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Abstract

Objective: To assess the association of dependence on
walking aids at 2- and 5-years after total hip arthroplasty
(THA) with pain and function outcomes.

Methods: We used the Mayo Clinic Total Joint Registry to
study patients who underwent primary or revision THA
between 1993-2005 and completed a 2-year or 5-year
Mayo Hip Survey consisting of pain and function
assessments. Multivariable-adjusted logistic regression
assessed the associations, adjusting for clinical/
demographic variables and preoperative pain and
function.

Results: Primary THA cohort had 5,707 patients at 2-year
and 3,289 at 5-years; revision THA included 2,667 patients
at 2-year and 1,627 patients at 5-years. Compared to
patients with no dependence on walking aids, patients
with some dependence or complete dependence on
walking aids, respectively, had significantly higher odds
(95% confidence interval) of: (1) moderate-severe pain
post-primary THA at 2-years: 3.40 (2.06, 5.62) and 4.79
(2.88, 7.97); (2) moderate-severe pain post-primary THA
at 5-years: 3.92 (2.21, 6.95) and 3.47 (1.97, 6.11); (3)
moderate-severe pain post-revision THA at 2-years, 4.67
(2.76, 7.91) and 2.95 (1.65, 5.27); (4) moderate-severe
pain post-revision THA at 5-years: 3.95 (1.86, 8.38) and
5.16 (2.59, 10.3); (5) moderate-severe mobility limitation
post-primary THA at 2-years: 10.7 (6.78, 17.0) and 14.2
(8.32, 24.3); (6) moderate-severe mobility limitation post-
primary THA at 5-years: 13.2 (7.34, 23.7) and 21.4 (10.6,
43.2); (7) moderate-severe mobility limitation post-
revision THA at 2-years: 4.90 (2.87, 8.37) and 8.26 (4.12,
16.6); (8) moderate-severe mobility limitation post-
revision THA at 5-years: 5.12 (2.32, 11.3) and 10.1 (4.53,
22.7), respectively.

Conclusions: Post-THA dependence on walking aids at 2-
and 5-years was associated with worse pain and function
outcomes post-THA.

Keywords: Total hip arthroplasty; Hip replacement;
Dependence; Walking aids; Mobility; Frailty; Primary THA;
Revision THA; Pain; Mobility limitation

Introduction
Total Hip Arthroplasty (THA) is second most common joint

arthroplasty performed in the U.S. The annual estimated
volume for primary THA was 438,000 in 2009 based on the
National Inpatient Sample (NIS), a U.S representative sample
[1]. The rates of THA doubled from 1991 to 2006 in the U.K [2].
A similar increase in THA rates has been reported in Denmark,
Sweden and Norway [3]. THA is associated with significant
improvements in function, HRQOL and pain [4-6]. Pain and
function are important patient-reported outcomes (PROs)
after THA. There is a lot of interest in understanding predictors
of pain and function outcomes post-THA [6-8]. Pre- and post-
THA dependence on walking aids, as a marker of decreased
mobility [9] and frailty [10], may be associated with these
important PROs.

In previous studies, preoperative use of walking aids by THA
patients was associated with a 40% higher odds of hospital
stay >3 days in 712 patients [11], a longer hospital stay in 112
patients aged 75 years or older [12], and higher mortality after
THA/THA in 1,922 patients 75 years or older [13]. To our
knowledge, studies have not examined whether the long-term
post-THA use of walking aids [not just immediate post-
operative use during rehabilitation is associated with poorer
patient-reported outcomes (PROs) after THA. Therefore, study
of dependence on walking aids, as a surrogate measure for
poor outcomes, is of interest.

One expects post-operative dependence on walking aids
and functional limitation to be strongly correlated. Most
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patients who use walking aids post-arthroplasty have
significant pre-operative functional limitation (the underlying
reason for the long-term use of walking aids). It is not known,
if this association would still hold after accounting for pre-
operative functional limitation. Research studies include
collection of patient-reported functional limitation and pain
assessments, but routine collection of these outcomes is
expensive and impractical in a busy practice setting. Currently,
most practices in the U.S. do not collect pre- and post-
arthroplasty patient-reported outcomes measures [14]. It is
likely that time and resources are two major barriers to
repeated data collection in a real-world practice setting. In
contrast to multi-item pain/function assessments, dependence
on walking aids can be easily observed during clinic visit
and/or queried as a simple, single item measure, either
patient-reported or observed by the office staff checking the
patient in. Single-item measures are more practical than long
questionnaires and may sometimes capture the domain of
interest just as well as long questionnaires [15]. Thus, they
may sometimes serve as measures or surrogate measures of
important clinical outcomes.

