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Assessment of the Methodological Quality of
Medical and Surgical Clinical Trials in Patients
with Arthroplasty
JASVINDER A. SINGH, STEPHEN MURPHY, and MOHIT BHANDARI

ABSTRACT. Objective. To assess the methodological quality of randomized controlled trials (RCT) of medical
and surgical therapy in patients with arthroplasty.
Methods. We conducted a Medline database search for all arthroplasty RCT from 1997 and 2006.
The quality of the methods of all eligible RCT was assessed by a trained abstractor. We used a check-
list of trial quality characteristics, and the overall trial quality was assessed by 3 scales: Jadad (range
0–5), Delphi list (range 0–9), and numeric rating scale (NRS; range 1–10), based on User’s Guides
to the Medical Literature.
Results. A total of 196 articles were included in the analysis; most included hip (n = 81) or knee (n
= 80) or both hip/knee arthroplasty (n = 19); 66 (34%) assessed pharmacological treatments, 117
(60%) nonpharmacological treatments, and 13 (7%) both. Mean (SEM) overall quality scores of
arthroplasty RCT were low: Jadad score 2.36 (1.4), Delphi list 5.33 (1.6), and NRS score 4.30 (2.6).
Multivariable analyses revealed that nonpharmacological intervention RCT had lower odds (odds
ratio 0.28–0.39; p = 0.008–0.033) and those with no funding had lower odds (OR 0.28–0.50; p =
0.014–0.119) of being in the highest quartiles of the 3 overall quality scores. In contrast, multicen-
ter RCT had 1.8–4.7 times higher odds of being in highest tertiles of quality scores (p =
0.017–0.185).
Conclusion. Methodological deficiencies in reporting of hip/knee arthroplasty RCT offer an oppor-
tunity for improvement. Type of intervention, number of trial centers, and presence of funding were
independently associated with overall trial quality. In future, multicenter RCT (rather than single-
center) and modeling protocols of single-center RCT similar in rigor to multicenter RCT may
improve the quality of arthroplasty RCT. (J Rheumatol First Release Nov 1 2009; doi:10.3899/
jrheum.090333)
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In the US, arthritis and other rheumatic conditions affected
an estimated 70 million people in 20011, led to 744,000 hos-
pitalizations and 44 million ambulatory care visits in 19972,
and cost $149 billion in direct and indirect costs in 1992
(2.5% of the gross national product)3. Arthritis leads to sig-
nificant physical and psychological morbidity4,5 and is the

leading cause of disability in adults in the US6. Joint arthro-
plasty is the most significant advance in treatment of
patients with endstage arthritis; 202,500 primary total hip
arthroplasty (THA) and 402,100 primary total knee arthro-
plasty (TKA) procedures were performed in the US in
20037. Arthroplasty is associated with relief of pain and
improvement of function and quality of life7. THA has been
called “the operation of the century”8.

Due to significant public health burden and cost associ-
ated with hip and knee arthroplasty, we need high quality
evidence upon which physicians and patients can base their
decisions. To our knowledge, there are no published reports
assessing the quality of arthroplasty randomized controlled
trials (RCT).

A recent systematic review of RCT in osteoarthritis
found differences between pharmacological and nonphar-
macological RCT9. We conducted a systematic review of the
available literature to examine the quality of reporting
across randomized trials in arthroplasty. Specifically, we
aimed (1) to examine the methodological quality of arthro-
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plasty RCT; and (2) to study whether intervention (pharma-
cological vs nonpharmacological), trial (funding source,
number of centers, number of patients per trial), or publica-
tion (year of publication, type of journal, journal impact fac-
tor) characteristics were associated with overall trial quality
(Jadad score, etc.) and with specific quality standards (allo-
cation concealment, use of placebo, etc.).

MATERIALS AND METHODS
Search strategy. Medline was searched by a librarian from the Cochrane
Library Systematic Review Group (IR) using the following search terms for
arthroplasty: “exp arthroplasty, Replacement, Knee/ or exp Joint Prosthesis/
or exp Arthroplasty, Replacement/ or joint arthroplasty.mp. or exp
Arthroplasty, Replacement, Hip.” This search was further limited to RCT
published in the 2 calendar years 2006 (the most recent year at the time of
review) and 1997 (a year about a decade earlier), to examine if the quality
of RCT had changed over a decade. Upon review of the titles and abstracts
by a senior author (JS), articles were excluded if they were letter/editorial,
nonrandomized, or published in non-English language, were not arthroplas-
ty-related, or did not include clinical outcomes (i.e., economic analyses,
etc.). There were no restrictions by the journal name or specialty.
Detailed evaluation of study quality. Training of a single abstractor (SM) the
senior epidemiologist (JS) consisted of: (1) review of the literature and key
articles describing the quality assessments of trials; (2) detailed discussion
of key assessment components, including allocation concealment, blinding
etc.; (3) 3 rounds of independent abstraction of articles (14 articles) by both
the senior author (JS) and the trained abstractor (SM), which led to > 95%
agreement on all abstracted data. After the training period, SM, who was
blinded to the study hypotheses, assessed and abstracted trial quality data
from all included studies using a structured abstraction form, modified from
that used by Boutron, et al9. Data were entered into forms created using
Microsoft Access 2003 (MicroSoft, Redmond, WA, USA) (Appendix 1).

We obtained the following characteristics for each included study: (1)
year of publication, journal, title; (2) body region involved — upper (shoul-
der, elbow, hand) or lower extremity (hip, knee, foot, long bones); (3)
financial support — public, private, neither, both, or not clear; (4) number
of centers involved — single center, multicenter, not clear; (5) number of
patients/study: ≤ 50, 51–100, 101–200, 201–500, and > 500; (6) treatment
classification: pharmacologic (oral, topical, intramuscular, intravenous,
intraarticular, or other) versus nonpharmacological (surgery, arthroscopy,
joint lavage, acupuncture, rehabilitation, behavioral, or other); (7) type of
study — original versus followup/subgroup analyses; (8) type of journal —
orthopedics/surgery, anesthesia, internal medicine/medical subspecialties,
and rehabilitation/others; and (9) journal impact factor — classified as
≤ 0.5, > 0.5–1, > 1–2, > 2–5, > 5–10, and > 10. Impact factor and number
of patients were categorized due to a skewed distribution.

We examined whether the CONSORT (Consolidated Standards of
Reporting Trials) criteria10 were reported in a flowchart or in the text and
whether the loss to followup was < 20%. We assessed trial design, mode of
randomization, blinding, and outcome assessment. The CONSORT check-
list was not used, since this was described in 2001, after one of the years of
included articles (1997). Generation of randomization sequence was con-
sidered (1) appropriate if selection bias was prevented by use of random
numbers, computerized random number generation, pharmacy controlled,
opaque sealed envelopes, numbered or coded bottles; (2) inappropriate if
patients were allocated alternately, according to date of birth, date of admis-
sion, hospital number etc.; and (3) indeterminate. Allocation was consid-
ered concealed if both patients and investigators enrolling patients in the
study could not foresee the assignments due to centralized randomiza-
tion/pharmacy control/opaque envelopes, etc.

