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Abstract
Objective: This study aimed to evaluate the functional recovery trajectory following total knee arthroplasty (TKA) and 
assess the effectiveness of the adapted M-SANE scale in monitoring post-surgical progress.

Methodology: A cross-sectional observational study was conducted with 120 patients who underwent unilateral primary 
TKA. Participants were categorized into three groups based on postoperative duration: 30 days, 6 months, and 12 
months. Functional recovery was assessed using the M-SANE-DA scale, which evaluates six daily activities. Statistical 
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analyses were performed using Student’s t-test for group comparisons.

Results: The study demonstrated significant functional improvement over time, with Group 3 (12 months post-TKA) 
exhibiting the highest scores across all activities. The most notable recovery was observed in stair climbing and prolonged 
standing, with statistically significant differences between groups (p < 0.001). However, tasks such as squatting and 
getting in and out of a car showed no significant variations, suggesting persistent biomechanical challenges.

Conclusion: The results highlight the importance of structured rehabilitation and long-term physiotherapy for optimizing 
functional outcomes following TKA. While significant improvements occur within the first year, certain activities require 
additional rehabilitation focus. The M-SANE-DA scale proved to be a reliable tool for monitoring functional recovery 
and guiding individualized rehabilitation interventions.

1. Introduction
The evaluation of joint function is a fundamental component of 
orthopedics and rehabilitation, being essential for monitoring the 
recovery of patients undergoing Total Knee Arthroplasty (TKA) 
[1]. Measuring the patient's perception of their recovery is a 
relevant aspect of clinical practice, as it complements the objective 
findings from physical examinations and imaging studies. For 
this purpose, standardized instruments, such as Patient-Reported 
Outcome Measures (PROMs), have been widely used, allowing 
for the collection of quantitative and reproducible data on joint 
functionality [2].

Among the available PROMs, the Single Assessment Numeric 
Evaluation (SANE) has gained prominence due to its simplicity 
and objectivity. This instrument consists of a single question in 
which the patient evaluates their joint function on a scale from 0 
to 100, comparing it to a normal joint [3]. Previous studies have 
shown that SANE has a strong correlation with more extensive 
scales, such as the International Knee Documentation Committee 
(IKDC), the Knee Injury and Osteoarthritis Outcome Score 
(KOOS), and the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC), demonstrating its validity and 
reliability for assessing knee functions after surgical interventions 
[4].

In Brazil, the cross-cultural adaptation of assessment instruments 
is essential to ensure their applicability and accuracy in different 
clinical and population contexts. A literal translation of an 
instrument is not sufficient to guarantee conceptual equivalence 
between the original and adapted versions; a rigorous adaptation 
process is required to prevent linguistic and cultural biases [7,8]. In 
this regard, a recent study conducted the translation, cross-cultural 
adaptation, and validation of the SANE scale into Brazilian 
Portuguese, specifically for patients undergoing TKA [9].

The validation process of the SANE in Brazil followed strict 
methodological guidelines, including translation, back-translation, 
review by a committee of experts, and pilot testing with the target 
population. The results indicated that the Brazilian version of 
SANE maintained its conceptual equivalence with the original 

version, being understandable and appropriate for Brazilian 
patients. Additionally, psychometric tests demonstrated high 
reliability (Cronbach's Alpha > 0.70) and excellent reproducibility 
(ICC > 0.75), consolidating the instrument's robustness for 
measuring joint function in patients undergoing TKA [2].

The cross-cultural adaptation of instruments such as SANE is 
essential to enable international comparisons and strengthen the 
evidence base on joint functionality in different populations [6]. 
Previous studies have shown that SANE has a strong correlation 
with widely used PROMs in orthopedics, such as KOOS Jr and 
PROMIS-10, making it an effective tool for capturing changes in 
joint function over time [1]. Furthermore, its simplicity allows for 
quick application in clinical practice, facilitating data collection in 
various settings, from outpatient clinics to rehabilitation centers 
[5].

Based on the validated version of SANE for Brazil, this study aims 
to expand its applicability to other clinical contexts, allowing its 
use in different orthopedic populations. The standardization of this 
instrument will contribute to obtaining more precise and comparable 
data, promoting advances in rehabilitation and functional follow-
up of patients. Thus, the adoption of the adapted SANE may assist 
healthcare professionals in making clinical decisions and defining 
more effective therapeutic strategies, directly benefiting patients in 
their recovery journey.

