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Summary
Background Accumulation of score distribution towards the high end of the measurement scale is an important 
source of bias related patient-reported outcome measures (PROM). The aim was to evaluate how PROM score 
distributions, scale boundaries, and sampling variability influence the likelihood of detecting a minimal clinically 
important difference (MCID) of 10 points between surgical and non-surgical groups in randomised controlled 
trials (RCTs) of musculoskeletal disorders.

Methods We did a systematic review and meta-epidemiological analysis of 129 RCT studies comparing surgical and 
non-surgical interventions in patients with musculoskeletal complaints using a PROM as an outcome measure 
(1771 group-level PROM measurements) from PubMed and Scopus published until February 26, 2025. 
Simulations assessed each comparison’s likelihood of detecting a difference of 10 points or more.

Findings The mean difference between groups was 4.6 (SD 7.1) points favouring surgery, with surgical arms scoring 
higher in 72% of comparisons. The mean likelihood of detecting at least a 10-point difference was 19%, meaning 
fewer than one in five of such comparisons would detect a true difference. Detection likelihood peaked (35%) at a 
mean score of 70, declining toward scale extremes. Comparisons with significant observed differences (>10 points, 
p < 0.05) had a 54% likelihood versus 17% in non-significant comparisons, strongly linking detection likelihood to 
observed differences.

Interpretation The majority of the PROM-based RCTs were unlikely to detect differences due to ceiling effects with a 
constant underestimation of surgical benefit. PROMs with adequate content coverage, better discrimination, and 
reduced ceiling susceptibility should be selected for clinical practice. Future research should align outcome 
selection and follow-up timing with expected treatment effects and ensure that measurement properties do not 
mask meaningful clinical differences.
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Introduction
Popularisation of patient-reported outcome measures 
(PROM) in outcome assessment has enabled objective 
measurement of subjective outcomes also in patients 
with musculoskeletal complaints. 1,2 By evaluating the 
subjective clinical state of a patient through multiple 
questions, i.e., items, PROMs aim to translate the 
complex, multidimensional nature of patient’s subjec-
tive condition into a simplified numerical value. With a 
basis on this assumption, PROMs have achieved a 
fundamental role in outcome measurement of inter-
vention trials and a must in US in the process to have 
medicine approved (reference to FDA). The current 
study will focus on PROMs for musculoskeletal 
conditions.

Numerous trials have concluded no benefit of sur-
gery compared to non-surgical interventions or placebo 
according to a lack of statistically or clinically significant 
difference in PROM scores between the treatment 
groups. 3–5 These trials have led to favouring of non-
surgical approaches over surgery in multiple, 
commonly surgically treated conditions. 6,7

Theoretical guidelines and checklists have been 
published to set standards for PROM development and 
validation processes. 8,9 There are numerous PROMs for 
various conditions and in general they have been 
described as valid measurement tools. However, if the 
theoretical guidelines (COSMIN) that have been

published since 2010 to set standards for PROM 
development and validation are followed, many PROMs 
must be characterised as invalid and inadequate. 8–10 

Despite their overwhelming popularity and increasing 
knowledge of measurement properties, the limitations 
and potential sources of bias related to PROMs have 
gained relatively little attention. With regards to the 
direct consequences of trials concluding no difference 
between surgical and non-surgical treatment measured 
using PROMs, the understanding of these limitations 
appears as unduly weak.

The ceiling effect (i.e., accumulation of score dis-
tribution towards the high end of the measurement 
scale) is an important source of bias related PROMs. 11 

The presence of ceiling effect compromises the 
sensitivity of a PROM to detect a difference between 
treatment groups increasing a risk of unjustified “no 
difference” conclusions. The likelihood of observing 
a difference between the treatment groups is not 
solely a property of the exposure treatment, and 
measurement properties of the PROM that is used, 
but also related to PROM score distributions at the 
baseline and the follow up. 11 Thus, a “no difference” 
result from a study affected by a ceiling effect should 
not be interpreted as evidence of true equivalence 
between treatments, but rather as an indication of an 
outcome measure lacking sufficient sensitivity to 
detect a difference.

