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Abstract

Purpose of the Study: This research investigates postoperative gait alterations in individuals aged 50 and above who
underwent total knee arthroplasty (TKA) at least one year ago. The study aims to fill existing gaps in literature by
comprehensively assessing various gait parameters and understanding the persistent changes in mobility following TKA.
Materials and Methods: Conducted as an observational study, 30 TKA subjects were assessed using Kinovea software for
gait parameters, including cadence, speed, step length, step width, stride length, and knee flexion angle. Statistical analysis
with MS Excel compared obtained values with established norms. Results: Significant gait parameter alterations were
observed in post-TKA subjects. These changes include decreased cadence, walking speed, step length, and stride length, along
with variations in knee flexion angle. Approximately 36.67% of participants exhibited alterations in these parameters,
highlighting the need for further understanding of mobility challenges post-TKA. Conclusion: This study contributes vital
insights into the persistent impact of TKA on gait parameters, emphasizing the complexity of postoperative mobility changes.
The observed alterations highlight the importance of tailored rehabilitation programs to enhance functional independence and
address long-term gait concerns in this patient population.
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INTRODUCTION (Kharb et al. 2011). Gait cycle starts with one

foot's heel striking the ground and ends when the

Gait, in simple terms, refers to the way a
person walks (Kharb et al. 2011). When
individuals walk, their bodies must bear the load,
provide assistance for movement, and maintain
balance to achieve the desired walking pattern.
Proper body posture is crucial to align with this
gait. Due to the significant influence of mobility
on a patient's autonomy, efforts are made to
preserve this capability despite substantial
limitations (Rana et al. 2016). Therefore, studying
the gait cycle which represents a cyclic pattern of
movement during walking becomes important

same heel touches the ground again (Levangie et
al. 2011).

The knee, one of the most injured joints in
the human body, bears a significant portion of the
total body weight during walking. When the knee
joint is severely damaged and conventional
treatments are ineffective, total knee arthroplasty
(TKA) is necessary. TKA is a cost-effective and
reliably successful procedure, particularly for
arthritis, the most common indication (Pachore et
al. 2013). It provides reliable outcomes for grade 4
degenerative osteoarthritis, alleviating pain and
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improving the quality of life (Broatzman et al.
2011; Insall et al. 1985; Varacallo et al. 2018).

Research indicates that patients with
osteoarthritis experience gait parameter alterations
due to pain, stiffness, and reduced range of motion
(Rana et al. 2016). These changes persist after
TKA, although inconsistencies in results exist,
indicating a need for further investigation
(McClelland, 2007). As the body is a kinetic chain,
the knee serves as a connection between the hip
and ankle joints (Karandikar and Vargas, 2011).
Increased severity of osteoarthritis leads to
biomechanical changes in the hip, knee, and ankle
joints (Astephen et al. 2008).

Surgeons typically use specific criteria as
indications for TKA, considering factors such as
severe daily pain, frequent rest pain, daily transfer
pain, and extensive joint space damage observed in
radiographs (Mancuso et al. 1996). The knee joint,
divided into three compartments (medial, lateral,
and patellofemoral), is commonly treated with
TKA for grade 4 osteoarthritis, where all three
compartments are replaced with monolithic
femoral and tibial components.  Single-
compartmental conditions can be managed through
partial knee arthroplasty (PKA) using various
implants (Lange et al. 2017; Varacallo 2018).