2. Methodology
This study aimed to adapt the M-SANE Scale, previously 
validated in Brazil, to assess functional recovery in daily activities 
of patients undergoing Total Knee Arthroplasty (TKA). The 
adaptation process adhered to international guidelines for cross-
cultural adaptation (Beaton et al., 2000; Guillemin et al., 1993), 
ensuring that the scale maintained conceptual and semantic 
equivalence while optimizing its applicability for evaluating 
functional performance in daily tasks.

2.1. Participants
This observational cross-sectional study involved 120 participants, 
all of whom had undergone unilateral primary total knee 
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arthroplasty (TKA). Patients were recruited from specialized 
orthopedic rehabilitation centers, following predefined eligibility 
criteria. Participants were divided into three groups based on the 
postoperative period: Group 1 included patients who had undergone 
TKA 30 days prior (n = 40); Group 2 consisted of patients who had 
undergone TKA six months prior (n = 40); and Group 3 comprised 
those who had undergone TKA 12 months prior (n = 40). The 
inclusion criteria required participants to be over 60 years of age, 
to have undergone unilateral primary TKA, and to be actively 
engaged in a postoperative rehabilitation program. The exclusion 
criteria included individuals who had undergone bilateral TKA, 
had neurological disorders, or had cognitive impairments that 
could interfere with completing the scale.

2.2. Ethical Approval 
The study was approved by the Research Ethics Committee of 
the Federal University of Goiás (Opinion No. 6.232.443; CAAE: 
69749823.7.0000.5083), following the guidelines of Resolutions 
No. 466/2012 and No. 510/2016 of the National Health Council 
(CNS). Furthermore, it complied with the General Data Protection 
Law (LGPD - Law No. 13.709/2018), ensuring participant privacy 
and data security.

2.3. Cross-Cultural Adaptation Process
The adaptation of the M-SANE Scale for daily activities (M-SANE-
DA) followed a structured process of modification and validation. 
Initially, a panel of specialists, including orthopedic surgeons, 
physiotherapists, occupational therapists, and researchers in 
functional assessment, identified key daily activities essential for 
evaluating functional independence in post-TKA patients. The 
original M-SANE Scale, which assessed general knee function, 
was redesigned to focus specifically on functional movements 
required for activities of daily living (ADLs). This adaptation was 
based on the translation, cross-cultural adaptation, and validation 
of the SANE Scale for patients undergoing total knee arthroplasty, 
as described by Silva Filho et al. (2025) [2].

The modified version of the scale underwent a thorough review 
by the expert panel to ensure that the selected activities were 
clinically relevant, culturally appropriate, and easily interpretable 
by patients. A semantic validation phase was then conducted, 

involving a focus group of 40 post-TKA patients who assessed the 
clarity, comprehensibility, and relevance of each item. Based on 
patient feedback, minor linguistic adjustments were made before 
finalizing the M-SANE-DA Scale.

2.4. M-SANE-DA Functional Assessment and Scoring System
The M-SANE-DA Scale quantitatively assesses functional 
recovery in daily activities using a numerical scale ranging from 0 
to 100. Participants self-report their ability to perform six essential 
daily tasks, rating each on a scale from 0, representing complete 
functional impairment, to 100, indicating full functionality without 
pain or restriction. The final score is determined by evaluating 
each activity individually, assigning a score from 0 to 100 based 
on the patient’s perception of their functional capacity. The overall 
M-SANE-DA score is then obtained by calculating the mean of 
the six individual ratings, with higher scores reflecting better 
functional recovery and greater independence in daily life. Table 
1 presents the M-SANE-DA Functional Assessment Form, which 
was utilized for data collection and clinical evaluation.

The M-SANE-DA Scale was designed as an objective and 
standardized tool for assessing functional independence in patients 
undergoing post-TKA rehabilitation.

This scale offers several advantages in both clinical and research 
settings. It provides a quantifiable functional assessment, offering 
an objective measure of functional recovery in daily activities. 
Additionally, it enhances rehabilitation monitoring by enabling 
clinicians and physiotherapists to track progress over time and 
adjust treatment strategies accordingly. The scale also improves 
patient-centered care by ensuring that rehabilitation efforts 
prioritize functional independence and quality of life.

