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Hallux valgus is a common condition of the foot with 4.4 
million people seeking care annually, with over 200 000 
undergoing surgical correction8 at an average cost of 
$18 332 per surgery.23 The decision of when to pursue oper-
ative intervention is multifactorial and includes patient fac-
tors such as pain, function, and an understanding of 
postoperative expectations. A prior report alerted surgeons 
that patients recall 10% or less of the surgical risks and 
postoperative expectations.20 As a solution, some propose 
shared decision-making tools to ensure better comprehen-
sion of risks and expectations.21,22 However, these tools are 
usually specific to a procedure or disease and may lack 
input from patients.22

A potential solution is to use patient-reported outcomes 
(PROs) for shared decision making preoperatively. PROs 
such as the Patient-Reported Outcomes Measurement 
Information System (PROMIS) are based on patients’ 

symptoms and are agnostic to disease. The PROMIS scales 
provide objective information derived directly from patients 
for shared decision making during preoperative counseling. 
Assessment of PRO scales often includes varied or short-
term follow-up as this mirrors clinical delivery. These stud-
ies are distinct from therapeutic assessment of outcomes, 
which requires longer, more standardized follow-up. Initial 
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Abstract
Background: Prior studies have suggested preoperative patient-reported outcome scores could predict patients who 
would achieve a clinically meaningful improvement with hallux valgus surgery. Our goal was to determine bunionectomy-
specific thresholds using Patient-Reported Outcomes Measurement Information System (PROMIS) values to predict 
patients who would or would not benefit from bunion surgery.
Methods: PROMIS physical function (PF), pain interference (PI), and depression assessments were prospectively collected. 
Forty-two patients were included in the study. Using preoperative and final follow-up visit scores, minimally clinically 
important differences (MCID), receiver operating characteristic (ROC) curves, and area under the curve (AUC) analyses 
were performed to determine if preoperative PROMIS scores predicted achieving MCID with 95% specificity or failing to 
achieve an MCID with 95% sensitivity.
Results: PROMIS PF demonstrated a significant AUC and likelihood ratio. The preoperative threshold score for failing 
to achieve MCID for PF was 49.6 with 95% sensitivity. The likelihood ratio was 0.14 (confidence interval, 0.02-0.94). The 
posttest probability of failure to achieve an MCID for PF was 94.1%. PI and depression AUCs were not significant, and thus 
thresholds were not determined.
Conclusion: We identified a PF threshold of 49.6, which was nearly 1 standard deviation higher than previously published. 
If a patient is hoping to improve PF, a patient with a preoperative t score >49.6 may not benefit from surgery. This study 
also suggests the need for additional research to delineate procedure-specific thresholds.
Level of Evidence: Level III, retrospective comparative series.
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assessments of the ability of PROMIS scales (pain interfer-
ence [PI], depression, and physical function [PF]) to predict 
outcome after foot and ankle surgeries were positive.2 
However, a follow-up study performed in a separate geo-
graphic academic center confirmed this threshold value 
only for PROMIS PF.9 Although hallux valgus correction 
was identified as one of the most common surgeries in the 
previous studies,2,9 foot and ankle conditions have not been 
individually studied to determine if the previously pub-
lished thresholds are generalizable or if each condition has 
its own unique set of preoperative PROMIS thresholds.

Therefore, we sought to assess the ability of preoperative 
PROMIS scores to predict postoperative improvement in 
hallux valgus surgery. The aims of this study were to evalu-
ate the average change in PROMIS t scores from the pre- to 
postoperative follow-up after bunionectomy surgery and to 
determine if preoperative PROMIS PF, PT, and depression 
thresholds for bunionectomy surgery differed from the pre-
viously published values that encompassed all foot and 
ankle surgery.