It is also not known whether dependence on walking aids
post-THA is associated with post-THA pain in the index hip
joint. THA is associated with pain relief in most patients, but
persistent post-THA pain is reported by 11% of the THA
recipients 5-years post-THA [6]. The recognition of factors
associated with refractory post-THA pain can improve our
understanding of this problem and its management in the
future. It is not known whether dependence on walking aids
might be a surrogate for worse pain and function outcomes
post-THA. While its association with functional limitation is
intuitive, its association with post-THA pain has not been
established. To our knowledge, no previous study has
examined if greater dependence on walking aids predicts
worse pain and function post-THA. Therefore, our objective
was to assess whether long-term post-arthroplasty
dependence on walking aids is associated with PROs, pain and
mobility limitation, at 2- and 5-years after primary and revision
THA and whether the degree of dependence on walking aids,
some vs. complete dependence, is associated with these PROs.

Methods

Data source and study cohort
The study was conducted using data from the Mayo Clinic

Total Joint registry, an institutional registry that collects
prospective data on all patients undergoing joint arthroplasty
at the Mayo Clinic, Rochester, MN. Patients were selected if
they had undergone primary or revision THA between 1993
and 2005 at our institution, were alive at follow-up visit and
had responded to Mayo Hip survey, either at 2-year or 5-year
after primary or revision THA. The Mayo Hip Survey is a
validated outcome instrument that has construct validity and
reliability [16,17] and has been used for >3 decades at the
Mayo Clinic; responsiveness has not been demonstrated. The
survey is mailed to the patients or administered in the clinic
during follow-up visits, as a part of regular clinical follow up.

For patients who failed to respond to mailed survey and/or
return for clinic follow-up, trained Joint Registry staff
administered the questionnaire on the telephone. The
Institutional review board at the Mayo Clinic approved this
study and waived the need for informed consent from patients
for this database study. Methods and results are described as
recommended in the STrengthening of Reporting in
OBservational studies in Epidemiology [STROBE] statement
[18].

Exposure of interest
Post-THA dependence on walking aids, a marker of frailty,

was the exposure of interest. Long-term post-THA dependence
on walking aids at the time of 2- or 5-year post-THA surveys
was assessed. Responses were categorized as follows: “none”
or “cane for long walks”= no dependence; “cane full time”=
some dependence; “crutch” “two canes”, “two crutches”,
“walker” or “unable to walk”= complete dependence/unable,
as previously [7,8,19]. Some vs. complete dependence on
walking aids allowed us to examine dose-relationships with
PROs.

Outcome
Two PROs, pain and mobility limitation at 2- or 5-year

follow-up, were the main outcomes of interest. Pain was
assessed with the question “How much pain do you have in
your operated hip?” with responses being ‘none’, ‘mild’,
‘moderate’, ‘severe’. Moderate and severe pain categories
were combined into moderate-severe pain, an a priori decision
based on an orthopedic surgeon’s recommendation (D.G.L.)
that moderate-severe THA pain is an undesirable outcome, as
in previous studies [6,8]. Limitations in walking, climbing stairs,
sitting, rising from chair were categorized into no, mild,
moderate or severe limitation for each activity. Limitations in
putting on shoes/socks, picking up objects from the floor,
getting in/out of the car into none, moderate or severe
limitation, due to no response category corresponding to mild
limitation. We defined overall moderate-severe mobility
limitation as moderate or severe limitation in ≥3 activities, as
previously [7, 8].

