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ABSTRACT ARTICLE HISTORY
Purpose: Total knee arthroplasty is increasingly performed on working-age individuals, but little is known Received 29 October 2019
about their recovery process. Therefore this study examined recovery courses of physical and mental Revised 7 April 2020

impairments, activity limitations and participation restrictions among working-age total knee arthroplasty ~ Accepted 5 May 2020
recipients. Associated sociodemographic and health-related factors were also evaluated.
Materials and methods: A prospective study among working total knee arthroplasty patients (aged K )

q nee replacement, recovery
<65 years) (n=146). Surveys were completed preoperatively and 6 weeks and 3, 6, 12, and 24 months of function: work
postoperatively. Outcomes represented domains of the International Classification of Functioning, that is, performance; longitudinal
physical impairments (pain, stiffness, vitality), mental impairments (mental health, depressive symptoms), studies; prognosis
activity limitations (physical functioning), and participation restrictions (social-, work functioning, working
hours). Covariates included age, gender, education, home situation, body mass index, and comorbidity.

Results: Largest improvements in physical and mental impairments and activity limitations were observed
until 3 months postoperatively. Participation in social roles improved early after surgery, and improve-
ments in work participation occurred from 6 to 12 months. Older age, being male and fewer comorbid-
ities were associated with better recovery courses.

Conclusion: Working-age total knee arthroplasty patients recover soon from physical and mental impair-
ments, activity limitations, and participation in social roles, but participation at work occurs later. Younger
patients, females, and those with musculoskeletal comorbidities appear at risk for suboptimal recovery
after total knee arthroplasty.

KEYWORDS

> IMPLICATIONS FOR REHABILITATION

e An increasing number of working-age patients are asking for total knee arthroplasty and have high
expectations of total knee arthroplasty, in particular, to participate in the workforce again;

e Recovery after total knee arthroplasty (TKA) does not occur in the short term and is not limited to
clinical improvements for working-age TKA recipients only, as an important part of recovery, that is,
participation occurs in the long term (>6 months);

e Closer collaboration between occupational physicians and orthopedic surgeons might result in
increased and earlier ability to work full contractual hours;

e Rehabilitation after TKA should focus on patients with multiple comorbidities, whereby musculoskel-
etal diseases may even need additional preoperative treatment to optimize outcomes and prevent
work disability.

Introduction age, has become a major criterion in the decision-making process

The number of Working_age patients undergoing total knee to undergo TKA [4,5]. In the Netherlands, the number of Working-
arthroplasty (TKA) is rapidly increasing in Western societies [1-3]. age TKA patients (aged <65) tripled between 1995 and 2005,
This is mainly due to increased prosthetic survivorship and the ~Which is a higher increase than that observed among elderly
fact that particularly the severity of osteoarthritis (OA), instead of patients. The number of TKA procedures is expected to rise
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further and the proportion of the working-age group will be even
greater due to higher retirement ages [1]. For the USA it is esti-
mated that in 2030 up to 62% of TKAs will be performed on
patients of working age, compared to ~40% in 2010 [2,6].

Due to these dramatic increases in primary TKA rates, it is
important to pursue a more detailed understanding of working-
age patients’ recovery following surgery. So far, prospective
studies among working-age patients have focused mainly on
knee-specific outcomes like pain and joint function [7-9], yet
these outcomes only partially explain the recovery process after
TKA [10,11]. Knee-specific pain and function, for example, do not
address whether TKA allows people to engage in activities of daily
living and/or participate in society and work. In addition, studies
mainly focused on outcomes at one or two follow-up moments
and did not examine the course of improvement over time. To
obtain a more holistic approach to recovery there is growing rec-
ognition for examining a broad spectrum of outcome measures
that capture physical and mental impairments, activity limitations,
and participation restrictions as represented in the International
Classification of Functioning (ICF) model at multiple follow-up
moments [11,12].