Methods

PROMIS PF, PI, and depression scores were prospectively 
obtained from patients in an orthopedic foot and ankle 
clinic between February 2015 and November 2016. Patients 
18 years and older who underwent various bunionectomy 
surgeries (Table 1) by a single surgeon were identified 
using Current Procedural Terminology codes. Exclusion 
criteria consisted of less than 2-month follow-up, multiple 
procedures unrelated to their bunionectomy during the fol-
low-up period, and incomplete PROMIS assessment 
scores. A total of 65 patients who underwent bunionectomy 
during the study period were identified. After applying the 
exclusion criteria, 42 patients were included in the data 
analysis (Figure 1). The postoperative rehabilitation 

protocol depended on the type of bunionectomy performed 
(Table 2). The average follow-up during the study period 
was 18.3 weeks (8.7-48.3). Fourteen patients (33.3%) had 
at least 6 months of follow-up.

Outcome Measures
PROMIS PF, PI, and depression scales were administered 
during routine patient care. A strength of PROMIS scales is 
the integration of computer adaptive testing (CAT). The 
CAT approach selects the next most appropriate items for 
each scale based on a patient’s previous answer, thus avoid-
ing floor and ceiling effects.12 This results in obtaining a 
score in 4 to 12 questions for each scale, minimizing the 
patient burden. For PROMIS PF, higher scores indicate 
greater perceived physical ability and therefore improve-
ment. For PROMIS PI and depression scales, lower scores 
indicate less PI and depression and therefore improvement. 
For all 3 PROMIS scales, a t score of 50 is the average of 
the US population, and 10 points represents 1 standard 
deviation of the US population.

Statistical Analysis
A 2-way analysis of variance (ANOVA) was used to assess 
the average change in PROMIS scales from pre- to 

Table 1. Surgical Procedures and Postoperative Complications.

Characteristic No.

Type of bunionectomy
Distal chevron osteotomy 34

 Lapidus 7
MTP arthrodesis 1

Additional procedures
Second hammer toe corrections 9
Second and third hammer toe corrections 3
Akin osteotomy 2
Complications

Removal of hardware 6
Superficial skin infection 1
Delayed wound healing 1
Persistent neuritis 1

Abbreviation: MTP, metatarsophalangeal.

Figure 1. Patient selection for data analysis.  PROMIS, Patient-
Reported Outcomes Measurement Information System.



postoperative follow-up. One factor was PROMIS scales 
(PF, PI, and depression) and the second factor was time 
(preoperative/postoperative). Because improvement in PI 
and depression are indicated by lower scores and improve-
ment in PF is indicated by a higher score, an interaction 
effect of the 2-way ANOVA is consistent with overall 
improvement across scales. To verify that the interaction 
resulted from improvement across all 3 PROMIS scales, 
pairwise comparisons were calculated to assess the change 
from pre- to postoperative scores on each scale.

Improvement was established by calculating the mini-
mally clinically important differences (MCIDs) for each 
PROMIS scale. The distributive method estimates the MCID 

as one-half standard deviation of the change score from pre- 
to postoperative follow-up and has been found to be a valid 
estimate of the MCID.15 Based on this approach, MCID 
thresholds were calculated as an increase of 3.9 or greater in 
PF, a decrease of 4.65 or greater in PI, and a decrease of 3.1 
or greater in depression. Receiver operating characteristic 
(ROC) curves were used to assess the ability of preoperative 
PROMIS scores to predict an MCID change for each 
PROMIS scale (Figure 2). Area under the curve (AUC) was 
used to assess the ability of a PROMIS scale to discriminate 
an MCID change. Higher AUC values indicate greater abil-
ity to accurately discriminate individuals who achieved an 
MCID change. For PROMIS scales with significant AUCs, 

Table 2. Postoperative Protocols.

Characteristic Treatment

Chevron bunionectomy with and without hammer toe corrections
Immediate postoperatively Splint, NWB for 1 week
1 week postoperatively Transition to WBAT in walking boot
5-6 weeks postoperatively Pin removal if applicable, transition to normal shoe wear as able

First TMT arthrodesis
Immediate postoperatively Splint, NWB
1 week postoperatively Transitioned to NWB in short leg cast for 6 weeks
6 weeks postoperatively Transition to WBAT in walking boot
10 weeks postoperatively Transition to normal shoe wear

Abbreviations: NWB, nonweightbearing; TMT, tarsometatarsal; WBAT, weightbearing as tolerated.

