Technical Note

Intraosseous Treatment of Bone Marrow Lesions in L)

the Knee: Surgical Technique
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Abstract: Intraosseous injections of bone marrow aspirate concentrate have shown promise in the treatment of bone
marrow lesions (BMLs) in the knee. With the wide-awake limited anesthesia no tourniquet (WALANT) technique,
intraosseous injections can be performed with the patient under local anesthesia in the procedure room or operating room
setting. This article describes 2 techniques to access the BML of interest. The “decompression route” involves drilling
through the nearest cortex, and the “biologic route” involves drilling through healthy bone to promote bleeding and the

introduction of healthy biologic tissue to the BML.

he osteochondral unit plays a vital role in pro-

moting joint health. Although treatment of artic-
ular cartilage defects in the knee has garnered attention
in the past, subchondral bone pathology has been
largely ignored. Focal changes in the subchondral bone,
termed “bone marrow lesions” (BMLs), are associated
with progression of knee osteoarthritis, degeneration,
pain, and poorer clinical outcomes.' ® BMLs are often
reversible if treatment is initiated early, and
intraosseous biologic treatment is an effective
therapeutic option.”* This article will focus on intra-
osseous injection of bone marrow aspirate concentrate
(BMAC) in the procedure room or operating room
using 2 different image-guided techniques.

Surgical Technique

Overview

Injection of BMLs with biologics can be performed in
the procedure room or operating room. The techniques
are similar, but the procedure room environment
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includes extra considerations related to anesthesia and
technical setup (Table 1). The wide-awake limited
anesthesia no tourniquet (WALANT) technique has
allowed physicians to perform more procedures in the

outpatient setting.” "’

BMAC Procedure

There are 2 approaches to the iliac crest for the BMAC
procedure: anterior and posterior.'* For the anterior
approach, the patient is positioned supine. The anterior
superior iliac spine is prepared with ChloraPrep
(chlorhexidine gluconate; BD, Franklin Lakes, NJ). The
skin, subcutaneous tissues, and periosteum are anes-
thetized with 10 mL of 1% lidocaine. No general
anesthesia is required. One should proceed only after a
5-minute period to increase the efficacy of the local
anesthetic. After a small incision is made with a No. 11
blade scalpel (Bard Parker, Caledonia, MI), a small
curved hemostat is used to remove tissue superficial to
the crest. An 11-gauge, 11-cm Jamshidi needle (Wright
Medical, Memphis, TN) pre-rinsed with 1 mg of
epinephrine (1,000 U/mL) (Fresenius Kabi, Lake Zur-
ich, IL) is placed 2 cm posterior to the anterior superior
iliac spine between the inner and outer tables of the
iliac crest, aiming towards the femoral head.'* The
needle is advanced through the outer cortical bone by
about 1 cm. Once the needle is in the cancellous bone,
the needle can be advanced in a twisting motion to a
maximal depth of 4 cm in the anterior portion of the
iliac crest. Once it is at its deepest point, the sharp stylet
is slowly removed, a 10-mL syringe is attached, and
5 mL of bone marrow is rapidly aspirated. The Jamshidi
needle is rotated, and another 5 mL is aspirated. After
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Table 1. Advantages and Disadvantages of Biologic Intraosseous Injections in Procedure Room and Operating Room

Procedure Room

Operating Room

Advantages e Lower cost
e Faster
e Less anesthesia
Disadvantages e Potential for increased pain
L]

Bleeding or other complications requiring management

e Predictable pain control
e Easier complication management

Higher cost
More time-consuming
e More resource intensive

this, the needle is pulled back about 1 cm to a new
depth, and the process is repeated with a new 10-mL
syringe. This process should be repeated until a total
of 60 mL is aspirated. The bone marrow aspirate is then
passed for processing in a sterile fashion using a BMAC
processing system.

The posterior approach follows the same steps except
that the patient is positioned prone and an 11-gauge,
11-cm Jamshidi needle is placed through the outer
cortex of the posterior inferior iliac spine using a ver-
tical needle position, aiming into the inner table region,
with insertion of the needle to a depth of approximately
4 cm. With the described technique, 60 mL is aspirated.

Intraosseous Biologic Injection of Knee BMLs

As shown in Figure 1, the patient is positioned supine,
and a radiolucent triangle or bump is placed under the
lower leg to elevate the extremity and allow for optimal
anteroposterior (AP) and lateral intraoperative fluoro-
scopic imaging. As shown in Video 1, there are 2
different techniques that can be used to access the BML:
decompression route and biologic route. The decom-
pression route is typically chosen if only core

Fig 1. Operating room setup for intraosseous
injections. The patient is lying supine with the
right knee extended over a bump to allow for
optimal anteroposterior and lateral intra-
operative fluoroscopic imaging. The tfull-sized
fluoroscopy unit is shown.

decompression is desired or calcium phosphate cement
is delivered. The biologic route can be used to promote
bleeding of the adjacent vascularized bone that can
enhance the local delivery of biologic factors.

