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Effective Medullary Debridement of Long Bone Osteomyelitis
Brett D. Crist, MD
Summary: Fracture-related infections are relatively uncommon but
most commonly occur after open tibia fractures. Once fracture
healing occurs, indwelling implants are typically removed if there is
recurrence of infection. Although extramedullary resection is a
method for recurrent osteomyelitis with eventual bone transport,
sinus excision, extra medullary debridement, and medullary debridement may be used as a means of debriding viable diaphyseal bone
that is infected. The case presented was a chronically infected open
tibia fracture with a history of methicillin-resistant Staphylococcus
aureus bacteremia and recurrent draining tibial wounds. Along with
sinus tract excision, implant removal, extramedullary debridement,
resorbable local antibiotic delivery, and culture-speciﬁc antibiotics,
the second-generation Reamer Irrigator Aspirator (DePuy Synthes,
West Chester, PA) was used for medullary canal debridement
because of concern for medullary sepsis in the setting of chronic
osteomyelitis and indwelling tibial intramedullary nail. Cultures were
obtained using the graft ﬁlter to help direct culture-speciﬁc antibiotic
therapy. The patient went on to resolve his infection and was asymptomatic 14 months after surgery.
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INTRODUCTION
Infection after open fracture is relatively uncommon but most
commonly occurs after open tibia fractures.1 The treatment algorithm for early fracture-related infections (FRIs) after operative
management of fractures consists of debridement with implant
retention as long as it is maintaining stability, and culturespeciﬁc antibiotics works around 70% of the time.1 In patients
with recurrence of infection after initial implant retention, late
infections, or chronic infections after fracture healing, implant
exchange or removal depending on fracture healing status,
debridement, and local antibiotic delivery along with systemic
culture-speciﬁc antibiotics are typically the standard treatment
protocol.1
For osteomyelitis related to intramedullary nails, medullary
sepsis or concern for endosteal involvement that cannot be accessed
extramedullary, medullary debridement is important in managing
the infection. Classically, ﬂexible reamers have been used to
debride the canal, but these do not really remove the material. When
either reaming an intact bone with infection or a long bone status
after implant removal, it is important to have a hole or “vent” for
contents of the medullary canal to exit rather than have it embolize.
Alternatively, the Reamer Irrigator Aspirator (RIA) (DePuy Synthes, West Chester, PA) allows for aspiration of the contents from
the medullary canal as well as irrigation of the canal and the option
of capturing the aspirate with a ﬁlter during reaming. Several publications have demonstrated its effective use in the polytraumatized
patient, as a bone graft harvesting instrument and a tool for debridement of the medullary canal in the setting of tumor and infection.2
The second-generation Reamer Irrigator Aspirator (RIA 2) (DePuy
Synthes, West Chester, PA) has the added beneﬁts of a smaller
reamer head size (as small as 10 mm) to be able to debride long
bones such as the tibia in smaller patients, design features making it
less likely to have the device clog during aspiration, increased ease
of reamer head assembly and removal, and a more user-friendly
ﬁlter system. The case presented demonstrates the effective use of
the RIA 2 for medullary debridement and capturing tissue for culture in a patient with chronic tibial osteomyelitis after a healed open
tibia fracture.
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suppression for the past 2 months. He complained of recurrent left
leg wound drainage during this time. He presented to our emergency department with swelling, pain 9 of 10, and purulent drainage coming from the proximal anteromedial wound on his left leg.
He also complained of spasticity of his left lower extremity which
made ambulation difﬁcult. His pain typically improved after his left
leg wounds drained. He took pregabalin for chronic neuropathy
related to his below-knee amputation. He requested chronic pain
management for multiple complaints. When he presented to the
clinic after being discharged from the emergency department, he
was still complaining of 5 of 10 left leg pain, but he had no draining
wound, cellulitis, or swelling (Fig. 1). He had no pain with manual
stress of his tibia. Because he continued to have drainage while on
suppressive antibiotics, increasing pain, and a healed tibia fracture
(Fig. 2), the plan was for preoperative laboratory evaluation, computed tomography (CT) scan based on plain radiograph concern for
involucrum (Fig. 2), removal of his indwelling tibial nail, debridement of his medullary canal, and local antibiotic delivery along
with systemic antibiotic therapy based on cultures. Preoperative
laboratory evaluation showed an erythrocyte sedimentation rate
of 33 mm/h, C-reactive protein (CRP) concentration of 1.37
milligrams/dL, and white blood cell count of 7.9 109/L.

