Provided by Archivio istituzionale della ricerca - Universita di Palermo

Acta Medica Mediterranea, 2014, 30: 419

Metadata, citation and similar papers at core.ac.uk

EVOLUTION AND HEALING OF FRAGILITY FRACTURES OF THE PROXIMAL FEMUR
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ABSTRACT

After a traumatic fracture a physiological process begins to heal the fracture. The steps of the process are inflammation,
granulation, formation of fibrous callus and finally bone. There are many factors that may influence the healing of the fracture:
adequate blood supply, good contact between bone fragments, good stability of the fracture, general health, age, smoking, related
pathology, use of drugs, etc. In elderly patients the variations in bone structure and healing processes have a negative influence on
fracture healing. Fragility fractures require careful placement of the implants to reduce the risk of failure of osteosynthesis.
Appropriate surgical devices and facilitation factors must be used to allow bone healing.
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Introduction

Fragility fractures of the proximal femur are a sig-
nificant social problem, considering the high fre-
quency among senior citizens and the mortality
rate related to such fractures"?. They are typical of
the age group for whom healing is negatively influ-
enced by variations in bone structure and healing
processes. Surgical treatment includes the use of
prostheses or other surgical devices (screws, nails)
chosen by the surgeon on the basis of the charac-
teristics of the specific fracture and the patient’s
general clinical condition. Medical treatment also
helps healing by promoting the formation of new
bone and by reducing bone re-absorption, thereby
stimulating bone healing and decreasing the risk of
new fractures. Nowadays treatment is attempted as
soon as possible to reduce the risk of complications
related to delayed healing and prolonged hospital-
ization. The goal of this study is to clarify the
physiological steps and processes of healing of
fractures of the proximal femur and possible treat-
ments to accelerate healing.

Generality

There are usually four healing phases follow-
ing a traumatic bone fracture®*”.

e Inflammatory phase (1-7 days): immediate-
ly after the trauma the surfaces of the fracture
bleed and a hematoma forms as a result of the rup-
ture of the intra-bone vessels, periosteal and the
surrounding center. The bone near the margins of
the fracture necrotizes, and the coagulate is infil-
trated by leukocytes, macrophages, mastocytes,
and fibroblasts to remove the necrotic bone.

e Fibrous callus phase (2-3 weeks): the coag-
ulate hardens due to the presence of collagen fiber
and vasal elements; there is a proliferation of bone
progenitor cells (preosteocytes), and osteoblasts of
the cambial layer of the periosteum and the endos-
teum; osteoblasts and condroblasts of mesenchy-
mal origin also appear. There is also the formation
of fibrous callus composed of osteoid, cartilage
and collagen (hardening of the hematoma and for-
mation of osteogenic and condrogenic tissue).
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e Osseous callus phase (1-4 months): miner-
alization of the osteoid and cartilage of the external
fibrous callus, periostal, and endostal, through their
transformation in primitive bone. Hence there is a
re-absorption of dead bone and the formation of
new bone tissue.

* Remodeling phase may last a few months to
years. The activity of osteoblasts and osteoclasts
slowly transforms primitively formed bone into
mature lamellar bone, having true haversian sys-
tems. This phase leads to the consolidation of the
fracture®”.

Consolidation of the fragility fracture

The consolidation of a fracture under physio-
logical conditions normally occurs within a certain
period called normal consolidation time and which
is from 15-20 days (e.g. greenwood fracture of a
child’s clavicle), to a maximum of 5-6 months (e.g.
middle-third or lower tibia in the adult), according
to the three variables that influence healing time:
skeletal location, type of fracture, and patient’s
age®. The physiological healing processes are
modified in some bone pathologies, especially
osteoporosis. Under physiological conditions the
process of bone remodeling where the bone is con-
tinually formed as a result of the osteoblasts,
equals the bone that is gradually reabsorbed by the
osteoclasts.

Under pathological conditions, in contrast, the
action of the osteoclasts is predominant over the
osteoblasts with the consequent increase in the re-
absorption of bone, a general increase in bone
turnover, and deleterious effects both on the quan-
tity and quality of bone, leading to the extreme
condition of fragile fracture®'?. Structural bone
variations which we previously described negative-
ly influence the healing of these fractures, especial-
ly in primitive osteoporosis"®.

Compromise of the healing process in primitive
osteoporosis

In post-menopausal osteoporosis the estrogen
deficit is responsible for an increase of the activity
in osteoclasts, and hence an increase in bone
turnover, which negatively influences all phases of
fracture healing, especially the final phases of min-
eralization and remodeling"®.