We assessed if blinding of patients, care providers, and outcome assessors
was reported, if it was appropriate11, whether it was theoretically efficient,
and whether it was tested. Appropriateness of blinding was categorized as

follows: (1) appropriate — stated that neither person doing assessments nor
study participant could identify the intervention being tested or use of active
placebos, identical placebos, or dummies; (2) inappropriate — comparison of
tablet versus injection with no double-dummy; and (3) indeterminate.

The following details regarding the intervention were extracted: (1)
Was the intervention individualized (i.e., treatment modification according
to individual’s profile)?; (2) Was the intervention described in enough
detail to be reproducible?; (3) Was there a control intervention? If so, was
this placebo, active control, usual care, waiting list, or other?; (4) Was the
potential placebo effect of each treatment similar?; (5) Was the quality of
intervention and control intervention assessed?; (6) Could care providers
influence the treatment effect? If so, was this due to their experience, learn-
ing curve, or training of care providers at the beginning of the trial?; (7)
Was there a contamination of the 2 groups (by providing intervention to the
control group)?; (8) Were concomitant treatments reported?; and (9) Was
treatment compliance tested?; (10) If tested, how was it assessed (pill
counts, patient report, video, reporting diary, not reported)?

The statistical analysis section was examined to determine whether a
trial reported a justification for sample size, whether the analyses were
described as intention to treat analysis (ITT), i.e., all participants random-
ized were included in the analysis and kept in the original groups12, or mod-
ified ITT, i.e., analysis excluded those who never received treatment or who
were never evaluated while receiving treatment.
Study outcomes. Outcomes included reporting of each trial quality charac-
teristic and the overall quality assessment. Trial quality was assessed in
detail by examining the adequacy of reporting of allocation concealment,
generation of allocation (i.e., randomization) sequence, use of placebo,
CONSORT diagram, reproducibility of intervention, loss to followup,
adverse events, sample size justification, use of intention to treat analysis,
and blinding of patients, care providers and outcome assessors.

Overall trial quality was assessed using 3 validated measures: Jadad
score13,14, Delphi list’s overall score15, and overall subjective assessment
of validity of the study as described in the Users’ Guides to the Medical
Literature16. Jadad scale assesses the appropriateness of randomization,
blinding, and loss to followup, and ranges from 0 to 5. The Delphi list
includes 9 items that assess trial characteristics on a 0–9 score, including
randomization, similarity at baseline, eligibility criteria, allocation conceal-
ment, blinding of outcome assessor, patient and care provider, inclusion of
ITT, and report of point estimates and variability. The overall subjective
evaluation of the study’s quality was assessed on a numerical rating scale
(NRS) ranging from 1 to 10 by answering the question, “To what extent
were systematic errors or bias avoided in this report?”. We included multi-
ple scales of overall quality for 2 reasons: (1) Jadad scale is heavily weight-
ed to double-blinding, which is often not possible in surgical RCT; we
therefore included the Delphi list, which has no points for use of placebo
and awards only one point each for blinding of care providers, assessors,
and patients; and (2) for robustness of analyses. For all 3 measures, a high-
er score indicates higher quality.
Statistical analysis. For continuous measures, we calculated mean and stan-
dard error of the mean and for categorical variables the frequencies and per-
centages. We used chi-square and independent sample Student’s t tests to
examine the univariate association of trial, intervention, and publication
characteristics with trial quality — assessed by both individual quality
characteristic (allocation concealment, etc.) and the overall trial quality
(Jadad scale, Delphi list, and subjective overall score), respectively. We
performed 3 separate multivariable-adjusted logistic regression analyses to
assess which of the trial characteristics significant in the univariate analy-
ses were independently associated with overall trial quality, outcome being
the highest tertiles of Jadad, NRS, and Delphi list scores. The cutoffs for
the highest tertiles were ≥ 3 on Jadad score, ≥ 6 on NRS, and ≥ 6 on the
Delphi list score. Variables with a right-skewed distribution, i.e., the jour-
nal impact factor and the number of patients, were categorized into dichoto-
mous and categorical variables, respectively, allowing enough numbers in
each category.
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Sensitivity analyses were done for the above-described multivariable
analyses by considering 2 predictors, impact factor and number of patients, as
continuous variables instead of categorical variables as in the previous mod-
els. All tests were 2-sided, and we considered p < 0.05 statistically significant.

RESULTS
Characteristics of included studies. After screening the
abstracts and full text, excluding non-English language, 196
articles were eligible for abstraction, 67 from year 1997 and
129 from 2006 (Figure 1). Of these, 130 articles assessed
nonpharmacological therapy and 79 assessed pharmacolog-
ical therapies (13 articles assessed both). Eighty articles
included surgical interventions, 17 rehabilitation therapy, 3
education intervention, 3 behavior therapy, 22 oral medica-
tions, 25 parenteral, 40 intraarticular, and 30 other interven-
tions (Figure 1).

Of the 196 studies included for analyses, 81 included
only THA, 80 only TKA, and 19 both THA and TKA (Table
1). Over one-third of studies (35%) included sample sizes of
50 patients or less. The studies were primarily published in
orthopedics (64%) or anesthesia journals (17%), with a few
in internal medicine and related subspecialty (14%) and
rehabilitation/other journals (6%).
Methodological quality of included studies — univariate
analyses for overall quality and individual quality charac-
teristics. The overall quality of studies was low: Jadad score
was 2.36 (range 0–5), Delphi list scale score 5.33 (range
0–9), and overall NRS score 4.3 (range 1–10); scores were
at or below the mean of the range of each scale (Table 2).
Univariate analyses showed that type of intervention, num-
ber of centers, number of patients, funding source, type of
journal, and journal impact factor were significantly associ-
ated with overall quality (Table 2). The year of publication

was not associated with overall RCT quality in univariate
analyses.

Examination of individual study characteristics revealed
that a low proportion of studies described the following:
adequate generation of allocation sequence (43%); alloca-
tion concealment (39%); CONSORT diagram (10%); blind-
ing of patients (31%), care providers (17%), and outcome
assessors (45%); use of ITT or modified ITT for analyses
(10%); and sample size justification (36%). Only 18% of the
studies used placebo and 51% reported < 20% loss to fol-
lowup. Since it may not be possible/ethical to blind
patients/care providers or use placebo in surgical trials,
when restricting this to pharmacological trials, numbers
were still low at 61%, 42%, and 47%. On the other hand,
some quality indicators were reasonably well described,
including adverse event reporting (57%), potential similari-
ty of placebo to treatment (64%), and reproducibility of
intervention (97%) (Table 3).

RCT of pharmacological interventions or those that had
both pharmacologic and nonpharmacological interventions
had significantly better quality standards than nonpharma-
cological intervention RCT (Table 3). Specifically, trials of
surgical or rehabilitation interventions had significantly
lower use of placebo, blinding of patients, care providers or
outcome assessors, or sample size justification (Appendix
1). Similar deficits were noted in individual quality charac-
teristics in small sample size RCT, compared to larger sam-
ple size RCT (Table 4).

