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Abstract

Falls after total knee arthroplasty are common in knee osteoarthritis patients due to advanced age
and implant-induced sensory function changes. We reported the influence of toe grip strength on
falls in knee osteoarthritis patients. This study aimed to determine whether toe grip strength
training after total knee arthroplasty is related to the screening assessment and incidence of falls.
Elderly patients undergoing unilateral total knee arthroplasty were divided into toe grip strength
training group and control group. Six types of training were conducted on bilateral toes. The
primary outcomes were changes in toe grip strength and timed up and go test time from
preintervention to 12 weeks post-intervention. Secondary outcomes involved several factors,
including the occurrence of falls. The analysis included 37 participants in both groups. Toe grip
strength training group had a shorter timed up and go test and stronger bilateral toe grip strength
than control groups. The changes of timed up and go test time was significantly correlated with
the changes of toe grip strength on the affected side. There were significantly fewer falls in toe
grip strength training group than in control group between 3 and 12 months after total knee
arthroplasty. toe grip strength training was useful in improving walking ability and preventing
falls in postoperative total knee arthroplasty patients. The advantage of toe grip strength training
is that it is an unoperated muscle function, so the intervention can be conducted safely without

specialist supervision unless the toes are impaired.

Key words: Toe grip strength training; Timed up and go test; Falls; Total knee arthroplasty
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Introduction

Total knee arthroplasty (TKA) is an effective treatment to reduce knee joint pain and
improve activities of daily living. However, according to previous reports, 17-38% of TKA
patients experience falls within 1 year after TKA!-. The reason is that TKA is a surgery mainly
undertaken for the elderly and, associated with altered sensory and motor functions of the knee,
which may impair balance control when standing and walking®. Although the general elderly
population also has a fall incidence of around 30%°, the falls after TKA can lead to severe
fractures, such as peri-implant fractures, and hinder the restoration of quality of life®. The Timed
up and go test (TUG), an assessment of combined movements such as standing, sitting and
walking, has been reported to be predictive of falls and is often used as a screening tool for falls
in clinical settings’. In postoperative TKA patients, who are often treated at an advanced age, the
TUG is effective in the clinical assessment of balance function and postoperative outcomes.

Toe grip strength (TGS) has recently gained interest, as previous reports have shown that
TGS affects falls in patients with knee osteoarthritis (KOA)?. Tsuyuguchi et al.” reported that
nursing home residents who received TGS training showed significant improvements in TGS and
fall risk scores. Kojima et al.!” also reported that toe-grip exercises could improve TGS and
balance ability of home-based rehabilitation users. TGS training improves balance ability and fall
risk and is therefore expected to improve TUG, which is used as a screening assessment for falls.
For TGS is associated with TUG in healthy elderly patients'!, TGS training can contribute to
improved TUG times in postoperative TKA patients, many of whom are treated at an older age.
An advantage of TGS training for postoperative TKA patients is that it can be performed without
pain in the surgical area since it involves a non-surgical muscle function. Another advantage of

TGS training is that it is safe for postoperative patients to perform at home, as it can be
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performed in a sitting position.

However, we were unable to find any previous reports on how the presence or absence of
TGS training relates to physical ability and fall incidence in patients after TKA. Our hypothesis
was that TGS training started after TKA would improve TGS and contribute to shorter TUG
times and reduced fall rates. Whether TGS training for postoperative TKA patients is useful for
improving physical ability and reducing the risk of accidents that may occur after TKA needs to
be clarified. The aim of our study was to evaluate how TGS training is related to physical ability
and fall incidence by dividing postoperative TKA patients into a TGS training group (T-group)

and a control group (C-group) in a non-randomized way.

