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A B S T R A C T

Introduction: Clinical management of non-union of long bone fractures and segmental bone defect is a

challenge for orthopaedic surgeons. The use of autologous bone graft (ABG) is always considered the gold

standard treatment. Traditional techniques for harvesting ABG from iliac crest usually involve several

complications, particularly at the donor site. The Reamer–Irrigator–Aspirator (RIA) is an intramedullary

reaming system that generates a large volume of cancellous bone material in a single-step reaming

process; this bone material can be collected and potentially used as an ABG source. Our interest is to

compare the complications associated with the standard technique of harvesting from iliac crest with

those of the innovative RIA harvesting device.

Materials and methods: A database of 70 patients with long bone non-unions was studied. The patients

were divided into two groups according to the surgical harvesting technique used: RIA system ABG (35

patients) and iliac crest ABG (35 patients).

Results: At the 12-month follow-up, pain at the donor site was reported in no patients in the RIA system

ABG group and five of 35 patients (14.28%) in the iliac crest ABG group. Local infections at the donor site

were found in no patients in the RIA system ABG group compared with five patients (14.28%) in the iliac

crest ABG group. There were no fractures in the RIA system ABG group and one case (2.85%) of anterior

superior iliac spine (ASIS) dislocation in the iliac crest ABG group. No systemic infections were detected

in either group.

Discussion: We analysed the scientific literature on the use of RIA technique to collect ABG for use in

patients with anthropic–oligotrophic non-unions, with a focus on the complications associated with this

technique.

Conclusion: RIA bone graft for the treatment of non-unions and segmental bone defect of long bones

seems to be a safe and efficient procedure with low donor site morbidity.

� 2014 Elsevier Ltd. All rights reserved.
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Introduction

Fracture non-union occurs in 6% of all fractures; the treatment
of critical bone defects requires further surgical intervention
[1]. Atrophic non-unions are usually associated with a deprived
biological substrate; the gold standard treatment is a stable
fixation of the non-union site and a simultaneous use of autologous
bone graft (ABG). During the last few years, with advances in every
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field of medicine, new alternatives are being developed: mesen-
chymal stem cells (MSCs) [2–4], growth factors (GFs), such as bone
morphogenetic proteins [5–10], and scaffold [11–14]. All these
elements have been used as monotherapy. The ‘‘diamond concept’’
[15,16] has recently been defined as a new strategy of biological
stimulations combined in polytherapy [17–19]: this involves the
utilisation and simultaneous implantation of all three fundamental
components of the diamond concept: MSCs, GFs and scaffold. The
ABG is the only scaffold that possesses all of the three desirable
properties of graft materials: osteogenicity, osteoinductivity and
osteoconductivity; however, the use of ABG raises some problems.
A major difficulty is the limited availability of ABG; a further
complication is the associated donor site morbidity (haematoma,
seroma, dysaesthesia, paraesthesia, infection, vascular injury and
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iliac crest fracture) [20–27]. The development of a new bone-graft
harvesting device, the Reamer–Irrigator–Aspirator (RIA; Synthes,
Paoli, PA, USA), provides an additional source of bone: this is a
novel reaming system that provides continuous irrigation and
suction during reaming of a long bone; the volume of available
graft is usually 50 cc or more [28–33]. Clinical studies reported in
the literature show no critical weakness at the donor bone after
harvesting [34–36]. Analysis of the filtered canal aspirates has
revealed the presence of substantial amounts of osteoprogenitor
cells, and Schmidmaier et al. reported that the quantity of GFs was
higher using RIA than with the gold standard of iliac crest bone
graft [37–41]. The aim of the present study was to conduct a
retrospective evaluation of our clinical experience in the treatment
of recalcitrant long bone non-unions with the RIA system, and to
compare the results with patients who received the gold standard
treatment with implantation of ABG derived from the iliac crest;
our interest is to analyse the complications derived from the
harvesting procedure.

Materials and methods

Study design

This is a retrospective clinical study conducted in the
Orthopaedic Institute G. Pini (University of Milan) based on a
database of patients treated for long bone non-union between
January 2010 and January 2013. The objective of this clinical study
was to determine whether the use of the RIA system may be safer
than the gold standard ABG derived from iliac crest by conducting a
systematic evaluation of the intra-operative and postoperative
complications with these two techniques. All patients underwent
follow-up for a minimum of 12 months.