Participation is a particularly important outcome for working-
age TKA patients, who are concerned about their return to partici-
pation in social roles and work [13]. Participation at home and in
the community has been investigated in a subsample of patients
aged <65 [14]. These patients reported improvements in taking
care of daily responsibilities and social activities postoperatively.
Females, depressive symptoms, and severe pain in either knee
were associated with decreased participation [14]. Regarding
work, previous studies mainly evaluated return-to-work outcomes
and showed that ~34 to 67% of patients return to work within 3
months of surgery [7,15-18]. However, after returning to work
TKA patients can still experience difficulties at the workplace due
to physical impairments and activity limitations. This may result in
sick leave or limited work functioning. Two years postoperatively,
sick leave, [19] and substantial at-work productivity loss exists
[20], but recovery of participation at work in terms of work func-
tioning is unknown.

The purpose of this study was therefore to provide a more hol-
istic approach of working-age patients’ recovery following surgery,
including physical and mental impairments, activity limitations,
and especially participation restrictions in working life. By identify-
ing these outcomes at multiple follow-up moments for a 2-year
period, courses of recovery could be described. These courses are
useful for showing the development of recovery over a longer
period of time and subsequently to detect distinct courses of
recovery after TKA. Together with associated sociodemographic
and health-related factors of these courses, this can increase our
understanding of how and when recovery after TKA surgery can
be optimized. The aim of the present study was therefore to (1)
investigate courses of physical and mental impairments, activity
limitations, and participation restrictions in working-age patients
undergoing TKA surgery preoperatively up to 2 years postopera-
tively and (2) examine the associations between sociodemo-
graphic and health-related factors with these courses.

Methods
Study design and participants

This prospective cohort study entitled “Work participation In
Patients with Osteoarthritis” consecutively included patients with
knee OA scheduled for TKA between March 2012 and July 2014
in the northern part of the Netherlands. Preoperative (T0) and

postoperative data at 6 weeks (T1) and 3 (T2), 6 (T3), 12 (T4), and
24 (T5) months were gathered. Inclusion criteria were primary or
secondary knee OA and undergoing TKA, preoperative employ-
ment, and age between 18 and 63years. The age of 63 was
chosen in order to complete the 2-year follow-up before the (for-
mer) Dutch retirement age of 65years. Exclusion criteria were
insufficient knowledge of the Dutch language and having under-
gone joint arthroplasty in the previous 6 months. Four hospitals
participated: University Medical Center Groningen (UMCG) (tertiary
university hospital), Medical Center Leeuwarden (MCL) (large
teaching hospital), Martini Hospital Groningen (MHG) (large teach-
ing hospital) and Ropcke-Zweers Hospital Hardenberg (general
hospital). The study was approved by the Medical Ethical
Committee of University Medical Center Groningen (METc
2012.153) and in accordance with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Informed consent was considered as obtained if the patient
granted our request to participate in the study by returning a set
of completed questionnaires. Patients who did not want to par-
ticipate in the study were requested to return a blank question-
naire. Patients were informed of this consent method by mail, in
an information letter that also communicated the voluntary
nature of the study and the anonymous nature of all the data to
be processed. Patients who did not respond after initial informed
consent were invited/contacted by phone no more than twice to
resume participation. The Medical Ethical Committee approved
this consent procedure.

Measures

The outcome measures in the cohort were grouped following the
World Health Organization framework of the ICF model, consider-
ing physical and mental impairments, activity limitations, and par-
ticipation restrictions [12]. The selection of outcome measures
and classification in the ICF model was guided by a previous
study that examined the discriminant validity of commonly used
TKA outcome measures with ICF constructs [21].

Physical and mental impairments

Impairments were divided into physical and mental impairments.
Physical impairments included general and knee-specific pain,
vitality, and stiffness. General pain and vitality were measured
with the equivalently named subscales of the Dutch version of
the RAND 36-item Health Survey, which measures health-related
quality of life [22]. General pain includes two questions on the
severity of pain, and vitality includes four questions about energy
level and fatigue. Subscores range from 0 to 100 and higher
scores reflect less pain and better vitality. The RAND-36 is a reli-
able and valid instrument [22]. Knee-specific pain (5 items) and
stiffness (2 items) were measured with the Dutch version of the
Western Ontario and McMaster Osteoarthritis Index (WOMAC)
[23], and these subscales were transformed into a 0-100 scale. A
higher score represents less pain or stiffness. The WOMAC has
proven to be valid and reliable [24].

