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Abstract 

The Effect of Autologous Adipose Tissue 

Derived Mesenchymal Stem Cell 

Implantation for Osteonecrosis of the 

Femoral Head 

 
Jong Yeal Kang 

Department of Orthopedic Surgery 

College of Medicine 

Seoul National University 

 
 

 

Introduction 

Outcomes of traditional treatment for osteonecrosis of femoral head (ONFH) 

like core decompression or multiple drilling are not always satisfactory, and 

cell supplementation therapy has been recently attempted to facilitate the 

regeneration of the necrotic tissue. Adipose-derived mesenchymal stem cell 

(AD MSC) has several potential advantages over bone marrow-derived MSCs, 

but the outcomes of AD MSC implantation for ONFH has not well been 

investigated. The current study sought to determine the 2-year radiologic and 
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clinical outcomes of the of AD MSC implantation combined with core 

decompression in ONFH. 

Materials & Methods 

Eighteen hips with large ONFH (≥30% of femoral head) were included in the 

study. AD MSCs were harvested with liposuction and culture-expanded for 

3weeks and 3 passages. With core decompression, AD MSCs were implanted 

into the necrotic zone of the femoral head. All patients underwent MRI, 

SPECT/CT at screening, 6 months, 12 months and 24 months after surgery. 

Clinical scores were also measured at each visit. The primary outcome of was 

the change in lesion size on MRI. Secondary outcomes were changes in 

clinical scores and radioisotope uptake on SPECT/CT. Conversion to total hip 

arthroplasty was defined as the endpoint. 

Results 

Preoperatively, the mean extent of the necrotic lesions was 63.0% (range, 38.4% 

to 96.7%) of the femoral head. The mean Harris hip score was 89.2 ± 8.2. The 

mean UCLA score was 5.6 ± 2.4, and the mean WOMAC score was 79.4 ± 

14.7. Three patients received total hip arthroplasty during follow-up, and one 

patient died in an accident in the course of the study. Finally, 11 patients (14 

hips) were available for 2-year follow-up evaluations. At the latest follow-up, 

there were no surgery-related complications, and 14 of 17 hips (82%) were 

able to perform daily activities without the need for total hip arthroplasty. 

There was no significant decrease in lesion size between any two intervals on 

MRI. Eleven of 14 hips (79%) showed increased vascularity in SPECT/CT at 



iii 

 

2 years after surgery. There was no significant difference between 

preoperative and 24-month mean HHS (89.2 to 88.6), WOMAC (79.4 to 75.7), 

and UCLA score (5.6 to 6.2).  

Conclusions 

At 2-year follow-up, autologous AD MSCs implantation for ONFH with a 

large necrotic lesion was safe without any complications. The majority of the 

cases (82%) did not show symptomatic femoral head collapse and did not 

require additional surgery. Although there was no significant lesion size 

change on MRI, increased uptake on SPECT/CT observed in the majority of 

cases may indicate increased vascularity in the necrotic area. Despite 

limitations, the outcomes of the current study suggest that AD MSC 

implantation in ONFH could be a viable option. 

---------------------------------------------------------------------------------------------- 

Keywords: Osteonecrosis of femoral head, stem cell, core decompression, 

lesion size, MRI 

Student Number: 2011-21820 

 

 

 

 

 

 

 



iv 

 

CONTENTS 

 

Abstract ......................................................................................... i 

Contents ....................................................................................... iv 

List of Tables ................................................................................ v 

List of Figures ............................................................................. vi 

Introduction ................................................................................. 1 

Materials & Methods .................................................................. 3 

Results......................................................................................... 11 

Discussion ................................................................................... 24 

Conclusion .................................................................................. 30 

References .................................................................................. 31 

국문 초록 ................................................................................... 37 

 

 

 

 

 

 



v 

 

List of Tables 

Table 1. Change in the size of necrotic lesion over 2-year 

follow-up. 

Table 2. Changes in the clinical scores over 2-year follow-up. 

Table 3. Summary of previous studies which reported 

success rate of core decompression in the hips with large 

necrotic lesion. 

 

 

 

 

 

 

 

 

 

 



vi 

 

List of Figures 

Figure 1. Figure shows the MR images for the determination 

of the target for stem cell implantation (A), and actual guide 

pin and reamer placement at predetermined target during 

surgery under fluoroscopy (B). 

Figure 2. Collagen bone plug (TERUPLUG®, Olympus 

Terumo Biomaterials Co., Japan) was used to seal the reamed 

channel at the lateral cortex of the femur to prevent the 

implanted stem cells from backing out. 