Furthermore, it serves as a standardized outcome measure, 
facilitating comparative research on TKA recovery across different 
populations and intervention strategies. By refining the M-SANE 
Scale to specifically evaluate daily activities, this study contributes 
to the optimization of functional assessment tools in post-TKA 
rehabilitation in Brazil. The M-SANE-DA enhances the precision 
of rehabilitation monitoring,

M-SANE-DA – FUNCTIONAL ASSESSMENT FORM FOR DAILY ACTIVITIES POST-TKA
Name:
Age (Years): Gender: Surgery Date:
Surgical Side: ( ) Right ( ) Left
Post Operative Phase: ( ) 30 Days ( ) 6 months ( ) 12 months
FUNCTIONAL ASSESSMENT – M-SANE-DA SCORE
INSTRUCTIONS:
Rate your ability to perform the following activities compared to a normal, pain-free joint. Score each activity on a 0 to 100 
scale, where:
•	 0 = No functionality (unable to perform the activity due to pain or limitation).
•	 100 = Full functionality (performs the activity without pain or restriction).
•	 Score (0-100)
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ACTIVITY
SCORE

WALKING INDOORS AND SHORT DISTANCES
CLIMBING AND DESCENDING STAIRS
STANDING UP AND SITTING DOWN
GETTING IN AND OUT OF A CAR
SQUATTING OR BENDING DOWN
STANDING FOR PROLONGED PERIODS

Final M-SANE-DA Score (average):

Table 1: M-SANE-DA Functional Assessment Form

2.5. Statistical Analysis
The collected data were analyzed using Minitab statistical 
software (version 26.0). The Kolmogorov-Smirnov test was 
applied to assess data normality. Reliability of the scale was 
evaluated through Cronbach’s Alpha coefficient, with values 
above 0.70 considered acceptable for internal consistency. Inter-
rater agreement was measured using the intraclass correlation 
coefficient (ICC). For group comparisons, Student’s t-test was 
used for independent samples, while the Mann-Whitney test was 
applied for non-parametric data. A significance level of p < 0.05 
was adopted for all statistical analyses.

3. Results
Table 2 presents a comparative analysis of functional activities 
among elderly patients who underwent total knee arthroplasty 
(TKA) at different postoperative periods. The evaluated activities 
include walking indoors and short distances, climbing and 
descending stairs, standing up and sitting down, getting in and out 
of a car, squatting or bending down, and standing for prolonged 
periods. The values are expressed as mean scores with standard 
deviation, and the statistical significance (p-value) was determined 
using appropriate statistical methods.

Evaluated Activity Group 1 Group 2 Group 3 p-value
Walking Indoors and Short Distances 84.3 78.94 98.13 < 0.001*
Climbing and Descending Stairs 92.61 96.08 96.12 < 0.001*
Standing Up and Sitting Down 87.48 95.83 93.54 < 0.001*
Getting in and Out of a Car 83.83 84.38 95.19 0.187
Squatting or Bending Down 88.24 96.75 95.19 0.452
Standing for Prolonged Periods 87.48 95.83 93.54 < 0.001*
Legend: Group 1: Elderly patients who underwent TKA 30 days ago; Group 2: Elderly patients who underwent TKA 60 days ago; 
Group 3: Elderly patients who underwent TKA 12 months ago. Values are presented as mean ± standard deviation; The p-value was 
calculated using appropriate statistical methods.

Table 1: Comparison of Functional Activities among Evaluated Groups
The table presents a comparative analysis of functional activities 
among three groups of elderly patients who underwent total knee 
arthroplasty (TKA) at different postoperative periods: Group 1 
(30 days post-TKA), Group 2 (6 months post-TKA), and Group 3 
(12 months post-TKA). The evaluated activities include walking 
indoors and short distances, climbing and descending stairs, 
standing up and sitting down, getting in and out of a car, squatting 
or bending down, and standing for prolonged periods. The values 
represent the mean performance scores for each group, and the 
statistical significance (p-value) was calculated to determine 
differences between the groups.

Patients in Group 3 (12 months post-TKA) demonstrated the highest 
mean score (98.13), indicating significant functional recovery over 
time. Group 1 (30 days post-TKA) scored 84.3, while Group 2 
(6 months post-TKA) had a lower score of 78.94. The p-value (< 
0.001) suggests a statistically significant improvement in walking 

ability over time. This finding highlights the importance of long-
term rehabilitation in regaining mobility.

