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Abstract 

Introduction: Despite its lower prevalence, ankle osteoarthritis is equally debilitating as the more 
commonly known types of osteoarthritis. The high complication rate for surgical intervention 
necessitates the need for more efficacious, conservative methods in standard care. Wharton’s jelly 
(WJ) possesses components similar to the intra-articular cartilage that can supplement and repair 
musculoskeletal defects. The objective of this study is to report positive exploratory findings from 
patient-reported scales after WJ applications to structural defects in patients with treatment-resistant 
ankle osteoarthritis. Materials and Methods: Thirty patients with intra-articular cartilage 
degeneration in the ankle who failed at least three months of current conservative care were 
identified from an observational repository. The assessment of patient-reported results was 
conducted using the Numeric Pain Rating Scale (NPRS), the Western Ontario and McMaster 
University Arthritis Index (WOMAC), and the Quality of Life Scale (QOLS). WJ tissue allografts were 
applied to the specified affected site in the ankle. No adverse events were reported. Patients were 
categorized into three groups based on the total application amount. Results: The percent 
improvement was calculated from the initial to the final visit, depending on the number of 
applications. Each application category displayed improvement. A correlation was observed between 
the level of overall improvement and the number of applications. Discussion: This study confirms 
current literature suggesting WJ is safe, minimally invasive, and beneficial to patients with intra-
articular cartilage degeneration. Limitations addressed in this study include a small sample size, no 
control group, and the use of a generalized assessment scale. Conclusion: The results of this study 
warrant further research to establish the best practice protocols for Wharton’s jelly in patients 
suffering from structural degeneration caused by ankle osteoarthritis. 

Keywords: ankle osteoarthritis; foot osteopathy; degenerative joint disease of the ankle; cartilage 
degeneration; wharton’s jelly; regenerative medicine 
 

1. Introduction 

The commonality of knee and hip osteoarthritis (OA) masks the significance of the less common 
OA pathology, ankle OA. While only affecting 1% of the world population, ankle OA is equally as 
disabling as other OA pathologies, profoundly affecting the quality of life for those suffering from it 
(Perez 2022). The hallmark of ankle OA is its connection to ankle instability, suggesting that the 
condition can arise from various etiologies. In most cases of ankle OA, the condition is caused by 
damaged cartilage in the ankle joint, with 75-80% of cases due to traumatic events and only 7-9% 
being of an unknown cause (Perez 2022). Although ankle OA is commonly diagnosed after post-
traumatic injuries, factors such as aging, obesity, genetic predisposition, metabolic syndrome, and 
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hormone profiles are prevalent in those at risk for ankle OA (He 2020). A retrospective study 
performed by Kurokawa (2023) found that smoking, comorbidity of other joint diseases, and high 
BMI rates also increase the progression of ankle OA (Kurokawa 2023). Ankle osteoarthritis manifests 
through reduced muscle strength, limited dorsiflexion, diminished ambulatory function, joint 
discomfort, and stiffness, resulting in an increased sedentary lifestyle and decreased overall quality 
of life (Al-Mahrouqi 2020). To alleviate patient suffering in ankle OA, the current standard of care 
procedures encompasses conservative and non-conservative approaches. 

When approaching ankle OA intervention, conservative care is recommended before any 
surgical options are considered. The first step in conservative care for ankle OA relies on 
nonpharmacological strategies, including physical therapy, lifestyle changes, and orthotics. If 
symptoms cannot be effectively controlled by nonpharmacological measures, pharmacological 
measures, including NSAIDs, corticosteroids, and viscosupplementation, are employed (Tejero 
2021). However, current conservative care focuses on immediate symptomatic relief and does not 
address the damaged cartilage at the root of ankle OA. Surgical approaches are considered after failed 
management with conservative care. The choice of surgical method for ankle osteoarthritis, whether 
joint-preserving or joint-sacrificing, depends on the severity of the condition (Perez 2020). 
Complications remain a concern for both types of surgical procedures. After undergoing ankle 
surgery, patients often face surgical site infections (SSIs), necrosis of the soft tissue, malunion, 
nonunion, muscular atrophy, and pain (Vanderkarr 2022). A data analysis by Vanderkarr (2022) 
reported that 30-40% of patients experienced continuous postoperative pain, and 10% of patients 
underwent a secondary procedure (Vanderkarr 2022). In addition to the various surgical 
complications in ankle surgery, an economic burden is evident. In 2011, Medicare spent $11 billion 
on the foot and ankle subspecialty (Glasser 2025). Phillips (2017) observed from his retrospective 
comparison between inpatient and outpatient procedures that the mean direct cost for each patient 
for operative fixation was $11,466 for inpatient and $3,111 for outpatient procedures (Phillips 2017). 
Since 2017, the progressive increase in inflation has been accompanied by a corresponding rise in the 
cost of surgical interventions. The limited substantial evidence regarding the optimal intervention for 
ankle OA underscores the critical need for future research focused on cost-effective and low-risk 
strategies to alleviate patient suffering. 