In senile osteoporosis there are several prob-
lems related to skeletal fragility that can negatively

influence fracture healing:

* Cellular senescence, in which the mes-
enchymal cells no longer mature due to the
reduced expression of the RUNX-2/, Cbfal and
Osx genes™. There is also an increase in differenti-
ation of the multipotent (MSCs) cell progenitor in
the adipose tissue and a reduction in osteogenesis.

* Nutritional deficiency and malabsorption
of nutrients and important hormones for bone
metabolism (vitamin D, phosphorus, potassium,
magnesium, calcium, vitamin K, vitamin B, pro-
teins, etc.). Specifically, the deficiency in minerals
and vitamin D cause reduced mineralization of the
callus bone and hence the bone neoformation; vita-
min K deficiency causes reduced enzyme activa-
tion of osteocalcin, which decreases the ability to
bind with the hydroxyapatite crystals; the deficien-
cy in B vitamins (B6 and B12) may alter the three-
dimensional conformation of the bone matrix; pro-
tein deficiency contributes to sarcopenia in elderly
patients"?.

* Vitamin D deficiency is very common in
elderly patients due to malabsorption and/or
reduced exposure to sunlight, which alters the
structure and mineralization of the bone callus. In
addition, a failure of vitamin D to bind with its
receptor (VDR) may lead to sarcopenia®>'®'?.

e In sarcopenia there is a reduction in the
number of muscle fibers, which is responsible for
the reduced contribution in muscle stem cells with
osteogenic capacity®.

* Chronic systemic inflammation is directly
correlated with bone metabolism. Post-menopausal
estrogen deficiency and the increase in adipose tis-
sue (liver, marrow, muscles) cause a massive pro-
duction in pro-inflammatory cytokines, some of
which (IL-1, IL-6) may increase osteoclastic activ-
ity, while others (IL-7, TNF-a) cause a reduction
in osteoblastic activity"**”.

There are also numerous metabolic changes
that may negatively influence the structure and
composition of callus in elderly patients.

* Disorganized positioning of the collagen
fiber

* Decreased maturation of the cartilaginous
callus

* Thin trabecular bone neoformation with
extensive microporosity.

All of these factors result in an alteration of
mechanical properties of bone hence in a pro-
longed fracture healing.
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Fracture of the femur neck

The elderly population has a high frequency of
femur neck fractures, so it is a significant public
health problem, both in terms of social costs (quality
of life declines after fractures, life expectancy is sig-
nificantly shorter), and economic costs®". Fractures
of the proximal femur are classified as medial or lat-
eral on the basis of an anatomical distinction
between the intercurrent relation of the level of the
fracture and the distal insertion of the articular cap-
sule of the hip. Medial fractures are intra-capsular
and are divided into sub-capital (Fig. 1a) or mid-cer-
vical (Fig. 1b). They are subdivided as Garden type
I, 1L, III, or IV according to the degree of severity of
separation and a worse prognosis (Fig. 2a,b,c.d).
Lateral fractures are extra-capsular and are divided
into basi cervical, petrochanteric and sub-
trochanteric fractures (Fig. 3c.d.e).

\<210°

N <210°

Type 3

Fig 2 a-b-c-d: Garden classification.

The treatment of femur neck fractures con-
sists of the attempts to restore the patient’s func-
tional autonomy, and prevent other general compli-
cations that interfere with healing and recovery.

Effective surgery must take some fundamental fac-
tors into account to achieve good healing or ade-
quate reduction of the fracture, choosing an appro-
priate surgical devices to improve the stability of
the synthesis. Therapeutic alternatives depend on
the type of fracture, which may require a prosthesis
or osteosynthesis.

Fig 3: Lateral fracture: ¢) basicervical, d) pertrochante-
ric, e) subtrochanteric.

Fig 4 a-b: Medial fracture a) treated with bipolar hip
prosthesis b).

Medial fractures have a poorer prognosis due
to the vascularization of the head and the neck, and
the consolidation and vitality of the head, so a
prosthesis is more often necessary (Fig. 4). Lateral
fractures have a better prognosis because they
don’t involve the articular capsula and its arterial
circulation, so healing is possible through adequate
reduction and synthesis. The choice depends on the
characteristics of the fracture and the patient’s gen-
eral condition. Cannula screws and intramedullary
nails are less invasive because doesn’t cause the
opening of the fracture (Fig. 5); instead screw-plate
systems require more surgical exposure.

