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Background: Patient-reported outcome measures (PROMs) are being increasingly used in orthopedic
surgery; however, there is significant variability and burden associated with their administration. The
visual analog scale (VAS) for function, strength, and pain may represent a simple and efficient way to
measure outcomes, specifically after rotator cuff repair (RCR) surgery.
Purpose: To define the efficiency and longitudinal psychometric properties of VAS instruments
assessing function, strength, and pain after RCR.
Methods: Single-question VAS measures assessing function, strength, and pain as a percentage of normal
were administered alongside legacy PROMs in patients undergoing RCR. VAS and PROMswere administered
at preoperative, 6- and 12-month time points between June 2017 and April 2018. An electronic registry was
used to examine time-to-completion data. PROM performance was assessed using Spearman correlation
coefficients. Both absolute and relative floor and ceiling effects were examined. Effect sizewasmeasured at 6
and12months throughthecalculationofCohen'sd coefficient.Receiver-operatingcurveswithareaunder the
curve calculations were used to determine the ability of preoperative VAS scores in predicting minimally
clinically important difference achievement on American Shoulder and Elbow Surgeons score (ASES).
Results: A total of 190 patients (55.6 ± 10.9 years, 66.9% male) met criteria. The 3 VAS PROMs required
less time to complete than ASES (1.36 ± 1.12 vs. 5.17 ± 2.39) and Patient-Reported Outcome Measurement
Information System (PROMIS) Upper Extremity v2.0 (UE) Computer Adaptive Test (1.72 ± 1.48).
Compared with ASES, VAS function, strength, and pain demonstrated fair correlations preoperatively (r ¼
0.44-0.46) that improved to good at 6 months (r ¼ 0.61-0.67) and further improved at 1 year (r ¼ 0.62-
0.78). The performance of VAS measures with other function PROMs was comparable with performance
relative to ASES, with poor to very good correlations preoperatively (r ¼ 0.21-0.62) that improved to good
to excellent by 1 year (r ¼ 0.62-0.94). A significant relative ceiling effect was demonstrated by PROMIS UE
at 12 months (16.9%). Large effect sizes were demonstrated by the ASES, Single Assessment Numeric
Evaluation, Constant, PROMIS UE, and VAS function and strength instruments (Cohen d � 0.8).
Conclusion: Single-question VAS assessments for function, strength, and pain are an efficient means for
assessing outcome in RCR surgery andmay be particularly useful in the postoperative setting. VAS instruments
collectively trended toward floor effects preoperatively, suggesting that legacy instruments may more appro-
priately establish preoperative baselines. However, in the postoperative setting, VAS instruments demonstrate
good-to-excellent correlation, minimized time-to-completion, and no appreciable floor or ceiling effects.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
om Rush University Medical

dwest Orthopaedics at Rush,
Street, Suite 300, Chicago, IL

. Verma).

Inc. on behalf of American Shoulde
Patient-reported outcome measures (PROMs) are commonly
used to evaluate patient benefits after interventions for a variety of
pathologies.2,28 The use of PROMs has demonstrated widespread
utility across orthopedic surgery, ranging from helping orthopedists
track patient progress more closely4 and evaluate interventional
efficacy,9 to improving shared decision-making models23,24 and
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informing value-based care initiatives.6,21,25 However, these scores
are not without important systems-based5 and instrument-based
challenges. From a systems perspective, significant financial and
administrative burden exists in implementing and maintaining a
patient-reported outcome program.5,12 From an instrument
perspective, each PROM must be examined for acceptable psycho-
metric properties25 and validated in each population of interest.18

For rotator cuff disease and rotator cuff repair (RCR) surgery,
numerous PROMs have been applied, each of which has demon-
strated variable comprehensiveness and efficiency.19 PROM selection
has also been demonstrated to vary widely across institutions, due in
part to a lackof consensus regarding theoptimalPROMs toadminister
for specific conditions.20,30 When considered together, limitations in
PRO instruments, collection systems, and PRO reporting have high-
lighted the specific need for theuse of efficient, easily adoptedPROMs
that minimize question burden to maximize patient compliance.2,7

