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Learning Goals

e Definition and epidemiology of trau-
matic bone defects.

e Initial management of the polytrauma
patient.

» Reconstruction versus early amputation
for the severely injured limp.

e Treatment principles for skeletal fixa-
tion and soft tissue coverage.

e Definition of “critical”’-sized bone
defect.

* Options for managing traumatic bone
defects.

31.1 Introduction

Segmental bone defects can be the result of either
severe trauma, infection, or malignancy.
Traumatic bone defects can occur either during
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the initial injury (high energy impact, penetrating
trauma, blast injuries) or following debridement
of devitalized bone fragments related to open
fractures or infected non-unions.

Currently, there are reliable methods to suc-
cessfully reconstruct large defects that in the past
were treated even with primary amputation.
Reconstruction of large bone defects can cause
significant disabilities and represent a challeng-
ing situation for the surgeon. They carry a sub-
stantial burden of disease, a high rate of
complications and reoperations, as long as a sig-
nificant economic impact.

Autologous bone grafting remains the gold
standard for the reconstruction of small defects,
while distraction osteogenesis, acute shortening,
vascularized grafts, the induced membrane tech-
nique, titanium mesh cages, and arthroplasty—in
selected cases—are useful alternatives for the
management of the larger bone defects.

31.1.1 Epidemiology

Only a small minority of all fractures are associ-
ated with bone loss and critical size bone defects,
and these are mostly open injuries. In a prospec-
tive audit of admissions to the Edinburgh
Orthopaedic Trauma Unit in 10 years, fractures
with bone loss accounted only for 0.4% of all
fractures. Bone loss, though, was present in
11.4% of open fractures. The most common ana-
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Fig.31.1 Treatment

Large Bone Defects — Treatment Options

options for large bone
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tomical site sustaining bone loss following
trauma was the tibia [1] (Fig. 31.1).

31.1.2 Initial Patient Management

Early evaluation of the patient according to the
ATLS protocol is mandatory [2] in all trauma
cases. Initial procedures in the context of poly-
trauma must be of life-saving nature in order to
maintain the function of vital organs such as the
brain, heart, and lung. Volume replacement and
interventions to stop the bleeding, restoring hae-
modynamic stability are essential. The dogma
save life, save the limb, limit disability continues
to dictate the management of patients presenting
with multiple injuries.

Once the primary assessment has been com-
pleted, and the patient is physiologically stable, a
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detailed assessment of any open wound should
take place, and all findings documented.
Photography is also beneficial for documentation
and for multidisciplinary team communication.
The wound should not be explored in the emer-
gency setting and handled only for gross contam-
ination removal; it must then be covered until
formal exploration occurs in the operating room
and under sterile conditions. A detailed neurovas-
cular examination and documentation of the find-
ings are also of paramount importance (Fig. 31.2).

When necessary and within the concept of
“damage control orthopaedics”, a spanning exter-
nal fixation can be applied to stabilize orthopae-
dic injuries avoiding additional physiological
stress-related insults to the patient [3]. Pin site
and implant placement should be -carefully
selected to allow for definite fixation and stabili-
zation of the defect at a later stage.

AN

Fig. 31.2 A 38-year-old male patient presented with a
pelvic, spinal, and right tibia open fracture following a
motorbike accident. After resuscitation and restoration of
physiology, the patient was taken to the operating theatre.
(a) 1: Open wound of the right tibia. 2: Wound was
extended as shown. 3: Wound inspected underneath and
debrided. 4: Non-vital fragments removed. (b) 1: AP right
tibia radiograph showing bone shortening occurred and
compression of fracture at the injury site. 2: AP right tibial

radiograph showing distal corticotomy performed 7 days
later for bone transport to address the bone loss incurred.
3: AP radiograph showing bone transport. 4: Lateral
radiograph showing the degree of bone transport. (¢) 1:
AP radiograph; 2: Lateral radiograph showing the forma-
tion of regenerate bone at the distraction site at 4 months.
3: AP radiograph; 4: Lateral radiograph demonstrating
osseous healing at 6 months following the injury
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Fig.31.2 (continued)