Methods
Study design and participants

This was a nonrandomized controlled study with 2 parallel groups. Participants were
recruited from a single hospital in Japan, and elderly patients who underwent unilateral TKA
between May 2020 and December 2021 due to a diagnosis of KOA were included. The inclusion
criteria were as follows: 1) individuals who underwent unilateral TKA due to a diagnosis of
KOA; 2) individuals between 60 and 84 years of age; 3) individuals who had the ability to
ambulate independently or with a T-shaped cane before and 3 months and 1 year after TKA; 4)
individuals who were able to complete a physical therapy assessment and questionnaire; and 5)
individuals who provided informed consent to participate in the study. The exclusion criteria
were as follows: 1) individuals who were diagnosed with rheumatoid arthritis, idiopathic
osteonecrosis, neurological diseases, other musculoskeletal diseases or foot and ankle disorders;

2) individuals with toe flexion problems by hallux valgus, floating toe and nail deformities that
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could significantly impair basic movements, such as walking; 3) individuals with severe
depression or dementia, which would hinder evaluation; and 4) individuals who fell during
hospitalization. The participants who met the selection criteria were divided into two groups
according to whether they wished to participate in the TGS training program: the T-group (the
group receiving TGS training and usual physiotherapy) and the C-group (the group receiving

usual physiotherapy only).

Ethical issues

This study complied with the Declaration of Helsinki and was approved by the Research
Ethics Committee of Kashiba Asahigaoka Hospital (ID: 2020-04-21-007) and the registered
University Hospital Medical Information Network Clinical Trials Registry (ID:
UMINO000048550). Details of the study protocol and aim were explained to all participants, both
verbally and in writing. All study participants signed an informed consent form prior to

participating in the study.

Interventions for T-group participants

TGS training in the T-group began the day after discharge from the hospital, lasted 12
weeks and was conducted in the participant's home. Six types of training were conducted on
bilateral toes based on previous studies (Fig. 1)°. The participant and examiner determined the
feasibility of the six types of training during hospitalization. Then, participants were asked to
exclude items that were difficult to implement and to implement the remaining items. For safety
reasons, all interventions were performed in a seated position in a chair. Participants were

instructed to record "done" in the designated training notebook when they completed the TGS
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training using the default items and the frequency (Fig. 2). The therapist checked the training
notebook for outpatient physical therapy once or twice per week. Participants were asked to
conduct the program a minimum of four times per week. As common home exercises, both
groups were instructed to perform range of motion (ROM) knee flexion and knee extension
strength exercises. The quantity and frequency of common home exercises were individually
determined by the therapist in charge, depending on the participant's degree of improvement and

home environment.

Study procedure

The study protocol is shown in Fig. 3. Preoperative outcomes were assessed on the day
before TKA. Outcome measurements were evaluated in the rehabilitation room by the therapist
in charge. Outcome assessments were performed preoperatively and 12 weeks postoperatively by
the same therapist. However, the guidance of the intervention in the TGS group was provided by
a person independent of the assessors. Whether falls had occurred was determined by the nurse
on the day before TKA and at 12 weeks and 1 year after TKA. All patients started physical
therapy the day after TKA, which consisted of ROM exercises for the affected knee and gait
practice with a walker. No TGS training was provided during inpatient physical therapy.

The surgical technique for TKA and the choice of implant were selected by two
orthopaedic surgeons based on the suitability of the patient. The component was cemented, and
the incision was made with a para-patellar approach. All participants had the patella replaced.

Physical therapy during hospitalization was provided six days per week (excluding Sunday).

Primary outcomes

10
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The primary outcomes were changes (A) in TGS and the TUG time from preintervention
to 12 weeks post-intervention. A toe grip dynamometer (T.K.K.3362; Takei Scientific
Instruments, Niigata, Japan) was used to measure TGS (Fig. 4) in a seated position with the hip
and knee joints flexed at 90° and the ankle in a neutral position. The examiner adjusted the
position of each participant's heel stopper so that at least the first to third toes could grasp the
grip bar of the device and secured the foot with the provided immobilization belt to prevent it
from moving. After practicing several times, the TGS of both sides was measured at maximum
force for approximately three seconds. TGS was measured twice, and the mean value (kg) was
calculated. Measurements were taken for both sides. The TGS has excellent intrarater reliability,
with an intraclass correlation coefficient (ICC) of 0.92!2,