Sometimes the implants causes a modest seal
of the bone, due to the presence of a broad diaphy-
seal canal, or a cavum profile in the epiphysial
region. So it is important to ensure a good interface
between bone and implants to reduce the risk of
osteosynthesis failure. In such cases bone tissue
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should be stimulated via autologue or allogenic
bone transplant (demineralized bone matrice, etc.),
or by using osteo-inducing factors (BMPs, PRP,
MSCs, etc.).

Fig 5 a-b: Pertrochanteric fracture a) treated with intra-
medullary nail b).

In addition, the stability of the implants can
be improved by using augmentation factors
(hydroxyapatite, calcium triphosphate, calcium
phosphate cement)®**. The goal of osteosynthesis
in lateral fractures of the femur is to achieve a
quick recovery of mobility even before the com-
plete bone healing and the bearing is as a stimulus
for bone callus formation®. Alongside surgical
treatment of fragility fractures it is also impor-
tant®®. There used of drugs like bisphosphonates,
parathormone (PTH 1-34), strontium ranelate, and
more recently biological drugs (monoclonal anti-
bodies); these drugs modify the processes of bone
turnover on several levels:

* PTH (1-34) stimulates osteoblastic activity,
which causes the adding of new bone on the tra-
becular and cortical surfaces®,

* The bisphosphonates (alendronate, rise-
dronate, clodronate) inhibit the action of the osteo-
clasts and therefore the re-absorption of bone, even
though recent studies have evaluated the positive
effects of the drug on the fracture healing process,
and on the prosthesis osseointegration if used for a
brief time in the immediate postoperative period®’?;

* strontium ranelate is a dual action bone
agent (DABA) as inhibits the production of osteo-
clasts and therefore the destruction of bone and at
the same time stimulates the differentiation of
osteoblasts and the production of new bone®”;

* biological therapy consists of the monoclon-
al antibodies of human origin (Denosumab) that
inhibit the osteoclast activator (RANKL), thereby
preventing the loss of bone mass®”;

Considering these factors it is clear that med-
ical treatment is an important part of accelerating
the healing of fractures of the proximal femur, in
that the drugs improve the quality of the bone, cul-
tivating osseointegration and the seal of the
implants as well as good healing of the fracture.

Conclusions

The orthopedic surgeon has two challenges
when treating a patient with a fragility fracture:
choosing the most appropriate therapy for the actu-
al fracture, and identifying the particular pathology
of the fracture to prevent new fractures by using
the best tools available against osteoporosis. The
choice of surgical technique depends not only on
the characteristics of the fracture, but also on the
individual patient’s factors such as age and general
health. The preference should be for the least inva-
sive techniques possible, for less risk of complica-
tions and the shortest surgical operations.

References

1) Observational study. BMJ 2006; 332: 947-951.

2) Koval K.J., Zuckerman J.D.: Hip fractures are an
increasingly important public health problem. Clin
Orthop Relat. Res. 1998; 348: 2.

3) Ruedi P.T., Buckley E.R., Christopher G.M.: Principi
AO per il trattamento delle fratture. vol 1-Principi
2009; 1: 9-14.

4) Kelly PJ., Montgomery R.J., Bronk J.T.: Reaction of
the circulatory system to injury and regeneration. Clin
Orthop Relat Res 1990; 254: 275-288.

5) Calori G.M., Giannoudis P.V.: Enhancement of fracture
healing with the diamond concept: The role of the bio-
logical chamber. Injury Int J.Care Injured 2011; 42:
1191-1193.

6) Mizuno K. et al: The osteogenic potential of fracture
haematoma. Subperiosteal and intramuscular trans-
plantation of the haematoma. J Bone Joint Surg Br
Sett. 1990; 72(5): 822-829.

7) Schindeler et al: Bone remodeling during fracture
repair: the cellular picture. Seminars in cell and devel-
opmental biology 2008; 19(5): 459-466.

8) Morlacchi C., Mancini A.: Generalita sulle fratture.
Clinica Ortopedica manuale atlante 1995; 10: 162-4.
9) Teitelbaum SL.: Bone resorption by osteoclasts.

Science 2000; 289(5484): 1504-8.

10) Manolagas SC.: Birth and death of bone cells: basic
regulatory mechanisms and implications for the patho-
genesis and treatment of osteoporosis. Endocr Rev
2000; 21: 115-137.