Visual analog scale (VAS) measures are single-question tools that
seek to rate a patient's outcome based on a particular construct, such
aspain, satisfaction, function, and strength. Suchmeasures arewidely
applied in orthopedic surgery and have been validated as a useful
measure of patient outcome.1,8,10,15,16-18,34

The purpose of the current study is to define the pre- and
postoperative psychometric properties and time requirements of
the VAS in the assessment of function, strength, and pain in RCR.
Our central hypothesis is 3-fold: (1) VAS function, strength, and
pain will demonstrate comparable performance relative to legacy
outcome measures; (2) the aforementioned VAS instruments will
demonstrate acceptable floor and ceiling effects across preopera-
tive and postoperative time points; and (3) VAS measures will
demonstrate superior efficiency when compared with legacy
outcome measures.

Methods

Study design and cohort establishment

The current study aggregated and analyzed PROM data collected
by a prospectively maintained institutional registry (Outcome Based
Electronic Research Database; Universal Research Solutions,
Columbia,MO, USA). Datawere compiled for all primary arthroscopic
RCRs between June 2017 and April 2018. Inclusion criteria included
Figure 1 Visual analog scale (VAS) instruments for strength, function, and pain. Pictured are
a color scale correlating to the level of pain experienced helping the patients best estimate
full completion of preoperative and 6-month PRO data and primary
RCR. Exclusion criteria included failure to complete preoperative PRO
data and concomitant surgical procedures (ie, bicep tenodesis, distal
clavicle excision, and capsular release). Patients with concomitant
acromioplasty were included.32 Demographic data were collected
inclusive of age, sex, and worker's compensation.

Patient-reported outcomes measures

Legacy PROMs of interest examined in this study include the
American Shoulder and Elbow Surgeons score (ASES), Single
Assessment Numeric Evaluation (SANE), Quick Disabilities of the
Arm, Shoulder, and Hand (qDASH), the Constant-Murley score,
Short Form 12 (SF12) Physical Component Score (PCS), Veteran's
Rand 12 (VR12) PCS, and the Patient-Reported Outcome Measure-
ment Information System (PROMIS) Upper Extremity v2.0 (UE)
Computer Adaptive Test (CAT). Three additional questionnaires
were used to administer VAS measures, each of which assessed
shoulder function, strength, and pain. Each PROM was adminis-
tered on an iPad by a qualified research assistant alongside legacy
instruments at each time point. The response was graded on a scale
of 0-100, examining shoulder function, strength, or pain as a
percent of normal similar to the SANE PROM (Fig. 1).

Statistical analysis

Time-to-completion metrics were calculated using data for
available PROMs by compiling time and question completion data
across preoperative, 6-month, and 1-year time points. Given non-
normal distributions for ASES and VAS instruments on Shapiro-
Wilk testing, psychometric analysis used Spearman correlation
coefficients to examine the strength of association between VAS
subscales and legacy function PROMs. Correlation coefficients were
classified by the strength of association, with >0.8 equating to
excellent, 0.71-0.8 equating to very good, 0.61-0.7 equating to good,
0.41-0.6 equating to fair, and 0.21-0.4 equating to poor.3,14 Absolute
floor and ceiling effects were calculated by examining the per-
centage of respondents reporting achievement of the absolute
lowest and highest scores. In the case that no one achieved absolute
minimum or maximum score thresholds, relative floor and ceiling
effects were calculated based on the minimum and maximum
examples of how each VAS instrument appears during computer adaptive testing, with
their strength, function, and pain, respectively.



