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Background: Clinical trials are crucial to advance products and procedures related to the spine. ClinicalTrials.gov 

is an internet-based registry and results database that catalogs trial characteristics, such as intervention types, 

phase, randomization, and blinding. Sponsorship trends have not been specifically evaluated for spine-related 

clinical trials, nor have trial characteristics been compared among spine-related trials sponsored by institutions, 

industries, and federal agencies. The purpose of this cross-sectional analysis of spine-related clinical trials was to 

characterize the types and trends of sponsorship for spine-related clinical trials, and compare trial characteristics 

among trials sponsored by institutions, industries, and federal agencies. 

Methods: ClinicalTrials.gov was queried for clinical trials started from the launch of ClinicalTrials.gov (February 

29, 2000) through December 31, 2022, using the term “spine. ” Trial characteristics were abstracted, including 

start year, intervention type, phase, randomization, and blinding. Univariate and multivariate analyses were 

performed to determine associations between sponsorship type and other trial characteristics. 

Results: A total of 4,484 clinical trials were identified, of which 78 trials were excluded due to incomplete 

reporting of trial registration data. From 2000 through 2022, the number of spine-related trials initiated annually 

markedly increased (from 21 to 453, representing an increase of 2,057%). This was predominantly driven by 

an increase in the number of institutionally sponsored trials. Relative to trials with institutional sponsorship, 

industry sponsorship was independently associated with different intervention types, phases of study, lack of 

randomization, and lack of blinding. Relative to trials with institutional sponsorship, federal sponsorship was 

independently associated with intervention type, and phase of study. 

Conclusions: From 2000 through 2022, the number of spine-related clinical trials initiated annually markedly 

increased, driven by an increase in institutionally sponsored trials. Specific trial characteristics were more or less 

likely for industrially or federally sponsored trials relative to institutionally sponsored trials suggesting the types 

of clinical trials are shifting over time. 
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Clinical trials are crucial to the advancement of products and pro-

edures related to the spine. The Food and Drug Administration Mod-

rnization Act of 1997 required the United States Department of Health

nd Human Services, acting through the National Institutes of Health

NIH), to establish a registry of clinical trial information for both feder-

lly and privately funded trials, resulting in the creation of the Clinical-
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rials.gov, an internet-based registry and results database that became

ublicly available in February 2000 [1 , 2] . 

Registration and results data are reported to ClinicalTrials.gov by

ponsors and investigators, and the database is maintained by the NIH

hrough the National Library of Medicine [1] . Registration data cata-

oged by ClinicalTrials.gov includes trial characteristics, such as the in-

ervention type under active investigation, phase, randomization, and
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igator salary at Level B ($1,001-$10,000) from Yale University Fellowship for 

. WJ: Nothing to disclose. AE: Nothing to disclose. JNG: Nothing to disclose. 

the peer-review of this article and has no access to information regarding its 

 to Tobias Mattei. 

l of Medicine, P.O. Box 208071, New Haven, CT 06520-8071 USA. Tel.: (203) 

 20 November 2023 

rican Spine Society. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.xnsj.2023.100296
http://www.ScienceDirect.com/science/journal/26665484
http://www.elsevier.com/locate/xnsj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xnsj.2023.100296&domain=pdf
mailto:jonathan.grauer@yale.edu
https://doi.org/10.1016/j.xnsj.2023.100296
http://creativecommons.org/licenses/by-nc-nd/4.0/


D.L. Caruana, W. Jiang, A. Elaydi et al. North American Spine Society Journal (NASSJ) 17 (2024) 100296 

 

w  

r  

p  

n  

n  

s

 

s  

a  

M

S

 

c  

i  

t  

r

T

 

e  

d  

c  

i

 

p  

t  

s  

a  

t

 

i  

a  

c  

t

 

“  

o  

p  

a  

t  

w  

w

 

b  

a  

g

D

 

i  

s  

v  

s

 

w  

u

R

S

 

e  

O  

s  

a

 

a  

o  

t  

2  

a  

f  

c  

3  

p  

a  

T  

Fig. 1. Flowchart for selection clinical trials related to the spine eligible for in- 

clusion in the study sample resulting from query of ClinicalTrials.gov on January 

3, 2023. 