Figure 3. Line graphs show the temporal pattern of change in 

the necrotic lesion size (A), HHS (B), WOMAC score (C), 

and UCLA activity score (D). 

Figure 4. MRI, SPECT/CT, and X-ray images of Case 1. 

Figure 5. MRI, SPECT/CT, and X-ray images of Case 2. 

Figure 6. MRI, SPECT/CT, and X-ray images of Case 3. 

 

 

 

 



1 

 

INTRODUCTION 

Osteonecrosis of femoral head (ONFH) is a relatively common disease which 

often leads to collapse of the affected femoral head and secondary 

osteoarthritis of the hip joint. Although the natural course of ONFH varies 

with the location or size of the lesion, there is high risk of symptom 

development and advancement of disease if the size of the lesion is larger than 

30% of femoral head (1). If left untreated, total hip arthroplasty (THA) would 

be required in these cases. The disease is known to mainly affect the young 

patients aged 30 to 50 years (2, 3). Therefore, the goal of surgical treatment 

has been to preserve the native femoral head and to prevent or delay the 

collapse of the head. 

Core decompression or multiple drilling of femoral head has been widely 

used for the treatment of ONFH. The aim of these procedures is to preserve 

the femoral head and to facilitate regeneration of the necrotic tissue by 

revascularization of the femoral head and by providing channels for the 

recruitment of osteogenic cells from the proximal femur to the necrotic area. 

However, the reported success rate of core decompression alone is between 30% 

and 86%, and the results tend to be unsatisfactory in cases with larger lesions 

(4-6). 

One of the reasons for unsatisfactory outcome after core decompression 

alone may be that the number of osteoprogenitor cells in the femoral head and 

proximal femur is not enough for complete reconstruction repair in patients 

with ONFH (7). With this theoretical background, many attempts have been 
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made to facilitate the repair of necrotic lesion with stem cells, and several 

authors reported favorable outcomes of autologous bone marrow grafting for 

ONFH (7-11). 

Recently, adipose-derived mesenchymal stem cell (AD MSC) has become a 

promising agent for stem cell therapy (12-14). It has multi-mesenchymal 

lineage potential and can be differentiated into osteoprogenitor cells under 

appropriate environment (15). It can easily be harvested with simple 

procedure, and also can easily be expanded to obtain enough number of cells. 

With these advantages, AD MSCs can be a promising option for the treatment 

of ONFH. However, there are few reports about the results of the implantation 

of AD MSCs for the treatment of ONFH in the literature. 

Therefore, the current study sought to determine the 2-year clinical and 

radiological outcomes of the AD MSC implantation combined with core 

decompression in the hips with ONFH. The authors hypothesized that, in 

patients who received AD MSC implantation, 1) the size of the necrotic lesion 

seen in MRI would decrease, 2) the clinical scores would improve, and 3) the 

radioisotope uptake at the necrotic lesion in SPECT/CT would increase. 
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MATERIALS & METHODS 

Study design & subjects 

This study was conducted as a phase I/IIa clinical trial after the approval of 

the Korean ministry of food and drug safety. The study protocol was approved 

by the Institutional Review Board (IRB) of our institution. Written informed 

consent was obtained from all participants. 

The phase I study was conducted with 3 initial patients. In these three 

patients, 1 x 108 autologous AD MSCs in 3mL saline was injected. The 

occurrence of any adverse event was evaluated for 28 days after injection. The 

adverse events were defined based on National Cancer Institute common 

terminology criteria for adverse events (NCI-CTCAE) grade 3 (dose-limiting 

toxicity), which are as follows: 1) allergic reaction or hypersensitivity, 2) 

injection site reaction, 3) injection site infection, 4) fibrosis-comesis, 5) 

muscular/skeletal hypoplasia. Safety review was done after 28 days, and since 

there was no adverse event described above, the phase IIa study was 

conducted consequently. Phase IIa included 12 patients. Same dose used in 

phase I was injected in these 12 patients. Therefore, a total of 15 patients (18 

hips) were enrolled in the study. 

Patients were enrolled from July 2012 to January 2013. Patients had to 

meet the following criteria to be eligible for participation: 1) over 18 and 

under 70 years of age, 2) nontraumatic ONFH, 3) hips without femoral head 

collapse or < 2mm depression of the femoral head (Steinberg stage I, II, IIIA), 

and 4) hips with necrotic lesion of ≥ 30% of the area of the femoral head. The 
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size of the necrotic lesion was measured on MRI images as described before 

(16). Exclusion criteria were as follows: 1) hips with collapse of femoral head 

≥ 2mm, 2) previous history of core decompression or multiple drilling, 3) 

history of bisphosphonate or parathyroid hormone therapy, 4) patients who are 

taking immunosuppressant, cytotoxic agents, or corticosteroid, 5) inability to 

undergo MRI examination, 6) pregnancy or breastfeeding, 7) active infectious 

disease including HIV, 8) serious comorbidities which may affect the 

treatment process, 9) history of participation in another clinical trial in recent 

3months, 10) refusal to participate. 