Figure 2 Patient-reported outcome scores across time points. All PROMs were found
to demonstrate significant improvement in PRO scores across follow-up time periods
on 1-way ANOVA with a type 1 error rate of 5% (all P < .001). PROM, patient-reported
outcome measure; ANOVA, analysis of variance; ASES, American Shoulder and Elbow
Surgeons score; PROMIS, Patient-Reported Outcome Measurement Information Sys-
tem; UE, upper extremity; qDASH, Quick Disabilities of the Arm, Shoulder, and Hand;
SANE, Single Assessment Numeric Evaluation; SF12 PCS, Short Form 12 Physical
Component Score; VR12 PCS, Veterans Rand 12 Physical Component Score; VAS, visual
analog scale.
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scores in the distribution. A percentage of�15%was designated as a
significant floor or ceiling effect.3,29,31 Instrument responsiveness
was evaluated at both 6- and 12-month time points through the
calculation of Cohen's d, with an effect size (ES) of <0.20 corre-
sponding to negligible, 0.20-0.50 to small, 0.50-0.80 to moderate,
and >0.80 equating to a large ES.22,26,33

Results

A total of 190 patients (55.6 ± 10.9 years, 66.9% male, 21.1%
worker's compensation) met inclusion and exclusion criteria
(Table I). The loss to follow-up from 6 months to 1 year was 48
patients (25.2%), with no significant differences in age, worker's
compensation status, laterality or sex between responders, and
those lost to follow-up (Table II). The average time to complete the
3 VASmetrics was 1.36 ± 1.12 minutes, whereas the average time to
complete the ASES was 5.17 ± 2.39 minutes. The average comple-
tion time was 1.72 ± 1.48 for the PROMIS UE CAT, 0.75 ± 0.60 for
SANE, and 1.87 ± 1.68 for the qDASH. For each PROM, significant
improvements in PRO score occurred from preoperative to 6-
month and 1-year values (Fig. 2).

Across the included time points, the VAS function measure
demonstrated a wide range of correlation coefficients with legacy
function measures (r ¼ 0.26-0.94). Preoperative performance
ranged from poor to excellent (r ¼ 0.26-0.84), with 4 of 8 legacy
measures demonstrating fair correlations (ASES, Constant, PROMIS
UE, qDASH). Correlation coefficients for the VAS function increased
from preoperative to 6-month time points (r ¼ 0.55-0.85), and
further from the 6-month to 1-year time point (r¼ 0.74-0.94) for all
legacy PROMs. Correlative strengths for these measures increased
from poor to excellent preoperatively (r ¼ 0.26-0.84), to very good
to excellent by 1 year (r ¼ 0.74-0.94). Correlation of the VAS func-
tionwith the VAS strength and VAS pain measures ranged from fair
to excellent (r ¼ 0.55-0.92), with the weakest correlations at 6
months (r ¼ 0.55-0.78) and strongest correlations at 1 year relative
to both VAS instruments (r ¼ 0.83-0.92) (Table III).
Table I
Patient demographics

Age (yr) 55.9 ± 10.9
Worker's compensation 40 (21.1)
Laterality
Right 125 (65.8)
Left 65 (34.2)

Sex
Male 127 (66.9)
Female 63 (33.1)

Age reported as average ± standard deviation; all other demographic variables re-
ported as count (percent).

Table II
Comparison of patient demographics at 1 year

Group 1 Group 2 P value

Age (yr) 56.2 ± 9.8 55.0 ± 11.0 .51
WC 27 (19.0) 13 (27.1) .33
Laterality .40
Right 91 (64.1) 34 (70.8)
Left 51 (35.9) 14 (29.2)

Sex .30
Male 92 (64.8) 35 (72.9)
Female 50 (35.2) 13 (28.1)