Mental impairments included mental health and depressive
symptoms. Mental health was captured by the subscale of the
RAND-36 and asks five questions about depressive symptoms and
anxiety [22]. Subscores range from 0-100 and higher scores reflect
better mental health. Depressive symptoms were measured with
the PHQ-9 questionnaire. The PHQ-9 is the depression module
from the PRIME-MD instrument for common mental disorders,
which scores each of the nine DSM IV criteria from 0 (“not at all”)
to 3 (“nearly every day”). Participants were asked how often they



experienced each of the depressive symptoms over the last 2
weeks. The PHQ-9 is a valid and reliable instrument [25]. The scale
was recoded to a 0-100 scale, where higher scores represent
fewer depressive symptoms.

Activity limitations

Activity limitations captured general and knee-specific physical
functioning, measured with subscales of both the RAND-36 and
the WOMAC, respectively. The physical functioning of the RAND-
36 asks about limitations in performing 10 daily activities due to
health problems, such as climbing stairs, doing laundry, and doing
chores around the house. The range is 0-100 and higher scores
reflect better physical functioning [22]. Knee-specific physical
functioning was measured with the WOMAC and covers limita-
tions in physical functioning because of knee complaints during
17 daily activities, like getting out of bed and going to the toilet
[26]. A higher score (range 0-100) indicates better knee-specific
physical functioning.

Participation restrictions

Participation restrictions included social- and work-functioning
and the number of working hours. Social functioning was meas-
ured with the RAND-36 subscale social functioning and asks about
restrictions due to health problems in social activities such as vis-
iting friends. Subscores range from 0 to 100 and higher scores
reflect better social functioning. Work functioning was measured
by the Work Role Functioning Questionnaire 2.0 (WRFQ). The
WRFQ measures self-reported difficulties in meeting 27 work
demands, given workers’ physical health and emotional problems.
The total score was used (range 0-100), with higher scores indi-
cating better work functioning. The WRFQ was not assessed at 6
weeks postoperatively due to the high possibility that many
patients would not be at work. The WRFQ 2.0 has good internal
consistency, moderate test-retest reliability, and responsiveness in
the general working population [26]. The number of working
hours was calculated from the proportion of the actual number of
working hours compared to the contractual number of hours.

Covariates

The sociodemographic factors included age, gender, educational
level — categorized into low (i.e., primary school and lower vocational
education), medium (i.e, secondary vocational education) and high
(higher vocational education and university) — and home situation
categorized into living alone, living with a partner and living with
partner and children. Health-related covariates were body mass
index (BMI) and comorbidity. BMI was derived from self-reported
body height and body weight, and categorized into normal
(185-249kg/m?), overweight (25.0-299kg/m?) and  obese
(>30.0kg/m?). Comorbidity was measured by using a 28-item
chronic conditions questionnaire [27]. The number of comorbidities
was categorized into having no, one, or two or more comorbidities.

Statistical analyses

All analyses were conducted using SPSS version 23. First, patients’
baseline characteristics were analyzed using descriptive statistics
(mean, median, or percentage). To obtain the first aim, courses of
physical and mental impairments, activity limitations, and partici-
pation restrictions were analyzed. Linear mixed models (LMM)
were used to calculate the estimated means with corresponding
95% confidence intervals (Cls) for normally distributed measures.
Differences between baseline and each follow-up moment were
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tested with pairwise comparisons. Additionally, change percen-
tages between follow-up moments were calculated. Results were
tabulated and graphed over time. To obtain the second aim, asso-
ciations of sociodemographic and health-related factors with each
separate outcome (except the percentage of working hours) were
tested. A total of three models were fitted using LMM: (1) an
unconditional growth model, which included the outcome meas-
ure and a categorical time variable; (2) sociodemographic factors
(age, gender, educational level, and home situation) were added
to the first model; and (3) sociodemographic factors with a statis-
tical significance of p < 0.20 were added to the third model, sub-
sequently adding health-related factors (BMI and comorbidity) to
this third model. Finally, an attrition bias analysis was conducted
comparing age, gender, BMI, comorbidity, educational level, and
home situation of non-responders at 24 months with responders.
This analysis revealed no significant differences. Statistical signifi-
cance was set at p <0.05.