31.1.3 Reconstruction Versus
Amputation

In these complex injuries, a decision whether to
proceed with salvage procedures or primary
amputation should take place early in the pro-
cess. Several algorithms have been proposed to
guide the management [4—6] and scoring systems
such as the mangled extremity severity scale
(MESS); the limp salvage index (LSI), and the
predictive salvage index (PSI) [7-9] are useful
but need to be interpreted with caution as such a
decision is always difficult and rarely clear. The
Lower Extremity Assessment Project (LEAP) a
multicenter study for severe lower extremity
trauma in the US population, investigated the
functional outcomes of a salvaged versus
amputated-prosthetic lower extremity. The
Sickness Impact Profile Score was used to evalu-

i

3

ate the outcomes of prospectively collected data
from patients with Gustillo grade IIIB and IIIC
fractures. It was concluded that at 2- and 7-year
follow-up; there was no difference in functional
outcome between patients who underwent either
limb salvage surgery or amputation. Long-term
outcomes following major limp trauma were
poor for both groups, and approximately 50% of
patients in each group were able to return to
work. Patient characteristics predicting poor out-
come included older age, non-white race, lower
level of education, poverty, smoking, poor
self-reported preinjury health status, and involve-
ment in disability compensation litigation.
Indications for early amputation in adults
include significant nerve and vascular injury
beyond the limits of repair. Relative indications
are severe soft tissue damage, absence of plantar
sensation, warm ischemia of more than 6 h and
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life-threatening trauma. Noteworthy, the extend
of bone loss that prevents limb salvage is yet to
be determined.

Finally, it is also vital that the patient under-
stands the potential need for future surgical pro-
cedures and prolonged rehabilitation, and his
compliance needs to be carefully evaluated to the
degree that this is possible within the limits of an
acute major trauma situation.

31.2 Skeletal Fixation and Soft
Tissue Coverage

Traumatic bone defects are often associated with
open fractures with potential severe soft tissue
involvement, so successful management requires
collaboration from several specialities (orthopae-
dics, plastics, vascular) to optimize the outcome.
Wound debridement, stabilization, defect recon-
struction, and soft tissue coverage must all be
planned in conjunction.

The aim of treatment is skeletal stabilization,
soft tissue management, restoration of length and
alignment, and preservation of limp function.

The initial debridement or serial debride-
ments, if required, are of paramount importance
to reduce the bacterial load and remove necrotic
tissue. The defect can be provisionally filled with
a PMMA-antibiotic spacer or antibiotic-
impregnated PMMA beads [10]. This can be
exchanged during debridements, and it is aiming
to reduce infection rates and create a clean asep-
tic environment for future bone reconstruction
procedures. Alternatively, it can be maintained
for a period of 4-6 weeks if the induced mem-
brane technique is planned.

In the presence of temporary spaning fixation
(external fixator), conversion to definite fixation
should take place as soon as possible to minimize
the risk of pin site infection (ideally within the
first 10-14 days) [9].

Managing the soft tissues in conjunction with
the bone defect is crucial, and the reconstruction
ladder, as described in the literature, provides the
plan of action for this challenging situation [11, 12].

For the treatment of diaphyseal bone loss,
interlocking nails have become the treatment of
choice. They offer excellent stability; the soft tis-
sues can be easily addressed over a nail, and
joints can be early mobilized. Nails are not the
treatment of choice when distraction osteogene-
sis is planned unless an intramedullary lengthen-
ing device is used. Plates have biomechanical
disadvantages in the presence of bone loss due to
cantilevering, but they are useful for metaphyseal
or articular defects. External fixators can be used
in almost any location and offer the advantage of
deformity correction and bone lengthening (dis-
traction osteogenesis) [1].

31.3 Management of Bone
Defects

31.3.1 Definition of “Critical”-Sized
Bone Defect

There is no single definition of a “critical’-sized
bone defect. In general, defects that are not
expected to heal without intervention and
despite stabilization are considered as “critical”.
In the literature bone defects of more than
>1-2 cm, greater than twice the diameter of the
diaphysis or >50% loss of the circumference,
are considered “critical” [1, 13—15]. Parameters
that could impact the outcome of the defect
reconstruction include biomechanical related
issues, the potency of local biology, the overall
state of the soft tissue envelope, the age and
comorbidities of the patient, nutrition, glycemic
control, smoking habits, and development of
infection [16, 17].