Fig. 2. Sponsorship of spine-related clinical trials started from 2000 through 

2022. 
Previous studies analyzing spine-related clinical trials registered

ith ClinicalTrials.gov have focused on publication rates and factors

elated to publication of trial results as well as the rates, reasons, and

redictors of trial termination [3 , 4] . However, sponsorship trends have

ot been specifically evaluated for clinical trials related to the spine,

or have trial characteristics been compared among spine-related trials

ponsored by institutions, industries, and federal agencies. 

This study sought to characterize the types and trends of sponsor-

hip for spine-related clinical trials and to compare trial characteristics

mong trials sponsored by institutions, industries, and federal agencies.

ethods 

tudy sample 

The ClinicalTrials.gov database was queried on January 3, 2023, for

linical trials (investigational studies) started from the launch of Clin-

calTrials.gov (February 29, 2000) through December 31, 2022, using

he search term “spine. ” Use of these data was deemed exempt from

eview by our Institutional Review Board. 

rial characteristics 

Trial characteristics were abstracted from ClinicalTrials.gov as cat-

gorical variables. Some were grouped to facilitate interpretation, and

efinitions are provided below. Trial characteristics were abstracted, in-

luding start year, intervention type, phase, randomization, and blind-

ng. 

ClinicalTrials.gov defines the trial sponsor as “the organization or

erson who initiates the study and who has authority and control over

he study [5] ”. Categories of study sponsorship were federal (ie, spon-

orship by the NIH or another United States federal agency), industrial,

nd institutional, which included sponsorship by individuals, universi-

ies, and community-based organizations. 

Trial intervention is defined according to the “process or action that

s the focus of a clinical study [5] . ” Intervention types were categorized

s procedure, device, drug, biological, behavioral, or other (other in-

luded the following intervention types: combination product, diagnos-

ic testing, dietary supplementation, genetic, radiation, and others). 

As defined by ClinicalTrials.gov, the phase of a clinical trial reflects

the stage of a clinical trial studying a drug or biological product, based

n definitions developed by the U.S. Food and Drug Administration. The

hase is based on the study’s objective, number of study participants,

nd other characteristics [5] . ” Phase 4 captured what was included in

he data set as early phase 1 and phase 1 studies. Phase 2 captured what

as included in the data set as phase 2 and 1/2 studies. Phase 3 captured

hat was included in the data set as phase 3 and 2/3 studies. 

Studies were also characterized as randomized (ie, yes or no) and

linded (ie, yes or no). Blinding was abstracted as a dichotomous vari-

ble to indicate whether or not the participant, care provider, investi-

ator, and/or outcomes assessor was blinded. 

ata analyses 

Univariate chi-square analyses were performed for spine-related clin-

cal trials to compare the distribution of trial characteristics among trials

ponsored by federal agencies, industry, and institutions. Pairwise multi-

ariate logistic regressions were used to determine associations between

ponsorship type(s) and other trial characteristics. 

Statistical analyses were performed with RStudio [6] . Significance

as set to 0.05. Forest plots were generated in Microsoft Excel [7] and

sed to present the results of multivariate analyses. 
2 
esults 

ponsorship trends 

A total of 4,484 clinical trials were identified, of which 78 trials were

xcluded due to incomplete reporting of trial registration data ( Fig. 1 ).

f the 4,406 clinical trials included in the study sample, institution-

ponsored 3,398 (77.1%), industry-sponsored 942 (21.4%), and feder-

lly sponsored 66 (1.5%). 

From 2000 through 2022, the number of spine-related trials initiated

nnually markedly increased (from 21 to 453, representing an increase

f 2,057% ( Fig. 2 ). This was predominantly driven by an increase in

he number of institutional-sponsored studies from 12 trials initiated in

000 to 389 initiated in 2022 (a 3,142% increase), and the percent-

ge of spine-related clinical trials sponsored by institutions increased

rom 57.1% in 2000 to 85.9% in 2022 ( Fig. 3 ). Comparatively, the per-

entage of spine-related clinical trials sponsored by industry fell from

3.3% of trials initiated in 2000 to 12.6% of trials initiated in 2022. The

ercentage of spine-related clinical trials sponsored by federal agencies

lso decreased from 9.5% of trials initiated in 2000 to 1.5% in 2022.

hese decreases represent relative trends in the percentages of spine-
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Fig. 3. Percentage of trials by sponsorship type for clinical trials related to the 

spine initiated annually from 2000 through 2022. 
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elated clinical trials sponsored by industry and federal agencies and

re largely due to the disproportionate increase in spine-related clinical

rials initiated annually by industry while increases, albeit lesser, were

lso observed in the numbers of industry and federal spine-related trials

nitiated in the year 2022 relative to in the year 2000. 

ssociation of trial characteristics with sponsorship types 

Trial characteristics for spine-related clinical trials are summarized

n Table 1 . On univariate analysis of the study sample, all trial character-

stics assessed (intervention type, phase, randomization, and blinding)

ere found to be correlated with sponsorship type (p < .05 for each). 

