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Abstract
Background: Musculoskeletal injuries and conditions affect millions of individuals. These ailments are
typically managed by immobilization, physiotherapy or activity modi�cation. Regenerative medicine has
experienced tremendous growth in the past decades, especially in musculoskeletal medicine. Umbilical
cord-derived Wharton’s Jelly is an exciting new option for such therapies. Wharton’s jelly is a connective
tissue located within the umbilical cord largely composed of mesenchymal stem cells and extracellular
matrix components, including collagen, chondroitin sulfate, hyaluronic acid and sulfated proteoglycans.
Wharton’s Jelly is a promising and applicable biologic source for orthopedic regenerative application.

Methods: A systematic search will be conducted in PubMed, ScienceDirect and Google Scholar
databases of English, Italian, French, Spanish and Portuguese language articles published to date.
References will be screened and assessed for eligibility by two independent reviewers as per PRISMA
guidelines. Articles will be considered without exclusion to sex, activity or age. Studies will be included if
they used culture-expanded, mesenchymal stem/stromal cells of mesenchymal stem cells and/or
connective tissue obtained from Wharton’s Jelly. Studies will be excluded if Wharton’s Jelly is not the sole
experimental examined cell type. Placebos, conventional non-operative therapies including steroids
injections, exercise and NSAIDs will be compared. The study selection process will be performed
independently by two reviewers using a reference software. Data synthesis and meta-analysis will be
performed separately for clinical and pre-clinical studies.

Discussion: The results will be published in relevant peer-reviewed scienti�c journals. Investigators will
present results at national or international conferences.

Trial registration: The Protocol was registered on PROSPERO international prospective register of
systematic reviews prior to commencement, CRD42020182487.

Background
Musculoskeletal conditions affect millions of individuals each year and represent a large burden on
healthcare. These ailments are classically managed with immobilization, activity modi�cation, physical
therapy, and pharmacological agents, and surgery when conservative management has failed. These
modalities are limited, often attempting to limit pain rather than addressing the actual pathology [1-7].

Regenerative medicine has undergone tremendous growth during the past few decades, especially in
musculoskeletal medicine [8]. Human stem cells offer regenerative potential, aiming to hasten or reverse
chronic disease in order to restore function [9-11]. Common sources of metabolically available human
stem cells include bone marrow concentrate (BMC), adipose tissue, amniotic tissue, umbilical cord blood
and umbilical cord-derived Wharton’s Jelly [12-17]. Stem cell biologic therapies for the treatment of
musculoskeletal injuries are becoming more common in orthopedic clinical practice. Increased patient
awareness has led to increased demand for biologic therapies [8]. 
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To date, there is no consensus regarding the most appropriate stem cell source. BMC, PRP, and adipose-
derived stem cells (ADSCs) have received increased scienti�c attention given their unique properties and
clinical availability. Direct injection therapy has proven bene�cial in a human model. Bone marrow
mesenchymal stem cells (BMSCs) have limitations associated with increased pain and morbidity from
the bone marrow aspiration procedure [18]. BMC has a limited number of BMSCs, with roughly (0.001-
0.01%) of BMSCs within the BMC [18]. The limited availability and the fact that BMSCs show signs of
early senescence urge to identify and exploit other sources of stem cells [18]. The literature on ADSCs is
limited, with the lack of randomized double-blinded trials and lack of long term follow up observation
being the major contributors [19]. The long-term safety of ADSCs is also yet to be determined [19]. PRP
has been extensively studied, but most of the results are biased, and from poorly designed studies that
favor the publication of positive results [20]. Although safe and promising, PRP still has not shown strong
evidence of e�cacy and effectiveness in the human clinical setting [20].

