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Purpose: The aim of the study was to determine whether hand grip strength (HGS) predicts functional independence in older patients 
who have undergone hip replacement due to osteoarthritis versus older patients who have undergone hip replacement surgery due to 
fracture.
Patients and Methods: The study included 239 patients aged 65 and over in the first weeks after total hip replacement during 
rehabilitation treatment. Multivariate linear regression was used to determine HGS as a predictor of activities of daily living (ADL) 
and instrumental activities of daily living (IADL) in both groups: patients post hip replacement due to osteoarthritis and patients post 
hip replacement due to a fracture.
Results: Analysis showed that pre-rehab HGS in the osteoarthritis group predicts improved activities of daily living after rehabilita-
tion (ADL, OR = 1.098; CI 95% 1.052–1.147 and IADL, OR = 1.182; CI 95% 1.103–1.267) and 6 months after (ADL, OR = 1.191; CI 
95% 1.066–1.329 and IADL, OR = 1.096; CI 95% 1.012–1.186). In the fracture group, HGS predicts the ADL (OR = 1.081; CI 95% 
1.015–1.152) after rehabilitation, and IADL after rehabilitation (OR = 1.122; CI 95% 1.046–1.205) and 6 months after (OR = 1.090; 
95% CI 1.021–1.64).
Conclusion: HGS in patients after hip replacement surgery predicts functional independence in basic and complex activities of daily 
living. This can allow the identification of osteoarthritis patients with low hand grip - who can be considered as patients with a higher 
risk of an unsatisfying outcome of surgery. These patients should undergo pre-rehabilitation and should be monitored, and/or supported 
in terms of rehabilitation after discharge.
Keywords: hand grip strength, endoprosthesis, hip replacement, osteoarthritis, hip fracture

Introduction
Hip joint replacement has become one of the most frequent surgical interventions of the 20th century and the incidence of 
the procedure in people over 65 is significantly increasing.1 One of the main causes of hip replacement is osteoarthritis 
leading to hip joint damage and consequently to the deterioration of quality of life. Osteoarthritis of the hip joint affects 
about 7.5% of the population,2 and occurs more often in women than men.3 Hip replacement reduces pain and improves 
functional capacity in patients with osteoarthritis.4

However, falls are considered a major problem and the most common cause of injury in the elderly population.5 Hip 
fractures are an increasingly common consequence of falls in older people and involve a high risk of death and reduced 
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function.6 It is estimated, that each year 1.6 milion cases of hip fracture occur worldwide.7 Hip replacement is considered 
the most common form of treatment in hip fractures among older patients.8

Many studies have shown that low HGS (hand grip strength) is associated with a greater likelihood of death,9 a risk of 
mobility decline, disability10 and hospitalization11 as well as an increased risk of complications or a longer hospital stay 
after surgery.12 It has also been demonstrated that HGS can not only be a determinant of upper limb strength but also that 
hand dynamometer measurements can show an older person’s overall strength.13,14

Previous studies15–18 documented numerous results using HGS after hip replacement in elderly people many 
months after surgery. Milman et al18 found that HGS predicts successful rehabilitation. In their retrospective study 
conducted on geriatric patients each kg of HGS increased the chance of successful rehabilitation by 6.8%. Savino 
et al conducted a study on 504 older patients. They found that the patients with the highest HGS are 4.07 times more 
likely to achieve walking recovery than patients with lowest HGS. Chang et al17 showed that HGS above 20.5 kg in 
males and above 11.5 kg in females predicts lower risk of complications (such as pneumonia, pressure ulcers, 
delirium, urinary tract infection, deep venous thrombosis) after surgery, and a higher chance for early walking 
recovery. Visser et al showed that loss of HGS can be associated with a lower chance of ambulation recovery after 
12 months.