WC, worker's compensation.
Age reported as average ± standard deviation; all other demographic variables re-
ported as count (percent).
Group 1: n ¼ 142, representing patients who completed appropriate follow-up.
Group 2: n¼ 48, representing patientswho failed to complete appropriate follow-up.
Preoperatively, the performance of the VAS strength PROM
ranged from poor to fair (r ¼ 0.23-0.49) for all legacy function
PROMs except SANE (r ¼ 0.70). Correlations improved at 6 months
for all legacy measures, demonstrating correlative strengths
ranging from fair to very good (r ¼ 0.55-0.79). Correlation co-
efficients continued to improve out until 1 year, at which point
correlations with all legacy PROMs were very good to excellent (r ¼
0.71-0.92). In a fashion similar to the VAS function instrument,
correlations between VAS strength and VAS pain were the weakest
at 6 months (r ¼ 0.48) and strongest at 1 year (r ¼ 0.73) (Table IV).
The preoperative performance of VAS pain ranged from very poor
to fair relative to legacy function PROMs (r ¼ 0.19-0.59), improving
to fair to good at 6 months (r¼ 0.48-0.61), and improving further to
fair to excellent at 1 year (r¼ 0.57-0.82). Across each time point, the
strongest correlations with the VAS pain were exhibited by SANE
(r ¼ 0.59-0.82) (Table V).

Analysis for floor and ceiling effects demonstrated no significant
floor or ceiling affects for VAS instruments across preoperative, 6-
and 12-month time points, although VAS function (13.2%), VAS
strength (11.0%), and VAS pain (11.6%) trended toward significant
absolute floor effects preoperatively. The PROMIS UE CAT demon-
strated a significant relative ceiling effect 12 months post-
operatively (16.9%), and ASES trended toward a relative ceiling
Table III
Correlation of the VAS function compared with legacy instrument

PROMs Preoperative 6 mo 1 yr

ASES 0.46 0.67 0.78
Constant 0.55 0.78 0.91
PROMIS UE 0.51 0.73 0.83
qDASH �0.48 �0.80 �0.81
SANE 0.74 0.85 0.94
SF12 PCS 0.26 0.64 0.75
VR12 PCS 0.31 0.65 0.74
VAS strength 0.84 0.78 0.92
VAS pain 0.59 0.55 0.83

VAS, visual analog scale; PROM, patient-reported outcome measure; ASES, American
Shoulder and Elbow Surgeons score; PROMIS, Patient-Reported Outcome Mea-
surement Information System; UE, upper extremity; qDASH, Quick Disabilities of the
Arm, Shoulder, and Hand; SANE, Single Assessment Numeric Evaluation; SF12 PCS,
Short Form 12 Physical Component Score; VR12 PCS, Veterans Rand 12 Physical
Component Score.
All values significant at a < 0.01.



Table IV
Performance of the VAS strength relative to legacy instruments

PROMs Preoperative 6 mo 1 yr

ASES 0.44 0.66 0.76
Constant 0.46 0.70 0.79
PROMIS UE 0.49 0.64 0.84
qDASH �0.48 �0.76 �0.78
SANE 0.70 0.79 0.89
SF12 PCS 0.23 0.56 0.71
VR12 PCS 0.27 0.55 0.72
VAS function 0.84 0.78 0.92
VAS pain 0.55 0.48 0.73

VAS, visual analog scale; PROM, patient-reported outcome measure; ASES, American
Shoulder and Elbow Surgeons score; PROMIS, Patient-Reported Outcome Mea-
surement Information System; UE, upper extremity; qDASH, Quick Disabilities of the
Arm, Shoulder, and Hand; SANE, Single Assessment Numeric Evaluation; SF12 PCS,
Short Form 12 Physical Component Score; VR12 PCS, Veterans Rand 12 Physical
Component Score.
All values significant at a < 0.01.