Studies published in 1997 were significantly less likely
than those published in 2006 to describe allocation conceal-
ment or provide sample size justification, but were more
likely to describe the blinding of care providers or outcome

3Singh, et al: Arthroplasty clinical trials

Figure 1. The process of articles selected for review. *Totals add up to more than a simple sum since many studies had multiple types of interventions.
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assessors (Appendix 2). Studies published in internal medi-
cine journals (Appendix 2) or in journals with higher impact
factor (Appendix 3) were significantly more likely to have
better reported methodological quality.
Multivariable correlates of overall quality. Multivariable

models of overall RCT quality included all variables signif-
icant in univariate analyses, namely, type of intervention,
number of centers, number of patients, funding source, type
of journal, and journal impact factor. We found that com-
pared to pharmacological intervention RCT, nonpharmaco-
logical intervention RCT had lower odds of being in the
highest tertiles of Jadad, Delphi list, and NRS scores [odds
ratio (OR) 0.28–0.39, p = 0.033–0.008] (Table 5). Higher
number of centers was significantly associated with higher
Delphi list score (OR 4.7, p = 0.017) and lack of funding
was significantly associated with lower NRS score (OR
0.28, p = 0.014). Number of patients, journal type, and jour-
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Table 1. Characteristics of studies. Values are N (%). Numbers are round-
ed to the nearest digit; total may add up to > 100, since many trials had
> 1 type of intervention.

All, 1997, 2006,
n = 196 n = 7 n = 129

Body part
Upper extremity

Shoulder 3 (2) 0 3 (2)
Elbow 1 (0.5) 1 (0.5) 0
Hand 3 (2) 1 (0.5) 2 (1)

Lower extremity
Hip 100 (51) 43 (22) 57 (29)
Knee 99 (51) 32 (16) 67 (34)
Foot 1 (0.5) 0 1 (0.5)
Long bones 3 (2) 0 3 (2)

No. of centers
Single center 70 (36) 27 (40) 43 (33)
Multicenter 37 (19) 15 (22) 22 (17)
Unclear 89 (45) 25 (37) 63 (49)

No. of patients
≤ 50 69 (35) 25 (13) 44 (22)
51–100 66 (34) 18 (9) 48 (25)
201–500 16 (8) 7 (4) 9 (5)
> 500 14 (7) 5 (3) 9 (5)

Type of study
Original 183 (94) 64 (96) 119 (92)
Followup/subgroup 13 (6) 3 (2) 10 (5)

Type of intervention
Pharmacological 79 (40) 32 (48) 47 (36)

Oral medications 22 (11) 7 (10) 15 (8)
Intramuscular/subcutaneous/

nerve block 3 (1) 0 3 (2)
Intravenous 22 (11) 9 (5) 13 (7)
Intraarticular 40 (20) 20 (10) 20 (10)

Nonpharmacological 130 (66) 37 (19) 93 (47)
Surgery 80 (40) 14 (7) 66 (34)
Arthroscopy/joint lavage 2 (1) 0 2 (1)
Rehabilitation/physiotherapy 17 (9) 5 (3) 12 (6)
Behavioral intervention 3 (2) 0 3 (2)
Education 3 (2) 0 3 (2)
Other* 30 (15) 18 (9) 12 (6)

Funding support
No information provided 100 (50) 46 (69) 54 (42)
None 21 (11) 3 (5) 18 (14)
Private 62 (31) 18 (27) 44 (34)
Private and public 4 (2) 0 4 (3)
Public 9 (5) 0 9 (7)

Type of journal
Orthopedics/surgery 125 (64) 38 (57) 87 (67)
Other/rehabilitation 10 (6) 14 (20) 20 (16)
Anesthesia 34 (17) 13 (19) 14 (11)
Internal medicine 27 (14) 2 (3) 9 (6)

* Includes diet, ultrasound, electrical stimulation, drainage, irradiation,
navigation system, implants, wound dressings, etc.

Table 2. Association of trial characteristics with overall quality as assessed
by Jadad (range, 0–5), Delphi list (0–9), and numeric rating scale (1–10)
scores. Values are mean (SEM).

Jadad Scale Delphi Scale NRS Score

All studies 2.36 (1.4) 5.33 (1.57) 4.30 (2.6)
Funding support p = 0.05 p = 0.01 p = 0.006

No information 2.17 (0.132) 5.07 (0.15) 3.85 (0.237)
None 1.90 (0.308) 4.76 (0.275) 3.33 (0.509)
Private 2.73 (0.178) 5.84 (0.957) 5.10 (0.334)
Private and public 2.75 (0.629) 5.5 (0.957) 5.25 (1.493)
Public 2.78 (0.619) 5.89 (0.716) 5.44 (1.26)

No. of centers p = 0.005 p < 0.001 p < 0.001
< 2 2.19 (0.153) 4.74 (0.150) 3.80 (0.282)
≥ 2 3.03 (0.264) 6.43 (0.289) 5.76 (0.467)
Not clear 2.21 (0.142) 5.33 (0.157) 4.07 (0.264)

No. of patients p = 0.003 p < 0.001 p < 0.001
< 50 2.14 (0.164) 5.16 (0.177) 3.87 (0.304)
51–100 2.20 (0.153) 4.95 (0.155) 3.88 (0.277)
101–500 2.64 (0.225) 5.71 (0.267) 4.91 (0.417)
> 500 3.50 (0.344) 6.93 (0.412) 6.71 (0.641)

Year of publication p = 0.742 p = 0.991 p = 0.708
1997 2.40 (0.166) 5.33 (0.207) 4.19 (0.311)
2006 2.33 (0.126) 5.32 (0.133) 4.34 (0.186)

Type of intervention p < 0.001 p < 0.001 p < 0.001
Pharmacological 3.02 (0.172) 6.26 (0.218) 5.44 (0.351)
Nonpharmacological 1.89 (0.111) 4.75 (0.104) 3.52 (0.194)
Both 3.23 (0.1) 5.77 (0.469) 5.38 (0.828)

Type of intervention p < 0.001 p < 0.001 p < 0.001
Oral 2.69 (0.414) 5.62 (0.538) 4.69 (0.95)
Intravenous 3.24 (0.338) 6.59 (0.403) 5.59 (0.67)
Intraarticular 3.13 (0.243) 6.40 (0.294) 5.83 (0.468)
Surgery 1.96 (0.144) 4.82 (0.135) 3.58 (0.249)
Rehabilitation 2.00 (0.378) 4.88 (0.398) 4.00 (0.681)
> 1 intervention 2.87 (0.401) 5.73 (0.527) 4.87 (0.810)
Others 1.90 (0.204) 4.76 (0.192) 3.60 (0.366)

Impact factor p = 0.01 p = 0.004 p = 0.005
≤ 0.5 2.29 (0.522) 5.43 (0.571) 4.14 (1.01)
> 0.5–1 2.14 (0.257) 4.93 (0.263) 3.86 (0.457)
> 1–2 2.21 (0.145) 5.15 (0.161) 4.06 (0.262)
> 2–5 2.71 (0.197) 5.82 (0.228) 4.98 (0.367)
> 5–10 3.75 (0.479) 7.00 (1.080) 7.25 (1.380)
> 10 4.33 (0.333) 7.33 (0.333) 8.00 (0.577)

Type of journal p < 0.001 p < 0.001 p < 0.001
Orthopedics/surgery 2.01 (0.117) 4.98 (0.115) 3.71 (0.202)
Other/rehabilitation 2.40 (0.521) 5.40 (0.581) 4.00 (0.989)
Anesthesia 3.06 (0.235) 5.97 (0.311) 5.44 (0.478)
Internal medicine 3.07 (0.238) 6.07 (0.366) 5.63 (0.542)
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Table 3. Characteristics of randomized arthroplasty trials by the type of intervention. Values are n (%).

