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ABSTRACT.  
 

Objective: To describe the course of limitations in activities in elderly patients with 
osteoarthritis (OA) of the hip or knee over a follow-up period of 3 years, and to identify 
prognostic factors of the course of limitations in activities, focusing on body functions, 
comorbidity, and cognitive functioning. 

Design: A longitudinal cohort study with 3 years of followup. 
Measurements were conducted annually. Statistical analyses included t tests, univariate 

regression analyses, and multivariate regression analyses. 
Setting: Rehabilitation centers and hospitals (Departments of Orthopedics, Rheumatology, 

and Rehabilitation) in The Netherlands. 
Participants: Patients (N =237) with hip or knee OA. 
Interventions: Not applicable. 
Main Outcome Measures: Patient-perceived change, selfreported limitations in activities 

measured by the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), 
and observed limitations in activities (timed walking test). Prognostic factors: demographic 
data, clinical data, body function (pain, muscle strength, range of motion [ROM]), comorbidity, 
and cognitive functioning (cognitive decline, memory, attention). 
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Results: Self-reported limitations in activities measured by the WOMAC improved slightly 
after 3-year follow-up. In knee OA, reduced ROM at 1-year follow-up ( β =.120), increased 
pain at 1-year follow-up ( β = -.177), and higher morbidity count ( β = -.180) predicted 
worsening of self-reported limitations in activities. In hip OA, reduced ROM at 1-year follow-
up ( β =.201 for hip external rotation and  β =.144 for knee extension), increased pain at 1-year 
follow-up ( β = -.134), higher morbidity count ( β = -.220), or the presence of moderate to 
severe cardiac disease ( β = -.214) and poorer cognitive functioning ( β =.181) predicted 
worsening of self-reported limitations in activities. Performance-based limitations in activities 
measured by the timed walking test did not change after 3 years of follow-up. In knee OA, 
decreased muscle strength at 1-year follow-up ( β = -.272) and higher morbidity count ( β 
=.199) predicted worsening of performance-based limitations in activities. 

In hip OA, better ROM ( β =.182), higher morbidity count ( β =.232), or the presence of 
moderate to severe cardiac and eye-ear-nose-throat disease ( β =.210 and  β =.188, 
respectively) and older age ( β =.355) predicted worsening of performance- based limitations in 
activities. 

Conclusions: Overall, at the group level, limitations in activities of patients with OA of the 
hip or knee recruited from hospitals and rehabilitation centers seem fairly stable during the first 
3 years of follow-up. However, at the level of individual patients, considerable variation 
occurs. Prognostic factors for worsening of limitations in activities include increased pain, 
reduced ROM, and decreased muscle strength at 1-year follow-up; higher morbidity count; and 
to a lesser extent poor cognitive functioning. 

 
Through the years, research has focused increasingly on aspects of rehabilitation in elderly patients. 

Successful aging and achieving optimal functioning and fulfillment are key aspects in older age and in 
rehabilitation. Demographic developments will lead to an increasing number of elderly people, making 
rehabilitation of elderly patients an important aspect of health care and research.1 Elderly patients with OA 
of the hip or knee often experience physical impairments, pain, and limitations in activities.2-6 Knowledge 
about the course of limitations in activities and prognostic factors is important for optimizing rehabilitation 
for patients with OA of the hip or the knee. Previous studies in OA of the hip or knee showed that after 3 or 
more years of follow-up, worsening of limitations in activities becomes evident.7 The association between 
prognostic factors and limitations in activities in OA has been studied frequently in cross-sectional 
studies.4-6,8-12 However, factors found in crosssectional studies to be associated with limitations in 
activities may or may not predict the course of limitations in activities. 

