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Abstract
Background Patient-reported outcome measures (PROMs),
including the Patient-reported Outcomes Measurement
Information System (PROMIS), are increasingly used to
measure healthcare value. The minimum clinically important
difference (MCID) is a metric that helps clinicians determine
whether a statistically detectable improvement in a PROM
after surgical care is likely to be large enough to be important
to a patient or to justify an intervention that carries risk and
cost. There are two major categories of MCID calculation
methods, anchor-based and distribution-based. This

variability, coupled with heterogeneous surgical cohorts used
for existing MCID values, limits their application to clinical
care.
Questions/purposes In our study, we sought (1) to de-
termine MCID thresholds and attainment percentages for
PROMIS after common orthopaedic procedures using
distribution-based methods, (2) to use anchor-based MCID
values from published studies as a comparison, and (3) to
compare MCID attainment percentages using PROMIS
scores to other validated outcomes tools such as the Hip
Disability and Osteoarthritis Outcome Score (HOOS) and
Knee Disability and Osteoarthritis Outcome Score
(KOOS).
Methods This was a retrospective study at two academic
medical centers and three community hospitals. The inclusion
criteria for this study were patients who were age 18 years or
older and who underwent elective THA for osteoarthritis,
TKA for osteoarthritis, one-level posterior lumbar fusion for
lumbar spinal stenosis or spondylolisthesis, anatomic total
shoulder arthroplasty or reverse total shoulder arthroplasty for
glenohumeral arthritis or rotator cuff arthropathy, arthro-
scopic anterior cruciate ligament reconstruction, arthroscopic
partial meniscectomy, or arthroscopic rotator cuff repair. This
yielded 14,003 patients. Patients undergoing revision opera-
tions or surgery for nondegenerative pathologies and patients
without preoperative PROMs assessments were excluded,
leaving 9925 patients who completed preoperative PROMIS
assessments and 9478 who completed other preoperative
validated outcomes tools (HOOS, KOOS, numerical rating
scale for leg pain, numerical rating scale for back pain, and
QuickDASH). Approximately 66% (6529 of 9925) of pa-
tients had postoperative PROMIS scores (Physical Function,
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Mental Health, Pain Intensity, Pain Interference, and Upper
Extremity) and were included for analysis. PROMIS scores
are population normalizedwith amean score of 50610, with
most scores falling between 30 to 70. Approximately 74%
(7007 of 9478) of patients had postoperative historical as-
sessment scores and were included for analysis. The pro-
portion who reached the MCID was calculated for each
procedure cohort at 6 months of follow-up using distribution-
based MCID methods, which included a fraction of the SD
(1/2 or 1/3 SD) andminimumdetectable change (MDC) using
statistical significance (such as the MDC 90 from p < 0.1).
Previously published anchor-based MCID thresholds from
similar procedure cohorts and analogous PROMs were used
to calculate the proportion reaching MCID.
Results Within a given distribution-based method, MCID
thresholds for PROMIS assessments were similar across
multiple procedures. The MCID threshold ranged between
3.4 and 4.5 points across all procedures using the 1/2 SD
method. Except for meniscectomy (3.5 points), the anchor-
based PROMIS MCID thresholds (range 4.5 to 8.1 points)
were higher than the SD distribution-basedMCID values (2.3
to 4.5 points). The difference in MCID thresholds based on
the calculation method led to a similar trend in MCID at-
tainment. Using THA as an example,MCID attainment using
PROMIS was achieved by 76% of patients using an anchor-
based threshold of 7.9 points. However, 82% of THApatients
attained MCID using the MDC 95 method (6.1 points), and
88% reached MCID using the 1/2 SD method (3.9 points).
Using the HOOSmetric (scaled from 0 to 100), 86% of THA
patients reached the anchor-based MCID threshold (17.5
points). However, 91% of THA patients attained the MCID
using the MDC 90 method (12.5 points), and 93% reached
MCID using the 1/2 SD method (8.4 points). In general, the
proportion of patients reaching MCID was lower for
PROMIS than for other validated outcomes tools; for exam-
ple, with the 1/2 SDmethod, 72% of patients who underwent
arthroscopic partial meniscectomy reached the MCID on
PROMIS Physical Function compared with 86% on KOOS.
Conclusion MCID calculations can provide clinical cor-
relation for PROM scores interpretation. The PROMIS
form is increasingly used because of its generalizability
across diagnoses. However, we found lower proportions of
MCID attainment using PROMIS scores compared with
historical PROMs. By using historical proportions of at-
tainment on common orthopaedic procedures and a spec-
trum of MCID calculation techniques, the PROMISMCID
benchmarks are realizable for common orthopaedic pro-
cedures. For clinical practices that routinely collect
PROMIS scores in the clinical setting, these results can be
used by individual surgeons to evaluate personal practice
trends and by healthcare systems to quantify whether
clinical care initiatives result in meaningful differences.
Furthermore, these MCID thresholds can be used by

researchers conducting retrospective outcomes research
with PROMIS.
Level of Evidence Level III, therapeutic study.