Multivariate analyses were performed to evaluate whether trial char-

cteristics were independent associated with sponsorship types; that

s, trial characteristics were compared first among trials sponsored by

ndustry relative to institutionally sponsored trials then among trials

ponsored by federal agencies relative to institutionally sponsored trials

 Table 2 ). 
Table 1 

Univariate chi-square analysis for trial characteristics distributed among spine-relate

Sponsorship: N (%) 

Institutional Industrial

Total trials = 4,440 3398 (76.5%) ∗ 942 (21.2

Intervention type 

Procedure 648 (19.1%) 33 (3.5%)

Device 503 (14.8%) 291 (30.9

Biological 49 (1.4%) 77 (8.2%)

Drug 732 (21.5%) 489 (52.0

Behavioral 203 (6.0%) 1 (0.1%) 

Other 1263 (37.2%) 50 (5.3%)

Phase 

1 117 (3.4%) 42 (4.5%)

2 266 (7.8%) 153 (16.2

3 220 (6.5%) 338 (35.9

4 331 (9.7%) 91 (9.7%)

N/A 2464 (72.5%) 318 (33.8

Randomized? 

Yes 2626 (77.3%) 660 (70.1

No 772 (22.7%) 282 (29.9

Blinded? 

Yes 2036 (59.9%) 501 (53.2

No 1362 (40.1%) 441 (46.8

CI, confidence interval. 

Percentage values accompanied by asterisk (∗ ) reflect the percentage of the total clin

3 
Relative to trials with institutional sponsorship, industry sponsorship

as independently associated with intervention type (relative to proce-

ure studies, studies related to devices odds ratio [OR] = 12.03, biolog-

cs OR = 11.94, drugs OR = 5.89, behavioral interventions OR = 0.11),

hase of study (relative to phase 1, phase 2 OR = 1.89, phase 3

R = 5.13, not applicable OR = 0.61), nonrandomized trials OR = 1.36,

rials without blinding OR = 1.28 (p < .05 for each) ( Fig. 4 ). 

Relative to trials with institutional sponsorship, federal sponsorship

as independently associated with intervention type (relative to proce-

ure studies, studies related to behavioral interventions OR = 3.62) and

hase of the study (relative to phase 1, phase 4 OR = 0.09, not applicable

R = 0.27) (p < .05 for each) ( Fig. 5 ). 

iscussion 

Clinical trials are critical to the advancement of science and tech-

ologies in all clinical areas, including those related to conditions of

he spine. The current study is a cross-sectional analysis of spine-related

linical trials registered with ClinicalTrials.gov that found that the num-

er of spine-related clinical initiated annually increased by 2,057% from

he time ClinicalTrials.gov went public (February 29, 2000) through De-

ember 31, 2022. The total number of spine-related clinical trials initi-

ted during the year 2020 was only slightly greater than the number

f trials initiated in 2019, owing to a possible impact of the COVID-

9 public health emergency on the clinical research infrastructure of

he United States during the year 2020; however, the number of spine-

elated clinical trials in 2021 was also noted to be greater than the num-

er of spine-related clinical trials in 2022 ( Fig. 2 ). This suggests that the

OVID-19 public health emergency may have delayed the initiation of

linical trials slated to start in 2020 until the year 2021, accounting for

he unusual increase in trials initiated in 2021 above those initiated in

022. 

