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Abstract 
 

Introduction: Total Knee Arthroplasty (TKA) is an orthopedic procedure that 

replaces a damaged knee joint with an artificial prosthesis to reduce pain and 

restore knee function. Neutral coronal alignment post-TKA is often considered 

a standard of success, although some studies suggest that mild residual coronal 

alignment might provide better clinical outcomes. This study aims to compare 

the clinical functional outcomes between neutral coronal alignment and mild 

residual coronal alignment in patients post-TKA after a three-year follow-up in 

Makassar, South Sulawesi. 

Method: This research is a prospective observational study conducted at RSUP 

Wahidin Sudirohusodo, Makassar, involving patients with grade III or IV knee 

osteoarthritis who underwent TKA from January  to December 2020. Samples 

were taken through consecutive sampling and included patients over 40 years 

old with either neutral coronal alignment or mild residual coronal alignment 

post-surgery. Clinical functional outcomes were measured using The Knee 

Society Score: Short Form and The Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC) score list. 

Results: This study utilized the Short Form Knee Society Score (SF-KSS) to 

evaluate total knee arthroplasty, along with The Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) score list, where a p-value > 0.05 

was found, indicating no significant difference. 

Conclusion: There were no notable differences in clinical functional outcomes 

between the neutral and mild residual mechanical alignment groups. This can 

serve as a reference in performing total knee arthroplasty, allowing surgeons to 

preserve more tissue structures and bone to achieve mild residual alignment 

rather than performing aggressive releases to achieve neutral alignment. 
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Introduction 

Total Knee Arthroplasty (TKA) is one of the most common and successful procedures performed 

in modern orthopedics, which involves replacing the damaged knee joint with prosthesis to reduce 

severe pain and restore knee function.1-4 To correct the knee valgus/varus during TKA, coronal 

alignment is used based on several axes, the first one being the lower extremity mechanical axis 

which is measured from the central femoral head to the central talar dome on standing long-leg 

anteroposterior x-ray. The other axis used for the alignment is the anatomical axis of the femur, 

which is a line running along the femoral intramedullary canal, similar to the tibia. The angle 

created from the anatomical and mechanical axis is around 6°, which varies depending on the 

person’s height; while for the tibia the angle is 0°. Postoperative neutral alignment has been used 

as a benchmark for the success of TKA surgery. Several studies indicate that a more than 3° 

deviation will result in lower functional scores and reduced long-term implant durability. The 

reduced durability of the implant is based on the principle of uneven load distribution, which 

leads to increased shear stress and results in wear and aseptic loosening, particularly in the 

prosthesis polyethylene component. Nevertheless, the relationship between postoperative 

alignment and patient satisfaction has always been a controversial issue among researchers. Some 

researchers suggest leaving the patient's "natural" alignment gives a higher patient satisfaction. 

Meanwhile, the current popular paradigm is to restore alignment to a neutral category according 

to lower limb biomechanics. 

The study on the degree of alignment correction suitable for the Indonesian population has not 

been conducted, making it the basis for this research idea. Based on the previously stated, the 

question of whether a better functional clinical comparison between neutral coronal alignment 

and mild residual coronal alignment after 3 years of follow-up exists or not. Besides the main 

question regarding the clinical comparison, this study also aims to find the optimal alignment 

correction to provide the best clinical functional results for the studied population, determining 

the reproducibility of studies that have been conducted at other centers regarding the South 

Sulawesi population, as well as evaluating the postoperative patient’s satisfaction using residual 

alignment compared to neutral alignment. 
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Figure 1. Method of calculation of coronal alignment angle pre- and post-operatively. The angle 

formed when the line that forms the femoral shaft axis is extended through the distal femur to 

form an angle between the femoral shaft axis and the tibial shaft axis. (A) Pre-operatively knee 

alignment, (B-D) post-operatively knee alignment (B) normal varus/valgus alignment, 0-3o of 

varus/valgus alignment, (C) mild varus/valgus alignment, 3-6o of varus/valgus alignment, (D) 

severe varus/valgus alignment, >6o of varus/valgus alignment 

 

Materials and Methods 

The research is the retrospective study and was conducted at Wahidin Sudirohusodo Hospital, 

Department of Orthopedics and Traumatology, Faculty of Medicine, Hasanuddin University, 

Makassar. The research was conducted in January 2023 through December 2023. The population 

included in this study is patients diagnosed with grade III or IV knee osteoarthritis who underwent 

Total Knee Arthroplasty at RSUP Wahidin Sudirohusodo, Makassar. Samples were taken from 

knee osteoarthritis patients who received TKA surgical treatment from January 2020 to December 