Characteristic Pharmacological, Nonpharmacological, Both, All Trials,
n = 66 n = 117 n = 13 n = 196

Randomization
Generation of allocation sequence p = 0.104

Adequate 26 (39) 51 (44) 8 (62) 85 (43)
Inadequate 1 (2) 12 (10) 0 (0) 13 (7)
Not reported 39 (59) 54 (46) 5 (39) 98 (49)

Allocation concealment p = 0.403
Adequate 29 (44) 40 (34) 7 (54) 76 (39)
Inadequate 1 (2) 5 (4) 0 (0) 6 (3)
Not reported 36 (55) 72 (62) 6 (46) 114 (58)

Intervention reproducible p = 0.430
Adequate 64 (97) 114 (97) 12 (93) 190 (97)
Inadequate 1 (2) 2 (2) 0 (0) 3 (2)
Not reported 1 (2) 1 (1) 1 (8) 3 (2)

Influence of care provider skill p = 0.850
Yes 1 (2) 1 (1) 0 (0) 2 (1)
No 65 (99) 116 (99) 13 (100) 194 (99)

CONSORT diagram reported p = 0.19
Adequate 9 (14) 7 (7) 4 (30) 20 (10)
Not reported 57 (86) 110 (93) 9 (69) 176 (90)

Control intervention p < 0.001
Placebo 31 (47) 0 (0) 5 (39) 36 (18)
No placebo 35 (53) 107 (100) 8 (61) 150 (82)

Influence of care provider skill p = 0.850
Yes 1 (2) 1 (1) 0 2 (1)
No 65 (99) 116 (99) 13 (100) 194 (99)

Potential similar placebo effect p < 0.001
Adequate 57 (86) 55 (47) 13 (100) 125 (64)
Inadequate 2 (3) 10 (9) 0 (0) 12 (6)
Not reported* 7 (11) 52 (45) 0 (0) 59 (30)

Blinding
Patients p < 0.001

Adequate 40 (61) 14 (12) 6 (46) 60 (31)
Inadequate 1 (2) 7 (4) 2 (15) 10 (5)
Not reported* 25 (38) 98 (84) 5 (39) 128 (65)

Care providers p < 0.001
Adequate 28 (42) 2 (2) 3 (23) 33 (17)
Inadequate 13 (20) 89 (76) 4 (31) 106 (54)
Not reported 25 (38) 26 (22) 6 (46) 57 (29)

Outcome assessors p = 0.001
Adequate 42 (64) 39 (33) 8 (62) 89 (45)
Inadequate 1 (2) 12 (10) 0 (0) 13 (7)
Not reported 23 (35) 66 (57) 5 (39) 94 (48)

Statistical analysis p < 0.001
Described as ITT or modified ITT 15 (23) 4 (3) 1 (8) 20 (10)
Not described as ITT or modified ITT 51 (77) 113 (97) 12 (92) 176 (90)

Sample size justification/power reported p = 0.001
Adequate 30 (46) 31 (27) 9 (69) 70 (36)
Not reported 36 (55) 86 (74) 4 (31) 126 (64)

Were adverse events reported p = 0.116
Adequate 46 (70) 58 (50) 7 (54) 111 (57)
Inadequate 20 (30) 1 (1) 0 (0) 21 (11)
Not reported 0 (0) 58 (50) 6 (46) 64 (33)

Lost to followup < 20 p = 0.524
Adequate 35 (53) 56 (48) 8 (62) 99 (51)
Inadequate 8 (12) 10 (9) 2 (15) 20 (10)
Not reported 23 (35) 51 (44) 3 (23) 77 (39)

* Combination of not reported and not applicable. CONSORT: Consolidated Standards of Reporting Trials10; ITT: intention to treat. Percentages in paren-
theses are rounded; total may not sum to 100%.
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nal impact factor were no longer significantly associated
with overall RCT quality in multivariable-adjusted analyses.
Sensitivity analyses that adjusted the described multivari-

able analyses for journal impact factor and number of
patients as continuous variables (instead of categorical in
the main analyses) did not change these findings.
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Table 4. Characteristics of randomized trials of arthroplasty by number of patients and number of centers. Values are n (%).

No. of Patients No. of Centers
Characteristic ≤ 50, 51–100, 101–500, > 500, ≤ 2, > 2, Not Clear,

n = 69 n = 66 n = 45 n = 14 n = 70 n = 37 n = 87

Randomization
Generation of allocation sequence p = 0.279 p = 0.873

Adequate 24 (35) 31 (47) 22 (49) 8 (57) 33 (47) 18 (49) 34 (38)
Inadequate 3 (4) 5 (8) 5 (11) 0 (0) 5 (7) 2 (5) 6 (7)
Not reported 42 (60) 30 (46) 18 (40) 6 (43) 32 (46) 17 (46) 49 (54)

Allocation concealment p = 0.634 p = 0.003
Adequate 22 (32) 28 (43) 17 (38) 8 (57) 20 (29) 20 (54) 36 (40)
Inadequate 3 (4) 2 (3) 1 (2) 0 (0) 6 (9) 0 (0) 0 (0)
Not reported 44 (64) 36 (55) 27 (60) 6 (43) 44 (63) 17 (46) 53 (60)

Intervention reproducible p = 0.449 p = 0.751
Adequate 66 (96) 65 (99) 44 (98) 13 (93) 67 (96) 36 (97) 87 (98)
Inadequate 3 (4) 1 (2) 1 (2) 1 (7) 3 (4) 1 (3) 2 (2)

CONSORT diagram reported p < 0.001 p = 0.058
Adequate 1 (1) 7 (12) 6 (13) 6 (43) 5 (9) 8 (22) 7 (8)
Not reported 68 (99) 59 (89) 39 (87) 8 (57) 63 (91) 29 (78) 82 (92)

Control intervention p < 0.001 p = 0.003
Placebo 11 (16) 5 (8) 12 (27) 8 (57) 6 (9) 13 (35) 17 (19)
No placebo 58 (84) 61 (92) 33 (73) 6 (43) 64 (91) 24 (65) 72 (81)

Influence of care provider skill p = 0.300 p = 0.162
Yes 2 (3) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0) 0 (0)
No 67 (97) 66 (100) 45 (100) 14 (100) 68 (97) 37 (100) 89 (100)

Potential similar placebo effect p = 0.733 p = 0.087
Adequate 42 (61) 38 (58) 32 (71) 12 (86) 36 (51) 30 (81) 59 (66)
Inadequate 5 (7) 5 (8) 2 (4) 0 (0) 7 (10) 0 (0) 5 (6)
Not reported 22 (32) 23 (35) 11 (24) 2 (14) 27 (39) 7 (19) 25 (28)

Blinding
Patients p = 0.021 p = 0.003

Adequate 21 (30) 12 (18) 18 (40) 9 (64) 12 (17) 21 (57) 27 (30)
Inadequate 2 (3) 5 (8) 1 (2) 0 (0) 5 (7) 0 (0) 3 (3)
Not reported* 46 (67) 49 (74) 26 (58) 5 (36) 53 (76) 16 (43) 59 (66)

