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Abstract. – Normal healing of fractures is a
complex process that relies heavily on a cascade
of consecutive activations of immune cells and
mediators. This mechanism somewhat overlaps
with all processes related to bone metabolism,
from the absence of unions to heterotopic ossifi-
cations and osteoporosis. We aimed to review and
describe this intricate process of bone metabo-
lism with particular focus on abnormal function
and to exemplify it with a series of clinical cases
which could justify their practical importance. The
elbow has great potential for fracture healing but it
is very sensitive to prolonged immobilization
which can easily lead to intra-articular adherences
and stiffness. In addition, the interosseus mem-
brane facilitates communication between the re-
generative environments when both radius and ul-
na are fractured. Such extensive injuries, around
the proximal forearm, can lead to heterotopic ossi-
fications and synostosis, which decrease sagittal
range of motion through impingement and even
block rotational movement through bone bridges.
Increased knowledge and awareness of the bio-
logical mechanism of fracture healing, will have
great improvement in the pharmacological adju-
vant treatment of elbow injuries.
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Introduction

Activations of immune cells and mediators is a
physiological cascade normally involved into a
bone fracture healing process, which somewhat
overlaps with all processes involving bone me-
tabolism, including lack of unions, heterotopic
ossifications and osteoporosis. Clinical observa-
tions regarding the healing behavior of the in-
jured elbow were firstly collected founding that
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the elbow has great potential for fracture healing
but is very sensitive to prolonged immobilization
which can easily lead to intra-articular adher-
ences and stiffness. In addition, when both radius
and ulna are fractured, the inter-osseus mem-
brane facilitates communication between the re-
generative environments. Such extensive injuries
around the proximal forearm can lead to hetero-
topic ossifications and synostosis which decreas-
es sagittal range of motion through impingement
and even block the rotational movement through
bone bridges. The inflammatory phase is one of
the initiating factors for bone healing. The exact
role of the various cytokines involved in bone
healing on osteoblast biology is not entirely clari-
fied1. The understanding of the molecular and
cellular mechanism of fracture healing can facili-
tate the fracture management and the treatment
of impaired bone healing2. System wide inflam-
matory conditions also modulate the primary
processes of fracture management which could
explain the shock induction in polytraumatic pa-
tients, as well as increased ossifications associat-
ed with head injuries. We aimed to review and
describe this intricate process of bone metabo-
lism, with particular focus on abnormal function
and exemplifying it with a series of clinical cases
that will justify their practical importance.

Methods

Scope of the present review is to analyze all
the recent literature focused on the immuno-
pathological pathways around the elbow joint in
order to identify relevant topics which could be
useful to improve clinical practice. In addition,
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we searched on the electronic database of our
clinic, over a period of 5 years, in order to obtain
a broad view of the surgically treated elbow
fractures/dislocations. At the end we refined the
results in order to discard multiple or inappropri-
ate coding. Virtually, all simple radial head frac-
tures and elbow dislocations were treated as out-
patients and, thus, not included in our results.
We then pursued to identify the surgical treat-
ment for any complication of the elbow joint re-
gardless its etiology and providing evidence for
relevant cases.

Results

Three directions of clinically relevant im-
mune-pathological researches were identified:
“fracture healing and non-union”, “induced
membranes technique” and “heterotopic ossifica-
tions”. Out of 106 admissions for traumatic in-
juries about the elbow, the majority were olecra-
non fractures, followed by fractures of the distal
humerus. Virtually all osteo-synthesis for the ole-
cranon were performed using K wires and figure
eight cerclage, with a trend towards bicortical
fixation. This construct was also the most fre-
quent to require removal and had favorable out-
comes. The distal humerus fractures, on the other
hand, often led to ROM limitations and ossifica-
tions which persisted even after implant removal.
A total of 14 cases were surgically treated for im-
portant residual functional limitations: 6 distal
humerus fractures, 4 unstable dislocations (terri-
ble triad), one distal humerus non union, one ra-
dioulnar proximal synostosis, one bad connected
proximal ulna fracture and one extended tumoral
resection of the proximal ulna.