2020, and were selected based on inclusion and exclusion criteria. Sampling is done by collecting 

the patient's medical data as secondary data and conducting interviews and filling out 

questionnaires as primary data, while the technique used for data collection is consecutive 

sampling where all the patients within the timeframe are taken and examined. Inclusion criteria 

used for sampling were as follows: 1) patient over 40 years old with grade III or IV osteoarthritis, 

2) patient who had undergone Total Knee Arthroplasty, unilateral or bilateral, for more than 3 

years, 3) patient with neutral coronal alignment and mild residual coronal alignment, 4) patient 

consented to participate in the research. Meanwhile, the exclusion criteria for the patients were: 

1) those who were lost in the follow-up, 2) patients with neurologic deficits that affected their 

walking pattern, 3) patients with history of infection, mal-alignment due to knee joint fracture, or 

autoimmune diseases involving the knee joint, and 4) patients who underwent bilateral TKA in 

one day (one-stage operation). 

Instruments used in this research were the patient’s medical record coupled with The New 

Knee Society Score: Short Form Functional Outcome Assessment questionnaire, digital 

goniometry and Osteoarthritis Index (WOMAC) Score List to assess the patient’s postoperative 

satisfaction, clinical function and the postoperative coronal alignment, respectively. The 

subsequently collected data was processed statistically using computer programs and were 

displayed through narratives, tables, and graphs. Statistical tests used were independent-t test, 

Wilcoxon Signed Rank test, Chi-square, and Mann Whitney test to evaluate the distribution and 

to compare the variables. The results were considered to be significant if the p-value was less 

than <0,05 (p<0,05). Data analysis was done using IBM® SPSS Statistics 25® program. 

Research began by identifying elderly patients undergoing TKA surgery from medical 

records and patient registers at Wahidin Sudirohusodo Hospital, Makassar as secondary data. 

Patients who met the research criteria would undergo interview procedures and complete The 

New Knee Society Score Short Form and Western Ontario and McMaster Osteoarthritis Index 

(WOMAC) Score questionnaires. The collected data was then measured statistically using 

independent T-test, Wilcoxon Signed test, Chi-square, and Mann-Whitney test to evaluate the 

distribution and the comparison of variables measured. The result was then collected, analyzed, 

then underwent a series of discussions until a final decision was made from the procedure. 

 

Result 
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Between January 2020 and December 2020, a total of 124 patients underwent total knee 

arthroplasty surgery. Out of these, 10 patients were unreachable, 2 patients had a history of 

postoperative infections, and 1 patient had a history of malunion. As a result, the final sample 

size included for analysis was 111 patients. Preoperative and postoperative coronal angle 

measurements were performed in accordance with The Knee Society standards, utilizing knee x-

ray films.  

The subjects analyzed were divided into two groups based on their postoperative coronal 

alignment: neutral alignment and mild residual alignment. There were no significant differences 

between the two groups in terms of gender distribution, age, or the specific knee that was operated 

on. 

 

Table I. Gender distribution of the group 

       Gender 

Category 

Total Neutral Mild 

  Male n 12 14 26 

% 18,5% 30,4% 23,4% 

Female n 53 32 85 

% 81,5% 69,6% 76,6% 

Total n 65 46 111 

% 100,0% 100,0% 100,0% 

  

Chi-square test (p = 0,142) 

The gender distribution between the two categories did not differ significantly (p>0.05) 

  

Table II. Descriptive Statistics of Age 

Category n Minimum Maximum Mean SD 

Neutral  65 50 92 64,43 9,68 

Mild 46 48 92 66,04 9,81 

Independent-t test (p=0,392) 

The mean age between the two categories did not differ significantly (p > 0.05) 

  

Table III. Distribution of Knee Location 

Knee Location Category Total 
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Neutral Mild 

  

Right 

N 35 23 58 

% 51,8% 45,7% 50,5% 

Left N 30 23 53 

% 48,2% 50,0% 49,5% 

Total N 65 46 111 

% 100,0% 100,0% 100,0% 

 

Chi-square test (p=0,311) 

The distribution of knee location between the two categories did not differ significantly (p > 0.05) 

 

This study utilized the Short Form Knee Society Score (SF-KSS) to evaluate outcomes 

following total knee arthroplasty. The indicators assessed included symptoms, patient 

satisfaction, and functional ability. The preoperative SF-KSS scores were not significantly 

different between the two groups. Additionally, the postoperative SF-KSS scores for both groups 

also showed no significant differences, with p > 0.05, as detailed below 

 

Table IV. Comparison of SF-KSS Scores at 3-Year Follow-Up 

Variabel 
 

Category n     Mean             SD p 

Symptom  Neutral 65 8,75 2,53 0,610 

 Mild 46 8,57 2,60   

Satisfaction  Neutral 65 7,14 1,04 0,538 

 Mild 46 7,26 1,04   

Activity  Neutral 65 76,15 5,90 0,323 

 Mild 46 75,15 5,77   

Total  Neutral 65 92,05 6,60 0,419 
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 Mild 46 90,98 6,66   

 

Results of the Statistical Test for The Western Ontario and McMaster Universities Osteoarthritis 

Index (WOMAC) Score 

This score list is divided into three evaluations: pain, stiffness, and physical function. The 

analysis results indicate no significant differences (p > 0.05) between the two groups 

preoperatively. The postoperative WOMAC scores for both groups also showed no significant 

differences, with p > 0.05, as detailed below. 