After they provided informed consent, patients underwent screening tests 

including physical examination, laboratory tests including blood and urine 

tests, chest X-ray and ECG. Anteroposterior and frog-leg hip x-rays, MRI and 

SPECT/CT was also obtained at initial visit. Liposuction was performed after 

a week from screening visit. When patients were admitted for AD MSC 

implantation surgery, baseline Harris hip score, WOMAC score and UCLA 

score were obtained. Postoperatively, hip x-rays, MRI and SPECT/CT was 

done on 6 months, 12 months and 24 months after surgery. Harris hip score, 

WOMAC index and UCLA score were also obtained at each postoperative 

visit. 

MSC preparation 

Abdominal fat tissues were harvested with liposuction for the isolation of AD 

MSCs. After a week from patient screening, liposuction was performed under 

local anesthesia. Preparation of AD MSCs were conducted under good 
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manufacturing conditions as previously described (17). Harvested fat tissues 

were enzymatically digested, and cells from stromal vascular fraction were 

isolated and cultured in Keratinocyte-SFM (Invitrogen)-based media 

containing 0.2mM ascorbic acid, 0.09mM calcium, 5ng/mL rEGF, and 5% 

fetal bovine serum. When reached 90% confluence, cells were passaged. The 

cells were culture-expanded for a total of 3weeks and 3 passages. The cells 

were then tested for cell number, viability, purity (CD31, CD34, CD45), 

identity (CD 73, CD90), sterility, endotoxin, and mycoplasma. Finally, 1×108 

AD MSCs in 3mL saline was prepared in a syringe for injection (RNL-

Jointstem®, RNL Bio, Seoul, Korea, http://www.rnl.co.kr/). 

Surgical technique & rehabilitation 

Under spinal anesthesia, the patient was placed in a fracture table with supine 

position. A longitudinal skin incision about 5cm was made from just below 

the greater trochanter. Under fluoroscopic visualization, guide pin was 

directed to the center of the necrotic lesion which was identified on MRI 

preoperatively (Figure 1). A 6-mm reamer was introduced along the guide pin, 

and reaming was performed to just beneath the subchondral bone of the lesion. 

Before the injection of AD MSCs, fracture table was tilted to make the greater 

trochanter of operated side faces upwards, which prevents the injected cells 

from backing out from the target lesion. The syringe filled with AD MSCs 

was then connected to a 20G spinal needle, and the cells (preparation of 1×108 

AD MSCs in 3mL saline) were injected after the confirmation of needle tip 

position in the necrotic lesion with fluoroscopy. After injection, the opening of 



6 

 

reamed channel at the lateral cortex of the femur was sealed with a collagen 

bone plug (TERUPLUG®, Olympus Terumo Biomaterials Co., Japan) (Figure 

2). Patients remained partial weight-bearing on the operatively treated side for 

6 weeks with crutches or cane, after which total weight-bearing is permitted 

gradually as tolerated. 
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Figure 1A. 

 

Figure 1B. 

Figure 1. Figure shows the MR images for the determination of the target for 

stem cell implantation (A), and actual guide pin and reamer placement at 

predetermined target during surgery under fluoroscopy (B). 
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Figure 2. Collagen bone plug (TERUPLUG®, Olympus Terumo Biomaterials 

Co., Japan) was used to seal the reamed channel at the lateral cortex of the 

femur to prevent the implanted stem cells from backing out. 
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Outcome measures 

The primary outcome was the change in size of necrotic lesion on MRI. The 

size of the necrotic lesion was determined by Kim’s method (16). 

Measurements were taken by two independent radiologists who are blinded to 

the details of patient history or surgical treatment. Secondary outcomes were 

the changes in the clinical scores and the change of radioisotope uptake on 

SPECT/CT. Clinical assessments were performed using Harris hip scores. The 

level of activity of the patients was assessed using the WOMAC score and 

UCLA score at the latest follow-up. In the original WOMAC scoring system, 

higher score indicates worse status. For consistency with other scoring tools, 

we reversed the WOMAC score (i.e, subtracted the total score from 96, which 

is highest possible score) so that the higher score indicates better functional 

status. The strength of uptake on SPECT/CT is evaluated qualitatively by an 

independent nuclear medicine expert, and whether there was increased uptake 

or not was determined in a dichotomized fashion. If there were any adverse 

events, they were recorded according to the NCI-CTCAE criteria version 4.0 

(http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_Quick 

Reference_8.5x11.pdf). Conversion to total hip arthroplasty was defined as 

the endpoint, and no further evaluation was made if a patient received THA.  

