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Bone graft in trauma surgery is commonly used in managing bone defects, non-union, fracture related
infections, arthrodesis or to provide structural support in fractures. A variety of bone grafts are made
available to the treating physician, which includes autograft, allograft and bone graft substitutes. The
future of bone grafting in trauma surgery is exciting with the incorporation of technological advance-
ment such as gene therapy, 3D-printing and tissue engineering. Regardless, there are still limitations to
what we understand regarding current bone grafting techniques with conflicting literature on their
clinical utility and indication. The aim of this review article therefore is to take a step back and critically
evaluate the current concepts of bone grafting in trauma surgery, with special emphasis made on
reviewing the types of bone graft, biology of bone graft incorporation and indication for its use in various
clinical scenarios.

© 2023 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Bone grafting is used in trauma surgery to manage bone defects,
non-union, fracture-related infections (FRI), arthrodesis and to
provide structural support in fractures.1 The field of bone grafting
has expanded in terms of clinical utility and types of bone graft and
bone graft substitutes (BGS) used. Studies evaluating tissue engi-
neering, 3D-printing and gene therapy are also underway to
enhance bone graft use.2,3 Nonetheless, there is limitation to what
we understand and can achieve with present bone grafting tech-
niques. This review article aims to critically evaluate the current
concepts of bone grafting in trauma surgery by reviewing the types
of bone graft, biology of bone graft incorporation, and their clinical
indication.

2. Types of bone grafts

2.1. Autografts

Autologous grafts confer the lowest immunological rejection
, Hand and Reconstructive
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risk with high osteogenic, osteoinductive and osteoconductive
properties, and remain the gold standard for managing bone de-
fects.4 Cancellous autografts may be harvested from the iliac crest,
femur, proximal tibia, calcaneum, olecranon and distal radius. It is
useful in filling bone defects and provides a scaffold for new bone
formation, containing osteogenic cells, mesenchymal stem cells
(MSCs), bone morphogenic proteins (BMPs) and other growth
factors (GFs).1,5 However, it is unable to provide structural support
(Fig. 1).

The reamer-irrigator-aspirator (RIA) technique allows one to
obtain greater volume of cancellous graft compared to anterior iliac
crest bone graft (ICBG) harvesting (Fig. 2). It has reduced risks of
post-operative donor site pain and infection.6 The reamer is a single
pass device, while the irrigator and aspirator reduce heat genera-
tion, intramedullary pressure and fat embolism rates.1 The graft has
equivalent union rates as compared to ICBG use. The aforemen-
tioned advantages make it an attractive option for dealing with
large bone defects. The risks of this technique include blood loss,
fractures and pulmonary embolism, although the overall preva-
lence is low.6

Cortical autografts provide excellent mechanical stability and
may be harvested with or without their vascular supply.1,4 Non-
vascularized grafts may be obtained from the iliac crest, fibula or
distal radius, whereas vascularized grafts may be harvested from
the iliac crest, fibula, distal radius or ribs (Fig. 3). Non-vascularized
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Fig. 1. Management of tibial shaft non-union using iliac crest bone graft, demonstrating consolidation at 1 year post-operatively.

Fig. 2. Cancellous autograft harvested from the left femur using the Reamer-Irrigator-Aspirator system.
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cortical autografts are useful when dealing with bone defects
measuring more than 6 cm, but for those greater than 12 cm,
2

vascularized cortical grafts are recommended, demonstrating
lower failure rates.1 Donor site morbidity such as pain, infection,



Table 1
Average volume of cancellous autograft obtained from different anatomical sites.

Site Average volume (cm3)

Anterior iliac crest bone graft 13
Posterior iliac crest bone graft 30
Reamer-Irrigator-Aspirator system 30e90
Proximal tibia 25
Distal radius 3
Distal tibia 3
Greater trochanter 5e10
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sensory deficits and fractures are issues with autologous bone graft
harvesting.4 There is also a limited volume of cancellous autograft
that can be obtained at each site (Table 1).