  

Tabel V. Comparison of WOMAC Scores at 3-Year Follow-Up 

Variabel Category n     Mean             SD p 

Pain Neutral 65 5,40 1,12 0,238 

Mild 46 5,00 1,35   

Stiffness Neutral 65 1,14 1,51 0,806 

Mild 46 1,24 1,61   

Activity Neutral 65 14,80 4,06 0,985 

Mild 46 14,13 3,95   

Total Neutral 65 22,23 4,98 0,733 

Mild 46 21,22 5,43   

 

Mann-Whitney test 

 

Discussion 

Total knee arthroplasty (TKA) is a highly effective treatment for severe knee osteoarthritis. 

Traditionally, achieving a neutral knee alignment has been considered a cornerstone of successful 

TKA outcomes. However, recent studies have explored alternative alignment methods, such as 

coronal knee alignment, which have also shown promising results. For instance, research has 

indicated that patients who underwent TKA with coronal alignment reported high levels of 

satisfaction one year post-surgery, as demonstrated by improvements in HSS, KS knee, and 

WOMAC pain scores. 
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The findings of this study indicate that there were no significant differences in pain, stiffness, 

activity levels, or total scores between patients who underwent TKA with mild residual coronal 

alignment versus those with neutral alignment. This aligns with the results of Farooq et al. (2023), 

which also found no substantial improvement in satisfaction above 80%, reporting an 83% 

satisfaction rate with a minimum follow-up of one year. Additionally, despite the use of advanced 

technologies such as computer navigation, patient-specific instrumentation, and robotics to 

achieve more precise neutral alignment, Guratne's research indicates that postoperative 

dissatisfaction remains at around 20%. 

Significant clinical improvements were observed in the SF-KSS satisfaction scale and WOMAC 

stiffness scores, consistent with the findings of Budhiparama N.C., et al. Their study noted that 

cultural factors, such as the high knee mobility required in daily activities for the Indonesian 

population and the challenges in accessing healthcare, often result in patients presenting with 

advanced stages of osteoarthritis. In such cases, TKA dramatically reduces limitations in patient 

activities. 

While patients generally experience significant improvements in satisfaction following surgery, 

those with preserved coronal knee alignment (CPAK) may experience greater pain relief and 

better functional outcomes. Conversely, deviations from the original alignment could lead to less 

improvement in discomfort, pain, and function compared to maintaining the natural alignment. 

These findings suggest that surgeons should consider prioritizing patient-specific alignment 

during TKA to optimize outcomes. 

Further supporting this, research by Wan et al. demonstrated that patients with preoperative varus 

knees who underwent TKA with mild residual varus alignment achieved outcomes similar to or 

even better than those with neutral alignment. Mild residual varus alignment postoperatively was 

deemed acceptable for these patients, whereas severe varus alignment should be avoided. 

Several studies have highlighted that achieving neutral coronal alignment during TKA is a key 

factor in patient satisfaction. Specifically, postoperative misalignment of TKA components has 

been associated with poorer outcomes and early revision surgeries. Cocanour et al., reported on 

the short- and long-term outcomes of neutral coronal TKA, noting that while there were no 

significant clinical differences in the first two years postoperatively, a more pronounced decline 

in clinical outcomes was observed over a ten-year period, not necessarily due to visible bone 

damage (level 4) in the lateral compartment. 

This study has several limitations: potential recall bias during patient interviews, a need for longer 

follow-up periods to assess implant durability in both groups, and a relatively small sample size 

that could be expanded to enhance the study's validity. 

 

Conclusion 

In conclusion, both the neutral and mild residual mechanical alignment groups did not show 

significant differences in clinical functional outcomes following total knee arthroplasty. Both 

groups exhibited the most substantial improvements in patient satisfaction, as indicated by the 

SF-KSS, and a significant reduction in stiffness, as shown by the WOMAC score. These findings 

suggest may have the option to preserve more soft tissue structures and bone to achieve mild 

residual alignment in patients with preoperative knee deformities, rather than pursuing aggressive 

to attain neutral alignment.  
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