The increase in spine-related clinical trials initiated annually is

ainly accounted for by the increase in institutionally sponsored clin-

cal trials (ie, clinical trials sponsored by individuals, universities, and

ommunity-based organizations not otherwise categorized as industry

r as a federal agency). This finding supports the need to better under-

tand the reasons for this increase in institutionally sponsored clinical

rials related to the spine that has not been matched by increases in

pine-related clinical trials sponsored by industry and federal agencies. 
d clinical trials sponsored by institutions, industry, and federal agencies. 

p value 

 Federal 

%) ∗ 66 (1.5%) ∗ − 

 9 (13.6%) < .0001 

%) 4 (6.1%) 

 1 (1.5%) 

%) 35 (53.0%) 

9 (13.6%) 

 8 (12.1%) 

 7 (10.6%) < .0001 

%) 23 (34.8%) 

%) 9 (13.6%) 

 2 (3.0%) 

%) 25 (37.9%) 

%) 43 (65.2%) < .0001 

%) 23 (34.8%) 

%) 33 (50.0%) .0004 

%) 33 (50.0%) 

ical trials in the study sample (N = 4,406 trials). 
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Table 2 

Results of pairwise multivariate analyses for trial characteristics among spine-related clinical trials with industrial, institutional, and federal sponsorship. 

Sponsorship: Institutional [ref.] Industrial Federal 

OR (95% CI) p value OR (95% CI) p value 

Intervention type 

Procedure [ref.] − 1.00 − 1.00 − 
Device − 12.03 (8.27, 18.05) < .0001 0.58 (0.16, 1.82) .3755 

Biological − 11.94 (6.97, 20.82) < .0001 0.52 (0.03, 3.13) .5466 

Drug − 5.89 (3.96, 9.00) < .0001 2.06 (0.92, 5.08) .0944 

Behavioral − 0.11 (0.01, 0.50) .0271 3.62 (1.38, 9.52) .0079 

Other − 0.79 (0.50, 1.26) .3220 0.46 (0.17, 1.20) .1091 

Phase 

1 [ref.] − 1.00 − 1.00 − 
2 − 1.89 (1.23, 2.94) .0044 1.37 (0.58, 3.60) .4933 

3 − 5.13 (3.37, 7.94) < .0001 0.70 (0.24, 2.08) .5039 

4 − 0.79 (0.50, 1.25) .3051 0.09 (0.01, 0.39) .0034 

Not applicable − 0.61 (0.39, 0.96) .0292 0.27 (0.11, 0.78) .0100 

Randomized? 

Yes [ref.] − 1.00 − 1.00 − 
No − 1.36 (1.06, 1.74) .0159 1.37 (0.68, 2.82) .3796 

Blinded? 

Yes [ref.] − 1.00 − 1.00 − 
No − 1.28 (1.02, 1.60) .0334 1.21 (0.61, 2.28) .5734 

CI, confidence interval; OR, odds ratio; ref., reference. 

Fig. 4. Results of multivariate analysis for industrially sponsored clinical trials relative to institutionally sponsored clinical trials; ref. , reference. 
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Previously, the odds of termination for spine-related clinical trials

ere higher for trials with industry sponsorship relative to trials spon-

ored by institutions, even after accounting for other clinical trial de-

ign characteristics [4] . This independent increase in odds of trial ter-

ination has also been shown for shoulder-related clinical trials [8] .

ommonly reported reasons for termination of spine-related clinical tri-

ls include insufficient rate of participant accrual, business decisions or

trategic reasons, regulatory or conduct issues, and scientific data from

he trial [4] . It is possible that industry is not initiating as many clinical

rials related to conditions of the spine relative to institutions due to

 higher risk of trial termination, more critical appraisal of difficulties

ith clinical trials that have been reported as reasons for trial termi-

ation, and/or difficulties associated with the different types of clinical

rials initiated by industry versus industry —for which univariate and

ultivariate analyses were used. Alternatively, it is also possible that

here are now fewer barriers and/or more support (eg, grant funding,
4 
echnical support, collaboration, and/or corporate support) available for

he initiation of spine-related clinical trials by institutions. 

When the registration characteristics were compared among spine-

elated clinical trials sponsored by industry, institutions, and federal

gencies, all trial characteristics (intervention type, phase, randomiza-

ion, and blinding) were correlated with sponsor type; that is, univariate

nalysis revealed differences in the types of studies initiated by indus-

ry, institutions, and federal agencies. To investigate more rigorously

hether trial characteristics would be independently associated with

ponsorship types, multivariate analysis was performed with federal and

ndustry-sponsored trials compared in a pairwise manner to institution-

lly sponsored trials. 