Introduction

The National Institutes of Health’s Patient-reported
Outcomes Measurement Information System (PROMIS®)
assessments are increasingly used for outcomes assessment
in orthopaedic surgery and appear to be replacing first-
generation assessment tools [10, 11, 14-18]. Previous
studies demonstrate PROMIS assessment responsiveness
in common orthopaedic conditions and correlate PROMIS
with disease-specific measures such as the Hip Disability
and Osteoarthritis Outcome Score (HOOS) [16, 17].
Beyond responsiveness, there is interest in understanding
how to measure the value of a healthcare intervention [31].
The minimum clinically important difference (MCID) is
one method. The MCID is an effect-size estimate; it rep-
resents the smallest increment of improvement after treat-
ment that a patient is likely to consider important [20]. It is
important to focus not merely on statistically detectable
differences, but on effect sizes because patients perceive
effect sizes after treatment (rather than p values) and
knowing whether a treatment is likely to result in a clini-
cally meaningful improvement is important when surgeons
consider applying interventions that carry risk and cost.
Two broad groups of MCID calculation methods exist:
distribution-based approaches and anchor-based ap-
proaches. A distribution-based approach includes frac-
tioning the SD (1/2 or 1/3 SD) of responses to set MCID
thresholds. The growing data repositories of PROMIS
scores across healthcare systems that lack anchor scores
makes distribution-based methods a necessary alternative
[32]. Yet, this mathematical approach to the MCID limits
its clinical relevance. In contrast, an anchor-based MCID
method uses a separate global rating of change question-
naire (anchor) to calculate MCID, which may improve
clinical relevance but is statistically problematic [6].

The variation in MCID calculation techniques leads to a
range of MCID values that are difficult to generalize across
research settings and difficult to apply clinically. This
phenomenon was demonstrated using other validated out-
comes tools in a spine cohort where different MCID cal-
culation methods yielded a fivefold difference in MCID
values [7]. One advantage of PROMIS compared with
historical patient-reported outcome measures (PROMS) is
the normalization of scores across an entire population,
with a mean score of 50 6 10. Given that most scores fall
between 30 and 70, this provides context for score in-
terpretation [9]. Yet, the existing work on determining
MCID values for PROMIS utilize heterogeneous cohorts
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of surgical and nonsurgical orthopaedic patients, further
limiting their use in clinical situations [18].

Therefore, the purposes of this study were: (1) to de-
termine MCID thresholds and attainment percentages for
PROMIS after common orthopaedic procedures using
distribution-based methods, (2) to use anchor-basedMCID
values from published studies as a comparison, and (3) to
compare MCID attainment percentages using PROMIS
scores to other validated outcomes tools.

Patients and Methods

Study Design and Setting

Our institutional review board approved this retrospective
study of electronic medical records from two tertiary care
academic medical centers and three community hospitals.

Participants

The inclusion criteria for this study were age 18 years or
older, elective surgery, completion of at least one PROM
assessment in the 180 days before surgery, completion of
at least one PROM assessment in the 210 days after
surgery, and operative intervention with one-level pos-
terior lumbar fusion (PLF) for lumbar spinal stenosis or
spondylolisthesis, THA for osteoarthritis, TKA for os-
teoarthritis, total shoulder arthroplasty (TSA) or reverse

total shoulder arthroplasty for glenohumeral arthritis or
rotator cuff arthropathy, arthroscopic anterior cruciate
ligament reconstruction (ACLR), arthroscopic partial
meniscectomy (APM), or arthroscopic rotator cuff repair
(RCR). Revision operations and surgeries performed for
traumatic (non–soft tissue), neoplastic, or infectious in-
dications were excluded.

