling) and a syn-
thesis was performed with a rigid plate. So we fill
the bone gap with autologous bone and mes-
enchymal stem cells expanded in the laboratory.

RESULTS: We have a radiographic healing in 8
cases and no adverse events were highlighted.

CONCLUSIONS: Using this cells line we ob-
tained encouraging but certainly not conclusive
impressions, according to the limited number of
cases and lack of adequate comparative studies.
In tissue engineering are also certainly needed
further investigations and developments.
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Introduction

The great interest in mesenchymal stem cells
(MSG) is due to their unique properties. This cell
type is multipotent and can give tissue regenera-
tion. These cells have a pleiotropic differentia-
tion capacity, can give rise to different cell lines
based on specific biochemical contact1.
The most recent international literature has

shown that these cells may also have a trophic
local action; in case of tissue injury secrete in a
paracrine way bioactive molecules, growth fac-
tors, cytokines and chemokines specific for envi-
ronment and type of lesion2.
Due to international regulations and costs, cur-

rently, the majority of orthopedics experience us-
ing mesenchymal stem cell is to obtain cell’s
concentrate in a extemporaneous tecnique during
the surgical procedure.
The use of mesenchymal stem cells expanded in

the laboratory and then using a procedure which
allows cell manipulation is much more limited in
the context of orthopedic surgery. In the literature
highlight the experiences in tendon and ligaments
injuries3-6, small bone avulsion7-9, in case of bone
gap10-12 in nonunion fractures (pseudarthrosis)13-18
cartilagine injuries19-24. In order to make a scientif-
ic contribution on the use of mesenchymal stem
cell line expanded in the laboratory in this study
we wanted to re-evaluate our caseload in the
nonunion of the upper limb focusing our attention
on the results in terms of radiographic healing and
safety of the implant in the long period.

Materials and Methods

We re-evaluated 8 patients 4 males and 4 fe-
males with a mean age of 44 years (min 18-max
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Patient (age) Fracture’s type Failed surgical tecnique Nonunion type

F. 45 12-A1 Internal flexible nailing Atrophic pseudoarthrosis
M. 27 12-B3 External fixation Atrophic pseudoarthrosis
F. 73 12-C1 Intramedullary nail Atrophic pseudoarthrosis
M. 61 21-B1 Orif stainless steel wires Atrophic pseudoarthrosis
M. 51 21-B1 Orif stainless steel wires Atrophic pseudoarthrosis
M. 46 22-A1 Orif (plates and screw) Atrophic pseudoarthrosis
F. 18 22-A2 Orif (plates and screw) Atrophic pseudoarthrosis
F. 31 22-C3 Orif (plates and screw) Atrophic pseudoarthrosis

Table I. Type of fracture with the corresponding type of nonunion (Müller AO classification).

of surgery is perform peripheral blood sample in
EDTA (8 tubes), necessary to obtain autologous
plasma. The cells are then added to plasma (1-4
× 106 cellule/2 ml) to which is added CaCl2.
At the time of surgery the MSCs are placed in

a gelled suspension of autologous plasma and
sterilized CaCl2 called “clot” (Figure 1). This
represents a real scaffold for stem cells and pro-
vides good surgical manipulation at the site of le-
sion26.
In all cases, in the site of nonunion we make

revitalization with drillling, microfractures,
opening the medullary and then we performed a
synthesis with a plate and screws. We fill the
bone gap with autologous or homologous bone
tissue and then implanted mesenchymal stem
cells.
In all cases the patient have 30 days of immo-

bilization in a plaster cast or brace.

Results

Radiographic healing was seen in all patients
with a median time of 6 months (min 3.5 months-
up to 10 months) (Figure 2, Table II). There were
no complications. In all cases there was a func-
tional recovery of the district and treated patients

73 years). The mean follow-up was 50.3 months
(min 35 months-69 months max). We used the
classification Müller AO25 and Table I shows the
types of nonunion fracture in which we use the
MSCs expanded in the laboratory.