The anatomical location of the bone defect is
also related to the overall prognosis as some areas
display better vascularity and osteogenic poten-
tial [1, 14]. Poor outcomes have been reported for
defects in the tibia more than 1-2 cm and >50%
circumference [14]. Interestingly, spontaneous
healing of traumatic segmental defects of the
femur up to 15 cm long has been reported in the
literature [18].
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31.3.2 Autologous Bone Grafts

For small defects <5 cm, with adequate soft tissue
coverage, autologous bone graft remains the gold
standard [13]. Autograft is the only material that
possesses all three properties of osteogenesis,
osteoinduction, and osteoconduction [19]. Other
advantages are its low cost and the fact that it car-
ries no risk of disease transmission and immuno-
logic rejection. The graft can be harvested from
several sites, such as the ilium, the femur, the
tibia, the radius, and the ribs. The iliac crest
remains the most common harvesting source. The
ilium can provide both cancellous and cortical
bone as well as a vascularized graft; the technique
is well familiar by most surgeons and can take
place in the supine position, which makes it acces-
sible in most trauma-related scenarios.
Disadvantages of autologous bone grafting are
donor site morbidity and the limited volume that
can be obtained in cases of large defects. Both the
anterior and the posterior crests can be harvested
with the anterior being the most common. Anterior
crest harvesting has been associated with higher
rates of infection, haematoma, fractures, and
hypertrophic scar wherareas donor site pain and
sensory disturbances were lower when compared
to the posterior iliac crest harvesting [20].

Autologous bone graft can also be obtained
from the long bone intramedullary cavity and
particularly the femur. The ‘“reamer-irrigator-
aspirator” (RIA) is a recent development that was
originally designed to address the issues of fat
emboli and thermal necrosis associated with
reaming during long bone nailing procedures.
Although clinical evidence is still lacking to sup-
port that fully, RIA indications have expanded to
include bone graft harvesting for the manage-
ment of non-unions and bone defects as it can
provide a significant volume of bone graft up to
25-90 cm?® [21]. Reamings obtained with RIA
have been shown to have greater enrichment in
mesenchymal stem cells than the iliac crest bone
graft [16] (Fig. 31.3).

Evidence suggests that RIA is relatively safe,
with a fairly low overall complication rate of
about 6% [20]. However, there are unique com-
plications associated with the use of RIA, such as

femoral neck fracture, anterior femoral cortex
perforation, heterotropic ossification, and hyper-
trophic scar, which can be avoided with meticu-
lous surgical technique [22].

Though autologous bone graft remains the
gold standard for small size defects, larger than
5 cm defects require other reconstruction options
as the resorption caused by revascularization pro-
duces significant mechanical weakening at the
construct and failure of osteogenesis.

31.3.3 Distraction Osteogenesis
(llizarov Technique)

Large bone defects can be managed with this tech-
nique which involves transporting a free bone seg-
ment with either an external fixator or an
intramedullary device. Distraction osteogenesis
was pioneered by Ilizarov in 1950 [23], and since
then, it has been successfully used to treat long
bone fractures, non-unions, bone defects, and
deformities. This technique has the advantage of
not only addressing the bone defect issue but also
correcting any shortening, malalignment, joint
contractures, or soft tissue loss at the same time. It
is mainly based on the use of a circular fixator and
on the principle that tissue can be generated under
controlled applied tension between corticotomy
surfaces. Histologically, this process strongly
resembles intramembranous ossification, as seen in
the periosteum [24]. In traumatic segmental bone
defects, this method can be applied in two ways,
acute shortening followed by lengthening to restore
the original length or by bone transportation.

Acute limb shortening is a fast and straightfor-
ward way of management bone defects. It con-
sists of closing and compressing the bony defect,
followed by distraction. It offers the advantage of
early soft tissue management and tension-free
wound closure. Soft tissues and neurovascular
status will dictate the amount of shortening as
loss of perfusion caused by artery kinking is one
of the complications. A safe limit for acute short-
ening before neurovascular compromise is about
3-5 cm in the femur and 2-3 cm in the tibia [25].
Greater shortening can be achieved if this is per-
formed gradually instead of acutely.
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Fig. 31.3 A 40-year-old male presented with a left proxi-
mal ulna non-union which was originally plated, but the
patient developed an infection and the plate was removed.
1: AP view left forearm; 2: Lateral view left forearm dem-
onstrating a proximal ulna infected non-union. 3:
Intraoperative picture showing the bone defect created fol-
lowing debridement of the infected bone. 4: AP radio-

