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Abstract
Background: Hindfoot and ankle fusions are mechanically limiting procedures for patients. However, patient-reported
outcomes of these procedures have not been well studied. This study assessed outcomes of hindfoot and ankle fusions by
using Patient-Reported Outcome Measurement Information System (PROMIS) Physical Function (PF) and Pain Interference
(PI) Computer Adaptive Tests (CATs).
Methods: Between 2014 and 2018, 102 patients were prospectively enrolled after presenting to a tertiary care facility for
ankle and hindfoot fusions, including tibiotalar, tibiotalocalcaneal, subtalar, and triple arthrodeses. Study participants com-
pleted preoperative and 12-month postoperative PF and PI CATs. The differences between mean 12-month postoperative
and preoperative PROMIS PF and PI T scores were analyzed with paired t tests. The relationship between the 12-month PF
and PI differences for the overall sample and patient factors was examined using multiple regression modeling.
Results: The sample had mean age of 57.69 years; 48% were male, and 55% were obese. Patients who underwent ankle and
hindfoot arthrodesis had statistically significant improvements from preoperative to 12 months postoperative in mean PF
(36.26+7.85 vs 39.38+6.46, P ¼ .03) and PI (61.07+7.75 vs 56.62+9.81, P ¼ .02). Triple arthrodesis saw the greatest
increases in physical function (DPF ¼ 7.22+7.31, P ¼ .01) and reductions in pain (DPI ¼ –9.17+8.31, P ¼ .01), achieving
minimal clinically important difference (MCID). Patients who underwent tibiotalar fusion had significant improvement in
physical function (DPF¼ 4.18+5.68, P¼ .04) and pain reduction that approached statistical significance (DPI¼ –6.24+8.50,
P ¼ .09), achieving MCID. Older age (�60 years ) was associated with greater improvements in PF (b ¼ 0.20, P ¼ .07) and
PI (b ¼ –0.29, P ¼ .04). Preoperative PF and PI T scores were significantly associated with the 12-month change in PF and PI
T scores, respectively (b ¼ –0.74, P < .01; b ¼ –0.61, P < .01).
Conclusion: Hindfoot and ankle fusions are procedures with favorable patient outcomes leading to increased physical
function and decreased pain at 12 months postoperation relative to preoperation.
Level of Evidence: Level II, prospective comparative study.
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Introduction

Hindfoot and ankle arthritis and deformity constitute a sig-

nificant disease burden on affected patients, leading to

reduced quality of life.17 These conditions lead to physical

impairment at levels commensurate to those of end-stage

renal disease and congestive heart failure.28,48 In such

patients, operative hindfoot and ankle arthrodesis procedures

are indicated for pain and instability as well as for severe

deformity and malalignment of the involved joints.
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Traditional operative options include tibiotalar arthrodesis,1

tibiotalocalcaneal (TTC) fusion,3 subtalar arthrodesis,12,47

and triple arthrodesis.41

Each procedure can result in pain relief, deformity cor-

rection, and improved function. However, they are typically

used as salvage procedures for significant pathology as they

are not without drawbacks and complications. For example,

tibiotalar arthrodesis leads to loss of ankle motion and can

result in diminished gait efficiency30 as well as adjacent joint

supraphysiologic motion and stress leading to adjacent joint

disease.11,49 TTC fusion complication rates have been

reported as high as 60%, with the most common complica-

tions being nonunion, malunion, infection, and implant

problems.3,43 Triple and subtalar arthrodesis necessarily

limit the transverse tarsal joints during ambulation, which

eliminates the function to unlock the hindfoot during the

stance phase, compromising the smooth transition from heel

strike to stance phase. Complications include infection, non-

union, adjacent joint arthritis, and hardware issues. Addi-

tionally, fusion in a malaligned position confers significant

functional consequences.47

Various studies have examined postoperative outcomes of

these procedures using validated questionnaires, including the

36-Item Short Form Health Survey (SF-36), the American

Orthopaedic Foot & Ankle Society (AOFAS) Ankle-

Hindfoot Score, and the Musculoskeletal Functional Assess-

ment; visual analog scale (VAS) for pain; subjective measures

of pain and satisfaction; and rates of return to daily activity and

return to work.2,5-10,13,18,20,21,24,31,33-35,37,38,41,42,44,46,52,54

However, to our knowledge, no studies have thus far assessed

patient-reported outcomes of these procedures using computer

adaptive tests as with the Patient-Reported Outcome Measure-

ment Information System (PROMIS).