For PROMIS, percentages of postoperative assessment
completion were 63% (1394 of 2196) for THA, 68% (1803
of 2650) for TKA, 70% (248 of 352) for PLF, 65% (313 of
478) for TSA, 76% (924 of 1223) for ACLR, 57% (1106 of
1951) for APM, and 69% (741 of 1075) for RCR; across all
procedures, the median (interquartile range) of PROMIS
scores improved from the preoperative to postoperative
assessments (Table 1).

For other validated outcomes tools, percentages of
postoperative assessment completion were 71% (1384 of
1960) for THA, 71% (1536 of 2167) for TKA, 75% (253
of 337) for PLF, 72% (445 of 614) for TSA, 85% (1000
of 1183) for ACLR, 70% (1281 of 1818) for APM, and
79% (1108 of 1399) for RCR; across all procedures, the
median (interquartile range) of historical scores im-
proved from the preoperative to postoperative assess-
ments (Table 2).

We used the 6-month follow-up to compare MCID
attainment across these procedures based on prior re-
search. Manderle et al. [26] previously showed that mean
achievement of MCID for RCR was approximately
6 months. Matar et al. [27] previously showed that pa-
tients undergoing reverse TSA reach maximal medical

Table 1. Comparison of preoperative and postoperative PROMIS Physical Function and Upper Extremity scores across THA, TKA,
TSA, PLF, ACLR, APM, and RCR

Procedure Assessment Time Number Median (IQR)

THA PROMIS PF Preoperative 2196 40 (35-45)

Postoperative 1394 48 (42-54)

TKA PROMIS PF Preoperative 2650 42 (37-45)

Postoperative 1803 45 (40-51)

PLF PROMIS PF Preoperative 352 37 (32-42)

Postoperative 248 45 (40-48)

TSA PROMIS UE Preoperative 478 30 (25-38)

Postoperative 313 38 (29-44)

ACLR PROMIS PF Preoperative 1223 48 (42-54)

Postoperative 924 51 (48-58)

APM PROMIS PF Preoperative 1951 45 (40-51)

Postoperative 1106 48 (42-54)

RCR PROMIS UE Preoperative 1075 31 (28-41)

Postoperative 741 40 (30-47)

TSA = total shoulder arthroplasty; PLF = posterior lumbar fusion; ACLR = anterior cruciate ligament reconstruction; APM =
arthroscopic partial meniscectomy; RCR = rotator cuff repair; PROMIS PF = PROMIS Physical Function; PROMIS UE = PROMIS Upper
Extremity.
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improvement at 6 months. Canfield et al. [5] previously
studied the optimal collection window for PROMs in
total joint arthroplasty and showed a consistent plateau
in PROMs at 6 months postoperatively. Patients in the
Spine Patient Outcomes Research Trial (SPORT) un-
dergoing surgery for lumbar spondylolisthesis similarly
showed a plateau in PROMs at 6 months postoperatively
[35]. Beletsky et al. [2] showed that timing for achieving
MCID in patients undergoing APM meniscectomy was
approximately 6 months. Hill et al. [13] studied out-
comes after ACLR and showed that Knee Disability and
Osteoarthritis Outcome Score (KOOS) symptoms and
pain subscale scores were a mean 86 and 90.5 at
6 months compared with 88.9 and 92.7 at 1 year,
respectively.

Participants’ Baseline Data

Baseline data are presented for patients who completed
postoperative PROMIS assessments.

For THAs, the median (interquartile range) patient age
was 66 years (59 to 73), 52% (721 of 1394) were women,
92% (1288 of 1394) were White, and 69% (962 of 1394)
weremarried. For TKAs, themedian age was 68 years (62 to
73), 58% (1039 of 1803) were women, 90% (1630 of 1803)
were White, and 71% (1280 of 1803) were married. For
PLF, the median age was 64 years (57 to 72), 57% (140 of
248) were women, 90% (224 of 248) were White, and 69%
(171 of 248) were married. For TSA, the median age was 69

years (63 to 75), 47% (148 of 313) were women, 94% (295
of 313)wereWhite, and 73% (228 of 313)weremarried. For
ACLR, the median age was 31 years (24 to 43), 49% (451 of
924) were women, 80% (743 of 924) were White, and 37%
(346 of 924)weremarried. ForAPM, themedian agewas 56
years (48 to 62), 47% (523 of 1106) were women, 87% (967
of 1106) were White, and 69% (760 of 1106) were married.
For RCR, the median age was 60 years (53 to 66), 37% (275
of 741) were women, 92% (679 of 741) were White, and
71% (525 of 741) were married.