A study by Visser et al showed that decreased HGS is associated with low physical function in older participants.19 In 
their study, Beloosesky et al demonstrated significant correlations between HGS and the functioning of upper limbs 
(using DASH questionnaires) in elderly patients operated on after a hip fracture and their positive functional outcomes 
six months post surgery.20 Those authors suggested that additional interventions should be applied to increase muscle 
strength and thus improve the functional outcome.20 In another study, Visser et al showed that decreased HGS is 
associated with decreased recovery of mobility after hip surgery. They observed that a decrease in muscle strength, but 
not a loss of muscle mass after surgery, is a predictor of worse motor recovery from a hip fracture 12 months after hip 
fracture surgery.15 Savino et al found that grip strength in elderly people after hip fracture surgery correlates with strength 
of other muscle groups and that this measurement is highly predictive of functional deterioration, disability, hospitaliza-
tion risk and mortality.16

However, despite numerous studies assessing the relation between HGS and different measures of physical function 
and recovery, there are no studies comparing the HGS predicting potential between osteoarthritis-caused and fracture- 
caused hip replacement patients. Therefore, the purpose of this study was to determine whether hand grip strength (HGS) 
predicts functional independence in older patients differently in these two groups.

Materials and Methods
Setting and Study Group
This was a prospective clinical study which was conducted with 239 patients aged 65 and over who had been admitted to 
the rehabilitation department after total hip replacement (Figure 1). The study observation was carried out from 2018 to 
2021. Sample size was determined based on the formula from Green21 for the multiple correlation N ≥ 50 + 8m, 
where m is the number of predictors. The minimum sample size for this study is 180 persons.

All participants gave their informed consent for inclusion before they participated in the study. The study was 
conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of 
Poznan University of Medical Sciences (No. 995/18).

Patients were included in the study according to the study criteria. Subjects from 4 to 6 weeks after surgery were 
selected to participate in the study. Additionally, the inclusion criteria were: age above 65 years old, good general health 
condition, no cognitive impairment (Mini–Mental State Examination, MMSE above 23),22 total hip replacement due to 
osteoarthritis or hip replacement s/p hip fracture after a fall.

Patients diagnosed with oncological diseases, cardiac illnesses resulting in insufficient circulation (NYHA above II/ 
III), rheumatoid disease, neurological illness such as stroke, Parkinson's disease, MS, etc., were excluded from the study. 
Participants who dropped out of the study were also excluded.
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Study Protocol
The first study measurement was conducted at the beginning of the rehabilitation process in the rehabilitation ward (the first 
two days after admission to the ward, between 4–6 weeks post discharge from the orthopedic ward). The second measurement 
was performed after six weeks of rehabilitation. Six months after the rehabilitation participants were contacted in their homes 
and a third measurement of functional independence and physical function scales was conducted.

The subjects were divided into two study groups depending on the cause of the orthopedic surgery:

● The osteoarthritis group (OAG) included subjects who underwent total hip replacement surgery due to joint 
osteoarthritis,

● The falls group (FG) included subjects who underwent total hip joint replacement due to the fracture of the femoral 
neck after a fall.

During their stay at the rehabilitation ward, each patient had followed a rehabilitation program consisting of passive and 
active exercises, strengthening exercises, and walking and balance training. Rehabilitation was adjusted individually 
depending of patient status and independence. Rehabilitation included 120 minutes of individual kinesiotherapy, addi-
tional physical therapy procedures (such as electrotherapy, pulsed magnetic field, laser, ultrasound, and/or cryotherapy), 
and prophylactic education with a physiotherapist.

Age ≥ 65
n = 331

Excluded
n = 53

Included
n = 278

Included in final
analysis
n = 239

Neurological illnes
n = 7

Oncological diseases
n = 9

Cardiological illness
(NYHA above II/III)

n = 23

Parkinson disease
n = 4

Rheumatoid disease
n = 10

Got sick on Covid -
19

n = 21

Withdrawn consent
n =2

Exercise period
shorter than 6 weeks

n = 5

Lost to follow - up
n = 11

Figure 1 Criteria for including data for further analysis.
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Measurement
Patients functional independence was measured by Katz and Lawton scales. The activities of daily living (ADL) - Katz 
scale was used to analyze independence in basic activities of daily living such as: bathing, dressing, toileting, 
transferring, continence and feeding. One point means the person is independent; zero points means the person requires 
assistance or total care. A total score of 0–2 points is interpreted as a significant impairment in activities of daily living, 
3–4 points as a moderate impairment and 5–6 points as a good performance of these activities.23,24

