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Abstract　
　 The objective of this study was to elucidate the factors affecting kneeling following total knee arthroplasty （TKA）. 
A survey questionnaire was mailed to 324 patients who underwent TKA regarding 1） the necessity of kneeling in 
daily life; 2） achievement of kneeling; 3） time until kneeling was achieved; and 4） the reasons for the inability in cases 
where kneeling could not be achieved. Of the 227 responders, 186 responded “I need to kneel” and were enrolled 
as study participants. Knee range of motion was also measured as an assessment of physical function. Comparison 
between groups （able vs. not able to kneel） was analyzed using the Mann-Whitney U test. For the reasons for 
the inability in cases where kneeling could not be achieved, the percentage of each response was calculated. For 
variables with significant differences, Receiver Operating Characteristic （ROC） curves were calculated and cutoff 
values were calculated. The rate of kneeling achievement was 34.9%, and the mean duration from surgery to 
achievement of kneeling was 5.1 months. The item that showed a significant difference was knee range of motion 

（flexion on the operative side）. Pain and fear were the most common reasons for the inability in cases where kneeling 
could not be achieved. The optimal cut-off value for knee flexion was 122.6° （area under the ROC curve: 0.67, 95% 
confidence interval 0.59-0.75）. It is important that these factors are taken into consideration during the post-operative 
management of patients who need to kneel.
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Introduction

　 Osteoarthritis is a disease with high morbidity 
and is reported to affect more than 300 million 
people globally 1）. Above all, osteoarthritis of the 
knee is a disease that causes difficulty in 
walking and activities of daily living （ADL） due 
to knee joint pain. The consequent restriction of 
social participation, hobbies, and leisure activities 
leads to a decreased quality of life2）.
　 The guidelines of the Osteoarthritis Research 
Society International state that surgery should 
be considered as a treatment for osteoarthritis of 
the knee in cases where pain alleviation and 
functional improvement cannot be achieved with 

conservat ive therapies such as arthr it is 
education and structured land-based exercise 
programs3）. The use of total knee arthroplasty 

（TKA）, a surgical treatment for osteoarthritis of 
the knee, has rapidly increased in recent years4）. 
TKA is performed to relieve knee pain and 
improve knee function while walking, as well as 
for improvement of quality of life, and patients 
have reported high degrees of satisfaction5）. 
However, approximately 10‒20% of patients 
remain dissatisfied6）. The expectations for TKA 
vary widely, and satisfaction can be affected by 
the ability to squat , get in and out of an 
automobile, and climb up and down stairs7）.
 　While patients are satisfied with the reduction 
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Participants and Methods

 　The inclusion criteria were as follows: a 
diagnosis of osteoarthritis of the knee at the 
affiliated hospital of the lead author from June 
2019 to June 2020; treatment with TKA; and 
postoperative follow-up period of 6 months or 
more （6-18 months）. The exclusion criteria were 
as follows: revision TKA cases; TKA for diseases 
other than osteoarthritis of the knee （for 
example, trauma or rheumatoid arthritis）; and 
cognitive function disorders.
　 Of the 324 patients meeting the inclusion 
criteria, 227 responded to the survey questionnaire 
sent by mail. Of these, the 186 patients who 
responded “I need to kneel” in daily activities were 
enrolled as study participants. 

 　The TKA procedure was performed through 
a midline skin incision （approximately 8 to 10 
cm） and a midvastus or trivector approach. Soft 
tissue managements were minimal. All patients 
underwent cemented arthroplasty and patella 
resurfacing20）.

　 Table 1 shows the demographic data of the 
study participants.

