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Abstract: Background: Surgery remains the best option for more advanced stages of knee osteoarthri-
tis (OA). Kinematic alignment (KA) is an innovative surgical technique that aims to co-align the
rotational axes of the femoral, tibial, and patella components with the three kinematic axes of the knee.
This study aims to evaluate and analyze short-term clinical, psychological, and functional outcomes
in patients undergoing total knee replacement with the KA technique. Methods: Twelve patients
who underwent total knee replacement surgery with kinematic alignment from May 2022 until July
2022 were prospectively followed and interviewed. Before surgery, the day after surgery, and postop-
erative day 14, the following tests were evaluated: VAS, SF-12 PS, SF-12 MS, KSS, KSS-F, PHQ-9, and
KOOS-PS. Results: The mean BMI value of 30.4 (±3.4) Kg/m2, mean age of 71.8 (±7.2) years. All the
scores on the various tests administered consistently showed statistically significant improvement,
not only immediately after surgery but also comparing the first to the fourteenth postoperative day.
Conclusion: Kinematic alignment technique as a surgical treatment for KO allows the patient a fast
postoperative recovery and good clinical, psychological, and functional results in a short time. Further
studies are needed with a larger sample size, and prospective randomized studies are essential to
compare these results with mechanical alignment.

Keywords: total knee arthroplasty; total knee replacement; kinematic alignment; knee osteoarthritis;
clinical outcomes

1. Introduction

Osteoarthritis (OA) is the most common degenerative joint disease worldwide and the
leading cause of disability in the adult population, characterized by cartilage degradation,
subchondral damage, and bone remodeling [1–3]. Knee OA is the most prevalent site,
accounting for most of the disease burden, and is commonly caused by prolonged survival,
increasing rates of obesity, and joint trauma [4,5]. Management involves a comprehensive
history, physical examination, and radiological investigation, with treatment options that
can be divided into non-surgical and surgical interventions [6–8]. Surgical options include
joint preserving and joint-replacing procedures, with total knee arthroplasty (TKA) being
the most common procedure [9,10]. The goal of TKA is to reduce pain perception, restore
knee function and mobility, and it is predicted that by 2030; 3.8 million people will undergo
TKA every year [11,12]. The classical mechanical alignment technique, which has been
used for more than 30 years, is designed to create a hip-knee-ankle (HKA) angle minor
than 3◦ of the neutral mechanical axes [13]. However, it is evident that the mechanical

J. Clin. Med. 2023, 12, 3978. https://doi.org/10.3390/jcm12123978 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12123978
https://doi.org/10.3390/jcm12123978
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-1067-7424
https://orcid.org/0000-0002-1361-2730
https://orcid.org/0000-0001-9341-7187
https://doi.org/10.3390/jcm12123978
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12123978?type=check_update&version=2


J. Clin. Med. 2023, 12, 3978 2 of 11

alignment technique does not restore the knee’s physiological characteristics and simulates
the knee joint’s motion pattern only on a two-dimensional plane, leading to possible knee
tightness and stiffness [14–21]. Based on this theory, kinematic alignment (KA)-TKA was
proposed in 2006 [9]. KA-TKA aims to co-align the rotational axes of the femoral, tibial, and
patella components with the three kinematic axes of the knee, restoring the pre-arthritic or
native constitutional alignment [17,18]. In KA, the orientation and height of the bone cuts
are conducted by referencing the articular surfaces, compensating for cartilage and bone
loss, and considering the thickness of the implants. The femoral and tibial components are
positioned coincident with the native tibial–femoral joint lines, restoring the native laxities,
tibial compartment forces, Q-angle, and hip-knee-ankle (HKA) angle [22]. The restoration
of the native left-to-right symmetry of the HKA angle, distal lateral femoral angle, and
proximal medial tibial angle are achieved by compensating for the 2 mm of cartilage worn
at 0 and 90 degrees and adjusting the tibial resection until the varus–valgus laxity with
trial components is negligible in full extension [23,24]. KA-TKA leads to a postoperative
joint line orientation such as the native one and horizontal to the floor in a single-leg stance,
resulting in a lower knee adduction moment than mechanically MA-TKA [25].