2.2. Bone marrow aspirate concentrate

Bone marrow aspirate concentrate (BMAC) demonstrates oste-
ogenic and osteoinductive properties, containing GFs, MSCs and
cytokines.7 BMAC can be obtained from aspirating the posterior
ilium.1 The aspirate undergoes centrifugation, leaving a concentrate
of stem cells and GFs.8 Hernigou et al. evaluated the outcome of
injecting 20 cm3 of BMAC obtained from the iliac crest in tibial non-
union, demonstrating close to 90% union rate at 4 months post-
injection.9 The modified Hernigou technique was subsequently
described, where BMACwas mixed with either demineralized bone
matrix (DBM) or BMP-2. Desai et al. utilised this technique to
manage tibial non-union, demonstrating 80% union rates at 5
months post-intervention.8 Risks of BMAC are divided to harvesting
risks (sciatic nerve or gluteal vessel injury, infection, chronic pain)
and administration risks (infection, fat embolism).7,10

2.3. Allograft

Allografts can be harvested from the pelvis, ribs, fibula or femur
and may be structural or particulate in nature.1 Cortical strut allo-
graft is used in proximal humerus, tibial plateau and periprosthetic
fractures11e14 (Figs. 4 and 5). They provide structural stability, aid in
fracture reduction and support poor host bone stock. However,
there is no Level 1 evidence demonstrating its superiority over
locking plates (LP) in the management of these fractures.11,15
Fig. 3. Vascularized fibula autograft harvested from the contralateral leg to manage tibial b
with debridement, external fixation and cement spacer.
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Particulate allografts have been used to fill metaphyseal defects
and manage non-unions, but again, the evidence for their use is
limited.16

The use of allografts is nonetheless appealing, avoiding risks of
donor site morbidity and limited graft volume. The risk of infection
and disease transmission is present but low with strict protocols in
terms of patient selection and sterilization methods.17 Other risks
include inflammatory and antigen-dependent immunological
reactions.
2.4. Demineralized bone matrix

DBM is produced through acid extraction of allograft bone,
containing collagen, proteins and GFs but lacks mechanical stabil-
ity.1,18 Its osteoinductive properties are dependent on the amount of
BMP-2 and BMP-7. There is a low risk of disease transmission with
DBM use. Uncommon adverse effects in animal studies include
allergic reactions from antibiotics used during the disinfection
process and immunological reaction.19
one loss in a patient presenting with open fracture of the right tibia initially managed



Fig. 4a. Patient presenting with an extra-articular, comminuted, proximal humerus fracture.

Fig. 4b. Patient undergoing surgical fixation of right proximal humerus fracture with a locking plate construct supplemented with a fibular cortical strut graft aiding with reduction
of varus deformity.
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There are only a few studies evaluating DBM use in managing
metaphyseal or long bone defects and non-union.20 These studies,
however, are of low quality, with systematic reviews not recom-
mending it's routine use in trauma surgery for now.21 Cost is
another barrier to utilizing allografts and DBM, where the average
cost ranges from US $8.7 to US $55.86 per cm3 and US $726 to US
$1225 per cm3 respectively.20
2.5. Synthetic bone graft substitutes

Various commercially available BGS such as mineral ceramics,
BMPs and bioactive glass are available. These demonstrate osteo-
conductive and osteoinductive properties.22 Examples of mineral
4

ceramics include calcium sulfate, hydroxyapatite and tricalcium
phosphate (TCP). TCP provides structural stability and is usually
mixed with hydroxyapatite as it is less porous.5,23 TCP use is con-
traindicated in active infection, areas of poor vascularity or regions
of bone subject to major compressive forces such as that in the
femur.22,24 Calcium sulfate may be used as a block, pellets or
injectable for metaphyseal or subchondral bone defects, gradually
being absorbed and remodels forming new bone22 (Fig. 6).