The TUG" test is a walking time test that involves standing up from a chair, walking for
3 m, turning, walking back to the chair, and sitting down. The test was developed as an
evaluation of mobility and screening for fall risk. The normal walking speed of the participants
was measured due to concerns about falls during the measurement. Two measurements were
taken and averaged (second). The TUG has excellent intrarater reliability, with an intraclass

correlation coefficient (ICC) of 0.94'%,

Secondary outcomes

Secondary outcomes included background information, the occurrence of falls, pain,
isometric knee extension (IKES), the modified Fall Efficacy Scale (mFES) score, and the Knee
Injury and Osteoarthritis Outcome Score (KOOS).

Background information, including age, height, weight, body mass index (BMI), and

gender, was collected preoperatively; Kellgren-Laurence grading (K-L grade) was performed for

11
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both sides by the orthopaedic surgeon using X-ray images. The type of implant (PS or CS), the
affected side and the number of hospitalization days were determined using electronic medical
records. Walking style was assessed preoperatively and at 12 weeks postoperatively by a
therapist.

The occurrence of falls was assessed by asking participants and their family members
who lived with them whether they had fallen. The reason that the participants’ family members
who lived with them were also asked about falls was due to the participants’ potential recall bias.
A fall was defined as “an event that resulted in a person coming to rest unintentionally on the
ground or other lower level, not as a result of a major intrinsic event or overwhelming hazard”!>.
Falls were excluded if they were not related to gait, standing or transfer, for example, a fall from
a bicycle or ladder. Assessments were performed 1) on the day of admission prior to TKA, 2) at
the 12-week postoperative follow-up visit for falls (from discharge to 12 weeks postoperatively),
and 3) at the 1-year postoperative follow-up visit for falls (from 12 weeks to 1 year
postoperatively).

Pain levels at rest and during walking were measured using a visual analog scale (VAS)
with a 100-mm horizontal line ranging from 0 (no pain) to 100 (worst pain imaginable)'®.

IKES was measured using a handheld dynamometer (u-tas F1; ANIMA Corp.) with the
participant in a seated position with the knee at 90° of flexion!”. Participants were instructed to
gradually increase the intensity of knee extension against the dynamometer for approximately 2 s
and maintain their maximal force output for approximately 3 s. Two measurements were taken
and averaged (kgf).

Fear of falling was assessed using the Japanese version of the mFES. The mFES consists

of 14 items (score range: 0—140 points) that are subjectively evaluated on a scale from 0 to 10 in

12
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terms of a person’s confidence in their ability to perform daily indoor and outdoor activities
without falling'®. The mFES measures confidence in performing certain movements and actions
without falling, with higher scores indicating greater self-efficacy in preventing falls and less
fear of falling.

The KOOS consists of 42 factors separated into five subscales: pain (nine factors),
symptoms (seven factors), activities of daily living (ADL) function (17 factors), sport and
recreation function (five factors), and quality of life (four factors). Each of the five subscale
scores is calculated as the sum of the included factors. The scores are converted to a 0—100 scale,
with 0 representing extreme knee problems and 100 representing no knee problems, as is
common in orthopaedic scales!. A Likert scale is used for scoring; all factors have five answer
options ranging from 0 (no problems) to 4 (extreme problems), and scores between 0 and 100
represent the percentage of the total possible score achieved. In addition to the analysis and

interpretation of the five subscales separately, an aggregate score is calculated.

Statistical analysis

Data were analysed descriptively by calculating means and standard deviations or
numbers and percentages. For all analyses, the significance level was set to 5%. All statistical
analyses were performed using software (SPSS Inc.; SPSS version 26.0 for Windows). Statistical
analyses were carried out by researcher not part of the intervention and evaluation of this study.
Changes (A) were calculated as differences before and 12 weeks after the intervention?®. We
performed the Shapiro—Wilk test to examine normality.