Care providers p < 0.001 p = 0.008
Adequate 11 (16) 4 (6) 11 (24) 7 (50) 6 (8) 13 (35) 14 (15)
Inadequate 43 (62) 41 (62) 19 (42) 1 (7) 45 (64) 15 (41) 46 (52)
Not reported 15 (22) 21 (32) 15 (33) 6 (43) 19 (27) 9 (24) 29 (33)

Outcome assessors p = 0.031 p < 0.001
Adequate 31 (45) 22 (33) 25 (56) 11 (79) 23 (33) 28 (76) 38 (43)
Inadequate 4 (6) 7 (11) 1 (2) 0 (0) 8 (11) 0 (0) 5 (6)
Not reported 34 (49) 37 (56) 19 (42) 3 (21) 39 (56) 9 (24) 46 (52)

Were adverse events reported p = 0.013 p = 0.005
Adequate 31 (45) 38 (58) 27 (60) 14 (100) 36 (51) 31 (84) 44 (49)
Inadequate 37 (54) 28 (42) 18 (40) 0 (0) 34 (49) 6 (16) 44 (49)
Not reported 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Sample size justification/power reported p = 0.020 p = 0.087
Adequate 19 (28) 25 (38) 16 (36) 10 (71) 23 (33) 19 (51) 28 (32)
Not reported 50 (73) 41 (62) 29 (64) 4 (29) 47 (67) 18 (49) 61 (69)

Statistical analysis p < 0.001 p = 0.001
Described as ITT or modified ITT 1 (1) 4 (6) 8 (18) 7 (50) 4 (6) 10 (27) 6 (7)
Not described as ITT or modified ITT 68 (99) 62 (94) 37 (82) 7 (50) 66 (94) 27 (73) 83 (93)

Lost to followup < 20 p = 0.039 p = 0.435
Adequate 36 (52) 33 (50) 24 (53) 6 (43) 33 (47) 20 (54) 46 (52)
Inadequate 2 (3) 6 (9) 8 (18) 4 (29) 8 (11) 6 (16) 6 (7)
Not reported 31 (45) 27 (41) 3 (29) 4 (29) 29 (41) 11 (30) 37 (42)

* Combination of not reported and not applicable. CONSORT: Consolidated Standards of Reporting Trials10; ITT: intention to treat. Percentages in paren-
theses are rounded; total may not sum to 100%
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DISCUSSION
What does this report add to the literature? In this first sys-
tematic review of a large number of arthroplasty RCT, we
found many methodological deficiencies in allocation con-
cealment, blinding, use of placebo, ITT/modified ITT and
sample size calculations, with most scores ranging from
20% to 50%, resulting in low overall trial quality. Our mul-
tivariable-adjusted analyses suggested that nonpharmaco-
logical intervention, lack of funding support, or single-cen-
ter location were independent predictors of lower overall
trial quality.
Limitations of our study. Our study has several limitations.
We examined the quality of RCT reporting, not the quality
of RCT; it is possible that reporting of methods was inade-
quate for some RCT that were conducted with more rigor17.
However, readers have access only to published reports and
we suggest that due attention be paid to the reporting of the
RCT. Second, certain methodological aspects such as blind-
ing and use of placebo may not be easily amenable to
improvement in RCT of nonpharmacological interven-
tions18. Many potential areas of improvement exist in con-
ducting and reporting arthroplasty trials of both pharmaco-
logical and nonpharmacological interventions, including
adequate use of ITT, sample size calculation, allocation

sequence generation/concealment, outcome assessor blind-
ing, etc. Third, Jadad score focuses primarily on double-
blinding, which may not fairly evaluate the quality of non-
pharmacological interventions, as discussed above18. We
included Delphi list score to avoid this bias since Delphi list
awards only 2 of the 9 points for blinding of patients and
providers, but scores were low on Delphi list for both phar-
macological and nonpharmacological trials. In addition,
individual quality standards were still met in < 50% cases,
even for pharmacological trials, confirming that the surgical
nature of 60% of the arthroplasty trials does not completely
explain these deficits in trial quality reporting. Fourth, lim-
iting to English language may limit generalizability; howev-
er, < 10% of articles were non-English, so inclusion of these
articles is unlikely to have substantially changed our find-
ings or conclusions. Last, due to multiple comparisons, at
least 8 statistically significant differences in our study may
have been due to chance (total comparisons, about 150). We
acknowledge this as a limitation, and thus our findings
should be interpreted with some caution until confirmatory
studies are available. However, we are fairly confident that
differences with p values < 0.001 are unlikely to be due to
chance. We found consistent patterns for most of the differ-
ences, examining individual quality and overall quality stan-
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Table 5. Multivariable adjusted predictors of overall trial quality.

Jadad Scorea Numeric Rating Scaleb Delphi Listc
p OR 95% CI p OR 95% CI p OR 95% CI

No. of centers 0.185 0.125 0.017
(ref: single center)

Multicenter 0.240 1.84 0.66, 5.12 0.041 3.03 1.04, 8.78 0.004 4.69 1.61, 13.61
Unclear 0.401 0.70 0.30, 1.61 0.354 1.54 0.62, 3.83 0.118 2.04 0.83, 5.01

Type of intervention 0.033 0.034 0.008
(ref: pharmacological)

Nonpharmacological 0.025 0.39 0.17, 0.89 0.011 0.33 0.14, 0.78 0.03 0.28 0.12, 0.64
Both 0.617 1.46 0.33, 6.48 0.743 0.78 0.18, 3.41 0.813 0.84 0.20, 3.59

Type of journal 0.069 0.206 0.811
(ref: orthopedics/surgery)

Anesthesia 0.066 2.69 0.93, 7.72 0.217 1.93 0.68, 5.49 0.483 1.45 0.51, 4.09
Internal medicined 0.045 3.25 1.02, 10.29 0.053 3.11 0.98, 9.79 0.432 1.61 0.49, 5.24
Rehabilitation/other 0.332 0.31 0.03, 3.26 0.387 2.43 0.32, 18.12 0.666 1.62 0.18, 14.39

Source of funding 0.119 0.014 0.082
(ref: private)

Public 0.304 0.39 0.07, 2.33 0.452 0.51 0.09, 2.90 0.568 0.60 0.11, 3.43
Private and public 0.230 4.77 0.37, 61.11 0.714 1.55 0.15, 16.23 0.890 1.18 0.11, 12.29
None/not mentioned 0.071 0.50 0.24, 1.06 0.002 0.28 0.13, 0.62 0.011 0.37 0.17, 0.80

Total no. of patients 0.253 0.458 0.337
(ref: ≤ 50)

51–100 0.762 1.14 0.48, 2.70 0.431 1.46 0.57, 3.71 0.491 0.73 0.29, 1.80
101–500 0.132 2.12 0.80, 5.64 0.111 2.40 0.82, 7.04 0.297 1.72 0.62, 4.78
> 500 0.123 4.36 0.67, 28.32 0.430 1.92 0.38, 9.72 0.442 1.92 0.36, 10.18

Impact factor
(ref: ≤ 2)

