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Introduction
Total knee arthroplasty (TKA), is a well-established surgical 

treatment for end-stage knee arthritis done primarily for improvement 
in pain, function and quality of life. 7-13% patients have persistent knee 
pain and 21-27% have suboptimal functional recovery after TKA [1,2]. 
Given that 719,000 primary TKAs were performed annually in the U.S. 
in 2010 [3], at least 50,300-93,500 Americans will have painful TKA 
and 150,990-194,130 develop functional TKA failure, annually. Thus, 
TKA failure is a major public health problem. Given the aging U.S. 
population and the rapidly increasing rate of TKA is in the U.S. [4], it 
will become an even greater challenge for the U.S. health care system.

Patients using walking aids have higher level of disability, increased 
risk of falls and indicate reduced mobility [5,6]. Dependence on walking 
aids indicates frailty, [6] especially in the elderly population, who 
constitute the majority of TKA patients in the U.S [7]. Importantly, 
postoperative dependence on walking aids is common in TKA patients 
[2,8]. 

To our knowledge, only two studies have assessed the association 
of dependence on walking aids and TKA outcomes. In a study of 75 
elderly patients who underwent TKA or of 712 patients who underwent 
TKA or hip arthroplasty, preoperative dependence on walking aids 
was predictive of longer index hospital stay [9,10]. It is not known 
whether postoperative dependence on walking aids, correlates with 
short- and intermediate-term arthroplasty outcomes. Demographic 
and comorbidity factors, such as age, gender, obesity and medical and 

psychiatric conditions are associated with suboptimal pain and function 
outcomes after TKA [2,8,11-14]. Our aim was to assess whether post-
TKA dependence on walking aids is independently associated with 
post-TKA pain and ADL limitation in patients who underwent primary 
TKA, after accounting for other known factors associated with pain and 
ADL limitation outcomes. 

Methods
Study cohort

We used the Mayo Clinic Total Joint Registry to perform this study. 
Patients were included in the study if they underwent primary TKA 
between 1993-2005 and had completed either a 2- or 5-year Mayo 
Knee Survey. The Mayo Knee Survey is a validated survey [15], similar 
to the Knee Society Scale, the most commonly used scale, mailed to 
patients or administered in clinic to every patient undergoing TKA 
at baseline preoperative and at 2- and 5-years post-TKA. Trained 
registry staff administered the survey on the phone for patients who 
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Abstract
Objective: To assess the association of post-arthroplasty dependence on walking aids with outcomes after 

primary TKA.

Methods: We used prospectively collected Total Joint Registry data from 1993-2005 to assess the association 
of dependence on walking aids (some, complete) with moderate-severe pain and activity limitations 2- and 5-years 
after primary TKA. We used multivariable-adjusted multinomial logistic regression analyses adjusted for age, 
sex, Deyo-Charlson index, anxiety, depression, body mass index, income, distance to medical center, operative 
diagnosis, ASA class, preoperative pain and preoperative activity limitation.

Results: 7,139 patients provided 2-year and 4,234 provided 5-year data. Some vs. complete dependence on 
walking aids post-primary TKA was common: 4.9% and 6.2% at 2-years; 6.3% and 8.2% at 5-years. Compared 
to no dependence on walking aids, patients with dependence on walking aids had significantly higher odds (95% 
confidence interval; p-value) of: (1) moderate-severe pain at 2-years, 1.96 (1.17, 3.28; p=0.01) and 1.99 at 5-years 
(1.14, 3.48; p<0.001), associated with some dependence; and with complete dependence, 1.94 (1.16, 3.24; p=0.012) 
at 2-years and 2.92 (1.73, 4.91; p<0.001) at 5-years; and (2) moderate-severe activity limitation, 9.03 (5.93, 13.80; 
p<0.001) and 11.25 (7.11, 17.80; p<0.001) at 5-years, with some dependence on walking aids at 2-years; and with 
complete dependence, 16.09 (9.45, 27.40; p<0.001) at 2-years and 13.31 (7.78, 23.20; p<0.001) at 5-years.

Conclusions: Dependence on walking aids was associated with significantly higher risk of moderate-severe 
pain and activity limitation after primary TKA. Studies of mediators of this association can help us target modifiable 
factors and improve TKA outcomes. 
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missed their appointment and failed to mail back the survey. The Mayo 
Clinic Institutional Review Board approved the study. We describe the 
methods and results of our study according to the recommendations 
from the Strengthening of Reporting in Observational studies in 
Epidemiology (STROBE) statement. 