Comparisons between groups of baseline variables and A variables were analysed with an

unpaired t test or the Mann—Whitney U test.
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Intragroup comparisons before and 12 weeks after TKA in the T-group and C-group were
analysed with a paired t test or Wilcoxon's signed rank test.

Comparisons between groups regarding the occurrence of falls (preoperatively, 12 weeks
postoperatively, 1 year postoperatively), gender, K-L grade (both sides), type of implant, the
affected side, the number of hospitalization days, and walking style (preoperatively, 12 weeks
postoperatively) were analysed by the chi-squared test or Fisher's exact test.

To examine variables associated with A TUG time in the T-group, Pearson or Spearman

correlation coefficients were analysed.

Data availability statement
The datasets generated for this study will be made available upon reasonable request, which

should be directed to the corresponding author.

Results
Comparison of baseline characteristics

Figure 5 illustrates the study flowchart, which includes the processes of subject
enrolment, allocation, and analysis. Each groups included 37 participants. There were no
dropouts in either group. Table 1 shows the baseline characteristics for the T-group and C-group.

No significant differences were observed in any factors between the groups.

Compliance rate of the exercise

The compliance rate of 37 participants in the T-group who exercised at least four times a

14
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week for 12 weeks was 100%. In short, all participants conducted TGS training at least four

times a week for 12 weeks.

Improvement from before to 12 weeks after surgery

Table 2 shows a comparison of the degree of improvement from before to 12 weeks after
surgery. The T-group showed improvements in the TUG time, TGS on the affected side, TGS on
the unaffected side, walking pain on the affected side, walking pain on the unaffected side, the
mFES score, the KOOS Symptoms subscale score, the KOOS Pain subscale score, the KOOS
ADL subscale score, and the KOOS QOL subscale score. The C-group showed improvements in
the TUG time, resting pain on the affected side, walking pain on the affected side, walking pain
on the unaffected side, the mFES score, the KOOS symptoms subscale score, the KOOS Pain
subscale score, the KOOS ADL subscale score, and the KOOS QOL subscale score. Both groups

showed improvement at 12 weeks postoperatively compared to preoperatively.

Comparison of changes between the T-group and C-group
Comparisons of changes in scores collected at baseline and post-intervention between the
two groups are shown in Table 3. The T-group showed significant improvements in ATUG time

and TGS on the affected sid and on the unaffected side compared with the C-group.

Correlation analyses of ATUG time and changes in other factors

The correlations between ATUG time and changes in other factors are shown in Table 4.

ATUG time showed a significant negative correlation with ATGS on the affected side.

15
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Comparison of falls and walking style in the T-group and C-group
Table 5 shows a comparison of the occurence of falls at each time point and walking style
at 12 weeks postoperatively. The T-group had a significantly lower number of falls than the C-

group at one year after TKA.

Discussion

The aim of our study was to evaluate how TGS training was related to physical ability
and fall incidence by dividing postoperative TKA patients into a T-group and C-group in a non-
randomized way. The T-group completed a training programme related to TGS at least 4 times
per week for 12 weeks after discharge home after TKA. The results of our study were consistent
with our hypothesis. The T-group had significantly improved TGS and TUG times from before to
12 weeks after surgery and had significantly fewer falls in the 1-year postoperative period
compared to the C-group. In the early postoperative period, knee joint function is still
recovering, and early intervention such as TGS training would be a useful and safe intervention
for postoperative TKA patients. To our knowledge, this study is the first to demonstrate that the
implementation of TGS training is associated with improved physical ability and reduced fall
incidence among postoperative TKA patients. Falls after TKA can lead to severe fractures, such
as peri-implant fractures®. No adverse events occurred in either group during the study period.
There were no dropouts. This is because TGS training is a nonsurgical and painless procedure.

