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Abstract

:

Autologous bone grafting is common in trauma and orthopaedic surgery. Both the Reamer Irrigator Aspirator (RIA) and Iliac Crest Bone Graft (ICBG) aim to obtain autologous bone graft. Although the process of harvesting a bone graft is considered simple, complications may occur. This study examined morbidity and pain at the donor site, blood loss, and iatrogenic fractures, comparing RIA and ICBG. The source of the autologous bone graft, the alternative graft sites, and the storage modalities of the harvested bone marrow were also evaluated. In May 2021, PubMed, Embase, Scopus, and Google Scholar were accessed, with no time constraints. RIA may produce greater blood loss, but with less morbidity and complications, making it a potential alternative source of bone grafting.
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1. Introduction


Autologous bone grafting in trauma and orthopaedic surgery is common [1]. The most common indications for grafting are long bone non-union and arthrodesis, followed by osteomyelitis and maxillofacial operations [2,3]. The Iliac Crest Bone Graft (ICBG) was long considered the gold standard harvesting site [3]. Within the iliac crest, given its easier surgical access, the anterior portion is the most used harvest site [4]. However, though of simple execution, anterior ICBG may expose patients to a greater rate of side effects compared to the posterior ICBG [5]. In the past decade, the Reamer Irrigator Aspirator (RIA) has been introduced (Figure 1). RIA is supposed to be less invasive, allowing the harvest of greater graft volume directly from the medullary canal of long bones [6]. Bone grafting is common, and complications are often underestimated [7]. Discomfort and difficulties in sexual or daily activities may occur following ICBG [3]. The mean bone marrow volume harvested following ICBG is usually about 25 cc, which is considerably less compared to the RIA, whose harvesting volume is around 40 cc [8]. Although RIA is less invasive and exposes patients to less complication than ICBG, it may produce greater blood loss [9]. Moreover, RIA requires special instruments availability, fluoroscopy, and patient installation [10]. Patients are positioned supine, after anaesthesia. After locating the piriformis fossa using a percutaneous technique with the aid of biplanar fluoroscopy, a drill bit is used to open the entry site. Finally, the RIA is inserted to harvest bone graft. This includes attaching an appropriately sized reamer head, a saline bag to the irrigation port of three or five litres, an aspiration port, and a screen trap in line with suction tubing. Gravity flow and vacuum suction are used to maintain irrigation flow [11].



The present study clarifies pros and cons of RIA and ICBG as sources of autologous bone graft, discussing indications, bone graft volumes, complications, and the alternative grafting sites. Moreover, donor site morbidity, post-operative pain, and estimated blood loss between the two techniques (ICBG and RIA) are also discussed.




2. Indications and Surgical Technique


2.1. Sources of Autologous Bone Grafts


Autologous cortical, cancellous, cortico-cancellous, and vascularized bone grafts can be used [12,13]. Cancellous bone is rich in mesenchymal stem cells with high osteogenic and osteoconductive potential [7,14,15]. Its trabecular structure allows rapid revascularization, usually within 48 h after transplantation [12,16,17]. The new bone formation is already demonstrable a few weeks postoperatively, and remodelling occurs within two months, with complete graft osteointegration achieved after approximately one year [12,18]. Given its proprieties, cancellous bone graft is employed to enhance fracture healing and arthrodesis, and to fill bone defects [19,20,21,22]. Cortical bone graft shows moderate osteoconductive, osteoinductive, and osteogenic capabilities, together with adequate mechanical stability [7,23,24]. However, given its dense cortical matrix, revascularization can take up to two months [7,25]. Cortical grafts are less used because of their lower osteoconductive and osteogenic proprieties, and they are mostly employed when it is necessary to repair segmental bone defects smaller than 5 cm [23]. Corticocancellous bone grafts offer the advantages of both cortical and cancellous bone [7,15].



Vascularized bone grafts, another valuable option [26,27], are usually harvested with a vascular pedicle, which is supposed to accelerate graft incorporation [25,26,28]. The autologous iliac crest is considered the best source of non-vascularized tricortical grafting, while the fibula is the best choice for mono- or bicortical vascularized grafts [29,30,31].




2.2. Indications


Bone grafting procedures span several specialties [32,33] and are especially used in orthopaedic, trauma, and reconstructive surgery [7,34,35]. Bone grafting is employed in defects resulting from fractures, non-union, tumours, and osteomyelitis [3,36]. Among them, fracture and long bone non-unions are the most common indications [3,11]. Cancellous bone grafting is commonly employed in sports medicine to repair subchondral bone defects deriving from trauma or to fill larger defects in patients with osteochondrosis dissecans [37,38,39]. Bone grafting combined with core decompression demonstrated satisfying outcomes in patients with osteonecrosis of the femoral head [40,41]. Posterior iliac crest bone grafting is commonly used in spine surgery to enhance arthrodesis [17,42,43,44,45,46].