Longitudinal studies on prognostic factors in OA found limited evidence for pain, BMI, age, muscle 
strength, comorbidity, mental health, and social support as prognostic factors for the course of limitations in 
activities.7,13-16 It is hypothesized that the process of rehabilitation in elderly patients with OA and their 
level of functioning are affected by factors related to aging. In the elderly, the gradual development of 
physical impairments, comorbidity, and cognitive impairments is common. With increasing age, decreased 
muscle strength and reduced joint ROM are expected. Studies show that these factors are associated with 
increased limitations in activities in patients with OA of the hip or knee.4-7,9 Furthermore, the prevalence 
of chronic conditions increases with age: most of the elderly have at least one chronic disease.17 Patients 
with OA have a significantly higher risk of developing comorbidity than do non-OA patients.18 There is 
some evidence that comorbidity is related to functioning in OA.19 Likewise, it is expected that elderly 
people experience more cognitive impairments, which in turn may influence the course of limitations in 
activities in elderly patients with OA. Although these factors have been studied separately, it is not known 
whether comorbidity and cognitive functioning contribute to the course of limitations in activities, in 
addition to the effects of body functions (muscle strength, joint ROM, and pain). 
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The objectives of this study were (1) to describe the course of limitations in activities in elderly patients 
with OA of the hip or knee over a follow-up period of 3 years, and (2) to identify prognostic factors of the 
course of limitations in activities, focusing on body functions, comorbidity, and cognitive functioning. 

[LIST 1]   

METHODS 

Design 
A longitudinal study with a follow-up period of 3 years was conducted in 237 patients with knee or hip 

OA. Measurements were performed annually and were carried out by means of tests, questionnaires, and 
interviews. The study was approved by the Medical Ethics Committee of the VU University Medical 
Centre, Amsterdam, The Netherlands. 

Study Population 
Patients were recruited from 3 rehabilitation centers and 2 hospitals (Departments of Orthopedics, 

Rheumatology, or Rehabilitation). Inclusion criteria were (1) diagnosis of hip or knee OA by a medical 
specialist according to radiologic criteria or clinical criteria of the American College of 
Rheumatology20,21; (2) age between 50 and 84 years; (3) referral to a hospital or rehabilitation center less 
than 1 year before inclusion; (4) at least moderate functional problems (Lequesne Algofunctional Index 
score  β5)22; and (5) informed consent. 

Exclusion criteria were (1) insufficient understanding of the Dutch language, and (2) expected death 
within 1 year after inclusion, due to terminal illness. 

Measurements 
All assessments were conducted at the same time and were performed at test locations by the researcher or 

the research assistant. 

Demographic and clinical data.  
Demographic and clinical data were collected on age, sex, height, weight, location of OA, duration of 
complaints, other joint complaints (patients were asked whether they had other joint complaints of the neck, 
shoulders, hands, back, feet, or other joints, apart from their hip or knee OA), radiologic impairments, level 
of education, and marital status. BMI was calculated; obesity was defined as a BMI higher than 30 kg/m2. 
If available, radiographs of the hip and knee that were recorded in the year before inclusion were scored on 
joint space width and osteophytes, following a standardized procedure.23 From these scores, Kellgren and 
Lawrence grades were calculated. 

Limitations in activities.  
Self-reported limitations in activities were measured using the physical functioning subscale of the 
WOMAC.24,25 A higher score on the standardized WOMAC (range, 0–100) reflects fewer limitations. 
Performance- based limitations in activities were measured using a 10-m timed walking test.26 If 
necessary, patients could use an assistive device during the timed walking test. Use of devices was 
recorded, and consequently devices were also used during the assessments after 1, 2, and 3 years. A higher 
score on the timed walking test reflects more limitations. Also, patients were asked to record whether their 
complaints of hip or knee OA had changed after 3 years of follow-up on a scale from 1 to 8 (patient-
perceived change), varying from 1 (no complaints) to 8 (major worsening). Scores were recoded to 
improvement (scores, 1–3), no change (scores, 4–6), and worsening (scores, 7 or 8). 

Body functions.  
Assisted active ROM was measured in both legs using goniometry, following a standardized protocol. 

27 For the hip, internal rotation, external rotation, and flexion were measured. For the knee, flexion and 
extension were measured. Isometric muscle strength of knee extension and hip abduction was measured in 
both legs with a handheld dynamometer, the MicroFet,a using a break test. Patients were asked to deliver 
maximum strength against the researcher’s resistance. A standardized protocol describing postures, 
instructions, and procedure was used.28 The measurements of both ROM and muscle strength were 
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repeated twice. The average score was used in the analyses. Patients rated their pain on a VAS, before the 
physical assessment. A higher score on the VAS reflects more pain. 