Knee implants can be either cemented or
non-cemented with most being cemented, while
others attach directly to the bone without cement.
Non-cemented designs rely on bone growth into
textured or coated implant surfaces, often modified
with hydroxyapatite to enhance bonding. Stainless
steel is not used in knee replacement implants due
to its limited ability to withstand corrosion over
time within the human body. It is better suited for
temporary applications such as fracture plates and
screws. While cobalt-chromium alloys, tough and
biocompatible, are widely used despite potential
metal particle release (Aherwar et al. 2016).
Titanium and its alloys, including Ti6AIl4V, are
popular for knee implants due to their
biocompatibility, corrosion resistance, and lower
density, mimicking natural joints and reducing
complications.  Tantalum, a flexible and
biocompatible pure metal, is used in Trabecular
Metal for bone in-growth (Levine et al. 2007).
Polyethylene, common in tibial and patellar
components, has improved wear resistance through
materials like Ultra Highly Cross-Linked
Polyethylene (UHXLPE) (Chakrabarty et al.
2015). Zirconium alloy, combined with an all-
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plastic tibial component, offers a potentially
longer-lasting and biocompatible alternative,
addressing concerns for nickel-allergic patients.
Oxinium is oxidized zirconium. It combines
ceramic and metallic properties, providing
durability with reduced friction, potentially
outlasting traditional materials like cobalt-
chromium alloys in knee implants (Mehjabeen et
al. 2018). Material choice depends on patient
needs, preferences, and surgeon expertise, with
continuous advancements in the field (Carr et al.
2009).

Physiotherapy after TKA is crucial for
preventing complications arising from bedrest and
regaining joint mobility and muscle strength. It
includes teaching safe ambulation and transfers,
reducing pain and swelling in the early post-
surgery phase, and improving joint range of
motion, muscle strength and endurance.
Physiotherapy aims to boost mood, reduce anxiety,
and restore full knee function for a return to
normal activities, ensuring functional
independence. While physiotherapy typically lasts
for three months, patients are then gradually
transitioned to a home-based protocol. However,
as patients become more comfortable with daily
activities, many discontinue the exercise routine,
emphasizing the need to study changes in gait
parameters 1 to 2 vyears after total knee
arthroplasty (Hardy et al 2007).

MATERIALS AND METHODS

This was an observational study carried out
in which alterations in gait parameters after total
knee arthroplasty were assessed.

Participants

Our study, planned as a cross sectional
research, included 30 subjects with the age of 50
years and above and who have undergone TKA at
least 1 year ago (Figurel). Individuals were chosen
based on specified criteria for inclusion and
exclusion which is given below. 2 subjects aged
between 55-59, 7 subjects aged between 60-64
years, 12 subjects aged between 65-69 years, 9
subjects aged between 70-75 years (Table 1). Out
of 30, 19 subjects were male and 11 subjects were
females. Out of 30, 6 had bilateral TKA, 15 had
right and 9 had left TKA done. Out of 30, 4
subjects had a BMI ranging betweeb 20-24
(normal BMI), 5 subjects had BMI between 25-29
(overweight), 12 subjects had a BMI between 30-
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34 (obese grade 1) (Table 1). Average height of the
participant males was 165 cm and that of female
participants was 152 cm. Out of 30, 6 subjects had
undergone TKA 12 months ago, 9 had undergone
12-18 months ago, 8 subjects had undergone TKA
18-24 months, 7 subjects had undergone TKA 24-
30 months ago at the time of assessment.

The participating subjects were informed
about the study protocol, their rights, and the
associated risks of participation before providing
written informed consent. This observation was
conducted on humans. The observational study
was accepted by Institutional Human Ethics
Committee of Krishna Institute of Medical
Sciences, “Deemed to be University,” Karad
(Protocol number-617/2022-23). The study was
carried out in  accordance  with  the
recommendations of the Declaration of Helsinki.
Additional precautions were taken by the
investigator(s) to protect the volunteers in this
study. The selected subjects were asked to walk for
a fixed distance of 3 meters and the time required
to complete the distance was recorded using a
stopwatch.

