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ABSTRACT

Biologically augmented surgical treatments of orthopaedic conditions
are increasingly popular. Bone marrow aspirate concentrate is a key
orthobiologic tissue source, and the field is moving from the standard
iliac crest marrow aspiration toward local aspirations of marrow depots
that are accessible during the standard-of-care procedures in an
attempt to reduce morbidity, surgery time, and cost. Here, we present
the aspiration of the standard iliac marrow depot, but through a novel
acetabular approach during total hip arthroplasty. This procedure
markedly simplifies biologic augmentation with bone marrow aspirate
concentrate in this large patient cohort.

one marrow aspirate (BMA) has seen growing interest as an autolo-

gous source for mesenchymal stromal cells (MSCs), previously termed

“stem cells.” ! These cells are either culture-expanded or in the form
of minimally manipulated BMA concentrate (BMAC), directly reinjected
after harvest to treat patients suffering from osteoarthritis (OA), bone de-
fects, osteonecrosis, chondral defects, tendinopathy, and other orthopaedic
diseases.>!! The most commonly used aspiration sites are the anterior and
posterior iliac crest,'>!3 but other sites have been used depending on the
patient population, type of surgery, and the clinical use of the aspirate, with
the goal to limit morbidity by reducing the number of surgical fields.!* These
options have included aspiration from femur, tibia, malleolus, and calcaneus
for lower limb procedures,'*'” and sternum and humerus for upper body
procedures.!8:1? Typically, aspirations from central and flat bones are pre-
ferred over peripheral and long bones because they seem to contain less
adipocytes and more progenitor cells.’®2? For this reason, the ilium has
traditionally served as an autologous bone marrow source, which has been
accessed through the iliac crest. In an attempt to maximize procedure effi-
ciency and the therapeutic potency of the marrow preparation, a variety of
variables have been investigated, including a different number of aspiration
holes along the iliac crest, changing needle depths, angles and rotations,
syringe sizes, aspiration speed and volumes, and processing systems. So far,
the literature has been conflicting, and the question of whether a certain
BMAC preparation is more potent to treat a specific condition remains
unresolved.!%21-27
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Acetabular Bone Marrow Aspiration

In patients undergoing total hip arthroplasty (THA), the
ilium can be accessed inferiorly through the acetabulum.
Thus, we wondered whether an acetabular approach is a
viable alternative to crest aspiration to access iliac bone
marrow. This would minimize morbidity and surgical time
if treatment with a biologic is considered for patients from
this cohort. This is particularly interesting because (1) pri-
mary and revision THA cases have increased exponentially,
and currently, the prevalence of primary arthroplasty is
projected to be 635,000 annual cases alone in the United
States by 2030.2% (2) Depending on age and sex, 8% to
19% of the population above 60 years present with
radiographic hip and knee OA, and 5% to 33% above 50
years present with bilateral hip OA.?%-3° In such a cohort,
the surgeon may choose to do unilateral THA and use
BMAC to treat a secondary site, as done previously in
bilateral knee OA.3! In accordance with the current
“Regulatory Considerations for Human Cells, Tissues,
and Cellular and Tissue-Based Products” by the United
States Food and Drug Administration,3? the aspirated
tissue would be used at the time of THA and neither stored
for later treatment nor more than minimally manipulated.
Currently approved strategies that are considered minimal
manipulation include centrifugation, which is a strategy
for concentration of BMA to BMAC.

In this brief article, we discuss the acetabulum as a new
and convenient access point for bone marrow from the
ilium, which may improve treatments of a notable
orthopaedic cohort worldwide.

Acetabular Bone Marrow Aspiration

Seventeen patients undergoing THA (nine women: age 64.2
+ 10.4 years [mean *= SD], body mass 69.6 = 7.5 kg,
height 166.5 * 6.9 cm, and body mass index 25.2 +
2.7 kg m~2; eight men: age 63.5 = 12.6 years, body mass
93.6 * 10.4 kg, height 179.7 *+ 5.7 cm, and body mass
index 29.0 = 3.3 kg m~2) and free of any hematologic
diseases were recruited at the University of California San
Diego Department of Orthopaedic Surgery. The study was
approved by the University of California San Diego
Institutional Review Board, and each patient gave written
informed consent.

During THA, the hip joint was exposed through a
posterior approach, and after femoral head resection, the
acetabulum was visualized. Importantly, the bone mar-
row aspiration has to be done before reaming the socket.
We attempted reaming first to remove the sclerotic bone
for easier access to the cancellous bone of the ilium but
found that by removing the sclerotic surface, some of the
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Figure 1

Photograph of Steinmann pin indicating the bone marrow
aspiration site in the superior dome of the acetabulum, which
corresponds to the typical safe zone for screw fixation.32 The
orientation is indicated by the retractors.

vacuum effect was lost, which made it more difficult to pull
adequate volumes of bone marrow. In addition, ithas been
reported that the first few cc’s have a higher concentration
of progenitor cells compared with the last cc’s because of
dilution with blood.2! Therefore, we did not want to lose
this important fraction by reaming-induced bleeding. The
aspiration site is located in the dome of the acetabulum
approximately midway between the superior most por-
tion of the acetabular fossa and the superior rim of the
acetabulum (Figure 1). This corresponds to the superior
“safe zone” commonly used for screw fixation of ace-
tabular implants in THA.33