2.3. Harvesting Technique


2.3.1. ICBG Harvest


Both the anterior and posterior iliac crest are sources of autograft (Figure 2) [47,48]. Usually, between 15 and 25 cc is harvested from the anterior and posterior iliac crest, respectively [5,49]. If more bone is required, anterior and posterior grafts can be harvested at the same surgical session [5]. Anterior iliac crest bone grafting is a technique of simple execution [50]. To avoid the lateral femoral cutaneous nerve, autografts are harvested from the gluteal tubercle using a skin incision parallel to the iliac crest, three centimetres posterior to the anterior iliac spine [33,51]. Electrocautery is used subperiosteally to elevate the external oblique muscles, avoiding the ilioinguinal and ilio-hypogastric nerves. The iliacus muscle can be lifted from the inner ileum table when greater exposure is required (cortico-cancellous or acetabular reamer harvest). Careful dissection, while preserving the anatomical planes, facilitates tissue closure at the end of the procedure [7]. In the posterior side harvesting, the skin incision is parallel to the iliac crest, and the posterior superior iliac spine is exposed subperiosteally, with the periosteum and dorsal-lumbar fascia preserved on the medial edge of the crest [33].



Alternative techniques are also available [52,53,54]. The trapdoor technique, the iliac crest-splitting technique, the trephine technique, the segmental bicortical or tricortical technique, the iliac crest aspirate, and the acetabular reamer technique have been described [49,52,53,54,55,56].




2.3.2. RIA Harvest


RIA system allows to harvest large amounts of autologous bone graft from the medullary canal of long bones (Figure 3) [57]. This device allows intramedullary reaming with simultaneous irrigation and aspiration [11].



The graft is harvested introducing the RIA into the medullary canal of the femur; by aspiration, the graft is collected in a filtered canister [57]. The femur is approached antegrade from the greater trochanter; since it causes less morbidity, this location is a valid alternative to the piriform approach [57]. Lateral and anterior–posterior radiographs allow to exactly position the RIA device. The RIA technique is versatile and has a short learning curve [57].






3. Storage and Alternative Grafting Sites


3.1. Storage, Management and Histological Profiles of Autologous Bone Graft


Storage of autologous bone is controversial [58]. The graft is normally stored in 0.9% saline solution or in a 5% glucose solution [59,60,61]. Dry condition storage impairs cell metabolism [62]. Perioperative antibiotic therapy is mandatory to prevent early infections. Fresh autografts should receive 1 g of dry antibiotic powder [61]. Such use can increase local therapeutic levels for up to three weeks without systemic toxicity [63]. A randomized controlled trial in 96 patients with infected tibial non-union, followed for a mean of 4.5 years, showed a significantly greater reduction in the rate of infection in patients treated with organism-specific antibiotic-impregnated autologous cancellous bone graft. In this study, infection was cleared in 44 (96%) of 46 patients treated with antibiotic-impregnated bone graft compared with 41 (82%) of 50 treated with graft alone [7]. The histological profile also plays an important role for bone grafting. Sagi et al. compared the histological and molecular profiles of bone grafts from the most used techniques [16]. Macroscopically, the two graft materials present different physical characteristics [64]. The RIA graft material consists of very small bone fragments mixed with blood clots, and the general handling characteristics were similar to those of a fluid or semisolid. Microscopically, RIA graft contains many hematopoietic cells and a mix of small cortical and cancellous bone fragments, haversian elements, and intact vascular tissue [16]. In contrast, ICBG material tends to be well formed, with integrated fragments of cancellous bone, and its handling characteristics are those of a solid [16].