PROMIS is a validated outcome measure providing

patients the opportunity to report their experiences with

classes of symptoms due to chronic illness.16,50 It addresses

multiple issues inherent to other patient-reported outcomes

scoring tools such as floor/ceiling effects, excessive time to

complete, and lack of generalizability.14 Domains include

Physical Function (PF) and Pain Interference (PI), adminis-

tered as Computer Adaptive Tests (CATs). These incorpo-

rate branching logic that specifically hones in on the most

salient aspects of a patient’s experience to best characterize

his or her physical function and the effect of pain on their

lives. This outcome measurement system is not only general-

izable but is also better than many other outcome measure-

ments for orthopedic pathophysiology and interventions.15,32

The purpose of this study was to assess the outcomes and

prognosis of various hindfoot fusion subtypes along with

ankle fusion by using 2 validated patient-reported outcome

measures: the PROMIS PF and PI CATs. We evaluated these

procedures to determine if they are effective as a salvage

method and truly improve physical function and pain in a

patient population that is often severely limited with regards

to general mobility and activities of daily living.

Materials and Methods

Participants

Patients between 18 and 89 years of age who presented to a

single university-affiliated hospital between 2014 and 2018

for primary ankle and hindfoot fusion surgeries, including

tibiotalar arthrodesis, TTC fusion, subtalar arthrodesis, and

triple fusion, were included in the study. The surgeries were

performed by 2 fellowship-trained orthopedic foot and ankle

surgeons. All patients included had a minimum 2-year

follow-up. They were enrolled prospectively in the study

after obtaining consent. Patients were only excluded on the

basis of polytraumatic injuries necessitating orthopedic

intervention besides the studied procedures. This single

exclusion criterion was used to avoid the confounding effect

of other injuries and surgeries while still ensuring the great-

est generalizability of these results owing to the diverse

indications and comorbidities of the typical patient popula-

tion undergoing the studied procedures. Approval from the

academic medical center’s institutional review board

(84014) was granted prior to study commencement.

Data Collection

A total of 102 patients were enrolled in the study. Patients

were contacted by phone with multiple attempts on multiple

days conducted for those unable to be reached. Forty-two

patients were able to be contacted and surveyed by a single

author using a prewritten script and standardized, branching-

logic PROMIS CAT questions within REDCap. Demo-

graphic information (ie, sex, age, race, body mass index, and

smoking history), medical history (ie, type 2 diabetes melli-

tus and rheumatoid arthritis), and type of procedure per-

formed (ie, triple fusion, TTC fusion, tibiotalar fusion, and

subtalar fusion) were extracted from the electronic medical

record (EMR) for outcome stratification. Charlson Comor-

bidity Index (CCI) was calculated based on medical history

and age. Participants completed preoperative and 12-month

postoperative PROMIS PF and PI CATs via the REDCap

electronic data capture tool.19 This interval was chosen

based on typical recovery time and scheduled postoperative

visits. The PROMIS PF v1.2 CAT uses a 121-item question

bank, and the PROMIS PI v1.1 CAT draws from a 40-item

question bank. The CATs uniquely decrease patient burden

and survey fatigue by choosing questions from the item bank

that adapt using prior patient answers.25,27 PROMIS PF and

PI domains are reported as T scores ranging between 0 and

100. The PROMIS PF scale measures a patient’s self-

reported ability to perform physical activities, including dex-

terity, mobility, and activities of daily living. The PROMIS

PI scale measures the degree to which pain hinders a

patient’s daily life physically, socially, emotionally, and

cognitively. Functional improvement in patients has a posi-

tive correlation to PF T scores whereas PI T scores are inver-

sely correlated with improvements in a patient’s reported

pain.16
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Statistical Analysis