> 2 0.808 0.90 0.40, 2.05 0.570 1.27 0.55, 2.93 0.755 1.14 0.45, 2.63
Constant 0.665 1.28 0.423 0.62 0.958 0.97

a Highest tertile, score = 3–5; R2= 0.297; b Highest tertile, score = 6–10; R2 = 0.327; c Highest tertile, score = 6–10; R2 = 0.334; d Internal medicine and sub-
specialties.
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dards and with sensitivity analyses, and we had stated our
hypotheses a priori.
Predictors of overall trial quality in multivariable models.
An important finding in our study is the observation of sig-
nificant independent association of nonpharmacological
intervention with lower trial quality in multivariable analy-
ses, which confirms and extends the previous similar find-
ings from univariate analyses of osteoarthritis and general
RCT9,19. Nonpharmacological arthroplasty RCT scored low
on most quality standards including use of placebo and blind-
ing of patients (which are less amenable to improvement due
to ethical/practical issues). However, these trials also scored
low on potential similarity of interventions, sample size jus-
tification, and ITT/modified ITT analyses, which are
amenable to improvement, as much in surgical as in nonsur-
gical RCT. Thus, opportunities for improving arthroplasty
trial reporting exist, especially for nonpharmacological trials.
These improvements should be made in conjunction with
reporting additional CONSORT criteria specifically focused
on nonpharmacological RCT, as described by Boutron, et
al18. Such improvements in study design and reporting will
not only result in better study design for surgical RCT, but
will allow for replication of results of RCT in different study
populations, making interventions more generalizable.

Neither journal type nor journal impact factor was sig-
nificantly associated with overall study quality in the multi-
variable analyses. This implies that RCT quality cannot be
inferred by journal type or journal impact factors. Readers
should be aware that high impact journals may not neces-
sarily publish high quality studies. Simply relying on impact
factor may, in fact, provide a false sense of assurance of
study validity. Critically reviewing the methodology of indi-
vidual trials, regardless of journal or impact factor, remains
the most important safeguard.

Our findings further support inclusion of more centers as
a significant predictor of RCT quality. This is likely corre-
lated with increasing sample size and reflects that studies
with larger sample sizes were also more likely to be multi-
center studies. In principle, larger studies are more likely to
be coordinated carefully due to increased complexity of
their conduct (i.e., multiple investigators). Thus, multicenter
trials may, in fact, be a surrogate for study quality. Smaller
trials are often single-center, single-investigator studies with
limited funding and resultant methodological pitfalls such as
insufficient sample size and limited study power (Type II
errors or beta errors). Based on our findings, we recommend
investigators carefully consider patient-important outcomes
and adequately power their studies to have high probability
of success. These resultant larger sample sizes will
inevitably require multicenter rather than single-center tri-
als. Alternatively, when arthroplasty RCT are being done as
single-center RCT, authors should consider examining
methods/protocol from multicenter RCT to improve the
RCT quality.

Our finding of independent association of presence of
funding with better overall trial quality confirms similar uni-
variate associations noted for industry-funded trials20,21. In
our study this was noted in univariate and confirmed in mul-
tivariable analyses. On further analysis, we found that the
difference noted was primarily due to better reporting for
RCT with private funding compared to those with
no/unclear funding. No significant differences were noted
between privately and publicly funded RCT. Due to limited
funding resources, obtaining funding may be beyond the
control of investigators in many circumstances. However,
presence of financial support seems to correlate with better
quality RCT, likely due to availability of better resources to
plan, conduct, analyze, and report RCT.
Variation in study quality in univariate analyses. Lack of
significant association of year of publication with RCT
quality in univariate analysis disproved one of our hypothe-
ses, that study quality would have improved over time. This
observation is similar to that reported for RCT of antibac-
terial agents22 and of low back pain23 over time, but is in
contrast to studies of RCT in sepsis24 and colorectal/laparo-
scopic resections25, which showed improvement in quality
over time. Arthroplasty RCT published in 2006 reported
< 60% for most quality standards, identifying several areas
for improvement.

One published study reported weak correlation of 0.21
between impact factor and trial quality of oncology RCT26.
We found a significant increase in overall trial quality for
journals with higher impact factor in univariate, but not in
multivariable adjusted analyses. This was most notable for
journals with impact factor > 2 and may have been due to
more methodological rigor in higher impact journals. Our
study confirmed a previous report of a better overall quality
score in RCT published in internal medicine/rheumatology
journals versus orthopedics/rehabilitation/surgery journals
in univariate analysis9,27,28.
Comparison with previous similar studies. Compared to the
earlier study of osteoarthritis RCT9, we report even lower
use of placebo (18% vs 52%, respectively); blinding of
patients (31% vs 65%), care providers (17% vs 47%), and
outcome assessors (45% vs 85%); use of ITT/modified ITT
(20% vs 56%); and sample size justification (36% vs 52%)
in arthroplasty RCT. Allocation concealment (39% vs 21%,
respectively) was higher, and reproducibility of intervention
(97% vs 91%) and allocation sequence generation were sim-
ilar to osteoarthritis RCT (43% vs 49%). These differences
seem to be attributable primarily to higher proportion of
RCT of nonpharmacological interventions among arthro-
plasty RCT (60%) versus osteoarthritis RCT (45%), which
had lower quality than pharmacological RCT, both in this
and in a previous study9, and difference in study populations
of arthroplasty versus osteoarthritis.

Methodological reviews of RCT from various fields of
medicine and surgery have found many deficiencies in their

8 The Journal of Rheumatology 2009; 36:12; doi:10.3899/jrheum.090333
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reporting9,19,22,29-32. The low overall quality score we found
for arthroplasty RCT is in agreement with previous studies
that included RCT in surgical specialties33,34, as well as
reviews in other fields, including headache35, physical ther-

apy19, and infectious disease22. Our findings of quality
deficits (< 50% reporting) in arthroplasty trials are similar to
studies of RCT in surgical specialties — review of ophthal-
mology RCT found < 50% of RCT reported sequence gen-
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Appendix 1. Characteristics of arthroplasty trials by the specific intervention type. Values are n (%).

Characteristic Others, Oral, Intravenous, Intraarticular, Surgery, Rehabilitation, ≥ 1 Intervention,
n = 42 n = 13 n = 17 n = 30 n = 71 n = 8 n = 15

Randomization
Generation of allocation sequence p = 0.786

Adequate 19 (45) 7 (54) 7 (41) 14 (47) 28 (39) 5 (63) 5 (33)
Inadequate 3 (7) 1 (8) 0 (0) 0 (0) 8 (11) 1 (13) 0 (0)
Not reported 20 (45) 5 (39) 10 (59) 16 (53) 35 (48) 2 (25) 10 (67)

Allocation concealment p = 0.058
Adequate 14 (33) 6 (46) 8 (47) 14 (47) 24 (34) 4 (50) 6 (40)
Inadequate 2 (5) 0 (0) 0 (0) 0 (0) 1 (1) 2 (25) 1 (7)
Not reported 26 (62) 7 (54) 9 (53) 16 (53) 46 (65) 2 (25) 8 (53)

Intervention reproducible p = 0.114
Adequate 41 (98) 12 (92) 16 (94) 30 (100) 70 (99) 7 (88) 14 (93)
Inadequate 1 (2) 1 (8) 1 (6) 0 (00 1 (1) 1 (13) 1 (7)

CONSORT diagram reported p = 0.001
Adequate 3 (7) 3 (23) 3 (18) 2 (7) 2 (3) 3 (38) 4 (33)
Not reported 39 (93) 10 (77) 14 (82) 28 (93) 69 (97) 5 (63) 11 (67)