3.2. Alternative Grafting Sites


Given its easier and routinely accessible site, the iliac crest remains the preferred harvest site. Several alternative grafting sites to the iliac crest are available. The choice of the harvest site depends on the proximity to the surgical site. The proximal part of the tibia is easily accessible and rich in cancellous and corticocancellous bone [65,66,67]. Usually, about 25 cc of graft is harvested from the proximal tibia; nevertheless, in young adults with good bone stock up to 70 cc is available for harvesting [34,53,68,69]. The complication rate at the donor site is less than 2%, while haematomas have been reported in 15% of patients [67,68,70]. Less than 2% of patients reported long-term pain [71]. The distal part of the tibia is an alternative grafting site, particularly convenient in foot and ankle surgery, as it is adjacent to the operative field; it produces relatively little blood loss, and it is an easy source of small volumes of cancellous bone [18]. Furthermore, the technique of harvesting is simple and is associated with a low rate of infections and fragility fractures [20,38,72]. The calcaneus is another grafting site often used in foot and ankle surgery for osteoinductive purposes [73]. The greater trochanter is another useful source of bone grafting reserved for ipsilateral multifragmentary proximal femoral fractures [74,75]. Similarly, the distal end of the radius can provide almost 3 cc of cancellous graft for hand and upper limb surgery [72,76,77,78]. Regarding RIA, literature reports the tibia as an alternative grafting site, but currently it is not commonly used [79].





4. Complications


4.1. Donor Site Morbidity


4.1.1. ICBG


The RIA technique appears to be safe and well tolerated, while ICBG seems to be associated with greater incidence of morbidities [71,80,81]. Up to 8.6% of patients experienced donor site complications following ICBG; chronic pain represents the most common cause of complain, following by lateral femoral cutaneous nerve lesions and iliac wing fractures, which are far less common [82,83,84,85]. Complications can be major or minor [6]. Major complications occur when patients require additional hospital care related to graft site morbidity (intravenous therapy or debridement) [35,84]. Minor complications can be managed at home, for example, using oral antibiotics therapy [86]. Similarly, iliac bone crest pain or discomfort have been considered minor complications if pain is adequately controlled without opioid analgesics [87]. Another reported complication is impaired walking because of pain at the harvest site. In a previous report, 11 of 87 patients reported difficulties in the first six months after surgery [87]. Arrington et al. [88] reported a 10% rate of minor complications (e.g., superficial infections, seromas, minor hematomas) and a rate of 5.8% of major complications requiring a change of management, additional surgery, or a prolonged hospital stay. Banwart et al. [89] reported that, of 180 patients treated with ICBG, 10% experienced major complications (3 acute and 15 chronic), and 39% developed minor complications. Schnee et al. [41] conducted a study on 184 anterior ICBG harvests in 144 anterior cervical fusion procedures (114 anterior cervical discectomy and fusion, 30 corpectomy) with a mean follow-up of eight months. They reported that 2.8% of the patients underwent a second surgery at the donor site, 5.6% had minor infection or wound dehiscence, and 97% were satisfied with the wound appearance [41]. Furthermore, there was a substantial negative effect on the quality of life in patients who received anterior iliac crest harvest [41,90]. Patients had difficulty in dressing, carrying out household chores, walking, restrictions on work or daily life, and impaired sexual activity [41]. Wound cosmetic was also analysed. De Palma et al. [91] reported discomfort lasting more than one year in 36% of patients who had anterior ICBG harvested. Almost all of these authors agree that discomfort and pain following iliac crest bone harvest decreases over time. In contrast, Canady et al. [92] reported that in 50 ACBGs used for maxillofacial procedures no patients suffered from pain at the iliac crest donor site. However, this result could be related to the amount of bone graft harvested, which is significantly smaller in maxillofacial procedures. Pain is considered the most common complaint. In a previous study, of 87 patients treated with ICBG, 37 reported pain six months after surgery [17]. Patients typically describe their pain as sharp, tender, and penetrating [17]. Anterior autologous bone grafting has been associated with greater rate of pain [93]. Some authors reported limited physical activity, secondary to pain, especially during the immediate post-operative period [94]. Belthur et al. [57] also reported acute anterior iliac crest pain using a visual analogue scale for frequency and intensity, for a maximum total pain score of 20 points. Chronic pain lasting more than three months was reported by a small percentage of patients following anterior autologous bone grafting [83,95,96]. Only 2.8% of patients complained of persistent pain for more than three months after surgery [41]. Blood loss is another common complication [71]. ICBG is characterized by a low amount of blood loss [3]. Intraoperative blood loss from posterior iliac crest harvest was estimated at 75 mL [5,97]. Scharfenberger and Weber [98] evaluated the haemoglobin and haematocrit drop after intramedullary harvest in 11 patients. The mean drop in haemoglobin was 4.3 g/dL, and the mean drop in haematocrit was 11% [98].




4.1.2. RIA


RIA carries a lower complication rate [99]. No superficial or deep hematoma, infection or adipose embolism have been documented following the use of RIA (Table 1) [100]. In addition, lower overall pain scores have been reported in patients undergoing femoral RIA harvesting [32,101]. According to Stafford et al. [102], RIA produced no intraoperative or postoperative complications. Kanakaris et al., in a retrospective study on 18 patients, reported three complications: haematomas in two patients (11%), and persistent non-union in one patient [103]. Qvich et al. [2] assessed the donor site morbidity and the complication rate associated with the RIA; the complication rate in 204 RIA procedures in 184 patients was less than 2%.