Current literature concerning conservative care for ankle OA focuses on temporary symptomatic 
relief, highlighting the need for alternative interventions. One rapidly emerging alternative to the 
current standard of care approaches is Wharton’s Jelly (WJ) tissue allografts. This umbilical cord-
derived structural matrix contains various types of collagen, specifically types I, II, III, and V, 
cytokines, growth factors, and hyaluronic acid (Gupta 2020, Main 2021). The structural composition 
of Wharton's jelly shares similarities with human cartilage, predominantly consisting of collagen type 
I, with smaller proportions of collagen types III and V (Ouyang 2023). Beyond its structural 
similarities, Wharton's jelly serves a protective role by providing cushioning and mechanical support 
to the cord, akin to the functional properties of human cartilage (Lin 2020). A study performed by 
Gupta (2023) observed that applications of WJ to the ankle demonstrated positive outcomes in pain 
and function. Another study by Davis (2022) analyzed the use of WJ in knee OA, identifying 
significant increases in quality of life and pain improvement (Davis 2022). Analysing the utilization 
of WJ to replace the degenerated cartilage present in ankle OA cases is essential for advancing the 
existing standard of care, given its structural and functional similarities. This case series reports 
positive preliminary findings from patients who received Wharton’s jelly tissue allografts for intra-
articular ankle degeneration.  
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2. Materials and Methods 

2.1. Study Design 

The observational repository at Regenative Labs was used to identify the patients analyzed in 
this paper. The data repository is collected following the guidelines of the Declaration of Helsinki. It 
has maintained approval from the Institutional Review Board of the Institute of Regenerative and 
Cellular Medicine (IRCM-2021-311) since May 2021. The details of the repository design can be found 
in other published works derived from the database (hip, RC).  The inclusion and exclusion criteria 
can be found in the study flowchart below (Figure 1). 

 
Figure 1. 

2.2. Study Population 

The participant group includes 30 patients, 63% female and 37% male. Twelve patients, five 
females and seven males, received one application. Based on the severity of the defect, eleven patients 
received two applications, and seven received three applications. Patient demographics are displayed 
in Table 1. 

Table 1. Patient age, BMI, and gender. 
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2.3. Case Presentation

The patients in this cohort reported complaints of ankle pain at their initial consultation. For at 
least three months, they underwent conservative care, which included insoles, orthotics, shoe 
modifications, physical therapy, stretching exercises, home exercises, and anti-inflammatory 
medication. The patients in this study all failed a minimum of three months of conservative care and 
elected to use Wharton’s jelly allografts before considering surgical intervention.

2.4. Patient Care Procedures

Before the Wharton’s jelly allograft, patients received a radiograph or ultrasound to assess the 
level of tissue deterioration, and then an MRI to confirm the region and the severity of the damage. 
Next, patients were injected with two cc of local anesthesia using a 25-gauge needle under ultrasound 
guidance. Once the patients confirmed decreased pain after the anesthetic injection, they received the 
Wharton’s jelly allograft. The approach of entry varied depending on the location of the tissue 
damage. If the deteriorating region was more medial, then the approach for the application was more 
medial. If the area was more lateral, then the approach for the application was more lateral. All 
applications were guided by ultrasound or fluoroscopy, depending on the clinic. Patients waited at 
the office for 30 minutes after the application to ensure no reaction. No adverse response was 
reported. After the procedure, patients wore either a brace or a boot for two weeks, were prevented 
from using ice or anti-inflammatories for six weeks, and had a six-week check-up for reapplication. 
The number of reapplications depends on the severity of cartilage degeneration and the level of 
patient improvement after each application. Twelve patients were content with care after one 
application, ending follow-ups after 90 days; eleven patients received two applications, with follow-
ups ending after 120 days; and seven patients received three applications, with follow-ups ending 
between 150 and 210 days, depending on the date of the third application. At every follow-up, 
patients filled out the QOLS, WOMAC, and NPRS scales to observe their progress