Comorbidity.  
Information about comorbidity was gathered in an interview with the patients by using the CIRS.29-31 

The CIRS consists of 13 body systems. Scoring is weighted by the severity of the comorbid condition. 
Severity scores range from 0 (none) to 4 (extremely severe) (appendix 1). Because all patients had OA (OA 
can be regarded as the index disease), they all scored positive on CIRS 10 and for this reason, diseases in 
CIRS 10 (muscle, bone, and skin diseases) were not used in the analyses. The indices of comorbidity 
derived from the CIRS are the presence of the various disease categories (moderate to severe comorbidity, 
CIRS  β2) and the morbidity count (the number of diseases on which the patients scored a severity of  β2). 

Cognitive functioning.  
Various aspects of cognitive functioning were measured. First, the 20-item cognitive screening test was 

applied. This test was developed as a screening instrument for cognitive decline in the elderly.32 Scores 
range from 0 to 20. An indication of cognitive decline was calculated. 

For patients older than 81 years, cognitive decline is defined by a score on the 20-item cognitive screening 
test of 10 or less; for patients 81 years or younger, cognitive decline is defined by a score of 12 or less. 
Second, a memory test, extracted from the Wechsler Adult Intelligence Scale, was applied.33,34 Patients 
were asked to recall series of numbers, both backward and forward. The score was calculated by the 
number of correctly repeated items. Backward and forward scores range from 0 to 21. Finally, to assess 
visual selective attention, the abridged Stroop Color-Word Test was applied.35,36 The variables derived 
from the Stroop test are the number of uncorrected mistakes in part III of the test and the interference score 
(the time needed for part III minus the time needed for part II). 

 [FIGURE 1] [TABLE 1]  

Statistical Analyses 
Following the method used by Steultjens et al,4,5 indices for ROM (hip flexion, hip external rotation, hip 

internal rotation, knee extension and knee flexion) and muscle strength (hip abduction and knee extension) 
were calculated using the sum score for left and right for each movement. Before this calculation, scores for 
muscle strength on the MicroFet were divided by body weight. 

For radiologic impairments, a combined score for the hip and a combined score for the knee were 
calculated. For the multivariate regression analyses, radiologic impairments of the knee and radiologic 
impairments of the hip were calculated as positive if patients showed severe joint space narrowing or severe 
osteophytes in either the hip or the knee (rating = 3). 

Any severe abnormality resulted in a positive score on these variables. 
All analyses were conducted for knee OA and hip OA separately. To describe the course of limitations in 
activities, 2 analyses were performed: (1) multilevel analyses and (2) paired samples t tests in SPSS 
(version 11.5).b Because both methods revealed similar results, it was decided to present the results from 
the SPSS analyses. Means for scores on the WOMAC and the timed walking test were calculated for all 
measurements. 

Means after 1 year (t1), after 2 years (t2), and after 3 years (t3) were compared with the mean at baseline 
(t0) and were tested by a paired samples t test. 

[TABLE 2] [TABLE 3]   
 
To determine which factors influence the course of limitations in activities, regression analyses were 
performed. For all possible prognostic factors, univariate regression analyses were conducted, with the 
WOMAC physical functioning score at t3 and the timed walking test at t3 as dependent variables. To 
correct for baseline score on both outcome measures, scores at t0 were entered as the first variable in all 
analyses. Furthermore, stepwise multiple regression analyses were performed, again using the WOMAC 
physical functioning score and timed walking test as dependent variables. Variables were added to the 
model if the P value was less than .05. The following blocks of variables, numbered (1) to (6), were entered 
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stepwise: (1) radiologic impairments; (2) ROM and muscle strength: ROM (hip flexion, hip flexion: change 
from t0 –t1; hip internal rotation, hip internal rotation: change from t0 –t1; hip external rotation, hip 
external rotation: change from t0 –t1; knee flexion, knee flexion: change from t0 –t1; knee extension, knee 
extension: change from t0 –t1), muscle strength (knee extension, knee extension: change from t0 –t1; hip 
abduction, hip abduction: change from t0 –t1); (3) pain (pain measured by the VAS, pain: change from t0 –
t1); (4) comorbidity (morbidity count [CIRS  β2], presence of CIRS 1–9, CIRS 11–13); (5) cognitive 
functioning (20-item cognitive screening test, numbers forward, numbers backward, Stroop interference 
score, Stroop uncorrected mistakes); and (6) other factors (age, sex, use of devices, use of medication, 
surgery before inclusion, surgery during follow-up, BMI, obesity [BMI =30kg/m2]). Because it is known 
that body functions have an effect on disability,4-7,9 these variables were entered first into the regression 
analyses. 