Figure 2. Receiver operating characteristic curves to assess the ability of preoperative Patient-Reported Outcomes Measurement 
Information System (PROMIS) scores to predict a minimally clinically important difference change for each PROMIS scale.



thresholds that resulted 95% specificity/sensitivity for deter-
mining patients who achieved an MCID were determined 
from the ROC curves. Likelihood ratios and posttest proba-
bilities were also calculated for each preoperative PROMIS 
scale based on the new thresholds to determine the probabil-
ity of correctly identifying those who would achieve or fail 
to achieve the MCID. The new threshold values specific to 
hallux valgus were then compared to the previous studies 
that included a wide variety of diagnoses.2,9

To assess adequacy of the sample size, the AUC from the 
ROC curve was used. An AUC of 0.7 is considered accept-
able or the minimum for clinical significance.13 The propor-
tion of patients experiencing an MCID change was varied in 
10% increments to determine significance of an AUC of 
0.7.16 With a sample size of 42, the 95% confidence interval 
excluded 0.5 when the proportion of patients experiencing 
an MCID change was greater than 30%. All analysis was 
performed using SPSS version 25 (SPSS, Inc, an IBM 
Company, Chicago, IL).

Results

The demographics and mean preoperative and postopera-
tive PROMIS scores are listed in Table 3. When stratified 
by follow-up less than 6 months and 6 months or greater, 
there were no differences in preoperative or postopera-
tive PROMIS, although postoperative PI was nearly sig-
nificant (P = .051, Table 4). Two-way ANOVA showed a 
significant effect for time where postoperative scores 
were lower on average than preoperative scores. A main 
effect occurred because all PROMIS scales were lower 
postoperatively compared to preoperatively. However, 
only depression was significantly lower, which repre-
sents an improvement in that domain (−2.5; 95% confi-
dence interval [CI], −4.8 to −0.3). PROMIS PI (−2.8; 
95% CI, −6.4 to 0.7) and PF (−1.1; 95% CI, −4.3 to 2.1) 

were minimally lower but not significantly different 
from preoperative scores. Lower PI scores would repre-
sent an improvement, whereas lower PF would represent 
worsening symptoms.

The ROC analysis yielded significant AUC for PF (0.74, 
P = .014) and depression (0.71, P = .03) but not for PI 
(0.63, P = .14). As a result, thresholds could not be deter-
mined for PI.

The threshold for achieving MCID for depression was 
58.1 with 95% specificity. The likelihood ratio of 8.0 was 
not significant (95% CI, 0.98-65.0). The posttest probabil-
ity of achieving an MCID for depression was 80%. The 
bunionectomy-specific threshold for failing to achieve 
MCID for depression was 39.8 with 95% sensitivity. The 
likelihood ratio of 0.25 was also not significant (95% CI, 
0.03-1.81). The posttest probability of failing to achieve 
MCID for depression was 88.9%. Although the posttest 
probabilities (or probabilities that a patient will be correctly 
identified as achieving or failing to achieve MCID) were 
high, the likelihood ratios were not significant. This indi-
cates that depression was not a major symptom contributing 
to outcomes following bunionectomy, and therefore the 
thresholds obtained would not be reliable predictors on post-
operative outcomes.

The bunionectomy-specific preoperative threshold t 
score for achieving an MCID for PF was 39.6 with 95% 
specificity. The likelihood ratio was 2.23 (95% CI, 0.15-
33.0). The posttest probability of achieving an MCID for 
PF was 70%. The preoperative threshold t score for failing 
to achieve an MCID for PF was 49.6 with 95% sensitivity 
(Figure 3). The likelihood ratio was 0.14 (95% CI, 0.02-
0.94). The posttest probability of failing to achieve an 
MCID for PF was 94.1%. This was the only PROMIS 
domain that had a significant AUC and likelihood ratio, 
suggesting that this was the only domain that could reli-
ably predict postoperative outcomes based on preopera-
tive scores.