Primary and Secondary Study Outcomes

The primary outcome was the percentage of MCID attain-
ment (based on distribution and anchor-based thresholds as
described below) on National Institutes of Health PROMIS
assessments. Each PROMIS assessment is population nor-
malized with a mean score of 50 6 10. Most PROMIS
Physical Function and Upper Extremity scores range from
30 to 70, with higher scores indicating better function.

The secondary outcome was the percentage of MCID
attainment on legacy PROM instruments. Assessments for
patients undergoing PLF were the PROMIS Physical
Function (PF) and the numerical rating scale for leg pain.
Assessments for patients undergoing THA were the
PROMIS Physical Function and the HOOS. Assessments
for patients undergoing TKA were the PROMIS Physical
Function and the KOOS. Assessments for those
undergoing TSA and RCR were PROMIS Upper

Table 2. Comparison of preoperative and postoperative historical assessments across THA, TKA, TSA, PLF, ACLR, APM, and RCR

Procedure Assessment Time Number Median (IQR)

THA HOOS Preoperative 1960 58 (44-66)

Postoperative 1384 80 (70-91)

TKA KOOS Preoperative 2167 56 (49-63)

Postoperative 1536 66 (58-75)

PLF Leg pain Preoperative 337 7 (4-8)

Postoperative 253 1 (0-4)

TSA QuickDASH Preoperative 614 50 (36-64)

Postoperative 445 32 (16-55)

ACLR KOOS Preoperative 1183 65 (56-73)

Postoperative 1000 75 (66-85)

APM KOOS Preoperative 1818 60 (52-66)

Postoperative 1281 68 (58-78)

RCR QuickDASH Preoperative 1399 45 (30-59)

Postoperative 1108 27 (14-48)

The HOOS and the KOOS range from 0 to 100, with lower scores indicating more severe symptoms; leg pain ranges from 0 to 10, with
higher scores indicatingmore severe symptoms; QuickDASH ranges from 0 to 100, with higher scores indicatingmore severe symptoms.
TSA = total shoulder arthroplasty; PLF = posterior lumbar fusion; ACLR = anterior cruciate ligament reconstruction; APM =
arthroscopic partial meniscectomy; RCR = rotator cuff repair; HOOS = Hip Disability and Osteoarthritis Outcome Score; KOOS = Knee
Disability and Osteoarthritis Outcome Score.
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Extremity and the QuickDASH. Assessments for patients
undergoing ACLR and APM were PROMIS Physical
Function and KOOS.

Ethical Approval

Approval for this retrospective review of electronic medi-
cal records was obtained from our institutional review
board.

Data Analysis

The study population was not stratified by gender for
analysis because prior research for predicting likelihood of
reaching the MCID did not identify gender as an in-
dependent prognostic factor [21].

MCID thresholdswere calculated for each populationwith
distribution-based methods. Distribution-based methods cal-
culate the MCID by using the range and spread of baseline
scores. For example, the 1/2 SD method was defined as half
the SD of the baseline scores. Standard error of the mean was
used to calculate theminimumdetectable change (MDC), and
the standard error of the mean was defined as SD *

ffiffiffiffiffiffiffiffiffiffi

12 r
p

,

where “r” refers to the test-retest reliability coefficient and SD
is defined as the SDof baseline scores. Using prior studies, we
determined that test-retest reliability coefficients were 0.9 for
the HOOS [25], 0.9 for the KOOS [25], 0.95 for the numeric
rating scale score for back pain and leg pain [7], 0.9 for the
QuickDASH [1, 28], 0.92 for PROMIS Physical Function
[4], 0.90 for PROMIS Pain Intensity [4, 33], 0.91 for
PROMIS Pain Interference [4, 33], 0.85 for PROMIS Global
Mental Health [22], and 0.85 for PROMIS Upper Extremity
[19, 36]. We calculated the distribution-based methods as
follows:

A. 1/3 SD = SD/3
B. 1/2 SD = SD/2
C. MDC 90 = 1:65p

ffiffiffi

2
p

pSEM
D. MDC 95 = 1:96p

ffiffiffi

2
p

pSEM
E. MDC 99 = 2:58p

ffiffiffi

2
p

pSEM

Evidence-based Determination of Anchor-based MCIDs

A systematic search of the PubMed/MEDLINE databases
was used to identify studies examining PROMIS assess-
ments in orthopaedic surgery patients. Studies were