Research in context

Evidence before this study
Before undertaking this study, we considered the existing 
methodological and empirical literature on the use of 
patient-reported outcome measures (PROMs) in 
musculoskeletal randomised controlled trials. Despite 
recognition of ceiling effects and other PROM-related 
limitations, we did not identify any previous meta-
epidemiological studies that formally quantified how PROM 

score distributions, scale boundaries, and sampling variability 
jointly affect the probability of detecting clinically 
meaningful between-group differences in musculoskeletal 
RCTs. In particular, no previous work has translated these 
well-described measurement issues into an explicit, data-
driven framework linking observed PROM distributions to 
the likelihood of detecting a prespecified treatment effect. 
This gap in the literature motivated the present study.

Added value of this study
This meta-epidemiological analysis of 129 RCTs and 1771 
group-level PROM measurements provides the first empirical 
quantification of how PROM score distributions, scale limits, 
and sampling variability jointly determine the detectability of 
clinically meaningful group differences. By simulating each 
comparison’s probability of detecting a theoretical 10-point 
difference, which can be considered as analogous to a power

calculation grounded in real data, we demonstrate that the a 
priori likelihood of detecting a 10-point treatment effect is 
only 18.5%, decreasing below 20% once mean PROM scores 
exceed 80. These findings reveal that many apparent “no 
difference” results in musculoskeletal RCTs may stem not 
from absent effects, but from measurement limitations 
inherent to the PROMs themselves.

Implications of all the available evidence
When combined with prior research, our findings suggest 
that the widespread use of PROMs with limited scale range, 
ceiling compression, and suboptimal content validity poses a 
substantial risk of underestimating treatment benefits in 
musculoskeletal RCTs. The low detectability of clinically 
important differences implies that negative or null findings 
must be interpreted cautiously, particularly when endpoints 
cluster near the scale maximum. For clinical practice and 
policy, these results highlight the need for selecting PROMs 
with adequate content coverage, better discrimination, and 
reduced ceiling susceptibility, or adopting modern 
approaches such as computer adaptive testing. For future 
research, trialists should align outcome selection and follow-
up timing with expected treatment effects and ensure that 
the measurement properties of the chosen PROMs do not 
inherently mask meaningful clinical differences.
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The objective of this meta-epidemiological study was 
to quantify how PROM score distributions, scale 
boundaries, and sampling variability influence the 
conclusions and specifically the likelihood of observing 
a theoretical minimal clinically important difference in 
RCTs comparing surgical and non-surgical in-
terventions in patients with musculoskeletal com-
plaints. We hypothesised that the observed score 
distributions and the limited range of the PROM 
measurement scale (i.e., the fact that PROM scores are 
bounded within a fixed interval such as 0–100, 
restricting the possible variation in observed scores) 
favour concluding no difference between the treatment 
groups regardless of the exposure intervention, and that 
this in turn leads to a systematic underestimation of the 
true effect of one intervention over the other. We 
focused on studies examining surgical treatments in 
relation to non-surgical treatment.

Methods
Search strategy and selection criteria
This meta-epidemiological study has been reported in 
accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Meta-Epidemi-
ological extension (PRISMA-ME) guidance. The sys-
tematic literature search was conducted in Pubmed 
(National Library of Medicine) and Scopus (Elsevier) on 
Feb 26, 2025. The search strategy used for PubMed was 
as follows: (((“Patient Reported Outcome Measures” 
[Mesh] OR functionality OR “patient-reported out-
comes” OR “subjective outcomes”) AND “Surgical 
Procedures, Operative” [Mesh]) AND “Orthopaedic 
Procedures” [Mesh]) AND “Randomised Controlled 
Trial” [Publication Type], and for Scopus as follows: 
(TITLE-ABS-KEY (“Patient-Reported Outcome Mea-
sures”) OR TITLE-ABS-KEY (functionality) OR TITLE-
ABS-KEY (“patient-reported outcomes”) OR TITLE-
ABS-KEY (“subjective outcomes”)) AND TITLE-ABS-
KEY (randomised AND controlled AND trial) AND 
TITLE-ABS-KEY (surgery AND operative).