Bone transportation consists of gradually
moving a free segment of viable bone together
with the soft tissue envelope from an adjacent
area into the defect. A corticotomy is performed
away from the injury, and an external fixator is
usually used to transport the bone segment in a
mechanically stable and controlled manner. The
procedure is divided into three phases, latency,
distraction, and consolidation. Following the
latency period which is usually 7 days from the
osteotomy, distraction is being applied at a rate
of 1 mm/day (0.25 mm four times a day). During
this phase, a gradually elongated bone gap is
produced, and as the apparatus creates tension,
bone formation occurs within the callus. The
soft tissue envelope is also increasing (distrac-

graph; 5:Lateral radiograph of the left forearm showing
that the fracture has been stabilized with a plate, and a
cement spacer has been inserted in the bone defect area for
the induction of the induced membrane. 6: Lateral radio-
graph; 7: AP radiograph of left forearm, 4 months after the
second stage of the induced membrane technique demon-
strating osseous bone healing of the previous bone defect

tion histogenesis). When the transported seg-
ment reaches the end of the defect, it is
compressed for several weeks, and the distrac-
tion gap is allowed to bridge and corticalize. For
large defects bifocal (corticotomy at either side
of the defect), distraction osteogenesis can be
performed.

A major drawback of this method is the length
of the time required for the reconstruction to be
completed, leading to prolonged use of an exter-
nal fixator. The most common complication is
pin tract infection which carries the risk of septic
arthritis for pins inserted closed to a joint. Other
complications are joint stiffness, refractures,
malunions, neurovascular complications, and
amputation.
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In a systematic review by Papakostidis et al.,
union rates to about 94% were reported. It was
though highlighted that a significant risk of refrac-
tures exists for defects >8 cm long. The risk of
neurovascular complications was 2.2% and ampu-
tations 2.9%, with half of them being voluntary.
This finding highlighted the tolerance that patients
can demonstrate related to this method, and the
authors suggested that careful patient selection is
essential to avoid such a complication [26].

31.3.4 Vascularized Bone Grafts
(VBG)

Vascularized bone grafts can be obtained from
several donor areas (fibula, iliac crest, ribs) [17,
27]. They have the advantage due to the preserved
circulation (vascular pedicle) to maintain cell via-
bility (osteocytes) compared to non-vascularized
grafts. VBGs do not undergo creeping substitu-
tion during incorporation, so potentially they pre-
serve their biomechanical properties, and they
display better healing properties and reaction to
stress [28]. VBGs can also contribute to the revas-
cularization of necrotic bone [29]. They are also
useful in combined soft-tissue/bone reconstruc-
tion as skin paddles, muscles, tendon, nerves, and
other tissues can be harvested at the same time.
VBGs are useful in unfavourable healing environ-
ments and/or impaired absent blood flow (scarred
soft tissue envelop, irradiated or avascular bone
bed) and in the cases of concomitant infection
[30, 31]. The disadvantages of vascularized grafts
are donor site morbidity, prolonged operating
times, and the fact that they represent technically
challenging procedures requiring microvascular
expertise.

Historically, the fibula is the most commonly
used vascularized bone graft. It can provide up to
25 cm of bone with minimal donor site morbidity
[17]. It can be harvested 4 cm from the fibular
head and 6 cm from the ankle without compro-
mising either the proximal tibiofibular joint or the
ankle stability [13, 32].

Vascularized grafts are generally used for the
management of bone defects greater than 6 cm.
However, in a recent review article, it was con-

cluded that it is uncertain if there is enough evi-
dence to support this 6 cm rule and that further
research is required to avoid patients undergoing
more complex procedures [33]. VBGs can also
be used in smaller defects where poor biology is
present (atrophic non-unions, infections, scarred
soft tissue envelop, irradiated bone, avascular
bone).

Union rates of >95% have been reported with
a vascularized fibular graft [34, 35].

31.3.5 Induced Membrane Technique
(IMT)

Masquelet et al. developed a two-stage technique
using induced biologic membranes in combina-
tion with cancellous autograft for the treatment
of large segmental defects. They reported 100%
union rates in 35 patients with defects up to
25 cm [36].