In recent years, several randomized controlled trials have compared patients with
KA-TKA and those with MA-TKA. Patients with KA have reported better function in the
Knee Society Score (KSS) and in the Oxford Knee Score (OKS), significantly better pain
relief, and a more normal feeling knee [26–28]. In the recently published meta-analysis by
Xu et al. [29], patients with KA-TKA had a difference of seven points in the knee function
score, a better range of motion of 4◦, and a better combined KSS with a mean follow-up
of 12 months. Although KA has been associated with many short-term benefits, concerns
remain about its long-term consequences. Some doubts have also been raised about the
possible restriction on using KA based on the degree of preoperative varus, valgus, and
flexion deformity [30]. In a recent study by Howell et al. [31], they observed that treating
patients with KA-TKA without restrictions on preoperative deformity did not negatively
affect the 10-year implant survival and level of function.

Assuming that KA has been associated with many short-term benefits, we wanted
to evaluate and analyze short-term clinical, psychological, and functional outcomes in
patients undergoing total knee replacement with KA, with the hypothesis of verifying
a rapid recovery in the immediate postoperative period. Specifically, this study aims to
compare the results of several specific clinical, psychological, and functional scores before
surgery, the day after surgery, and on postoperative day 14.

2. Materials and Methods

The investigation was prospectively performed on a consecutive series of 12 patients
undergoing total knee replacement surgery with kinematic alignment from May 2022 until
July 2022. The inclusion criteria of the study are the following: patients who presented
with severe knee osteoarthritis (Kellgren and Lawrence grade 3–4) [32] with pain and
functional impotence; patients available for questionnaire administration and preoperative
and postoperative evaluations (on postoperative day 1 and day 14). The exclusion criteria
are patients undergoing revision knee replacement, patients undergoing knee replacement
with techniques other than kinematic alignment, and patients who had hip replacements
on the same limb. Patients participating in the study had to complete the same question-
naires before surgery, the day after surgery, and postoperative day 14. The questionnaires
administered were

- Visual Analogue Scale (VAS) allows to estimate the intensity of pain experienced by
the patient, which can be represented in a numerical scale from zero (corresponding
to no pain) to ten (representing the highest level of pain);

- Short Form-12 (SF-12) is a questionnaire consisting of two sections, the first dealing
with assessing physical aspects (PCS-Physical Component Summary, SF-12 PS) and
the second assessing related aspects of mental health and well-being (MCS-Mental
Component Summary, SF-12 MS);
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- KSS allows assessment of the functional capabilities of the operated knee;
- Patient Health Questionnaire-9 (PHQ-9) is a scale for determining and monitoring the

severity of depression;
- Knee Injury and Osteoarthritis Outcome Score-Physical Function Shortform (KOOS-

PS) is a short questionnaire to assess the physical function of the knee.

For the conversion of questionnaires to score, the Orthotoolkit software (2023 version)
was used for the VAS, SF-12 (PS and MS), PHQ-9, and KSS scales, while the conversion
table proposed by Perruccio et al. was used for the KOOS-PS questionnaire score [33].

2.1. Rehabilitation Therapy

After surgery, patients received rehabilitation therapy. The main objectives of the
rehabilitation protocol are represented by pain symptom control, joint mobility recovery,
maintenance of good muscle tone-trophism, as well as the recovery of autonomy in walking
and daily activities. Furthermore, another purpose of physical therapy treatment is to
provide adequate preparation for the patient to know the fundamental steps in order to
achieve a satisfactory recovery of mobility after the rehabilitation process at the hospital
facility. The use of crutches is recommended. Specifically, during hospitalization, the
patient is taught to walk with crutches and rehabilitated in stepping, changing direction,
transferring from sitting to lying, and postural transitions from sitting to supine. Patients
are also educated on the use of stairs before discharge. The exercises that are performed
include isometric contractions of the quadriceps, concentric contractions of the quadriceps
from sitting and supine position, straight leg raise, concentric contractions of the hip
extensors, and concentric contractions of the hip abductors.

2.2. Statistical Analysis

The analysis was performed using SPSS software version 26 (IBM SPSS Statistics,
Chicago, IL, USA). Parametric results were expressed as mean ± standard deviation (SD)
and non-parametric distributions of the data are expressed as median (25th–75th percentile).
The t test was the preferred method used to compare parametric, unmatched, and contin-
uous variables. Wilcoxon matched-pairs signed-rank test was used to compare nonpara-
metric, matched, and continuous variables. To verify normality, the Shapiro–Wilk test was
utilized. Significance was set at p value < 0.05.