11) Riggs, B.L. et al.: Changes in bone mineral density of
the proximal femur and spine with aging. Differences
between the postmenopausal and senile osteoporosis
syndromes. J. Clin. Invest. 1982; 70(4): 716-723.



Evolution and healing of fragility fractures of the proximal femur

423

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

Beil F.T., Barvencick F., Gebauer M., Seitz S., Rueger
JM., Ignatius A., Pogoda P., Schincke T., Amling M.:
Effects of Estrogen on fracture Healing in Mice. The
journal of Trauma 2010; 69(5): 1259-1265.

Dalle Carbonare L., Valenti M.T., Lo Cascio V., et al.:
Circulating mesenchymal stem cells with abnormal
osteogenic differentiation in patients with osteoporosis.
Arthritis and Rheumatism 2009; 60(11): 3356-3365.
Rifka C. et al.: Nutrition, Bone, and Aging: An
Integrative Physiology Approach. Curr.Osteoporosis
Rep. Dic. 2011; 9(4): 184-195.

Mosekilde L.: Vitamin D and the Elderly. Review
Article, Clinical Endocrinology 2005; 62: 265-281.
Saito M. et al.: Collagen cross-links as a determinant
of bone quality: a possible explanation for bone fragili-
ty in aging, osteoporosis, and diabetes mellitus.
Osteoporosis International Feb. 2010; 21(2): 195-214.
Dirks-Naylor AJ., Lennon-Edwards S.: The effects of
Vitamin D on skeletal muscle function and cellular sig-
naling. The Journal of Steroid Biochemistry &
Molecular Biology Luglio 2011; 125(3-5): 159-168.
Faulkner J.A. et al.: Age-related changes in the struc-
ture and function of skeletal muscles. Clinical and
Experimental Pharmacology and Physiology 2007; 34:
1091-96.

Lencel P., Magne D.: Inflammaging: The driving force
in osteoporosis? Medical Hypotheses Marzo 2011;
76(3): 317-321.

Sepe A. et al.: Aging and regional differences in fat cell
progenitors - a mini-review Gerontology 2011; 57(1):
66-75.

Santini S., Rebeccato A., Chiaramonte N., Turi G.:
Proximal Femur Fractures in elderly patient:analysis
of economic and social problems. GIOT 2007; 33: 160-
65.

Lennox I.A., McLauchlan J.: Comparing the mortality
and morbidity of cemented and uncemented hemi-
arthroplasties. Injury 1993; 24(3): 185-86.

Bartucci EJ., Gonzales M.H., Cooperman D.R., et al.:
The effect of adjunctive methylmethacrylate on failures
of fixation and function in patients with
intertrochanteric fractures and osteoporosis. J Bone
Joint Surg Am 1985; 67:1094-1107.

Dall’Oca C., Maluta T., Lavini F., Micheloni G.M.,
Bondi M., Magnan B.: Augmentation nelle fratture
pertrocanteriche instabili nel grande anziano osteo-
porotico: tecnica operatoria per sistemi a 1 o 2 viti cer-
vico-cefaliche. Acta Biomed 2012; 83; Quaderno 1: 39-
45.

Svensson O., Stronberg L., Ohlen G., Lidgren U.:
Prediction of the outcome after hip fracture in elderly
patients. ] Bone Joint Surg Br 1996; 78(1):115-118.
Neer R.M., Arnaud C.D., Zanchetta JR, et al.: Effect of
parathyroid hormone (1-34) on fractures and bone
mineral density in postmenopausal women with osteo-
porosis. N Engl J Med 2001; 344: 1434-1441.
Tarantino U., Cerocchi 1.: L’Osteoporosi in ortopedia:
ruolo dell’alendronato. GIOT 2012; 38(SUPPL. 1): S1-
10.

Dalle Carbonare L., Zanatta M.: 1l profilo del clodrona-
to nel trattamento dell’osteoporosi. GIOT 2011; 37:
288-294.

29)

30)

Tarantino U., Saturnino L., Scialdoni A.: Double action
dello stronzio ranelato: riduzione del rischio di frattura
e bone Healing. GIOT 2012; 38: 220-25.

Brandi M.L.: Denosumab: un nuovo approccio ter-
apeutico nel trattamento dell’osteoporosi. GIOT 2010;
36: 268-277.

Request reprints from:

LA GATTUTA
METTERE INDIRIZZO