Results

A total of n=389 TKA patients were eligible to participate. Figure 1
is a flow chart showing the total number of patients recruited into
the study at baseline and the drop-outs to follow-up. At baseline,
n =146 returned the questionnaire and that data was used for ana-
lysis. At 6 weeks postoperatively, n=130 (89%) of the participants
returned the questionnaire, at 3 months, n =124 (85%); at 6 months,
n=120 (82%); at 12months, n=115 (78%); at 24 months, n=96
(66%). The mean age was 55years (range: 38-62) and 56% was
female. Participants had generally completed secondary vocational
education (47%) or higher education (18%), and most were living
together with a partner (58%) and/or children (8%). A substantial
proportion had overweight (43%) or obese (40%), and had two or
more comorbidities (70%). Table 1 provides a more detailed descrip-
tion of the baseline characteristics.

Courses of physical and mental impairments

Physical impairments improved significantly (p <0.001) over time,
with the largest changes within the first 3 months. For knee-spe-
cific pain and stiffness, the largest improvement was observed
between preoperatively and 6 weeks postoperatively (72.9 and
39.1%, respectively). This was followed by major improvements in
general pain and vitality between 6 weeks and 3 months (42.8 and
8.9%, respectively; Table 2). Beyond 12months stable courses
were observed (Figure 2(a)).

Mental impairments improved significantly over 2 years’ time
(p < 0.001) (Table 2), though in a stable course (Figure 2). Mental
health improved mainly between 6 weeks and 3 months (5.6%),
with minimal changes subsequently. Depressive symptoms wors-
ened shortly after surgery (—4.6%), but improved significantly
again at 6 months (5.4%), and showed minimal changes until
24 months postoperatively (Table 2, Figure 2(b)).

Courses of activity limitations

Activity limitations improved significantly over 2 years’ time
(p <0.001). For both general and knee-specific physical function-
ing, the largest improvements were observed between the pre-
operative level and 6weeks postoperatively (36.2 and 42.2%,
respectively), followed by another major improvement in general
physical functioning between 6weeks and 3 months (27.4%).
Knee-specific physical functioning improved gradually after
6 weeks. Stable courses were observed between 12 and
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Eligible TKA patients (n=389)

- Unreachable (n=20)
- Not willing to participate (n=25)
- Not working due to knee or other problems (n=3)
- Not fulfilling inclusion criteria (n=158):
* Not having a paid job (n=151)
* Past knee surgery <6 months (n=1)
v * Other indication than OA, e.g. trauma (n=6)

\ 4

Patients invited to participate (n=183)

_ |- Not responding (n=31)
|- Not having a paid job (n=6)

\ 4

Participants used for analysis at baseline

(n=146)
Lost to follow-up (n=50):
»* Withdrew participation (n=23)
* Not responding and unreachable (n=27)
Y

Participants responding at:
6 weeks: n=130 (89%)
3 months: n= 124 (85%)
6 months: n=120 (82%)
12 months: n=115 (78%)
24 months: n=96 (66%)

Figure 1. Flowchart.

Table 1. Baseline characteristics.
Variable

Age, mean (SD) (range)

Courses of participation restrictions

Participants (n = 146)

Social functioning improved significantly between 6weeks and
55.2 (5.0) (38-62)

3months postoperatively (23.3%), after a small setback (—6.7%)

ET\ATarI,e’((Q)(%) 82 (56) within the first 6 postoperative weeks. Work role functioning
18.5-24.9 24 (17) gradually improved over time and the largest improvement was
25.0-29.9 62 (43) observed between 6 and 12months (5.1%). The reported work
>300 60 (40) functioning level at 24 months (87.5) was significantly higher than

Cog‘orb'd'ty’ n (%) 9(7) the preoperative state (79.2) (Table 2, Figure 2(d)).

1 30 (23) The percentage of working hours was not normally distributed
2 or more 89 (70) and was therefore analyzed by reporting the median and inter-

Educational level, n (%) quartile range. Preoperatively we observed a median of 100.0%
wow p 8;; (100.0-100.0; n=129), at 6weeks 55.0% (39.0-100.0; n=22), at
High 26 (18) 3months 62.5% (40.0-100.0; n=67), at 6months 100.0%

Home situation, n (%) (66.7-100.0; n=286), and at 12 and 24months 100.0%
Living alone 50 (34) (100.0-100.0; n=101 and n =62, respectively).