Covariates and potential confounders
We included several important demographic and patient

characteristics at the time of THA, included due to known or
potential association with PROs after THA. Age was
categorized into ≤60, 61-70, 71-80 and >80, as previously
[20,21]. BMI was categorized into ≤25, 25.1-29.9, 30-34.9,
35-39.9 and ≥40 [22]. Deyo-Charlson score, a validated
comorbidity measure [23], consisting of a weighted scale of 17
comorbidities (including cardiac, pulmonary, renal, hepatic
disease, diabetes, cancer, HIV etc.), was expressed as a
summative score [24,25]; it was treated as a continuous
variable. Depression and anxiety were assessed by the
presence or absence of the respective International
Classification of Diseases- ninth revision (ICD-9) at the time of
THA, obtained from patient’s entire medical record, as
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previously [6,8]. Income was categorized as $35K, >$35K–$45K
or >$45, determined based on zip code and the median
household income for geographical area using the census data
for the respective year of survey income [26]. Distance to
medical center was categorized as 0–100 miles, >100–500
miles, >500 miles [7,19]; operative diagnosis as osteoarthritis,
rheumatoid/inflammatory arthritis, or other (avascular
necrosis, fracture etc.) [6,7]; and American Society of
Anesthesiologists (ASA) class, a validated measure of peri- and
post-operative outcomes, as class I–II vs III–IV [27,28], as
previously [29,30]. Distance from the medical center was
included, since Mayo Clinic provides THA to local residents, but
also a serves as a referral center for patients traveling from far,
who may have different disease severity and expectations, and
both can impact pain and function outcomes [31].

Bias and sample size
We tried to minimize confounding bias by including factors

either previously known or suspected to be associated with
PRO outcomes, but recognize that residual confounding is a
limitation of the cohort study design. We did not perform
formal sample size calculations and since our goal was to have
a large enough sample to study the question of interest, we
chose the study period 1993-2005 that provided a large
sample size.

Statistical analyses
We used t-test for continuous and chi-squared tests for

categorical baseline variables. Responder and non-responder
characteristics were compared using logistic regression
analyses. Given the large sample size, we decided a priori not
to impute missing data and to treat it as missing. We used
multivariable-adjusted multinomial logistic regression analyses
to assess the association of post-THA dependence on walking
aids (some vs. none; complete/unable vs. none) at 2- and 5-
years post-primary THA and post-revision THA. Analyses were
adjusted for important covariates and potential confounders in
stepwise hierarchical models that included important
covariates and potential confounders: age, sex, Deyo-Charlson
index (Model 1); model 1 + anxiety and depression (Model 2);
model 2 + BMI, income, distance to medical center, operative
diagnosis and ASA class (Model 3); Model 2 + preoperative
pain (Model 4); Model 3 + preoperative pain (Model 5); Model
3 + preoperative pain + preoperative mobility limitation
(Model 6). We used a Generalized Estimating Equations (GEE)
approach to adjust for the correlation between observations
on the same subject due to replacement of both hips or
multiple surgeries.

Results

Cohort characteristics
5,707 patients with primary THA provided 2-year and 3,289

provided 5-year pain and function outcomes data. Mean age
was 65 years, 51-54% were female, 30% were 60 year or
younger, 24% had BMI <25 kg/m2 and ASA class was III or IV in

38% of patients (Table 1). 2,667 patients with revision THA
provided 2-year and 1,627 patients, 5-year data.
Characteristics were similar to primary THA cohort (Table 1).

Table 1: Demographic features of primary and revision Total
Hip Arthroplasty (THA) cohorts.

 Primary THA Revision THA

 2-year 5-year 2-year 5-year

 (N=5,707) (N=3,289) (N=2,687) (N=1,627)

Mean Age
(±SD)

65.0 ±
13.3 64.7 ± 12.9 65.7 ± 13.1 64.6 ± 13

Men/
Women
(%)

49%/51% 47%/53% 47%/53% 46%/54%

Age groups n (%)

≤60 yrs 30% 30% 30% 32%

>60-70 yrs 31% 32% 27% 29%

>70-80 yrs 30% 31% 34% 32%

>80 yrs 9% 6% 10% 7%

Body Mass index (in kg/m2)

≤24.9 24% 24% 29% 29%

25-29.9 39% 40% 38% 40%

30-34.9 24% 23% 21% 21%

35-39.9 8% 8% 7% 6%

≥40 4% 4% 3% 3%

American Society of Anesthesiologists (ASA)