Patients

Patients affected by long bone non-union with critical bone
defects and needing ABG were included in the study. Exclusion
criteria were as follows: skeletal immaturity, active infection at the
non-union site or active systemic infection, insufficient skin to
cover the fracture site and insufficient vascularisation in the non-
union bone defect site, non-union due to pathological fracture, and
diagnosed autoimmune disease.

Standard demographic patient data were collected and the
characteristics of each non-union were documented, including
localisation, classification according to the Non-Union Scoring
System (NUSS) and number of operations preceding graft insertion.
A total of 70 patients (44 male and 26 female) with a mean age of
51.9 � 6.87 years with long bone non-union met the inclusion
criteria. Location of the non-unions was as follows: tibia (27 patients),
femur (6 patients), humerus (17 patients), ulna (8 patients) and
radius (12 patients). The patients were divided into two groups
according to the surgical treatment received: RIA system ABG (35
patients; 23 males and 12 females) and iliac crest ABG (35 patients;
21 males and 14 females). The mean age of the RIA system ABG group
was 50.17 � 6.34 years and of the iliac crest ABG group was
53.62 � 6.95 years. In the RIA system ABG group, there were 14 tibia
non-unions, four femur, eight humerus, five ulna and four radius; in
the iliac crest ABG group, there were 16 tibia non-unions, three femur,
seven humerus, five ulna and four radius. In the group treated with
RIA system ABG, the mean NUSS score was 61.37 � 7.49 points; the
non-union persisted for 16.57 � 5.06 months before administration
of the study treatment and the number of surgical interventions
conducted previously for the treatment of non-union was
3.42 � 1.35. In the group treated with iliac crest ABG, the mean
NUSS score was 59.88 � 6.35 points; the non-union persisted for
17.51 � 4.98 months before administration of the study treatment
and the number of surgical interventions conducted previously for
the treatment of non-union was 3.05 � 1.16.

Procedure

All patients in the iliac crest ABG group underwent complete
bone debridement of the non-union, followed by implantation of
ABG collected from the iliac crest and a stable fixation provided by
nails or plates. Twenty-five of the 35 patients in the RIA system
ABG group were treated with the Masquelet technique: the first
surgical step was characterised by soft tissue and bone debride-
ment and by the placement of antibiotic cement spacer into the
bone defect to prevent fibrous tissue ingrowth into the recipient
site. Other roles of the cement spacer are to induce a vascularised
membrane that protects the bone graft, and to secrete and create a
‘‘biological chamber’’ [42]. After almost two months, the cement
spacer is removed and the gap is filled with ABG collected from the
femur using the RIA system; the stabilisation of the non-union is
provided by plates. The other 10 patients in the RIA system ABG
group were treated in one surgical step with bone debridement
and implantation of ABG collected from the femur using the RIA
device.

Outcome assessments

The study protocol included two different outcomes: the
primary endpoint was to compare the complications at the donor
site between the RIA system ABG group and the iliac crest ABG
group; the secondary endpoint was the evaluation of blood loss
with the two different treatments. All patients were evaluated
preoperatively, postoperatively and 1, 3, 6 months and 1 year after
the surgical intervention using a clinical and radiological assess-
ment; a CT evaluation was performed in selected patients. Pain
during follow-up was evaluated using the Visual Analogue Scale
(VAS); a value higher than 5/10 points was considered significant.
Complications were divided into two groups: local complications
(infections, fractures and pain at the donor site) and systemic
complications (infections). Haemoglobin levels were measured
preoperatively and post-harvesting. Total bone loss and haemo-
globin loss during surgery were evaluated.

Results

At the 1-month follow-up, pain at the donor site was reported in
30 of 35 patients (85.7%) in the RIA system ABG group and in 34 of
35 patients (97.14%) in the iliac crest ABG group. Pain at the donor
site at the 6-month follow-up was reported in four patients
(11.42%) in the RIA system ABG group and 11 patients (31.42%) in
the iliac crest ABG group. No patients reported pain at the donor
site at the 12-month follow-up in the RIA system ABG group
compared with five patients (14.28%) in the iliac crest ABG group.
There were no local infections at the donor site in the RIA system
ABG group compared with five (14.28%) cases in the iliac crest ABG
group. There were no fractures in the RIA system ABG group and
one case (2.85%) of anterior superior iliac spine (ASIS) dislocation
in the iliac crest ABG group.