The first stage consists of aggressive bone/soft
tissue debridement to remove all areas of necro-
sis and reduce the risk of subsequent infection. It
is vital at that stage that multiple tissue samples
are sent for microbiology analysis. A methyl-
methacrylate (PMMA) cement spacer is then
inserted into the defect, overlying the periosteum
at both ends. Antibiotics can be added to the
cement, either targeted or empirical. Stabilization
can take place with various methods (IM nail,
plate, external fixator) and will remain in place
for 4-8 weeks. Soft tissue reconstruction takes
place in the first stage, and inflammatory markers
are carefully monitored to exclude infection.

At the second stage, the pseudomembrane is
carefully incised (maintaining integrity and vas-
cularity), and the cavity is filled with cancellous
bone autograft. The graft can be taken from the
iliac crest, or the Reamer-Irrigator-Aspirator
(RIA) can be used. Graft expanders (cancellous
allografts, demineralized bone matrix (DBM),
bone morphogenetic proteins (BMPs)) may be
used if a greater volume is needed. The bone
edges will require further debridement to permit
graft incorporation, and the medullary canal
should be opened when possible, allowing endos-
teal communication. It is important to avoid
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dense graft impaction, and the membrane is
finally sutured. Stable fixation at the end of the
second stage, either with internal or external (cir-
cular frame), is important [37].

Complications of the IMT are infection (either
from inadequate initial debridement or de novo),
hardware failures, malalignment, soft tissue heal-
ing problems, and delayed stress fractures [38, 39].

Since the first study published by Masquelet
et al., several case reports and retrospective case
series reported an overall success rate of 86%
[37]. In the largest published series of 84 post-
traumatic diaphyseal long bone reconstructions,
Karger et al. reported union rates in 90% of cases,
at a mean of 14.4 months. The size of the treated
defects ranged from 2 to 23 cm, with 57% being
larger than 5 cm [40].

31.3.6 Titanium Mesh Cages

The cylindrical mesh cage technique was first
described by Cobos et al. in 2000 [41]. It utilizes
the use of cylindrical titanium cages typically
used in spinal surgery to bridge the defect by sur-
rounding it. This technique is a one-stage proce-
dure and can be adapted in diaphyseal as well as
meta-diaphyseal defects. Following debridement,
an appropriately sized cage is selected and
packed with graft (cancellous allograft). The con-
struct is reinforced by internal rings placed at
both ends and then stabilized for protection [42].
Initially, intramedullary nails were used in com-
bination with titanium mesh-allograft reconstruc-
tion though this can also be achieved with plates
or external fixators [43].

This technique is characterized by some advan-
tageous biological properties which promote defect
reconstitution. The principal among these biologi-
cal advantages is the actual cage with its biocompat-
ible (titanium) material and its hollow fenestrated
design. The fenestrations limit the amount of metal
and also permit diffusion of host nutrients and
enhance the vascular ingrowth into the defect [42].

The titanium mesh cage technique can be used
as an alternative or as salvage to the other
described techniques for the treatment of large
bone defects. It offers the advantage of an easy

single-stage procedure achieving immediate limp
stability with no donor site morbidity. It has the
disadvantage of metalwork placement in an open
fracture which might carry a greater risk of infec-
tion. Moreover, the results of treatment are not
uniform.

31.3.7 Arthroplasty—Megaprosthesis

Arthroplasty can also provide surgical solutions
especially in the presence of large traumatic
metaphyseal and periarticular defects. The pros-
thesis design and technology has evolved, and
several options currently exist to manage the
underlying bone loss. The vast majority of the
existing research, data, and outcomes come from
the arthroplasty field, but the same principles can
be applied to trauma patients.

Mild metaphyseal bone loss can be managed
via arthroplasty with cement (with or without
screws supplementation), impaction grafting or
metal augmentation. Larger defects will require
sleeves, trabecular metal cones, or bulk structural
allografts. For the massive bone loss, a mega-
prosthesis has made it possible for orthopaedic
surgeons to replace entire limps [44—46]. In the
young and lower risks patients, an Allograft
Prosthesis Composite (APC) can also be consid-
ered which is a revision type of prosthesis com-
bined with an allograft [47].