Class I-II 62% 64% 52% 56%

Class III-IV 38% 36% 48% 43%

SD, standard deviation

Non-response Bias
The survey response rate was 62.3% (5,707/9,154) 2-years

after primary THA and 52.7% (3,289/6,243) 5-years after
primary THA. The survey response rate was 58% (2,687/4,628)
for the 2-year and 48% (1,627/3,421) for the 5-year revision
THA cohort. Of the 9,484 primary THAs, 9,154 were alive at 2-
year follow-up (3.4% died). Of the 4,829 revision THAs, 4,628
were alive (4.1% died) and eligible for 2-year follow-up.

Compared to non-responders, survey responders at 2-years
post-primary THA were more likely to be older (age 61-70,
71-80 and >80 with odds ratios (OR) =1.4, 1.3 and 1.3,
compared to ≤ 60 years) and less likely to have BMI ≥ 40 (OR =
0.7, compared to <25), ASA class IIIIV (OR = 0.9, compared to
class I). At 5-years, responders were more likely to be older
(age 61- 70, 71-80 with OR = 1.4 and 1.4) and have BMI
25-29.9 (OR = 1.2).

Compared to non-responders, responders to the
questionnaire 2-years post-revision THA were more likely to be
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older (age 61–70, 71–80 with OR = 1.2 and 1.3, respectively)
and less likely to have BMI 35–39.9 (OR = 0.8), higher Deyo–
Charlson index (OR= 0.8 for five-point change) and have an
underlying diagnosis of dislocation/fracture (OR = 0.7) or failed
arthroplasty with components removed/infection (OR = 0.7).
At 5 years, responders were less likely to have BMI 35–39.9
(OR = 0.7), ASA class III–IV (OR = 0.8) and have an underlying
diagnoses of dislocation/fracture (OR = 0.7) or failed
arthroplasty with components removed/infection (OR = 0.8).

Unadjusted rates of post-THA dependence on
walking aids/supports

The rates of some dependence on walking aids post-THA
ranged from 10.8% for the 2-year to 12.8% for the 5-year
primary THA cohorts (Table 2). Another 5-7% patients of the 2-
and 5-year cohorts reported complete dependence on walking
aids post-THA. Some dependence and complete dependence
rates in revision THA cohorts were higher: 28.7% and 14.6% at
2-years; and 30.9% and 17.2% at 5-years, respectively.

Table 2:Unadjusted rates of dependence on walking aids for
the 2-year and 5-year THA cohorts, *Missing data: Primary
THA: 202 from the 2-year and 131 from the 5-year, Revision
THA: 73 from the 2-year and 49 from the 5-year.

Primary THA* Revision THA*

2-yr cohort 5-yr cohort 2-yr cohort 5-yr cohort

(N=5,707) (N=3,289) (N=2,687) (N=1,627)

Walking
aids

No
dependenc
e

4911
(89.2%)

2738
(83.2%)

1844
(68.6%)

1075
(66.1%)

Some
dependenc
e

308 (5.6%) 194 (5.9%) 379
(14.1%)

223
(13.7%)

Complete
dependenc
e or unable
to walk

286 (5.2%) 226 (6.9%) 391
(14.6%)

280
(17.2%)

Post-THA dependence on walking aids and pain
and function outcomes in primary THA cohorts

Unadjusted analyses showed that post-THA dependence on
walking aids was associated significantly with higher odds of
moderate-severe pain 2- and 5-years after primary THA (Table
3). In hierarchical multivariable-adjusted models that
additionally adjusted for other covariates including
preoperative pain and function, no significant attenuation in
magnitude or the strength of association was noted, compared
to univariate models (Table 3). For example, the odds of
moderate-severe pain in the full multivariable-adjusted model
(model 6) at 2-years post-THA were 3.40 (2.06, 5.62) for some
dependence and 4.79 (2.88, 7.97) for complete dependence
on walking aids (Table 4).

Table 3: Dependence on walking aids and moderate-severe pain 2- and 5-years after primary THA.

