Orthopedic Research and Reviews

Dove

ORIGINAL RESEARCH

Retrospective Study on Implantation of Autologous-
Cultured Osteoblasts for the Treatment of Patients
with Avascular Necrosis of the Femoral Head

Gauresh Palekar'
HP Bhalodiya®
Shreedhar Archik?
Kalpesh Trivedi®

'Orthopedic Surgeon, Surya Orthopedic
Clinic, Mumbai, Maharashtra, India;
2Orthopedic Surgeon, Walk-Fit Saviour
Hospital, Ahmedabad, Gujarat, India;
30rthopedic Surgeon, Dr. Sreedhar
Aarchik Orthopedic Care Clinic, Dadar
West, Mumbai, Maharashtra, India;
“Arthroscopy Surgeon, Aastha
Arthroscopy and Joint Surgery Clinic,
Ahmedabad, Gujarat, India

Correspondence: Gauresh Palekar
Surya Orthopedic Clinic, 173/D, Sanzgiri
Sadan, | S S Road, Mumbai, Maharashtra,
400004, India

Email drgauresh@hotmail.com

This article was published in the following Dove Press journal:
Orthopedic Research and Reviews

Purpose: Osteonecrosis of the femoral head is a progressive and debilitating disease that
causes pain, osteoarthritis and hip joint collapse, eventually necessitating hip replacement.
This study evaluated the long-term outcomes of autologous adult live-cultured osteoblasts
(AALCO) implantation in patients with osteonecrosis of femoral head.

Patients and Methods: In this retrospective multicenter study, we collated and analyzed
data of patients >12 years of age who underwent AALCO (OSSGROW®™) between 2010 and
2015 for the treatment of osteonecrosis of the femoral head.

Results: Data from 64 patients (101 hip joints) were assessed in this study. The mean +SD
duration of disease since diagnosis of osteonecrosis was 7.4+1.6 years. The mean follow-up
duration was 6.3+1.4 years. The mean VAS score (n=98 hips) reduced significantly from 58.8
+ 13.8 t0 32.2 £ 32.1 post-operatively (mean difference: —26.5+35.2, p=0.001) and Harris hip
score (n=97 hips) also significantly improved from 47.1£12.3 to 63.7+27.7 post-operatively
(mean difference:16.7+28.7, p=0.0001). Following the AALCO treatment, 29 hips in 13
patients (28.7%) underwent total hip replacement (THA), indicating that AALCO treatment
could delay THA for 71.3% of hips. A total of 39.1% of hips diagnosed in early stage versus
60.8% in the late stage of osteonecrosis required THA. Overall, 60.4% of hips improved, 2%
remained stable, and 37.6% progressed following the AALCO implantation. The condition of
disease was found to have improved in 71.1% of patients in early stage (Grades I and II)
versus 58% in the late stage (Grades III and IV) of osteonecrosis.

Conclusion: Patients with osteonecrosis who received implantation of autologous-cultured
osteoblasts using AALCO showed improvement in joint function and decrease in pain.
Treatment with AALCO halted progression of osteonecrosis, preserved the natural hip, and
eliminated the need for hip replacement surgeries in 7 out of 10 patients.

Keywords: autologous adult live-cultured osteoblasts, osteonecrosis, total hip replacement,
femoral head

Introduction

Osteonecrosis of the femoral head is a progressive disorder that causes pain and
often progresses to hip joint collapse, finally resulting in disabling arthritis.'~ It
occurs between 30 to 50 years of age, and prevails at a relatively younger age in
Asians compared to their western counterparts.” It is estimated that approximately
20,000-30,000 new cases of osteonecrosis are diagnosed in the United States
each year, accounting for 10% of total hip arthroplasties performed.* The Indian
Society of Hip and Knee Surgeons has reported that more than 50% of all hip

replacements in India are performed for osteonecrosis.” Many studies have reported
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osteonecrosis to be more prevalent in men compared to
women (3 or 5:1).> The underlying pathophysiology of
osteonecrosis remains unclear; however, it is multifactorial
and several traumatic and nontraumatic etiological factors
may contribute to its development. Traumatic events that
may cause osteonecrosis include femoral neck/head frac-
ture, hip dislocation, or slipped capital femoral epiphysis.
Nontraumatic factors include use of steroids, alcoholism,
metabolic disorders such as Cushing’s syndrome, and
inherited disorders such as sickle cell disease.®’ Besides
the known traumatic and nontraumatic causes, some cases
of osteonecrosis are idiopathic.'®