Megaprostheses were initially designed for
the management of oncologic bone loss; how-
ever, their indications have expanded to include
also non-neoplastic situations such as trauma
(with severe bone loss or poor bone quality),
complex non-unions (septic and aseptic), bone
loss in revision arthroplasty surgery and peripros-
thetic fractures around unstable implants with
inadequate bone stock. These implants offer the
advantage of replacing large skeletal segments,
providing immediate mechanical stability that
allows early weight bear, good functional recov-
ery, improved compliance, and lower cost of sur-
gery [48-50], so they can be considered as a limb
salvage option in the absence of other surgical
solutions. In 2008, a classification system was
developed to guide treatment for patients with
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post-traumatic non-union and bone defects (Non-
Union Scoring System—NUSS), taking into
account not only the radiological features of the
injury and the bone quality but also general risk
factors as long as the soft tissue status. A patient’s
score over 75 points indicates that a more defini-
tive treatment, such as amputation, arthrodesis,
or replacement with megaprosthesis might be
beneficial [51, 52]. It is essential, though, to
understand that these patient groups (post-
trauma, infective, failed arthroplasty) have differ-
ent characteristics than oncologic patients and
also life expectancy differs [48, 53]. The patient’s
age, overall condition, other comorbidities, soft
tissue status, previous procedures, or previous
infection must be carefully evaluated when con-
sidering megaprosthesis replacement. Ideally,
these procedures should be performed in special-
ized centres, and the surgical technique and
implantation should be meticulous to ensure the
longevity of the prosthesis [53].

De Gori et al. in their study over the use of
megaprosthesis in non-neoplastic patients (87
patients) found an overall survival rate of 69.1%
at 10 years [48]. In two recent systematic reviews
regarding the use of megaprosthesis for non-
oncological patients, an overall midterm survival
rate of 76% for proximal femoral prostheses and
83% for distal femoral prostheses were reported,
respectively. The most common complication was
dislocation for the proximal femoral replacements
and infection for the distal [54-56]. The overall
complications and survival rates of megaprosthe-
sis implantation for non-neoplastic conditions are
inferior when compared to primary arthroplasty
of the hip and knee, but comparable or even better
than those in the neoplastic patients [56].

31.4 Conclusion

Traumatic bone defects remain a challenging
problem for the orthopaedic surgeon and the
patient. These complex injuries carry a substan-

tial burden of disease; they lead to prolonged
rehabilitation times and are associated with a
high complication rate. A multidisciplinary
approach to optimize the outcomes is of signifi-
cant value.

Numerous techniques are presently available
to offer solutions. Further research is required to
improve our understanding of these injuries, to
define what constitutes a critical-sized bone
defect and the extent of bone loss that prevents
limb salvage and finally to rate each technique
and guide treatment accordingly.

Key Concepts

— Life-saving procedures, resuscitation,
and restoration of physiology remain
the priority of early management in
patients with polytrauma and injuries
associated with open fractures and bone
loss.

— Debridement, soft tissue coverage, fixa-
tion, and bone reconstruction must all
be planned in conjunction, within a mul-
tidisciplinary approach, to optimize the
outcome.

— Bone defects of more than >1-2 cm,
greater than twice the diameter of the
diaphysis or > 50% loss of the circum-
ference, are considered “critical”.

— For small defects <5 cm, with adequate
soft tissue coverage, autologous bone
grafting (ABG) remains a good solution
for bone healing.

— Ilizarov bone transfer technique, vascu-
larized fibular grafts, and the induced
membrane technique are currently the
most commonly used techniques for
bone defect reconstruction.

— Arthroplasty can provide solutions in
selected cases, especially around the
metaphysis.
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Take Home Message

Autologous bone graft remains the gold
standard for small defects. For larger
defects, several techniques have been
described. Historically, the vascularized
fibular graft and the Ilizarov technique have
been the mainstays of treatment. Although
good clinical results have been reported for
both methods, they are also associated with
complications and significant drawbacks.
Distraction osteogenesis is a lengthy proce-
dure with a risk of infection especially
when pins are used close to a joint (septic
arthritis), whereas vascularized fibula
allograft is a technically demanding proce-
dure requiring prolonged operating times
and has donor site morbidity. The
Masquelet technique is an increasingly uti-
lized method with satisfactory results; it
requires though a two-stage approach. The
use of titanium mesh cages can potentially
provide an alternative; nonetheless, the
results of treatment are not consistent.
Arthroplasty and megaprosthesis replace-
ment can also be an option in selected
cases, especially in the metaphyseal/periar-
ticular area. The treatment method should
be carefully chosen for the correct indica-
tion and the right patient in order to opti-
mize the results of treatment.
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