 Primary THA Revision THA

 2-year post-THA 5-year post-THA 2-year post-THA 5-year post-THA

 Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Unadjusted

Some dependence 4.48 (3.34, 6.02)* 3.90 (2.73, 5.58)* 3.16 (2.41, 4.14)* 2.25 (1.59, 3.19)*

Complete
dependence 3.87 (2.80, 5.34)* 3.06 (2.17, 4.34)* 3.33 (2.55, 4.33)* 3.13 (2.29, 4.29)*

Model 1: Age, sex, Deyo-Charlson

Some dependence 4.78 (3.49, 6.55)* 4.84 (3.32, 7.07)* 3.35 (2.54, 4.42)* 2.43 (1.70, 3.45)*

Complete
dependence 4.07 (2.86, 5.80)* 3.81 (2.62, 5.55)* 3.55 (2.69, 4.70)* 3.37 (2.40, 4.75)*

Model 2: Age, sex, Deyo-Charlson, anxiety, depression

Some dependence 4.73 (3.44, 6.49)* 4.83 (3.31, 7.05)* 3.39 (2.57, 4.47)* 2.42 (1.70, 3.45)*

Complete
dependence 3.92 (2.75, 5.58)* 3.78 (2.59, 5.51)* 2.55 (2.68, 4.70)* 3.39 (2.41, 4.78)*

Model 3: Model 2 + BMI, income, distance to medical center, operative diagnosis, ASA class

Some dependence 4.45 (3.11, 6.36)* 4.41 (2.86, 6.80)* 3.89 (2.79, 5.43)* 2.78 (1.75, 4.39)*

Complete
dependence 4.04 (2.74, 5.98)* 2.93 (1.86, 4.61)* 4.05 (2.89, 5.66)* 3.82 (2.49, 5.85)*
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Model 4: Model 2 + preoperative pain

Some dependence 3.85 (2.49, 5.95) 4.80 (2.96, 7.78) 4.03 (2.63, 6.20)* 2.52 (1.44, 4.40)*

Complete
dependence 4.54 (2.88, 7.13)* 4.45 (2.76, 7.15)* 2.81 (1.74, 4.53)* 3.30 (1.88, 5.78)*

Model 5: Model 3 + preoperative pain

Some dependence 3.43 (2.09, 5.62)† 3.89 (2.21, 6.84)† 4.90 (2.95, 8.13)* 3.82 (1.78, 8.17)*

Complete
dependence 4.83 (2.92, 7.96)† 3.38 (1.93, 5.92)* 2.85 (1.62, 5.02)* 5.41 (2.69, 9.39)*

Model 6: Model 3 + preoperative pain + preoperative mobility limitation

Some dependence 3.40 (2.06, 5.62)† 3.92 (2.21, 6.95)* 4.67 (2.76, 7.91)* 3.95 (1.86, 8.38)*

Complete
dependence 4.79 (2.88, 7.97)† 3.47 (1.97, 6.11)* 2.95 (1.65, 5.27)* 5.16 (2.59, 10.3)*

*p-value <0.001

† p-value ≤0.01

CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists

Table 4: Dependence on walking aids and moderate-severe mobility limitation 2- and 5-years after primary THA.

 Primary THA Revision THA

 2-year post-THA 5-year post-THA 2-year post-THA 5-year post-THA

 Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Unadjusted

Some dependence 15.2 (11.1, 20.8)* 14.8 (9.8, 23.3)* 6.89 (5.13, 9.24)* 7.30 (4.94, 10.8)*

Complete
dependence 24.5 (16.8, 35.6)* 26.8 (16.8, 42.8)* 19.3 (12.8, 29.0)* 16.9 (10.6, 26.9)*

Model 1: Age, sex, Deyo-Charlson

Some dependence 12.5 (9.05, 17.2)* 12.6 (8.27, 19.1)* 6.46 (4.79, 8.71)* 6.82 (4.59, 10.1)*

Complete
dependence 19.7 (13.5, 28.8)* 22.3 (13.9, 35.8)* 16.5 (10.9, 24.9)* 14.6 (9.14, 23.3)*

Model 2: Age, sex, Deyo-Charlson, anxiety, depression

Some dependence 12.4 (8.96, 17.1)* 12.5 (8.19, 19.2)* 6.50 (4.82, 8.77)* 6.81 (4.59, 10.1)*