 　We started rehabilitation （physical therapy/
occupational therapy） from the day of TKA 
surgery in all cases, and this was performed 
according to the protocol outlined in Table 2. All 
patients were allowed to kneel after the sutures 
had been removed by the physician （postoperative 
day 7）. Patients were instructed on how to kneel 
in a safe manner and were trained through 
specif ic exercises until discharge. Ongoing 
rehabilitation on an outpatient basis was not 
performed after discharge. The participants 

of pain during walking after TKA, some are 
dissatisfied with being unable to regain kneeling. 
In fact, the inability to kneel has been reported 
a s  a  f ac tor  a s s o c i ated  w it h  po st -TKA 
dissatisfaction8-10）. While many hobbies, religious 
customs, leisure activities, and physical labors 
worldwide require kneeling, in Japan, the 
requirement of kneeling is particularly high due 
to the lifestyle of sitting and lying on the floor. In 
fact, several studies have shown that kneeling is 
an important patient expectation after TKA10-15）.
　 Although patients may be able to kneel after 
TKA, a large proportion do not do so during 
daily activit ies due to fear and anxiety16）. 
Therefore, in a previous study, we focused on 
kneeling post-TKA and conducted a survey of its 
impact on actual daily life activities. We found 
that while over 80% of patients wanted to kneel 
after TKA, the rate of achievement was low at 
approximately 30%, and the causes of this 
difficulty were varied, including pain, fear, 
sensory disorders, and anxiety17）. Additionally, in 
terms of ADL, kneeling was shown to be highly 
correlated with the ability to perform floor 
cleaning and use underfloor storage, which are 
activities specific to the Japanese lifestyle17）. This 
was the first report to demonstrate the inability 
of TKA patients to regularly engage in daily 
activities that involve kneeling.
 　Pain and discomfort18）, body mass index  

（BMI） 12）, and the angle of knee flexion on the 
operative side19） have been reported to be factors 
associated with kneeling post-TKA. However, no 
reports identify the percentage of causes or 
specific cutoff values. The elucidation of specific 
factors affecting post-TKA kneeling may be 
beneficial for the development of physical 
therapy interventions targeting the achievement 
of kneeling. Thus, the aim of this study was to 
identify the physical and psychological factors 
affecting the ability and performance of kneeling 
in patients after TKA.
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underwent funct iona l assessment during 
postoperative visits at 1, 3, and 6 months, and 
received re-instruction on self-directed training, 
such as exercises contracting the quadriceps 

（patellar setting） and knee range of motion 
exercises.

　 The study was approved by the Ethics 
Committee of Eniwa Hospital （approval number: 
118） and the Ethics Committee of Hirosaki 

University （approval number: T2021-004）. All 
participants provided informed consent. The 
participants were fully informed of the priority 
of protections and rights, freedom to participate 
or discontinue, the purpose of the study, and the 
physical effects of the study, based on the 
Declaration of Helsinki.

Methods

 　In this study, questionnaire surveys were sent 
by mail to TKA patients 6 -18 months post-
operation. The authors created a self-entry type 
questionnaire to elicit responses regarding 
whether patients needed to kneel in daily life, 
whether they were able to do so, when they 
became able to do so, and the reasons （multiple 
answers） if they were unable to do so. Figure 1 
shows the questionnaire composed of 4 questions. 
The outcomes included ascertaining whether the 
patient was able to kneel and perform kneeling 
in daily life. "Fear" was defined as the fear of 
kneeling on the floor, and "anxiety" as the fear of 
causing damage to the operated knee.

Table 1.  Demographic data of the participants （n=186）

Sex （Male: Female） Male 41: Female 145
Age （years） 74.9 ± 6.9 （58‒89）
Height （cm） 153.6 ± 8.3 （137.7‒175.6）
Weight （kg） 64.9 ± 12.4 （37.6‒110.6）
BMI （kg/m2） 27.5 ± 4.3 （18.3‒ 44.6）

Implant design
PS: n=111
CR: n=52
CS: n=23

TKA Side Bilateral: n=26
Unilateral: n=160

Mean ± standard deviation （minimum‒maximum）
BMI: body mass index 
TKA: total knee arthroplasty 
PS: posterior stabilized 
CR: cruciate retaining 
CS: cruciate substituting 

Table 2.  Rehabilitation protocol

Time Transition Movements

Preoperative Assessment-based decision ① Ankle plantar dorsiflexion movement
② Patellar setting

Day 1 Postoperation Start walking with walker Confirmation of ① and ②
③ Ambulation practice with walker

Day 2 Postoperation
①~③
④ Knee ROM exercise
⑤ Physical therapy （icing）

Day 3 Postoperation Start walking with cane
①~⑤
⑥ Training outside the affected area
• Trunk, hip joints, ankles, non-operative knee

Day 7 Postoperation Walking independently with cane

①~⑥
⑦ Activities of daily life training
• Kneeling practice
• Ascending and descending stairs
• Bathing practice
• Walking outdoors
＊ ROM Target: 90°

Day 14 Postoperation Walking with a cane or independently Confirmation of self-exercise
＊ ROM Target: 120°

Day 18 Postoperation Discharge
＊ROM: range of motion
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　 Information on age, sex, height, weight, BMI, 
implant type , operat ive side （uni latera l , 
bilateral）, and other surgical histories involving 
the lower limbs were collected from the medical 
records.