Independent variable
For this study, post-TKA dependence on walking aids, a marker 

of frailty, was the independent variable of interest. Dependence on 
walking aids was assessed based on the response to the question, “Do 
you use any supports when you walk? Responses were categorized as 
no, some or complete dependence 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.

Study outcome
Moderate-severe pain and moderate-severe ADL limitations at 2- or 

5-years were the outcomes of interest. Pain in knee joint was assessed in 
response to a question, “Do you have pain in the knee in which the joint 
was replaced?” Moderate and severe pain categories were combined 
and no or mild pain was the reference category, as previously [13,16]. 
Overall moderate-severe ADL limitation was defined as the moderate 
or severe limitation in ≥ 2 of the 3 activities (walking, climbing stairs, 
and rising from chair) assessed, as previously [2,17].

Covariates and potential confounders

We included several demographic and clinical factors previously 
shown to be associated with outcomes after TKA or suspected to be 
potential confounders, including the following TKA [2,8,11-14,18]: age, 
gender, body mass index (BMI), American Society of Anesthesiologists 
(ASA) class, distance from the medical center, Deyo-Charlson index 
[19], underlying diagnosis, depression, anxiety, preoperative pain and 
preoperative ADL limitation. As previously, age was categorized into 
≤ 60, 61-70, 71-80 and >80, BMI into ≤ 25, 25.1-29.9, 30-34.9, 35-39.9 
and ≥ 40, distance from the medical center into 0-100 miles, >100-500 
miles, >500 miles and ASA class into I-II vs. III-IV and underlying 
diagnosis into osteoarthritis, rheumatoid/inflammatory arthritis and 
other. Deyo-Charlson index is a weighted scale of 17 comorbidities 
(including cardiac, pulmonary, renal, hepatic disease, diabetes, cancer, 
HIV etc.), expressed as a summative score where a higher score 
indicates more comorbidity. Depression and anxiety were assessed by 
the presence of ICD-9 codes in the medical records before the TKA, as 
previously [18]. Preoperative pain and ADL limitation were assessed 
by questions similar to the outcomes at the preoperative time and 
categorized into moderate-severe vs. not. 

Bias, sample size and statistical analyses
We used generalized estimating equations (GEE) to account 

for correlation of >1 observation within a patient (simultaneous or 
sequential bilateral TKA). We decreased confounding bias by including 
known/potential confounders for PRO outcomes. We did not perform 
formal sample size calculations, but aimed to have large enough sample 
size to allow at least several hundred patients with these outcomes.

We used t-test for comparing continuous and chi-squared 
tests for categorical baseline patient characteristics. We compared 
characteristics of survey responders and non-responders using logistic 
regression analyses. Hierarchical multivariable-adjusted multinomial 
logistic regression analyses were used to assess the association of post-
TKA dependence on walking aids (some vs. none; complete/unable vs. 
none) at 2- and 5-years post-primary TKA: 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 
ADL limitation (Model 6). A p-value <0.05 was considered significant. 

Results
Cohort characteristics and prevalence of dependence on 
walking aids

7,139 patients provided 2-year follow-up data and 4.234 provided 
5-year data (Table 1). Mean age of the 2-year TKA cohort was 68 years 
and 56% were women. 18% were 60 years or younger, 13% had BMI 
<25 kg/m2 and the underlying diagnosis was osteoarthritis in 94%. 
The characteristics of the 5-year cohort were similar (Table 1). Post-
TKA dependence on walking aids was common at the 2- and 5-year 
follow-up, some dependence on walking aids in 4.9-6.3% patients and 
complete dependence in 6.2-8.2% patients (Appendix 1). Survey non-
responder characteristics are shown in Appendix 2. 

Dependence on walking aids and moderate-severe pain after 
primary TKA

Compared to patients with no dependence, unadjusted odds of 
moderate-severe pain at 2-year post-TKA with some dependence on 
walking aids was 3.13 and with complete dependence 3.31 times (Table 
2). In multivariable-adjusted models that adjusted for preoperative pain 
or both preoperative pain and preoperative ADL limitation, some or 
complete dependence on walking aids was associated with 2-2.3 times 

a Other category includes avascular necrosis, fracture, neoplasms, Paget’s disease, 
septic arthritis etc. 