In the T-group, bilateral TGS at 12 weeks postoperatively improved compared to the
preoperative values, and ATGS was significantly greater in the T-group than in the C-group.
Needless to say, the effect of the training programme was related to receiving TGS training

within a certain period of being discharged home. Not only was TGS enhanced by TGS training
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in the T-group, but significant improvements were also found in the TUG time. Furthermore, the
significant negative correlation found between ATGS and ATUG time in the T-group indicated
that the TUG time was improved by the TGS training intervention. This is because no
interventions to improve TUG time were carried out other than TGS training in the T-group. The
reason why improvement in TGS was associated with an improvement in the TUG time in
postoperative TKA patients is that toe flexion in a terminal stance supports the rigid supination
of the foot for push-off that is needed for smooth progression of the body during walking?!
Enhanced TGS may have contributed to a faster TUG time, as it enhanced the kicking force and
contributed to an increase in walking speed. As toe movement is a product of the interaction of
the flexor-extensor muscles that make up the lower part of the foot??, toe stability providing
postural stability while walking may also be the reason for the improvement in the TUG time.
We consider that TGS training may have contributed to postural stability during gait changes in
movements that require a change in direction, such as the TUG, and reduced the deceleration of
speed when changing direction.

We report novel information that the T-group had significantly fewer falls at 12 months
postoperatively than the C-group. Since TKA postoperative patients are older and at risk of
postoperative complications due to a certain number of falls, the association between fewer
postoperative falls and improved TGS is an important finding. The finding that the 12-week
postoperative TGS intervention sustained a reduction in falls up to 1 year postoperatively is a
very positive result. A valid explanation for the above result may be that the TGS intervention
helped participants develop and sustain the TGS exercise routine. As TGS is not a muscle
strength that is consciously used on a daily basis, it is possible that the T-group acquired an

awareness of exercising TGS as a result of participating in this trial. Another possible reason
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could be the 100% adherence rate of the T-group to the exercise programme at 12 weeks
postoperatively, which is a very enthusiastic group of participants.

The first speculation that TGS training contributes to fall prevention is the prevention of
stumbling over steps in the home. As stumbles are caused by the toes catching on steps and other
surfaces, a functioning toe joint is thought to prevent stumbling. Especially after TKA surgery,
when the knee motion is tight, movement beyond the ankle joint is particularly important.
Second, it is thought that balance is maintained by a kinetic chain from the lower part of the foot
by stepping on the ground with the toe flexor muscle during changes in plantar pressure, such as
changes in direction. Biomechanical research is essential to verify these speculations in the
future.

This study had some major limitations. The first limitation is the lack of assessment of
foot function other than TGS. Participants who were unable to measure TGS or who were treated
by a doctor for their toes were not included, but the hallux valgus and arch angle were not
accounted for. It was previously reported that lower toe deformities change the load distribution
when walking because such a condition results in the toes being pulled back into extension, thus
reducing their contact area?’. Toe deformities alter weight distribution under the foot when
walking??. This may also affect the TUG time. Second, previous studies have reported decreased
physical activity as well as hip weakness as risk factors for falls?* %>, Because we did not
evaluate these factors and did not include these results in our analysis, we could not determine
the relative contribution of TGS to physical activity and muscle strength for the above factors in
older adults with KOA. Thirdly, the sample size is not calculated in a priori. Without sample size
calculations, it is unclear whether the intervention study was conducted with sufficient power.

Finally, participants were not randomly assigned, which may introduce selection bias into this
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results. This limitation could affect the generalizability and validity. To improve the quality and
rigor, it is essential to acknowledge this potential bias and address it in future research.
Therefore, we plan to conduct a randomized controlled trial to verify the effectiveness of TGS
training and minimize the impact of selection bias on our conclusions.