Fracture Healing and Lack of Union
Whenever a fracture occurs, bone and sur-

rounding soft tissues are ruptured. The immedi-
ate consequence is the release of inflammatory
mediators and the formation of an hematoma.
This is deemed the acute inflammatory phase; it
peaks within 24 hours and develops under hy-
poxic conditions. The tumor necrosis factor-α
(TNF-α) and interleukins 1 and 6 (IL-1, IL-6) are
the major regulators3. Then, the callus fills with
cartilage formed from specialized mature mes-
enchymal stem cells recruited by stromal cell-de-
rived factor-1 and G-protein-coupled receptor
CXCR-44. Vascular endothelial growth factor
(VEGF)-dependent pathway is the responsible

for revascularization and neo-angiogenesis at the
fracture site. The cartilage then calcifies and is
replaced with woven bone which confers
rigidity3. In an animal model, a study by Toben et
al5 compared the healing process of a fracture be-
tween normal and imunodeficient hosts. Recom-
bination of activated gene 1 deprived (RAG1-/-)
organisms showed more bone and less cartilage
with an accelerated endochondral ossification. In
addition, they had less lymphocytes and reduced
expression of inflammatory cytokines apart from
IL-10. Nam et al6 performed a similar research
using immunodeficient (recombination activating
gene 2) mice as a model of impaired injury re-
pair. IL-17F was determined to be an important
contributor for the cellular response in osteogen-
esis and supposed to be produced by Th17 subset
of T-lymphocytes. General administration of
prostaglandin (Pg) E receptor 4 ligands, such as
prostaglandin E2, appears to support fracture
healing. In a study by Tanaka et al7, the total vol-
ume of cortical bone, as well as the mineral con-
tent, increased proportionally with the Pg dose
by accelerating the local turnover. A skeletogene-
sis regulator, the beta-catenin pathway, activates
T cell factor dependent transcription and posi-
tively regulates osteoblasts. Chen et al8 demon-
strated that, in early stages of fracture repair, be-
ta-catenin differentiates pluripotent mesenchymal
cells to either osteoblasts or chondrocytes. After-
wards, beta-catenin continues to exert a positive
regulation on osteoblasts. Sclerostin is a glyco-
protein secreted by osteocytes which inhibits os-
teoblastogenesis via Wnt signaling. Furthermore,
sclerostin neutralizes antibodies leading to in-
creased bone mineralization in animal models of
osteoporosis. Systemic administration of Scl-Ab
III also results in an increased mineral density
and histological bone deposition in a non-critical
size defect as early as the first week. These find-
ings might provide its potential use in complicat-
ed fractures and non-unions9,10. Osteoclasts cross
presents antigens to induce transcription factor
Scurfin (also known as forkhead box P3 and en-
coded by Foxp3) in CD8+ T-cell. In an animal
model for hormonal osteoporosis, this process
was showed to limite bone loss while to increase
bone density11 (Figure 1).

Induced Membranes Technique
Inducement of foreign-body granulation tissue

is a promising aid treatment for large bony de-
fects repair. Masquelet and Begue12 found that,
when a segmental bone loss is temporarily occu-
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Figure 1. A, Normal bone healing of a medial epicondyle
fracture; after surgical treatment, the local conditions allowed
for a complete mineralization and disappearance of fracture
line at five months follow-up. B, By contrast, this comminut-
ed distal humerus fracture shows clear signs of supracondylar
nonunion at three months and was operated again.

A B

Figure 2. A, Large
proximal ulna defect
filled with PMMA spac-
er. B, The same case
during secondary inter-
vention; the cement
block is seen surrounded
by a clear membrane
which will support the
bone graft.

A B

pied by a polymethylmethacrylate (PMMA)
spacer, a reactive inflammatory membrane cre-
ates around it in as little as 6 weeks. In a second
step, when the cement block is removed and re-
placed by cancellous bone, this membrane acts,
somewhat, like a periost, preventing resorption
and secreting growth factors. A literature review
by Taylor et al13 detailed the benefits of foreign-
body induced membranes in the staged treatment
of segmental bone defects. They point out that
PMMA cement induces a biologic membrane
that will nurture the definitive bone graft. One to
two months after spacer placement the protective
shell matures. This prevents graft dispersal and
resorption, promotes revascularization and in-
duces growth factors that lead to excellent clini-
cal results being reported. The inductive potential

of such membranes has been histological proved
in animal models14,15 with better results in com-
parison to recent artificial bioresorbable polylac-
tide membranes that boast single step
procedures16. Many authors15,17 have now showed
that production of growth (VEGF, TGF-β1) and
osteoinductive factors (BMP-2) will peak as ear-
ly as one month. This well correlated with the ex-
pression of VEGF, IL-6 and type-I collagen, as
well as type-I procollagen production in
aminoterminal propeptide, ionic calcium concen-
tration increase and alkaline phosphatase in-
creased activity when co-cultured on mesenchy-
mal cells15. Such immunochemistry analysis can
support and confirm a more rapid conversion to
bone grafting15,17 (Figure 2).