Table V
Performance of the VAS pain relative to legacy instruments

PROMs Preoperative 6 mo 1 yr

ASES 0.46 0.61 0.62
Constant 0.47 0.56 0.80
PROMIS UE 0.39 0.56 0.64
qDASH �0.42 �0.48 �0.63
SANE 0.59 0.61 0.82
SF12 PCS 0.19 0.61 0.77
VR12 PCS 0.25 0.61 0.81
VAS function 0.59 0.55 0.83
VAS strength 0.55 0.48 0.73

VAS, visual analog scale; PROM, patient-reported outcome measure; ASES, American
Shoulder and Elbow Surgeons score; PROMIS, Patient-Reported Outcome Mea-
surement Information System; UE, upper extremity; qDASH, Quick Disabilities of the
Arm, Shoulder, and Hand; SANE, Single Assessment Numeric Evaluation; SF12 PCS,
Short Form 12 Physical Component Score; VR12 PCS, Veterans Rand 12 Physical
Component Score.
All values significant at a < 0.01.

Table VI
Absolute and relative floor and ceiling effects

Instrument Preoperative, n (%) 6 mo, n (%) 12 mo, n (%)

Floor Ceiling Floor Ceiling Floor Ceiling

VAS function 25 (13.2) 3 (1.4) 8 (4.2) 3 (1.6) 8 (5.6) 12 (8.5)
VAS strength 21 (11.1) 2 (1.1) 3 (1.6) 5 (4.4) 4 (2.8) 12 (8.5)
VAS pain 22 (11.6) 1 (0.5) 7 (3.7) 18 (9.5) 8 (5.6) 4 (2.8)
qDASH 1 (0.5) 2 (1.1) 3 (1.6) 2 (1.1) 10 (7.0) 5 (3.5)
ASES 1 (0.5) 2 (1.1) 5 (2.6) 5 (2.6) 4 (2.8) 16 (11.3)
SANE 19 (10) 2 (1.1) 8 (4.2) 1 (0.5) 8 (5.6) 1 (2.9)
SF12 PCS 2 (1.1) 2 (1.1) 5 (2.6) 21 (11) 1 (2.1) 19 (13.4)
VR12 PCS 3 (1.6) 2 (1.1) 10 (5.3) 21 (11) 2 (1.4) 20 (14.1)
Constant 4 (2.1) 1 (0.5) 1 (0.5) 10 (5.3) 4 (2.8) 3 (2.1)
PROMIS UE 2 (1.1) 3 (1.6) 1 (0.5) 5 (2.6) 12 (8.5) 24 (16.9)

VAS, visual analog scale; qDASH, Quick Disabilities of the Arm, Shoulder, and Hand;
ASES, American Shoulder and Elbow Surgeons score; SANE, Single Assessment
Numeric Evaluation; SF12 PCS, Short Form 12 Physical Component Score; VR12 PCS,
Veterans Rand 12 Physical Component Score; PROMIS, Patient-Reported Outcome
Measurement Information System; UE, upper extremity.
Bold test represents significant floor or ceiling effect (�15%); italics indicate the
absence (0.0%) of minimum and maximum score achievement, resulting in relative
floor and ceiling calculations based on relative minimum andmaximum values from
the cohort.
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effect at 12 months (11.3%). The SF12 PCS trended toward a relative
ceiling effect at 6 months (11%) and 12 months (13.4%), as did the
VR12 PCS at 6 months (11%) and 12 months (14.1%) (Table VI).

ESs calculated using Cohen's d revealed large ESs for VAS
function, qDASH, ASES, SANE, Constant, and PROMIS UE at 6 and 12
months. VAS strength demonstrated a large ES at 6 months
(d ¼ �0.96) and a medium ES at 12 months (d ¼ �0.75), whereas
VAS pain demonstrated medium ESs at both 6 (d ¼ �0.76) and 12
months (d ¼ �0.74) (Table VII). The SF12 PCS and VR12 PCS in-
struments demonstrated the smallest ESs at both 6 months
(�0.51, �0.63) and 12 months (�0.27, �0.36), respectively.