A rupture of the RIA device was recorded, specifically a rupture
of the cannula that covers the reamer, with relative detachment of
the reamer head. Using the olive of the dedicated guide wire, the
surgeon was able to remove the residue of the device without
complications (Fig. 1). Also observed in the RIA group in a young
patient with high bone resistance was the presence of metallic
debris at the harvesting site in the femur (Fig. 2A) and at the graft
site in the forearm (Fig. 2B). No systemic infections were detected
in either group.



Fig. 1. Intraoperative fluoroscopic image showing the rupture of the device.

Fig. 2. Post-operative X-ray images of the femur (A) and of the forearm (B) showing

metallic debris.
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The mean preoperative and postoperative haemoglobin levels
in the RIA system ABG group were 13.78 � 0.80 g/dl and
12.12 � 1.30 g/dl, respectively, which is a decrease of 1.66 g/dl.
Blood loss during surgery was 572.85 � 195.66 cc. In the iliac crest
ABG group, the mean preoperative and postoperative haemoglobin
levels were 13.55 � 0.83 g/dl and 12.91 � 0.78 g/dl, respectively,
which is a decrease of 0.64 g/dl. Blood loss during surgery was
243.42 � 132.93 cc.

Discussions

The treatment of bone defects has improved greatly in recent
years. When choosing an optimal treatment the surgeon must
evaluate the size of bone defect, quality of soft tissue, age of the
patient, any comorbidity and the presence or absence of local or
systemic infections. The two main types of treatment are bone
transport and bone grafting. Bone transport requires considerable
surgical experience, is associated with common complications and
is a long-lasting therapy. Bone grafting techniques, such as the free
vascularised fibula graft procedure, requires a microvascular
approach performed by well-trained surgeons and it sacrifices a
healthy limb with no certain results. Alternatives are ABG from the
iliac crest or from RIA. The choice of the type of graft must be made
on the basis of an appropriate preoperative planning and after an
appropriate staging and consideration of graft volumes. The gold
standard source for ABG is usually the iliac crest, but good clinical
results have been shown recently with RIA system ABG. RIA was
developed primarily in an attempt to reduce the incidence of fat
embolism and thermal necrosis that can complicate reaming/
nailing of long-bone fractures. RIA removes marrow contents and
reduces intra-medullary pressure whilst operating at decreased
reaming temperatures. Another indication of RIA reported by the
scientific community is treatment of postoperative osteomyeli-
tis by providing intramedullary debridement and lavage
[43,44]. The last indication for the RIA system is the treatment
of non-union using aspirated bone fragments as bone graft and
harvesting MSCs. Schmidmaier compared quantitative levels of
GFs from RIA aspirate, iliac crest bone graft and platelet
preparations; higher levels of five of seven GFs were obtained
from intramedullary reaming compared with iliac crest graft
[40]. The GFs included fibroblast growth factor (FGFa), platelet-
derived growth factor (PDGF), insulin growth factor (IGF-I),
bone morphogenetic protein (BMP-2) and transforming growth
factor (TGF-b1).

We analysed the scientific literature on the use of the RIA
technique to collect ABG for use in patients with anthropic–
oligotrophic non-unions, with a focus on the complications
associated with this technique. Various complications may occur,
some of which are not related to the harvest technique, including a
too medial entry point of the reamer, which may lead to weakening
of the femoral neck. Other complications are specific and should be
avoided by using a rigorous technique.

Belthur et al. [32] reported a 4.8% complication rate in a
retrospective comparative study of 41 patients with an unmatched
iliac crest bone graft control group; patients in the femoral RIA
harvesting group reported lower overall pain scores than those in
the control group during all postoperative periods. There were no
documented infections or revision procedures. An anterior distal
femoral breach and impending femoral neck fracture were
reported.

