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A New Technique for Obtaining Bone Graft in  
Cases of Distal Femur Nonunion: Passing a Reamer/
Irrigator/Aspirator Retrograde Through the  
Nonunion Site
Emmanuel D. Eisenstein, MD, Brian R. Waterman, MD, Enes M. Kanlic, MD, and Amr A. Abdelgawad, MD

B one grafting is the main method of treating 
nonunions.1 The multiple bone graft options 
available include autogenous bone grafts, 

allogenic bone grafts, and synthetic bone graft 
substitutes.2,3 Autogenous bone graft has long 
been considered the gold standard, as it reduces 
the risk of infection and eliminates the risk of 
immune rejection associated with allograft; in 
addition, autograft has the optimal combination of 
osteogenic, osteoinductive, and osteoconductive 
properties.2,4,5 Iliac crest bone graft (ICBG), though 
the most commonly used autogenous bone 
graft source, has been associated with infection, 
hematoma, poor cosmetic outcomes, hernia, neu-

rovascular insults, and chronic persistent pain.6,7 
Intramedullary bone graft harvest performed 
with the Reamer/Irrigator/Aspirator (RIA) system 
(DePuy Synthes) is a novel technique that allows 
for simultaneous débridement and collection of 
bone graft, protects against thermal necrosis and 
extravasation of marrow contents, and maintains 
biomechanical strength for weight-bearing.3,4,8,9 
Furthermore, RIA aspirate is a rich source of autol-
ogous bone graft and provides equal or superior 
amounts of graft in comparison with ICBG.5-7,10-12

In some cases, RIA is associated with the com-
plication of host bone fracture.4,6,7,11,12 In addition, 
introducing the reamer may contribute to pain 

Abstract
Bone grafting is one of the most common 
orthopedic procedures.

We conducted a study to assess the possi-
bility of passing a Reamer/Irrigator/Aspirator 
(RIA; DePuy Synthes) retrograde through 
the nonunion site in distal femur cases. This 
technique would avoid the complications and 
discomfort associated with a separate entry 
site for RIA. All patients with a distal femur 
nonunion treated with RIA bone grafting 
between 2009 and 2013 were included in the 
study. Nonunions were mobilized with ex-
cision of fibrous tissues. The distal part was 
angulated into varus, and then the guide wire 
was passed from the nonunion site laterally.

Five patients had a RIA passed retro-
grade through the nonunion site. Mean age 
of these patients was 40.4 years (range, 
22-66 years). Mean reamer size was 13.4 
mm (mode, 14 mm), producing an average 
bone graft volume of 33 mL. There were no 
intraoperative or postoperative fractures. In 
1 case, the reamer shaft broke.

Passing a RIA retrograde through the non-
union site in distal femur cases is reproduc-
ible, and the technique avoids the discomfort 
and pain associated with a separate entry 
point as well as the complication of eccentric 
reaming of the proximal and distal part of 
the femoral canal.
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at its entry site and may require violation of local 
soft-tissue attachments at the hip or knees.4,7,13 In 
this study, we assessed the possibility of using 
a new RIA technique to eliminate these adverse 
effects. We hypothesized that distal femoral non-
unions could be successfully treated with the RIA 
passed retrograde through the nonunion site. This 
technique may obviate the need for a secondary 
surgical site (required in traditional intramedullary 
bone graft harvest), minimize the potential en-
try-site tissue (eg, hip abductor) damage encoun-
tered with the antegrade technique, and yield 
harvested bone graft in quantities similar to those 
obtained with the standard technique.

After obtaining Institutional Review Board ap-
proval for this study, we retrospectively reviewed 
the medical records of all patients with a distal fe-
mur nonunion treated with autogenous bone graft-
ing between 2009 and 2013. Identified patients 
had undergone a novel intramedullary harvest 
technique that involved passing an RIA retrograde 
through the nonunion site. Data (patient demo-
graphics, volume of graft obtained, perioperative 
complications, postoperative clinical course) were 
extracted from the medical records. Before data 
collection, all patients provided written informed 
consent for print and electronic publication of their 
case reports.  

Technique
The patient was laid supine on a radiolucent table, 
and the affected extremity was prepared and 
draped free. A standard lateral incision previously 
used for the index procedure was employed. After 
implant removal, a rongeur, curette, and/or high-
speed burr was used to débride the distal femur 
nonunion of all fibrous tissue. After mobilization 
and preparation of the distal femoral nonunion, var-

us angulation was accentuated with delivery of the 
proximal and distal segments of the nonunion into 
the wound (Figure A) A ball-tipped guide wire was 
subsequently passed through the nonunion site 
for intramedullary bone graft harvest. The standard 
RIA technique was then applied to obtain the bone 
graft (Figure B).

Six patients underwent 7 separate procedures 
for distal femoral nonunion. Of these patients, 5 
underwent retrograde RIA through the nonunion 
site, as described above; the sixth underwent 
antegrade RIA in the traditional fashion and was 
therefore excluded. One of the 5 patients under-
went another bone grafting procedure after the ini-
tial retrograde RIA treatment through the nonunion 
site. Several outcomes were measured: ability to 
obtain graft, volume of graft obtained, periopera-
tive complications, and feasibility of the procedure.

