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Background: It is not well understood how patient reported outcome measures (PROMs) change from
initial presentation to day-of-surgery (DOS). This study sought to quantify preoperative PROM changes
for hip and knee arthroplasty patients.
Methods: A retrospective review was performed on primary total hip, total knee, and partial knee
arthroplasty patients from October 2020 through January 2021. Trends in preoperative Patient-Reported
Outcomes Measurement Information System Physical Function (PROMIS-PF), Hip Disability and Osteoarthritis Outcome Score for Joint Replacement (HOOS-JR), and Knee Injury and Osteoarthritis Outcome
Score for Joint Replacement (KOOS-JR) scores were compared using scores at initial presentation in the
ambulatory clinic and at a time near the date-of-surgery. A total of 497 patients possessed 2 preoperative
PROMIS-PF (497/497), HOOS-JR (152/497), or KOOS-JR (258/497) surveys.
Results: There was no signiﬁcant statistical difference in mean PROM scores between initial presentation
and DOS PROMIS-PF or HOOS-JR scores. Only KOOS-JR demonstrated a signiﬁcant statistical difference of
2 ± 14 (P ¼ .002) when comparing initial versus preoperative scores. Partial knee arthroplasty patients
saw a strong positive correlation (r ¼ 0.77) between initial PROMIS-PF and DOS scores. However, mean
absolute value changes on an individual level were 4 ± 4, 11 ± 39, and 11 ± 10 for PROMIS-PF, HOOS-JR,
and KOOS-JR, respectively, indicating the presence of meaningful patient-level score changes as based on
previously published anchor-based minimal clinically important differences.
Conclusion: PROMs collected during the preoperative period demonstrated wide variability at an individual level, but not at a population level. Collection at both time points may be necessary in order to
understand the clinical impact of surgery on these patients.
© 2022 Published by Elsevier Inc.
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By 2030, the volume of total joint arthroplasty is projected to
grow exponentially, with the incidence of total hip arthroplasties
(THA) increasing 145% and total knee arthroplasties (TKA)
increasing 147% [1]. Due to Medicare bundled payment packages,
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larger insured patient populations, continued annual decrease in
reimbursement, and ﬁnancial penalties for poor post-operative
outcomes, today’s health care landscape has placed an onus on
surgical teams to perform more procedures at lower costs while
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Table 1
Survey Statistics.
Patient Cohort Characteristics
Patients with at Least 2 PROMS Available for Analysis
PROMIS-PF
HOOS-JR
KOOS-JR
Patient Cohort Characteristics
Days Between First Survey and DOS by Survey
All Surveys
PROMIS-PF
HOOS-JR
KOOS-JR
Days Between First Survey and DOS by Surgery Type
THA
TKA
PKAa

n

(%)

497
152
258
Mean

(70)
(58)
(57)
(SD)

84
86
81
82

(47)
(51)
(16)
(41)

83
84
111

(48)
(47)
(74)

PROM, Patient Reported Outcome Measure; DOS, day of surgery; HOOS-JR, Hip
Disability and Osteoarthritis Outcome Score for Joint Replacement; KOOS-JR, Knee
Injury and Osteoarthritis Outcome Score for Joint Replacement; PKA, partial knee
arthroplasty; PROMIS-PF, Patient-Reported Outcomes Measurement Information
System Physical Function; SD, standard deviation; THA, total hip arthroplasty; TKA,
total knee arthroplasty.
a
P ¼ .013.

maintaining a higher quality of care [2]. Consequently, there is an
emphasis on measurable quality outcomes. Patient reported
outcome measures (PROMs) have become widely used in orthopaedics to differentiate a patient’s pre-operative insight of their
global health from their measured function in speciﬁc joints.
Furthermore, they are used to contrast patients’ preoperative pain
and function with postoperative results to serve as evidence of
increased quality of life directly related to surgical intervention
[3e6].
In order to fully understand the impact of joint arthroplasty
surgery on patient health, clinicians must demonstrate improvements in PROM scores following these procedures. However, there
is no consensus on when pre-operative PROM scores should be
measured. Ideally, PROM scores are collected during the initial
clinical consultation, so that they can be incorporated into shared
decision-making regarding optimal treatment options and potentially predictive analytics [7,8]. However, such collection may be
challenging to practically incorporate into routine clinical care with
reliable capture rates, leading to efforts at automating collection
upon check-in on the day-of-surgery (DOS) [9].
The purpose of this study was to determine whether or not
there are statistically as well as clinically important differences in
scores of PROMs collected at the time of clinical evaluation
compared to those collected at the DOS. The primary outcomes
were the change in score for each patient, and the mean change in
score for the TKA, THA, and partial knee arthroplasty groups. By
measuring the absolute value score change, we could measure
score changes on an individual patient basis. As patients often stop
anti-inﬂammatory medications the week prior to surgery for
anesthesia protocols, one may suspect a marginal decrease in