Regarding trials with institutional sponsorship, industry sponsorship

as independently associated with different intervention types, phases

f study, lack of randomization, and lack of blinding (open-label). For

xample, with the procedure as the reference for trial intervention type,
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Fig. 5. Results of multivariate analysis for federally sponsored clinical trials relative to institutionally sponsored clinical trials; ref. , reference. 

s  

g  

i  

t  

T  

fi  

a  

s  

s  

c  

u  

f

 

w  

e  

i  

s  

c  

r  

t  

o  

2

 

o  

t  

w  

n  

s  

i  

l  

c  

a  

t  

a  

T  

l  

c  

e  

c  

D  

m  

a  

r

C

 

o  

r  

r  

b  

e  

s  

i  

f  

i  

t  

t  

l  

s  

t  

r  

a  

t  

e  

s

P

c

I

 

f

L

pine-related trials sponsored by industry were more likely to investi-

ate devices, biological agents, and drugs relative to those sponsored by

nstitutional trials whereas trials investigating a behavioral intervention

ended to be funded primarily by institutions rather than by industry.

hese differences in trial design characteristics may help to explain prior

ndings by Caruana et al. [4] that clinical trials sponsored by industry

re more likely to result in termination relative to those sponsored by in-

titutions. Increased attention to the challenges faced by industry spon-

ors, as well as policies to support device-, biological-, and drug-related

linical trials may help industry sponsors avoid clinical trial termination,

ltimately facilitating the advancement of new products and procedures

or diseases and disorders of the spine. 

Relative to trials with institutional sponsorship, federal sponsorship

as independently associated with intervention type, phase of study. For

xample, relative to studies of procedures and phase 1 studies, behav-

oral interventions, and phase 4 trials were more closely tied to federal

ponsorship as opposed to institutional sponsorship. These results, in

ombination with the increase of trials initiated annually by institutions

elative to trials initiated by industry and federal agencies, suggest that

he type(s) of spine-related clinical trials performed has been shifting

ver the years from the launch of ClinicalTrials.gov in 2000 through

022. 

There are several limitations to this study. A cross-sectional sampling

f trials registered at ClinicalTrials.gov limits data collection to a single

ime point (ie, January 3, 2023 —the date the ClinicalTrials.gov database

as queried) as well as to “applicable clinical trials ” defined by the Fi-

al Rule for Clinical Trials Registration and Results Information Submis-

ion (ie, generally, phase 2 through 4 trials investigating FDA-regulated

nterventions that are conducted in the United States) [9] . There are

ikely to be clinical trials advancing science and technologies related to

onditions of the spine that were registered with ClinicalTrials.gov in

ddition to those captured in the study sample but that did not include

he term “spine ” in any of the following trial registration data elements

nd, thus, were not captured: title, condition/disease, or intervention(s).

herefore, this study likely captures only a subset of clinical trials re-

ated to the spine but undoubtedly underestimates the true number of

linical trials related to interventions under active investigation for dis-

ases and disorders of the spine. Moreover, given that registration of

linical trials with the NIH was not required until 1997 by the Food and

rug Administration Modernization Act and ClinicalTrials.gov was not
5 
ade publicly available until February 29, 2000, [1] which precludes

nalysis of trends in spine-related clinical trials prior to FDA-mandated

egistration of clinical trials with the NIH. 

onclusions 

Over the period from February 2000 (corresponding to the launch

f the database) through December 31, 2022, the number of spine-

elated trials initiated annually markedly increased (from 21 to 453,

epresenting an increase of 2,057%). This was predominantly driven

y an increase in the number of institutionally sponsored trials. How-

ver, institutionally sponsored trials were found to differ in trial de-

ign characteristics that included the type of intervention under active

nvestigation, phase of study, blinding, and randomization. When dif-

erences in trial characteristics are interpreted in combination with the

ncreased proportion of spine trials sponsored by institutions relative to

hose sponsored by industry and federal agencies, the types of clinical

rials —the main mechanism for advancing products and procedures re-

ated to diseases and disorders of the spine —can be understood to be

hifting over time. This has important implications for surgeons and pa-

ients, as industry-sponsored spine-related clinical trials report positive

esults at a higher rate [10] —which may reflect bias in study design

nd complicate interpretation of surgical outcomes —and differences in

rial characteristics are shown here to be linked to differences in, for

xample, randomization and blinding on the basis of sponsorship type,

uggesting differences in rigor of study design. 
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