The instrumental activities of daily living (IADL) - Lawton scale was used to assess independence in terms of 
instrumental activities of daily living such as: using the telephone, shopping, preparing food, housekeeping, doing 
laundry, using transportation, handling medications and handling finances. Similarly, to the ADL scale, a rating of 0–1 is 
used. The maximum score is 8 points. An IADL assessment helps determine whether a patient may require further 
assistance or care, and lower scores indicate a higher level of dependence.25

Hand grip strength was measured using a hand dynamometer (JAMAR, Sammons Preston Rolyan, USA). The 
measurement was performed in the sitting position in an armless chair, with the forearm in a 90-degree flexed position. 
The average of the three measurements (in kilograms) was recorded for the dominant hand.26 Additionally, the subjects 
were assessed with the use of subjective and objective functional scores or questionnaires containing data characterizing 
the group based on selected elements of the comprehensive geriatric evaluation.

In addition to HGS two tests were used to assess the physical performance. The short physical performance battery 
(SPPB) test was used to assess physical performance. It analyzes lower limb function and consists of three parts:

1. SPPB CHAIR STAND TEST - stand up from a chair without using your arms five times.
2. SPPB BALANCE TESTS - evaluates balance in three positions side-by-side stand, semi-tandem stand and tandem 

stand.
3. SPPB GAIT SPEED TEST - walk a short distance (3 m).
4. For each part, the participant receives from 0 to 4 points. The maximum score for SPPB is 12 points.27

Timed up and go (TUG) test was used to assess the risk of falls. If the subject moves using a cane or crutch/crutches, 
they perform the test using them. It is assumed that if the time required to perform the test (distance 3 m) exceeds 13.5 
seconds then the risk of falling is increased.28

Statistical Analysis
Statistical analysis was conducted using the Statistica 13.3 software (StatSoft. Poland). A Shapiro–Wilk’s test was used 
to test normal distribution. In the absence of normal distribution of the investigated variables, the Mann–Whitney U-test 
was used to compare the groups. Nominal variables were compared with the Pearson’s chi-squared test. The Wilcoxon 
signed-rank test was used to compare the results before and after rehabilitation. Correlation analysis was performed using 
the Spearman’s rank correlation. Multivariate linear regression was used to determine predictors of change in ADL and 
the IADL after rehabilitation, which were considered to be dependent variables. Baseline HGS as well as the results of 
SPPB, TUG, age, and BMI were considered as explanatory variables in the model. The p-value of <0.05 was considered 
statistically significant.

Results
Study Group
From the initial 385 we included 239 patients who had undergone total hip replacement surgery in the statistical analysis. 
Sample size was determined based on the formula from Green 21 for the multiple correlation N ≥ 50 + 8m, where m is 
the number of predictors. The minimum sample size for this study is 180 persons. The mean age of all subjects was 72.79 
± 6.51 years. There were 132 females and 107 males in the study group. The characteristics of the study groups are 
presented in Table 1. Groups did not differ in terms of age, however there were significant differences in terms of HGS, 
SPPB, and TUG at the baseline (Table 1).
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Comparison Before and After Rehabilitation
Analyzing the test results obtained by the respondents before and after rehabilitation treatment, a statistically significant 
improvement was noted in all scales. Significance of each improvement was <0.001 in both groups. However, 
comparison of results after rehabilitation and after a six-month follow-up period showed that further progress was 
present only in the fracture group and only in terms of ADL (p = 0.043), IADL (p < 0.001) and SPPB (p < 0.001). There 
were no significant changes between measures after rehabilitation and after follow-up in osteoarthritis group. Table 2 
presents the results comparing the study groups after rehabilitation and after six-month follow-up. In both measures there 
were significant differences between the osteoarthritis group and fracture group in terms of TUG (in favor of osteoar-
thritis group) and ADL (in favor of the fracture group).