Procedure to Obtain Mesenchymal Stem
Cells Expanded in the Laboratory
The method is standardized and requires the

cooperation of the Haematology Unit. Is per-
formed under local anesthesia a blood sample of
80 ml from the iliac crest bone marrow. We use a
needle model Steri Perfect heparin (heparin 15
IU/ml). We perform also a peripheral blood sam-
ple of 100 ml to obtain serum required for the
preparation of the culture medium.
The blood taken from the bone marrow is dilut-

ed 1:3 with saline, layered by density gradient (Fi-
coll) and centrifuged at 900 g for 25 minutes. The
mononuclear cells obtained are washed twice with
saline, counted and plated (0.2-0.4 cells/cm2 ×
106) in cell culture flasks in complete medium
[Dulbeccoís Modified Eagle Medium (DMEM)
LG, gentamicin, 2 mM L-glutamine, 6-8% autolo-
gous serum]. The cells are then incubated at 37°C,
5% CO2. After 48-72 hours the culture medium is
completely removed, cells washed with saline and
complete culture medium added again. Since then
the land is half renewed every 2-3 days. We per-
fom a further sampling of peripheral blood (100
ml approximately) needed to carry forward the
culture until use of these cells.
Using protease (select Triple, animal free)

cells are counted and plated in double of
flasks.Aliquots of cells are used to run a test of
osteogenic induction and a phenotypic assess-
ment. The cells are subjected to osteogenic in-
duction by a treatment with 50 microgr/ml of
ascorbic acid and hydrocortisone 10-6 M. At the
third week of culture, the day before or the day Figure 1. Blood clot at the time of surgery.
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have resumed their daily activities and sports.
Considering the follow-up period of 50.3 months
no local or systemic adverse event was highlight-
ed in the long term.

Discussion

The series is limited and heterogeneous and
does not allow conclusive judgments. We can
say that the results obtained are encouraging
and the technique appears safe. Surgical ap-
proach still remains the most important point by
revitalizing, drilling, opening of the in-
tramedullary canal and the synthesis. The graft
of MSCs should be seen as the catalyst for bone
healing and not the only determining factor for
the resolution of the disease.
To validate the use of MSCs is, therefore, nec-

essary to perform comparative studies for age,
sex, general condition, location and method of
injury, as a further clinical validation of the effi-
ciency of this cell line. This will lead to new
strategies such as preload the cells on biodegrad-
able scaffolds for osteogenic address.
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Figure 2. A case report of a female 73 years with fracture type 12-C1 hesitated nonunion after treatment with intramedullary
nail, during engagement of MSCs expanded in the laboratory, radiographic healing at 5 months.

Time of
Fracture’s the radiografical
type healing (months)

12-A1 5
12-B3 3.5
12-C1 5
21-B1 10
21-B1 7.5
22-A1 6
22-A2 5
22-C3 6

Table II. Radiographic healing time by type of fracture.



11) KITOH H, KITAKOJI T, TSUCHIYA H, KATOH M, ISHIGURO
N. Transplantation of culture expaneded bone
marrow cells and plated rich plasma in distraction
osteogenesis of the long bones. Bone 2007; 40:
522-528.

12) MARCACCI M, KON E, MOUCKHANCHEV V, LAVROUKOV
A, KUTEPOV S, QUARTO R, MASTROGIACOMO M, CAN-
CEDDA R. Stem cells associated with macroporous
bioceramics for long bone repair: 6- to 7-years
outcome of a pilot clinical study. Tissue Eng
2007; 13: 947-955.

13) MUSCHLER J, MISURA RJ. Connective tissue progeni-
tors: practical concepts for clinical applications.
Clin Orthop 2002; 395: 66-80.