Table 1: Characteristics of patients with primary TKA.

2-year 
(n=7,139)

5-year 
(n=4,234)

Mean Age (± SD) 68 ± 10 68 ± 10
Men/Women (%) 44%/56% 45%/55%
% bilateral 20% 23%
Age groups n (%)
  ≤60 yrs 18% 18%
  >60-70 yrs 35% 37%
  >70-80 yrs 38% 38%
  >80 yrs 8% 7%
Body Mass index (in kg/
m2)
  <25 13% 13%
  25-29.9 35% 36%
  30-34.9 29% 43%
  35-39.9 14% 7%
  ≥ 40 9% 7%
ASA Score 
   Class I-II 58% 58%
  Class III-IV 42% 41%
Cemented

   Yes 98% 99.5%

   Hybrid 2% 0.5%
Underlying Diagnoses
   Rheumatoid Arthritis/
Other Inflammatory 
arthritis conditions

4% 4%

   Osteoarthritis 94% 93%
Othera 2% 3%
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higher odds for moderate severe pain at 2-year post-TKA (Table 2). 
Similar odds were noted for the 5-year outcomes in both unadjusted 
and multivariable-adjusted models (Table 2). 

Dependence on walking aids and moderate-severe ADL 
limitation after primary TKA

Compared to patients with no dependence, unadjusted odds of 
moderate-severe ADL limitation at 2-years post-TKA with some 
dependence on walking aids was 12.9 and with complete dependence, 
18.9 times. In multivariable-adjusted models that also included 
preoperative pain or both preoperative pain and ADL limitation, 
some dependence on walking aids was associated with 9.41 at 2-years 
and 9.03-times odds at 5-years and complete dependence with 16.31 
and 16.09-times higher odds of moderate-severe ADL limitation, 
respectively (Table 3).

Discussion
Our study findings are significant and merit further discussion. 

This study shows that dependence on walking aids in patients who 
have undergone TKA is associated with significantly higher risk of 
post-TKA moderate-severe pain and moderate-severe ADL limitation. 
Dependence on walking aids likely indicates frailty in this elderly 
population. These associations were independent of other important 
covariates such as age, gender, comorbidity, underlying diagnosis as 
well as preoperative pain and ADL limitation. 

To our knowledge, there are no studies assessing the association 
of postoperative dependence on walking aids with post-TKA pain 
and ADL limitations. Previous studies found that preoperative use of 
walking aids predicted longer hospital stay and patient satisfaction 
[9,10]. Our findings of the association of postoperative frailty with 
poorer patient-reported outcomes 2- and 5-years after primary TKA, 
in concert with these earlier findings, indicate that dependence on 
walking aids is associated with TKA pain and function outcomes. 

The association of walking aid dependence with moderate-severe 
pain is also a novel finding. Frailty, as indicated by the dependence on 
walking aids, was associated with 2-3 times higher odds of moderate-
severe pain. Potential explanations inctlude: (1) previously noted 
association of frailty with intrusive pain in the elderly [20]; (2) a 
potential negative impact of walking aid dependence on the ability to 
do optimal physical rehabilitation therapy that is required for optimal 
recovery (pain and function) after arthroplasty [21,22]; and (3) the 
association of dependence on walking aids with peripheral neuropathy 
and peripheral vascular disease [23], painful conditions of the lower 
extremity, may contribute to worse index knee pain after TKA. Patients 
may not be able to distinguish between various sources/types of knee 
pain. 

Previous studies of have found patient demographics, pre-operative 
pain and comorbidity as predictors of post-TKA poor pain outcome, 
with odds ranging 1.3-1.8 [2,8,11-14,18]. The magnitude of the 

2-year post-TKA moderate-severe pain 5-year post-TKA moderate-severe pain

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Unadjusted

   Some dependence 3.13 (2.29, 4.26) <0.001 2.43 (1.66, 3.58) <0.001

   Complete dependence 3.31 (2.46, 4.46) <0.001 3.86 (1.11, 5.32) <0.001
Model 1: Age, sex, Deyo-Charlson 
   Some dependence 3.10 (2.25, 4.27) <0.001 2.51 (1.70, 3.72) <0.001