3. Results

In the analysis of the results, it is crucial to highlight that a decrease in NPRS and WOMAC scale 
scores signifies clinical improvement. In contrast, an increase in the QOLS score corresponds to 
improvement. All patients reported a consistent reduction in the NPRS and WOMAC scores across 
all follow-up visits, regardless of the number of applications. In contrast, the QOLS had a marginal 
decrease from the 30-day to the 90-day visit in the one and two-application groups. The QOLS scores 
for patients with three total applications were the only group to exhibit improvement from the initial 
application to the final visit. The mean scores for each category are presented in Table 2. WOMAC 
scores in the multi-application groups fluctuated from visit to visit. Still, they displayed a total decline 
in scores from the initial to the final evaluation greater than that of the single application group. The 
fluctuations among follow-ups are consistent with the slight increases in pain patients experienced 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 July 2025 doi:10.20944/preprints202507.0070.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0070.v1
http://creativecommons.org/licenses/by/4.0/


5 of 10

that necessitated reapplication. A visual analysis of the average scores for each scale is displayed in 
Figure 2, which indicates that patients who received more than one application experienced a more 
substantial reduction in scores over time.3.1. Subsection

Table 2. This table reports the average patient-reported scores in each scale. The variable n represents the 
number of data sets included (n=2, two patients with reported data).
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Figure 2. Average scores compared across all three application groups.

4. Discussion

The observations of this study highlighted the promising results of applying 150 mg WJ tissue 
allograft to supplement tissue defects associated with ankle osteoarthritis in patients who have failed 
current conservative options. Each application group reported improvements in NPRS and WOMAC 
scores, showing substantial improvement in pain relief, stiffness, and functionality, contributing to 
overall patient well-being, with the rate of improvement increasing with each application (Table 3). 
Patients who received a single application reported a 1.3-point reduction in NPRS and a 12.9-point 
reduction in total WOMAC from the initial date to the 90-day visit, a 21.74% and 26.92% 
improvement, respectively. Among patients with two applications, NPRS decreased by 2.6 points 
and WOMAC (total) by 18.8 points between the initial application and the 150-day visit, a 46.15% and 
41.78% improvement, respectively. At the 210-day follow-up, patients with three applications 
demonstrated the most significant reductions in NPRS and WOMAC scores, reporting a 6.2-point 
reduction and a 49.4-point reduction, an 80.43% and 79.18% improvement, respectively. The findings 
suggest an association between increased dosage of WJ tissue allografts and the likelihood of greater 
function and pain relief. The group with three applications was also the only group to report a 
positive improvement for the QOLS, a 19.45% improvement.

Although there is improvement in patient-reported scores, several limitations should be 
addressed. In this observational study, there is no direct comparison with a control group, and the 
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scales used are not ultra-specific to the use site. While the WOMAC scale is commonly used in the 
evaluation of hip and knee osteoarthritis, studies have shown its use in assessing ankle function 
(Leung 2022, Basaran 2010, Ponkilainen 2019).  A region-specific scale, such as the American 
Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale, could provide a more specific 
assessment for the target site, strengthening the relevancy of functional outcome measurements 
(Paget/Sierevelt 2023). An additional factor to be addressed when determining best practices for 
regenerative approaches using WJ is the type of local anesthetic. While lidocaine is widely used, 
research shows it has a level of cytotoxicity that may be harmful to the tissue allograft. Ropivacaine 
has been shown to have less of an impact on perinatal tissue allografts (Wu 2018, Rahnama 2013). 
This study protocol allowed clinics to use their preferred method of anesthesia. Still, additional 
studies comparing patient outcomes using different local anesthetics might confirm the benefits of 
unmethylated anesthesia over traditional forms. Future prospective and randomized control trials 
with larger patient pools would be beneficial for determining specific dosage protocols and 
validating efficacy. 