Osteonecrosis of the femoral head may progress to sec-
ondary arthritis, and degeneration of articulating surface
from advanced osteonecrosis necessitates total hip arthro-
plasty (THA). A primary treatment target of osteonecrosis
of femoral head is to delay/prevent progression to osteoar-
thritis. Core decompression (CD) is the most widely used
procedure in clinical practice; however, it has shown poor
clinical outcomes, with up to 40% of patients having to
undergo THA despite undergoing core decompression
procedure.® Therefore, a more pathophysiological approach
may be required to treat osteonecrosis of femoral head.
Osteonecrosis is characterized by a reduction in the osteo-
genic progenitor cells, an increase in osteoblast death, and
altered intramedullary vascular supply due to trauma.' It
was observed that the number and function of mesenchymal
cells in hematopoietic tissue and stroma of the bone marrow
decreased in osteonecrosis patients.” This observation indi-
cated potential for using bone marrow stromal cells for the
treatment of osteonecrosis, and consequently, several clin-
ical studies have demonstrated encouraging results.”
A meta-analysis also showed that treatment with cell ther-
apy compared to core decompression alone increased Harris
hip score, decreased necrotic area of femoral head and
collapse of femoral head, and reduced THA conversion
rate.” However, a recent randomized study has shown that
bone marrow cell implantation in addition to core decom-
pression did not improve THA conversion rate in patients
with grade 3 osteonecrosis.'® The ideal treatment goal for
osteonecrosis is to facilitate new bone formation in the place
of dead bone that can provide pain relief, cease disease
progression, prevent joint collapse, and preserve the joint.
The fact thatbone marrow aspirate consists of mesenchymal
stem cells raised a possibility if bone marrow cells could be
differentiated into bone forming cells or osteoblasts and
alkaline

characterized by bone phosphatase. In

a randomized trial, autologous osteoblast implantation was

shown to significantly delay the evolution to subchondral
fracture and reduce pain compared to bone marrow
aspirate."!

OSSGROW® (Regrow Biosciences Pvt Ltd., Mumbai,
India) is a commercially available technology that
involves implantation of autologous adult live-cultured
osteoblasts (AALCO) derived from mesenchymal stem
cells sourced from the bone marrow aspirate for osteone-
crosis of the hip that received conditional marketing
approval in India in March 2017."% Here, we evaluated
the efficacy of OSSGROW®™ implantation technique by
assessing retrospective data from patients with osteonecro-
sis who underwent the procedure. We also evaluated the
correlation between Ficat-Arlet stages of osteonecrosis and
clinical outcomes of the AALCO implantation procedure.

Patients and Methods

Study Design and Patient Selection

This retrospective, observational, non-comparative study
was conducted at 37 centers in India. We retrospectively
reviewed the data of patients with osteonecrosis of the
femoral head who had undergone OSSGROW® (AALCO)
from 2010 to 2015. Key inclusion criteria were patients
aged >12 years with a confirmed diagnosis of osteonecrosis
in one or both hip joints who had undergone AALCO
implantation. Diagnosis, analysis, and classification of
osteonecrosis were done according to Ficat-Arlet based on
radiography, computed tomography (CT) scans, and mag-
netic resonance imaging (MRI) findings. Patients whose
medical records were not complete or were lost to follow-
up were excluded from the study.

The protocol was approved by the Institutional Ethics
Committee - Regrow Biosciences Pvt Ltd. and as this
study was a retrospective study, informed consent was
not required to review medical records. We also sought
permission from the head of the institutes/departments
before data collection. Patient data confidentiality was
maintained in this study.