scores if recent symptoms are perceivably worse leading to the day
of surgery. Contrary to this, our hypothesis was that the scores
would be similar both on the cohort level as well as on the individual patient level making either time point useful for collection.
Conﬁrmation of the study hypothesis would justify PROM administration at either the clinical evaluation or the surgical date in
patients undergoing joint arthroplasty surgery.

Methods
This is a retrospective cohort study which took place from
October 1, 2020, through January 31, 2021, at 7 ambulatory clinics
and 3 high-volume surgical centers within a large, integrated
health system. All patients undergoing elective primary total hip,
total knee, and partial knee arthroplasty surgeries by 5 fellowshiptrained orthopaedic surgeons within the health system were
eligible for this study. Only patients with at least two preoperative
scores from initial presentation to the day of surgery, or within 25
days before the day of surgery were included in the cohort. Patients
undergoing a revision arthroplasty, partial hip arthroplasty, or
arthroplasty as a result of trauma were considered ineligible for this
study.
In total, 497 total joint arthroplasty patients met inclusion
criteria and had at least 2 preoperative PROM scores, with at least
one collected on or within 25 days before their day of surgery. The
mean duration between any two of the same PROM surveys was 84
± 47 days. Individually, the mean duration between surveys was 86
± 51 days, 81 ± 16 days, and 82 ± 41 days for Patient-Reported
Outcomes Measurement Information System Physical Function
PROMIS-PF, Hip Disability and Osteoarthritis Outcome Score for
Joint Replacement HOOS-JR, and Knee Injury and Osteoarthritis
Outcome Score for Joint Replacement KOOS-JR, respectively. PKA
patients, on average, were seen signiﬁcantly earlier, 111 ± 74 days
preoperatively (P-value ¼ .01), than either THA (83 ± 48 days) or
TKA (84 ± 47 days). Survey statistics can be seen in Table 1.
The patient population had a mean age 65 ± 10 years. Among
these patients, 59% (293) were female and 41% (204) were male.
Total hip arthroplasties (THAs) accounted for 37% of included cases
(184), while knee arthroplasties accounted for 63% (313). Knee
arthroplasties were further divided into partial knee arthroplasties,
representing 8% (40) and total knee arthroplasties (TKAs) representing 55% (273) of surgeries.
Trends in preoperative PROMIS-PF, HOOS-JR, and KOOS-JR
scores were collected preoperatively at patients’ clinic visits with
the surgeon. Based on the inclusion criteria, patients eligible for the
study were encouraged to complete surveys at each clinic visit as
well as date of surgery. Data was gathered through the electronic
medical record’s integrated PROM score report page for each patient. Once identiﬁed for inclusion, all preoperative PROMIS-PF,
HOOS-JR, and KOOS-JR for each patient were collected from
initial presentation through date of surgery.

Fig. 1. PROM collection timeline. PROMs were collected from initial presentation through the date of surgery. For trending patient PROMS, only the score closest to initial presentation and the score closest to the day of surgery were used. PROM, patient-reported outcome measure.
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Table 2
Preoperative Changes for Each Targeted PROM.
Measure

PROMIS-PF

Preoperative Score
Day of Surgery Score
Net Change
Net Change P-Value
Absolute Change

37
37
0.01
.96
4

±6
±7
±6
±4

HOOS-JR
46
47
0.1
.9
11

± 16
± 15
± 11
± 11

KOOS-JR
45 ±
47 ±
2±
.03
11 ±

15
13
14
10

PROM, Patient Reported Outcome Measure; HOOS-JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement; KOOS-JR, Knee Injury and Osteoarthritis Outcome Score for Joint Replacement; PROM, patient-reported outcome
measure; PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function.