3. Results

There were 12 patients undergoing knee replacement with kinematic alignment tech-
nique from May 2022 to July 2022 who were evaluated and submitted to the questionnaires.
In addition, the subjects included ten female and two male patients. Demographic data
showed a mean BMI value of 30.4 (±3.4) Kg/m2 and mean age of 71.8 (±7.2) years.

The VAS test result in the preoperative evaluation was 6.8 ± 2.4. The mean value
reported on the first postoperative day was 6 ± 2.3, while the value reported on the
fourteenth postoperative day was 2.4 ± 0.9. Data analysis comparing preoperative and
postoperative day 14 values showed statistically significant improvement (p = 0.0003);
comparison of data from postoperative day 1 and postoperative day 14 also showed
statistically significant improvement (p = 0.00004) (Figure 1).

The data obtained from the SF-12 PS questionnaire in the preoperative evaluation
were 34 (6–33.75) on postoperative day one (4.25–33.75) and 44.5 on postoperative day 14
(5–45). After comparing the preoperative and postoperative data, it is possible to confirm
that there was a statistically significant improvement (p = 0.0001), as well as in comparing
the data on the first postoperative day and the fourteenth (p = 0.00001). Regarding the data
obtained from the evaluation of the SF-12 MS questionnaire in the preoperative was 42.2
(4–42), the first postoperative day was 43.5 (3–47), and the fourteenth postoperative day
was 50 (4–49.75). Comparing the preoperative and postoperative values on day 14 showed
a statistically significant improvement (p = 0.002). There was a statistically significant
improvement in studying the data of 1 and 14 days after the operation (p = 0.0007) (Figure 2).
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Figure 1. Preoperative, postoperative day 1, and postoperative day 14 values of Visual Analogue
Scale (VAS) questionnaire.
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Figure 2. Preoperative, postoperative day 1, and postoperative day 14 values of Short Form-12 (SF-12)
questionnaire. The orange line represents MCS-Mental Component Summary (SF-12 MS); the blue
one represents PCS-Physical Component Summary (SF-12 PS).

The KSS result in preoperative was 50.6 ± 12.4, in postoperative was 54.8 ± 11.9,
and on postoperative day 14 was 76.5 (75–79.75). After comparing the preoperative data
with those of fourteen days after surgery, there was a statistically significant improvement
(p = 0.0001), as well as in comparing the values of the first postoperative day with those of
the fourteenth (p = 0.00003). The KSS-F resulted in the preoperative being 49.2 ± 6.3, the
first postoperative was 15 (15–20), and on the fourteenth postoperative day was 66.2 ± 8.3.
After analysis of the preoperative data with that of the fourteenth postoperative day, there
was a statistically significant improvement (p = 0.0002). There was a statistically significant
improvement in the analysis of the values1 and 14 days after the operation (Figure 3).
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Figure 3. Preoperative, postoperative day 1, and postoperative day 14 values of Knee Society Score
(KSS) questionnaire. The orange line represents the Knee Society Function Score (KSS-F); the blue
one represents KSS.

The PHQ-9 result after the preoperative questionnaire administration was four (2.25–4),
on the first postoperative day it was three (3–4), and on day 14 it was one (0.25–2). After
comparing preoperative and postoperative data on the 14th day, there was a statistically
significant improvement (p = 0.0002). The same improvement is obtained by comparing
data on the 1st day with the 14th day (p = 0.0003) (Figure 4).
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Figure 4. Preoperative, postoperative day 1, and postoperative day 14 values of Patient Health
Questionnaire-9 (PHQ-9) questionnaire.