Differences in preoperative and 12-month postoperative

CAT PROMIS T scores were calculated for each patient,

and mean values were used as a measure of changes in pain

and physical function at 1 year postoperation. The distribu-

tions of PROMIS PF and PI T scores were assessed for

normality using a Shapiro-Wilk test. Paired t tests were

used to compare differences in mean PF and PI T scores

prior to surgery and at 12-month follow-up. Sex, age

group, surgery type, and preoperative T scores were

selected a priori as potential predictive factors associated

with the difference between 12-month postoperative and

preoperative PF and PI T scores for the overall sample in

a multiple regression model. Body mass index (BMI) was

analyzed as a categorical variable according to Centers for

Disease Control and Prevention BMI classification. Age

was analyzed as a categorical variable (<60 and �60 years

of age) based on previously reported cutoffs described in

the orthopedic foot and ankle literature.22,53 Minimum

clinically important difference (MCID) was determined

using the 0.5 SD method, which is a variation-based esti-

mate of the MCID commonly used in the literature.26,45,51

A P value less than .05 was deemed statistically signifi-

cant. All data were analyzed using the Statistical Package

for the Social Sciences (SPSS), version 26 (IBM Corp,

Armonk, NY).

Results

Patient Characteristics

The final sample was composed of 42 patients who under-

went ankle or hindfoot arthrodesis: 10 triple fusions, 7 TTC

fusions, 8 tibiotalar fusions, and 17 subtalar fusions. The

average age of participants was 57.69 + 11.62, and there

was a slight female predominance (52.4%). A majority of

patients were obese (54.7%), and common comorbidities

included present or past smoking history (42.9%), type 2

diabetes mellitus (21.4%), and rheumatoid arthritis

(16.7%). Mean CCI was 2.36 + 1.72. A summary of patient

demographic characteristics and comorbidities is outlined in

Table 1.

Twelve-Month Changes in Physical Function and Pain
Interference

Overall, patients who underwent ankle or hindfoot arthrod-

esis had statistically significant improvements in physical

function (DPF T score ¼ 3.12 + 9.09, t ¼ 2.22, P ¼ .03)

and pain (DPI T score¼ –4.66 + 11.39, t¼ 2.53, P¼ .02) at

12-month follow-up. Triple fusions saw the largest increases

in physical function (DPF T score¼ 7.22 + 7.31, t¼ 3.12, P

¼ .01) and reductions in pain (DPI T score¼ –9.17 + 8.31, t

¼ 3.49, P ¼ .01). Patients who underwent tibiotalar fusion

had significant improvement in physical function (DPF T

score ¼ 4.18 + 5.68, t ¼ 2.40, P ¼ .04) and improvement

in pain reduction, which did not reach statistical significance

(DPI T score ¼ –6.24 + 8.50, t ¼ –1.90, P ¼ .09). Mean

differences in PF and PI T scores were not found to be

individually statistically significant for TTC and subtalar

fusions (Figure 1). The MCID was achieved for improve-

ments in physical function and pain at 12 months for triple

fusion and tibiotalar fusion patients (Table 2).

Multiple Regression

The multivariable b coefficients were determined after

controlling for sex, age group, type of surgery, and

Figure 1. Physical function and pain interference T scores. Data is reported for the overall sample and by each surgery type as the mean
difference between 12-month postoperative and preoperative T scores for PF and PI CATs. ***P < 0.05.
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preoperative PF and PI T scores. Age greater than or

equal to 60 was positively associated with improvements

in physical function (b ¼ 0.20, P ¼ .07) and pain (b ¼ –

0.29, P ¼ .04). Higher preoperative PF T scores were

inversely associated with improvements in physical

function (b ¼ –0.74, P ¼ <.01), and higher preoperative

PI T scores were positively associated with reductions in

pain interference (b ¼ –0.61, P � .01). No significant

relationships were observed between sex or surgery type

and 12-month changes in physical function or pain

(Table 3).

Discussion

To our knowledge, this is the first study analyzing the out-

comes and prognosis of various hindfoot fusion subtypes and

ankle fusion using PROMIS to assess the effectiveness of

this group of procedures. We evaluated these surgeries as a

group because they are typically used in a patient population

that is often severely limited with regard to general mobility

and activities of daily living due to foot and ankle impair-

ment. This study found that, overall, patients who underwent

ankle and hindfoot arthrodesis had improved physical

Table 1. Demographic Characteristics.a

Characteristic Overall Triple Fusion TTC Fusion Tibiotalar Fusion Subtalar Fusion

n (%) 42 (100) 10 (23.8) 7 (16.7) 8 (19.0) 17 (40.5)
Sex

Males 20 (47.6) 5 4 4 7
Females 22 (52.4) 5 3 4 10

Age, y 57.69 + 11.62 60.50 + 13.24 59.43 + 7.72 57.13 + 13.02 55.59 + 11.82
Age group