The aim of our study was to examine how TGS training was related to physical ability
and the occurrence of falls in postoperative TKA patients in a nonrandomized trial, dividing them
into a training group and a control group. The results showed that TGS training was useful in
improving walking ability and preventing falls in postoperative TKA patients. The advantage of
TGS training is that it is an involuntary muscle function, so the intervention can be conducted
safely without specialist supervision unless the toes are impaired. We recommend TGS training

as a new training method for TKA patients, many of whom are elderly facing the risk of falls.
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Figure legends

Fig. 1

Towel-gathering exercise: The participants were instructed to gather a towel with their toes
without lifting their toes from the floor. This training was performed in three sets using a 1-m
towel in the sitting position. a: The feet are placed on the towel. The toes are used to gather the
towel towards the participant. b: A 500-mL PET bottle filled with water was placed on the end of
the towel as a load. ¢: Grasping and releasing a golf ball. The image shows a gold ball being
gripped between the toes. Participants were instructed to grip and release the golf ball repeatedly
using their toes. They performed the training for a total of 5 min. Rock-paper-scissor movements
were performed using the toes (d: clenching the toes, e: raising the big toe, f: keeping the toes
apart so that they did not touch each other). The participants practised making rock, paper, and
scissors shapes with their toes. They were instructed to perform three sets of 10 repetitions of
this technique.

Fig. 2.

a: The picture on the left shows the cover of the training notebook. Participants in the T-group
were asked to bring the training notebook with them each time they attended outpatient
physiotherapy. The page on the right describes the TGS training and notes the precautions. The
precautions describe that the TGS training should be carried out in a chair with stable footing. It
also describes that if toe pain or other symptoms appear, the physiotherapist in charge should be
consulted.

b: Both pages are two-month calendars (example calendars are shown for the months of May and
June). T-group participants were instructed to write a “O” on the days they performed the

99,99
X

training and an on the days they did not perform the training.
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Fig. 3.

The study instructions were explained verbally to all eligible participants, and written informed

consent was obtained. Participants were divided into two groups according to whether they
wished to participate in the toe grip-related training.

Fig. 4.

a: A toe grip dynamometer (T.K.K. 3361; Takei Scientific Instruments, Niigata, Japan) was used

to measure toe grip strength. b: Participants sat on the edge of a seat with their trunk in a vertical

position and their knees flexed approximately 90°.
Fig. 5.

Flowchart of the participants recruitment.
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Fig. 1. Toe grip strength training

Grasping and releasing a golf ball

Gathered towel Gathered towel with weights

Clenching the toes Raising the big toe keeping the toes apart so that
they did not touch each other



Fig. 2. Notebook for training

a For patients undergoing toe grip training.

Toe Grip Training Handbook

*Pl bring thi; utpatient bilitation visit. 1. It has already been reported that stronger toe-flexor muscles
improve walking speed and are less likely to cause falls.

2. Even if you have a wound or pain in the thigh area after
artificial joint surgery, you can do this training with confidence
as it is toe grip training.

3. You ghould carry out all training in a chair with stable footing.

4. The implementation period is approximately three months.

Please consult your physiotherapist about how to do it.
ID:

*If you experience any pain in your toe, please consult your
Name: physiotherapist!

5. Please mark a 'Q' on the calendar for the days when it has
been carried out.

May June
SUN [MON | TUE | WED | THU | FRI | SAT SUN | MON | TUE | WED | THU | FRI | SAT
1 2 1 2 3 4 5 6
3 4 5 6 7 8 9 7 8 9 10 11 12 13
10 | 11 12 | 13 | 14 | 15 16 14 15 16 17 18 19 20
17 18 19 20 21 22 23 21 22 23 24 25 26 27
24 25 26 27 28 | 29 30 28 29 30




Fig. 3. The study protocol from hospitalization to grouping

Training ends
(Postoperative 12 weeks)

Training group — — — Training group
Inform participants and
Hospitalisation [— obtain their consent for the —x—  Grouping Surgery Discharge
study
Control group — — — Control group
p reoperatlvte Training starts Postoperative
assessmen (Day after discharge from hospital) assessment

|

Period of training intervention and outpatient physiotherapy
(12 weeks)



Fig. 4. The method of toe grip strength assessment




Fig 5. Flowchart of the participants recruitment

Eligibility assessment (n = 74)

—|

Excluded (n=0)

A 4

Selected (n= 74)

Grouping

Training group
n=137)

Dropout (n=0) |¢—

Control group
(n=37)