All RCT studies comparing surgical and non-
surgical interventions in patients with musculoskeletal 
complaints using a PROM as an outcome measure 
were included. Surgical intervention was defined as an 
invasive intervention using instruments to correct or 
alter the structural anatomy of tissues, as opposed to 
conservative treatment, which comprises non-invasive 
therapeutic approaches, such as physiotherapy or 
muscle training. Additionally, placebo and sham sur-
gery was considered as non-surgical interventions, as 
they do not involve a therapeutic surgical modification 
of anatomy and are designed to simulate the experience 
of surgery without delivering its active anatomical 
effects.

Studies were excluded if no extractable numerical 
PROM data were available, they used only a single-item

visual analogue scale as the outcome measure, with no 
additional PROMs included, or they had non-English 
full text.

Ethics
This study was based exclusively on published aggre-
gate data and did not involve direct contact with pa-
tients or influence patient care. Consequently, ethical 
committee approval and informed consent were not 
required.

Review process
The results of the literature search were uploaded to 
Covidence (Veritas Healthcare Inc, Melbourne, 
Australia) screening software. All authors attended the 
screening process blinded to each other’s decisions. 
The decisions were based on independent ratings of 
two authors. In case of disagreement between two 
screening authors, a third author (MU) made the final 
decision.

The following information was extracted from the 
included studies: name of the used PROMs, the score 
ranges of each PROM (i.e., the minimum and 
maximum possible scores), sample sizes and mean 
ages, specific condition and anatomical region of in-
terest, treatment approach (surgery vs. non-surgery), 
PROM score distribution parameters (means, SDs, 
medians, IQRs, 95% CIs, standard errors). The PROM 
scores were collected at all reported time points starting 
from the baseline to the latest follow-up time-point. If 
measures of distribution were missing at some time 
points, the following approach was applied: 1) if dis-
tribution data were available at any other time point (six 
studies), the reported dispersion was extrapolated to the 
time points where it was missing or 2) if no distribution 
data were available at any time point (three studies), the 
average distribution parameters calculated across all 
samples for the corresponding PROM was used 
instead.

Statistics
PROM scores were rescaled to a 0–100 scale, with 
higher scores reflecting better outcomes. When only a 
95% CI or standard error was available, the SD was 
derived accordingly. If only the median and IQR were 
reported, the mean and SD were estimated using a 
simple conversion: the median was treated as the mean, 
and SD was approximated from the IQR using the 
formula:

SD = 
( Upper bound of IQR − Lower bound of IQR) 

1.35

This approach was based on properties of the 
normal distribution, where the IQR is approximately 
1.35 times the SD. Since the IQR covers the central 50% 
of the distribution and maintains a consistent
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relationship with SD in a normal distribution, the 
approximation was considered sufficiently accurate 
even when normality could not be assumed, as strict 
distributional assumptions were not the focus of the 
analysis.

The scaled PROM scores were pooled by treatment 
group (surgery vs. non-surgery) and follow-up time 
point. By assuming a continuous linear scale of PROM 
score, 95% central distribution of the scores was 
simulated for each comparison (each PROM, each 
follow-up time point, each study) regardless of PROM 
scale limits using formula

95% central distribution = Mean score ± 1.96 × SD

To examine the severity of the ceiling effect, defined 
as the clustering of scores at or near the upper limit of 
the scale, the proportion of patients that would have 
obtained score over 100 if there were no boundaries in 
the PROM scale, denoting the proportion of patients 
exceeding the scale (i.e., patients whose clinical status 
was better than the scale allowed them to express), was 
estimated by assuming normal distribution under the 
observed distribution parameters. Proportion of pa-
tients exceeding the scale over 15% was considered as 
significant ceiling effect. Methodology and rationale 
have previously been discussed in more detail. 11

The differences in PROM scores between the sur-
gery and non-surgery groups were evaluated by exam-
ining their score distributions, specifically, the position 
of each group on the scale and the mean difference 
between them. These comparisons were conducted 
both overall and within strata defined by the overall 
mean score calculated across all participants. To quan-
tify the chance of observing a theoretical clinically 
meaningful difference (minimal clinically important 
difference, MCID) between treatment groups, we per-
formed a Monte Carlo simulation (50 000 draws per 
comparison) to estimate each comparison’s probability 
of observing a between-group mean difference of at 
least 10 points given the observed means, variances and 
sample sizes. For each follow-up time point, let

X 1 , s 1 , n 1 and X 0 , s 0 , n 0

Denote the sample means, standard deviations and 
sample sizes in the surgical and non-surgical groups, 
respectively. Assuming independent normal variation 
in each arm, the difference of means.