BMP is extracted from allograft bone and is part of the trans-
forming GF superfamily involved in osteogenesis.1 Molecular
cloning technology allows for generating large quantities of re-
combinant human BMPs (rhBMP). Currently, only rhBMP-2 and
rhBMP-7 are approved by the US Food and Drug Administration for



Fig. 5. Patient presenting with a right periprosthetic femoral fracture with previous cemented unipolar hemiarthroplasty, treated with surgical fixation using a locking plate
construct supplemented with strut allograft.
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intramedullary nailing (IMN) of open tibial shaft fractureswithin 14
days of injury, and tibia shaft non-union and traumatic bone defect
respectively.25 The cost-effectiveness of BMP-2 use is debatable,
with some demonstrating savings close to USD $3000 when eval-
uating time to fracture healing, revision and infection rates in the
management of Gustilo IIIB tibial fractures.26 Contraindications to
rhBMP use include pediatric patients, pregnant or those planning to
be pregnant within a year, and cancer patients.1 Risks include
seroma and ectopic bone formation, wound dehiscence, surgical
site infection and renal/hepatic failure.27

Bioactive glass is an amorphous structure consisting of calcium,
phosphorus and silicon. It is biodegradable, osteoinductive and
Fig. 6. Use of an injectable calcium sulfate cement to fill metaphy

5

osteoconductive, and is able to induce the formation of hydroxy-
apatite by releasing calcium ions.28 It is useful in filling bone voids
in infection as it has inherent antimicrobial properties against
common organisms causing osteomyelitis. It also has angiogenic
properties and resorbs with time.29
3. Biology of bone graft incorporation

Successful factors for bone healing were encapsulated by
Giannoudis PV et al. as the “diamond concept” which is broken
down into mechanical stability, vascularity, osteogenesis, osteo-
conduction, osteoinduction and host factors5,30 (Table 2). An ideal
seal bone defect in a depressed lateral tibial plateau fracture.
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bone graft should possess the above properties, while also being
biocompatible with no risk of disease transmission.31,32 Table 3
demonstrates the different types of bone grafts and the extent of
these properties. Once the above factors are met, graft incorpora-
tion may then take place (Table 4).

To increase the success of bone graft incorporation, studies are
evaluating the effect of the immune system and endogenous GFs.33

Processes involved in regulating bone formation and resorption can
be divided into systemic regulation and local regulation by GFs and
immunomodulatory cytokines e.g., interleukin-1 and interleukin-6
(Table 5).34 These factors may be isolated via recombinant tech-
nology and utilised for their osteoinductive and osteoconductive
properties to promote bone healing. rhBMP-2 and rhBMP-7 in
particular have been widely studied in the management of upper
and lower limb non-union.35 There is however no evidence that
BMP use alone is more or less effective than bone graft in such
cases, with its use reserved for treatment failures with bone graft.36

BMAC is used in managing delayed or non-union, bone defects
and distraction osteogenesis.7 The exact mechanism of action is
unclear but is believed to provide a direct source of GFs and cyto-
kines to promote bone healing.37 The Masquelet technique is also
useful as the induced membrane secretes GFs, vascular and osteo-
conductive factors and provides physical containment for subse-
quent bone grafting (Fig. 7). It has been shown to be more cost-
effective in the management of tibial bone defects when
compared to distraction osteogenesis techniques.38,39 It is imper-
ative however to not only understand the factors that promote
bone graft incorporation, but also those that impair it (Table 6).
4. Indications for bone graft use in trauma

4.1. Atypical femoral fractures

Atypical femoral fractures (AFF) are at increased risk of delayed
or non-union, leading to implant failure requiring re-operations.40

AFF are considered pathological due to chronic osteoclast inhibition
leading to defective bone remodelling. These fractures aremanaged
with IMN or plate osteosynthesis. With regards to plating, there is
no consensus on whether an absolute or relative stability construct
is better. Some utilise compression plating with angled blade
plates, while others perform bridge plating with a medial strut
allograft to promote callus formation at the fracture site.41

There is little evidence for using bone graft or BGS to enhance
healing potential at the index surgery.41 Theoretically, the use of
autologous bone graft or BMAC may promote healing by intro-
ducing osteogenic precursors at the fracture site. It is however
unclear if the systemic suppression of osteoclasts has a negative
effect on all autologous bone. There are also contrasting studies
regarding the population of osteoblast and osteoclasts, and healing
potential in iliac crest biopsies of AFF patients.42

Kulachote et al. in his case-control study utilised DBM together
with IMN and found that nine patients treated with both healed at
an average of 28.1 weeks, whereas those managed with IMN alone
healed at an average of 57.9 weeks (p ¼ 0.04).43 Use of BMP in AFF
has not been evaluated. Despite its positive effect on osteoblast
differentiation, it also upregulates osteoclast activity as part of the
Table 2
Definition of bone graft properties.