14) CAPANNA R, SACCARDI R, AVANZI G, MANCINI I. Ruolo
ed importanza delle cellule staminali mesenchi-
mali nei processi di rigenerazione ossea. Lezioni
del VII corso di aggiornamento in emaferesi. So-
cietà Italiana di Emaferesi, 2002.

15) MUSCHERL J, NITTO H, MATSUKURA Y, BOEHM C, VALDE-
VIT A, KAMBIC H, DAVROS W, POWELL K, EASLEY K.
Spine fusion using cell matrix composites en-
riched in bone marrow derived cells. Clin Orthop
2003; 407: 102-118.

16) MANES E, MANES C, CANTÒ L, ERASMO R. Le cellule
staminali ed i fattori di accrescimento in ortopedia
e traumatologia. G It Ort Traumatol 2005; 31:
197-205.

17) BIELBY R, JONES E, MCGONAGLE D. The role of mes-
enchymal stem cells in maintenance and repair of
bone. Injury 2007; 38(Suppl 1): S26-32.

18) KALLAI I, VAN LENTHE GH, RUFFONI D, ZILBERMAN Y,
MÜLLER R, PELLED G, GAZIT D. Quantitative, structur-
al, and image-based mechanical analysis of
nonunion fracture repaired by genetically engi-
neered mesenchymal stem cells. J Biomech
2010; 43: 2315-2320.

19) WAKITANI S, IMOTO K, YAMAMOTO T, SAITO M, MURATA N,
YONEDA M. Human autologous culture expanded

bone marrow mesenchymal cell transplantation for
repair of cartilage defects in osteoarthritic knees.
Osteoarthritis Cartilage 2002; 10: 199-206.

20) JANCEWICZ P, DZIENIS W, PIETRUCZUK M, SKOWRONSKI J
BIELECKI M. Osteochondral defects of the talus
treated by mesenchymal stem cell implata-
tion–early results. Rocz Akad Med Bialymst 2004;
49(Suppl 1): 25-27.

21) WAKITANI S, MITSUOKA T, NAKAMURA N, TORITSUKA Y,
NAKAMURA Y, HORIBE S. Autologous bone marrow
stromal cell tranplantation for repair of full thick-
ness articular cartilage defects in human patellae:
two case reports. Cell Transplant 2004; 13: 595-
600.

22) KURODA R, ISHIDA K, MATSUMOTO T, AKISUE T, FUJIOKA
H, MIZUNO K. OHGUSHI, WAKITANI S, KUROSAKA M.
Treatment of a full-tickness articular cartilage de-
fect in the femoral condyle of an athlete with au-
tologous bone-marrow stromal cells. Osteoarthri-
tis Cartilage 2007; 15: 226-231.

23) LARSEN KH, ANDERSEN TE, KASSEM M. Bone and carti-
lage repair using stem cells. Ugeskr Laeger 2010;
172: 2616-2619.

24) WAKITANI S, OKABE T, HORIBE S, MITSUOKA T, SAITO M,
KOYAMA T, NAWATA M, TENSHO K, KATO H, UEMATSU K,
KURODA R, KUROSAKA M, YOSHIYA S, HATTORI K, OH-
GUSHI H. Safety of autologous bone marrow-de-
rived mesenchymal stem cell transplantation for
cartilage repair in 41 patients with 45 joints fol-
lowed for up to 11 years and 5 months. J Tissue
Eng Regen Med 2011; 5: 146-150.

25) MULLER ME, NAZARIAN S, KOCH P. The AO-Classifi-
cation of fractures. Berlin, Springer Ed. 1990.

26) TROMBI L, MATTII L, PACINI S, D'ALESSANDRO D, BATTOL-
LA B, ORCIUOLO E, BUDA G, FAZZI R, GALIMBERTI S,
PETRINI M. Human autologous plasma-derived clot
as a biological scaffold for mesenchymal stem
cells in treatment of orthopedic healing. J Orthop
Res 2008; 26: 176-183.

227

Treatment of pseudoarthrosis of the upper limb using expanded mesenchymal stem cells


