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Abstract

Background: Bone marrow aspirate (BMA) is used with the putative goal of enhancing healing of injured tissue. The
most common sites to harvest BMA are the iliac crest, the tibia, and the calcaneus. Investigators have found that the tibia
and calcaneus have fewer progenitor cells than the iliac crest. This retrospective review evaluates the efficacy and safety
profile of harvesting BMA from the calcaneus bone. We hypothesized that harvesting BMA from the calcaneus will have
high efficacy and safety profile with low complication rates.

Methods: A retrospective chart review of patients undergoing bone marrow aspiration from the calcaneus bone from
January 2019 to October 2022 was performed. The main data points evaluated were patient satisfaction and pain level, follow-
up times, quantity of BMA harvested, fusion rates, and complications including nerve damage, infections, and nonunions.
Results: There were 45 (34 female and || male) patients who underwent 45 procedures. The average age, BMI, and
amount of BMA were 45.1 years (range 23-79), 33.1 (range 19.2-61.3), and 10.3mL (range 2-40), respectively. There was
no pain reported at the final follow-up in 32 patients (71.1%), and there was minimal to no pain in the area of surgery in
the remaining |13 patients (28.9%). The 10 cases of fusion successfully healed with combined use of allograft and BMA. The
average follow-up time was 2.3 months (range 2.4-33.7). There were no infections, wound complications, or nerve injuries.
Conclusion: Harvesting BMA from the calcaneus bone is a safe procedure. In this heterogenous series where BMA
augmented other surgical strategies, patients had little to no pain and there were no cases of wound complication or
iatrogenic neuropraxia after undergoing bone marrow harvest from the calcaneus.

Level of Evidence: Level |V, case series.
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Introduction The current literature is not abundant regarding whether
the calcaneus is a suitable harvest site for BMA in terms of
a variety of outcomes of interest. In particular, there are lim-
ited data in the literature evaluating complication rates,
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patient satisfaction, amount of BMA harvested, and suc-
cessful surgical outcomes with the use of BMA from the
calcaneus. In foot and ankle surgery, harvesting BMA from
the calcaneus may prove to be a more convenient site than
the iliac crest because it can easily be included in the sterile
field and thus allow the procedure to be performed as an
adjunct during patients’ primary foot and ankle procedure.”*
Patients from the study by Raikin et al'3 reported higher
satisfaction as well as significantly lower pain after surgery
when the tibia or calcaneus was used for harvest BMA
instead of the iliac crest. The study by Baumhauer et al®
evaluated pain levels at different sites for open autologous
bone harvesting including the iliac crest, calcaneus, and
tibia. They measured pain levels based on different time
periods and the only clinically significant result was higher
levels of pain at week 3 for the iliac crest group vs the cal-
caneus and proximal tibia groups.> The amount of BMA
harvested in multiple sites showed no major differences
when comparing the tibia, iliac crest and calcaneus.’® Studies
have showed that the calcaneus site for BMA is associated
with high efficacy, low complication profile, and a safe site
for BMA harvest.>!> At our institution, we primarily use
calcaneus BMA because of its ease of use in the surgical
field and its low complication rate.

The purpose of this study was to document patient out-
comes, complication rates, amount harvested, and surgical
outcomes including revision rates with the use of calcaneal-
derived BMA as a surgical augment for healing. We hypoth-
esize that using the calcaneus for harvest produces adequate
amounts of BMA and favorable patient satisfaction and
pain reduction, low complication rates, and low pain scores.

Methods

Data of patients who underwent BMA from the calcaneus
between January 2019 and October 2022 by a single sur-
geon were retrospectively collected in this institutional
review board—approved study. Inclusion criteria involved
patients older than 18years old undergoing foot and ankle
surgery during the study period with a minimum follow-up
of 2 months. Exclusion criteria involved patients <18 years
old and undergoing surgery outside of the time range of the
study. The harvesting of BMA from the calcaneus and the
usage in patients was selected per the surgeon’s preference.
The main data points evaluated were patient-reported satis-
faction and pain level, follow-up times, amount of BMA
harvested, fusion rate, and complications including nerve
damage, infections, and nonunion. Fusion and nonunion
rates were evaluated using radiographic images and clinical
analysis.