Property Definition

Osteogenesis Generation of new bone by cells deriv
Osteoinductive Ability of a graft to provide a scaffold
Osteoconductive Ability to recruit mesenchymal stem c
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bone remodelling process. Robust studies are required to deter-
mine if such fractures require primary augmentation.

The use of bone graft and/or BGS to manage non-union of sur-
gically treated AFF is more common. Nagy MT et al. managed 10
patients with failed IMN using compression plating and autologous
iliac crest bone graft, achieving union in all patients at a mean of 16
months.44 A case report of revision IMN with autologous iliac crest
bone graft and BMPwas described by Lu J et al., achieving union at 9
months.45 The use of bone graft augmentation for non-union in AFF
is further supported by ShinWC et al., who found that patients who
underwent revision exchange IMN alone were at higher risk of
treatment failure compared to those with both IMN and iliac crest
bone grafting.46 The authors thus recommended open reduction
and autogenous bone grafting for AFF patients with non-union.
4.2. Subtrochanteric fractures

Subtrochanteric fractures are at risk of non-union due to
increased stress loading at the fracture site, with shear and bending
forces acting at the cancellous and cortical bone respectively47

(Fig. 8). Risk factors for non-union in surgically managed sub-
trochanteric fractures include varus malreduction, residual
displacement after reduction and lack of medial cortical support.48

Malkawi H in 1982 first described the use of plate fixation and
autologous cancellous bone graft in subtrochanteric fractures with
medial cortex comminution.49

The use of bone graft in subtrochanteric fractures presently is
described for non-union cases as IMN for primary fixation is
preferredwith preservation of biology at the fracture site. However,
recent literature has questioned if bone grafting is even required for
non-union cases. Shin WC et al. found that exchange nailing with
emphasis on proper reduction can successfully treat non-union in
subtrochanteric fractures.46 Interestingly, Balasubramanian N et al.
in their prospective study of 13 patients with subtrochanteric
fractures non-union managed with an anatomical proximal femur
locked compression plate, found that 2 patients treated with pri-
mary bone grafting had delayed union, presumably due to
disruption of biology at fracture site.50 Clinicians should thus focus
on proper reduction and preserving biology at the fracture site
rather than depending on bone grafting, even for non-union cases.
4.3. Tibial plateau fractures

Comparative studies have been performed evaluating the use of
bone graft and/or BGS in the management of depressed tibial
plateau fractures.51,52 A study by Hoffmann et al. compared autol-
ogous ICBG with biphasic hydroxyapatite and calcium sulfate
cement (cerament bone void filler (CBVF)) in the management of
depressed and split-depressed tibial plateau fractures.51 They
found no difference in terms of fracture healing rates, defect
remodelling or degree of articular subsidence between the two
groups. Therewas however a significant reduction of blood loss and
pain levels at post-operative day 1 in the CBVF group.

A prospective, randomized controlled trial (RCT) with 11-year
clinical follow-up conducted by Pernaa K et al. also found no dif-
ference in the degree of articular surface depression or deviation of
ed from either the graft or hosta

for bone growth to occur on its surface, pores or channelsb

ells and stimulating them to differentiate into chondroblasts and osteoblastsc



Table 3
Properties and cost of different types of bone grafts and bone graft substitutes.

