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1. Introduction

Pseudarthrosis and delayed union are two types of malunion events that can occur during
fracture healing, and it is necessary to define and recognize the differences between them.
Pseudarthrosis is defined as a case of consolidation failure in which a false joint is formed,
including the presence of synovial fluid. Delayed union, or a delay in the fracture
consolidation, is a condition where consolidation is not present and there is no evidence that
it might occur, but there are no signs of movements in the focus of the lesion or of a "false
joint": the bones simply do not unite (Jupiter & Riiedi, 1992; Miller & Phalen, 1947; Muller et
al. 1990; Miiller, 1965; Weber & Cech, 1976).

In 1986, the Food and Drug Administration (FDA) bureau defined diaphysis malunion as a
situation identified at least nine months after the injury, provided the fracture shows no
visible progressive signs of consolidation in the last three months. This concept applies only
to diaphyses and is not a definition in cases of femoral neck or scaphoid fractures, in which
the maximum periods considered for consolidation are three and four months respectively.
In other cases, such as severe bone loss or active infections, the cut-off periods for a
diagnosis of malunion are usually much shorter (Campbell & Boyd, 1941; Scaglietti et al.
1965; Schemitsch & Richards, 1992).

In cases of union delay, the healing process that is expected for the fracture is not
interrupted; it does occur, but too slowly, unlike pseudarthrosis, in which there is an
interruption in the bone healing. The process of evolution of the bone healing can be
clinically and radiographically evidenced and followed up (Boyd, 1943; Ring et al. 1997).

2. Epidemiology

The incidence of malunions reported in the literature varies from 1% to 12% (Miller &
Phalen, 1947, Moroni et al. 1997; Miiller, 1965; Rasmussen et al. 1993) according to the
severity of the primary lesion and the treatment initially used. The phenomenon is more
common in men (over 80% of cases) in the third and fourth decades of life, probably due to
the fact that these men are more frequently involved in risky activities (Scaglietti et al.,
1965). The dominant limb is the one most affected (Weber & Cech, 1976, Wei et al. 1986;
Weiland et al. 1979), probably due to intensified use of the limb in the postoperative period.
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62 Bone Grafting

When this is associated with an inadequate surgical procedure, the risk of malunion is
higher (Weber & Cech, 1976; Wei et al. 1986).

3. Etiology

Pseudarthrosis may be caused by mechanical and/or biological factors (Weber & Cech,
1976).

a. Mechanical factors involved in pseudarthrosis

- Lack of stabilization in unstable fractures;

- Deficient stabilization of the fracture, as in cases of fixation with plate and screws, with
insufficient number of cortical elements involved in each side, fractures treated with
unlocked intramedullary devices, and the use of inappropriate plates, such as the one-
third tubular plate in forearm fractures

- Fractures treated conservatively, with an insufficient immobilization period.

According to the Perren and Cordey theory (cited by Perren & Ito, 2009), osteoblasts need
stability between the bone fragments in order to develop. Therefore, spaces between
fragments larger than 4 mm cannot be filled by new bone tissue. In situations of high strain,
the gap is filled by chondroblasts and fibroblasts, instead of bone formation cells,
particularly in surgically treated cases.

b. Biological factors involved in pseudarthrosis
b1- Local:

- Bone defects

- Open (exposed) fractures

- Injury to soft tissue structures close to the fractured bone, such as in direct trauma cases
- Intensive comminution

- Segmental fractures

- Pathological fractures

- Diastatic fractures

- Soft-tissue interposition.

b2- Systemic:

- Neuropathies

- Diabetes mellitus

- Malnutrition

- Chronic smoking

- Chronic alcoholism

- Use of anticoagulants
- Use of corticosteroids

4. Classification

The most commonly used classification is still the one proposed by Miiller, Weber and Cech
in 1976 (Weber & Cech, 1976), which divides malunited fractures into two groups: those that
are vascularized and those that are avascular or unviable.
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Vascularized malunions may be hypertrophic (known as "elephant's foot"), with a large
callous formation, normotrophic ("horse hoof") or oligotrophic, as shown in Figure 1.
Hypertrophic consolidation may be the result of mechanical problems, such as poor fixation,
inadequate immobilization, and premature weight bearing on the affected limb, with
reduced fractures with viable fragments. Normotrophic healing occurs after moderate
fixation with plates and screws. Oligotrophic consolidation, despite being vascularized,
does not present a callous formation, and occurs after an accentuated deviation, or diastasis
of the fragment due to internal fixation without precise positioning of the fragments.