Table 3. Comparison of MCID threshold and percentage of MCID attainment for PROMIS physical function and upper extremity
across THA, TKA, TSA, PLF, ACLR, APM, and RCR

Procedure Assessment Definition 1/3 SD 1/2 SD MDC 90 MDC 95 MDC 99
Anchor-
based

THA
(n = 1394)

PROMIS PF Threshold 2.6 3.9 5.1 6.1 8 7.9

Percentage 91% (1042 of
1143)

88% (944 of
1071)

85% (847 of
997)

82% (784 of
953)

75% (617 of
828)

76% (646 of
850)

TKA
(n = 1803)

PROMIS PF Threshold 2.4 3.6 4.7 5.6 7.4 7.9

Percentage 89% (1205 of
1355)

81% (945 of
1168)

80% (933 of
1161)

73% (771 of
1050)

68% (665 of
975)

63% (568 of
905)

PLF
(n = 248)

PROMIS PF Threshold 2.3 3.4 4.5 5.4 7.1 7.4

Percentage 91% (187 of
206)

84% (150 of
179)

84% (150 of
179)

79% (130 of
165)

78% (125 of
161)

76% (120 of
157)

TSA
(n = 313)

PROMIS UE Threshold 2.5 3.7 6.8 8 10.6 8.1

Percentage 85% (191 of
225)

80% (172 of
215)

74% (150 of
204)

71% (141 of
200)

61% (110 of
179)

70% (140 of
199)

ACLR
(n = 924)

PROMIS PF Threshold 2.6 3.9 5.2 6.2 8.1 4.5

Percentage 82% (539 of
654)

74% (446 of
601)

72% (414 of
577)

66% (362 of
552)

52% (255 of
492)

73% (431 of
590)

APM
(n = 1106)

PROMIS PF Threshold 2.5 3.8 5 5.9 7.8 3.5

Percentage 80% (600 of
754)

72% (484 of
669)

70% (454 of
644)

63% (373 of
589)

56% (300 of
537)

74% (502 of
682)

RCR
(n = 741)

PROMIS UE Threshold 3 4.5 8.1 9.6 12.7 8.1

Percentage 77% (400 of
518)

72% (358 of
497)

63% (287 of
457)

53% (234 of
438)

42% (171 of
412)

63% (287 of
457)

MDC90= 1:65p
ffiffiffi

2
p

pSEM ; MDC95= 1:96p
ffiffiffi

2
p

pSEM ;MDC99= 2:58p
ffiffiffi

2
p

pSEM ; SEM= standarderror of themean; TSA= total shoulder
arthroplasty; PLF = posterior lumbar fusion; ACLR= anterior cruciate ligament reconstruction; APM= arthroscopic partialmeniscectomy; RCR
= rotator cuff repair; please see Supplementary Fig. 1 (http://links.lww.com/CORR/A795) for the cohort size determination.
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included in the anchor-based analyses if they calculated
anchor-based thresholds for PROMIS Physical Function
for THA, TKA, PLF, ACLR, and APM or the PROMIS
Upper Extremity for TSA and RCR [3, 10-12, 16, 18, 23,
24, 29, 34, 37].

The percentage of patients reaching the MCID was de-
fined as a change in the postoperative score relative to the
preoperative score greater than theMCID threshold. Patients
who had follow-up within 150 days and reached the MCID
were classified as having reached the MCID. Patients who
had follow-up within 150 days but had not reached the
MCID were classified as having missing data
(Supplementary Fig. 1; http://links.lww.com/CORR/A795).
Anaconda Distribution (Anaconda Inc), R (The R
Foundation), and Python (Python Software Foundation)
were used for data analysis and application development.

Results

PROMIS MCID and Proportion of Patients
Achieving MCID

Anchor-based thresholds for PROMIS Physical Function
identified from previously published papers varied widely.
Within a given distribution-based method, the MCID
thresholds were similar across multiple procedures. For the
PROMIS Physical Function, MCID thresholds ranged from
3.4 to 3.9 points for the 1/2 SD method and from 5.4 to 6.2
points for the MDC 95 method (Table 3). For anchor-based
methods, MCID thresholds on PROMIS Physical Function
ranged from 3.5 to 7.9 points. For PROMISUpper Extremity,
MCID thresholds ranged from 3.7 to 4.5 points for the 1/2 SD
method and from 8 to 9.6 points for the MDC 95 method.