D = X 1 − X 0

was modelled as.

D ∼ N(μ 1 − μ 0 , 
s 21
n 1

+ 
s 20
n 0
)

Under the null hypothesis of no true treatment ef-
fect (μ 1 = μ 0 ), the probability of observing D ≥ 10 is

P(D ≥ 10) = 1 − Φ

⎛

⎜⎜⎜ ⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

10 − (X 1 − X 0 )
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
s 21
n 1

+ 
s 20
n 0

√ 

⎞

⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

where Φ is the standard normal cumulative distribution 
function. This likelihood metric aids in planning and 
interpreting RCTs by indicating under which condi-
tions a prespecified MCID is realistically observable, 
given the constraints of sampling variability and scale 
limits. Concretely, a 20% likelihood means that if the 
same study conditions (sample sizes, variability and 
true means) were replicated 100 times, only about 20 of 
those replications would yield an observed group dif-
ference of at least 10 points—even when a true differ-
ence of 10 points exists. Conversely, in 80% of 
repetitions the difference would remain below 10 
points, “hidden” by sampling variability or ceiling ef-
fects of the 0–100 PROM scale. Because ceiling effects 
constrain scores at the upper limit, and because stan-
dard deviations and sample sizes directly determine the 
width of the sampling distribution, this likelihood es-
timate sensitively reflects both scale boundaries and 
study precision. To examine the relationship between 
the likelihood of detecting a difference and the observed 
difference, the likelihood distribution was assessed 
against the per-comparison differences.

Analyses were performed using R version 4.4.2.

Role of the funding source
This study did not receive any external funding.

Results
The search yielded 7042 articles, of which, after 
removing duplicates, 6758 were entered to title and 
abstract screening after which 200 full texts were 
screened. Finally, 129 studies were included in the 
analysis (Fig. 1). Of these, 51 (40%) included elective 
patients and 78 (60%) included acute patients. The 
largest proportion of the studies included patients with 
upper extremity complaints (n = 60, 47%) whereas 
lower extremity patients were studied in 44 (34%) and 
patients with back complaints in 25 (19%).

There were 1771 group-level PROM measure-
ments in the included studies. Of all comparisons, 
72% (496) showed higher scores in the surgery group 
(Fig. 2). Additionally, when focussing solely on the 
comparisons at the last follow-up per study, 74% 
(213/289) showed higher scores in the surgery group. 
The mean difference between the surgery and non-
surgery groups was highest at a mean score of
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70–80 and decreased gradually towards the ends of 
the scale. After excluding comparisons at less than 6 
months follow-up the mean score difference was 4.6 
(SD 7.1) favouring surgery over non-surgical 
treatment.

The general mean PROM score (i.e., the mean score 
for all PROM measurements) was 65 (SD 20). The 
simulated proportion of patients exceeding the scale 
was greater than 15% in 20% of surgically treated pa-
tient groups (173/871) and in 16% of non-surgically 
treated patient groups (138/842. In total, 57 out of 129 
trials (44%) had at least one measurement exceeding 
this threshold.

The mean likelihood of observing a 10-point differ-
ence was 19% (SD 19). The likelihood was highest, 
35%, at a mean score of 70 and decreased towards the 
ends of the scale (Fig. 3). From 80 upwards, the likeli-
hood decreased to 20%. This translates to a probability 
of over 80% that a 10-point difference would not be 
observed in the study sample, even if it were truly 
present. Comparisons with observed clinically (>10 
point difference) and statistically (p < 0.05) significant

difference had a 54% (SD 21) likelihood versus 17% 
(SD 17) when the difference was clinically or statisti-
cally non-significant indicating a strong relationship 
between the likelihood of observing a difference and the 
actual observed difference (Fig. 4).