Statistical analysis 

Whether there was change in the size of necrotic lesion was determined with 

one-way ANOVA with Bonferroni post hoc test. Preoperative values of HHS, 

WOMAC score, and UCLA score were compared with the values at 24 
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months after surgery with paired t-test. All statistical analyses were conducted 

using SPSS for Windows (version 20.0; SPSS, Chicago, Illinois), and p-

values of <0.05 were considered statistically significant. 
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RESULTS 

Demography and preoperative characteristics of patients 

From July 2012 to January 2013, a total of 15 patients (18 hips) underwent 

AD MSC implantation, and followed-up for 24 months. Thirteen patients 

were male and 2 were female, and the mean age and BMI of patients were 

43.8 years (range, 20 to 59 years), 25.5 kg/m2 (± 3.3 kg/m2). Seven patients 

had a history of heavy alcohol consumption, and 2 patients had received 

steroid therapy before. One patient had caisson disease. Six patients were 

diagnosed as idiopathic ONFH. Fourteen hips were classified as Steinberg 

stage IIC and 4 were stage IIIA (18). Six hips were with pain, and 12 were 

asymptomatic and the ONFH was incidentally found with diagnostic imaging 

for contralateral hips. Six hips exhibited subchondral fracture with bone 

marrow edema pattern outside the necrotic area on preoperative MRI. The 

mean extent of the 18 necrotic lesions was 63.0% (range, 38.4% to 96.7%) of 

the area of the femoral head. During follow-up, 3 hips in 3 patients received 

THA between 13 and 16 months after index surgery due to collapse of 

femoral head or aggravation of pain. One patient with unilateral ONFH died 

in an accident unrelated to the disease or the surgical procedure during follow-

up. Therefore, 24-month outcome data were available in 11 patients (14 hips). 

The mean Harris hip score was 89.2/100. The mean UCLA score was 5.6/10 

and the mean WOMAC score was 79/96. 

Outcomes 

At the latest follow-up, there were no surgery-related complications 
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postoperatively, and 82% of the hips (14/17) were able to perform daily 

activities without the need for THA. There was no definite lesion size change 

between any two intervals on MRI (Table 1, Figure 3), however there were 

some changes of signal intensity within the necrotic margin in all hips at 24 

months postoperatively; low on T1- and high on T2-weighted images. There 

were no significant differences between preoperative and 24-month HHS, 

WOMAC score, and UCLA score (Table 2, Figure 3). Follow-up SPECT/CT 

at 24 months showed increased uptake around the necrotic margin in 79% of 

the hips (11/14), which indicate increased vascularity in the lesion. Three hips 

showed symptomatic subchondral fracture with femoral head collapse < 2mm 

on 24-month follow-up radiographs and MRI. However, the symptoms in 

these three hips did not affect patients’ ability to perform daily activities.  
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Table 1. Change in the size of necrotic lesion over 2-year follow-up. 

Case Sex Age Stage* Preop 6M 12M 24M Change** p-
value# 

1 M 44 IIc 67.0 64.2 64.2 64.2 -4.2  

2 M 54 IIc 51.5 50.9 50.7    

3 M 57 IIc 46.5 45.9 45.9 45.9 -1.3  

4 M 57 IIc 49.9 49.7 49.3 49.3 -1.2  

5 F 50 IIc 84.3 84.3 83.9    

6 M 20 IIIa 81.6 76.4 74.0 74.0 -9.3  

7 M 20 IIc 66.3 64.7 58.2 58.2 -12.2  

8 F 40 IIc 76.8 74.5 73.7 74.5 -3.0  

9 F 40 IIIa 96.7 95.6 94.6 91.0 -5.9  

10 M 50 IIc 53.0 53.4 53.5 53.5 0.9  

11 M 59 IIc 41.8 41.9 41.9    

12 M 55 IIc 50.9 50.0 50.0 50.0 -1.8  

13 M 40 IIc 60.7 60.7 60.7 60.0 -1.2  

14 M 30 IIc 66.9 70.9 71.0 69.6 4.0  

15 M 40 IIc 53.8 53.3 53.3 52.0 -3.3  

16 M 58 IIc 76.8 73.1 73.8    

17 M 41 IIIa 70.9 69.7 69.7 68.5 -3.5  

18 M 34 IIIa 38.4 37.7 37.4 36.3 -5.5  

Mean    63.0 62.0 61.4 60.5 -3.4 0.974 

 
Data are presented as percentages. 
* Preoperative Steinberg stage. 
** Change in lesion size is calculated as: (size at 24M – preoperative size) / 

preoperative size. 
# p-value was calculated by repeated measures ANOVA.
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Table 2. Changes in the clinical scores over 2-year follow-up. 