<60 y 22 (52.4) 4 2 7 9
�60 y 20 (47.6) 6 5 1 8

Race
White 23 (54.8) 5 5 3 10
Black 4 (9.5) 1 1 0 2
Native American 1 (2.4) 1 0 0 0
Other 2 (4.8) 0 0 0 2
Unidentified 12 (28.5) 3 1 5 3

BMI 32.60 + 7.29 32.03 + 7.43 35.61 + 4.53 32.36 + 8.52 31.80 + 7.79
BMI classification

Normal (18.5-25) 8 (19.0) 2 0 2 4
Overweight (25-30) 11 (26.2) 3 1 2 5
Class I obesity (30-35) 6 (14.3) 0 2 1 3
Class II obesity (35-40) 10 (23.8) 4 3 2 1
Class III obesity (�40) 7 (16.7) 1 1 1 4

Smoking history
Never smoker 24 (57.1) 8 6 2 8
Past/current smoker 18 (42.9) 2 1 6 9

Type 2 diabetes mellitus 9 (21.4) 2 3 0 4
Rheumatoid arthritis 7 (16.7) 1 2 1 3
Charlson Comorbidity Index 2.36 + 1.72 2.20 + 1.32 3.29 + 2.21 2.00 + 1.07 2.24 + 1.95

Abbreviation: TTC, tibiotalocalcaneal.
aData are reported as n (%) or as mean + SD. Percentages are not indicated for n <20.

Table 2. Physical Function and Pain Interference T Scores.a

Procedure

Preoperative
PF CAT
T score

Preoperative
PI CAT
T score

12-mo PF CAT
T score

12-mo PI CAT
T score

DPF CAT
T score

P
Value

DPI CAT
T score

P
Value

Overall (n ¼ 42) 36.26 + 7.85 61.28 + 7.75 39.38 + 6.46 56.62 + 9.81 3.12 + 9.09 .03 –4.66 + 11.39 .02
Triple fusion (n¼10) 31.94 + 6.28 65.12 + 7.33 39.16 + 5.13 55.95 + 9.40 7.22 + 7.31 <.01 –9.17 + 8.31 <.01
TTC fusion (n¼7) 36.80 + 8.99 59.40 + 9.96 36.39 + 3.67 59.59 + 5.34 –0.41 + 8.94 .90 0.19 + 9.15 .96
Tibiotalar fusion (n¼8) 36.89 + 7.20 61.24 + 4.89 41.06 + 5.75 55.00 + 10.50 4.18 + 5.68 .04 –6.24 + 8.50 .09
Subtalar fusion (n¼17) 38.28 + 8.16 59.82 + 7.72 39.94 + 8.18 56.55 + 11.51 1.66 + 10.90 .54 –3.26 + 14.29 .36

Abbreviations: CAT, computer adaptive test; PF, Physical Function; PI, Pain Interference; TTC, tibiotalocalcaneal.
aData are reported as mean + SD. DPF and DPI CAT T scores indicate the difference between 12-month postoperative and preoperative T scores. P values
<.05 are bolded.
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function and reduced pain at 12 months postoperation rela-

tive to preoperation. Those that specifically had a triple

fusion or a tibiotalar fusion procedure showed clinically

significant increased physical function and decreased pain

at 12 months. Moreover, we assessed potential prognostic

factors associated with changes in PROMIS scores. Older

age was associated with greater improvements in PF and PI.

Higher preoperative PROMIS PF scores were associated

with lower 12-month changes in score, whereas higher pre-

operative PROMIS PI scores were associated with higher

12-month changes in score.

The use of the PF and PI PROMIS questionnaires is an

integral component of this study because these surveys eval-

uate patient-reported outcomes in a comprehensive manner

shown to be better than other traditionally used outcome

measurements for orthopedic pathophysiology and interven-

tions.4,15,23,29,36,39,40 In 2018, Gausden et al15 found that

PROMIS was superior to legacy foot and ankle outcome

scores for evaluating patients following ankle fracture sur-

gery in terms of lower floor and ceiling effects and greater

ability to distinguish clinically significant changes in

patients between time points following surgery. PROMIS

literature is currently growing as researchers recognize its

favorable performance in terms of reliability, accuracy,

decreased patient burden, and increased sensitivity, and the

current study adds to this body of literature.