Data collection tool

Software named kinovea was used to
measure the gait parameters. Kinovea serves as a
specialized video analysis tool tailored for sports.
It offers features such as capturing, slowing down,
comparing, interpreting, and measuring motion in
videos. The tool includes a chronometer for
measuring time spans and tools like line, angle,
and goniometer for measuring distances and
angles. Precision is enhanced by the ability to
zoom in, and measurements are conducted with
subpixel accuracy, ensuring detailed and accurate
analysis. Cadence was measured by counting the
number of steps walked per minute by slowing the
frame rate and counting the steps covered by the
participants. Speed was calculated by dividing the
distance covered by the subject by the time taken
to cover it. Step length was measured by pausing
the video and then by using the tool ‘line’ in the
software, the distance between the heel of one foot
to the heel of the other foot was measured. Stride
length was calculated by multiplying the step
width by 2. Knee flexion angle during early swing
phase of the gait cycle was measured by pausing
the video at early swing phase of the gait cycle and
the tool ‘angle’ available in the kinovea software
was used where it uses goniometer to measure the
angle (Puig et al. 2019). Subjects were asked to dip
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feet in the water and walk. Step width was
measured at the assessment place by measuring the
horizontal distance between midpoint of the heel
of one foot to the corresponding point of another
foot from the obtained footprints. The obtained
values were compared with the normal standard
values.
Inclusion criterion
Subjects post total knee arthroplasty.
Subjects who have undergone TKA at least one
year ago.
Subjects with unilateral or bilateral TKA.
Both male and female subjects.
Subjects with age above 50 years.
Exclusion

Any other major injury to lower limb
Statistical analysis

It was done using MS excel and instat

statistics software. One sample t-test was used to
find out the p values of obtained findings. It was
done using MS excel and instat statistics software.
One sample t-test was used to find out the p values
of obtained findings. The findings are summarized
in a table/graph format. The analysis was done
using the kinovea software and the values were
analyzed using the software MS Excel and in stat.

criteria:

40%

W 55-59 60-64 m6570 m70-75

Figure 1. Percentage of age of participants
RESULTS

Table 1. Demographic data

Total Number Mean+SD
Age(Years) 30 67.13+5.07
BMI (kg/m2) 30 29.83+4.06

Interpretation- Cadence was measured and it
was observed that 5 subjects had a cadence below

.Page 353/ 359.




Chronic Total Knee Arthroplasty-An Observatioanal Study

the considered normal range (90 steps/min)
(p<0.0001, Table 2).
Cadence (steps/min)
70-74
75-79
80-84
85-89
90-94
95-99
100-104
Grand Total

Count of Patient

w =
Blow 2 wr or

Interpretation- Speed was measured using
the kinovea software. It was observed that 6
subjects had a considerable decrease in the speed
i.e., <0.80 m/s (p<0.0001, Table 3).

Table 3. Speed

Speed (m/s) Count of Patient
<0.65 0
0.66-0.70
0.71-0.75
0.76-0.80
0.81-0.85
0.86-0.90
0.91-0.95
>0.95

NOoO ONWEDN

Table 4. Step length

Step Length (cm) Count of Patient
<30 0
31
32
33
34
35
36
37
38
39
40
41
>41
Grand Total

N W U WINNNENROR

w
o

Interpretation- Step length was assessed
using the Kkinovea software. The unit of
measurement was centimeter (cm). It was observed
that total 4 subjects that is 1 subject with 31 cm
step length, 1 with 33 cm step length, and 2
subjects were with 34 cm step length had a
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Table 2. Cadence

considerable decrease in step length. As 35 cm is
considered normal step length (p<0.0001, Table 4).
Table 5. Step width

Step Width (cm) Count of Patient

<4 0

4 0

5 0

6 0

7 5
8 10

9 9

>10 6
Grand Total 30

Interpretation-Step width was measured
while recording the video, the subjects’ sole was
dipped in water and then the patient was asked to
walk. The foot marks left behind on the ground
were used to measure the step width. It was
observed that none of the subjects had a
considerable decline in the step width i.e., <7cm
(p<0.0001, Table 5).

Table 6. Stride length

Stride length (cm) Count of Patient

<65

67

68

69

70

71

72

73

74

75

76

77

78

79

>80
Grand Total

NUWERRPPRPNORRPNERERLREO

w
o

Interpretation-Stride length was measured
using the software kinovea. This was done by
pausing the recorded video and then using the
tools in the software to measure the distance
between the heel of one foot and the heel of the
other foot. It was observed that 5 subjects had an
altered stride length i.e., less than 70 cm.
(p<0.0001, Table 6).
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Interpretation-Knee flexion angle in swing
phase of gait cycle was assessed using the software
kinovea. The recorded video was paused with the
subjects’ knee in early swing phase and using a
tool in the software the angle formed at the knee
joint was measured. It was seen that majority
Interpretation-It was observed that 5 subjects had a
decline in their cadence. Along with all the
subjects with decreased cadence 1 more subject
had a drastic decrease in his walking speed.
Including few of the subjects with altered cadence
and speed, 2 more subjects showed a decrease in
step length. Stride length and step width were seen
altered in the few of the subjects who had
alterations in their cadence, speed and/or step
length. Along with these 8 subjects, 3 more
subjects had a decreased knee flexion angle in
early swing phase of gait cycle (Figure 2, Table 7).