Complete
dependence 19.3 (13.2, 28.2)* 21.9(13.6, 35.2)* 16.5 (10.9, 24.9)* 14.6 (9.18, 23.3)*

Model 3: Model 2 + BMI, income, distance to medical center, operative diagnosis, ASA class

Some dependence 9.8 (6.85, 13.9)* 11.4 (6.92, 18.9)* 5.34 (3.78, 7.54)* 6.30 (3.91, 10.1)*

Complete
dependence 15.1 (9.90, 22.9)* 23.2 (13.0, 41.5)* 13.9 (8.65, 22.3)* 14.1 (7.88, 25.2)*

Model 4: Model 2 + preoperative pain

Some dependence 13.3 (8.68, 20.4) † 13.3 (8.02, 22.0)† 5.36 (3.37, 8.53)* 5.28 (2.87, 9.71)*

Complete
dependence 17.8 (10.9, 29.0)* 21.6 (12.1, 38.4)* 11.9 (6.14, 22.9)* 7.79 (4.00, 15.8)*

Model 5: Model 3 + preoperative pain

Some dependence 10.8 (6.86, 17.1)† 13.4 (7.4, 24.0)† 4.96 (2.92, 9.20)* 5.09 (2.40, 10.8)*

Complete
dependence 14.5 (8.50, 24.8)† 22.2 (11.1, 44.3)* 8.55 (4.29, 17.0)* 10.1 (4.51, 22.6)*
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Model 6: Model 3 + preoperative pain + preoperative Mobility limitation

Some dependence 10.7 (6.78, 17.0)† 13.2 (7.34, 23.7)* 4.90 (2.87, 8.37)* 5.12 (2.32, 11.3)*

Complete
dependence 14.2 (8.32, 24.3)† 21.4 (10.6, 43.2)* 8.26 (4.12, 16.6)* 10.1 (4.53, 22.7)*

*p-value <0.001

† p-value ≤0.01

CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists

Post-THA dependence on walking aids had an even stronger
relationship with post-THA moderate-severe mobility
limitation than with the pain outcome (Table 4). Odds ratio in
multivariable-adjusted models ranged from 10-15 for some
dependence and 14-25 for complete dependence. For
example, odds of moderate-severe mobility limitation in the
full multivariable-adjusted model (model 6) at 2-years post-
THA were 10.7 (6.78, 17.0) for some dependence and 14.2
(8.32, 24.3) for complete dependence on walking aids (Table
4).

Post-THA dependence on walking aids and pain
and function outcomes in revision THA cohorts

Unadjusted analyses showed that some or complete
dependence was associated with higher odds of moderate-
severe pain after revision THA (Table 3). Adjustment for
variables including preoperative pain and mobility limitation in
hierarchical models showed little attenuation in increased
odds of moderate-severe pain (Table 4). In the full
multivariable-adjusted model, odds of moderate-severe pain
at 2-years post-THA were 4.67 (2.76, 7.91) for some
dependence and 2.95 (1.65, 5.27) for complete dependence
on walking aids (Table 4).

Unadjusted odds of moderate-severe mobility limitation
were higher with some dependence and with complete
dependence on walking aids (Table 3). Further multivariable-
adjusted models showed slight attenuation in odds ratios that
ranged 5-16.5-times (Table 4). In the full multivariable-
adjusted model, odds of moderate-severe mobility limitation
at 2-years post-THA were 4.90 (2.87, 8.37) for some
dependence and 8.26 (4.12, 16.6) for complete dependence
on walking aids (Table 4).

Discussion
In this Institutional Joint Registry study, we found that long-

term post-THA dependence on walking aids had a strong
independent association with PROs 2- and 5-years after
primary or revision THA. The higher odds noted were
consistent and stable across analyses including primary and
revision THA, at 2- and 5-years and across several
multivariable-adjusted models, providing further support to
the robustness of findings. Several findings merit further
discussion.