Subsequently, comorbidity, cognitive functioning, and other factors were entered to determine whether 
these variables contributed in addition to the variables entered previously. Factors with a P value greater 
than 0.2 were excluded from the model. 

SPSS was used for all statistical analyses. 

RESULTS 

Study Population 
Baseline characteristics of the study population are presented in table 1. The majority of the patients 

(79%) originated from Departments of Orthopedics. The other 21% came from Departments of 
Rheumatology and Departments of Rehabilitation. 

On average, patients had had hip and knee complaints for 9.5 years. Only 13% had no other joint 
complaints apart from knee or hip problems. Frequently occurring other joint complaints were hand and 
back problems. 

Initially, 775 patients with OA of the hip or knee who visited the department in the year before inclusion 
were contacted by mail and were asked to participate in the study. Of those patients who volunteered (n 
=364), 288 were included and 76 were excluded. Reasons for exclusion were age (n=2), language (n=4), 
less than moderate functional problems (n=48), and referral longer than 1 year before inclusion (n=22). No 
differences were found between the group of patients that was initially contacted (n=775) and the patients 
who were included in the study (n=288) with regard to age and sex. Compared with our study population, 
patients who were initially contacted had both hip and knee OA less frequently (6.2% vs 26.5%), and more 
frequently had either knee OA (59.5% vs 48.4%) or hip OA (34.3% vs 25.1%). Of the 288 patients who 
were included in the study, 237 patients (82%) also participated after 3 years. Baseline characteristics of 
completers were compared with noncompleters. According to the baseline measurement, patients who 
completed the study had a higher level of education (21.6% vs 17.6% higher education and 15.7% vs 25.5% 
lower education), fewer limitations (WOMAC score, 63.1 vs 51.3; timed walking test score, 10.0s vs 
11.9s), a lower morbidity count (median, 2.0 vs 4.0), greater muscle strength (hip abduction, 9.1 vs 7.8; 
knee extension, 7.9 vs 7.0), and reported less pain (VAS, 4.6 vs 5.6). No differences were found for age, 
sex, duration of complaints, BMI, marital status, ROM, and cognitive functioning. Of the 237 patients who 
were included in the longitudinal study, 187 patients (79%) performed the timed walking test after 3 years. 
No differences were found between patients who were lost to follow-up with regard to the timed walking 
test and patients who participated, apart from the WOMAC score (57.3 vs 66.2, respectively) and age 
(68.8y vs 64.6y, respectively). A flowchart of exclusion and loss to follow-up is presented in figure 1. 

[TABLE 4]   

Course of Complaints and Limitations in Activities 
After 3 years of follow-up 50% of the patients with knee OA (n =174) reported that their complaints had 

remained unchanged. 
Worsening was reported by 26% of the patients, and improvement by 24%. Of the patients with hip OA (n 
β123), 53.3% reported that their complaints had remained unchanged after 3 years of follow-up. A 
worsening was reported by 24.6% of the patients, and 21.9% reported that their complaints had improved. 
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Table 2 presents the results for the course of self-reported and performance-based limitations in activities. 
The results show that self-reported limitations in activities measured by the WOMAC improved slightly 
and significantly after 3 years of follow-up. Performance-based limitations in activities, on the other hand, 
did not change over 3 years. The results for hip and knee OA were similar. As indicated by the SDs of the 
change scores, there were considerable within-patient differences: some patients improved, while others 
deteriorated. 

Prognostic Factors of Functional Course: Self-Reported Limitations in Activities 
In table 3, univariate regression coefficients are presented for significant prognostic factors and the course 

of self-reported limitations in activities measured by the WOMAC. 
Factors with significant univariate correlations were entered into the multivariate regression analyses. The 

results of these analyses are presented in table 4. In knee OA, the results show that reduced ROM hip 
external rotation at 1-year follow-up ( β =.120), increased pain at 1-year follow-up ( β = -.177), and a higher 
morbidity count ( β = -.180) were associated with worsening of self-reported limitations in activities. 