For THA, TKA, and PLF, the proportions of patients
reaching the MCID on anchor-based thresholds were at the
lower end of the range for distribution-based methods. In
comparison, for ACLR and APM, the proportions of pa-
tients reaching the MCID on anchor-based thresholds were
in the higher end of the range for distribution-based meth-
ods. The percentages of patients reaching the MCID for
THA for distribution-based thresholds ranged from 75% to
91% compared with 76%with anchor-based thresholds. For
TKA, 63% of patients reached theMCIDwith anchor-based
thresholds compared with a range of 68% to 89% for
distribution-based thresholds. For PLF, 76% of patients
reached the MCID with anchor-based thresholds compared
with a range of 78% to 91% with distribution-based meth-
ods. For TSA, 70% of patients reached the MCID with
anchor-based thresholds compared with a range of 61% to
85% with distribution-based methods. For ACLR, 73% of
patients reached the MCID with anchor-based thresholds
compared with a range of 52% to 82% with distribution-
based methods. For APM, 74% of patients reached the

MCID with anchor-based thresholds compared with a range
of 56% to 80% with distribution-based methods. For RCR,
63% of patients reached the MCID with anchor-based
thresholds compared with a range of 42% to 77% with
distribution-based methods.

Proportion of Patients Achieving MCID on Historical
Outcomes Tools

For all procedures other than TKA, higher percentages of
patients reached the MCID with historical outcomes tools
compared with PROMIS measures with distribution-based
thresholds. With anchor-based thresholds, comparable per-
centages of patients reached the MCID on TKA and ACLR
on PROMIS and historical tools; for all other procedures,
similar to the trend for distribution-based thresholds, higher
percentages of patients reached MCID with historical out-
comes tools in comparison to PROMIS. For THA, 86% of
patients reached the MCID with anchor-based thresholds
compared with a range of 82% to 95% for distribution-based
thresholds (Table 4). For TKA, 62% of patients reached the
MCID with anchor-based thresholds compared with a range
of 65% to 88% for distribution-based thresholds. For PLF,
84% of patients reached the MCID with anchor-based
thresholds compared with a range of 84% to 93% with
distribution-based methods. For TSA, 83% of patients
reached the MCID with anchor-based thresholds compared
with a range of 73% to 90%with distribution-based methods.
For ACLR, 72% of patients reached the MCID with anchor-
based thresholds compared with a range of 61% to 87% with
distribution-based methods. For APM, 81% of patients
reached the MCID with anchor-based thresholds compared
with a range of 67% to 89%with distribution-based methods.
For RCR, 78% of patients reached the MCID with anchor-
based thresholds compared with a range of 53% to 87% with
distribution-based methods.

Discussion

In the past decade, the PROMIS assessments have gained
traction in orthopaedic surgery for clinical research, direct
application into clinical care, and to measure healthcare
value. Despite the growing enthusiasm for PROMIS
measures, the available MCID values remain difficult to
integrate into clinical care and research efforts because of
heterogeneous pathologies or surgical interventions.
Whereas other studies have studied MCID in all patients
presenting to an outpatient orthopaedic surgery clinic re-
gardless of diagnosis and operative or nonoperative man-
agement, we focused on including patients in this study
who were from clinically relevant, operatively managed,
elective orthopaedic populations. Compared with other
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validated outcomes tools, we found the percentage of pa-
tients who reached the MCID was lower when using
PROMIS. This reflects the generalized nature of the
PROMIS forms compared with the other validated out-
comes tools that are specific to a pathology or anatomical
region. The intersection of historical attainments with
PROMIS thresholds provides clinically relevant MCID
values. For example, the proportion of patients achieving
anMCID on the non-PROMIS tools we assessed was about
85%, which corresponds to a 4-point change on PROMIS
Physical Function (Table 3). Additionally, we found the
PROMIS MCID thresholds to be similar across varying
orthopaedic surgeries for a given MCID method. This
consistency provides a benchmark for outcomes research
using PROMIS.