Most medical practices in the U.S. do not routinely collect
pre- and post-arthroplasty patient-reported outcomes
measures of pain and function [14], arguably the most
important outcomes after arthroplasty. This is primarily due to
time and resources constraints, related to the length of some
instruments, which may be burdensome to the patients [15].
In the ideal circumstances, well-validated assessments would
be administered to all patients pre- and at regular intervals
post-arthroplasty; however, this is not practical in busy clinic
settings. A practical solution to this problem is the use of single
item questions [15] that can be administered as a single self-
administered question or assessed by ancillary office staff
during the patient check-in. Assessment of walking aids
dependence meets this criterion, and given its association with
pain and function can serve as a marker for poorer pain and
function outcomes in patients who underwent THA.

The association of long-term post-THA dependence on
walking aids and moderate-severe pain after THA is a novel
finding to our knowledge. Some or complete dependence on
walking aids each increased the odds of moderate-severe pain
at 2- or 5-years post-THA by 4-times. Importantly, this finding
persisted in multivariable-adjusted models that included
preoperative pain and/or pre-operative mobility limitation,
indicating that the association of dependence on walking aids
with pain was independent of demographics (age, gender),
clinical variables (comorbidity, BMI, depression, anxiety,
diagnosis) and preoperative pain and mobility limitation.
Dependence on walking aids is a marker of decreased mobility
[9] and frailty [10]. The dependence may be due to arthritis in
other lower extremity joints, back pain, balance problems,
peripheral neuropathy, previous stroke, leg claudication and
other causes [9]. Poor post-THA outcomes are multi-factorial
[6,32,33].

Several potential reasons may explain the association of
dependence on walking aids with poor pain outcomes in
patients post-THA. A recent study showed that frailty
predicted intrusive pain in a cohort of 1,705 community-
dwelling elderly [34], partially but not completely mediated by
age, comorbidity, and depression. Dependence on walking aids
associated with decreased physical functioning and mobility
likely interferes with the ability to optimally adhere to post-
THA physical therapy and rehabilitation, which is the key to
best (pain and function) outcomes after arthroplasty [35,36].
Mobility is the most important factor in older person’s
perceived health, well-being, self-esteem and functional
health [37-39] and not surprisingly, the use of walking aids is
associated with lower physical functioning and health [40].
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These potential mechanisms explain how dependence on
walking aids may contribute to suboptimal pain outcomes
after THA.

Our findings add to the current knowledge of impact of
preoperative use of walking aids on longer hospital stay
[11,12] and higher mortality after arthroplasty [13]. Frailty,
measured by dependence on walking aids, was associated with
more pain and functional limitation in our study. Due to the
analyses of both exposure and outcome at the same
assessment time, the direction of association is unclear. It is
possible that more dependence leads to more pain (see
discussion above), more pain leads to a higher likelihood of
walking aids dependence or the two co-exist without a
dependent relationship. Pain leading to the limitation of
person’s ability to perform activities of daily living and
exercise, is a precipitant of frailty [41]. Conversely, frailty can
lead to pain, as shown previously [34]. Since frailty evolves
over years and gradually, longitudinal studies with validated
assessments of frailty are needed to address this key question
of what comes first, pain or frailty. Regardless of the direction
of association, given the current knowledge, frailty and
persistent pain may create a vicious cycle in some patients
after THA, leading to poor overall surgical outcome. Whether
targeting pain or mobility can more efficiently improve
outcomes in these patients is currently unknown, and should
be investigated in future studies.

Our study findings have clinical implications. Not
surprisingly, pain and functional outcomes post-arthroplasty
are associated with each other [8,42]. A significant finding of
our study was that walking aids were associated with poor
pain and function outcomes post-THA and may serve as a
surrogate. In the absence of validated patient-reported pain
and function survey assessments, which can be challenging
due to the time and resource constraints in a busy clinical
practice, walking aid dependence and its severity can easily be
documented and used for targeting clinical care to higher risk
patients. Our finding of association of walking aid dependence
and its severity (some vs. complete dependence) with pain at
2- and 5-years post-THA further supports that these two key
outcomes (pain and mobility) are correlated and moderately
associated with each other. Interventions targeting one are
likely to benefit both outcomes. Preoperative exercise is
associated with reduction in pain and improvement in function
in patients waiting for knee/hip arthroplasty [43].
Interventions that target pain, including peri-operative
regimen of pregabalin and celecoxib [44], and pain coping
behavior [45], improved not only pain but also functional
outcomes post-arthroplasty. Several other studies/trials are
underway that either target function or pain and examine the
effect on pain and function outcomes: [1] targeting function:
pre-operative neuromuscular training [46]; [2] targeting pain:
mindfulness [47] and pain coping skills [48]. Thus, our study
findings support the notion that interventions targeting either
pain or mobility will likely positively impact both outcomes
post-THA.