Heterotopic Ossification
Heterotopic ossifications around the elbow are

very common post traumatic findings and a source
of bony impingement which interferes with normal
range of motion18. Inducement of heterotopic bone
formation led to the identification of bone morpho-
genetic proteins. These are extracellular cytokines
of the TGF-β (transforming growth factor) family.
TGF-β supergene family stimulates new endo-
chondral bone production by mimicking stages
from the embryonic development19.

BMPs are regulated via transmembrane type I
and type II serine/threonine kinase receptors and in-
tracellular SMAD proteins. Smad1/5/8 transcription
factors get phosphorylated at the C-terminal SVs by
BMP type I receptors and thus start the transcrip-
tion of early BMP-responsive genes by coupling to
sequences in the enhancer regions. Overactive sig-
naling leads to heterotopic ossification20,21.
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Recombinant human bone morphogenetic pro-
tein-2 (rhBMP-2) is used in spinal fusion to aid
with consolidation. Daily practice somewhat en-
countered frequent and somewhat occasionally
important complications associated with their
use22. The bone morphogenetic proteins are par-
ticularly attractive in minimally invasive lumbar
fusion, because here more surfaces are inappro-
priately prepared compared with the open proce-
dure. By using a combination of low-dose BMP
in addition to bone autograft, specific complica-
tions could be reduced while still achieving fast
and reliable fusion23 (Figure 3).

Discussion

Osteo-immunology extends to more other fac-
tors than fracture healing and bone mineraliza-
tion. Rheumatoid arthritis, osteoporosis, multiple
myeloma and breast/prostate cancer are also ad-
vancing through modern conditional gene target-
ing and transgenic technologies24. COX-2 in-
hibitors impede inflammation by down regula-
tion of pro-inflammatory prostaglandins from
arachidonic acid and therefore impair fracture
healing25. Among the current NSAIDs in use, in-
domethacin was clearly proved to interfere with
callus formation and fracture healing. Apart from
the biological processes, mechanical fixation is
required for consolidation. The current principles
of internal stabilization of the fracture respect
these prerogatives. The most common form of
bone healing is known as secondary repair. It
consists of both endochondral and intramembra-
nous regeneration. From a macro, clinical per-
spective, it is important to know that it does not

necessarily require anatomical reduction or rigid-
ly stable conditions1. In order to minimize local
disturbance and dilution of mediators and frac-
ture hematoma, whenever possible, closed reduc-
tion and fixation is performed. This allows for an
optimum cellular regeneration and mineralization
of the callus and leads to favorable outcomes.
Any alteration of these processes delays the frac-
ture healing. The causes can be multifactorial.
Local variables involve improper biomechanical
stability, incomplete reduction of the fracture
gap, infection or aggressive surgical treatment
which devitalizes large portions of tissue. Sys-
temic factors are all conditions interfering with
the bodies capability to regenerate and deposit
bone, from nutrient depletion (vitamins C and D,
calcium and proteic intake or absorption),
lifestyle conditions such as smoking and/or alco-
holism, to metabolic dysfunctions of the bone cy-
cle hormones and regulators (parathyroid, dia-
betes mellitus, renal insufficiency, menopause,
chronic steroid use) and senile osteoporosis.

Conclusions

The elbow is a complex joint that controls the
functional length of the upper limb. Just as im-
portant, the articulation between the radial head
and the capitellum, as well as its relationship to
the proximal ulna permits a fluent prono-supina-
tion. Over the last years an increase in complex
patterns (in both coronal and sagittal planes) and
very distal fractures in osteoporotic bone has
been reported. The intricate articular surfaces
make internal fixation difficult. In addition, in-
creased susceptibility for stiffness limits the im-

Figure 3. A, Preoperative 3D reconstructed CT volume (VRT) depicting proximal radio-ulnar synostosis and malunited ole-
cranon fracture. B, Intraoperative aspect while burring of the osseous bridge. C, Final result which permits prono-supination.
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mobilization and justifies all efforts for rapid
consolidation. We, therefore, believe that in-
creased knowledge of the biological mechanism
of fracture healing will produce a great improve-
ment in the pharmacological adjuvant treatment
of elbow injuries.
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