Living with partner 85 (58)

Living with partner and children 11 (8)

Associations between sociodemographic and health-related
factors with the recovery courses

BMI: body mass index.

In the final third model, older age was positively associated with
all outcomes (see Table 3). Being male was positively associated

24 months. Knee-specific physical functioning increased by a total
of 75.0% over 2 years, which is a lesser improvement compared
to 113.5% for general physical functioning (Table 2, Figure 2(c)).

with the recovery courses for stiffness (B: 6.8), mental health (B:
4.2), and general physical functioning (B: 4.9). Moreover, a lower
number of comorbidities was associated with less general pain (B:
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Figure 2. Recovery courses of physical (a) and mental impairments (b), activity limitations (c) and participation restrictions (d) following TKA surgery (n=146). All
measures are standardized to 0-100 scores (Y-axis), where higher scores represent fewer impairments, limitations or restrictions.
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Figure 2. Continued.

6.6), better vitality (B: 7.7), better general physical functioning (B:
12.5), and better social functioning (B: 7.5). A lower educational
level was only associated with better social functioning (B: 12.4).
The results of all three models are presented in the
Supplementary Material (Table S1).

Discussion

This is the first study to simultaneously examine the recovery
courses of physical and mental impairments, activity limitations,
and participation restrictions, as represented in the ICF model,
among the rapidly growing group of working-age TKA recipients.
Within the first 3 postoperative months, patients showed the larg-
est improvements in physical impairments and activity limitations.
After 12months stable courses were observed in both ICF
domains. Mental impairments improved in a stable course with
minimal changes during follow-up. Participation restrictions in
social roles improved in the first 3 postoperative months, followed
by improvements in participation at work after 6-12months in
terms of working hours and work functioning. Persons who were
older, male, and had a lower number of comorbidities showed
significantly better recovery courses over 2 years' time.

The literature on the recovery of working-age TKA recipients is
scarce and therefore comparison with literature was limited.
Generally, physical impairments showed a substantial total change
over 24 months’ follow-up, whereby main gains were made within
the first 3 months as anticipated by TKA surgery. This is in line
with literature on senior TKA patients (mean age >65years) that
shows similar improvements within the first 3 postoperative
months [28] as well as gradual improvements between 3 and
12 months postoperatively [29,30]. Recovery courses have not
been identified yet among working-age patients specifically, but
knee-specific pain has been evaluated at one or two follow-up
moments. At 2 years postoperatively, significant improvements in
knee-specific pain were also observed [8,9]. The present study
adds that between 12 and 24 months no substantial improve-
ments were reported. This conforms with the literature on the for-
gotten joint score, which represents how natural the prosthesis
feels. Patients generally no longer feel their knee prosthesis after

12 months 24 months

Work functioning

6 months

the first year [31], as we confirmed with the presented clinical
outcomes. Improvements in mental health in the first 3 months
are in line with other studies that examined mental health at
6 months postoperatively [9]. The present study also identified
that depressive symptoms worsened just a little bit (from 83 to
79%) in the first months after surgery. The reported score of 79%
at 6 weeks may be attributed to the presence of pain or limited
function as the PHQ-9 questionnaire prescribes [25].

The present study showed that the greatest improvements in
activity limitations already occurred within 6 weeks, even before
physical impairments fully diminished. This finding is in contrast
to Davis et al.,, who found that among patients of all ages activity
limitations started decreasing only after physical impairments had
improved [29]. We also found that patients’ general physical func-
tioning was worse than knee-specific physical functioning pre-
operatively, and recovered in a slower pattern. As anticipated by
TKA surgery, knee-specific physical functioning improved strongly
and early after surgery. It might be that the recovery of TKA
patients is more hampered by their general physical functioning,
probably due to functional limitations from body regions other
than the operated knee.