Wharton’s Jelly is a connective tissue located within the umbilical cord largely composed of hyaluronic
acid and chondroitin sulfate. The chief role of Wharton’s Jelly is to resist torsional and compressive
stresses imposed upon the umbilical vessels during fetal development. Within the Wharton’s Jelly are
primitive mesenchymal stem cells [21]. These perinatal mesenchymal stem cells resemble embryonic
stem cells, but, retain many properties of adult mesenchymal stem cells. Wharton’s Jelly-derived
mesenchymal stem cells express lower levels of pluripotent markers than embryonic stem cells,
suggesting they are highly multipotent rather than pluripotent [22, 23]. Wharton’s Jelly contains the
highest concentration of mesenchymal stem cells per milliliter compared to other tissues with rich
extracellular matrix components, including collagen, chondroitin sulfate, hyaluronic acid, and sulfated
proteoglycans [24, 25]. Wharton’s Jelly has also a clinically relevant quantity of growth factors, cytokines
and extracellular vesicles [1].  The large amount of these substances may play a role in reducing
in�ammation, pain and augment healing of musculoskeletal injuries [1].

Wharton’s Jelly is easily accessible and available as opposed to other biologics. Every birth presents an
opportunity to harvest these highly multipotent, nutrient rich mesenchymal stem cells. The ease of
collection offers many advantages over current BMC and adipose-derived stem cell harvest, which pose
donor site morbidity. This factor, as well as the attractive expansion properties of umbilical-derived stem
cells and clinically signi�cant amounts of applicable regenerative substances, make Wharton’s Jelly a
promising source of mesenchymal stem cells for orthopedic regenerative application [1, 26]. Considering
the lack of clarity regarding the use of Wharton’s jelly, methodological factors, clinical translation and
outcome measurement, a systematic review is required to synthesize and evaluate the quality of the
available evidence regarding the safety and e�cacy of Wharton’s jelly for regenerative medicine
applications in orthopedic surgery. The primary objective of this review is to report the clinical, structural
and functional outcomes of the applications of Wharton’s jelly for regenerative medicine in orthopedic
surgery. The secondary objective is to identify methodological characteristics associated with application
outcomes.
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Methods
The protocol was registered on the PROSPERO international prospective register of systematic reviews,
registration number CRD42020182487. The systematic review will follow the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement and guidelines [27, 28]. 

Eligibility Criteria

The PICOS (Population, Intervention, Comparison, Outcome, Study Design) framework will be used as a
template for de�ning eligibility criteria for literature search [29].  Characteristics for clinical studies are as
follow:

Population

Research involving animal and human models (clinical studies as well as in vitro research) will be
considered for review, without exclusion relating to sex or age. Basic science studies must include human
cells isolated from a living model. Studies meeting eligibility criteria will apply to acute orthopedic
musculoskeletal injury, chronic orthopedic musculoskeletal conditions, or an arti�cial disease model.
Articles will be excluded if they do not relate to orthopedic intervention. 

Intervention

Research meeting inclusion criteria will involve the use of mesenchymal stem cells and/or connective
tissue obtained from Wharton’s Jelly. Studies will be excluded if Wharton’s Jelly is not the experimental
examined cell type. Studies involving umbilical derived stem cells will be excluded unless the study
speci�es the use of Wharton’s Jelly. Studies will be excluded if they report the use of Wharton’s Jelly
derived mesenchymal stem cells in combination with other cell populations. 

Comparison

Comparators considered will include placebos, non-injury models, acute injury models, non-injury models,
and gold standard treatments for orthopedic injury.   

Outcomes

For basic scienti�c research, studies relating to human musculoskeletal injury via histological or
biochemical measures will be included. For clinical research, studies pertaining to human or animal
orthopedic musculoskeletal injury via histological and/or biochemical measures and functional scores
(pain, activity, quality of life, etc.) will be included.          

Study Design

Observational studies (cohort, cross-sectional and case-controlled prospective or retrospective studies) or
randomized controlled trials comparing outcomes of connective tissue derived from Wharton’s Jelly with
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control, experimental therapy, or gold standard treatment at any follow up period will be included.
Systematic reviews will only be examined to identify further studies for inclusion, and results of meta-
analysis will not be included in the analysis. With regard to publication year, all studies published to date
will be included.   