Study Procedure and Data Collection

All the patients had undergone AALCO implantation on
the recommendation of their consulting orthopedic sur-
geon after having received an explanation of the complica-
tions of osteonecrosis, the therapeutic options available,
and the risks involved with the implantation procedure.
Osteoblasts from patients were obtained from bone mar-
row aspiration from the posterior/superior iliac crest.
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Mesenchymal stem cells from the bone marrow were iso-
lated and differentiated ex vivo into osteoblasts.
Osteoblasts were then cultured for approximately 4
weeks under stringent laboratory conditions and multiplied
up to 48 million osteoblasts (Figure 1). The cultured cells
were implanted using a gel (Tisseel kit from Baxter) at the
site of osteonecrosis through a minimally invasive surgery
in a 3-step procedure: core decompression, curettage, and
injection of osteoblasts (Figure 2).

Patients were operated on under spinal anesthesia.
Core decompression tunnels were created into the sub-
chondral necrotic lesion of the femoral head, approxi-
mately 2-3 mm away from the joint cartilage, by using
2.0-mm K-wires under fluoroscopic guidance through
the greater trochanter and the femoral neck, and over
drilled using trephine was performed by the centrally
positioned K-wire. Cultured osteoblasts were injected
following the curettage, and necrotic tissues were
removed.

Figure | Microscopic image of osteoblast in culture used for the final cell product
before cell implantation.

The patients had to undergo appropriate rehabilitation
therapy after the implantation, which included complete bed-
rest for 4 weeks post-implantation. After 4 weeks, passive

Figure 2 Steps of osteoblasts implantation. (A) Step | — Insertion of guide wire in center of lesion as identified on the MRI. (B) Step 2 — Guide wire and 8mm cannulated
drill for core decompression. The entry point of the guide wire is near the vastus ridge, to prevent a fracture due to stress-riser, greater width of femur and faster healing
due to cancellous bone. (C) Step 3 — Curettage: a variety of angulated curettes is used to do forage (curettage to remove necrotic bone). This bone is sent for biopsy.
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lower limb exercises were performed for 2 weeks following
post-implantation. Accordingly, non-weight bearing, partial
weight bearing, and full weight bearing exercises were sug-
gested as per the study protocol. Descriptive demographic
and clinical data recorded before and after the procedure
were collected from patient records. Past medical history,
concomitant medications, and surgical treatments undertaken
before and after the AALCO were recorded. Pre-existing risk
factors for osteonecrosis such as steroid intake, alcohol con-
sumption, comorbid conditions, or trauma were also noted.

Study Outcomes

Improvement in functional capacity and pain reduction were
evaluated using Harris Hip Score (HHS) and visual analog
scale (VAS) respectively at the time of pre- and post-
operative consultations. Continued use of steroids or alcohol
consumption after undergoing the AALCO implantation was
recorded. The main outcome of the study was the need for
THA (THA conversion rate). Based on these parameters, the
treatment outcome was determined to be either improved
(better score after AALCO implantation), stable (same con-
dition as before AALCO implantation), or progressive
(worse scores following AALCO implantation).

Statistical Analysis

Continuous and quantitative variables were summarized
using descriptive statistics and compared using Student’s
t-test or nonparametric test, as applicable. Categorical data
were presented as frequency count (n) and percentages (%)
and were compared using the > test or Fisher’s exact test.
P-values <0.05 were considered significant. All analyses
were performed using the SPSS version 10.0.

Results

Data from 64 patients were collected and analyzed as per the
study protocol, and 101 hip joints were assessed. The age of
patients ranged from 12-70 years and BMI ranged from
20.6-32 kg/m’. The majority of the patients were men
(79.7%). The mean duration since diagnosis of osteonecrosis
was 7.4 £ 1.6 years and the mean duration of AALCO
treatment was 6.3 = 1.4 years (Table 1). Unilateral involve-
ment of the hip joint was seen in 42.2% of cases. Bilateral
involvement of hip joints was seen in 57.8% of patients. The
majority of hips diagnosed were grade III (42.1%) and grade
IV osteonecrosis (10.5%). While the exact cause for osteo-
necrosis was not known (idiopathic) in 25% of patients,
35.9% of cases were linked to steroid use and 26.6% to
alcohol abuse. Records of concomitant medications revealed