The improvements in participation concerning social function-
ing are in line with a previous study that identified home and
community participation among patients aged <65. That study
also observed major improvements in home and community par-
ticipation after 1 year postoperatively [14]. The present study
adds that improvements in social participation already occur ear-
lier, that is, between 6 weeks and 3 months. This was followed by
an improvement in participation at work. So far, studies have
mainly reported on return-to-work outcomes, whereby between
34 and 67% of patients returned to work by 3 months postopera-
tively. We did not include the return to work as a primary out-
come, but rather the number of actual working hours compared
to the contractual number of hours, which was assessed solely
among those who returned to work. We observed a high variety
of working hours, which shows a skewed distribution. Only at
12 months, a majority of patients reported working their full con-
tractual hours again (IQR 100.0-100.0). Additionally, participants
already reported better postoperative work functioning earlier,
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from 3 months onwards, with the greatest increase between 6
and 12months. This is in line with Sankar et al., who found that
TKA is associated with significantly fewer limitations at work in
the first year after surgery [32]. Work functioning is classified as
“good” from 90 points or higher, which was reported at
12 months postoperatively [33,34]. As patients experienced good
work functioning at 12 months, a majority also worked their con-
tractual number of hours again.

We sought sociodemographic and health-related factors associ-
ated with the recovery courses. Older age was the only factor
that was positively associated with all courses. We analyzed age
on a continuous scale, and these findings are in line with a previ-
ous study of Townsend et al, who found that TKA patients aged
50-59 years reported worse pain, function, and stiffness scores
compared to those aged 60-69 years or older [35]. This might
suggest that within the working-age population, specific age
classes exist showing different patterns of recovery. Working-age
patients are known to have high preoperative expectations to
perform better on many activities of daily life, for example, work
and leisure time, which may hinder satisfaction with recovery
[13,36]. Other age-related aspects might additionally play a role,
as younger patients are more likely to be taking care of children
at home and might feel more pressure to earn wages, compared
to older patients in their pre-retirement years. Future studies
should examine whether such differences exist between specific
age classes, possibly affecting the appraisal of the recov-
ery process.

Our findings showed that among working-age TKA patients,
males have better outcomes in terms of stiffness, mental health,
and general physical functioning compared to females, which is
in line with literature that includes TKA patients of all ages
[11,29,37]. No gender differences were found on the participation
level though. As expected, comorbidity was associated with meas-
ures in all three ICF domains, that is, general pain, vitality, and
general physical functioning and social functioning. In a posthoc
analysis we identified that, besides the operated knee, low back
pain and osteoarthritis of limbs and arms were most prevalent,
followed by diabetes mellitus and hypertension. The association
of other musculoskeletal disorders, such as low back pain or
osteoarthritis of joints other than the operated knee, with worse
recovery courses is in line with the literature and reasonable to
expect [38].

Work
functioning
B (95%Cl),

p-value
0.7 (0.2, 1.2), 0.01

Participation restrictions

p-value
1.1 (0.6, 1.6), <0.001
Ref

Social
functioning

B (95%Cl),
5 (0.9, 14.0), 0.03

12.4 (4.0, 20.7), 0.004
7.6 (—0.1, 15.2), 0.05
Ref
6.6 (—3.7, 16.9), 0.21

Knee-specific
physical functioning
B (95%Cl),
p-value
0.6 (0.3, 1.0), 0.01

Activity limitations

General physical
functioning
B (95%Cl),
p-value
1.0 (0.5, 1.5), <0.001
4.9 (0.0, 9.8), 0.05
0 (2.3, 13.8), 0.007
Ref

12.5 (3.3, 21.8), 0.009

Depressive

symptoms

B (95%Cl),
p-value

Mental impairments
0.5 (0.1, 0.9), 0.007 0.6 (0.3, 1.0), <0.001

Mental
health
B (95%Cl),
p-value
4.2 (0.4, 8.0), 0.03

p-value
0.7 (0.2, 1.2), 0.008 0.9 (0.5, 1.4), <0.001
Ref

6.8 (1.7, 11.8), 0.009

Vitality
B (95%Cl),
7 (2.2, 13.2), 0.007

8.2 (-038, 17.1), 0.07

Strengths and limitations

B (95%Cl),
p-value

Stiffness

An important strength of this study is the prospective design with
multiple follow-up moments and outcome measures, which
allowed us to examine courses of recovery over a 2-year follow-
up period for a broad spectrum of outcome measures in line with
the ICF model. The classification of outcome measures in the ICF
model was done following the discriminant validity of the out-
comes in each ICF construct. We are aware of the fact that the
knee-specific pain subscale of the WOMAC represents both phys-
ical impairments and activity limitations [21]. However, we
decided to include knee-specific pain as physical impairment and
not to leave it out, in order to be able to compare with literature
and to deepen the insight into painful experiences. Another
strength is the heterogeneous sample of patients and therefore
the generalizability of the results. Patients were derived from pri-
mary, secondary, and tertiary hospitals. Study limitations included
the relatively small sample size, whereby we could not fully fit the
models - that is, the inclusion of the interaction terms of covari-
ates with time was not possible. Moreover, the question about