With regard to triple fusion outcomes, this study’s find-

ings are supported by the existing literature. Stegeman

et al52 found that in patients with mean follow-up of 21

months, Foot Function Index (FFI) improved with post-

operative foot function considered better than preoperative

by 89% of subjects. In a study with a mean follow-up of

5.25 years, triple fusion patient outcomes were evaluated

with AOFAS, which showed that ankle and hindfoot pain

and disability improved significantly.6 Considering a more

extended longitudinal perspective, Klerken et al31 assessed

FFI and AOFAS for triple fusion patients at 15 years post-

operative and found that FFI pain decreased significantly

whereas FFI disability and AOFAS showed no significant

differences. Patient satisfaction rate after triple fusion was

high, ranging from 74% to 97%.5,6,52 Moreover, in multiple

studies, patients were asked if they would have the surgery

again, and affirmative responses ranged from 72% to 90%
of subjects.10,31,41

Other studies corroborated the patient-reported outcomes

we found following tibiotalar arthrodesis as well. Daniels

et al conducted a multicenter trial analyzing complication

rates, Ankle Osteoarthritis Scale (AOS), and SF-36 in 89

tibiotalar arthrodesis patients with mean follow-up of

5.2 years. They found a 7% major complication rate and

significantly improved AOS total, pain, and disability scores

and SF-36 physical component summary score from preo-

perative to final follow-up.9 Another study found that tibio-

talar arthrodesis patients at 3-year postoperative follow-up

had significant improvement in SF-36 and Musculoskeletal

Functional Assessment scores.7 Ajis et al2 found that

patients with at least 2-year follow-up had low VAS pain

score (2.8) and a return to work rate of 77.4%, and 84.6% of

patients reported they would have the surgery again. Satis-

faction rates with tibiotalar fusion were approximately 91%
across multiple studies.2,20,21

The current study found no significant 12-month post-

operative PF and PI differences for TTC fusion or subtalar

fusion procedures; however, studies using other outcome

measures found improved results following these surgeries.

This may be due, in part, to our study’s limited sample size

or the different outcome measurement tools used. Muckley

et al38 found that 93% of TTC fusion patients evaluated with

the SF-36, Mazur Ankle Arthrodesis score, and AOFAS had

patient-reported subjective improvement in mobility and

were satisfied with their outcome. Another study of 64 TTC

fusion patients with at least 2-year follow-up found they had

low VAS pain score (2.8), high satisfaction (87.5%), and a

return to work rate of 73%, and 81% of patients said they

would have the surgery again.2 Carranza-Bencano et al8

studied subtalar fusion patients and found that they had good

outcomes based on Angus and Cowell criteria with improve-

ment in AOFAS, SF-36, and a patient satisfaction question-

naire at 12 months postoperation. Hollman et al24 reported

that 90% of their studied subtalar fusion cohort would rec-

ommend the surgery to another in the same situation, 76%
experienced less pain, and 69% had improved walking

ability. Thus, although our study did not find significant

effects, the overall body of literature supports the utility of

these procedures.

We conducted a multiple regression analysis to assess

potential predictive factors of greater improvements in

PROMIS scores at 12 months postoperation. The literature

is currently sparse in reporting prognostic factors related to

Table 3. Multiple Regression of PROMIS T Scores and Patient
Factors.

Standardized
Beta Coefficient

P
Value

PROMIS Physical Functiona

Type of surgery 0.03 .83
Sex 0.01 .92
Age group 0.20 .07
Preoperative physical function T score –0.74 <.01

PROMIS Pain Interferenceb

Type of surgery –0.01 .96
Sex –0.07 .71
Age group –0.29 .04
Preoperative pain interference T score –0.61 <.01

Abbreviation: PROMIS, Patient-Reported Outcome Measurement Informa-
tion System.
aThe regression was performed for DPF score measuring the difference
between the 12-month and preoperative PF T scores. P values <.05 are
bolded.

bThe regression was performed for DPI score measuring the difference
between the 12-month and preoperative PI T scores. P values <.05 are
bolded.
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PROMIS in the foot and ankle population. After controlling

for other covariates, we found that age greater than or equal

to 60 is a positive indicator of potentially greater improve-

ment in postoperative physical function and reduced pain.