Table 7. Knee flexion angle in early swing phase

Knee flexion angle in Count of Patient
early swing phase
<40
40-45
46-50
51-55
56-60
>60
Grand Total

Wy~
~Rorvro
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Figure 1. Count of subjects with parameters
changed

Table 8. Count of subjects with parameters
changed

Parameters Count of
Patient
Cadence 5
Speed 1
Step length 2
Stride length 0
Step width 0
Knee flexion angle in early 3
swing phase
Grand Total 11

It can be concluded that 36.67% (11 out of
30) (p<0.0001) subjects had some kind of
alteration in gait parameters.

Table 9. Altered gait parameters

Total number ~ Mean+SD P values
Cadence 30 94.33+6.89  <0.0001
Speed 30 0.88 £0.08  <0.0001
Step length 30 39.1£3.50  <0.0001
Step width 30 8.1+1.68 <0.0001
Stride length 30 77.7+6.28 <0.0001
Knee flexion
angle in early 30 56.76+4.77  <0.0001
swing phase
DISCUSSION

This study unfolds a comprehensive

investigation into the intricate alterations in gait
parameters among individuals who underwent
Total Knee Arthroplasty (TKA) at least one year
ago. This study aims to provide an in depth
understanding of the multifaceted impact of TKA
on walking dynamics, exploring aspects such as
structural modifications, muscle strength, and
functional outcomes.

Structural changes introduced during TKA
have a profound influence on various gait
parameters. These modifications can manifest as a
decrease in the knee flexion angle, subsequently
resulting in a reduction in step length. In this
study, alterations in step length were observed in
four subjects, suggesting a potential compromise
in the overall stride during walking. Reduced step
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length contributes to a decrease in stride length,
aligning with the changes in both parameters. This
intricate relationship between structural
modifications and their consequences on gait
parameters is consistent with existing literature,
indicating the persistence of altered gait
parameters even after the initial postoperative
period  (Baczkowicz et al, 2018). A
comprehensive understanding of these changes
necessitates an assessment of the entire gait cycle
(Andersson et al., 1981).

The reduction in cadence, contributing to a
decline in walking speed, underscores the complex
interplay  between various gait parameters
(McClelland, 2007). The research suggests that the
walking pattern persists from before surgery, even
though there is an early reduction in pain during
walking after total knee arthroplasty (Otsuki et al.,
1999). This complex relationship between
structural changes and gait alterations highlights
the multifaceted nature of the impact of TKA on
walking dynamics.

Reduced quadriceps and hamstring muscle
strength post-TKA significantly contribute to
alterations in gait parameters (Schache et al.,
2014). The impact extends beyond the operated
limb, evidenced by a progressive decrease in
strength in the non-operated lower limb (Yoshida
et al., 2012). The reduced muscle strength is
evident in the quadriceps, knee flexion angle, and
a heightened fear of falling. These factors together
contribute to a decreased walking speed following
total knee arthroplasty (Pua et al., 2017). Also
there is risk of tibial component loosening which
might contribute to decreased gait speed (Hilding
& M.B., 1996) The intricate interplay between
alterations in structure and muscle strength
underscores the nuanced character of gait changes
following total knee arthroplasty (TKA).