In this study, BMA harvest from the calcaneus was per-
formed as previously described in accordance with the stan-
dard operative procedures.!® There were no secondary sites
for harvesting BMA and all were unilateral. BMA was

harvested from the lateral calcaneus with a BMA kit
(Stryker, Kalamazoo, MI). A 10-mL syringe was used to
improve the generation of mesenchymal stem cell (MSC)
harvest.’ In the few cases where less than SmL of BMA
were obtained, no extra attempts to harvest BMA were
performed. Most patients received BMA mixed with one of
the 3 allograft options: BIO (Stryker, Kalamazoo, MI),*
DBM (Ignite; Wright Medical Group, Memphis, TN), and
BioCartilage (Arthrex, Naples, FL).

Surgical Procedures and Allograft
Usage

BMA was used in arthroscopic osteochondral dissecans
(OCD) repair in 3 ways. For lesions less than 1 X 1 cm, after
microfracture was performed the BMA was injected into the
ankle joint and then the portals were closed. If the lesion was
greater than 1 X 1 cm but less than 5 mm deep then the OCD
was augmented with allograft cartilage extracellular matrix
(BioCartilage; Arthrex, Naples, FL). The BMA was mixed
with the BioCartilage (Arthrex, Naples, FL) and then placed
in the defect, and fibrin glue was used to secure the repair. If
the lesion was greater than 1 X 1cm and the depth was
greater than 5mm, the OCD was augmented with
BioCartilage (Arthrex, Naples, FL) and allograft bone
(AlloSync; Arthrex, Naples, FL) The defect was first filled
with the bone graft (AlloSync; Arthrex, Naples, FL); then
the BMA was mixed with the BioCartilage (Arthrex, Naples,
FL) and then placed in the defect on top of the bone graft,
and fibrin glue was used to secure the repair.

BMA was used in most fifth metatarsal repairs (9 of 10).
Prior to insertion of the Jones fracture screw, BMA was
mixed with demineralized bone matrix (Ignite; Wright
Medical Group, Memphis, TN). This was then injected into
the medullary canal of the fifth metatarsal and the Jones
fracture screw was then placed. For the navicular chronic
stress fracture nonunion, the BMA was mixed with allograft
bone (Bio4; Stryker, Kalamazoo, MI) and placed in the
defect prior to hardware placement. BMA was not concen-
trated during this preparation process.

All tendon cases that used BMA were for surgical repair
of non-insertional Achilles tendinopathy. A 2-cm incision
was made over the area of tendinopathy. The tendon was
longitudinally spilt and debrided, and a gastrocnemius
recession was performed through a separate proximal inci-
sion. The tendon was then repaired back together, and BMA
was injected into the repair site. The usage and type of
allografts as well as the type of surgery are in Table 1.

Results

Forty-five patients (34 female, 11 male) underwent calca-
neus BMA harvest during their surgical procedures (28
right and 17 left foot; Table 2). Among all patients, 14
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Table I. Type of Surgery and Allograft.

Type of Surgery (n) Allograft Type

Talar OCD arthroscopic repair (12) Y Biocartilage

Talar OCD arthroscopic repair (4) N

Talar OCD arthroscopic repair (3) Y AlloSync

Subtalar arthrodesis (3) Y Biocartilage

Subtalar arthrodesis Y Biocartilage and BMA
First MTP arthrodesis (2) Y Biocartilage

First MTP arthrodesis Y Biocartilage and BMA
First MTP arthrodesis N

First tarsometatarsal arthrodesis Y Biocartilage and BMA
Second and third tarsometatarsal joint arthrodesis Y Biocartilage

Fifth metatarsal ORIF (9) Y DBM

Fifth metatarsal ORIF N

Navicular ORIF Y DBM

Achilles tendon repair (5) N

Abbreviations: AlloSync, AlloSync Arthrex; Bio cartilage, BIO Stryker; DBM, Ignite Wright Medical Group NV; MTP, metatarsophalangeal; OCD,

osteochondral dissecans; ORIF, open reduction internal fixation.

Table 2. Body Mass Index, Age, and Bone Marrow Aspirate.

Female Male All Patients
Body mass index 344 29.2 33.1
Age (y) 47.6 373 45.1
Bone marrow aspirate (mL) 9.1 13.9 10.3
Total 34 I 45

Table 3. Surgeries Performed.