Limitations

This study has several limitations. The study was limited
to seven common orthopaedic procedures, and the addi-
tion of routine trauma, foot and ankle, and hand

procedures would offer a more holistic picture of the
PROMIS in orthopaedic surgery. However, we contend
the procedures in this study differ enough in anatomical
region and surgical magnitude to be appropriately repre-
sentative of the field. Furthermore, the lack of revision
surgery and pathologies such as infection and tumor
create a more homogenous cohort to answer the posed
research questions. Our institution does not include a
global rating of change questionnaire or other anchor in-
struments required for anchor-based MCID analyses.
Therefore, values from prior publications were used to
calculate anchor-based attainment percentages, which
often included a more heterogenous cohort of patients. In
the absence of our own anchor-based data, this represents
the best-available alternative, and we propose the addition
of the anchor-based analysis was more beneficial than
omitting it. The study period included assessments up to
210 days, and it is possible further clinical improvement
or deterioration can occur with time. This is particularly
true for procedures with longer recovery periods, such as
TKA and PLF. However, we believe our results retain
validity as prior outcomes research demonstrates a plateau

Table 4. Comparison of distribution and anchor-basedMCID threshold and percentage of MCID attainment for PROMs assessments
across THA, TKA, TSA, PLF, ACLR, APM, and RCR

Procedure Assessment Definition 1/3 SD 1/2 SD MDC 90 MDC 95 MDC 99
Anchor-
based

THA
(n = 1384)

HOOS Threshold 5.6 8.4 12.5 14.8 19.5 17.5

Percentage 95% (1122 of
1182)

93% (1053 of
1128)

91% (958 of
1057)

88% (883 of
1000)

82% (717 of
879)

86% (814 of
948)

TKA
(n = 1536)

KOOS Threshold 4.7 7.1 10.5 12.5 16.4 17.5

Percentage 88% (1022 of
1157)

85% (911 of
1073)

78% (767 of
978)

74% (682 of
925)

65% (533 of
821)

62% (497 of
797)

PLF
(n = 253)

Leg pain Threshold 0.9 1.3 1.4 1.6 2.2 2.1

Percentage 93% (214 of
230)

87% (188 of
215)

87% (188 of
215)

87% (188 of
215)

84% (168 of
201)

84% (168 of
201)

TSA
(n = 445)

QuickDASH Threshold 5.9 8.9 13.1 15.6 20.5 13

Percentage 90% (292 of
326)

87% (277 of
317)

83% (243 of
293)

79% (221 of
281)

73% (188 of
259)

83% (243 of
293)

ACLR
(n = 1000)

KOOS Threshold 5.3 7.9 11.7 13.9 18.3 13.3

Percentage 87% (650 of
747)

82% (576 of
701)

76% (498 of
653)

71% (447 of
628)

61% (359 of
587)

72% (455 of
633)

APM
(n = 1281)

KOOS Threshold 5.1 7.6 11.2 13.3 17.5 10.7

Percentage 89% (796 of
896)

86% (724 of
838)

80% (592 of
742)

75% (518 of
694)

67% (402 of
603)

81% (607 of
754)

RCR
(n = 1108)

QuickDASH Threshold 6.6 10 14.7 17.5 23 13

Percentage 87% (694 of
799)

82% (617 of
757)

73% (521 of
710)

68% (470 of
688)

53% (335 of
628)

78% (567 of
732)

MDC = minimum detectable change; MDC 90 = 1:65p
ffiffiffi

2
p

pSEM ; MDC 95 = 1:96p
ffiffiffi

2
p

pSEM ; MDC 99 = 2:58p
ffiffiffi

2
p

pSEM ; SEM =
standard error of the mean; TSA = total shoulder arthroplasty; PLF = posterior lumbar fusion; ACLR = anterior cruciate ligament
reconstruction; APM = arthroscopic partial meniscectomy; RCR = rotator cuff repair; HOOS = Hip Disability and Osteoarthritis Outcome
Score; KOOS = Knee Disability and Osteoarthritis Outcome Score; please see Supplementary Fig. 1 (http://links.lww.com/CORR/A795)
for the cohort size determination.
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in improvement for these procedures 6 months after sur-
gery [2, 5, 13, 27, 28, 36]. Additionally, between 25% and
35% of patients did not have both pre- and postoperative
scores, which introduces transfer bias. We rationalized
using this period as a compromise between more loss to
follow-up with a longer time and incomplete clinical
improvement with a shorter time. Finally, the volume of
questions (PROMIS and historical forms) and frequency
with which patients are asked to complete them poten-
tially introduces assessment bias in the form of response
fatigue. However, the psychometric validation performed
after the development of PROMIS minimizes this po-
tential influence.