Finally, the preoperative outcome of the KOOS-PS questionnaire is 46.25 (5–48), on
the first postoperative day it is 71.8 (7.5–72.5), and on the fourteenth day it is 35.5 (6–35.5).
Again, comparing preoperative data with those on postoperative day 14 showed improve-
ment but was not statistically significant (p = 0.07). However, comparing those on the first
postoperative and the fourteenth, there was a statistically significant increase (Figure 5).
The values are summarized in Table 1. Examples of preoperative and postoperative images
are shown in Figures 6 and 7.
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Figure 5. Preoperative, postoperative day 1, and postoperative day 14 values of Knee Injury and
Osteoarthritis Outcome Score-Physical Function Shortform (KOOS-PS) questionnaire.
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Table 1. Preoperative, postoperative day 1, and postoperative day 14 values of the questionnaires.
Parametric results were expressed as mean ± standard deviation (SD), non-parametric distributions
of the data are expressed as median (25th–75th percentile). * p < 0.05 (in the pre-post14 comparison).
# p < 0.05 (in the post1–post14 comparison). Visual Analogue Scale (VAS), PCS-Physical Component
Summary (SF-12 PS), MCS-Mental Component Summary (SF-12 MS), Knee Society Score (KSS),
Knee Society Function Score (KSS-F), Patient Health Questionnaire-9 (PHQ-9), Knee Injury and
Osteoarthritis Outcome Score-Physical Function Shortform (KOOS-PS).

Preoperative Post 1 Post 14

VAS 6.8 ± 2.4 (5–10) 6 ± 2.3 (2–10) 2.4 ±0.9 (1–4) *#

SF-12 PS 34 (6–33.75) 34 (4.25–33.75) 44.5 (5–45) *#

SF-12 MS 42.2 (4–42) 43.5 (3–47) 50 (4–49.75) *#

KSS 50.6 ± 12.4 (33–70) 54.8 ± 11.9 (38–74) 76.5 (75–79.75) *#

KSS-F 49.2 ± 6.3 (50–60) 15 (15–20) 66.2 ± 8.3 (55–80) *#

PHQ-9 4 (2.25–4) 3 (3–4) 1 (0.25–2) *#

KOOS-PS 46.25 (5–48) 71.8 (7.5–72.5) 35.5 (6–35.5) #

4. Discussion

This study reveals that patients who undergo knee prosthetic surgery using the kine-
matic alignment technique experience positive outcomes including clinical, functional, and
psychological improvements, as early as two weeks after the procedure. This indicates that
the technique promotes a faster recovery in various aspects important to patients’ lives.
The results from multiple tests, including VAS, SF-12 PS, SF-12 MS, KSS, KSS-F, PHQ-9, and
KOOS-PS, consistently demonstrated statistically significant improvements immediately
after surgery and between the first and fourteenth days following the procedure.
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These findings can be complemented by previous research, particularly the work of
Bourne et al., which found that 11 to 19% of patients were dissatisfied with the final outcome
of primary TKAs. The main predictors for dissatisfaction were unmet expectations, a low
WOMAC score at one year of follow-up, preoperative pain at rest, and a postoperative com-
plication requiring hospital readmission. As a result, it is essential for orthopedic surgeons to
address patients’ expectations before TKA surgery to ensure they are realistic [20]. According
to our results, KSS scores improved significantly right after surgery (p = 0.0001) and 14 days
after the procedure (p = 0.00003), which is consistent with previous research indicating that
KSS is better after kinematic alignment than mechanical alignment. Courtney et al.’s meta-
analysis showed that while survivorship and complication rates were similar in both groups
at short-term follow-up, the KA patient group had a higher combined postoperative KSS score
than the group undergoing conventional treatment [34]. Jeremié et al.’s prospective study
found that patients undergoing KA had better scores in both KSS and KOOS at the one-year
follow-up, while Luo et al.’s meta-analysis found no significant difference in KOOS and KSS
scores between KA and MA, with no increased complication rate [35,36]. Another older
meta-analysis comparing scores in 229 patients with KA versus 229 patients with MA found
that KSS function score did not show any significant differences, although a slight advantage
was found for KSS pain in the KA group [37]. The proposed surgical technique by Howell
et al. appears to be responsible for the positive functional and clinical outcomes observed
in this study. This approach preserves the natural axis of the joint and respects soft tissues,
particularly the ligamentous apparatus, without compromising postoperative correction [38].
An et al.’s retrospective study comparing 120 TKAs with MA and 90 with KM supports the
claim that kinematic alignment leads to a less traumatic range of motion extension, reducing
bone resection and soft tissue release. Additionally, there is no significant difference in the
final overall limb alignment between the two techniques [39]. One common issue with TKA is
the pain experienced by patients postoperatively, which can negatively impact rehabilitation
and overall outcomes [40]. Our study demonstrates a significant reduction in pain symptoms
as assessed by the VAS scale, starting from the first postoperative day and continuing through
the fourteen postoperative days. This finding is consistent with the results of two systematic
reviews that show the superiority of the KA-TKA technique in terms of pain relief [27,41]. In
terms of knee function, patients showed a significant and rapid improvement in the first two
weeks after surgery, with reasonable joint function and stability regained. Similar results were
reported in a meta-analysis by Gao et al. that showed better functional outcomes for KA-TKA,
with similar functions reported for both KA and MA at one-year follow-ups [9].