Discussion
In this large meta-epidemiological analysis of 129 RCTs 
comparing surgical and non-surgical treatment in 
musculoskeletal disorders across 1771 group-level 
PROM measurements, surgical arms demonstrated 
higher mean scores in almost three out of four com-
parisons. However, in line with our hypothesis that the 
observed score distributions and the restricted range of 
the PROM scale systematically attenuate detectable 
between-group differences, the a priori probability of 
detecting our prespecified MCID of 10 points was very 
low, just 18.5% overall and falling below 20% once 
mean PROM scores exceeded 80. Such a low theoretical 
likelihood indicates a severely compromised sensitivity 
to capture clinically important differences which in turn
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Fig. 1: PRISMA flow chart of the screening process.

Articles

www.thelancet.com Vol 92 February, 2026 5

http://www.thelancet.com


limits the strength and interpretability of the conclu-
sions drawn from these trials.

As previously shown, the fixed scoring range of 
PROM instruments places an upper limit on observable

outcomes; patients whose true status exceeds what the 
scale can represent accumulate near the maximum 
score, which compresses the observable between-group 
differences, as no further improvement can be

Fig. 2: Distributions of observed PROM scores in surgery (red) and non-surgery (blue) groups across all studies and follow-up time 
points. Each point represents the observed group mean score from an individual study, and the whiskers denote the 95% central range of the 
group-specific distribution assumed for that study. The red and blue lines represent the smoothed mean score trends for surgery and non-
surgery groups, respectively, calculated across the PROM measurement scale. X-axis = PROM score comparisons arranged by the observed 
mean score, Y-axis = the observed score.

Fig. 3: The likelihood of observing a 10-point difference by the mean surgery and non-surgery groups’ PROM score. The Y-axis shows 
the likelihood of detecting a 10-point difference per comparison, and the X-axis presents the overall mean score calculated across both 
groups. Points denote the observed mean scores by comparison and red line shows the rolling mean and 95% CI of the likelihood with a 
window of 50 comparisons. The likelihood is highest at 50–70 points and decreases steadily towards the maximum score.
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measured once the scale ceiling is reached. 11 Due to this 
masking effect, a “no difference” conclusion of a trial 
relying on a PROM with a ceiling effect should be 
interpreted cautiously. As shown by this study, such 
conditions are highly prevalent in RCTs comparing 
surgical and non-surgical treatment in musculoskeletal 
complaints.

To break the issue down, we simulated each com-
parison’s probability of exceeding the theoretical 10-
point MCID given the observed means, variances, and 
sample sizes. This “likelihood” approach resembles a 
power calculation calibrated to real data: a 20% chance 
means that, even when a 10-point true difference exists, 
only about one in five replications would actually show 
it. Notably, in comparisons that did achieve ≥10 points 
with p < 0.05, the likelihood averaged 54% (SD 21), 
whereas in those with smaller observed differences it 
was only 17% (SD 17). Further, when the mean score 
exceeded 80, the likelihood decreased drastically sug-
gesting amplifying constraining effect of scale ceiling. 
Our findings demonstrate that if the likelihood is less 
than 45%, observing a difference exceeding MCID 
would be unexpected. Put another way, a “no differ-
ence” conclusion would virtually be inevitable given the 
low a priori likelihood of detecting an MCID-level gap 
under these measurement constraints. Under the 
observed variance, the observed mean difference of 4.6

points corresponds to only an 18.5% likelihood of 
detecting a clinically meaningful difference. Finally, 
one should notice that ceiling effects both reduce score 
variability and limit the observable range, which dis-
torts the estimated probability of detecting meaningful 
differences. Although the direction of bias varies 
depending on proximity to the scale maximum, the 
combined impact of these biases tends to result in an 
underestimation of the true difference between surgery 
and non-surgery groups. Thus, our estimates of the 
likelihood and true group difference may be considered 
as a bottom line while the real values may be even more 
pronounced. In summary, the low detection probability 
often arises from limitations in the outcome measure-
ments and not from the absence of a real effect. This 
distinction is critical: without recognising the role of 
ceiling effects, negative or null findings may be mis-
interpreted as evidence of equivalence, when in reality 
they may reflect an inability to capture meaningful 
clinical change.

