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Stem cell-based therapies have been increasingly investigated in the management of chronic musculoskeletal pain. However, the
completion and transparency of related clinical trials remain uncertain. In this study, trial completion and public results reporting
were evaluated among stem cell-based treatments for chronic musculoskeletal pain using ClinicalTrials.gov data. In the initial
dataset, a total of 171 records were contained. Among them, 147 eligible interventional trials remained after screening. Com-
pletion was evaluated among 70 trials with resolved statuses, and results-reporting was assessed among 52 completed trials that
at least 24 months of reporting opportunity had been given. To examine associations with randomization, masking, intervention
model, funder type, trial phase, and enrollment, descriptive statistics, Fisher’s exact tests, odds ratios, and Mann-Whitney U tests
were used. Among trials with resolved status, 58 of 70 (82.9%) were completed. In the primary final-status, no statistically sig-
nificant association between completion and the predefined design characteristics was detected. Only 8 of 52 mature completed
trials (15.4%) had posted results on ClinicalTrials.gov. Higher observed reporting was shown in masked trials than unmasked
trials (28.6% versus 6.5%; OR = 5.80; nominal p = 0.049), even though this finding was exploratory due to the small number of
reporting events. Overall, trial completion was relatively common. However, public registry reporting remained limited. This

highlights the need for greater transparency and timely results disclosure in this developing clinical research field.

Introduction

Chronic musculoskeletal pain usually arises from osteoarthri-
tis and degenerative spinal disease as a major cause of dis-
ability. In 2020, approximately 595 million people worldwide
were affected by osteoarthritis, while around 619 million peo-
ple were affected by low back pain as the leading global cause
of years lived with disability . Nonfatal disease burden is
substantially contributed by other musculoskeletal disorders
with an expectation to increase as population age®. Due to
the reduction of symptoms primarily from many current treat-
ments rather than reverse structural degeneration, there has
been continued interest in therapies that may provide longer-
lasting functional improvement®.

Potential regenerative approaches for musculoskeletal dis-
ease is stem cell-based therapies that are particularly mes-
enchymal stromal cells (MSCs). MSCs are known to be able
to differentiate toward connective-tissue lineages and release
bioactive factors that may influence inflammation, immune
response, and tissue repair>. For their therapeutic effects,
paracrine and immunomodulatory signaling are main influ-
encing factors rather than direct replacement of damaged tis-
sue®. Clinical investigation of MSCs from bone marrow, adi-
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pose tissue, and other sources for osteoarthritis has been en-
couraged by these properties as well as other sources for os-
teoarthritis and related painful musculoskeletal conditions .
However, clinical findings remain varied. Improvements in
pain and function in knee osteoarthritis have been reported by
randomized trials of allogeneic bone-marrow MSCs?®, while
symptomatic benefit has been suggested by dose-ranging stud-
ies of autologous bone-marrow MSCs®. Pain and functional
improvement has been reported by trials of adipose-derived
MSCs !9, even though other controlled studies have indi-
cated variable treatment effects across doses and outcomes '!.
Improvement in selected outcomes after bone-marrow MSC
treatment and adipose-derived MSC treatment has been re-
ported by placebo-controlled trials '>!3. However, little to no
clinically important improvement was found in chronic knee
pain in a 2024 meta-analysis of 16 randomized trials com-
pared with placebo or usual care'*. For degenerative disc
disease, Xie et al., reported statistically significant pooled re-
ductions in pain and disability, even though the analysis in-
cluded only three small randomized trials!'>. Schol et al.,
also examined clinically meaningful signals for cell-based and
platelet-rich plasma treatments while emphasizing substantial
heterogeneity, risk of bias, and the limited number of random-
ized studies '°. Therefore, possible benefit may be suggested
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by early evidence, but its reliability remains uncertain. Ac-
cording to the U.S. Food and Drug Administration, regener-
ative medicine products are not approved for orthopedic con-
ditions, including disc disease, osteoarthritis, back pain, and
knee pain!”.

Beyond efficacy, whether trials are completed and whether
findings become publicly available matter to confirm the re-
liability of the evidence. Trial discontinuation may waste
research resources, while leaving clinical questions unre-
solved '®. Both discontinuation and non-publication were doc-
umented by the research on chronic-pain trials '°. Incomplete
results reporting was repeatedly shown by studies of Clinical-
Trials.gov2%2!, and registry results may appear substantially
later than trial completion®?. In addition, many studies were
shown to never achieve timely public disclosure, according to
analyses of completed U.S. trials?3.