The primary outcome was the change in PROMIS-PF, HOOS-JR,
and KOOS-JR scores from initial presentation to the day of surgery, or
within 25 days prior to the DOS. PROM score changes were individually calculated for each patient. When population data was
considered, both the net and absolute value change for each patient
were utilized for a more complete picture of the magnitude of
changes occurring in the study population. Each PROM (ie, PROMISPF, HOOS-JR, and KOOS-JR) was considered and analyzed independently. Changes in PROM scores were only calculated for patients
who had at least 2 of PROMIS-PF, HOOS-JR, or KOOS-JR scores preoperatively, with one of those scores 25 days before surgery and
another score within 25 days pre-operatively of surgery. PROM
scores gathered less than 25 days before surgery were used as the
preoperative score if a score was not available on the DOS. The patient PROM scores closest to initial presentation and closest to or on
the day of surgery were used to calculate the preoperative change in
PROM scores (See Fig. 1). PROM score pairs were excluded if they
were collected less than 25 days from each other. This exclusion was
applied to control for low-value PROM scores resulting from serial
pre-operative visits and errors in the collection system.
Statistical Analyses
Descriptive statistics, in the form of means and standard deviations, were assessed for each PROM score. Independent Samples

3

t-tests were performed to identify signiﬁcant differences between
surgery subtypes for PROMIS-PF and KOOS-JR and when comparing
days between survey administration. Pearson correlation coefﬁcients were determined for each initial and day of surgery PROM
score. Bland-Altman plots were generated to determine if there
were general agreements between the two preoperative PROM
measurements.
To assess for clinically relevant changes in PROMs, the surgical
groups were assessed for percentage of patients who achieved
minimal clinically important difference (MCID). Thresholds for
MCID were based off an anchor-based study by Hung et al. that
determined PROMIS-PF, HOOS JR, and KOOS JR MCIDs to be 7.9, 18.0,
and 15.1, respectively [10].
All analyses used a signiﬁcance level of 5% and were conducted
using the Statistical Product and Service Solutions software (IBM
Corp. Released 2020. IBM Statistical Product and Service Solutions
Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp.).

Results
When looking at the arthroplasty population as a whole, the
mean pre-operative change between both collection points for
PROMIS-PF was 0.01 ± 6 (P ¼ .96). However, there was a mean
absolute value change of 4 ± 4 points. HOOS-JR had a mean preoperative change of 0.1 ± 11 (P ¼ .93), with a mean absolute value
change of 11 ± 39. For KOOS-JR, the mean preoperative change
was 2 ± 14 (P ¼ .04), with a mean absolute value change of 11 ± 10.
Full information on PROM scores can be seen in Table 2 and distribution of PROM scores changes for each survey can be seen in
Figures 2-4.
TKA patients had higher initial PROMIS-PF scores, 37 ± 6, than
THA patients, 35 ± 6 (P ¼ .004). PKA patients had better preoperative (40 ± 7) and DOS scores (39 ± 6) than either TKA or THA
patients on PROMIS PF (P < .001, P ¼ .012, respectively). PKA patients also had a strong positive correlation (r ¼ 0.770) between
initial and day of surgery PROMIS-PF scores. Full breakdown by
surgery type for PROMIS-PF can be seen in Table 3.

Fig. 2. PROMIS-PF change in preoperative scores. PROMIS-PF scores saw 43% of patients decrease and increase preoperatively, while 14% saw no change in preoperative score. The
mean change was 0.01 ± 6 (P ¼ .969). PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function.
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Fig. 3. HOOS-JR change in preoperative scores. HOOS-JR scores saw 42% of patients decrease, 44% increase, and 14% have no change, preoperatively. The mean change was 0.1 ± 11
(P ¼ .931). HOOS-JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement.

PKA patients had higher preoperative KOOS-JR scores (53 ± 14)
than TKA patients (44 ± 15) (P < .001). PKA patients, on average,
decreased on KOOS-JR by 4 ± 13 points (P ¼ .05), while TKA patients
improved by 3 ± 14 points (P ¼ .002). While there was a signiﬁcant
difference between PKA and TKA patients in net change, absolute
value changes of 11 ± 10 and 10 ± 9, respectively, demonstrated no
signiﬁcant statistical differences(P ¼ .4). Differences in TKA and PKA
scores on KOOS-JR can be seen in Table 4.
Bland-Altman plots demonstrated no obvious biases between
the two preoperative measurements for any of the PROMs before
THA, TKA, or PKA (See Fig. 5). There was mostly agreement between
preoperative measurements.
The percentage of patients who achieved MCID for the various
PROMs before THA, TKA, or PKA are noted in Table 5, with further
stratiﬁcation of patients based on if they achieved a negative or
positive MCID.