Our findings underscore that the very choice of 
PROMs, particularly those prone to ceiling effects, can 
systematically bias RCT conclusions. However, ceiling 
compression represents only one of several well-
documented limitations of inadequately developed 
PROMs. Real-world data show that scores often accu-
mulate toward the upper end of the scale following

Fig. 4: Distribution of the likelihoods of detecting a 10-point difference across all comparisons arranged by the likelihood. The Y-axis 
shows the likelihood of detecting a 10-point difference per comparison, and the X-axis presents all comparisons ordered in ascending 
likelihood. Red points indicate comparisons for which an independent-samples t-test, using the observed means and SDs, yielded p < 0.05 
(statistically significant). Point opacity reflects whether the minimal clinically important difference of 10 points was exceeded between the 
groups (opaque if exceeded, translucent if not). Note how red, opaque points, representing comparisons with both statistically and clinically 
significant differences, tend to cluster at higher likelihood values, whereas translucent or non-significant points concentrate toward the lower 
end of the likelihood scale. This visual pattern demonstrates the link between high detection likelihood and the actual realisation of 
meaningful group differences. Most comparisons cluster at low likelihood values, suggesting that the majority of studies were unlikely to 
capture a 10-point difference even when it may have existed.
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elective orthopedic interventions, 12 and qualitative in-
vestigations have demonstrated that many commonly 
used PROMs lack sufficient content validity to capture 
domains that matter to patients. 13 Moreover, RCTs that 
employ the most appropriate and well-validated PROMs 
are significantly more likely to detect between-group 
differences than those using inadequate instruments 
(46% vs 22%), 14 illustrating that poor scale properties 
directly influence trial outcomes. In our material, these 
limitations imply that surgical outcomes may be 
undervalued, leading to potentially unfair comparisons 
that suggest surgery is no more effective than non-
surgical treatment Such misinterpretation carries real-
world consequences: patients may endure prolonged 
disability and extended sick leave, their conditions may 
progress to chronic stages, and healthcare systems may 
incur unnecessary costs as less effective treatments are 
pursued.

The relationship between likelihood and the under-
lying treatment effect highlights a key point: the goal is 
to design trials with sufficient sensitivity to detect 
clinically meaningful differences when they exist. The 
low observed likelihoods suggest that current PROMs 
lack the measurement precision to capture these ef-
fects. If the outcome measures were more sensitive and 
less prone to ceiling compression, the true differences 
between groups, particularly the benefits of surgery, 
would likely be more readily and more frequently 
observed. Thus, improving PROM scale properties, 
rather than accepting small observed differences, is 
critical for producing reliable and interpretable RCT 
findings. Going forward, researchers must align 
outcome selection, scale properties, and follow-up 
timing with the expected magnitude of surgical benefit, 
or risk perpetuating underpowered studies that obscure 
true clinical gains, and ultimately compromise patient 
welfare. As a targeted remedy to mitigate problems 
related to ceiling effect, applying computed adaptive 
testing tools (i.e., dynamic outcome assessment tools 
that tailor each question based on the respondent’s 
previous answers) instead of traditional PROMs have 
been proposed. 15

The present study has several key strengths, along-
side limitations that warrant careful consideration. This 
study includes 129 RCTs and 1771 group-level PROM 
measurements, representing all available trials using 
PROMs in musculoskeletal disorders. It applies a 
unique quantitative framework that integrates real 
PROM distributions with simulation-based likelihood 
estimation, providing a previously unavailable method 
for evaluating the probability of detecting clinically 
meaningful effects. The study empirically demonstrates 
how score distributions, ceiling effects, and restricted 
scale ranges systematically constrain the detectability of 
between-group differences, thereby highlighting struc-
tural limitations that are often overlooked in the inter-
pretation of RCT findings. The work offers actionable