Table | Demographic Characteristics

Parameters N = 64
Age (years) (mean * SD) 339+ 107
Gender;, N (%)
Male 51 (79.7)
BMI (kg/m?) (mean + SD) 252 +23
Disease duration (years) 74+ 1.6
Treatment duration (years) 63+ 14
No. of hips affected (N) 101
Location of osteonecrosis (N = 101)
Left hip 50 (52.6)
Right hip 45 (47.4)
Grade of osteonecrosis (N = 95)
| 6(6.3)
1l 39 41.1)
1] 40 (42.1)
\% 10 (10.5)
Causes of osteonecrosis (N = 64)
Alcohol 17 (26.6)
Smoking 7 (10.9)
Idiopathic 16 (25)
Steroid use for pre-existing illness
Unknown 23 (35.9)
Leukemia I (1.6)
Systemic lupus erythematosus I (1.6)
Rheumatoid arthritis I (1.6)
Tuberculosis I (1.6)
Trauma 9 (14.1)
Concomitant medications, n (%) (N = 37)
Analgesics 34 (91.9)
Ayurvedic medication 3 (8.1)

Abbreviations: BMI, body mass index; SD, standard deviation.

that 91.9% of patients were on analgesics, 8.1% were on
ayurvedic treatment, and 1 patient took bisphosphonate.

Changes in VAS Score and HHS Score

A total of 98 hip joints were assessed as data of 3 patients were
not available for changes in mean VAS scores (improvement
in pain), before and after the AALCO implantation. As shown
in Figure 3A, the mean VAS score reduced significantly after
a mean 6.3 years of AALCO treatment compared to the base-
line (32.2 + 32.1 vs 58.8 + 13.8; mean difference: —26.5 +
35.2, p = 0.001) indicating significant improvement in pain.
Similarly, HHS also improved post-operatively (47.1 £ 12.3 vs
63.7 + 27.7; mean difference: 16.7 + 28.7, p = 0.001) showing
functional improvement of patients. We categorized patients
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Figure 3 (A) Changes in visual analog scale (VAS) and Harris hip scores. (B) Need for hip replacement surgery in different grades of osteonecrosis. (Osteonecrosis graded

according to Association Research Circulation Osseous criteria).

based on their HSS score (<70: poor, 70-80: fair, 80-90: good,
90-100: excellent). At baseline, 96 hips (98%) had HSS score
of <70, each of the two remaining hips had scores of <80 and
<90, respectively. Improvement in HSS scores was seen at
follow-up with 42 hips (43.3%) with HSS <70, 11 (11.3%)
with 70-80, 26 (26.8%) with 80-90, and 18 (18.6%) with HSS
scores of 90-100.

Need for Surgery
The mean follow-up period since diagnosis of osteonecro-
sis was 6.3 years (range 49 years). Following AALCO

treatment, 29 (28.7%) hips underwent THA, indicating
that AALCO treatment could prevent and delay THA for
71.3% of hips. The mean time to THA was 3.2 + 2.0 years
(range: 1-9 years). A total of 9 (39.1%) grade II, 11
(47.8%) grade III, and 3 (13%) grade IV hip joints
required THA surgery (Figure 3B). In other words,
AALCO treatment could delay THA for up to 3 years in
80% of hips in early stage osteonecrosis (Grades I and II)
and 72% of hips in late stage osteonecrosis (Grades III and
IV). Univariate analysis showed that the age of the patient,
BMI, gender of patients, the side of osteonecrosis, and
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Figure 4 (A) Need for hip replacement stratified as per etiology of osteonecrosis. (B) Overall outcome stratified as per the grades of osteonecrosis.

Abbreviations: RA, rheumatoid arthritis; SLE, systemic lupus erythematous.

duration of disease had no effect on the clinical success of
the procedure. Following AALCO treatment, 35.9% of
patients continued using steroids and 29.7% continued
with alcohol consumption. Of the total 29 hip joints that
required surgery at follow-up, 20.7% and 41.4% had an
associated etiology of alcohol consumption and steroid
intake, respectively (Figure 4A). Overall, a significantly
greater number of patients with underlying etiologies of
alcohol consumption, smoking, or taking steroids required
THA compared to those without these etiologies (14
[37.8%] vs 3 [11.1%], p = 0.017).

Outcome of AALCO Procedure

Based on the pre- and post-operative data, the condition of
65.6% of patients improved and 1.6% remained stable
following AALCO treatment. Overall, the condition of
65.9% of hips (56/85) in grade I to grade III improved
(Figure 4B). For quick reference, the pre- and post-
operative radiograph images for a given patient are pre-
sented in Figure 5.