Analysed (n=37)
- Exclude from analysis (n = 0)

h 4

Dropout ( n = 0)

Analysed (n=37)
- Exclude from analysis (n = 0)




Table 1. A comparison of baseline values between training group and the control group

Training group (n=37) Control group (n=37) p value

Age, year 751 £ 63 754 + 5.8 0.696 ™
Height, cm 1551 = 76 1545 + 8.1 0.770 ™
Weight, kg 614 £+ 107 617 + 113 0.829™
Body mass index, kg/m? 254 £ 35 258 £ 3.6 0.683 ™"
Gender, male/female 8/29 6/31 0.553¢
K-L grade (affected side), | /11/1/1V 0/0/3/33 0/0/6/31 0.496°
K-L grade (unaffected side), | /11/1l/1v 1/2/21/13 1/0/19/17 0.452°
Type of implant, PS/ CS 34/3 30/7 0.174°
The affected side, right/ left 21/16 20/17 0.815°¢
Number of hospitalization days, n 159 =+ 2.8 164 =+ 4.1 0279 ™
it
Preoperative fall, presence/absence 9/28 11/26 0.601°
TUG-T, sec 119 =+ 35 126 =+ 45 0.585™
TGS, kg affected side 7.9 + 4.2 7.2 + 3.9 0.456 ™
unaffected side 86 + 38 82 + 49 0.446 ™
Rest pain, mm affected side 169 =+ 244 170 £+ 219 0.780 ™
unaffected side 36 = 127 75 = 152 0.308 ™
Walking pain, mm affected side 532 + 236 469 + 242 0.261""
unaffected side 169 =+ 216 178 =+ 229 0.726 ™
IKES, kgf affected side 137 + 6.0 159 = 92 0.615™
unaffected side 176  + 69 176 £+ 94 0.650™
mFES, points 1043 + 325 929 £+ 375 0214™
Symptoms 632 + 174 598 + 179 0.413 "
Pain 505 + 183 445 £ 176 0.161 "
KOOS, % ADL 618 + 184 56.6 + 183 0.223 ™
Sport/Rec 238 £ 227 181 £ 196 0.275™
QOL 308 = 17.1 279 £ 144 0.756 ™

Data are presented as mean + SD and numbers.The significance level is 5%.

The statistical analysis used in the unpaired t-test, the Mann-Whitney U test and the chi-square test
u-t: The unpaired t-test, m; Mann—Whitney U test, ¢; Chi-squared test

K-L grade: Kellgren-Laurence grading, TUG-T: Timed up and go test, TGS: Toe grip strength,
IKES: Isometric knee extension strength, mFES: modified fall efficacy scale,

KOOS: Knee injury and osteoarthritis outcome score



Table 2. Measurements performed on the two groups

Training group (n=37) Control group (n=37)
Pre-evaluation  Post 3M evaluatio  p value Pre-evaluation  Post 3M evaluatio  p value
TUG-T 119 + 35 91 =+ 15 0.001" 126 + 45 114 + 3.0 0.014"
TGS affected side 79 £ 42 103 £ 47 0.001" 72+ 39 79 +£ 49 0.078"
unaffectedside 8.6 =+ 3.8 114 + 48 0.001"" 82 + 49 82 =+ 51 0.850"
Rest pian affected side 169 = 244 61 =+ 147 0.400" 170 + 219 81 =+ 149 0.001%
unaffectedside 3.6 =+ 127 18 =+ 63 0.253% 75 £ 152 3.0 =+ 102 0.050"
Walking pain affected side 532 + 236 97 £ 147 0.001" 469 + 242 91 =+ 121 0.001%
unaffected side 169 + 216 6.6 =+ 122 0.001" 178 £ 229 24 =+ 74 0.016"
IKES affected side 137 + 6.0 142 = 6.6 0.580"" 159 £ 92 149 + 75 0.563"
unaffectedside 17.6 + 69 192 =+ 74 0.078"" 176 £+ 94 179 + 89 0.563"
mFES 1043 + 325 1235 + 194 0.002" 929 + 375 1122 + 283 0.001"
Symptoms 632 £ 174 753 £ 165 0.005"™ 598 + 179 682 + 164 0.035%
Pain 505 + 183 802 =+ 144 0.001" 445 + 176 701 + 184 0.001"
KOOS ADL 61.8 + 184 806 = 142 0.0017* 56.6 + 183 732 + 146 0.001"
Sport/Rec 238 + 227 323 + 304 0.111" 181 + 19.6 289 =+ 236 0.075%
QOL 30,8 £ 17.1 559 + 202 0.001% 279 £ 144 475 £+ 208 0.0017"