insights for clinicians, researchers, and trialists by 
clarifying when PROM-based RCTs are structurally 
unlikely to detect clinically meaningful differences 
and by guiding the interpretation of conclusions that 
report “no difference. Despite its strengths, this study 
has several important limitations. First, our approach 
was theoretical and based on simulations and as-
sumptions on expectable distributions of the patient 
outcome data. Thus, our findings are not directly 
convertible to clinical practice. However, we aimed to 
demonstrate the challenges related to PROMs and 
the approach was considered appropriate for the task. 
Second, our meta-epidemiological sample encom-
passes 129 randomised trials that vary widely in pa-
tient populations (elective vs. trauma), follow-up 
times, sample sizes and, critically, the specific PROM 
instruments employed. Such clinical and methodo-
logical heterogeneity may limit the applicability of 
pooled estimates of mean scores, variances and 
simulated detection probabilities across all settings. 
Third, our likelihood calculations rest on a truncated 
normal model for the difference of means. Although 
we truncated simulations at the PROM scale bounds 
(0–100), real patient-reported scores, especially near 
the floor or ceiling, may deviate from normality, and 
any mismatch between the assumed distribution and 
the true underlying score distribution could bias our 
estimates. Further, standard p-value thresholds and 
observed effect sizes capture different dimensions, p-
values quantify evidence under a null hypothesis, 
while our likelihood metric gauges the practicality of 
detecting a clinically meaningful gap under real-
world variability. Fourth, because we relied on 
Monte Carlo simulation (up to 50,000 draws per 
comparison) to quantify both ceiling effects and 
detection likelihoods, residual stochastic variability 
remains. Even with large simulation counts, chance 
fluctuation can introduce small errors in individual 
probability estimates, particularly for comparisons 
with very small sample sizes. Collectively, these 
limitations suggest that while our likelihood-based 
framework offers valuable insights into PROM 
sensitivity, its numerical results should be inter-
preted with an understanding of underlying data 
heterogeneity, modelling assumptions and simula-
tion-related uncertainty. Finally, the protocol of this 
meta-epidemiological study was not preregistered in 
any platform. However, since this study was not an 
interventional study evaluating the effectiveness of 
any treatment and the aim was to demonstrate a 
major source of bias in previous studies, preregis-
tration was not considered necessary.

In summary, the majority of the PROM-based RCTs 
were unlikely to detect differences due to ceiling effects 
with a constant underestimation of surgical benefit. 
Conclusions of such trials, particularly those suggesting 
no difference, should be interpreted with caution.

Articles

8 www.thelancet.com Vol 92 February, 2026

http://www.thelancet.com


Contributors
Mikko Uimonen: Conceptualisation, Methodology, Project administra-
tion, Supervision, Data curation, Formal analysis, Resources, Software, 
Visualisation, Writing—original draft. Matias Vaajala: Writing—review
& editing, Data curation, Validation. Antti Saarinen: Writing—review & 
editing, Validation. Rasmus Liukkonen: Writing—review & editing, 
Data curation. Oskari Pakarinen: Writing—review & editing, Data 
curation. Juho Laaksonen: Writing—review & editing, Data curation. 
Ville Ponkilainen: Writing—review & editing, Validation. Ilari Kuitu-
nen: Writing—review & editing, Validation. Valtteri Panula: Project 
administration, Data curation, Writing—review & editing, Validation. 

All authors read and approved the final version of the manuscript. 
Mikko Uimonen and Valtteri Panula have verified the underlying data.

Data sharing statement
The data underlying this study are available from the corresponding 
author upon reasonable request.

Declaration of interests
The authors declare that they have no known competing financial in-
terests or personal relationships that could have appeared to influence 
the work reported in this paper.

References
1 Makhni EC, Hennekes ME, Baumhauer JF, Muh SJ, Spindler K. 

AOA critical issues: patient-reported outcome measures: why every 
orthopaedic practice should be collecting them. J Bone Jt Surg. 
2023;105(8):641–648.

2 Gagnier JJ. Patient reported outcomes in orthopaedics. J Orthop 
Res. 2017;35(10):2098–2108.

3 Sihvonen R, Paavola M, Malmivaara A, et al. Arthroscopic partial 
meniscectomy for a degenerative meniscus tear: a 5 year follow-up 
of the placebo-surgery controlled FIDELITY (Finnish Degenerative 
Meniscus Lesion Study) trial. Br J Sports Med. 
2020;54(22):1332–1339.

4 Kluzek S, Dean B, Wartolowska KA. Patient-reported outcome 
measures (PROMs) as proof of treatment efficacy. BMJ Evid-Based 
Med. 2022;27(3):153–155.