Discussion
We retrospectively studied the clinical outcomes of
AALCO treatment. Our results showed that there was
a reduction in pain and improvement in joint function
following AALCO implantation, as was evident from
a statistically significant reduction in the mean VAS
score and increase in the HHS score. Of all the hips that
underwent the AALCO implantation, 60% improved and
38% worsened with a THA conversion rate of 28%.
AALCO is a minimally invasive, surgical 3-step pro-
cedure with each step contributing significantly to the
overall effectiveness of the treatment. The first step is

core decompression that reduces pressure allowing
increased blood flow. In the second step, the necrotic
bone is debrided by a curette that promotes new bone
formation. The third and most important step is implanta-
tion of osteoblasts that form new bone. The THA conver-
sion rate is reported lower with core decompression
compared to natural progression of disease, but approxi-
mately 40% of patients still required THA.® Bone marrow
cell therapy was shown to improve the THA conversion
rate further.” In a recent randomized trial, implantation of
autologous bone marrow aspirate concentrate did not show
any improvement in patients with grade 3 osteonecrosis. '’
In our study, AALCO implantation avoided THA in 72%
of hips in late grade osteonecrosis, suggesting that the
technique may even benefit patients in advanced stages
of disease; however, our results are limited by the rela-
tively small numbers of patients belonging to each stage.
The differences in the THA conversion may not be
directly comparable to those with others may be due to the
diversity in the presentation of patients, differences in the
follow-up period, or the AALCO technique.'*'* The THA
conversion rate certainly remains low with AALCO treat-
ment compared to 75% THA conversion rate reported in
patients with natural progression to osteoarthritis resulting
from osteonecrosis of the femoral head.'>'® A randomized
study found autologous osteoblastic cells implantation to be
more efficacious than bone marrow implantation as an
adjunct to core decompression. The disease progression
rate was found to be 20% in patients who had undergone
autologous osteoblasts implantation vs 47% in patients in the
bone marrow implantation group.'' Bone alkaline phospha-
tase-characterized osteoblasts have better regenerative poten-
tial compared to heterogeneous bone marrow cells.'”'® Use
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Figure 5 Pre- and posttransplantation MRI and X-ray images (A): pre-operative MRI — (male patient [35 years]): Ficat and Arlet Stage Il B with a subchondral fracture
of right hip with a large anterolateral lesion (arrow) involving more than 40% of femoral head and less than 2mm depression at high risk of collapse. Etiology is post steroid
AVN. (B) Post-operative MRI at 5 months post-surgery. (C) Post-operative X-ray at 4 years after surgery; anteroposterior (AP) view and lateral view.

of these characterized cells could explain the favorable out-
comes of AALCO implantation in our study.

Intake of alcohol and/or steroids is known to adversely
affect bone renewal by causing an imbalance between the
normal progenitor cells and the fat-storing bone marrow pro-
genitor cells."'**° The latter phenotype also leads to fat
embolism and arteriosclerosis reducing the blood supply to
necrotic tissues."'*2° In our study, alcohol and steroid intake
were associated with occurrence of osteonecrosis of the
femoral head in more than a quarter of patients. These results
highlight the adverse impact of alcohol and steroid intake on

the progression of osteonecrosis that is already evident in the
literature in the pathogenesis of osteonecrosis.”’ > As
expected, THA conversion rate was also higher among
patients who consumed alcohol and/or used steroids compared
to those who did not in our study, signifying the adverse
impact of alcohol and steroids on the AALCO treatment out-
comes. However, a consensus on the specific mechanisms
leading to these observations is yet to be reached.

A major limitation of our study was the retrospective
data collection, and the lack of assessments of radio-
graphic progression of the affected hips.

Orthopedic Research and Reviews 2021:13
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Conclusion
The results of this study substantiate the therapeutic poten-

tial for AALCO in improving clinical outcomes in terms

of

pain and functional activity, and reducing the risk of

disease progression and the need for THA in patients with

osteonecrosis. However, this study was limited by the

small sample size and the retrospective data collection

limiting the power of study for some subgroup compar-

isons. Further, clinical studies and long-term trials are

warranted to confirm the findings of this study.
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