HGS as Predictor of Activities of Daily Living and the Instrumental Activities of Daily 
Living
Multiple linear regression of predictors of ADL and IADL revealed that in the osteoarthritis group a higher HGS 
predicted better results of ADL and IADL in follow-up and after rehabilitation, while in the fracture group HGS was 
a predictor only in terms of the IADL (Table 3). It is worth mentioning that, among all analyzed predictors, the strongest 
was the HGS association with IADL in the osteoarthritis group (standardized coefficient b*= 0.721), while other 
significant associations were rather weak (standardized coefficient b* < 0.4).

In the osteoarthritis group, an increase in strength by 1 kg increases the chances of being in the group that improved 
the ADL and IADL score both immediately after rehabilitation (ADL, OR = 1.098; CI 95% 1.052–1.147 and IADL, OR 
= 1.182; CI 95% 1.103–1.267) and 6 months after its completion. (ADL, OR = 1.191; CI 95% 1.066–1.329 and IADL, 
OR = 1.096; CI 95% 1.012–1.186).

Table 1 Baseline Characteristics of Groups

Total (n = 239) OAG (n = 115) FG (n = 124) p-value

Age (Mean ± SD) 73 ± 7 73 ± 6 73 ± 7 0.437
Sex n (%) 0.051

Women 132 (55) 71 (62) 61 (49)

Men 107 (45) 44 (30) 63 (51)
BMI (Mean ± SD) 28.56 ± 5.61 28.08 ± 5.00 29.1 ± 6.20 0.109

ADL Median (range) 5 (3–6) 5 (3–6) 5 (4–6) 0.054

IADL Median (range) 4 (3–7) 4 (3–7) 4 (3–7) 0.954
HGS (Mean ± SD) 20.39 ± 8.71 19.45 ± 10.77 21.23 ± 6.10 0.001

SPPB Median (range) 5 (1–9) 6 (1–9) 4 (1–9) 0.001
TUG Median (range) 17.25 ± 7.44 15.78 ± 6.17 18.62 ± 8.20 0.006

Abbreviations: OAG, osteoarthritis group; FG, fall group; BMI, body mass index; ADL, activities of daily living; IADL, instru-
mental activities of daily ;iving; HGS, hand grip strength; SPPB, short physical performance battery test; TUG, timed up and go test.

Table 2 Comparison of the Results Between the Study Groups After Rehabilitation and After Six-Month Follow-Up

After Rehabilitation Follow-Up

OAG (n = 115) FG (n = 124) p OAG (n = 115) FG (n = 124) p

ADL 5 (4–6) 6 (4–6) 0.001 5 (4–6) 6 (4–6) 0.001

IADL 6 (3–8) 5 (3–8) 0.093 6 (2–8) 6 (3–8) 0.115
SPPB 7 (1–12) 6 (2–7) 0.179 8 (1–12) 7 (3–11) 0.970

TUG 13.9 ± 5.3 16.4 ± 6.8 0.016 14.8 ± 5.1 17.2 ± 6.2 0.016

Notes: Continuous variables were expressed as mean ± SD, categorical variables were expressed as median (range). 
Abbreviations: HGS, hand grip strength; OAG, osteoarthritis group; FG, fall group; ADL, activities of daily living; IADL, instrumental activities of daily living; SPPB, short 
physical performance battery; TUG, time up and go.
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Table 3 Multiple Linear Regression of Predictors of ADL and IADL After Rehabilitation and After Follow-Up

OAG

Predictors ADL IADL

After Rehabilitation Follow - Up After Rehabilitation Follow - Up

Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value

Age 0.004 0.091 0.968 −0.065 0.089 0.470 −0.057 0.070 0.415 −0.072 0.073 0.331

BMI 0.200 0.089 0.027 −0.051 0.088 0.566 0.100 0.069 0.147 0.153 0.072 0.036
HGS 0.373 0.097 <0.001 0.452 0.096 <0.001 0.721 0.075 <0.001 0.670 0.079 <0.001
SPPB 0.083 0.128 0.517 0.029 0.126 0.820 0.035 0.099 0.723 0.080 0.104 0.442

TUG 0.132 0.119 0.269 0.007 0.117 0.954 0.083 0.092 0.367 0.201 0.096 0.039

FG

Predictors ADL IADL

After Rehabilitation Follow - Up After Rehabilitation Follow - Up

Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value Standardized 
Coefficient b*