Knee flexion angle during the early swing
phase serves as a crucial indicator of joint mobility
and overall biomechanics during walking. The
observed alterations in nine subjects suggest
potential limitations in knee joint movement post-
TKA. While the procedure aims to restore joint
function, variations in the flexion angle indicate
persistent challenges in achieving optimal gait
mechanics. Stiffer knee during walking increases
the risk of contralateral TKA in patients who have
undergone unilateral TKA which can be related to
increased load on the contralateral knee hence it
is important to have normal gait and symmetrical
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weight bearing post TKA which further increases
the need for continuation of physiotherapy visits
after the typical rehabilitation is over. (Ritter et
al., 1994),

Despite the initial correction of static knee
alignment and a decrease in the peak varus angle
during gait six months post-TKA, these
improvements tend to diminish over time. A
correlation between the dynamic varus angle
increase and adduction moment elevation from 6
months to 1 year suggests evolving biomechanical
challenges (Orishimo et al., 2012). Biomechanical
alterations in the knee and ankle were detected
after total knee arthroplasty (Levinger et al,.
2013). Improving knee biomechanics is important
as its associated with improved quality of life in
post TKA patients (Naili et al., 2017). Even one
year after undergoing surgery, a significant
number of TKA patients exhibit no enhancement
in their walking compared to pre-operative
conditions (Rahman et al., 2015). These findings
emphasize the need for continued monitoring of
gait parameters to guide post-operative
rehabilitation and formulate effective approaches
to enhance mobility in these individuals.

Speed, an essential component of gait
analysis, demonstrated a significant decrease in six
subjects. A slower walking speed may impact
daily activities and compromise functional
independence, emphasizing the need for targeted
interventions to address this decline. While
showcasing improvement, those who experienced
total knee arthroplasty (TKA) still displayed a
reduced walking pace in comparison to the control
group. The diminished gait speed observed after
bilateral TKA was associated with suboptimal
improvements in knee biomechanics. To boost
walking speed, it is advised to integrate exercises
that strengthen the quadriceps and aim for an
expanded range of motion during walking (Ro et
al,. 2017). Participating in physical activity
improves walking performance for individuals
who have had total knee arthroplasty (Taniguchi et
al,. 2016). These findings support the study by
(Bonnefoy-Mazure et al.  2017), where
improvements in walking speed were observed one
year post-surgery.

This study also recognized the role of pain in
influencing gait dynamics. It was observed that
some patients experience some degree of pain
following TKA. The observed pain-related gait
alterations manifest as a rigid knee gait, valgus
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alignment during walking, and TKA components
slightly internally rotated (Planckaert et al., 2018).
These factors contribute to elevated patellofemoral
forces, potentially explaining unexplained pain.
Understanding the degree of pain-related gait
alterations is crucial for tailoring interventions that
address both pain management and gait
improvement in the post-TKA period. Greater
comorbidity and the existence of pain in other
joints in the lower extremities or spine consistently
negatively affected the numerical outcomes
obtained for gait parameters (Kramers-de
Quervain, et. al., 2012).

This integrated analysis of gait parameters
demonstrated that 36.67% of subjects experienced
alterations following TKA. This highlights the
importance of comprehensive rehabilitation
strategies that go beyond pain relief and structural
corrections, emphasizing the optimization of gait
dynamics. Also it was seen that patients are
reluctant to adhere to rehabilitation exercises
beyond the typical physiotherapy period,
particularly in the second year post-surgery. This
reluctance poses challenges for sustaining long-
term rehabilitation efforts and may contribute to
lasting difficulties observed six months post-TKA,
as noted by (Bade et al. 2010). Consequently, it is
crucial to develop strategies that enhance patient
adherence to rehabilitation exercises and

encourage long-term engagement with
rehabilitation protocols.
Conclusion

In conclusion, this study provides essential
insights into the persistent impact of TKA on gait
parameters, shedding light on the complex
interplay between structural changes, muscle
strength, and functional outcomes. The observed
alterations highlight the importance of tailored
rehabilitation programs that extend beyond the
typical physiotherapy period, emphasizing the
need for sustained efforts in maintaining optimal
gait mechanics.