For hip OA, additional prognostic factors were identified. As was the case for knee OA, reduced ROM hip 
external rotation at 1-year follow-up ( β =.201), increased pain at 1-year follow-up ( β = -.134), and higher 
morbidity count ( β = -.220) were found to be associated with worsening of self-reported limitations in 
activities. Furthermore, reduced ROM knee extension at 1-year follow-up ( β =.144) and poorer cognitive 
functioning ( β =.181) were associated with worsening of self-reported limitations in activities. If the 
presence of specific disease categories was entered instead of overall morbidity count, the presence of 
moderate to severe cardiac disease was associated ( β = -.214) with worsening of self-reported limitations in 
activities, apart from the previously mentioned variables (results are not shown). 

Prognostic Factors of Functional Course: Performance-Based Limitations in Activities 
In table 5, univariate regression coefficients are presented for significant prognostic factors and the course 

of performance-based limitations in activities measured by the timed walking test. 
Factors with significant univariate correlations were entered into the multivariate regression analyses. The 

results of these analyses are presented in table 6. For knee OA, decreased muscle strength hip abduction at 
1-year follow-up ( β = -.272) and higher morbidity count ( β =.199) were associated with worsening of 
performance-based limitations in activities. 

For hip OA, higher ROM hip flexion at baseline ( β =.182), higher morbidity count ( β =.232), and older 
age ( β =.355) were found to be associated with worsening of performance-based limitations in activities. In 
this model, 45% of the variance was explained. If the presence of specific disease categories was entered 
instead of overall morbidity count, the presence of moderate to severe cardiac disease and eye-ear-nose-
throat disease was associated (β=.210 and  β=.188, respectively) with worsening of performance-based 
limitations in activities, apart from the previously mentioned variables (results are not shown). 
 [table 5]  

DISCUSSION 
The objective of the study was to describe the course of limitations in activities in elderly patients with 

OA of the hip or knee and to identify prognostic factors, focusing on body functions, comorbidity, and 
cognitive functioning. 

In hip OA and knee OA, self-reported limitations in activities improved after 3 years of follow-up. This 
improvement, however, was not clinically relevant: overall improvement was 4%, far less than the 
minimum clinically important change, as reported in the literature. Angst et al37 concluded that in patients 
with OA, changes over 12% compared with baseline are clinically relevant, while Tubach et al38 stated that 
for physical function on the WOMAC, the minimum clinically important change is between 21% and 26%. 
Performance-based limitations in activities remained unchanged. 

In contrast to the stability at group level, individual patients showed considerable differences: some 
patients improved, while others deteriorated. Thus, at the group level, limitations in activities of patients 
with OA of the hip or knee are fairly stable during the first 3 years of follow-up. At the level of individual 
patients, considerable variation occurs in the course of limitations in activities. 

Identification of prognostic factors is therefore highly relevant. 
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Several prognostic factors for worsening of self-reported and performance-based limitations in activities 
were identified and are schematically summarized in tables 7 and 8. 

 [TABLE 7] [TABLE 6]  
Previous research on body functions has been mainly directed towards the influence of decreased muscle 

strength on limitations in activities.7,16,17,39 Studies on the association between ROM and limitations in 
activities are scarce.5 The present study is the first longitudinal study reporting on reduced ROM at 1-year 
follow-up as a prognostic risk factor for worsening of limitations in activities after 3 years. The association 
between better ROM hip flexion and performance-based limitations in activities in hip OA is difficult to 
explain; we believe this is a chance finding. 

The association of pain with self-reported limitations has been described in previous studies.14,16,40 
Experiencing pain restrains patients with hip or knee OA from performing certain activities. In addition, 
pain might lead to fear of pain during activities, which in turn results in avoidance of these activities. 

Comorbidity has been described in previous studies as a risk factor for worsening of limitations in 
activities.18,19,31,41 The present study is the first to analyze the role of comorbidity in detail. In hip OA, 
we found that both a higher morbidity count and the presence of moderate to severe cardiac disease and 
eye-ear-nose-throat disease predicted worsening of limitations in activities. In knee OA, a higher morbidity 
count predicted worsening of limitations in activities. Elderly patients frequently have OA, cardiac disease, 
or eye-ear-nose-throat disease (especially problems with vision), resulting in limitations in activities. The 
combination of OA and cardiac disease, as well as the combination of OA and eye-ear-nose-throat disease 
(specifically vision problems), was found to be associated with additional limitations in activities in earlier 
research.42 Thus, cardiac diseases and eye-ear-nose-throat diseases are highly relevant comorbidities in the 
rehabilitation of OA patients. 