 　We recorded knee range of motion （flexion of 
left and right knees） at the time of discharge as 
a functional assessment, based on previous 
research19）. Joint range of motion was measured 
using the method of The Japanese Orthopedic 
Association and The Japanese Association of 
Rehabilitation Medicine21）. 

　 The rate and time of kneeling achievement 
were calculated from the questionnaire results. 
Comparison between groups （able to kneel vs. 

Fig. 1　Questionnaire Survey on Time of Achieving 
Kneeling

Fig. 2　Results of questionnaire survey

not able to kneel） was analyzed using the Mann-
Whitney U test. For the reasons for the inability 
in cases where kneeling could not be achieved, 
the percentage of each response was calculated. 
For variables with significant differences, 
receiver operating characteristic （ROC） curves 
were calculated and cutoff values were calculated. 
 　All analyses were performed using R 4.0.2 

（freeware） and the statistical significance level 
was set to 0.05.

Results

　 The participants’ mean number of hospitalization 
days was 20.5 ± 2.5 （minimum 16/maximum 21 
days）. The mean number of postoperative days 
at the time of survey was 460.5 ± 114.9 days 

（minimum 259/maximum 645 days）. A total of 
65 of 186 participants （34.9%） were able to 
kneel. The mean duration from surgery to 
achievement of kneeling was 5.1 ± 4.5 months 

（minimum 0/maximum 18 months）, and only 
7.7% were able to kneel in the early post-
operative period （1 month or less）. （Fig. 2）

 　The results of the univariate analysis of age, 
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BMI, surgical history, knee flexion range of 
motion in participants who were able to kneel 
vs. those who were unable to kneel are shown in 
Table 3. 

　 The distribution （number and percentages） 
of responses for the reasons for being unable to 
kneel are shown in Table 4.

 　According to the ROC analysis, the optimal 
cut-off value for knee flexion was 122.6°. The area 
under the ROC curve was 0.67 （95% confidence 
interval ［CI］ 0.59-0.75）. Sensitivity and specificity 
were 79.4% and 45.1%, respectively. （Fig. 3）

Discussion
　 In this study, we calculated the rate and time 
of kneeling achievement in participants who 
responded that kneeling was necessary in their 
daily lives. We found that 81.9% of the study 
participants needed to kneel. The actual rate of 
kneeling achievement was 34.9%. The mean 
duration from surgery to achievement of 

kneeling was 5.1 ± 4.5 months. The item that 
showed a significant difference was knee range 
of motion （flexion on the operative side）. Pain 
and fear were the most common reasons for the 
inability in cases where kneeling could not be 
achieved. The cutoff value for knee flexion was 
set at 122.6°.

　 Weiss et al . 22） reported that post-TKA 
kneeling is very important in life. The results of 
this study also suggest that, in patients who 

Table 3.  Results of the univariate analysis

Able to Kneel Not Able to Kneel p-value
Age （years） 75.3 ± 6.4 74.5 ± 7.5 n.s.
BMI （kg/m2） 26.8 ± 4.9 27.9 ± 08.4 n.s.
Other surgical histories of lower limbs※ （n） 9 4 n.s.
Knee flexion on the operative side （°） 123.7 ± 11.0 117.3 ± 11.0 ＜0.01
※ total hip arthroplasty, fracture of the lower limb
n.s.：not significant

Table 4.  Percent distribution of reasons for being unable to kneel

Reasons for being unable to kneel ｎ ％
It hurts to kneel 101 55.2
It hurts to bend deeply to kneel 81 44.3
I’m afraid to kneel 87 47.5
The sensation around my knee （s） is dull 60 32.8
I’m not sure if it’s OK to kneel 33 18.0
I’m worried I might damage my artificial knee （s） 51 27.9