Discussion of Key Findings

The PROMIS MCID thresholds using a distribution-based
approach ranged from 2 to 8 points (Table 3). This vari-
ability is unsurprising and reflects the variability in the
mathematical formulae used to derive the values. However,
the MCID threshold for each distribution-based method
was within a single point regardless of the procedure per-
formed (Table 3). This consistency underscores previously
published psychometrics of PROMIS used in orthopaedic
surgery. In isolation, these distribution-based MCID
thresholds are difficult to apply clinically because they are
merely a reflection of the underpinning mathematics and
can be easily substituted to achieve higher or lower values.
This is the crux of the criticism surrounding distribution-
based methods for MCID calculation [6].

Yet, methodologic concerns exist for anchor-based
calculations as the anchor is often an unvalidated ques-
tionnaire and the processing of anchor responses can lead
to variable thresholds. Additionally, there are practical
concerns emerging. Our healthcare enterprise has collected
more than 10 million scores on PROMIS assessments, with
other institutions collecting similar quantities of data. An
intolerance for distribution-based methods will exclude
large quantities of data that may help build on prior re-
search with sample size limitations. Therefore, an effort to
quantify how these different methods affect attainment
percentages benefit future research and clinical care in or-
thopaedic surgery. By including only data on index pro-
cedures for degenerative pathology, these results are
applicable to the most common clinical scenarios in or-
thopaedic surgery.

Comparing attainment percentages achieved by other
validated outcomes tools to that of distribution-based and
anchor-based methods helps bring that parity into focus.
For example, most studies evaluating proportions of pa-
tients achieving the MCID after THA find that more than
85% of patients reach the MCID [8]. Therefore, using the
distribution-based results, one can clinically translate a 3-

to 4-point increase on PROMIS Physical Function as
reaching the MCID (Table 2). The MCID thresholds cal-
culated for other validated outcomes tools in this study
were consistent with the findings of prior studies, providing
external validity to these findings. Lyman et al. [25] found
MCID thresholds for TKA using KOOS of 12 to 13 (MDC
90) and 14 to 16 (MDC 95), similar to those in our study
(Table 4). Copay et al. [7] calculated a threshold of 1.3 SD
on leg pain for lumbar spine conditions, equaling the
threshold of 1.3 in this study. Moreover, comparative
patterns for the highest MCID attainment among ortho-
paedic interventions were consistent with those of prior
studies; for example, Rampersaud et al. [30] compared
MCID attainment on the SF-36 in patients undergoing
lumbar decompression, THA, and TKA and similarly ob-
served that patients undergoing THA had the highest
MCID attainment rate, followed by those undergoing
lumbar decompression and TKA. The finding of lower
MCID attainment percentages using anchor-based
PROMIS thresholds might be explained by the availabil-
ity of published anchor values. For example, the MCID
threshold of 7.4 points was obtained from a study by Hung
et al. [18]. This work calculated the MCID using data
gathered at multiple spine clinic visits, regardless of op-
erative or nonoperative intervention. A different value may
be obtained if applied to patients undergoing a single type
of spine surgery; however, it was the only anchor-based
MCID threshold for PROMIS Physical Function we un-
covered in spine publications.

The finding of lower MCID attainment using PROMIS
compared with other validated outcomes tools may be
explained by the generalizability of the PROMIS tool. Its
development was heralded as a way to measure patient
outcomes across diagnoses, but it is possibly less sensitive
than other validated outcomes tools. These results suggest
that MCID thresholds for PROMIS should be based partly
on comparison studies that allow examination of the pro-
portions of patients achieving the MCID with other vali-
dated outcome assessment tools. For example, the anchor-
based QuickDASH indicated 83% (369 of 445) of patients
reached the MCID after TSA, which would correspond to a
PROMIS Upper Extremity MCID between 2.5 and 3.7
points.

Conclusion

The MCID thresholds calculated for multiple orthopaedic
procedures using PROMIS assessments fell within a nar-
row range of 3 to 5 points when contextualized to other
validated outcome assessment tools. These findings have
applications for both research and clinical policy commu-
nities. First, the lower attainment percentage trend with
PROMIS suggests consideration of other validated
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outcomes tools during prospective trial design if outcome
measure sensitivity is a concern. Second, for retrospective
comparative research utilizing PROMIS, these MCID
thresholds can be employed rather than simply using sta-
tistical significance to identify differences. From a policy
standpoint, this research can be used to determine the im-
pact of clinical care initiatives. With routine collection of
PROMIS scores, a healthcare system can analyze score
trends in the context of these results to assign clinical rel-
evance to strategies seeking to improve healthcare value.
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