The positive outcomes of this study align with current literature that suggests WJ allografts are 
optimally matched for applications to cartilaginous defects. With further analysis of the framework 
of WJ, we can confirm that the homologous nature of the tissues aligns with the results reported by 
the patients. As a loose connective tissue found in the umbilical cord, WJ cushions the umbilical 
vessels and offers protection from tensile stress (Gupta 2020). The structural profile of WJ consists of 
high concentrations of collagen types I, II, III, and V, with additional beneficial elements including 
hyaluronic acid, cytokines, and growth factors, highlighting its functional compatibility in 
musculoskeletal tissue supplementation (Gupta 2020, Main 2021). Previous literature confirms the 
homologous structures between WJ and cartilage around the body (Lai 2024, Davis 2022). Figure 3 
displays scanning electron microscopy (SEM) imaging of collagen structures in WJ tissue allografts 
like the ones used in this study. The composition of articular hyaline cartilage in the ankle joint is 
predominantly a collagen type II crosslinking extracellular matrix (ECM) (Figure 4), a component 
found in Wharton’s jelly (Main 2021, Luo 2021). Cartilage degeneration, whether age-related or 
accelerated by osteoarthritis, leads to the disruption of the collagen matrix, and WJ tissue allografts 
may facilitate repair by interweaving with the damaged ECM.  

 

Figure 3. SEM micrographs of umbilical cord tissue post-processing. (A) SEM image of preserved cross-linked 
collagen structures (scale bar: 300 nm). (B) SEM image of preserved random directional structural composition 
of collagen fibers (scale bar: 300 nm). (C) SEM image of multidirectional linkage of collagen fibers (scale bar: 1 
μm) (Davis/Purita 2022). 
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Figure 4. Human hyaline cartilage extracellular matrix structural architecture. These are scanning electron 
microscopy (SEM) images of a section of human hyaline cartilage. (A) A lacuna surrounded by a dense collagen 
framework. (B) A high-resolution image of cartilage extracellular matrix and collagen fibers. These SEM images 
of native human hyaline cartilage were fixed in 2.5% glutaraldehyde, followed by step-wise dehydration and 
sputtered gold coating (Lim 2014). 

The outcomes presented in this observational research serve as a reference point for subsequent 
studies on the use of Wharton’s jelly allografts in ankle osteoarthritis cases unresponsive to current 
standard-of-care protocols. Standard surgical procedures for ankle OA, such as ankle arthroscopy, 
ankle replacement, or ankle fusion, are associated with a range of potential surgical complications 
and have not been confirmed as the best practice. While autologous regenerative therapy, such as 
platelet-rich plasma (PRP), is widely popular as a noninvasive intervention, the physicians in this 
study observed that its application was associated with inconsistent clinical results. These results may 
stem from PRP's reliance on patient health, with recent studies showing no statistical significance 
between PRP-applied patients and placebo (Paget/Reurink 2023). Adverse events and post-treatment 
complications have also been reported in association with PRP use (Arita 2024, Owczarczyk-
Saczonek 2019). WJ has demonstrated consistent beneficial results in multiple studies involving the 
integration of regenerative medicine to treatment-resistant use sites (Lai 2024, Lai 2023, 
Davis/Sheinkop 2022). The tissue allograft is also sourced from rigorously screened donors and 
highly regulated minimal manipulation processing protocols to preserve the integrity of the matrix. 
Ensuring consistent quality of healthy connective tissue in each allograft. 

Considering the functional composition of WJ and the favorable outcomes in this observational 
study, the application of WJ tissue allografts presents a promising alternative to the current 
conventional care practices and may contribute to supporting earlier intervention strategies aimed at 
preserving joint integrity. Continued research will be essential to further validate the clinical potential 
of WJ in its application to intra-articular cartilage degeneration in the ankle. 

5. Conclusions 

The cohort of 30 patients in this research observed that the application of Wharton’s jelly tissue 
allografts promoted decreases in pain, stiffness, and functionality in the ankle joint. No adverse 
events were reported in the observed patient group. Given the growing concerns in literature 
regarding the current standard-of-care treatment for intra-articular cartilage degeneration in the 
ankle, the pursuit of alternative methods is increasingly supported. Future studies are encouraged to 
establish further evidence supporting the benefits of Wharton’s jelly allografts in ankle osteoarthritis 
refractory to conventional care. 
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