Graft Mechanical Properties Vascularity Osteogenesis Osteoconduction Osteoinduction Cost (USD $)31,32

Autograft
1. Cortical ✓✓ ✕ ✓ ✓ ✓

2. Cancellous ✓ ✕ ✓✓ ✓✓ ✓

3. Vascularized ✓✓ ✓✓ ✓✓ ✓✓ ✓

4. Bone Marrow ✕ ✕ ✓✓ ✓ ✓

Allograft
1. Cortical ✓✓ ✕ ✕ ✓ ✓ 530-1681/3e20 cm
2. Cancellous ✓ ✕ ✕ ✓✓ ✓ 376/30 cc
3. Demineralized ✕ ✕ ✕ ✓✓ ✓✓✓ 726-1225/10 ml
Bone Graft Substitutes
1. Calcium phosphate ✓* ✕ ✕ ✓✓ ✕ 1520/10 ml
2. Calcium sulfate ✕ ✕ ✕ ✓✓ ✕ 655/10 ml
3. Tricalcium phosphate ✓✓ ✕ ✕ ✓ ✕ 875/10 ml
4. Bone morphogenic proteins ✕ ✕ ✕ ✕ ✓✓ 3500e5000

✕, ✓, ✓✓, ✓✓✓: extent of activity; ✕: absent activity, ✓✓✓: greatest activity*: for tri-calcium phosphate.

Table 4
Stages of bone graft incorporation.

Stage Events

Inflammation & Revascularization Week 1: Haematoma formation with presence of lymphocytes,
plasma cells, osteoclasts, mononuclear and polynuclear cells
Week 2: Increased osteoclastic activity with formation of fibrous granulation tissue.
Macrophages remove necrotic debris and release intra-cellular substances that attracts mesenchymal stem cells (MSCs)
Revascularization allows for MSCs from donor and recipient to reach the marrow spaces
Greater inflammatory response in allograft incorporation

Osteogenesis MSCs differentiate into bone forming cells in the marrow spaces
Osteoinduction Both cortical and cancellous autologous bone graft allows for bone growth to occur on its surface, pores or channels
Osteoconduction Cortical Grafts Cancellous Graft Allografts

Initial resorbed by osteoclasts
before new osteoid are laid
down by osteoblasts (“cutting
cones”),
thus leading to initial reduction
in mechanical strength

Creeping substitution occurs
where new bone is laid down
by osteoblasts on a necrotic bed
that is simultaneously resorbed
by osteoclasts. This leads to an
initial increase in mechanical
strength

Intra-membranous and
endochondral ossification
occurs on the surface, forming a
bridging external callus.
Creeping substitution of cortical
bone occurs.

Remodelling Incomplete incorporation with
no remodelling phase

Occurs along lines of force with
complete incorporation of bone
graft

Fusion occurs only at the bone-
graft interface with deeper
layers of the grafted bone
containing dead trabeculae

Table 5
Systemic and local regulation pathways and their effect on bone.

Bone Resorption Bone Formation

Calcium-Regulating Hormones
1. Parathyroid hormone [ Y

2. 1,25-dihydroxyvitamin D [ Y

3. Calcitonin Y e

Systemic Hormones
1. Glucocorticoids Y Y

2. Insulin e [

3. Thyroxine [ [

4. Sex hormones Y Y[a

5. Growth hormones e [

Growth Factors
1. Insulin-like growth factors e [

2. Fibroblast growth factor [ Y

3. Platelet-derived growth factor [ [

4. Transforming growth factor-b [Y [Y

Local Factors
1. Prostaglandin E [ [Yb

2. Interleukin-1 [ [Yb

3. Tumour necrosis factor [ [Y

4. Bone morphogenic protein e [Y

a Effects dependent on age and concentration.
b Effects dependent on presence and concentration of glucocorticoids.
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mechanical axes when either bioactive glass S53P4 or autologous
ICBG was used.53 Another RCT comparing bioactive glass S53P4 and
autologous ICBG by Heikkil€a JT et al. also found no difference in
patient reported outcome measures (PROMS) or degree of articular
depression.54

Russell TA et al. in their RCT comparing autogenous ICBG against
calcium phosphate cement however found a statistically significant
difference in terms of articular subsidence levels favoring the
cement group.52 However, there was no PROMS data with incom-
plete clinical evaluation in their multicenter study. The use of
porous titanium granules was also compared against autologous
ICBG by J�onsson BY et al. who, despite identifying a significant
difference in terms of articular subsidence rate favoring granules
use, found no difference in functional outcome at 1 year post-
operatively.55 Most of these studies justified the use of BGS to avoid
donor site morbidity associated with autologous ICBG harvesting.