Discussion
The results of this study indicate that, on average, there was no
statistically or clinically signiﬁcant score difference between
PROMs collected during the clinical evaluation and those collected
on the DOS among patients as a whole population undergoing
total joint arthroplasty. However, our study indicated that PROM
scores do clinically change, by both improving and worsening, on
an individual patient basis between these time points. This
retrospective review of 497 patients demonstrated that there was
signiﬁcant variation in presentation and DOS PROM scores despite
the overall population data suggesting the PROMs remaining
relatively stable in that time period. Therefore, it is necessary to
consider PROM measurements at both time points to better understand the true impact of surgical treatment on patient health
and pain resolution.

Fig. 4. KOOS-JR change in preoperative scores. KOOS-JR scores saw 35% of patients decrease, 55% increase, and 10% have no change, preoperatively. The mean change was 2 ± 14
(P ¼ .037). KOOS-JR, Knee Injury and Osteoarthritis Outcome Score for Joint Replacement.
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Table 3
Preoperative Changes on PROMIS-PF by Type of Arthroplasty Surgery.
PROMIS-PF

THA

Preoperative Score
Day of Surgery Score
Net Change
Net Change P-Value
Absolute Change

35
36
0.5
.2
4

TKA
± 6c
± 6e
±5

37
37
0.3
.5
4

±4

PKA

± 6b
± 7e
±6

40
39
0.1
.8
3

±5

± 7a
± 6d
±4
±3

P-Value
<.001
.003
.402
.436

P-values: a versus b ¼ .012, a versus c < .001, b versus c ¼ .004; d versus e ¼ .005, <.001.
PKA, partial knee arthroplasty; PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function; THA, total hip arthroplasty; TKA, total knee
arthroplasty.

When looking at the population data for the arthroplasty
patients in our study, the overarching combination of both hip
and knee arthroplasty PROM was evaluated using the PROMIS-PF
score as this applied to both sets of arthroplasty patients. Not
surprisingly, with the population data representing a normal
distribution with an equal subset of patients improving and
deteriorating, the net change in preoperative measurements
between their ﬁrst measurement and their date-of-surgery
measurement was very close to zero. This relationship was
echoed in the hip arthroplasty patients when evaluating their
HOOS-JR scores in the preoperative period. When evaluating
knee arthroplasty patients, interestingly there was a statistically
signiﬁcant improvement in pre-operative PROMs from ﬁrst to
DOS assessment before any surgical intervention had been performed. This may be an overall comment on the variability in
knee arthritis symptom severity. Additionally, while statistically
signiﬁcant, the average population difference in KOOS-JR did not
reach prior published MCID thresholds [10].
More interesting is the examination of individual absolute
value changes in preoperative PROM assessment at different
timepoints, as large variability was hypothesized to exist between the ﬁrst and ﬁnal assessment before surgery. In our data
set, there were statistically signiﬁcant differences in the absolute
value of PROM change in the HOOS-JR and KOOS-JR assessments.
Furthermore, there were many patients who achieved a signiﬁcant, clinical difference before surgical intervention as deﬁned by
crossing MCID thresholds. This demonstrated to us that rather
than patients remaining largely the same as one might assume
from the population data, there is a subset of patients who
improve dramatically before surgery, a population of patients
who deteriorate signiﬁcantly before surgery, and a population of
patients who do remain relatively constant with respect to their
PROMs before surgery.
The reason for these divisions in patients is largely understudied in the literature. The variability in score prior to intervention may be a comment on the various PROMs altogether,
noting poor reproducibility in certain patients and the need to
better quantify MCIDs. It may also be due to different
populations undergoing “prehabilitation” before surgery,