SE b* p-value

Age −0.108 0.092 0.244 0.028 0.096 0.768 0.091 0.086 0.291 −0.052 0.088 0.557

BMI −0.116 0.101 0.251 0.078 0.105 0.457 −0.122 0.094 0.197 −0.187 0.096 0.054
HGS 0.161 0.095 0.093 0.004 0.099 0.969 0.364 0.089 <0.001 0.271 0.091 0.003

SPPB −0.195 0.117 0.098 −0.020 0.122 0.868 −0.167 0.109 0.127 0.141 0.111 0.207

TUG −0.198 0.118 0.096 −0.008 0.123 0.951 −0.136 0.110 0.217 −0.138 0.112 0.220

Notes: SE b* standard error Beta coefficient b* standardized b coefficient in a linear regression model. 
Abbreviations: HGS, hand grip strength; OAG, osteoarthritis group; FG, fall group; ADL, activities of daily living; IADL, instrumental activities of daily living; SPPB, short physical performance battery; TUG, time up and go.
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In the fracture group, an increase in strength by 1 kg increases the chances of being in the group that improved the 
ADL (OR = 1.081; CI 95% 1.015–1.152) immediately after rehabilitation and IADL both immediately after rehabilitation 
(OR = 1.122; CI 95% 1.046–1.205) and 6 months after its completion (OR = 1.090; 95% CI 1.021–1.64).

Discussion
The patients subjected to this study, underwent hip replacement surgery due to hip fractures or advanced osteoarthritis of 
the hip joint. Clinically useful scales were applied to aid in the analysis, such as Katz (ADL) and Lawton (IADL) scales, 
SPPB, and TUG, which are recommended by The National Institutes of Health (NIH).29–31 The main aim of the present 
study was to investigate HGS as a predictor of functional independence in older patients after total hip replacement and 
to asses potential differences in HGS's predicting ability between patients who had undergone surgery due to fractures 
and those who’s surgery was conducted due to osteoarthritis. Our research showed a statistically significant correlation 
between HGS and better functional independence measured by IADL and ADL in the osteoarthritis group while the 
correlation between HGS and better functional independence in the fracture group was observed only in regard to IADL. 
This research showed, that HGS predicts the ADL and IADL after hip replacement surgery and rehabilitation differently 
in patients operated on due to fractures and those who need to undergo surgery due to osteoarthritis.

Hershkovitz et al32 retrospectively studied data from 373 post-hip fracture patients. They found significant associa-
tions between HGS measured in admission to rehabilitation ward and functional outcomes measured by functional 
independence measure (FIM). Participants with higher HGS had greater chances of improvement in terms of functional 
independence. Selakovic et al33 conducted a study on patients after a hip fracture. The authors divided participants based 
on weak and strong hand grip groups, decided that a weak hand grip was defined by HGS <27 kg in males and < 16 kg in 
females according to revised cut-points for the diagnosis of sarcopenia formulated by the European Working Group on 
Sarcopenia in Older People (EWGSOP).34 Selakovic et al also found that patients with weak HGS had lower results in 
independence measures (Barthel Index) after a 3–6 month follow-up. The results obtained in our study are only partially 
consistent with results of above mentioned studies. In the present study HGS in the fracture group was associated only 
with IADL score after follow-up, and this association was low. These differences may be the result of using IADL and 
ADL as functional independence indicators. Due to different scoring scales between each scale, IADL and ADL are less 
capable of showing small changes in independence, while scales such as FIM are able to detect more precisely a patients 
state between full independence and full dependence.35

Studies assessing HGS as a predictor of functional independence after hip replacement surgery due to osteoarthritis 
are limited. Most of the studies are conducted without discrimination between an osteoarthritis group and a fracture 
group or are focused specifically on a fracture group. Therefore, it is hard to compare the results of the present study to 
the literature. Our results suggest that HGS is a more important prognostic factor in patients with osteoarthritis than in 
patients after a hip fracture. This can be a result of various negative consequences of osteoarthritis. Hip osteoarthritis 
causes a number of adverse outcomes, among them: pain, reduction of physical activity and lowered quality of life.36 

Clynes et al37 showed that osteoarthritis can negatively impact patients’ functioning. Due to pain, swelling, inflammation 
patients with osteoarthritis suffer from reduced independence in activities of daily living.37 In Poland the waiting time for 
elective hip replacement surgery is often longer than one year.38 Waiting for the surgery that long can potentially 
aggravate negative symptoms and therefore lowering patients’ independence in activities of daily living.