Discussion

In this study, we administered VAS questions for function,
strength, and pain alongside traditional disease-specific PROMs to
patients undergoing arthroscopic treatment of rotator cuff injury.
We found thatpreoperatively, VASquestionsdemonstratemoderate
correlations with traditional PROMs. Postoperatively, the perfor-
mance of VAS improves to good/excellent correlations. In addition,
we demonstrated the efficiency of applying VAS measures and
confirmed that they do not have a significant floor or ceiling effects
in the postoperative setting. Given thepreoperativeVASfloor effects
and themoderate correlation to legacies, our study findings confirm
that that legacy instruments such as the ASES are more appropriate
for establishing preoperative functional baselines, whereas VAS
measures may represent an efficient proxy in the postoperative
setting. Overall, the psychometric and practical properties of VAS
instruments suggest that they may greatly simplify the tracking of
postoperative outcomes in an efficient, domain-specific manner
that may be easily adopted across outcome groups and modes of
administration (ie, paper, electronic registries, SMS). Utilization of
VAS measures in the postoperative setting may also allow for out-
comes to be tracked at more time points postoperatively without
significantly increasing question burden.

With respect to psychometrics, the VAS function and VAS
strength instruments demonstrated comparable performance with
each other. Both instruments exhibited poor-to-excellent correla-
tions preoperatively, which improved to good to excellent at 12
months. The VAS function and ASES shared large ESs at 6 and 12
months,whereas the VAS strength demonstrated large andmedium
ESs at 6 and 12 months, respectively. These data suggest that the
performance and discriminative ability of the VAS function and VAS
strength measures are comparable with that of ASES in an arthro-
scopic RCR population, with the VAS function instrument slightly
outperforming the VAS strength with respect to ESs. However, the
psychometrics of bothVAS function (r¼0.26-0.84) andVASstrength
(r ¼ 0.23-0.84) were limited preoperatively, suggesting limited
applicability in the estimation of functional baselines preopera-
tively. With respect to outcome scores, all legacy function PROMs
and VAS instruments demonstrated significant P values when
comparing preoperative to postoperative PRO values (P < .001),
suggesting that each may capture postoperative improvements in
clinical status. Future research should consider examining VAS
measures in the context of clinically significant outcome achieve-
ment (ie, minimally clinically important difference, substantial
clinical benefit, patient acceptable symptomatic state), using either
anchor-based or distribution-based methods to determine if sig-
nificant differences in outcome discrimination exist.

The VAS instruments used in this study were devoid of signifi-
cant floor and ceiling effects; however, the VAS function, strength,
and pain measures demonstrated a trend toward an absolute floor
effect in the preoperative setting (11.1%-13.2%). ASES demonstrated
no significant preoperative floor or ceiling effects (<1.1%), but did
trend toward both absolute (11.3%) and relative (14.8%) ceiling ef-
fects at 12 months. Differences in instrument design between the
ASES and VAS instruments likely explain the difference in floor
effects between the 2 instruments. After a full-thickness rotator
cuff tear, patients may be particularly prone to perceiving their



Table VII
Effect size of PROMs by cohort

Instrument Cohen's d (6 mo) Cohen's d (12 mo)

Effect size (95% CI) Magnitude Effect size (95% CI) Magnitude

VAS function �1.09 (�1.37, �0.81) Large �0.88 (�1.38, �0.37) Large
VAS strength �0.96 (�1.23, �0.68) Large �0.75 (�1.25, �0.25) Medium
VAS pain �0.76 (�1.03, �0.49) Medium �0.74 (�1.24, �0.24) Medium
qDASH 1.58 (�0.40, 3.56) Large 0.82 (0.26, 1.38) Large
ASES �1.03 (�1.30, �0.76) Large �1.20 (�1.72, �0.68) Large
SANE �1.05 (�1.38, �0.73) Large �0.96 (�1.48, �0.45) Large
SF12 PCS �0.51 (�0.78, �0.25) Medium �0.27 (�0.76, 0.21) Small
VR12 PCS �0.63 (�0.89, �0.36) Medium �0.36 (�0.85, 0.13) Small
Constant �0.98 (�1.26, �0.71) Large �1.13 (�1.65, �0.61) Large
PROMIS UE �0.82 (�1.09, �0.55) Large �0.95 (�1.46, �0.45) Large