These transparency concerns are especially relevant to cell-
based musculoskeletal research. Substantial non-reporting,
retrospective registration, and discrepancies between regis-
tered and published outcomes were identified by a 2024 sys-
tematic review of MSC trials for musculoskeletal disorders*.
Furthermore, rapid growth in clinical activity was found in
a 2026 global analysis of stem cell-based osteoarthritis trials
but with continued heterogeneity and incomplete public re-
porting?. Structured registration and results disclosure were
emphasized by ClinicalTrials.gov reporting standards?®. To-
gether, these studies leave a narrower question unresolved
that is about whether trial-design characteristics are associ-
ated with both successful completion and registry results post-
ing within an updated ClinicalTrials.gov cohort especially fo-
cused on stem cell-based treatments for chronic musculoskele-
tal pain. From this perspective, this study specifically seeks to
answer the research question about whether clinical-trial char-
acteristics are associated with trial completion and public re-
sults reporting in stem-cell based treatments for chronic mus-
culoskeletal pain. This study hypothesized that completion
and publicly report results will be more likely achieved by tri-
als with more rigorous design features, including randomized
allocation, masking, parallel-group structure, and later devel-
opment phase than the ones lacking these characteristics.

Methods and Materials

In this retrospective registry study, publicly available records
from ClinicalTrials.gov were analyzed to examine comple-
tion and results reporting among stem cell-based trials for
chronic musculoskeletal pain. The dataset was downloaded
as a comma-separated values (CSV) file on July 21, 2026.
The ClinicalTrials.gov search used the Intervention/Treatment
query (‘mesenchymal stem cell’ OR ‘mesenchymal stromal
cell’) together with the Condition/Disease query (osteoarthri-
tis OR ‘musculoskeletal pain” OR ‘low back pain’ OR ‘degen-

erative disease’). No additional status, phase, country, sex, or
date filters were applied. In the file, a total of 171 records and
30 registry fields, including NCT number, study title, status,
conditions, interventions, sponsor, funder type, phase, enroll-
ment, study design, masking, allocation, intervention model,
outcomes, study dates, and results-posting information were
contained.

Records were first restricted to interventional studies. There
were six observational studies and three expanded-access
records that were removed, and a total of 162 interventional
records were left. After reviewing titles, conditions, and
brief summaries, each study was confirmed to directly ad-
minister a stem/stromal cell-based or cell-containing treat-
ment for a chronic musculoskeletal condition. Studies eval-
uating only cell-free products such as exosomes, secretomes,
or conditioned media; non-cell treatments, such as physical
therapy or platelet-rich plasma without direct cell adminis-
tration; diagnostic, cell-count, or cell-tracking procedures,
or other interventions outside the study definitions were ex-
cluded. Eligible treatment required direct administration of
viable stem/stromal cells or a viable cell-containing prepa-
ration, including BMAC, stromal vascular fraction, or mi-
crofragmented adipose tissue. Cell-free exosomes, secre-
tomes, conditioned products, PRP-only or physical-therapy
interventions, and diagnostic, cell-characterization, or cell-
tracking studies were excluded. In the 15 additional exclu-
sions, there were 7 cell-free derivative studies, 5 non-cell ther-
apeutic/procedural studies, and 3 diagnostic, characterization,
or tracking studies. For uncertain records, the title, interven-
tion description, and brief summary were reviewed together.
In addition, clear evidence of therapeutic cell administration
was required for the inclusion. After excluding fifteen addi-
tional records, final descriptive cohorts of 147 eligible trials
were produced.

Two primary outcomes were assessed. From the Study Sta-
tus field, trial completion was determined. Trials listed ‘Com-
pleted’ were classified as completed, whereas ‘Withdrawn’
and ‘Terminated’ trials were classified as not completed. The
single ‘Suspended’ trial was excluded as a final outcome was
not represented by suspension. Therefore, a total of 70 trials
were contained in the primary completion cohort: 58 com-
pleted, 8 withdrawn, and 4 terminated. Among the remaining
77 trials, 48 had Unknown status, 10 were Recruiting, 10 were
Active, not recruiting, 6 were Not yet recruiting, 2 were En-
rolling by invitation, and 1 was Suspended. As a sensitivity
analysis, the 48 trials with Unknown status were classified as
not completed to evaluate whether excluding these potentially
stalled trials affected the completion findings. Result report-
ing was separately evaluated among completed trials. Rather
than Primary Completion Date, Study Completion Date was
used when determining reporting eligibility. Providing at least
24 months of reporting opportunity before the July 21, 2026
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analysis date, completed trials with a Study Completion Date
on or before July 21, 2024 were eligible. In all 58 completed
trials, a Study Completion Date was contained. When only
year and month were reported, the last day of that month was
used conservatively without altering cohort membership. 52
trials met the reporting-eligibility criterion.