Mean age of the 5 patients was 40.4 years 
(range, 22-66 years). Mean reamer size was 13.4 
mm (mode, 14 mm), producing an average bone 
graft volume of 33 mL. There were no intraopera-
tive or postoperative fractures. In 1 case, the ream-
er shaft broke during insertion and was retrieved 
with no retained hardware; passage was made 
with a new reamer shaft. No patient experienced 
additional pain or discomfort, as there was no 
separate entry site for the RIA.

Discussion
Bone grafting for nonunion is one of the most 
commonly performed procedures in orthopedic 
trauma surgery. Use of an intramedullary harvest 
system has become increasingly popular rela-
tive to alternative techniques. The RIA system is 
associated with less donor-site pain and provides 
relatively more bone graft volume in comparison 
with ICBG harvest.6,7,10,13 Conversely, intramedul-
lary bone graft harvest may be associated with 
higher risk of host bone fractures, occurring either 
during surgery (technical error being the cause) 
or afterward (a result of patient noncompliance or 
overaggressive reaming).6,7,11,12 Multiple methods 
of reducing the risk of iatrogenic fracture caused 
by technical error of eccentric reaming have been 
described, including appropriate guide wire place-
ment aided by frequent use of fluoroscopy in 2 
planes.4 Despite these potential complications and 
improved donor-site pain complaints in comparison 
with ICBG harvest, traditional RIA harvest is still 
associated with pain at the entry site.4,7,13

In this study, we introduced a novel RIA tech-
nique for distal femur nonunion. This technique 

Figure. (A) Guide wire passing from lateral wound through nonunion site. (B) Intraop-
erative fluoroscopy shows Reamer/Irrigator/Aspirator (DePuy Synthes) passing over 
guide wire inserted from nonunion site.
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reduces the complications and adverse effects 
associated with RIA. It removes the added pain 
and discomfort associated with a separate entry 
site. As the reamer is introduced into the medul-
lary canal through the femoral nonunion site, and 
proximal harvest is limited to the subtrochanteric 
region, the technique also avoids the complications 
associated with eccentric reaming of the distal and 
proximal femur, which may contribute to second-
ary fracture.6,7,11,12

Although the proposed technique is practi-
cal, it may present some technical difficulties. 
First, failed fixation hardware must be removed, 
and by necessity some stripping of soft tissues 
is required. These actions are unavoidable, as 
hardware revision is inherent in the treatment of 
nonunion. During the procedure, the focus should 
be on minimizing the insult to bony healing. The 
nonunion also needs to be completely mobilized 
to allow adequate angulation, guide wire passage, 
and sequential reaming. The dual vascular insult 
of intramedullary reaming combined with the 
soft-tissue débridement and detachment required 
for hardware removal and mobilization can be con-
cerning for devascularization of the fracture frag-
ment. However, animal studies have suggested 
reaming does not affect metaphyseal blood flow; it 
affects only diaphyseal bone.6,14 The metaphyseal/
diaphyseal location of these distal femur non-
unions is thought to provide at least partial sparing 
from the endosteal injury that the RIA may cause. 
Another difficulty is that the angle of passage of 
the wire requires a relatively steeper curve to be 
able to pass beyond the medial distal femoral wall 
and proceed more proximally. Strong manipulation 
of the segment is required, which in 1 case caused 
the reamer shaft to break. This complication had 
minimal sequelae; the shaft was easily retrieved by 
withdrawing the ball-tipped guide wire. In addition, 
strong manipulation of the segment can lead to 
asymmetric medial reaming or fracture—an out-
come easily avoided with a small bend in the distal 
tip of the guide wire and frequent use of fluorosco-
py. In all cases in this series, we achieved proximal 
passage of the wire and the reamer.

Most RIA bone graft is harvested by reaming the 
medullary canal at the midshaft of the femur. Pass-
ing from the distal femoral nonunion precludes 
obtaining only a small source of potential distal 
femoral bone graft, though this metaphyseal bone 
typically is not used for fear of eccentric reaming 
and secondary fracture.6,7,11,12 The amount of bone 
graft obtained from selected patients who undergo 

retrograde RIA passage through the nonunion site 
should be similar to the amount obtained with the 
traditional antegrade method. Our newly proposed 
technique provided an average bone graft volume 
of 33 mL, which compares favorably with that 
reported in the literature for the traditional RIA 
technique.1,5,6,13,15,16

Conclusion
In distal femoral cases, retrograde passage of the 
RIA through the nonunion site is technically feasi-
ble and has reproducible yields of intramedullary 
bone graft. Adequate mobilization of the nonunion 
is a prerequisite for reamer harvest. However, this 
technique obviates the need for an additional entry 
point. Furthermore, the technique may limit the 
perioperative fracture risk previously seen with 
eccentric reaming of the distal and proximal femur 
using traditional intramedullary harvest.