Information Sources

A systematic search will be conducted in PubMed, ScienceDirect and Google Scholar databases of
English, Italian, French, Spanish and Portuguese language articles published before May 2020.
Secondary searching of reference lists of key articles and reviews will be undertaken to identify any
additional studies potentially missed in electronic search. 

Search

The search and selection process will be based on the PRISMA checklist and �ow diagram based on the
eligibility and inclusion criteria previously outlined. A web-based reference software system (RefWorks)
will be used for data management.    

Study Selection

The study selection process will be performed independently by two reviewers. Screening of abstracts will
be performed, and full text articles will be retrieved and uploaded to the reference software. A thorough
secondary screening will be performed independently by two reviewers. The secondary screening of the
full text articles will eliminate studies that do not meet inclusion criteria.  

Data Collection

Data extraction from articles that meet inclusion criteria will be performed by two independent reviewers.
Data extracted and synthesized will include authors, publication year, study design, group controls, group
interventions, outcome measurement, and outcome assessment. Customized forms will be used in the
data extraction and collection process. The primary authors will be contacted via email for any
information necessitating clari�cation.    

Data Items

Relevant items of population, problem, intervention, comparison, and outcome will be extracted and
included. For basic scienti�c research, relevant histological and/or biochemical measures will be
included. For clinical research, all histological measures, biochemical measures and functional scores
will be included.     

Risk of bias

Multiple tools will be used to assess the risk of bias for included studies. The Systematic Review Centre
for Laboratory Animal Experimentation (SYRCLE) risk of bias tool will be applied to animal studies [30].



Page 6/9

Ten domains will be addressed related to selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other biases. The Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I)
tool will be used to assess observational and quasi-randomized studies [31]. Seven domains will be
utilized to assess risk including: confounding, participant selection bias, classi�cation bias, deviation
bias, bias due to missing data, outcome measurement bias, and bias in selection of reported results.
Studies will be judged to have no information or a low, moderate, serious, or critical risk of bias. For
randomized control trials, the Risk of Bias 2 (RoB 2) tool will be used to establish risk of bias [32]. Five
domains including biases arising from the randomization process, due to deviations from intended
interventions, due to missing outcome data, in measurement of the outcome, and in selection of the
reported result will be analyzed. Overall risk of bias will be determined to be low, some concerns, or high.
All included studies will be independently scored by two reviewers, and consensus reached by discussion.

Data synthesis and meta-analysis

Data synthesis and meta-analysis will be performed separately for clinical and pre-clinical studies,
following the guidelines published by Hooijmans et al [30]. Given the sparsity of homogenous research, a
qualitative analysis of common outcome variables will be conducted. Subgroups chosen for analysis will
include cells derived from Wharton’s Jelly versus experimental therapy and/or control. Results of meta-
analyses extracted data will be summarized in tables and narrative interpretation provided, with
emphasis on outcome measures.

Discussion
The results of this review will be published in a relevant scienti�c journal or presented at national or
international conferences (‘Publications’) by the Investigators. 

Documenting protocol amendments

Protocol amendments and updates will be documented via PROSPERO online register. The nature of the
changes made will be recorded, dated and accessible along with the most recent version within the record
audit trail under the systematic review protocol registration number CRD42020182487.

List Of Abbreviations
ADSCs            Adipose-derived stem cells

BMC               Bone marrow concentrate

BMSCs           Bone marrow mesenchymal stem cells

PICOS            Population, Intervention, Comparison and Outcome

PRISMA           Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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PRP                Platelet-rich plasma

ROBINS-I       Risk Of Bias in Non-randomized Studies- of Interventions

SYRCLE          Systematic Review Centre for Laboratory Animal Experimentation
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