Newman et al. [28] described the success of this technique in a
small series of 10 non-union patients, with 9 of 10 patients
achieving union and only one minor complication (asymptomatic
hypertrophic scar formation over the donor site incision).
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Lowe et al. [45] published a case series of complications related
to the RIA technique: acute RIA-associated events that necessitated
an additional procedure or altered postoperative rehabilitation
were described for two patients, and four patients fractured
through their donor site in the early postoperative period.

Finkemeier et al. [46] had one operative revision for infection
after RIA in an open tibial fracture, a failed distal tibial non-union
and a patient with transient knee pain in a series of 23 procedures.

McCall et al. [47] presented their experience in segmental bone
defect treatment with RIA harvested bone graft in 20 patients;
there were no complications reported.

Quintero et al. [48] reported 20 consecutive RIA cases for
18 femoral and two tibial non-unions. No significant pain, infection
or antalgic gait was reported postoperatively. Although there were
no revision surgeries, three intraoperative complications were
documented: one breach of the anterior distal femur cortex; an
intra-articular medial femoral condyle guide wire penetration and
in one patient the reamer became lodged in the isthmus area
during a second pass over a pre-bent guide wire.

Stafford et al. [29] performed a retrospective study on
42 patients and there were no intraoperative or postoperative
complications identified with the use of the RIA bone graft harvest.

Kanakaris et al. [49] conducted a retrospective study on a group
of 18 patients and observed three types of complication:
haematomas in two (11%) patients, hardware dismantling in
one (5.5%) patient, and persistent non-union in one patient.

Qvich et al. [50] evaluated donor site morbidity and complica-
tion rate associated with the RIA system for intramedullary, non-
structural autogenous bone graft harvesting: the complication rate
in 204 RIA procedures in 184 patients was 1.96% (N = 4).

A careful analysis of the complications associated with the RIA
technique reported in the literature enables the surgeon to identify
some tips and tricks to achieve the best treatment results. The
orthopaedic surgeon should carefully evaluate the patient during
preoperative planning and by intraoperative fluoroscopic moni-
toring during the reaming process. A history of osteoporosis or a
radiographic appearance of osteopenia could be considered a
patient-specific risk factor for subsequent fracture after intrame-
dullary bone graft harvesting. Part of the preoperative plan must
include a precise measure of the canal diameter to enable the
surgeon to choose the right size of reamer head to collect the
required quantity of ABG and to reduce cortical impairment. Also,
according to the literature, patients with healthy skeletal systems
may sustain an iatrogenic fracture after RIA bone graft harvesting.
The current study has several weaknesses, including the small
population size, enrolled in a single centre, and the lack of
evaluation of the harvested bone quantity, which may influence
the complication rate.

Conclusion

The RIA technique seems to be well tolerated and relatively
safe. The amount of blood lost during the procedure with the RIA
system is higher than with harvesting from the iliac crest, but the
resulting anaemia is rarely clinically significant or requires blood
transfusion. There are many options for treating non-unions and
bone defects: bone transport and free vascularised fibula grafts
(both of which require training and expertise), and defect-filling
treatment options with ABG, which have shown similar success
rates and are technically less demanding for the surgeon and
patient. RIA graft has many characteristics that warrant its
consideration as a new gold standard for bone defect non-union
surgery, particularly its versatility and short learning curve for the
surgeon. The reaming debris obtained with RIA has been shown to
contain elevated levels of FGF-a, PDGF, IGF-I, TGF-b1 and BMP-2
and multipotent stem cells; this discovery reduces the need for
utilisation of synthetic and expensive GFs to help the union. The
graft materials provided with the RIA technique satisfy all the
fundamental properties of graft materials: osteogenicity, osteo-
conductivity and osteoinduction, but to reach the best results in
the treatment of the non-union the appropriate mechanical
environment must be provided according with the ‘‘diamond
concept’’. The quality of the bone graft taken with the RIA
technique only enables usage as a filler. RIA graft is a cancellous
bone and is particularly useful as a filler in large bone defects,
applying the principle of the ‘‘biological chamber’’. If the case
requires stability, therefore, a better option is to use a tricortical
bone graft. The scientific community is only just starting to use
RIA; many more studies must be performed to validate this
technique.
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