A B c

Fig. 1. lllustration of vascularized malunited fractures: "elephant's foot" (A), "horse hoof" (B)
and oligotrophic (C).

Avascular malunions are classified as wedge, twisted; comminuted; by bone defects (gaps)
and atrophic. As shown in Figure 2, in the case of the wedge, twisted malunion, there is an
intermediate bone fragment, and the consolidation takes place only in one of the main
fragments. In the case of the comminutive malunion, one or more intermediate bone
fragments are necrotic, and these generally result in breaking of the plate. In consolidation
failure by bone defects, there is a loss of one of the fragments. The bone extremities are
viable. These cases occur after open fractures with bone loss, tumor resections or
osteotomies. In the atrophic cases, osteoporotic and atrophic extremities are present, and
there is an interpositioning of healing tissue, but without osteogenic potential (Weber &
Cech, 1976).
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A B C D

Fig. 2. lllustration of avascular malunions: wedge, twisted (A), comminutive (B), bone gap
(C) and atrophic (D).

5. Signs and symptoms

Basically, patients with malunited fractures present pain when moving the limb, and when
manual pressure is applied to the lesion. The presence of deformity (Figure 3) or visible
mobility depends on the type of malunion (Schemitsch & Richards, 1992; Segmidiller et al.
1969).

6. Imaging exams

The diagnosis of consolidation failure is, in most cases, clinical and radiographical. For the
radiographic study, two incidences are enough: antero-posterior and lateral, including
necessarily the satellites joints for a correct evaluation of the lesion. In situations where the
diagnosis is not evident in the initial X ray, additional exams can be obtained:

- Planigraphy, in which one of the sections may show a radiotransparent line
corresponding to the focus of the lesion
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- Bone scintigraphy, in which the increase in captation may indicate the presence of
mobility in the focus of the lesion

- Computed tomography, with 2-mm sections, which can definitely show the presence of
the lesion (Figure 4).

Fig. 3. Picture of a patient with a malunited fracture of the left humerus, with an evident
deformity of the limb.

In patients with previous surgical treatments and in those with signs of infection, it is
advisable to perform laboratory exams (blood sedimentation, c-reactive protein, complete
blood count), in order to identify active infection, since latent infections do not appear in the
usual laboratory exams. In imaging exams, the presence of a periosteal reaction, or signs of
implant loosening, are suggestive of local infection (Barbieri et al. 1997; Muller et al. 1990;
Scuderi, 1948; Spira, 1954).
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66 Bone Grafting

Fig. 4. Frontal section computed tomography (left) showing nonunion of the distal femur,
without any evident radiographic signs (right).

7. Treatment

The treatment of malunited fractures is surgical, because the lesion results in severe
anatomic and functional disorders. The method is chosen according to the type of lesion, as
well as its cause: therefore, it is important to define whether the origin is mechanical or
biological. In general, bone grafts are indicated in cases where the cause is either purely
biological, or biological associated with a mechanical cause. Thus, vascularized and
sometimes oligothophic malunited fractures have formal indication for bone grafting (dos
Reis et al. 2009; Gibson & Loadman, 1948; Haddad & Drez, 1974, Nicoll, 1956).

The bone grafts used in these cases are basically (dos Reis et al. 2009; Nilsson et al. 1986;
Piotrowski et al., 2005; Reis, 2001):

a. Autologous: grafted from the same patient
1. Cancellous (spongy): used in most cases
2. Tricortical: indicated when there is a segmental gap
3. Segmental, which can be free or vascularized
b. Synthetic: usually made of hydroxyapatite, whether associated or not with any calcium
derivative, such as tricalcium phosphate
4. Granulated
5. Enbloc.
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7.1 Surgical techniques
a. Malunited fracture without a bone gap

Treatment consists in inserting a cancellous bone graft (best results) or synthetic, granulated
graft over the lesion site. Where necessary, this may be associated with a synthesis material
review (Figure 5) (Ring et al. 1997; Schemitsch & Richards, 1992; Segmidiiller et al. 1969;
Tydings et al. 1986).