Although its influence is smaller than the above-mentioned factors, cognitive functioning is a relevant risk 
factor for worsening of limitations in activities as well. The relatively small influence might partly be 
explained by the fact that cognitive decline was not found in the patients included in our study. All had 
normal cognitive functioning, scoring above the cutoff scores described in the Methods section. 

Study Limitations 
Some methodological issues and limitations of the study must be considered. First, patients were recruited 

from hospitals and rehabilitation centers. They received treatment as usual, such as medication, surgery, 
and physiotherapy. Furthermore, because all patients were recruited from hospitals or rehabilitation centers, 
they were likely to have serious complaints due to their OA and to have at least moderate functional 
problems at inclusion. It is possible that the slight improvement of limitations in activities found in this 
study should be attributed to receiving treatment (confounding) or to the state of exacerbation—having 
complaints and functional problems of the patients at inclusion (regression to the mean). Therefore, the 
results of the present study cannot be generalized to the general population that has OA. Nevertheless, the 
findings are applicable to the group of OA patients attending hospitals and rehabilitation centers; this is a 
highly relevant group. Second, patients in this study were followed up for 3 years, and little or no (clinically 
relevant) change of limitations in activities was found. Because previous studies showed worsening after 
more than 3 years of follow-up, further research with a follow-up of more than 3 years might reveal 
interesting findings. In the present research program, measurements are performed up to 5 years, and results 
on this longer follow-up will be presented in future reports. Third, 18% of patients included at baseline did 
not complete the 3 years of follow-up. We found that patients who completed the study had fewer problems 
than those who were lost to follow-up. Secondary analyses on change in selfreported limitations in 
activities from baseline to 1-year follow- up showed no differences between completers and those lost to 
follow-up (data not shown). We therefore assume that the course of self-reported limitations in activities 
over 3 years presented in this study is applicable to the total group of 288 patients who were originally 
included in the study. For performance- based limitations on the other hand, secondary analyses showed 
that in patients who were lost to follow-up at 3 years, worsening was already seen at 1-year follow-up, 
while patients who completed the study showed no change at 1-year follow- up (data not shown). The 
present study may therefore underestimate the decrease in performance-based limitations in activities. 
Fourth, patients who dropped out of the study often commented that the tests were demanding. So although 



Dijk, G.M. van, Veenhof, C., Spreeuwenberg, P., Coene, N., Burger, B.J., Schaardenburg, D.J. van, Ende, C.H.M. 
van den, Lankhorst, G.J., Dekker, J. Prognosis of limitations in activities in osteoarthritis of the hip or knee: a 
3-year cohort study. Archives of Physical Medicine and Rehabilitation: 2010, 91(1), 58-66  

 
 
 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

studies on elderly patients are highly relevant, the physical demands of performing tests and answering 
questionnaires constitute a major challenge for research among the elderly. 

Studies on prognostic factors are highly relevant for clinical practice. This relevance is 2-fold. First, 
prognostic factors can be used to inform patients about their expected future limitations in activities. The 
present results point to pain, reduced ROM, reduced muscle strength, comorbidity, and to a lesser extent 
relatively poor cognitive functioning as predictors of worsening of limitations in activities. Second, 
prognostic factors can be used to set optimal rehabilitation goals. Rehabilitation might also target pain, 
reduced ROM, reduced muscle strength, comorbidity, and to a lesser extent relatively poor cognitive 
functioning. Of course, intervention studies are required to substantiate claims regarding the effects of 
changing these prognostic factors. 

[TABLE 8]  

[APPENDIX 1]   

CONCLUSIONS 
Overall, it can be concluded that at the group level, limitations in activities of patients with OA of the hip 

or knee recruited from hospitals and rehabilitation centers seem fairly stable during the first 3 years of 
follow-up. 

However, at the level of individual patients, considerable variation occurs. Prognostic factors for 
worsening of limitations in activities include increased pain, reduced ROM, and decreased muscle strength 
at 1 year follow-up; higher morbidity count; and to a lesser extent relatively poor cognitive functioning. 
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