Once the desired route is chosen, 10 to 15 mL of 0.5%
ropivacaine (5 mg/mlL) (Naropin; Fresenius Kabi) or
0.25% bupivacaine (5 mg/mL) (AuroMedics Pharma,
Windsor, NJ) with 1 mg of epinephrine (1,000 U/mL)
(Fresenius Kabi) added is used to provide local anes-
thesia. The tibial plateau and/or femoral condyle is
identified using ultrasound or C-arm fluoroscopy, and
the cortical entry site is identified. If the biologic route is
chosen, a guide pin should be placed over the skin
during fluoroscopy to ensure that the entry point will
allow the proper trajectory to the BML site. A 25-gauge,
40-mm needle (BD) is then percutaneously inserted
intradermally and subcutaneously, and 2 to 3 mL of
local anesthetic is injected slowly. Another 3 to 4 mL is
injected by angling the needle in a star manner. The
analgesic is injected in a total of 5 distinct sites that
circumscribe the landmark. Another 3 to 4 mL is
injected as the needle is progressively inserted deeper
with each piercing until contact is made with the
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Table 2. Pearls and Pitfalls of Intraosseous Injections

Pearls

Mapping of the wire trajectory should be performed using fluoroscopy before incisions are made.
When approaching the subchondral bone, the surgeon should use the fluoroscopic view in which the wire appears closer to the cortex he or

she is targeting (AP or lateral view).

Thrombin should be used to activate bone marrow aspirate concentrate whenever possible.
Aspiration should be performed before biologics are slowly injected in the intraosseous space.

Pitfalls

Because of the small capacity of the intraosseous space, some of the injected biologic may flow back out of the needle.
It can be difficult to accurately target lesions seen on MRI but not on fluoroscopy.
Patients may experience some pain when undergoing the WALANT technique.

AP, anteroposterior; MRI, magnetic resonance imaging; WALANT, wide-awake limited anesthesia no tourniquet.

Fig 2. (A) Coronal magnetic resonance im-
aging shows a bone marrow lesion localized
to the lateral left tibia. (B) Core decompres-
sion of the bone marrow lesion using the
decompression route is performed through
the nearest lateral cortex on fluoroscopy with
the patient lying supine.

Fig 3. The proximal anterior cortex, instead of the lateral cortex, is drilled to access the bone marrow lesion seen in the post-
eroinferior aspect of the right femur on fluoroscopy with the patient lying supine, thereby stimulating bleeding of healthy
proximal bone and introducing biologic tissue to the lesion. (A, B) Anteroposterior view of biologic route. (C) Lateral view of

biologic route on fluoroscopy.

periosteum, after which an additional 2 to 5 mL is
injected. During preparation of the femoral condyle
location, an extra 3 mL of anesthetic solution should be
applied because of increased sensitivity of the skin in
this area.

At 20 minutes after application of the local anesthetic,
the tip of a 15-gauge (102-mm) bone marrow harvest
system (Arrow On Control; Vascular Solutions, Min-
neapolis, MN) is placed on the bone entry location. The
trocar is fitted to a power driver (Arrow On Control)
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Fig 4. Step-by-step procedure using the biologic route. (A) A K-wire is placed into the area of pathologic bone on anteroposterior
and lateral fluoroscopic views. (B) A 4.0-mm reamer that can fit over the guidewire is selected. (C) The reamer is placed over the
K-wire and advanced under fluoroscopic visualization. (D) The guidewire is removed, and the biologic is injected into the reamer

using a spinal needle.

and slowly advanced with ultrasound or C-arm imaging
until the BML is reached. The trocar is slowly removed,
and very slow, gentle aspiration of the local marrow is
performed equal to the amount of biologic injection to
be placed (Table 2). For avascular necrosis, one should
consider creating many needle tracks to improve
pressure decompression and marrow stimulation.
Next, 2 to 3 mL of BMAC can be slowly injected.
Retention of BMAC in the intraosseous space can be
improved by first activating the BMAC with 10%

calcium chloride (1 g/10 mL; International Medication
Systems, El Monte, CA) or thrombin (Tisseel;
Baxter, Gurugram, India) per the manufacturer’s
recommendation. If resistance is met, the cannula can
be rotated. A second cortical puncture should not be
made to avoid extracortical extravasation of the bio-
logic. Once the BMAC has been delivered, the cannula
is slowly removed, and the incision is evaluated for any
extravasation. Finally, the incision site is irrigated and
closed with suture.
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Table 3. Advantages and Disadvantages of Intraosseous
Injections

Advantages
Injection administration involves a minimally invasive technique
that can be performed with minimal sedation.
Treatment decompresses the intraosseous pressure and stimulates
vascularity and bone remodeling.
Injections can be performed in conjunction with concurrent
procedures such as arthroscopy.
Disadvantages
A full-sized fluoroscopy unit is required.
If only local anesthetics are used, some patients may experience
pain during the procedure.