Fig. 5. Radiograph of a malunited fracture (left) of the humerus, treated with a new
synthesis material and with synthetic bone grafting

b. Malunited fracture with a partial bone gap
In this case, there are two treatment options:

bl) Using the abovementioned technique, with the bone graft filling the gap. For this, the
remaining cortical bone must have viable tissue at the edges. The advantage of this method
is that it preserves the bone length. The disadvantage is its dependence on the synthesis
material, since the lower contact between the bone extremities requires the synthesis to be
larger (Barbieri et al., 1997; dos Reis et al., 2009; Orzechowski et al., 2007; Reis, 2001).

b2) Resecting the bone extremities, in order to regularize the main fragments, followed by
autologous or granulated, synthetic bone grafting. The advantage is that the procedure is
less dependent on synthesis, and the disadvantage is that it shortens the bone length, which
should not be less than 2 cm in the upper limbs and 5 cm in the lower limbs, to avoid
functional problems (Figure 6) (Haddadr & Drez, 1974; Ilizarov, 1988; Muller et al., 1990;
Miiller, 1965).
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c. Malunited fracture with a segmental bone loss
In this case there are three treatment options:

cl) Treatment with an external fixation: bone transfer, especially for larger bone gaps, or in
cases of acute shortening associated with lengthening outside the malunion lesion. The
advantage of this method is the possibility of treating cases with infection; and the
disadvantage is the morbidity associated with the technique, like pain, stiffness joint,
superficial infections and many scars (Aronson, 1997; Ilizarov, 1991; Ilizarov et al., 1972;
Ilizarov, 1988, Paley et al., 1989).

c2) The use of an antibiotic-impregnated cement spacer to treat the infection, over a period
of six weeks. After this period, a pseudocapsule (induced membrane) is formed and used as
a container for the cancellous bone graft that is inserted in the second stage. This technique
was described by Masquelet and colleagues (Masquelet & Begue, 2010; Masquelet et al.,
2000), and is an alternative in cases of bone loss with infection. However, its drawback is
synthesis overload, since the cancellous bone graft adds little stability to the lesion site.

c3) Treatment with segmental bone graft, usually the fibula, which may be vascularized or
not. This technique is indicated mainly in cases where there is major bone loss, and the graft
must be included in the synthesis. Its advantage is that it preserves limb length, and its
disadvantage is the complexity of the method, especially when a vascularized graft is used
(Figure 7) (Miller & Phalen, 1947; Reis, 2001).

Fig. 6. Radiograph showing a nonunion of the humerus with a partial bone defect (left),

treated with resection of the edges, bone shortening of 3 cm, and change of the synthesis
material associated with bone grafting.
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Fig. 7. Malunited ulna fracture with segmental bone loss, treated with osteosynthesis with long
a dynamic compression plate (DCP) associated with bone grafting (non-vascularized fibula)

d. Special situations
d1) Malunited fracture with a bone loss in one of the forearm bones.

Because the forearm is a well-established morphofunctional unit, it is necessary to preserve
compatibility of the length between the two long bones. Therefore, we may use a tricortical
or a vascularized graft (mainly in gaps larger than 6 cm) in the bone that presents bone
tissue loss and/or to associate this procedure with shortening of the other bone (Figure 8)
(Barbieri et al., 1997; dos Reis, 2009; Reis, 2001).

d2) Nonunion with a bone loss in lower limbs

The classical indication for this kind of lesion is bone transfer with external fixation.
However, particularly in cases where there are large gaps, and depending on the patient’s
tolerability, we usually choose the shortening-elongation method. In this case, it is left to the
patient's discretion to determine whether the elongation is complete or not, but without
compromising the consolidation of the malunited fracture. The lesion is submitted to
compression from the start of the treatment, except in the case of bone transfer (Aronson,
1997; llizarov, 1991; Ilizarov et al., 1972; Ilizarov, 1988; Paley et al., 1989).

d3) Pseudoarthrosis after intramedullary nail insertion

Due to the increasingly frequent use of intramedullary nails, the occurrence of this type of
nonunion has become fairly common. In these cases, the indication is usually substitution

www.intechopen.com



70 Bone Grafting

with a reamed, blocked, intramedullary nail, making the use of an autologous graft
unnecessary: studies show that the effect of reaming is comparable to open cancellous bone
grafting, provided the reaming is at least 2 mm larger than that of the first surgery (Figure 9)
(Spira, 1954; Tydings et al., 1986).

Fig. 8. Illustration showing the pre-operative surgical planning in the case of an atrophic
nonunion of the radius with adjustment of the borders, grafting and ostheosynthesis with
plate and screw
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Fig. 9. Radiograph of a diaphyseal femoral nonunion (left), in a patient using a blocked
intramedullary nail, treated with the substitution of the nail for a longer one with a larger
caliber, resulting in consolidation (right).
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