We found the sclerotic, articular surface in the dome of
the acetabulum to be harder than its iliac-cortex coun-
terpart. Therefore, a pilot hole was created using a 2.0-mm
Steinmann pin into the superior dome of the acetabulum
in a superomedial direction (Figure 1). Then, the trocar
with needle (Arthrex) was inserted into the hole and for-
warded using a mallet to a depth of approximately 15 mm.
The needle was removed from the trocar, and 2 x 30 mL
syringes were attached to aspirate (50-mL bone
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Figure 2
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A, Graph showing the results of hematology analysis of BMA and BMAC, N = 13 each. B, Representative microscopic image showing
plastic-adherent BMAC cells after passage 3. The scale bar denotes 100 wm. C, Graph showing cell doubling rates of plastic-adherent
BMAC cells of four patients after passage 3. The bars are mean = SD. BMA = bone marrow aspirate, BMAC = bone marrow aspirate

concentrate

marrow in 10-mL anticoagulant). Finally, the trocar
was removed and the THA procedure was continued.
After reaming the acetabulum, the pilot hole was
unable to be visualized, and the hole was not visualized
through the screw holes in the cup. Thus, the cup was
placed with no attempt to line up a screw hole with the
pilot hole. One screw was placed in all cases, which was
the surgeon’s typical preference.

This procedure took approximately 2 minutes per
case, and no complications were observed in any of these
cases. In addition, in all cases, there was no compromise in
acetabular implant fixation, and all implants achieved
radiographic osseointegration, as determined by 4-month
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and 12-month postoperative radiographs. This area of the
acetabulum is normally used for screw fixation of the cup,
and as such, it is easily accessible from any of the standard
approaches to the hip in THA (posterior, anterolateral, and
direct anterior approaches).

This technique is relatively contraindicated in patients
with notable protrusion where medialization of the ace-
tabulum could increase the risk of the cannula penetrat-
ing through the medial wall into the pelvis. Finally, no
concerns were observed that the pilot hole may interfere
with implant integrity or increase effective joint space.
The pilot hole can be thought of as an extremely small
acetabular cyst, which are frequently encountered in hip
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Acetabular Bone Marrow Aspiration

arthroplasty and are not associated with cup failure or
loss of fixation. The effective joint space in hip arthro-
plasty is generally an extension through the implant to
surrounding structures, such as screw holes or dome
holes in cups or noncoated channels along previous
generation stems. Although it is possible for such a pilot
hole to be an extension of the effective joint space, it
seems unlikely to be of clinical relevance for a couple of
reasons. First, if it is not in line with a screw hole or the
dome hole, the remnant of the pilot hole will be covered
with a porous surface of the cup, which should ingrow
and seal off the effective joint space. Furthermore, with
the notable improvements of polyethylene over the past 2
decades, wear and osteolysis have become distinctly
uncommon. Finally, for generations, surgeons have been
using Steinmann pins in the periarticular space as self-
retaining retractors and/or guides to evaluate leg length
and offset during the reconstruction, and we are unaware
of these holes being implicated in creating channels to
increase the effective joint space, and those holes do not
get covered by a porous ingrowth surface.

The Cellular Composition of Acetabulum-
Aspirated lliac BMAC and the Proliferative
Capacity of its Plasticadherent Cells Are
Competitive

BMA was concentrated to BMAC using the Angel System
centrifuge (Arthrex) with a 7% hematocrit setting, and a
fraction of BMA and BMAC from 13 patients was sub-
jected to complete blood count on a XN-350 hematology
analyzer (Sysmex). The range of cell counts and the large
between-subject variability for certain populations were in
the previously reported range for BMA and BMAC (Fig-
ure 2, A).33435

A BMAC fraction of four patients was red blood cell-
depleted using ACK buffer (Gibco) at room temperature
for 5 minutes and then cultured in low-glucose Dul-
becco’s Modified Eagle’s Medium containing 10%
fetal bovine serum and 1% Pen-Strep. Media was
changed every other day, by which non-plastic-
adherent cells were removed. The adherent cell fraction
was passaged at 70% confluence. After passage 3, cell
doubling time was assessed as a measurement of cell
fitness and lack of senescence.3¢37 The adherent,
fibroblast-shaped BMAC-MSCs (Figure 2, B) doubled
every 16.3 * 1.6 hours (Figure 2, C), which implies a
higher proliferative capacity of these cells compared
with previously reported doubling rates for human
bone marrow-derived MSCs.37-38
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Summary

Local aspirations of marrow depots that are accessible
during the standard-of-care operating procedure reduce
the number of surgical fields, associated morbidity, sur-
gery time, and costs compared with the current bench-
mark, that is, the iliac crest aspiration. The same iliac
marrow depot can be accessed through an acetabular
approach in THA patients, which poses a valuable
option if biologic augmentation using BMAC is consid-
ered in this cohort. It is not uncommon for patients
undergoing THA to have less progressed degeneration of
other joints (knees or contralateral hip), and with the
evolving indications for regenerative and cell-based
therapies, there may be future indications described for
BMAC to enhance recovery after THA.
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