Physical impairments

pain
B (95%Cl),

p-value

Knee-specific
1.1 (0.5, 1.6), <0.001 0.6 (0.1, 1.2), 0.01

Ref
BMI: body mass index; Cl: confidence interval. All dependent outcomes are scaled 0-100 whereby higher scores indicate less impairments, limitations or restrictions. Bold values indicate significant associa-

tions (p <0.05).

General
pain
p-value

B (95%Cl),
6 (0.5, 12.8), 0.04

6.8 (-2.9, 6.5), 0.17

e

Medium
High
Comorbidity

None

Table 3. Final models showing significant associations of sociodemographic and health-related factors with physical and mental impairments, activity limitations and participation restrictions.

Ag

Male gender

Education
Low



working hours was filled in by a lower number of patients
(n=129), while some patients answered either their actual work-
ing hours or their contractual working hours, therefore the pro-
portion between the two amounts could not be calculated for
these patients. In the present study, only self-reported outcome
measures were used. Although self-report questionnaires continue
to be the most frequently used instruments, allowing the collec-
tion of data from a large number of people at a low cost, accur-
ately answering questions or questionnaires is a complex
cognitive task for patients. Objective measures would have added
insight into items such as knee function, but are not applicable to
all other outcomes included in this study. We, therefore, chose to
focus solely on self-reported outcome measures. Furthermore, we
did not gather specific information on post-surgical rehabilitation
protocols. However, the Dutch Orthopaedic Association and the
Royal Dutch Society for Physiotherapy have recommendations
that are followed nationwide [39], as a result, no significant differ-
ences are expected between the hospitals.

Implications and recommendations

This study showed that among working-age TKA recipients, phys-
ical impairments, and activity limitations mainly improve in the
first 3 months after surgery. These clinical improvements were fol-
lowed by recovery of participation in social roles and at work,
with improvements in work participation happening latest, that is
between 6 and 12months postoperatively. For clinical practice,
this stresses that recovery does not occur in the short term and is
not limited to clinical improvements for working-age TKA recipi-
ents only. An important part of recovery, that is, participation,
occurs in the long term (>6 months). Especially participation at
work is a crucial outcome from a personal and societal perspec-
tive [13,40,41], and considering the work participation outcomes
in the present study, further gains can be made in this domain.
Qualitative interviews highlighted that healthcare professionals
play an important role in reintegration at work among this spe-
cific patient population [42]. Hence a closer collaboration between
occupational physicians and orthopedic surgeons might result in
increased and earlier ability to work full contractual hours.
Moreover, results showed that recovery from TKA surgery is not
only about knee-specific outcomes: patients are also hindered by
other comorbidities such as musculoskeletal disorders and osteo-
arthritis in other limbs. In line with a recent scoping review [43],
we recommend that rehabilitation after TKA should focus on
patients with multiple comorbidities, whereby musculoskeletal dis-
eases may even need additional preoperative treatment to opti-
mize outcomes and prevent work disability. Lastly, as
discrepancies exist in studies that examined several younger age
classes, further identification of vulnerable age classes (<65 years)
is recommended.

Conclusions

This study reported a holistic approach to recovery in the first 2
years, including physical and mental impairments, activity limita-
tions, and participation restrictions in social and working life
among working-age TKA patients, in line with the ICF model.
Physical impairments and activity limitations showed major
improvements within the first 3 postoperative months, followed
by improvements in participation restrictions in social roles.
Recovery of participation at work, in terms of work functioning
and working all contractual hours, occurred last and needed up
to 1 year postoperatively. Younger patients, females, and patients
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with musculoskeletal comorbidities or osteoarthritis in joints other
than the operated knee might be at particular risk for suboptimal
recovery after surgery and could need targeted guidance during
rehabilitation.
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