 Preop 6M 12M 24M p-value* 

HHS 89.2 (8.2) 88.9 (8.7) 88.0 (12.5) 88.6 (11.8) 0.976 

WOMAC 
index 79.4 (14.7) 79.9 (13.3) 77.6 (15.0) 75.7 (15.5) 0.810 

UCLA 
score 5.6 (2.4) 4.1 (1.3) 5.5 (1.8) 6.2 (14.2) 0.123 

 
Data are presented as means and standard deviations in the parentheses. 
* p-values were calculated by paired t-test between preoperative scores and 

scores at 24 months after surgery. 

Abbreviations: HHS, Harris hip score; WOMAC, Western Ontario and 

McMaster Universities Arthritis Index 
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(C)                            (D) 

Figure 3. Line graphs show the temporal pattern of change in the necrotic 

lesion size (A), HHS (B), WOMAC score (C), and UCLA activity score (D). 

 

 

 

 

 

 

 



16 

 

Case presentation 

First case was a 20-year old male presented with both hip pain started 4 

months prior to initial visit. Before the onset of hip pain, he had received oral 

steroid for 3 weeks for the treatment of Bell's palsy. On initial MRI, the size 

of necrotic lesion was 81.6% of the femoral head, and Steinberg stage was 

IIIa (Figure 4). During follow-up, the size of lesion decreased to 74.0% with 

markedly increased uptake in SPECT/CT. No demonstrable head collapse was 

found at final hip X-rays. The patient had minimal pain with daily activity at 2 

year postoperatively. 

Second case was a 57-year old male presented with both hip pain started 3 

months prior to initial visit. He had a history of heavy alcohol consumption 

for 40 years. On initial MRI, the size of necrotic lesion was 49.9% of the 

femoral head, and Steinberg stage was IIc (Figure 5). During follow-up, the 

size of lesion remained almost unchanged (49.3% at final follow-up). 

Radioisotope uptake in SPECT/CT was not prominent until 1 year, but 

SPECT/CT at 2 year reveals increased uptake around the necrotic lesion. No 

collapse was observed at final hip X-rays, and the patient had no pain with 

daily activity at 2 year postoperatively. 

Third case was a 50-year old female presented with both hip pain started 3 

months prior to initial visit. She had no apparent risk factors for ONFH. On 

initial MRI, the size of necrotic lesion was 84.3% of the femoral head, and 

Steinberg stage was IIc (Figure 6). The size of lesion increased to 83.9% at 12 

months. Although there was increased uptake in SPECT/CT, collapse of the 
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femoral head occurred during follow-up, and her hip pain worsened. She 

underwent THA at 16 months from initial AD MSC implantation. 
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Figure 4. 
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Figure 4. A 20-year old male with a Steinberg IIIa lesion (initial lesion size 

81.6%). Images are taken at preoperative visit, 6 months, 12 months, and 

24months after surgery from left to right. Images show MRI T2 coronal 

images, and T1 coronal, T1 orthogonal, SPECT/CT coronal, SPECT/CT 

sagittal, and plain AP X-ray from top to bottom. Lesion size decreased to 74.0% 

during follow-up, and the patient had minimal pain with daily activities at 2 

years after surgery. 
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Figure 5. 
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Figure 5. A 57-year old male with a Steinberg IIc lesion (initial lesion size 

49.3%). Images are taken at preoperative visit, 6 months, 12 months, and 

24months after surgery from left to right. Images show MRI T2 coronal 

images, and T1 coronal, T1 orthogonal, SPECT/CT coronal, SPECT/CT 

sagittal, and plain AP X-ray from top to bottom. Lesion size remained the 

same during follow-up, but the patient had no pain with daily activities at 2 

years after surgery. 
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Figure 6. 
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Figure 6. A 50-year old female with a Steinberg IIc lesion (initial lesion size 