Data are presented as mean £ SD.The significance level is 5%.

The statistical analysis used in Wilcoxon signed rank test and the paired t-test.

w; Wilcoxon signed rank test, p-t; The paired t-test

TUG-T: Timed up and go test, TGS: Toe grip strength, IKES: Isometric knee extension strength, mFES: modified fall efficacy scale,
KOOS: Knee injury and osteoarthritis outcome score



Table 3. Comparison of changes(A) between training group and control group

Training group (n=37) Control group (n=37) p value
A TUG-T 28 £ 32 12 £ 26 0.007™
A TGS affected side 2.4 + 3.6 0.7 + 2.5 0.007™
unaffected side 27 + 34 00 =+ 24 0.001™
A rest pain affected side -107  + 178 -89 £ 232 0.222™
unaffected side -1.8  + 9.6 45 £ 132 0.708™
A walking pain  affected side -42.1 = 255 -379 + 300 0.515""
unaffected side -102  + 240 -154  + 232 0.950™
A IKES affected side 0.5 + 5.7 -1.0  + 5.5 0.272"
unaffected side 1.7 £ 56 02 £ 49 0.240""
A mFES 192 +£ 352 193 =+ 327 0.927"
Symptoms 121 = 230 84 £ 250 0.514""
Pain 297 + 182 256 = 265 0.438""
A KOOS ADL 188 £+ 16.0 16.6 + 241 0.652""
Sport/Rec 85 + 373 108 + 332 0.780""
QOL 252 = 258 19.6 + 21.6 0.316""

Data are presented as mean + SD.The significance level is 5%.

The statistical analysis used in the unpaired t-test and the Mann-Whitney U test.

u-t: The unpaired t-test, m; Mann—Whitney U test

TUG-T: Timed up and go test, TGS: Toe grip strength, IKES: Isometric knee extension strength,
mFES: modified fall efficacy scale, KOOS: Knee injury and osteoarthritis outcome score



Table 4. Correlations between the degree of change(A) in improvement for each value in training group

Age BMI A TGS A rest pain A walking pain A IKES A mFES
affected side unaffected side affected side unaffected side affected side unaffected side affected side unaffected side
A TUG-T -0.264 -0.085 -0.406* -0.072 -0.004 0.139 0.144 0.087 -0.162 -0.103 0.302

Data are presented as the value of correlation coefficient. *: p<0.05
TUG-T: Timed up and go test, BMI: Body mass index, TGS: Toe grip strength, IKES: Isometric knee extension strength, mFES: modified fall efficacy scale



Table 5. Comparison of falls and walking style in training group and control group

Training group (n=37) Control group (n=37) p value
Preoperative fall, presence/absence (% faller) 9 /28 (24.3%) 11/26 (29.7%) 0.601°
Postoperative fall (3 months), presence/absence (% faller) 1/36 (2.7%) 5/32 (13.5%) 0.100"
Postoperative fall (12 months), presence/absence (% faller) 6/31 (16.2%) 14/23 (37.8%) 0.036°
e ol
Walking style at 3 month postoperatively, cane/walking alone 5/32 8/29 0.359°

Data are presented as numbers. The significance level is 5%.
The statistical analysis used in Chi-squared test and Fisher's exact test.
c; Chi-squared test, f; Fisher's exact test
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