Surgeries Performed Number of patients

Osteochondral dissecans surgery 19
Arthrodesis 10
Tendon surgery 5

Open reduction internal fixation I

reported being tobacco users. All the patients underwent
their procedures on an outpatient basis and the surgeries
performed are in Table 3. The average follow-up time was
12.3months (range 2.4-33.7). There were no infections,
nerve injuries, or wound complications at the harvest site
among all patients. Fusion rate was evaluated using radio-
graphic images and clinical evaluation. Pain scores reported
by patients revealed that 32 patients (71.1%) had no pain
after surgery and 13 patients (28.9%) reported little to no
pain after surgery. All patients reported satisfaction with
their surgery. All 10 arthrodesis cases healed.

Discussion

BMA is being utilized in foot and ankle surgery with the
intent to improve surgical outcomes. In this single-surgeon

retrospective review, we analyzed its clinical utility to sup-
plement several foot and ankle procedures.® Our study
shows strong results including high satisfaction rates, mini-
mal to no pain levels around the surgical area, and no cases
of wound and nerve complications. All patients who had
fusions successfully fused when mixed with BMA and
allograft. Previous studies found that injection of BMA in
patients with tibial nonunion resulted in a union rate of
89%.° In a case series of patients with tibial nonunion
undergoing autologous bone marrow, 82% of patients had
union at 6 months, and 66% of this group had improvement
in pain intensity and more than 5 years of improvement in
quality-adjusted life years.*

Risks and complications from harvesting BMA must be
considered when performing the procedure. This study had
no patients with wound complications or fractures at the
location of the BMA harvest at final follow up. Our study
had no patients with nerve injuries, infections, or wound
complications around the incision area. In a review includ-
ing 63 hospitals with more than 19000 procedures in the
United Kingdom involving open biopsy of the iliac crest,
the adverse event rate was 0.08%.! In a more recent review
including bone marrow aspiration of the iliac crest from
2017 to 2019, 9 of 233 patients (0.4%) suffered from proce-
dural complications.'? Roukis et al'* conducted a multisite
observational cohort that reported no nerve injury, infec-
tions, or fractures on 548 procedures of bone marrow aspi-
ration below the knee.

Patient outcomes are an essential factor to consider when
deciding which site to use for harvesting BMA. Daigre
et al’ prospectively studied 40 patients who underwent bone
marrow aspiration from the calcaneus bone and found that
on average over a 12-week follow-up period, mean visual
analog scale (VAS) pain scores were significantly higher in
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the calcaneus compared with the distal tibia or iliac crest.
However, this same study indicated that the increased pain
scores found in the calcaneus group was likely confounded
by a high number of hindfoot/ankle surgeries performed in
the ipsilateral foot.” Baumhauer et al reported that among
their cohort of open autologous bone marrow harvests, the
worse and longest-lasting pain at 52 weeks was at the calca-
neus site. This reflected 20% of their calcaneus site group.?
The results from our study showed data very different from
the previous studies, with 71.1% of patients reporting no
pain around the surgical area at the final follow-up and the
other 28.9% of patients reporting mild to no pain around the
surgical area at the final follow-up. Our results align more
with the study by Raikin et al,'* which showed 100% satis-
faction rate, low complication rates, and low levels for
BMA harvest at the calcaneus and tibia.

Our study has several limitations such as lack of a con-
trol group or matched patients who did not have BMA,
sample size, average times for follow-up, the nature of
being a retrospective study, and heterogeneity among
conditions and surgical procedures included. Additionally,
we understand when looking at fusion there are many
variables to factor, some selection bias may have occurred,
and we would generally prefer to use Iliac crest BMA to
treat nonunions. Because of the nature of this retrospec-
tive study and lack of a control group, we are unable to
conclude any quantitative measure of effectiveness.
Nevertheless, the current study reports no complications
and 100% patient satisfaction following surgery with cal-
cancus BMA use; the majority (71.1%) of patients
reported no pain at follow-up from the harvest site.
Further prospective randomized studies will need to be
done to see if BMA from various sites does have an effect
on fusion outcomes. Because there is not a vast amount of
data on BMA from the calcaneus, this study can help
guide future larger studies to continue increasing the data
on this topic. This study provides support for use of cal-
cancus BMA as a surgical augment for the types of cases
we performed.

Conclusion

Harvesting BMA from the calcaneus bone used as a surgical
treatment augment in this heterogenous retrospective case
series was found to be a safe and efficacious procedure.
This study showed good results among patients, including
little to no pain and no cases of wound complication or iat-
rogenic neuropraxia after undergoing bone marrow harvest
from the calcaneus along with their indicated surgery.
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