Control intervention p < 0.001
Placebo 1 (2) 6 (46) 8 (47) 14 (47) 0 (0) 0 (0) 7 (47)
No placebo 41 (98) 7 (54) 9 (53) 16 (53) 71 (100) 8 (100) 8 (53)

Influence of care provider skill p = 0.726
Yes 1 (2) 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0)
No 41 (98) 13 (100) 17 (100) 29 (97) 71 (100) 8 (100) 15 (100)

Potential similar placebo effect p < 0.001
Adequate 11 (26) 10 (77) 15 (88) 27 (90) 46 (65) 1 (13) 15 (100)
Inadequate 6 (14) 2 (15) 0 (0) 0 (0) 1 (1) 3 (38) 0 (0)
Not reported* 25 (60) 1 (8) 2 (12) 3 (10) 24 (34) 4 (50) 0 (0)

Blinding
Patients p < 0.001

Adequate 6 (14) 6 (46) 12 (71) 18 (60) 11 (16) 0 (0) 7 (47)
Inadequate 2 (5) 0 (0) 0 (0) 2 (7) 1 (1) 2 (25) 1 (7)
Not reported* 34 (81) 7 (54) 5 (29) 10 (33) 59 (80) 6 (75) 7 (47)

Care providers p < 0.001
Adequate 3 (7) 4 (31) 9 (53) 13 (43) 0 (0) 0 (0) 4 (27)
Inadequate 23 (55) 0 (0) 3 (18) 7 (23) 67 (94) 2 (25) 4 (27)
Not reported 16 (38) 9 (69) 5 (29) 10 (33) 4 (6) 6 (75) 7 (47)

Outcome assessors p < 0.001
Adequate 11 (26) 4 (31) 12 (71) 22 (73) 27 (38) 4 (50) 9 (60)
Inadequate 8 (19) 0 (0) 0 (0) 1 (3) 2 (3) 2 (25) 0 (0)
Not reported 23 (55) 9 (69) 5 (29) 7 (23) 42 (59) 2 (25) 6 (40)

Were Adverse Events Reported p = 0.820
Adequate 22 (52) 10 (77) 10 (59) 20 (67) 35 (49) 4 (50) 10 (67)
Inadequate 20 (48) 3 (23) 7 (41) 10 (33) 35 (49) 4 (50) 5 (33)
Not reported 0 90) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)

Sample size justification/power reported p = 0.001
Adequate 11 (26) 4 (31) 7 (42) 16 (53) 20 (28) 2 (25) 10 (67)
Not reported 31 (74) 9 (69) 10 (59) 14 (47) 51 (72) 6 (75) 5 (33)

Statistical Analysis
Described as ITT or modified ITT 1 (2) 2 (15) 3 (18) 7 (23) 1 (1) 2 (25) 4 (20)
Not described as ITT or modified ITT 41 (98) 11 (85) 14 (82) 23 (77) 70 (99) 6 (75) 11 (73)

Lost to followup < 20 p = 0.176
Adequate 17 (41) 7 (54) 9 (53) 17 (57) 37 (52) 5 (63) 7 (47)
Inadequate 1 (5) 2 (15) 1 (6) 3 (10) 7 (10) 2 (25) 4 (27)
Not reported 24 (57) 4 (31) 7 (41) 10 (33) 27 (38) 1 (13) 4 (27)

* Combination of not reported and not applicable. CONSORT: Consolidated Standards of Reporting Trials10; ITT: intention to treat.
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eration, randomization restriction, allocation concealment,
allocation implementation, patient flow diagrams, and sam-
ple size calculation33. Less than one-third of obstetrics and

gynecology RCT reported allocation sequence generation or
allocation concealment34.

On the other hand, quality standards such as description

10 The Journal of Rheumatology 2009; 36:12; doi:10.3899/jrheum.090333

Appendix 2. Characteristics of arthroplasty trials by journal type and year of publication. Values are n (%).

Journal Type Publication Year
Characteristic Orthopedics/surgery Anesthesia, Internal Medicine, Other/Rehab, 1997, 2006,

Journal, n = 125 n = 34 n = 27 n = 10 n = 67 n = 129

Randomization
Generation of allocation sequence p = 0.146 p = 0.155

Adequate 49 (39) 21 (62) 11 (41) 4 (40) 23 (34) 62 (48)
Inadequate 13 (10) 0 (0) 0 (0) 0 (0) 3 (5) 10 (8)
Not reported 61 (49) 13 (38) 16 (59) 6 (60) 40 (60) 56 (43)

Allocation concealment p = 0.586 p = 0.008
Adequate 42 (34) 17 (50) 13 (48) 4 (40) 16 (24) 60 (47)
Inadequate 4 (3) 1 (3) 1 (4) 0 (0) 2 (3) 4 (3)
Not reported 79 (62) 16 (47) 13 (48) 6 (60) 49 (73) 65 (50)

Intervention reproducible p = 0.774 p = 0.999
Adequate 120 (96) 34 (100) 26 (96) 10 (100) 65 (97) 125 (97)
Inadequate 5 (4) 0 (0) 1 (4) 0 (0) 2 (3) 4 (3)

CONSORT diagram reported p < 0.001 p = 0.008
Adequate 3 (3) 7 (21) 8 (30) 2 (20) 1 (3) 19 (15)
Not reported 122 (97) 27 (79) 19 (70) 8 (80) 66 (97) 110 (85)

Control intervention p < 0.001 p = 0.196
Placebo 11 (9) 12 (35) 10 (37) 3 (30) 15 (22) 21 (16)
No placebo 114 (91) 22 (65) 17 (63) 7 (70) 52 (78) 108 (84)

Influence of care provider skill p = 0.766 p = 0.432
Yes 2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2)
No 123 (98) 34 (100) 27 (100) 10 (100) 67 (100) 127 (98)

Potential similar placebo effect p = 0.054 p < 0.001
Adequate 75 (60) 28 (82) 18 (67) 4 (40) 30 (45) 95 (74)
Inadequate 8 (6) 2 (6) 1 (4) 1 (10) 6 (9) 6 (5)
Not reported* 42 (34) 4 (12) 8 (30) 5 (50) 31 (46) 28 (22)

Blinding
Patients p = 0.008 p = 0.769

Adequate 26 (21) 17 (50) 14 (52) 3 (30) 23 (34) 37 (29)
Inadequate 4 (3) 3 (9) 1 (4) 0 (0) 2 (3) 6 (5)
Not reported* 95 (76) 14 (41) 12 (44) 7 (70) 42 (63) 86 (67)

Care providers p < 0.001 p = 0.017
Adequate 9 (7) 13 (38) 9 (33) 2 (20) 16 (24) 17 (13)
Inadequate 84 (67) 15 (44) 5 (19) 2 (20) 27 (40) 79 (61)
Not reported 32 (26) 6 (18) 13 (48) 6 (60) 24 (36) 33 (26)

Outcome assessors p = 0.168 p < 0.001
Adequate 50 (40) 18 (53) 17 (63) 4 (40) 32 (48) 57 (44)
Inadequate 8 (6) 4 (12) 0 (0) 1 (10) 4 (6) 9 (7)
Not reported 67 (54) 12 (35) 10 (37) 5 (50) 31 (46) 63 (49)