The association of post-THA dependence on walking aids
and post-THA mobility limitation is intuitive. It is noteworthy

that this association was significant even after adjusting for
preoperative mobility limitation and pain. Thus, dependence
on walking aids is capturing a functional limitation domain
different than that captured by preoperative mobility
limitation, a novel observation. Higher odds of poor mobility
limitations were seen with complete vs. some dependence,
providing evidence for dose relationship.

Another significant aspect of this study was that the
dependence on walking aids was associated with 10-25 fold-
higher odds of moderate-severe mobility limitation and 4-fold
higher odds of moderate-severe pain after THA, a highly
statistically significant and clinically meaningful association.
These odds ratios are much higher than those from the
previous studies that have examined association of various
demographic and clinical predictors with poor post-THA pain
and functional outcomes ranging 1.3-2.1 for moderate severe
pain and 1.4-4.5 for moderate-severe mobility limitation [6-8].
Thus, dependence on walking aids is a strong marker of poor
PROs post-THA.

Our study has several limitations. Generalizability of our
findings from a large single center joint registry study may be
appropriately questioned. However, our cohort characteristics
are similar to other published studies of THA [49,50] as well as
the NIS THA sample [51,52], which supports the
generalizability of these findings. Given the cohort study
design, residual confounding is possible, despite the
adjustment for several covariates and potential confounders in
multivariable-adjusted analyses. Given that our main question
was to assess association of post-THA dependence on walking
aids on post-THA PROs, the assessments were done at the
same follow-up and therefore the direction of association
could not be determined. In the future, longitudinal studies
that assess frailty at frequent intervals post-arthroplasty can
help to determine the causality of frailty in poor outcomes
post-THA. Telephone survey administration and completion of
the survey in the clinic in the presence of clinician may be
associated with higher scores than mailed surveys; however,
how this impacts the association of walking aids to pain/
function outcomes is unknown. Non-response bias may have
impacted the results, but it is not clear whether it weakened
or strengthened the associations, since the impact of the
factors associated with these associations is unknown; their
effect (older age, lower BMI, lower ASA class) on pain/mobility
outcomes is usually positive, implying that the estimates for
those may be lower in our study than actual estimates, had
everyone responded. We lacked information regarding the
reasons for dependence on walking aids or for cause of
persistent pain in the index arthroplasty joint, since this is not
collected as part of the arthroplasty registry data. Data on
implant stability or malposition were not available at the time
of these surveys; therefore, we were unable to investigate the
exact causes or contribution of instability/malposition to
persistent pain or persistent activity limitation; however, it is
unlikely to explain such a large proportion of THA patients with
persistent pain or activity limitation. Bilateral THAs were
performed in a small proportion of the patents (<20%) and we
accounted for bilaterality by using GEE in our models.
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Conclusions
In conclusion, in this large registry-based study, we found

that long-term post-THA dependence on walking aids was
independently associated with significantly higher odds of
moderate-severe pain and moderate-severe mobility limitation
after primary and revision THA. These associations were
independent of patient demographic and comorbidity
characteristics and preoperative pain and mobility limitation,
were consistent between primary and revision THA, and
persisted in multiple multivariable-adjusted models. The
amount of dependence on walking aids was important, with
odds of poor outcomes being worse for those with complete
dependence vs. some/partial dependence on walking aids. For
this elderly cohort, dependence on walking aids is likely an
indicator of frailty, and a surrogate of poor pain and function
outcomes post-THA. Interventions to reduce frailty, reduce
dependence on walking aids and/or improve pain/function
outcomes may improve overall patient experience and
outcomes post-THA. This will further improve the outcomes
for this already successful surgical treatment of hip arthritis.
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