Table 3. Patient Demographics and Patient-Reported 
Outcomes Measurement Information System Scores.

Characteristic Mean
Standard 
Deviation

Mean Change 
(Preoperative to 
Postoperative)

Age 56.1 14.6
Follow-up, wk 18.3 10.8
Preoperative PF 48.5 6.9
Preoperative PI 55.0 5.2
Preoperative 

depression
46.4 8.2

Postoperative PF 47.4 6.6 −1.1
Postoperative PI 52.4 8.6 −2.6
Postoperative 

depression
44.6 8.3 −1.8

Abbreviations: PF, physical function; PI, pain interference.

Table 4. Preoperative and Postoperative PROMIS Scores 
Stratified by Follow-up.

Characteristic

<6 Months 
(n = 28), Mean 

(SD)

>6 Months 
(n = 14), Mean 

(SD)
P 

Value

Preoperative PROMIS scores
 PF 49.9 (6.5) 45.7 (6.9) .06
 PI 54.2 (5.1) 56.7 (5.2) .15
 Depression 46.4 (7.6) 46.5 (9.5) .98
Postoperative PROMIS scores
 PF 48.0 (5.8) 46.2 (8.0) .40
 PI 50.6 (8.2) 56.1 (8.6) .05
 Depression 44.8 (8.6) 44.3 (7.9) .88

Abbreviations: PF, physical function; PI, pain interference; PROMIS, 
Patient-Reported Outcomes Measurement Information System.



Discussion

Patient-reported outcome measures are becoming an integral 
component of health care practices. PROMIS scales specifi-
cally are emerging as powerful tools for preoperative coun-
seling and shared decision making. PROMIS has been shown 
to be a reliable and efficient method of collecting PROs, 
making it an attractive alternative to legacy measures.3,10,14,17 
In addition, PROMIS scores have been validated for foot and 
ankle outcome measures.2,11 Consistent with several stud-
ies,2,4-7,9,19 this study supports that preoperative PROs can be 
a useful tool for discussing postoperative treatment goals and 
expectations for domains such as PF. However, this study 
also suggests that specific diagnoses like hallux valgus may 
have distinct disease or procedure-specific thresholds as evi-
denced by the difference in our sample compared to prior 
studies evaluating all foot and ankle procedures.2,9

The uniqueness of the sample may contribute to such 
differences in the thresholds. This sample suggests hallux 
valgus is characterized as nearly exclusively female (40/42), 
with relatively high physical function (48.5), moderate pain 
interference (55.0), and low depression (46.4) preopera-
tively (Table 3). Previous studies of foot and ankle sur-
gery2,9 showed ~1 standard deviation (~10 points) worse 
scores for PF and PI, suggesting the preoperative status of 
patients in our sample was high compared to other foot and 
ankle surgeries. The bunionectomy-specific PF threshold 
score identified in this study (>49.6) was also nearly 1 stan-
dard deviation higher than previously reported for “ALL” 
foot and ankle surgeries (Table 5).2,9 A threshold of 49.6, or 
nearly the score for the “average” patient, also suggests that 
other factors not measured by PROMIS, such as shoe wear 
difficulties, skin issues, and pain, likely contribute to the 
decision to proceed with hallux valgus surgery.

Figure 3. Correlation between the baseline Patient-Reported Outcomes Measurement Information System (PROMIS) physical 
function (PF) and change in PROMIS PF from baseline to follow-up in patients undergoing bunionectomy surgery. The total foot and 
ankle (F/A) surgery threshold to identify patients failing to achieve a minimally clinically important difference (MCID) improvement 
of >42 (dotted line) from a previous study, derived from a variety of foot and ankle surgeries, contrasts with the bunionectomy-
specific threshold of >49.6. In addition, the number of patients potentially influenced by this threshold is high. No patients met the 
bunionectomy-specific cutoff of 39.4 for achieving an MCID; therefore, its significance is questionable.