Surgical Technique
FIGURE 1. Clinical photograph of the involved leg.

PATIENT INFORMATION
A 43-year-old man sustained multiple injuries in a motor vehicle
accident in 2017. Secondary to his trauma, he underwent a right
below-knee amputation, cervical spine fusion, left elbow fracture
open reduction internal ﬁxation, and debridement with intramedullary nailing of a left open tibial shaft fracture. All these procedures
were not performed at our facility. He was not able to recall how
many surgeries he had on his tibia before deﬁnitive ﬁxation.
However, based on his clinical photograph (Fig. 1) and radiographs
(Fig. 2), it would seem that he had a Gustilo and Anderson type 2 or
3A fracture.3,4 He eventually went on to have his left elbow
implants removed because of a methicillin-resistant Staphylococcus aureus bacteremia that caused infection of his left elbow. Since
his initial intravenous vancomycin course and surgical management of this infection, he was placed on linezolid for chronic

After obtaining informed consent, the patient was under
general anesthesia, positioned on the radiolucent operating room
table, and received no preoperative antibiotics to increase the
chances of intraoperative cultures to be positive. There was no
active drainage from any surgical site. The patient’s tibial nail was
originally inserted through a suprapatellar portal incision. To
avoid potentially contaminating the knee joint during nail
removal and medullary canal debridement, a new transpatellar
tendon surgical approach was used. The tibial nail extraction
instrument was threaded into the top of the nail. The tibial locking
bolts were removed. The nail was removed without difﬁculty. A
swab culture was obtained from the nail. The previously draining
proximal anteromedial surgical site was excisionally debrided
including complete excision of what looked to be a healed sinus
tract. This tissue was sent for culture. A separate incision was
made distally where the CT scan showed an involucrum and associated cloaca at the site of the previous fracture. This was identiﬁed using ﬂuoroscopy, and an incision was made at the distal
aspect of his previous open fracture wound and extended to allow
access to the cloaca. A bur was used to debride the bone until

FIGURE 2. Preoperative left tibia (A)
AP and (B) lateral radiographs. The CT
scan (C) axial image and (D) coronal
image with arrows showing involucrum and associated cloaca.
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Removal of a Nail From Bone After Nail Gun Injury

FIGURE 3. Intraoperative lateral ﬂuoroscopic
images showing (A) the RIA 2 debriding the medullary canal and (B) resorbable antibiotic beads
within the medullary canal.

bleeding bone, and the medullary canal was encountered. Debrided tissue was sent for culture.
Medullary canal debridement was performed. Based on intraoperative ﬂuoroscopy evaluation with a radiographic ruler on
both anteroposterior (AP) and lateral views of the tibial diaphysis,
a 12-mm RIA 2 reamer head was chosen. Deciding on the size of
the RIA 2 reamer head varies based on the purpose of the
procedure. If it is being used for bone graft harvesting, the size is
based on the amount of bone graft needed and can safely be
harvested without implant support. For medullary canal debridement without continued implant support, like in this case, I chose
a reamer head that was 1 mm larger than the medullary canal
endosteal measurement of the diaphyseal tibia on the lateral view
with the radiographic ruler. I ﬁnd that the lateral view is more
consistent for measurement of the diaphysis and avoids choosing
a reamer head larger than intended. A ball-tipped guide rod was
placed using the standard ﬂuoroscopic technique. After connecting the inﬂow and outﬂow portals along with the ﬁlter, the RIA 2
was used over the ball-tipped guidewire to debride the tibial
medullary canal (Fig. 3). During the process of reaming, it is
important to advance the reamer while intermittently retracting
the reamer to allow for the aspiration portals in the reamer head to
aspirate the contents of the canal without clogging the aspiration
mechanism. Intermittent ﬂuoroscopy was used to verify the
reamer head position within the canal to avoid eccentric reaming,
canal violation, and articular penetration of the reamer. The ﬁltrate captured with the RIA 2 and the previously obtained tissue
and swab cultures were sent for Gram stain, aerobic, anaerobic,
acid-fast, and fungal cultures and sensitivities.
After thorough debridement of the medullary canal, a resorbable
calcium sulfate carrier was mixed with vancomycin and tobramycin to
deliver antibiotics locally (STIMULAN; Biocomposites Inc, Wilmington, NC) and placed in the medullary canal (Fig. 3). After the
wounds were well-irrigated, they were closed in a standard fashion
using suture and a soft dressing was applied. The patient was allowed
to weight-bear and do range of motion of all joints as tolerated.