Intuitively, higher baseline or preoperative PF scores

(ie, more similar function levels relative to the normative

population mean) were associated with smaller changes in

PF at 12 months, whereas higher baseline or preoperative PI

scores (ie, worse pain relative to the normative population

mean) were associated with greater changes in PI at

12 months.

Limitations

There are limitations to consider when interpreting the find-

ings of this study. The patient population was restricted to a

tertiary care center causing possible sampling biases by

selecting for increased disease severity relative to the gen-

eral ankle and hindfoot population. By the nature of relying

on individual self-reporting, the study lends itself to possible

bias by patients who expected vastly different outcomes

relative to what the surgeons advised them to expect.

Another limitation of the study is the sample size. Although

the patients who were enrolled but did not complete a

12-month postoperative PROMIS CAT did not differ signif-

icantly across demographic characteristics from those

included in the study, a larger sample size would have led

to more robust support for the study’s conclusions. We also

were able to report on 42 of 102 patients, and it is definitely

possible those who were not available for follow-up would

have different patient-reported outcomes. Those patients

who did not complete their 12-month postoperative visit

may have more barriers to accessing health care, and, while

limited access to medical care was not measured in the reg-

istry, it could be an additional confounding variable. The

limited sample size also influences the strength of the con-

clusions that can be drawn from the multiple regression

analysis. Further study would involve improving on these

factors and incorporating a longer follow-up period. This

would lead to a more thorough analysis of patient-reported

outcomes following these surgeries.

Conclusion

When considered as an overall group, hindfoot and ankle

fusions are effective procedures with favorable patient out-

comes, leading to increased physical function and

decreased pain at 12 months postoperation relative to pre-

operation. To our knowledge, this is the first study using

PROMIS to analyze the outcomes and prognosis of various

hindfoot fusion subtypes and ankle fusion. When proce-

dures were examined individually, triple fusion and tibio-

talar fusion surgeries showed clinically significant

improved patient physical function and pain at 12 months

postoperation.
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46. Röhm J, Zwicky L, Horn Lang T, Salentiny Y, Hintermann B,

Knupp M. Mid- to long-term outcome of 96 corrective hind-

foot fusions in 84 patients with rigid flatfoot deformity. Bone

Joint J. 2015;97-B(5):668-674.

47. Roster B, Kreulen C, Giza E. Subtalar joint arthrodesis: open

and arthroscopic indications and surgical techniques. Foot

Ankle Clin. 2015;20(2):319-334.

48. Saltzman CL, Zimmerman MB, O’Rourke M, Brown TD,

Buckwalter JA, Johnston R. Impact of comorbidities on the

measurement of health in patients with ankle osteoarthritis.

J Bone Joint Surg A. 2006;88(11):2366-2372.

49. Sealey RJ, Myerson MS, Molloy A, Gamba C, Jeng C, Kalesan

B. Roger Mann Award 2008: sagittal plane motion of the hind-

foot following ankle arthrodesis: a prospective analysis. Foot

Ankle Int. 2009;30(3):187-196.

50. Segal G, Elbaz A, Parsi A, et al. Clinical outcomes following

ankle fracture: a cross-sectional observational study. J Foot

Ankle Res. 2014;7(1):50.

51. Sloan JA. Assessing the minimally clinically significant dif-

ference: scientific considerations, challenges and solutions.

COPD. 2005;2(1):57-62.

52. Stegeman M, Anderson PG, Louwerens JWK. Triple arthrod-

esis of the hindfoot, a short term prospective outcome study.

Foot Ankle Surg. 2006;12(2):71-77.

53. Su J, Cao X. Can operations achieve good outcomes in elderly

patients with Sanders II-III calcaneal fractures? Medicine

(Baltimore). 2017;96(29):e7553.

54. van der Vliet QMJ, Hietbrink F, Casari F, Leenen LPH, Heng

M. Factors influencing functional outcomes of subtalar fusion

for posttraumatic arthritis after calcaneal fracture. Foot Ankle

Int. 2018;39(9):1062-1069.

8 Foot & Ankle Orthopaedics


	Evaluating Prospective Patient-Reported Pain and Function Outcomes After Ankle and Hindfoot Arthrodesis
	Introduction
	Materials and Methods
	Participants
	Data Collection
	Statistical Analysis

	Results
	Patient Characteristics
	Twelve-Month Changes in Physical Function and Pain Interference
	Multiple Regression

	Discussion
	Limitations

	Conclusion
	Ethical Approval
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