   Complete dependence 3.07 (2.26, 4.19) <0.001 3.91 (2.78, 5.50) <0.001

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

   Some dependence 3.07 (2.22, 4.24) <0.001 2.56 (1.72, 3.80) <0.001

   Complete dependence 3.01 (2.21, 4.11) <0.001 3.81 (2.70, 5.38) <0.001

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

   Some dependence 3.28 (2.30, 4.66) <0.001 2.47 (1.59, 3.84) <0.001

   Complete dependence 2.86 (2.00, 4.09) <0.001 3.45 (2.32, 5.14) <0.001

Model 4: Model 2 + preoperative pain

   Some dependence 1.94 (1.22, 3.09) 0.005 1.93 (1.18, 3.17) 0.01
   Complete dependence 2.30 (1.48, 3.56) <0.001 3.23 (2.06, 5.07) <0.001

Model 5: Model 3 + preoperative pain 

   Some dependence 2.23 (1.36, 3.66) 0.002 2.03 (1.17, 3.51) 0.01

   Complete dependence 1.98 (1.19, 3.29) 0.009 2.83 (1.68, 4.75) <0.001

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

   Some dependence 1.96 (1.17, 3.28) 0.01 1.99 (1.14, 3.48) <0.001

   Complete dependence 1.94 (1.16, 3.24) 0.012 2.92 (1.73, 4.91) <0.001

Table 2: Univariate and multivariable-adjusted predictors of moderate-severe pain after primary TKA.
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association of dependence on walking aids with odds for moderate-
severe pain ranging 1.9-3.3 at 2-years post-primary TKA and 1.9-3.9 
at 5-years, are 2-3 times higher than that previously reported for other 
factors. The odds of moderate-severe ADL limitation were even higher. 
This provides a context for the importance of walking aids dependence 
for these important PROs after primary TKA. The identification of 
frailty, as assessed by the dependence on walking aids, as a risk factor 
for post-TKA outcomes, adds to the current knowledge. 

It was not surprising that dependence on walking aids was a 
predictor of post-TKA ADL limitation, with odds increased to 12-15 
times higher. The interesting aspect was that these associations were 
noted even in models that adjusted for preoperative pain and ADL 
limitations. 

The robustness of our findings is confirmed by stability of the 
estimates in multiple hierarchical multivariable-adjusted models, 
adjusted also for preoperative pain and ADL limitation. This indicates 
that postoperative dependence on walking aids captures a unique 
domain of function in patients with arthroplasty, above and beyond 
that captured by preoperative ADL limitation.

Our study has several limitations. Generalizability of these findings 
to other populations may be questioned since this was a study based 
on data from an institutional joint registry. However, the similarity 
of characteristics of our patient population to other TKA cohorts 
[24] and representative national U.S. cohort [25] indicates that our 
cohort is representative of patients undergoing TKA in the U.S. We 
used ICD-9 codes for anxiety and depression, which may have led 
to their under-recognition compared to a validated questionnaire or 
prospective physician assessment. Residual confounding is possible 
despite our efforts to adjust for a multitude of covariates and potential 
confounders, since this is a cohort study, not a randomized trial. We did 
not assess dependence on preoperative walking aids, which might have 
led to residual confounding. However, we controlled for pre-operative 

function and pain, so it’s unlikely that this postoperative dependence 
represents pre-operative disability or pain. Lastly, we are describing 
the associations between frailty and PROs, not determining cause and 
effect, given that these postoperative assessments were done at the 
same time. It is quite likely that post-TKA dependence on walking aids 
is the result of moderate-severe pain and accompanying inability to 
do optimal rehabilitation of the operated knee. Future studies need to 
examine this in more detail to assess cause and effect between post-
TKA pain, functional limitation and dependence on walking aids. 

In conclusion, we found that frailty, as determined by patient’s 
dependence on walking aids after primary TKA was associated with 
significantly worse pain and ADL limitation outcomes after primary 
TKA. This association was independent of the severity of preoperative 
pain and ADL limitation and demographic and other clinical factors. 
The associations were strong with odds of 2-4 times for moderate-
severe pain and 9-19 times for moderate severe ADL limitation. With 
an aging U.S. population, the prevalence of frailty is increasing in the 
population. Hence, frailty will also be more prevalent among TKA 
recipients in the future. More studies are needed to further investigate 
these important associations and the mediators for these associations. 
This will lead to development of interventions that can improve PROs 
after primary TKA. 
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