To date, only one prospective study has examined the initial results of different surgical
techniques for total knee arthroplasty (TKA). The study compared kinematic alignment
TKA (KA-TKA) with mechanical alignment TKA (MA-TKA) in two groups of 26 patients
and collected clinical and functional scores before and after surgery at a mean follow-up
of three months. The KA-TKA group showed statistically significant improvements in all
scores tested, while the MA-TKA group demonstrated comparable results in the mental
component score [42]. The survival rate of the KA-TKA implant has been shown to be
comparable to that of the MA-TKA implant at short-term follow-up, according to a meta-
analysis by Courtney et al. [34]. In a study by Howell et al., the first mid-term results
of KA-TKA were reported, and they demonstrated a 10-year survival rate of more than
222 kinematically aligned TKA at 97.5% [31]. Future research could explore the impact of
total knee replacement with kinematic alignment on adjacent joints. Proper knee alignment
not only affects the knee joint itself, but also influences neighboring joints in a mutually
dependent relationship [43]. For example, foot posture has been found to be related to
the clinical and radiographic parameters of knee osteoarthritis. In Al-Bayati’s study, pain
and functional status were evaluated in 150 patients with knee osteoarthritis, supination,
neutrality, and pronation rates were also assessed. The results revealed that foot postural
dysfunction should be considered during the evaluation and management of patients
with knee osteoarthritis [44]. Ohi et al. performed a similar assessment by combining the
anatomical axis of patients with knee osteoarthritis and three-dimensional foot posture.
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They analyzed 88 patients and found an association between the radiographic alignment of
the knee in the frontal plane and the hallux valgus angle and the angle of the calcaneus to
the floor in patients with medial knee osteoarthritis, particularly in varus-aligned knees.
This association confirms the possible relationship between proper knee alignment and
adjacent joints and may provide insights into the pathogenesis of altered foot posture in
patients with knee osteoarthritis [45].

The present study has significant strengths. Firstly, it is one of the very few prospective
studies in the literature that evaluates the use of kinematic alignment. Secondly, there is no
other study that evaluates all the scores used in the assessment of our patients, providing
for the first time such a comprehensive evaluation of the immediate postoperative period.

There are several limitations to our study that need to be acknowledged. Firstly,
the sample size was small, and we only evaluated the clinical and functional outcomes
of KA-TKA. Not having a control group is a significant limitation, and analyzing the
same outcomes with other surgical techniques would be valuable in demonstrating the
effectiveness of kinematic alignment. Therefore, prospective future studies are crucial to
compare these results with mechanical alignment and validate our findings more robustly.
Secondly, the follow-up period was limited, and a longer follow-up would be necessary
to assess the longevity and durability of the KA-TKA technique. Nevertheless, we aimed
to gather clinical and functional evidence in the immediate postoperative period that we
observed in our patients. Due to the lack of data in the literature, we were unable to
conduct a comprehensive comparison, which could have led to greater awareness of the
best alignment technique for TKA. Therefore, the significance of our study is limited, but it
serves as a reference for future studies in this area.

The results of this study confirm that KA provides patients with a rapid postoperative
recovery and excellent clinical, psychological, and functional outcomes in a short period of
time. These findings have significant clinical relevance and should be taken into account
in the context of TKA and in the eventual choice of this surgical technique. Although this
study requires further confirmation, we consider it significant as a starting point for future
studies that may better overcome the limitations highlighted.

5. Conclusions

This study suggests that the kinematic alignment technique as a surgical treatment for
KO allows the patient a fast postoperative recovery and better clinical, psychological, and
functional results in a short time. Further studies are needed to confirm these results with
a larger sample size and prospective randomized studies are essential to compare these
results with mechanical alignment and validate our results more meaningfully.
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