85.9%). Images are taken at preoperative visit, 6 months, 12 months, and 

24months after surgery from left to right (bottom left image shows the hip AP 

plain radiograph at 16 months after initial surgery, which was taken just 

before THA). Images show MRI T2 coronal images, and T1 coronal, T1 

orthogonal, SPECT/CT coronal, SPECT/CT sagittal, and plain AP X-ray from 

top to bottom. Femoral head collapsed during follow-up, and she underwent 

THA at 16 months from initial surgery. 
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DISCUSSION 

In the treatment of ONFH, several methods have been attempted to preserve 

femoral head before collapse. Core decompression or multiple drilling are 

attractive surgical options with relatively easy technique and acceptable 

outcome. However, considerable portion of patients experienced failure 

especially when large necrotic lesions were present. There has been interest in 

cell supplementation in addition to core decompression or multiple drilling. 

After the first report by Hernigou et al. (7) several studies reported the 

outcomes of using bone marrow or stem cells derived from it (7-11, 19). 

However, few studies reported the outcome with AD MSCs to the author’s 

knowledge (20). The current study aimed to determine the outcome of AD 

MSC implantation for the treatment of ONFH in humans.  

Our study demonstrates that implantation of AD MSCs into the femoral 

head appears to be safe without any serious complications, and the majority of 

cases (82%) survived without the need for THA after 2 years of follow-up. 

Although there was no change in the size of necrotic lesion or clinical scores, 

increased uptake in SPECT/CT indicates increased vascularity in the lesion 

(21), which is a promising sign that the implanted AD MSCs may contribute 

in the repair of necrotic tissue. Since this was the first study except for a case 

report (22) which utilized AD MSCs for the treatment of ONFH, no direct 

comparison with other studies could be made. Most of the previous studies 

utilized bone marrow derived mesenchymal stem cells (BM MSCs) for the 

treatment of ONFH (7-11, 19, 23, 24). It is known that the BM MSCs has both 
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angiogenic potential and osteogenic potential, and long-lasting reconstruction 

repair can be expected with BM MSC implantation (23). However, there are 

several limitations with using BM MSCs for the treatment of ONFH. First, 

invasive procedure under general or spinal anesthesia is required to obtain 

bone marrow cells, and the available quantity is limited. Second, the isolation 

yield of MSCs from bone marrow decreases with age, and the stem cells’ 

potential for differentiation and proliferation also decrease with patient’s age 

(25, 26). On the other hand, AD MSCs can be easily obtained in large quantity 

with less invasive procedure, and the number of cells obtainable from given 

amount of adipose tissue does not decrease with age. Some studies reported 

that AD MSCs can induce paracrine and autocrine response which enhance 

osteogenic potential (27). The cells transduced by these mechanisms excrete 

bone morphogenic protein (BMP) which may further enhance osteogenic 

activity of the cells. A recent study reported that the proliferation capacity of 

AD MSCs is four times that of BM MSCs, and AD MSCs also showed better 

phenotypical characteristics which indicate better bone differentiation 

potential (28). Thus, AD MSCs can be a more promising option for the 

treatment of ONFH than BM MSCs are. In this context, we believe that the 

outcome of current study warrant future studies which may further reveal the 

role of AD MSCs in treating ONFH despite limited success of our study. 

It is encouraging that the majority of hips in our series survived without 

symptomatic collapse of femoral head which would require THA, although 

the lesion size remained almost the same after 2 year from implantation. This 
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finding is especially important because we included only the patients with 

lesion size larger than 30%. Mean preoperative lesion size was 63.0% in our 

population, and smallest lesion size was 38.4%. Our decision to include only 

the patients with large lesion was based on the findings of a previous study (1). 

With 5-year follow-up of the natural course of ONFH, only 1 of 21 patients 

developed pain when lesion size was smaller than 30%, whereas 11 of 24 

developed pain with lesion size 30%-50%, and 50 of 60 with lesion size larger 

than 50% (1). The size of the necrotic lesion is one of the most important 

factors in determining the prognosis of ONFH (1, 29-31). Hungerford et al. 

reported that small lesions (<15% of femoral head) are unlikely to progress, 

and large lesions (>30% of femoral head) would not be successfully treated 

with core decompression (32). Indeed, many previous studies reported high 

failure rate of core decompression with large lesions (Table 3) (30, 33-41). 

Although our study did not include a control group, our survival rate of 82% 

in the hips with large necrotic lesion may imply that there was at least some 

contribution of implanted AD MSCs in addition to core decompression in 

preventing progression of the disease.
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Table 3. Summary of previous studies which reported success rate of core decompression in the hips with large necrotic lesion. 