Patients in Groups 2 (96.08) and 3 (96.12) showed similar scores, 
both significantly higher than Group 1 (92.61). The p-value (< 
0.001) indicates a significant difference among the groups. This 
suggests that stair-climbing ability improves notably after the 
early postoperative period, likely due to muscle strengthening and 
balance recovery.

The results indicate a significant increase in functional ability 
over time in Standing Up and Sitting Down. Group 2 (95.83) 
exhibited the highest score, slightly above Group 3 (93.54), while 
Group 1 (87.48) had the lowest. The p-value (< 0.001) confirms 
that the observed differences are statistically significant. This 
improvement reflects better quadriceps strength and joint stability 
as rehabilitation progresses.
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This activity Getting in and Out of a Car showed minimal variation 
across groups, with Group 3 (95.19) performing slightly better 
than Groups 1 (83.83) and 2 (84.38). However, the p-value (0.187) 
suggests that the difference is not statistically significant. This 
could indicate that getting in and out of a car is an activity that 
does not heavily rely on the postoperative period but rather on 
factors such as flexibility and coordination.

There Squatting or Bending Down was no significant difference 
among the groups in squatting or bending down, as reflected by 
the p-value (0.452). Group 2 (96.75) had the highest mean score, 
followed by Group 3 (95.19) and Group 1 (88.24). These results 
suggest that even after prolonged recovery, squatting remains a 
challenging task for many TKA patients, possibly due to joint 
stiffness or discomfort.

A Standing for Prolonged Periods significant improvement over 
time was observed for this activity, with Group 2 (95.83) and 
Group 3 (93.54) achieving higher scores than Group 1 (87.48). The 
p-value (< 0.001) indicates a statistically significant difference. 
This suggests that endurance and weight-bearing capacity improve 
significantly with rehabilitation and time post-surgery.

Figure 2 illustrates the comparative analysis of functional recovery 
among groups over time. The data demonstrates the progressive 
improvement in functional capacity, with Group 3 (12 months post-
TKA) achieving higher scores in most evaluated activities. The 
use of distinct colors for each group allows for clear differentiation 
and better visualization of trends.
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4. Discussion
The findings of this study align with existing literature, demonstrat-
ing that functional recovery after total knee arthroplasty (TKA) 
follows a progressive improvement trajectory over time. Research 
indicates that knee functionality significantly improves within the 
first-year post-surgery, with the most substantial gains occurring in 
the initial six months (Sonesson et al., 2021) [10]. The statistically 
significant differences observed between the evaluated groups em-
phasize the necessity of continuous physiotherapeutic intervention 
to optimize recovery and enhance long-term functional outcomes 
(Gutierrez-Zúñiga et al., 2021; Winterstein et al., 2013) [4].

The limitations observed in Group 1 (30 days post-TKA) can be 
attributed to the acute effects of surgery, including pain, edema, 
and muscle weakness, which hinder the execution of demanding 
functional activities [10]. These results are consistent with studies 
showing that the initial postoperative period is critical, as targeted 
rehabilitation protocols can significantly influence long-term 
recovery [11]. Torchia et al. (2020) similarly emphasized the role 
of structured physiotherapy programs in accelerating functional 
improvements [9].

Early rehabilitation is crucial in minimizing functional deficits. 
Vogel et al. (2020) found that structured rehabilitation during 
the first postoperative month significantly reduces pain and 
improves mobility. This supports the necessity of immediate 
physiotherapeutic interventions to prevent muscle atrophy and 
joint stiffness. The lower performance of Group 1 in activities 
such as walking indoors and short distances (84.3) and standing 
for prolonged periods (87.48) highlights the impact of the early 
postoperative period on mobility and endurance [12].

The functional improvements observed in Group 2 (6 months 
post-TKA) reflect advancements in motor control and muscle 
strengthening due to rehabilitation. Patients at this stage 
demonstrate greater functional independence, which is consistent 
with previous studies indicating accelerated recovery between the 
second and third postoperative months (Kvist et al., 2020) [13]. 
Marques (2020) emphasized that targeted exercise programs during 
this period enhance stability and range of motion, facilitating 
smoother transitions to more advanced rehabilitation phases. The 
mean score for walking indoors and short distances (78.94) aligns 
with reported values in similar studies, reinforcing the benefits of 
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adherence to postoperative rehabilitation programs (Vogel et al., 
2020).