To directly correspond to the hypothesis established in this
study, four design characteristics were pre-specified: random-
ization, masking, parallel-group design, and trial phase. When
allocation explicitly indicated randomized assignment, ran-
domization was coded as present. ClinicalTrials.gov alloca-
tion values were Randomized, Non-randomized, or NA. Since
NA showed designs in which randomized allocation was not
applicable, primarily single-group trials, Non-randomized and
NA were combined as the ‘not randomized/NA’ reference cat-
egory. No allocation values were blank. Funder Type was
classified as industry when the registry value was INDUSTRY;
OTHER, OTHER_GOV, and NETWORK were classified as
non-industry.  UNKNOWN was treated as missing/unclear
and excluded from funder-specific comparisons. Single, dou-
ble, triple, or quadruple masking was classified as masked,
whereas no masking was classified as unmasked. For inter-
vention model, parallel-groups versus other designs were clas-
sified. For trial phase, Early Phase 1 and Phase 1 studies
were combined as the Early Phasel/Phase 1 group. Phase
1/2, Phase 2, Phase 2/3, Phase 3, and Phase 4 studies were
combined as the Phase 1/2-or-later group. Records with phase
coded as not applicable (NA) or with missing phase infor-
mation were treated as phase unavailable and excluded only
from phase-specific comparisons. Funder type was exam-
ined secondarily as industry versus non-industry. For enroll-
ment, due to the nature of final enrollment itself being influ-
enced by early trial discontinuation, it was summarized de-
scriptively and examined only in the completed-trial reporting
cohort. The Enrollment field was used as reported in Clin-
icalTrials.gov. As a separate indicator distinguishing actual
from anticipated enrollment was not contained in the exported
dataset, enrollment values for ongoing trials were treated as
registry-reported values and were not assumed to represent fi-
nal actual enrollment.

A simple logistic probability model was used to describe the
relationship between individual trial characteristics and each
binary outcome as follows:

log<1f"p,> = Bo+ BiX; )

where p; indicates the probability that trial I was competed or
publicly reported results, X; shows one trial characteristic such
as randomization or masking, 3y shows the intercept, 8; shows
the association between that characteristic and the outcome.
The corresponding odds ratio was calculated as follows:

OR = P )

Higher odds of completion or reporting for trials possessing
the characteristic were indicated by an odds ratio greater than
1, and lower odds were indicated by the one below 1.

Counts, percentages, medians, and ranges were calculated
for study characteristics and outcomes. For categorical com-
parisons, Fisher’s exact test was used as small cell counts were
contained in several groups, and univariable odds ratios with
95% confidence intervals were calculated for results-posting
comparison; completion comparisons were summarized using
proportions and Fisher’s exact tests. The Mann-Whitney U
Test was used to compare enrollment distributions for trials
with and without posted results. A two-sided p < 0.05 was
used as the nominal significance threshold. However, results-
reporting associations were treated as exploratory rather than
definitive since only eight mature completed trials had posted
results and multiple design characteristics were examined.
Since the small number of reporting events could produce un-
stable estimates and overfitting, multivariable logistic regres-
sion was not performed. Python was used for the analyses with
pandas for data management and SciPy-based statistical pro-
cedures. Since only publicly available, de-identified registry
records were analyzed in this study without direct interaction
with human participants, institutional review board approval
was not required.

Results

A total of 171 registry records were yielded by the ClinicalTri-
als.gov search. Six observational studies and three expanded-
access records were excluded, and a total of 162 interventional
studies remained. An additional 15 records that did not rep-
resent direct stem/stromal cell treatment for chronic muscu-
loskeletal conditions were removed by the screening of study
titles, conditions, interventions, and summaries. Afterward, a
total of 147 eligible trials remained. These trials formed the
descriptive cohort. In the completion analysis, a total of 71
trials with resolved status were included, while a total of 52
completed trials that ended on or before July 10, 2024 were
included in the results-reporting analysis, providing at least
24 months for results posting by the July 21, 2026 analysis
date (Figure 1).