Although trials comparing use of bone graft/BGS against no
bone graft are lacking, a most recent study by Hartwich M et al.
seems to suggest that there is no functional outcome difference
between the two.56 Further studies are required to determine if
bone graft/BGS are required for depressed tibial plateau fractures.



Fig. 7. Use of the Masquelet technique in the management of tibial bone defect.

Table 6
Factors that affect bone graft incorporation.

Factors Promotes Impairs

1. Local Vascularity Infection
Mechanical Stability Radiation
Growth factors Tumour
Innervation

2. Systemic Growth hormones Steroids
Parathyroid hormones Non-steroidal anti-inflammatory drugs
Insulin-like growth factors Smoking
Somatomedins Malnutrition
Thyroid hormones Diabetes
Vitamins A & D Chemotherapy

Metabolic bone disease
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4.4. Tibial pilon fracture

There is a dearth of literature regarding the use of bone grafts in
pilon fractures. A case report by Kim WY et al. utilised a peri-
articular distal tibia LP and fibula strut graft to provide stability in
bone defect >7 cm.57 Other smaller studies looked at using autol-
ogous osteochondral grafts from the non-weightbearing portion of
the femoral condyle to manage comminuted pilon fractures or
post-traumatic ankle arthritis, demonstrating positive PROMS.58,59

4.5. Proximal humerus fractures

Biomechanical studies have demonstrated significantly
improved maximum load to failure and initial construct stiffness in
LP construct with intramedullary fibular strut graft compared to LP
use alone for proximal humerus fractures.60 This has been trans-
lated to clinical practice, with better clinical and radiological
outcome seen in elderly patients managed with LP and fibular strut
graft.12 Contrasting results however were demonstrated byWang Q
et al. in their RCT comparing use of fibular strut allograft for medial
column comminuted proximal humerus fractures.11 Even though
they found no statistical difference between the two groups in
terms of functional and radiological outcome scores, their protocol
allowed surgeons to use cancellous bone grafts in the LP group
8

which might confer some stability. Also, even though subgroup
analysis did not demonstrate clinical benefit in the young or elderly,
this was underpowered.11

Autologous ICBG has also been used in comminuted proximal
humerus fractures, demonstrating improved range of motion,
functional and radiological outcome measures.61,62 There is how-
ever to date no comparative study between autologous ICBG and
fibular cortical strut graft.

4.6. Fractures with non-union/avascular necrosis risk

Talar neck, scaphoid, proximal humerus and femoral neck
fractures are at risk non-union and avascular necrosis (AVN). Bone
grafts have been used primarily or secondarily to prevent or
manage established delayed or non-union. Results, however, have
not always been encouraging. McMurtie JT et al. attempted to use
autologous tibial bone graft for talar neck fractures with “sub-
stantial bone defect” defined as a gap of more than 5 mm in the
sagittal plane and greater than 1/3 of the talar neck's width in the
coronal plane.63 Despite achieving excellent union rates, most
continued to develop AVN and post-traumatic arthritis of the ankle
and subtalar joint with poor PROMS. Tang H et al. utilised a vas-
cularized cuboid pedicle bone graft for the management of Haw-
kin's II talar neck fracture combinedwith both internal and external



Fig. 8a. Non-union of a left subtrochanteric fracture previously managed with an intra-medullary nail.