Peng and Zeng argue that osteoarthritis and sarcopenia are related and could affect each other’s course.39 The authors 
claim that sarcopenia worsens rehabilitation effects and increases the risk of adverse outcomes after hip surgery. 
However not only osteoarthritis could be related with sarcopenia. Osteosarcopenia, a recently identified medical 
condition, encompasses the convergence of two age-related musculoskeletal disorders: sarcopenia and osteopenia or 
osteoporosis. The term “osteosarcopenia” has emerged to underscore the substantial overlap and interplay between these 
two conditions. Sarcopenia and osteoporosis share common risk factors and biological pathways including hormonal 
regulation. Individuals affected by osteosarcopenia face an escalated risk of experiencing detrimental outcomes, includ-
ing falls, fractures, hospitalization, frailty, and even mortality.40,41 Osteosarcopenia is likely to have an impact on the 
outcome after replacement surgery.41 Regarding the present study, patients who constituted the osteoarthritis group and 
have a higher HGS are probably more active patients whose risk of sarcopenia is lower than in low HGS patients. This 
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could be the explanation why in the osteoarthritis group patients’ independence was associated more with HGS than in 
the fracture group.

Numerous authors reported that high HGS is associated with better outcome after orthopedic surgery and especially 
hip replacement surgery.32,33,42–44 HGS measure is not only a useful indicator of a patient's overall condition but is also 
a predictor of short- and long-term surgery outcome. However, our study results suggest that predicting the value of HGS 
may differ between groups of patients with different causes of hip replacement surgery.

This study has some limitations. The first limitation is a group selection. Due to the design of the study and tools 
selected to measure the outcomes, patients with possible cognitive dysfunction were excluded. Our decision to exclude 
patients with MMSE scores below 23 points, which suggested dementia symptoms, was also based on doubts about 
whether these individuals would remember the physiotherapist’s exercise recommendations.22,45 Following such recom-
mendations is important for cooperation with the rehabilitation team and allows the patient to reach positive functional 
results. Our participants performed a 120 minute individually tailored rehabilitation treatment for six days per week 
during a six-week treatment. Using different physical therapy procedures (such as cryotherapy, laser therapy, etc.) was 
a result of the hospital's ability to conduct rehabilitation and respond to a participant's individual needs, but it can also be 
considered as a limitation of the study.

The second limitation is the fact that selected participants were somewhat independent in terms of ADL and IADL. 
A group with lower scores in ADL and IADL scales may vary more in the degree of improvement therefore, differences 
between these groups could potentially be more prominent. Another limitation was the application of ADL and IADL 
scales which (due to their scoring) are less able to show small differences than scales with more complex scoring, such as 
FIM. There were also no data available about participants physical activity, nutritional status, self-motivation, life 
satisfaction and depression. These factors may influence rehabilitation outcomes, therefore including these covariates 
in future investigations should be taken into consideration.

Conclusions
The study showed that HGS measurement after hip replacement surgery predicts functional independence in basic and 
complex activities of daily living differently in patients operated on due to a fracture versus osteoarthritis. This finding 
needs to be confirmed by other studies with more diversified groups of participants, involving patients with very low and 
very high baseline independence. Using different scales measuring independence in activities of daily living such as FIM 
should be implemented to improve the possibility to detect smaller changes. Clinicians should be encouraged to include 
HGS assessment in their evaluation of patients who plan to undergo total hip replacement, in order to optimize the 
treatment of high-risk older patients, and especially patients with osteoarthritis. This can allow for the identification of 
osteoarthritis patients with low hand grip strength - who can be considered as patients with a higher risk of unsatisfying 
outcomes of surgery. These patients should undergo pre-rehabilitation and should be monitored, and/or supported in 
terms of rehabilitation after discharge.
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