While pain at the harvest site is the most common complication following ICBG, during RIA technique, which involves continuous aspiration and reaming, a large volume of blood could be accidentally aspirated [80]. Although the average blood loss is around 200 mL [107], higher blood losses have been reported after using the RIA device (Table 1) [3,10]. Unfortunately, quantifying the effective blood loss after the RIA procedure is complex, and future studies are required.



Iatrogenic fractures are rare (Table 1) [108]. The estimated rate of fractures was 0.9% for ICBG, and 1% following RIA [106,108], and it is strongly influenced by the local bone mineral density [109].






5. Conclusions


ICBG is a well-established and relatively simple technique that provides a good quantity/quality ratio of obtainable bone. On the other hand, it may predispose patients to complications. RIA is versatile and has a short learning curve, with low incidence of complications and little discomfort at the donor site. However, RIA has been associated with greater amount of blood loss, and its use is subject to availability of the necessary hardware. Further comparative investigations are required to establish the best strategy to obtain autologous bone graft.
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Figure 1. RIA device (A: portal to collect reaming; B: reamer driver shaft; C: water irrigator; D: aspirator/filtered canister). 
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Figure 2. ICBG harvest site (A: anterior incision on anterior superior iliac spine; B: lateral femoral cutaneous nerve; C: posterior incision on posterior superior iliac spine; D: superior cluneal nerves). 
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Figure 3. RIA access site (A: RIA inserted at trochanteric tip; B: level of great trochanter; C: anatomic axis of femur). 
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Table 1. Main morbidities after using RIA and ICBG.
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	Author et al. Year
	Patients
	Treatment
	Acute Complications
	Chronic Complications
	Pain
	Fractures
	Infections
	Haematoma/Seroma





	Almaiman et al., 2013 [5]
	372
	Icbg
	
	
	372
	3
	
	1



	Banwart et al., 1995 [89]
	180
	Icbg
	14
	62
	
	
	
	



	Belthur et al., 2008 [57]
	41
	Ria
	
	
	
	0
	0
	0



	
	
	Icbg
	
	
	
	
	3
	1



	Beirne et al., 1996 [4]
	137
	Icbg
	
	
	
	
	5
	



	Burstein et al., 2000 [104]
	55
	Icbg
	
	
	
	
	1
	1



	Calori et al., 2014 [3]
	35
	Ria
	
	
	0
	0
	0
	



	
	35
	Icbg
	
	
	5
	1
	5
	



	Dawson et al., 2014 [8]
	56
	Ria
	
	
	1
	1
	5
	



	
	57
	Icbg
	
	
	3
	
	4
	



	Delawi et al., 2007 [105]
	71
	Icbg
	
	
	
	
	
	



	Deorio et al., 2005 [94]
	134
	Icbg
	
	10
	108
	
	
	



	Fernyhough et al., 1992 [83]
	147
	Icbg
	
	42
	21
	
	
	



	Finkemeir et al., 2010 [10]
	23
	Ria
	
	
	
	
	2
	



	Goulet et al., 1997 [17]
	170
	Icbg
	
	
	28
	
	4
	



	Han et al., 2015 [80]
	57
	Ria
	
	
	
	1
	
	



	Haubruck et al., 2018 [81]
	306
	Ria
	
	
	
	3
	
	



	Kanakaris et al., 2011 [103]
	42
	Ria
	
	
	
	
	
	2



	Merrit et al., 2010 [42]
	92
	Icbg
	
	
	
	
	1
	1



	Metsemakers et al., 2019 [106]
	72
	Ria
	
	
	
	2
	3
	



	Pollock et al., 2008 [43]
	77
	Icbg
	
	2
	75
	
	
	



	Qvick et al., 2013 [2]
	204
	Ria
	
	
	
	
	
	



	Robertson et al., 2001 [44]
	106
	Icbg
	
	
	13
	
	1
	



	Schizas et al., 2009 [96]
	59
	Icbg
	2
	
	6
	
	
	1



	Schwartz et al., 2009 [45]
	170
	Icbg
	
	3
	13
	
	
	1



	Silber et al., 2003 [82]
	134
	Icbg
	
	
	
	
	20
	



	Westrich et al., 2001 [56]
	390
	Ria
	
	
	21
	
	1
	1
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