PROM, patient-reported outcomemeasure; CI, confidence interval; VAS, visual analog scale; qDASH, Quick Disabilities of the Arm, Shoulder, and Hand; ASES, American Shoulder
and Elbow Surgeons score; SANE, Single Assessment Numeric Evaluation; SF12 PCS, Short Form 12 Physical Component Score; VR12 PCS, Veterans Rand 12 Physical Component
Score; PROMIS, Patient-Reported Outcome Measurement Information System; UE, upper extremity.
Effect sizes at 6 and 12 months displayed as means (95% CIs).
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functional status as a new “baseline” deserving a score of 0% of
normal. Specifically, it may be particularly difficult to gauge the
level of functional deficit in terms of percentages of normal, with
the deficit representing a new functional baseline that patientsmay
rate as 0%. In comparison, the ASES instrument quantifies func-
tional deficits based on activity-based questions with multilevel
responses (ie, “Is it difficult for you to manage toileting,” “Is it
difficult for you to put on a coat”). When considered in the context
of comparable psychometrics and increased completion time,
relative to VAS instruments, ASES may be most fit to establish
preoperative baselines, whereas VAS instruments may more effi-
ciently and accurately track postoperative improvement in func-
tion, strength, and pain.

The VAS instruments examined in our study displayed specific
advantages relative to legacy PROMs, the first of which is optimized
time-to-completion. Each measure consists of single question, with
function, strength, and pain being assessed in an average of 1.36
minutes. This is an important advantage when compared with
other function PROMs, representing nearly a 5-fold decrease from
ASES. SANE was the only instrument that averaged less time to
complete (0.75 ± 0.60); however, SANE is limited to 1 domain,
whereas the VAS triad employed in this study assesses function in
addition to pain and strength in an additional 37 seconds, on
average. When administered together, the VAS measures used in
this study may represent a particularly efficient methodology to
examine the patient-reported outcomes instrument after RCR in a
multidomain manner. As more institutions and orthopedic groups
continue to adopt methods to track outcomes in the context of
value-based care,11,25 it becomes increasingly important to use an
efficient, psychometrically appropriate set of PROMs in the pre- and
postoperative assessment of outcomes.

Our study has certain limitations that areworth noting. First, we
were unable to assess the effect of questionnaire fatigue on patient
response speeds and response rates. On the basis of the electronic
registry used in this study, participants answered standardized,
predetermined sets of questionnaires in a nonrandomized fashion.
That is, every person initiated the questionnaire set with the ASES
and VAS questionnaires, ending with SF12 and VR12 instruments.
Theoretically, this may have led to “hasty completion,” previously
been linked to a predisposition toward floor effects on the PROMIS
Depression CAT.13 In addition, generalizability of our study results is
most applicable to other patient populations receiving isolated
arthroscopic RCR. Third, during our study, we experienced certain
loss to follow-up at 12-month time point. Nonetheless, the per-
formance metrics reported in our study reached significance
thresholds, and there were no significant differences in
demographics between the groups following up and those lost to
follow-up. Lastly, the current study represents in-process research
with respect to demonstrating validity, repeatability, and repro-
ducibility of the VAS questionnaires. As such, further research is
necessary to assess instrument validity, particularly because loss to
follow-up occurred at the 12-month time point.
Conclusion

Single-questionVAS assessments for function, strength, and pain
are an efficientmeans for assessingoutcome inRCR surgeryandmay
be particularly useful in the postoperative setting. VAS instruments
collectively trended toward floor effects preoperatively, suggesting
that legacy instruments may more appropriately establish preop-
erative baselines. However, in the postoperative setting, VAS in-
struments demonstrate good-to-excellent correlation, minimized
time-to-completion, and no significant floor or ceiling effects.
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