5 Paavola M, Malmivaara A, Taimela S, et al. Subacromial decom-
pression versus diagnostic arthroscopy for shoulder impingement:

randomised, placebo surgery controlled clinical trial. BMJ. 2018;19: 
k2860.

6 Ponkilainen VT, Uimonen M, Sihvonen R, Partio N, Paloneva J, 
Mattila VM. Evaluation of the changes in incidence and patient age 
of knee arthroscopy along with changes in time between knee 
arthroscopy and arthroplasty between 1998 and 2018: a nationwide 
register study. Knee Surg Relat Res. 2023;35(1):19.

7 Ponkilainen V, Laurema A, Mattila VM, Karjalainen T. Regional 
variation in low-value musculoskeletal surgery: a nationwide study 
from the Finnish Care Register. Acta Orthop. 2024;95 [cited 2025 
July 2]. Available from: https://actaorthop.org/actao/article/view/ 
41930.

8 Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN checklist 
for assessing the methodological quality of studies on measure-
ment properties of health status measurement instruments: an 
international Delphi study. Qual Life Res. 2010;19(4):539–549.

9 Terwee CB, Prinsen CAC, Chiarotto A, et al. COSMIN methodol-
ogy for evaluating the content validity of patient-reported outcome 
measures: a Delphi study. Qual Life Res Int J Qual Life Asp Treat 
Care Rehabil. 2018;27(5):1159–1170. 

10 Uimonen M, Kuitunen I, Pakarinen O, et al. Quality of surgical 
patient-reported outcome measure validation studies is often 
deficient: a systematic review. J Clin Epidemiol. 2023;158:27–33. 

11 Saarinen A, Pakarinen O, Vaajala M, et al. Randomized controlled 
trials reporting patient-reported outcomes with no significant dif-
ferences between study groups are potentially susceptible to un-
justified conclusions—a systematic review. J Clin Epidemiol. 
2024;169:111308. 

12 Äärimaa V, Kohtala K, Rantalaiho I, et al. A comprehensive 
approach to PROMs in elective orthopedic surgery: comparing 
effect sizes across patient subgroups. J Clin Med. 2024;13(11):3073. 

13 Blackburn M, Kaplan SL. Are priorities of younger patients with 
knee pain addressed by PROMs? A qualitative study. Phys Ther 
Sport. 2019;40:160–168. 

14 Hansen CF, Jensen J, Brodersen J, Siersma V, Comins JD, 
Krogsgaard MR. Are adequate PROMs used as outcomes in ran-
domized controlled trials? An analysis of 54 trials. Scand J Med Sci 
Sports. 2021;31(5):972–981. 

15 Hung M, Stuart AR, Higgins TF, Saltzman CL, Kubiak EN. 
Computerized adaptive testing using the PROMIS physical func-
tion item bank reduces test burden with less ceiling effects 
compared with the short musculoskeletal function assessment in 
orthopaedic trauma patients. J Orthop Trauma. 2014;28(8): 
439–443.

Articles

www.thelancet.com Vol 92 February, 2026 9

http://refhub.elsevier.com/S2589-5370(26)00023-4/sref1
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref1
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref1
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref1
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref2
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref2
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref3
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref3
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref3
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref3
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref3
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref4
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref4
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref4
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref5
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref5
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref5
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref5
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref6
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref6
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref6
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref6
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref6
https://actaorthop.org/actao/article/view/41930
https://actaorthop.org/actao/article/view/41930
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref8
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref8
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref8
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref8
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref9
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref9
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref9
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref9
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref10
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref10
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref10
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref11
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref11
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref11
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref11
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref11
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref12
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref12
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref12
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref13
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref13
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref13
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref14
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref14
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref14
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref14
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://refhub.elsevier.com/S2589-5370(26)00023-4/sref15
http://www.thelancet.com

	The sensitivity of patient-reported outcome measures in surgical and non-surgical care: a systematic review and meta-epidem ...
	Introduction
	Methods
	Search strategy and selection criteria
	Ethics
	Review process
	Statistics
	Role of the funding source

	Results
	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	References