Among the 147 eligible trials, osteoarthritis or joint degen-
eration was investigated in 123 trials (83.7%), followed by
15 trials (10.2%) investigating spine, disc, or low-back condi-
tions, 8§ trials involving other musculoskeletal conditions, and
1 trial (0.7%) involving shoulder arthritis. Randomization was
reported in 81 trials (55.1%), followed by masking in 66 trials
(44.9%) and a parallel-group intervention model in 91 trials
(61.9%). Fifty-five trials (37.4%) were industry funded. The
median enrollment was 28 participants (range, 0 — 573). Phase
% was the most common phase designation (37147, 25.2%),
followed by Phase 1 (29/147, 19.7%), and Phase 2 (26/147,
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|
162 interventional studies ’

(9 records excluded: 6 observational,
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I

|
147 eligible treatment trials
(15 additional records excluded

for treatment/eligibility criteria)

70 trials in primary completion analysis 77 excluded from primary completion analysis
58 Completed
8 Withdrawn
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[ 58 completed trials }

6 completed trials excluded
(Study Completion Date after

10 Recruiting
10 Active, not recruiting
6 Not yet recruiting
2 Enrolling by invitation
1 Suspended

July 21, 2024)

(224 months of reporting opportunity

52 reporting-eligible completed trials
by July 21, 2026)

Figure. 1 Study Selection and Analysis Cohorts. This diagram
shows the selection of ClinicalTrials.gov records from the initial 171
studies to the 147 eligible stem cell-based musculoskeletal trials. In
the final analysis, a total of 71 trials with resolved completion sta-
tus and 52 mature completed trials were included for result-reporting
analysis.

17.7%); phase was unspecified in 29 trials (19.7%).

Among the 71 trials with resolved status, 58 were com-
pleted, 8 were withdrawn, 4 were terminated, and 1 was sus-
pended. Therefore, it produced an overall completion rate
of 82.9%. There was no significant difference in comple-
tion according to randomization, masking, intervention model,
or funder type (Table 1). 83.8% completion rate was shown
in the randomized trials, compared with 79.4% among tri-
als classified as not randomized or with unavailable alloca-
tion information (p = 0.762). For masked trials, completion
rates were 81.5% , compared with 81.8% for unmasked trials
(p = 1.000). Completion rates were 83.3% for parallel-group
and 79.3% for other intervention models (p = 0.759). Com-
pletion rates were 80.6% for industry funded trials and 82.9%
for non-industry trials, respectively (p = 1.000). Among
phase-specified trials, completion occurred in 38 of 42 Phase
1/2-or-later trials (90.5%) and 12 of 15 Early Phase 1/Phase 1
trials (80.0%). This difference was not statistically significant
(Fisher’s exact p = 0.365).

Registry results posting was uncommon. Only 8 of 52 ma-
ture completed trials (15.4%) had posted results on Clinical-

Trials.gov. Reporting rate of 21.4% was observed in random-
ized trials, compared with 8.3% among non-randomized/NA
trials (OR = 3.00, p = 0.262). 18.8% of reporting was ob-
served in parallel-group, compared with 10.0% for other mod-
els (OR = 2.08, p = 0.463), while 20.0% reporting was ob-
served in industry-funded trials compared with 11.1% among
non-industry trials (OR = 2.00, p = 0.458). Among the 46
reporting-eligible trials with available phase information, re-
sults were posted for 7 of 34 Phase 1/2-or-later trials (20.6%)
and O of 12 Early Phase 1/Phase 1 trials (0.0%; Fisher’s exact
p = 0.165). An odds ratio was not estimated since no Early
Phase 1/Phase 1 trial had posted results. 6 of the 52 reporting-
eligible trials had unavailable or not-applicable phase infor-
mation. Therefore, they were excluded from this compari-
son. One of these six trials had posted results. Masking had
the largest observed difference: 6/21 masked trials (28.6%)
posted results compared with 2/31 unmasked trials (6.5%).
This corresponded to OR = 5.80 and a nominal Fisher’s exact
p =0.049 (Figure 2). This finding was not treated as confirma-
tory as only eight reporting event occurred, and multiple ex-
ploratory comparisons were performed. 29 participants were
the median enrollment among trials with posted results ver-
sus 24.5 among trials without posted results (Mann-Whitney
p =0.559).

28.6%
ter21)

sults (%)

Trals with posted re

Figure. 2 Registry Results Posting Among Mature Completed Trials
(n = 52). Percentage of mature completed trials with results posted
on ClinicalTrials.gov according to randomization, masking, interven-
tion model, and funder type. The highest observed reporting rate was
shown in masked trials, even though this association was treated as
exploratory.