If the biologic route is used, special considerations
may be made depending on the location of the BML."’
For distal femoral lesions, the drill pin is placed through
the cortex of the distal femur approximately 2 cm
proximal to the trochlea. For proximal tibial lesions, the
drill pin is placed through the opposite tibial cortex of
the BML; for example, if the BML is medial, the K-wire
is inserted through the lateral cortex. Intra-articular
extravasation may be greater in femoral BMLs
because of the intracapsular area that must be traversed
to access the distal femoral condyle with the cannula. In
contrast, the proximal tibial capsular reflections are
tightly adherent and do not typically represent a po-
tential space for the traversing cannula to allow leakage
into the joint.

Intraosseous Placement Techniques

Decompression Route. Once the area of the BML has
been determined, ultrasound or fluoroscopy can be
used to make skin markings representing the closest
straight-line route to the BML on AP and lateral views.
The K-wire (Brasseler, Savannah, GA) should be
positioned perpendicular to the joint line and, at
closest, about 1 cm from the articular surface (Fig 2).
By use of the 2 skin markings, a small incision is made
through the skin with a No. 11 blade scalpel. A curved
hemostat is used for dissection to the periosteum, after
which the K-wire is drilled through the nearest cortex
parallel to the joint surface as close as possible to the
BML under ultrasound or fluoroscopic visualization.
Then, the K-wire is reamed over with a 4-mm cannu-
lated reamer (Arthrex, Naples, FL) to decompress the
intraosseous pressure, increase blood flow, and increase
potential space for a biologic. With the reamer in place,
the K-wire is removed, and the biologic is injected
through the reamer after it has been activated into gel
form using thrombin or calcium per the manufacturer’s
instructions. The reamer is removed after the injection.

Biologic Route. For the biologic route, the technique
involves deliberately drilling through healthy bone to
promote healing of more distal pathologic bone. For

example, instead of positioning the K-wire laterally for a
BML in the lateral femoral condyle, it can be placed
more proximally (Fig 3). Once the area of the BML has
been determined, ultrasound or fluoroscopy can be used
to make skin markings representing the longer trajectory
of the wire to the BML on AP and lateral views. By use
of the skin markings, a small incision is made through
the skin. A curved hemostat is used for dissection to
the periosteum, after which the K-wire is drilled to the
BML under ultrasound or fluoroscopic visualization
(Fig 4A). Then, the K-wire is reamed over with a 4-
mm cannulated reamer (Arthrex) (Fig 4B) to
decompress the intraosseous compartment, increase
blood flow, and increase area for the biologic (Fig 4C).
With the reamer in place, the K-wire is removed, and
the biologic is injected through the reamer after it has
been activated into gel form using thrombin or calcium
per the manufacturer’s instructions (Fig 4D). The
reamer is removed after the injection.

Discussion

Performing intraosseous injections under local anes-
thesia has several benefits, including efficiency, reduced
cost, and less exposure to anesthesia (Table 3). Intra-
osseous injections of biologics in the knee have also
shown to be promising in the literature.” With BMAC
specifically, Vad et al."® and Hernigou et al.'” reported
improvements in patient-reported outcomes and
radiologic findings with no complications. However,
patients may experience some pain with the procedure,
and the oncologic literature may have insights into
factors that affect the patient experience. The impact of
various demographic factors, such as sex, age, and body
mass index, on pain experienced during bone marrow
procedures is still under debate.'®**° The impact of
physician experience on pain is also uncertain.'® 2"

Studies show that fear, anxiety, and emotional distress
are equally as likely—or even more likely—to develop
during subsequent procedures in patients who experi-
ence pain during their first bone marrow proced-
ure.'”?"*? As such, physicians should take the time to
provide information to patients about the procedure and
what exactly will be done. Sedation with oral benzodi-
azepines has been shown to produce retrograde amnesia
along with a reduction in anxiety and pain perception.”””
*° Tramadol and nitrous oxide have also been shown to
alleviate pain during bone marrow aspiration.””>% %

In conclusion, this technical note describes the treat-
ment of BMLs in the knee using intraosseous injections
of biologics, such as BMAC, under local anesthesia.
Injections can be performed by drilling through the
cortex closest to the BML, termed the “decompression
route,” or by drilling through healthy bone to promote
healing and introduce healthy biologic tissue to the
BML, termed the “biologic route.”
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