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defect in the MFC tended to decrease until 3 years after the 
injection and was maintained without signi�cant aggravation 
until 5 years after the treatment (Fig. 4). The WORMS sub-
score of cartilage in the medial compartment showed a signif-
icant improvement between 2 and 3 years after the injection 
(2 years, P = .029; 3 years, P = .031) (Table 3). The total 
WORMS showed a signi�cant improvement until 3 years after 
the treatment, with signi�cant decreases from 73.4�–�27.8 to 
70.5�–�26.8 (6 months; P = .020), 65.5�–�29.4 (2 years, P 
= .016), and 66.5�–�30.7 (3 years, P = .041) (Table 3). The 
WORMS sub-scores also showed signi�cant improvements 
in total cartilage status, bone marrow edema, and synovitis 
between 2 and 3 years, until 2 years, and until 3 years after 
the injection, respectively (Supplementary Table S4). In the 

reliability test, the ICCs of cartilage defect area and total 
WORMS ranged from 0.82 to 0.94 and from 0.86 to 0.96, 
respectively.

Discussion
The results of the current mid-term follow-up study 
demonstrated that intra-articular injection of autologous, 
high-dose ADMSCs provided safe pro�les and effective clin-
ical improvements without radiologic aggravation for up 
to 5 years. Furthermore, structural changes in the OA knee 
showed signi�cant improvement up to 3 years after the in-
jection of ADMSCs based on serial MRI evaluation of 
total WORMS. To our knowledge, this is the �rst study to 

Figure 2. Changes in the VAS for pain and the WOMAC scores for function at 6, 12, 24, 36, 48, and 60 months after intra-articular injection of ADMSCs 
from baseline (pre-injection) showing that VAS for pain (A), total WOMAC scores (B), pain sub-score of WOMAC (C), and function sub-score of WOMAC 
(E) had shown signi�cant improvements until 5 years after the injection of ADMSCs. Stiffness sub-sub-score of WOMAC (D) had shown signi�cant 
improvement until 3 years after the injection of ADMSCs. *Indicates statistically signi�cant difference from baseline (P < .05). Abbreviations: ADMSC, 
adipose-derived mesenchymal stem cell; F/U, follow-up; VAS, visual analog scale; Western Ontario and McMaster Universities Osteoarthritis Index.

Figure 3. Changes in hip-knee-ankle angle (A) and proportion of Kellgren-Lawrence grade (B), demonstrating no signi�cant change after intra-articular 
injection of ADMSCs during 5 years of follow-up. Abbreviation: ADMSC, adipose-derived mesenchymal stem cell.
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