Were Adverse Events Reported p = 0.980 p = 0.487
Adequate 70 (56) 21 (62) 15 (56) 5 (50) 35 (52) 76 (59)
Inadequate 54 (43) 13 (38) 12 (44) 5 (50) 32 (48) 52 (40)
Not reported 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Sample size justification/power reported p = 0.110 p = 0.013
Adequate 37 (30) 17 (50) 12 (44) 4 (40) 16 (24) 54 (42)
Not reported 88 (70) 17 (50) 15 (56) 6 (60) 51 (76) 75 (58)

Statistical Analysis p = 0.061 p = 0.935
Described as ITT or modified ITT 8 (6) 4 (12) 6 (22) 2 (20) 7 (10) 13 (10)
Not described as ITT or modified ITT 117 (94) 30 (88) 21 (78) 8 (80) 60 (90) 116 (90)

Lost to followup < 20 p = 0.129 p = 0.435
Adequate 63 (50) 19 (56) 13 (48) 4 (40) 30 (45) 69 (54)
Inadequate 10 (8) 2 (6) 7 (26) 1 (10) 4 (6) 16 (12)
Not reported 52 (42) 13 (38) 7 (26) 5 (50) 33 (49) 44 (34)

* Combination of not reported and not applicable. CONSORT: Consolidated Standards of Reporting Trials10; ITT: intention to treat.
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of intervention to be reproducible and use of placebo with
similar potential effect as the intervention were described in

the majority of most arthroplasty trials (64%–97%).
Learning curve, standardization and reproducibility of the
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Appendix 3. Characteristics of arthroplasty randomized trials by journal impact factor. Values are n (%).

Impact Factor
Characteristic ≤ 0.5, > 0.5–1, > 1–2, > 2–5, > 5–10, > 10,

n = 7 n = 29 n = 81 n = 55 n = 4 n = 3

Randomization
Generation of allocation sequence p = 0.906

Adequate 1 (14) 13 (45) 38 (47) 25 (46) 3 (75) 1 (33)
Inadequate 1 (14) 2 (7) 6 (7) 2 (4) 0 (0) 0 (0)
Not reported 5 (71) 14 (47) 37 (46) 28 (51) 1 (25) 2 (67)

Allocation concealment p = 0.010
Adequate 0 (0) 6 (21) 35 (43) 27 (49) 2 (50) 2 (67)
Inadequate 0 (0) 1 (3) 1 (1) 1 (2) 1 (25) 0 (0)
Not reported 7 (100) 22 (76) 45 (56) 27 (49) 1 (25) 1 (33)

Intervention reproducible p = 0.014
Adequate 7 (100) 28 (97) 77 (95) 55 (100) 4 (100) 2 (67)
Inadequate 0 (0) 1 (3) 4 (5) 0 (0) 0 (0) 1 (33)

CONSORT diagram reported p < 0.001
Adequate 0 (0) 1 (3) 5 (9) 7 (13) 4 (100) 1 (33)
Not reported 7 (100) 28 (97) 76 (91) 48 (87) 0 (0) 2 (67)

Control intervention p = 0.008
Placebo 2 (29) 5 (17) 10 (12) 13 (24) 3 (75) 2 (67)
No placebo 5 (71) 24 (83) 71 (88) 42 (76) 1 (25) 1 (33)

Influence of care provider skill p = 0.811
Yes 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
No 7 (100) 29 (100) 81 (100) 54 (98) 4 (100) 3 (100)

Potential similar placebo effect p = 0.048
Adequate 3 (43) 11 (38) 57 (70) 41 (75) 3 (75) 2 (67)
Inadequate 1 (14) 1 (3) 4 (5) 3 (6) 1 (25) 0 (0)
Not reported* 3 (43) 17 (59) 20 (25) 11 (20) 0 (0) 1 (33)

Blinding
Patients p = 0.227

Adequate 3 (43) 6 (21) 20 (25) 23 (42) 3 (75) 3 (100)
Inadequate 0 (0) 1 (3) 4 (5) 2 (4) 0 (0) 0 (0)
Not reported* 4 (57) 22 (76) 57 (70) 30 (55) 1 (25) 0 (0)

Care providers p = 0.070
Adequate 2 (29) 5 (17) 8 (10) 13 (24) 2 (50) 2 (67)
Inadequate 3 (43) 18 (62) 48 (59) 29 (53) 0 (0) 0 (0)
Not reported 2 (29) 6 (21) 25 (31) 13 (24) 2 (50) 1 (33)

Outcome assessors p = 0.277
Adequate 4 (57) 11 (38) 32 (40) 31 (56) 3 (75) 3 (100)
Inadequate 0 (0) 4 (14) 5 (6) 3 (6) 0 (0) 0 (0)
Not reported 3 (43) 14 (48) 44 (54) 21 (38) 1 (25) 0 (0)

Were Adverse Events Reported p = 0.200
Adequate 6 (86) 10 (35) 46 (57) 35 (64) 3 (75) 3 (100)
Inadequate 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Not reported 1 (14) 19 (66) 34 (42) 20 (36) 1 (25) 0 (0)

Sample size justification/power reported p = 0.007
Adequate 2 (29) 6 (21) 25 (31) 27 (49) 3 (75) 3 (100)
Not reported 5 (71) 23 (79) 56 (69) 28 (51) 1 (25) 0 (0)

Statistical Analysis p = 0.007
Described as ITT or modified ITT 2 (29) 0 (0) 6 (7) 9 (16) 2 (50) 1 (33)
Not described as ITT or modified ITT 5 (71) 29 (100) 75 (93) 46 (84) 2 (50) 2 (67)

Lost to followup < 20 p = 0.326
Adequate 4 (57) 15 (52) 42 (52) 31 (56) 1 (25) 1 (33)
Inadequate 0 (0) 1 (3) 9 (11) 7 (13) 2 (50) 1 (33)
Not reported 3 (43) 13 (45) 30 (37) 17 (31) 1 (25) 1 (33)

* Combination of not reported and not applicable. CONSORT: Consolidated Standards of Reporting Trials10; ITT: intention to treat.
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procedure, center’s volume of care, and care provider
expertise36 are specific important methodological issues for
surgical trials18, and therefore this finding is reassuring.

Blinding of patients and/or surgeons is a challenge in sur-
gical RCT37,38. One study found that only 33% of surgery
RCT were blinded39. Another study found that it was impos-
sible to blind in 72% of the orthopedics RCT40. The same
study also reported that in 16%, 50%, and 50% of RCT
where blinding was possible for providers, patients, and
assessors, respectively, the RCT did not blind or did not
describe blinding40. This implies that even for orthopedics
RCT that have challenges with regards to blinding of
patients and in some cases providers, blinding is still possi-
ble in the majority and should be done when possible. The
most room for improvement exists in blinding outcome
assessors, which is possible in most instances. It is also
important to ensure assessors are independent of the sur-
geons/providers. This alone has a huge potential in reducing
observer bias and improving the RCT quality.

In summary, we found methodological deficiencies in
several areas of reporting of arthroplasty RCT. Overall trial
quality is associated with trial and intervention characteris-
tics. We have identified many areas of improvement for con-
duct and reporting of arthroplasty RCT.
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