Overall, a statistically significant association with trial com-
pletion was not shown by predefined design characteristic.
Across all groups, registry results posting remained low, with
masking producing the strongest exploratory association with
reporting.

Discussion

In this study, whether trial-design characteristics were associ-
ated with completion and public results reporting was exam-
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Table 1 Completion and Registry Results Posting by Selected Trial Characteristics. Fisher’s exact tests were used for categorical comparisons.
OR = odds ratio; NA = not randomized or allocation unavailable. Reporting analyses were exploratory since only eight trials had posted results.

Characteristic Group Completed, n/N (%)  Completion p  Results posted, n/N (%)  Results-posting OR (95% CI)  Reporting p

Randomization Randomized 31/37 (83.8%) 1.000 6/28 (21.4%) 3.00 (0.54-16.52) 262
Not randomized/NA 27/33 (81.8%) 2/24 (8.3%) Ref.

Masking Masked 22/26 (84.6%) 1.000 6/21 (28.6%) 5.80 (1.04-32.31) .049
Unmasked 36/44 (81.8%) 2/31 (6.5%) Ref.

Intervention model Parallel 35/41 (85.4%) .536 6/32 (18.8%) 2.08 (0.38-11.48) 463
Other 23/29 (79.3%) 2/20 (10.0%) Ref.

Funder type Industry 29/35 (82.9%) 1.000 5/25 (20.0%) 2.00 (0.42-9.42) 458
Non-industry 29/35 (82.9%) 3/27 (11.1%) Ref.

Phase Phase 1/2 or later 38/42 (90.5%) 365 7/34 (20.6%) Not estimable 165
Early Phase 1/Phase 1 12/15 (80.0%) 0/12 (0.0%) Ref.

ined among stem cell-based clinical trials for chronic muscu-  Conclusion

loskeletal pain. Among trials with resolved statuses, 82.9%
were completed. This suggested that most registered studies
successfully reached completion. However, there was no re-
ported statistically significant association of completion with
randomization, masking, parallel-group design, funder type,
or trial phase. These findings did not support the hypothesis
that trials with more rigorous design characteristics will more
likely be able to reach completion. There may be greater influ-
ence of factors not captured in the registry, including recruit-
ment challenges, funding limitations, regulatory changes, in-
vestigator decisions, or treatment-related concerns on whether
a trial is completed.

Public results reporting was substantially less frequent.
Only 15.4% of mature completed trials had posted results in
ClinicalTrials.gov even though they had at least 24 months of
reporting opportunity. A higher observed reporting rate was
shown in masked trials than unmasked trials (28.6% v. 6.5%;
OR = 5.80; nominal p = 0.049). However, only eight tri-
als had posted results, and several characteristics were tested.
Therefore, the aforementioned association should be consid-
ered exploratory. Results posting was not significantly associ-
ated with randomization, intervention model, funder type, and
enrollment.

This study has several limitations. First, ClinicalTrials.gov
records may have incomplete, outdated, or incorrectly entered
information. Trials registered exclusively in other interna-
tional registries may have been missed. Second, studies with
results published in scientific journals without posting them on
ClinicalTrials.gov were classified as lacking registry results.
Statistical power was limited by the small number of report-
ing events, while preventing reliable multivariable modeling.
Finally, only associations were identified by this observational
registry analysis, and causal relationships could not be estab-
lished. Despite these limitations, the findings emphasize lim-
ited registry transparency within this developing clinical re-
search field.

In this study, clinical trial completion and public results re-
porting were evaluated among stem cell-based treatments for
chronic musculoskeletal pain using ClinicalTrials.gov data.
Most trials with resolved statuses were completed that an over-
all completion rate was 82.9%. However, there was no sta-
tistically significant association of completion with random-
ization, masking, intervention model, funder type, or trial
phase. In contrast, public registry reporting was uncommon.
Only 15.4% of mature completed trials had posted results even
though they had at least 24 months of reporting opportunity.
The strongest observed association with results posting was
shown in masked trials, even though this finding should be
interpreted cautiously due to the small number of reporting
events and exploratory comparisons. Overall, the findings
suggest that trial completion is relatively common in this field.
However, public reporting remains limited. Transparency may
be strengthened by improving timely registry reporting, and
this may help clinicians, researchers, and patients better eval-
uate the developing evidence for stem cell-based treatments
for chronic musculoskeletal pain.
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