implementation of different preoperative pain protocols
(ie, taking patients off narcotics or implementing different
multimodal therapies), adopting smoking cessation protocols, or
something else altogether. These interventions can have a
widely different impact on individual patients before surgery
[11e15]. It would be an ideal future study design to try to
characterize different baseline characteristics in each of these
proposed subsets of patients to identify them ahead of time,
because those patients who have large variability can have large
implications on the probability of achieving MCID depending on
when the preoperative PROM assessment is performed. When
looking at populations as a whole, such differences can be lost in
the regression to the mean.
This study does come with limitations inherent to retrospective studies and when using patient-reported outcome score
forms [16]. Only English-language forms were used, which of
course excludes patients for whom English is not a primary
language. Some variability seen in patient forms may also be due
to speciﬁc forms like PROMIS having inherent variability in the
questions it poses rather than actual changes in the health status
of the patient. In addition, with regards to true changes in the
preoperative period, this can also vary with respect to different
nonoperative modalities attempted to control symptomatology
before deciding on surgery. This is something that can obviously
impact PROMs, yet is difﬁcult to capture in the methodology
described. Many healthcare systems, including the one present
in the study, have some patients presenting to nonoperative
providers before escalating care to a surgeon. Therefore, many
patients who present to the surgeon for the ﬁrst time have
exhausted their nonoperative options and present with PROMs
that are different then patients who have not yet sought treatment, but present to a surgeon’s clinic. Some of the variability
in the HOOS-JR and KOOS-JR scores might be explained in part
by the lower sample size of patients completing those surveys at
the time points described compared to the PROMIS-PF scores in
our study. As more emphasis is placed on PROMs in the literature, it is encouraging that larger study populations may mitigate the effect smaller sample sizes have on interpretation of the
data, but individual differences need to be respected since such

Table 4
Preoperative Changes in KOOS-JR by Type of Knee Surgery.
KOOS-JR

TKA

Preoperative Score
Day of Surgery Score
Net Change
Net Change P-Value
Absolute Change

44 ±
47 ±
3±
.002
11 ±

PKA
15
14
14
10

53 ±
49 ±
4 ±
.05
10 ±

P-Value
14
12
13
9

KOOS-JR, Knee Injury and Osteoarthritis Outcome Score for Joint Replacement; PKA, partial knee arthroplasty; TKA, total knee arthroplasty.
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Fig. 5. Bland-Altman plots for agreement between preoperative PROM scores. All plots showed no positive or negative bias, otherwise demonstrating relative agreement between
preoperative and date of surgery PROMIS-PF, HOOS JR, and KOOS JR. PROMIS-PF. Patient-Reported Outcomes Measurement Information System Physical Function; KOOS-JR, Knee
Injury and Osteoarthritis Outcome Score for Joint Replacement; HOOS-JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement; THA, total hip arthroplasty; TKA,
total knee arthroplasty; PKA, partial knee arthroplasty.

variation can get lost in averages. Also, the use of previously
published anchor-based MCID thresholds is limited in its applicability to the current study, since MCID thresholds vary based
on population and time of evaluation, as evidenced by a large
range of MCID thresholds published in other literature. Regardless of limitations, our data suggest that even the preoperative
time point used for such interpretation can pose important
variability.

Conclusion
In conclusion, our study demonstrated that as a population,
joint arthroplasty patients not surprisingly do not have a large net
change in pre-operative PROMs over the pre-operative periods
between initial assessment and date of surgery. However, on an
individual patient level, there may be important changes in PROM
scoreseboth favorable and unfavorableeduring this interim time
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Table 5
Frequency of Achieving Minimal Clinically Important Difference for Patient Reported Outcome Measures Prior to Joint Arthroplasty.
Patient Reported Outcome Measures

Total Hip Arthroplasty

Total Knee Arthroplasty

PROMIS-PF
Positive Change
Negative Change
HOOS JR
Positive Change
Negative Change
KOOS JR
Positive Change
Negative Change

13.7%
5.5%
8.2%
17.1%
7.2%
9.9%

14.0%
7.6%
6.4%

Partial Knee Arthroplasty
7.8%
3.9%
3.9%

26.0%
15.8%
10.2%

20.9%
2.3%
18.6%

Reported values are percentages achieving a minimal clinically important difference (MCID) from the entire cohort of total hip, total knee, or partial knee arthroplasty patients
with further stratiﬁcation based on achievement of a negative or positive MCID.
PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function; KOOS-JR, Knee Injury and Osteoarthritis Outcome Score for Joint Replacement;
HOOS-JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement.

period. PROM collection should therefore be conducted both in the
ambulatory setting at the time of shared decision-making, as well
as on the day of surgery, in order to comprehensively understand
that patient’s health status throughout the clinical care episode.
Further study will be needed to ascertain which preoperative time
point(s) may be most relevant to trend and compare to postoperative outcomes.
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