time of this case report, the patient was 14 months postoperative with
no known recurrence of infection and no tibial complaints. He continues to see our spine, physical medicine and rehabilitation, and pain
management colleagues for unrelated issues. His past tibia radiographs
were from 4 months postoperative (Fig. 4).
DISCUSSION
Medullary debridement is an important component in the
treatment of long bone medullary osteomyelitis. The case presented
shows the efﬁcient and effective use of the RIA 2 device for both
medullary debridement and tissue capture to direct culture-speciﬁc
antibiotic therapy. Aggressive debridement along with local
antibiotic delivery, implant removal if the fracture is healed or
implant retention or exchange if the fracture is not healed, and

Postoperative Course
During the patient’s hospital stay, all intraoperative cultures, including the tissue that was obtained using the RIA 2, were positive for
methicillin-resistant Staphylococcus aureus. After completing a 6week course of intravenous vancomycin, the patient went on to have
an uneventful course and did not require chronic antibiotic suppression
because the contaminated indwelling implants were removed. At the
Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 4. Four months postoperative left tibia (A) AP and (B)
lateral radiographs.
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culture-speciﬁc antibiotic therapy are effective in managing long
bone fracture-related osteomyelitis. The 43-year-old man remained
asymptomatic at 14 months postdebridement.
Fracture-related infections (FRI) are relatively uncommon, but
there have been no recent consensus statements that help provide
guidance. Part of understanding how to address problematic issues
is recognizing the correct deﬁnition and how to diagnose it. An
international consensus group helped move the treatment of FRI
forward by coming up with an acceptable deﬁnition and how to
diagnose FRI.5 Metsemakers et al1 also published a review article
covering diagnostic and treatment algorithms for FRIs in an effort
to try to progress the ﬁeld forward in the treatment of these debilitating and costly complications.
The ﬁrst-generation RIA was successfully used for reaming for
long bone fractures, bone graft harvesting, and medullary debridement for infection and tumor.2,6 The RIA has been successfully
used in femoral and tibial osteomyelitis with a similar approach that
was used in this case—debridement, fracture stability if indicated,
local antibiotic delivery, and culture-speciﬁc systemic antibiotics,
with 96% of patients remaining infection free at the 21-month
average follow-up.7 More recently, the RIA has been successfully
used to obtain positive culture results with similar effectiveness to
standard bone culture methods.8
Although the ﬁrst generation of RIA was used effectively, the
RIA 2 was developed to address some of the shortcomings of the
ﬁrst-generation RIA which included, no reamer head smaller than
12 mm, difﬁculty with application and removal of the reamer head,
efﬁciently removing the ﬁltrate from the ﬁlter, and reported
clogging issues with the aspiration portal.
CONCLUSIONS
To successfully treat FRIs, effective debridement tools are
required. The RIA 2 was effective at both debriding and capturing

e4

www.jorthotrauma.com

tissue for culture in this patient with a chronically infected healed
open tibia fracture.
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