Author Year No. of 
hips Treatment Definition of large lesion Success 

rate Definition of failure 

Marker 
(30) 2008 79 CD only Combined necrotic angle >200˚ 41% Need for further surgery 

Ha (34) 2006 37 CD or conservative 
Tx Combined necrotic angle >240˚ 0% Collapse of femoral head 

Belmar 
(33) 2004 328 CD + bone graft >30% of femoral head 40% Need for THA 

Mont (38) 2004 45 Multiple drilling >30% of femoral head 42% HHS<80 or need for 
further surgery 

Yoon (41) 2001 39 CD only >30% of femoral head 16% Collapse and/or need for 
THA 

Steinberg 
(40) 2001 312 CD + bone graft >30% of femoral head 58% Need for THA 

Steinberg 
(39) 1999 73 CD + bone graft >30% of femoral head 67% Need for THA 

Mazieres 
(36) 1997 20 CD only >23% of femoral head 25% Need for THA 

Mont (37) 1997 79 CD only Combined necrotic angle >200˚ 6% Need for THA 

Holman 
(35) 1995 31 CD only >21% of femoral head 0% Need for further surgery 

 
Abbreviations: CD, core decompression; Tx, treatment; THA, total hip arthroplasty; HHS, Harris hip score 
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One of the reasons that our study failed to show decreased lesion size may 

be the large lesion size in our population. Although no firm conclusions can 

be drawn about the reasons that the lesion size did not significantly decrease 

in our population, the authors’ reasoning is that the implanted cells could not 

be migrated to the entire necrotic region for effective repair with only a single 

reaming. Increased uptake might indicate increased vascular activity, but more 

effective methods to deliver those cells to the entire necrotic tissue would be 

contemplated. Previous studies reported favorable outcomes with implantation 

of bone marrow or BM MSCs, but they included only the patients with 

relatively small lesions (9) or did not clarify the lesion size (22, 23). Therefore, 

direct comparison of these studies with our study is hard to be made. A 

previous study with bone marrow grafting reported that cases with lesions 

larger than 25% had significantly worse outcome than those with smaller 

lesions (7). In a study with an animal model of ONFH, the group treated with 

AD MSDs showed higher bone trabecular volume in micro CT, which 

suggests regeneration of necrotic bone in the lesion (12). Outcomes of this 

study suggest that AD MSCs can also facilitate regeneration in human ONFH. 

Further study on AD MSC implantation in patients with smaller lesion size 

would be needed to clarify this issue.  

The current study did not show significant changes in all clinical scores 

between preoperative status and 24 months after surgery. This was maybe 

because many hips were asymptomatic preoperatively. Only 6 of 18 hips were 

with pain, and 12 were incidentally diagnosed. Presence or absence of pain 
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was not considered as inclusion or exclusion criteria in the current study. We 

thought it was unethical to exclude patients with large necrotic lesions 

regardless of pain, because hips with large necrotic lesion is known to highly 

likely collapse (32, 42). Preoperative clinical scores of asymptomatic hips 

were already high, and therefore there was no room for further improvement, 

exhibiting a ceiling effect. There was some improvement of the scores in the 

hips which were initially painful, but the improvement did not reach statistical 

significance because of small sample size. Further study with larger sample 

size would enable subgroup analysis on the hips with initial pain. 

There are some limitations of our study. First, this trial was conducted 

without a control group, which limits interpretation of the outcomes. Future 

studies with control group are required to further elucidate the efficacy of AD 

MSC implantation. Second, the sample size was too small to conduct robust 

statistical analysis. It was inevitable since this was a phase I/IIa trial, and only 

a small number of patients could be enrolled. Since there were no procedure-

related serious adverse events in our study, future studies with larger sample 

size would be encouraged. Third, the fate of implanted AD MSCs could not 

be examined. Although there was increased uptake in SPECT/CT in many 

cases, it is unclear that this change was induced by the implanted AD MSCs. 

We reamed the femoral head with a 6-mm reamer which is smaller than those 

used in standard core decompression to minimize the effect of core 

decompression, but whether the implanted cells functioned as expected or not 

could not be fully verified. 
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CONCLUSION 

At 2-year follow-up, autologous implantation of AD MSCs for ONFH with a 

large necrotic lesion was safe without any procedure-related complications. 