Taking these considerations into account, the data of this 
study suggest that higher health status prior to orthopedic 
procedures makes preoperative decisions relative to surgery 
more relevant. Anderson et al1 showed that while foot and 
ankle surgeries are largely successful (88% of patients), 
patients who considered surgery unsuccessful showed 
worse PROMIS PF, PI, and depression scales. The under-
standing that patients with high PRO scores preoperatively 
have less room to make significant improvements and vice 
versa is important and could represent a common statistical 
phenomenon called regression to the mean. Future data sets 
with larger samples may try to model this effect similar to 
application of other PRO data to preoperative orthopedic 
decisions.18 Nonetheless, PROMIS and PROs in general 
can be powerful tools and useful adjuncts to preoperative 
shared decision making. Additional studies may provide 
more refined predictive models in the future.

Our study has limitations. First, our minimum follow-
up was only 2 months. Although 14 patients (33.3%) had 
at least 6 months of follow-up, 19 patients (45.2%) had 
less than a 3-month follow-up, all of which were allowed 
to follow up on an as-needed basis at that time point. The 
undefined postoperative follow-up limits the validity of 
the inference of the analysis. However, when comparing 
those with less than 6 months of follow-up to those with 
6 months or greater follow-up, there were no differences 
in average postoperative PF or depression t scores. In 
those with at least six months of follow-up, there was a 
trend toward worse PI scores that nearly reached statisti-
cal significance. With a longer and more homogeneous 
follow-up period, it is possible that patients with lower PF 
scores may experience further improvement over time, 
which could ultimately alter the threshold t scores. It is 
also possible this would allow a threshold of PI t scores to 
be obtained to help delineate the differences seen in 
patients with less than and greater than 6 months 

of follow-up. With these significant limitations, it is 
important to realize this study is best viewed as an assess-
ment of the outcomes instrument and not necessarily an 
assessment of clinical outcome. Second, the cohort in our 
study represents patients from a single surgeon. Therefore, 
the outcomes and threshold scores may not be representa-
tive of patients treated by all foot and ankle surgeons. 
Last, all bunionectomy surgeries were included and there-
fore any differences between the type of surgery per-
formed or the postoperative protocols were not evaluated 
given the small sample size, particularly of those who 
underwent a first tarsometatarsal arthrodesis. Despite our 
limitations, we were able to demonstrate that preopera-
tive PROs can be predictors of postoperative outcomes. 
Our study also suggests that not all foot and ankle proce-
dures are treated equal, and for improved preoperative 
counseling on postoperative expectations, additional 
studies are needed to further evaluate procedure-specific 
thresholds.

Conclusion

Patient-reported outcomes can be powerful predictors of 
postoperative outcomes in foot and ankle surgery. The preop-
erative bunionectomy-specific PROMIS PF threshold was 
nearly 1 standard deviation higher than previously published 
thresholds for all foot and ankle surgeries. This suggests the 
need for further studies to delineate procedure-specific 
thresholds for enhanced preoperative patient counseling and 
optimized shared decision making.
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Table 5. Preoperative Patient-Reported Outcomes Measurement Information System t Score Thresholds for Bunionectomy 
Compared to Prior Studies Evaluating All Foot and Ankle Surgeries.

Characteristic

Achieving MCID Failing to Achieve MCID

Scale t Score Scale t Score

Bunionectomy specific Physical function
Pain interference
Depression

—
—
—

Physical function
Pain interference
Depression

>49.6
—
—

Ho et al9 Physical function
Pain interference
Depression

<29.7
>67.2

—

Physical function
Pain interference
Depression

>42
<55
<41.5

Anderson et al2 Physical function
Pain interference
Depression

<28
—

Not tested

Physical function
Pain interference
Depression

>41.6
—

Not tested

Abbreviations: MCID, minimally clinically important difference; —, values were not statistically significant, and therefore thresholds were unable to be 
determined.
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