Fig. 8b. Successful union after treatment with bone graft obtained using the Reamer-Irrigator-Aspirator system and supplemental plating.
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fixation. No patients developed AVN at 8 weeks post-operatively
with good functional outcome. However, the number of patients
was small with no long-term follow-up evaluation.64

No studies have evaluated primary bone grafting in scaphoid
fractures, but plenty have looked at bone graft use in scaphoid non-
unionwith AVN.65 There is controversy about the type of bone graft
required, although most support the use of non-vascularized over
vascularized bone graft in such cases.65 In cases of non-union
9

without AVN, again there is divide as to whether bone grafting is
actually required. A systematic review by Elgayar L et al. concluded
that for stable, well-aligned scaphoid fractures complicated by non-
union, rigid screw fixation achieving compression alone is suffi-
cient.66 Some authors have alsomanaged scaphoid non-union using
BMP together with bone graft and screw and/or wires. In a review
article by Polmear MM et al., 90.5% of patients achieved union,
although heterotopic ossification was a common complication.67



Fig. 9. Successful treatment of a previous open right femoral shaft fracture with distraction osteogenesis technique over a cephalomedullary nail.
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Use of fibula strut grafts have been described for managing fresh
femoral neck fractures, particularly those with posterior commi-
nution.68,69 However, an RCT by Kumar S et al. comparing cancel-
lous screw fixation with and without fibular strut graft in young
adults found no statistical difference in terms of time to weight-
bearing and union rates.70 Yin J et al. evaluated patients with an
average age of 35.6 years who developed femoral neck non-union
after their index surgery.71 Revision surgery with use of vascular-
ized fibular graft and locking plates or cannulated screws achieved
77% success rate. Others have also used muscle-pedicle bone
grafting with tensor fascia lata.72 These procedures, however,
require specialized expertise which might not be available in every
institution.
4.7. Critical bone defects, open fractures and fracture-related
infections

Currently, there is no agreed definition of a “critical bone
defect”. Examples include a bone defect which is not expected to
heal without a secondary surgical intervention, or bone loss
involving greater than 2 times the diameter of the long bone
diaphysis.73 The Study to Prospectively Evaluate Reamed Intra-
medullary Nails in Patients with Tibial Fractures (SPRINT) study
described it as a defect involving 50% of the cortical diameter with a
minimum length of 1 cm74. Haines et al. introduced the concept of
average radiographic apparent bone gap (RABG) which measures
bone loss across 4 cortices and found that a RABG of <25 mm had a
union rate of 54% whereas that which is > 25 mm had a union rate
of 0%.75

Treatment of bone defects associated with open fractures is un-
common. In a ten-year prospective audit of patients admitted to the
Edinburgh Orthopaedic Unit, 0.4% of all fractures were associated
withbone loss.Of this, bone losswasobserved inonly11.4%ofall open
fractures, most being Gustilo IIB or IIIC tibial fractures.76 This was
10
echoed in the SPRINTstudywhich looked at the surgical treatment of
open tibial fractures. Only 3% of their population had a “critical” bone
defect as defined above, with 47% of these patients achieving union
without any secondary procedures. Degree of bone defect alone does
not determine union rates, with anatomical, biomechanical and bio-
logical factors playing a role as well.74,77 Surgical options at the index
surgery include the Masquelet technique or acute limb shortening
with or without subsequent distraction osteogenesis (Fig. 9). Bone
grafts are typically used in secondary procedures. However, there is
data demonstrating successful management of open fractures of the
hand with internal fixation and bone graft at the primary setting.78

Early bone grafting in these injuries allowed for faster union rates
and lesser soft tissuecontracture, leading tobetterhand functionwith
low infection rates.78,79

The management of critical bone defects in FRI is highly variable
and when evaluated in systematic reviews, demonstrates signifi-
cant heterogeneity. Common options include use of autologous
bone graft and/or BGS for defects measuring up to 2 cm, or
distraction osteogenesis and Masquelet technique for defects
measuring more than 5 cm, with some reporting success in defects
measuring 20e30 cm even.80e83 There is no one superior technique
over the other, and treatment has to be tailored to host factors as
well as local soft tissue and defect factors.84
5. Conclusion

The future of bone grafting in Trauma appears promising, with
studies evaluating use of GFs and MSCs to augment bony healing,
nanotechnology, bio-scaffolds and 3D-printed bone models infused
with osteogenic cells. There is nonetheless much to learn about
existing techniques and to optimise what we currently understand
to maximize clinical outcomes.
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