The majority of the cases (82%) did not show symptomatic femoral head 

collapse and did not require additional surgery. Although there was no 

significant lesion size change on MRI, increased uptake on SPECT/CT 

observed in the majority of cases may indicate increased vascularity in the 

necrotic area. Despite limitations, the outcomes of the current study suggest 

that AD MSC implantation in ONFH can be a viable option. Further studies 

with larger sample size and longer follow-up would be needed to establish the 

role of AD MSC implantation for ONFH. 
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국문 초록 

대퇴 골두 골 괴사에 대한  

자가 지방조직 유래 

중간엽 줄기 세포 이식술의 효과 
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서론 

대퇴 골두 골 괴사의 전통적 치료법인 핵심 감압술은 그 결과가 

언제나 만족스럽지는 않으며, 괴사된 조직의 재생을 도모하고자 

최근 추가적인 세포 기반의 치료법이 시도되고 있다. 지방 조직 

유래 중간엽 줄기 세포는 기존의 골수 유래 중간엽 줄기 세포에 

비하여 여러 가지 이론적 장점이 있으나, 이를 대퇴 골두 골 괴사의 

치료에 적용하였을 때의 결과는 잘 연구되어 있지 않은 실정이다. 

본 연구에서는 대퇴 골두 골 괴사의 치료를 위해 핵심 감압술과 

함께 지방 조직 유래 중간엽 줄기 세포를 주입하였을 때의 

방사선학적, 임상적 결과를 2년간 추시한 결과를 분석하고자 하였다. 
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대상과 방법 

골두의 30% 이상이 침범된 큰 병변을 가진 대퇴 골두 골 괴사가 

진단된 18례의 고관절이 연구에 포함되었다. 지방 조직 유래 중간엽 

줄기 세포는 지방 흡입술을 통해 채취하여 3주간 3번 계대배양하여 

획득하였다. 핵심 감압술 시행과 동시에 지방 조직 유래 중간엽 

줄기 세포를 괴사 부위에 주입하였다. 모든 환자는 MRI, SPECT/CT 

를 수술 전, 수술 후 6개월, 12개월 및 24개월에 실시하였으며 각 

방문시에 임상적 점수 측정도 실시하였다. 일차 결과 변수는 MRI 

상 괴사 부위의 크기 변화였다. 이차 결과 변수는 임상적 점수 및 

SPECT/CT 상 동위 원소 섭취의 변화를 보고자 하였다. 경과 중 

인공 고관절 치환술을 받게 되는 증례에서는 해당 시점에 연구를 

종료하였다. 

결과 

수술 전 평균 괴사 부위 크기는 골두의 63.0% (범위, 38.4% - 96.7%) 

였다. Harris 고관절 점수는 89.2 ± 8.2 점이었으며 UCLA 점수는 5.6 ± 

2.4점, WOMAC 점수는 79.4 ± 14.7 점이었다. 세 명의 환자는 경과 

중 인공 고관절 치환술을 시행받았으며 1명의 환자는 사고로 

사망하였다. 최종적으로 11명의 환자에서 14례의 고관절에 대하여 

2년 추시 결과를 얻을 수 있었다. 최종 추시 시점에서 수술과 

관련된 합병증은 없었으며, 17례 중 14례 (82%)의 고관절은 인공 

고관절 치환술 시행 없이 일상 생활이 가능하였다. 추시 기간 
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전체에 걸쳐 MRI 상 유의한 병변 크기 변화는 관찰되지 않았다. 

14례 중 11례 (79%)의 고관절은 수술 후 2년째에 시행한 SPECT/CT 

상 동위 원소 섭취가 증가하여 증가된 혈관 활성도를 시사하였다. 

수술 전과 수술 후 2년째에 Harris 고관절 점수, WOMAC 점수 및 

UCLA 점수에는 차이가 관찰되지 않았다. 

결론 

비교적 병변이 큰 대퇴 골두 골 괴사에서 지방 조직 유래 중간엽 

줄기 세포 주입술은 2년 추시 결과 합병증 없이 안전한 수술법으로 

생각된다. 대부분(82%)의 증례에서는 증상을 일으키는 대퇴 골두 

붕괴 소견이 나타나지 않았으며 추가적인 수술도 필요하지 않았다. 

MRI 상 뚜렷한 병변 크기의 감소는 관찰되지 않았으나 대부분의 

증례에서 SPECT/CT 상 섭취가 증가하여 괴사 부위의 혈관 활성이 

증가하였음을 나타낸다. 다소간의 제한점에도 불구하고, 본 연구의 

결과는 대퇴 골두 골 괴사의 치료에 있어 지방 조직 유래 중간엽 

줄기 세포 주입술이 하나의 가능한 치료법으로 시도될 수 있을 

것임을 시사한다. 

---------------------------------------------------------------------------------------------- 

주요어: 대퇴 골두 골 괴사, 줄기세포, 핵심 감압술, 병변 크기, 

자기공명영상(MRI) 
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