Fig. 3　 Results of the Receiver Operating Characteristic 
curve for knee flexion
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need to kneel, achieving kneeling post-TKA can 
improve life satisfaction. In previous studies, 
kneeling achievement rates of 60 to 80% have 
been reported 1-year post-operation13， 23）. However, 
since these reports were outside of Japan, it is 
highly likely that the lifestyles differed from that 
of Japan where a lot of movements and activities 
are performed on the floor. In addition, these 
rates were evaluated based on whether kneeling 
could be performed or not, rather than whether 
it could be performed in ADL. Meanwhile, in a 
research report from Japan, 22% of patients had 
the ability to kneel in daily activities24）, roughly 
on a par with this study. Since the necessity of 
kneeling is high and the achievement rate is low, 
the elucidation of the factors contributing to the 
ability to kneel is highly significant.
　 The proportion of patients who are able to 
kneel has been shown to increase with longer 
follow-up periods （47.6% after a minimum of 3 
years follow-up） 25）. This study was conducted 
with a maximum follow-up period of 18 months; 
thus, we believe that long-term studies are 
needed in the future.

Pain and fear
 　Singelyn et al. stated that postoperative pain 
in TKA reduces motor function23）. In addition, it 
has been reported that post-TKA kneeling is 
affected by pain26）, which is consistent with the 
results of this study also. Since all patients in 
this study underwent surgery with a midline 
skin incision, residual swelling around the 
surgical site caused pain when the knee came 
into contact with the floor, thus giving rise to a 
lower achievement rate for kneeling （7.7%） in 
the early postoperative period. 
　 In addition, as kneeling is a movement where 
the surgical wound site contacts the f loor, 
patients are prone to chronic pain and feelings of 
fear, not just in the early postoperative period. 
There have been reports of the effectiveness of 

graduated exposure therapy for chronic pain in 
reducing fear and pain27）, and of patient education 
in reducing pa in 28）.  As such , per forming 
educational interventions after discharge, such as 
graduated exposure from soft to hard surfaces, 
could be associated with increased rates of 
kneeling achievement.

Range of motion ( )
 　Although kneeling is possible with a knee 
flexion angle of around 90°, a large range of 
knee joint flexion is thought to be necessary to 
kneel without discomfort and pain in ADL. In 
particular, there are many circumstances in 
which a large range of knee flexion is needed to 
perform ADL related to the Japanese lifestyle, 
such as floor cleaning, using underfloor storage, 
moving on the floor, etc.29）. Wilding previously 
reported a higher rate of acquisition of kneeling 
movements when the knee joint flexion angle 
was 100° or greater. This study is the first to 
provide a specific target value for the Japanese 
population. We believe that a minimum knee 
flexion angle of 122.6° will lead to an improvement 
in the acquisition rate of kneeling movements in 
this particular population.

　 This study has several limitations. First, 
physical function was only assessed at the time 
of discharge, and not when kneeling was 
achieved. In addition, the condition of the 
opposite knee was not assessed in cases of initial 
TKA. In the future, it will be necessary to 
perform further studies taking these issues into 
account. 
 　Second, the participants of this study did not 
undergo ongoing outpatient rehabilitation, and 
we think that the verification of the effect of 
outpatient rehabilitation is a topic worthy of 
future study.
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　 It will be important to use the results of the 
present study to conduct an interventional study 
on kneeling after TKA, including the use of 
supporters and gel packs, patient education, etc., 
to verify the effect thereof.

Conclusion
　In this study, we investigated the kneeling 
ability of TKA patients from this hospital. As a 
result, among patients who needed to kneel, the 
rate of kneeling achievement was 34.9%, and the 
mean postoperative time to achievement was 5.1 
months.
 　Knee range of motion （f lexion on the 
operative side） showed a significant difference. 
Pain and fear were the most common reasons 
for the inability in cases where kneeling could 
not be achieved. The optimal cut-off value for 
knee flexion was 122.6°. It is important to take 
these factors into consideration during the post-
operative management of patients who need to 
kneel.

　 There were no conflicts of interest in this 
study. 
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