Near-complete recovery in Group 3 (12 months post-TKA) 
corroborates research suggesting that full functional rehabilitation 
is typically achieved within one year following surgery. Studies 
indicate that patients adhering to structured and progressive 
rehabilitation protocols experience superior functional outcomes 
and are more likely to resume daily and recreational activities 
(Fomin et al., 2020; Marques, 2020) [14]. Additionally, research 
by Austin et al. (2020) and O’Connor et al. (2019) supports the 
reliability of the SANE scale as a valid tool for monitoring long-
term recovery [8].

Return to physical activities remains a significant concern for 
TKA patients. O’Connor et al. (2019) found that patients engaged 
in long-term physiotherapy programs achieved higher functional 
scores, particularly in dynamic activities such as stair climbing and 
prolonged standing. These findings align with the present study, 
where Group 3 participants demonstrated superior performance 
in all measured activities, with significant gains in climbing and 
descending stairs (96.12) and standing for prolonged periods 
(93.54).

Despite general improvements, certain activities did not exhibit 
statistically significant differences among groups. For example, 
getting in and out of a car (p = 0.187) and squatting or bending 
down (p = 0.452) showed no significant changes between 
postoperative stages, suggesting that these activities may pose 
additional challenges requiring biomechanical adaptations and 
prolonged rehabilitation [15]. Similar studies have reported 
persistent difficulties in high-impact movements, with running 
scores remaining stable over time due to the knee’s limited capacity 
to absorb impact forces (Nazari et al., 2020).

Biomechanical adaptations post-TKA remain a crucial area of 
study. Floyd et al. (2021) observed that some patients continue 
to experience gait alterations, affecting their ability to perform 
high-intensity activities [16]. This underscores the importance of 
incorporating gait retraining exercises into rehabilitation protocols 
to restore normal biomechanics. Physiotherapeutic strategies, 
including targeted muscle strengthening, proprioceptive training, 
and functional re-education, are essential for optimizing safe 
progression toward full knee functionality (Vines et al., 2016; 
Marot et al., 2021) [6,17]. Progressive loading and gradual return-
to-activity strategies significantly reduce secondary complications 
and improve long-term joint function (Kvist et al., 2020; Torchia et 
al., 2020) [9,13].

Patient education is also a critical component of rehabilitation 
success. Bradbury et al. (2013) emphasized the importance of 
ensuring that patients understand the necessity of continued 
physiotherapy to enhance adherence and maximize recovery 
outcomes [18]. Motivation and social support play crucial roles in 
rehabilitation adherence, as studies indicate that higher engagement 
in physiotherapeutic treatment leads to better functional recovery 

and reduced residual pain [4,15].

Psychosocial factors also influence TKA recovery. O’Connor 
et al. (2019) found that anxiety and fear of movement could 
negatively impact rehabilitation outcomes. This suggests that 
integrating psychological support into the recovery process may 
further optimize functional improvements. Additionally, long-term 
follow-up programs are essential to monitor joint function and 
prevent degenerative changes that may occur even after successful 
rehabilitation [11].

Standardized assessment tools such as the SANE scale play a 
fundamental role in tracking recovery progression among TKA 
patients. Nazari et al. (2020) validated the psychometric properties 
of the SANE scale, confirming its reliability in evaluating 
post-TKA functionality. Studies by Austin et al. (2020) also 
demonstrated strong correlations between SANE scores and other 
functional assessment measures, making it an effective tool for 
orthopedic rehabilitation research. Intergroup comparisons using 
validated tools contribute to the development of more effective 
physiotherapeutic interventions [5,19-24].

5. Conclusion
This study highlights the progressive improvement in functional 
recovery following total knee arthroplasty, with significant 
gains observed within the first-year post-surgery. The findings 
emphasize the necessity of structured physiotherapy, early 
rehabilitation interventions, and patient adherence to long-term 
recovery protocols. Although substantial improvements were 
observed across most functional activities, certain tasks, such 
as getting in and out of a car and squatting, continue to pose 
challenges, necessitating further research into biomechanical 
adaptations and rehabilitation strategies. Future studies should 
explore the integration of personalized rehabilitation programs 
and technological advancements to optimize patient outcomes. 
A multidisciplinary approach, including physical therapy, patient 
education, and psychological support, remains essential for 
achieving optimal long-term recovery and enhancing the overall 
quality of life for TKA patients.
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