CPT Eisenstein, MC, USA, is a Resident, and Dr. Water-
man is an Attending Surgeon, Department of Ortho-
paedic Surgery and Rehabilitation, William Beaumont 
Army Medical Center, El Paso, Texas. Dr. Kanlic is the 
Director of Orthopaedic Trauma, Dignity Health Medical 
Group-Chandler Orthopaedics, Chander, Arizona. Dr. 
Abdelgawad is an Associate Professor and Interim Chair-
man, Department of Orthopaedic Surgery, Texas Tech 
University Health Sciences Center, El Paso, Texas.

Address correspondence to: Amr Abdelgawad, MD, De-
partment of Orthopaedic Surgery, Texas Tech University 
Health Sciences Center, 5001 El Paso Drive, El Paso, 
TX 79905 (tel, 915-215-5406; email, amr.abdelgawad@
ttuhsc.edu).

Am J Orthop. 2016;45(7):E493-E496. Copyright Frontline 
Medical Communications Inc. 2016. All rights reserved.

References
1. Conway JD. Autograft and nonunions: morbidity with intra-

medullary bone graft versus iliac crest bone graft. Orthop 
Clin North Am. 2010;41(1):75-84.

2. Schmidmaier G, Herrmann S, Green J, et al. Quantitative 
assessment of growth factors in reaming aspirate, iliac crest, 
and platelet preparation. Bone. 2006;39(5):1156-1163.

3. Miller MA, Ivkovic A, Porter R, et al. Autologous bone graft-
ing on steroids: preliminary clinical results. A novel treatment 
for nonunions and segmental bone defects. Int Orthop. 
2011;35(4):599-605.

4. Qvick LM, Ritter CA, Mutty CE, Rohrbacher BJ, Buyea CM, 
Anders MJ. Donor site morbidity with Reamer-Irrigator-As-
pirator (RIA) use for autogenous bone graft harvesting in a 
single centre 204 case series. Injury. 2013;44(10):1263-1269.

5. Kanakaris NK, Morell D, Gudipati S, Britten S, Giannoudis PV. 
Reaming Irrigator Aspirator system: early experience of its 
multipurpose use. Injury. 2011;42(suppl 4):S28-S34.

6. Dimitriou R, Mataliotakis GI, Angoules AG, Kanakaris NK, 
Giannoudis PV. Complications following autologous bone 
graft harvesting from the iliac crest and using the RIA: a 
systematic review. Injury. 2011;42(suppl 2):S3-S15.

7. Belthur MV, Conway JD, Jindal G, Ranade A, Herzenberg JE. 



A New Technique for Obtaining Bone Graft in Cases of Distal Femur Nonunion

E496  The American Journal of Orthopedics ® November/December 2016 www.amjorthopedics.com

Bone graft harvest using a new intramedullary system. Clin 
Orthop Relat Res. 2008;466(12):2973-2980.

8. Seagrave RA, Sojka J, Goodyear A, Munns SW. Utilizing 
Reamer Irrigator Aspirator (RIA) autograft for opening wedge 
high tibial osteotomy: a new surgical technique and report of 
three cases. Int J Surg Case Rep. 2014;5(1):37-42.

9. Finnan RP, Prayson MJ, Goswami T, Miller D. Use of the 
Reamer-Irrigator-Aspirator for bone graft harvest: a mechani-
cal comparison of three starting points in cadaveric femurs. J 
Orthop Trauma. 2010;24(1):36-41.

10. Masquelet AC, Benko PE, Mathevon H, Hannouche D, Obert 
L; French Society of Orthopaedics and Traumatic Surgery 
(SoFCOT). Harvest of cortico-cancellous intramedullary 
femoral bone graft using the Reamer-Irrigator-Aspirator (RIA). 
Orthop Traumatol Surg Res. 2012;98(2):227-232.

11. Quintero AJ, Tarkin IS, Pape HC. Technical tricks when using 
the Reamer Irrigator Aspirator technique for autologous bone 

graft harvesting. J Orthop Trauma. 2010;24(1):42-45.
12. Cox G, Jones E, McGonagle D, Giannoudis PV. Reamer-Irri-

gator-Aspirator indications and clinical results: a systematic 
review. Int Orthop. 2011;35(7):951-956.

13. Dawson J, Kiner D, Gardner W 2nd, Swafford R, Nowotarski 
PJ. The Reamer-Irrigator-Aspirator as a device for harvesting 
bone graft compared with iliac crest bone graft: union rates 
and complications. J Orthop Trauma. 2014;28(10):584-590.

14. ElMaraghy AW, Humeniuk B, Anderson GI, Schemitsch EH, 
Richards RR. Femoral bone blood flow after reaming and 
intramedullary canal preparation: a canine study using laser 
Doppler flowmetry. J Arthroplasty. 1999;14(2):220-226.

15. Finkemeier CG, Neiman R, Hallare D. RIA: one community’s 
experience. Orthop Clin North Am. 2010;41(1):99-103.

16. Myeroff C, Archdeacon M. Autogenous bone graft: 
donor sites and techniques. J Bone Joint Surg Am. 
2011;93(23):2227-2236.

This paper will be judged for the Resident Writer’s Award.