Future research in the field should focus on
interventions that promote long-term patient
adherence to rehabilitation exercises, strategies for
minimizing pain-related gait alterations, and
approaches for optimizing biomechanics to
improve overall quality of life in individuals post-
TKA. This attempt can pave the way for more
personalized and effective therapeutic strategies,
ensuring that TKA patients achieve not only joint
restoration but also long-term functional recovery

comparable to individuals without knee issues. As
the field progresses, continued exploration of the
interplay between structural changes, muscle
strength, and gait alterations will undoubtedly
contribute to the refinement of rehabilitation
strategies, promoting an integral approach to post-
TKA care. The integration of emerging
technologies, such as wearable sensors and
advanced imaging techniques, may offer new
approaches for assessing and addressing gait
parameters in a more nuanced and personalized
manner.

Moreover, an exploration of psychosocial
factors influencing adherence to rehabilitation
exercises and long-term  engagement with
rehabilitation protocols is needed. Understanding
the patient's perspective, motivations, and potential
barriers to adherence can help in the development
of targeted interventions that match with
individual needs and preferences. Collaborative
efforts  between  healthcare  professionals,
researchers, and patients can contribute to the co-
creation of rehabilitation programs that are not
only evidence-based but also patient-centered,
encouraging a sense of ownership and
empowerment in the recovery journey.

Additionally, a longstanding perspective in
studying post-TKA gait alterations could provide
valuable insights into the course of changes over
an extended period. Long-term follow-up
assessments, spanning several years post-surgery,
would enable the identification of trends, potential
fluctuations, and the durability of interventions.
This extended timeframe would also facilitate the
exploration of age-related factors, comorbidities,
and lifestyle influences that may intersect with
post-TKA gait dynamics.

In the area of biomechanics, advancements

in technology continue to offer exciting
possibilities  for  refining  gait  analysis
methodologies.  Integration  with  artificial

intelligence and machine learning algorithms may
enhance the interpretation of complex gait
patterns, allowing for more specific and
individualized insights. The combination of
biomechanical assessments with other modalities,
such as neuroimaging or genetic profiling, could
open new avenues for understanding the
underlying mechanisms shaping post-TKA gait
alterations Moreover, collaborative efforts across
institutions and international research networks
can facilitate the merging of data from diverse
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populations. A broader and more diverse dataset
would enhance the generalizability of findings and
contribute to a more particular understanding of
the factors influencing post-TKA gait dynamics
across different demographics, cultural contexts,
and healthcare systems.

In conclusion, this study serves as a stepping
stone in understanding the complexities of post-
TKA gait alterations. As we travel across this
evolving scenario , embracing a multidimensional
and patient-centered approach is essential. By
addressing the multifaceted nature of post-TKA
gait alterations and continuously refining our
understanding through ongoing research, we can
step forward to optimizing rehabilitation strategies,
promoting enhanced functional outcomes, and
ultimately improving the overall quality of life for
individuals post-TKA.

Acknowledgment

We acknowledge the guidance of Dr. G.
Varadharajulu Dean, Krishna College of
Physiotherapy, KIMSDU, Karad and Dr. Kakade
SV, for statistical help.

Conflict of Interest

Authors declare no conflict of interest.
Ethics Statement

The interventional study was accepted by
Institutional Human Ethics Committee of Krishna
Institute of Medical Sciences, “Deemed to be
University,” Karad (Protocol number-617/2022-
23).

Author Contributions

Study Design, SBK and HAJ; Data
Collection, HAJ; Statistical Analysis, HAJ; Data
Interpretation, HAJ and SBK; Manuscript
Preparation, SBK and HAJ; Literature Search,
SBK and HAJ. All authors have read and agreed to
the published version of the manuscript.

REFERENCES

Aherwar, A., Singh, A. K., & Patnaik, A. (2016). Cobalt
Based Alloy: A Better Choice Biomaterial for Hip
Implants. Trends in Biomaterials & Artificial
Organs, 30(1).

Aherwar, A., Singh, A. K., & Patnaik, A. (2016). Cobalt
Based Alloy: A Better Choice Biomaterial for Hip
Implants. Trends in  Biomaterials & Artificial
Organs, 30(1).

Andersson, G. B., Andriacchi, T. P., & Galante, J. O. (1981).
Correlations between changes in gait and in clinical
status after knee arthroplasty. Acta Orthopaedica
Scandinavica, 52(5), 569-573.

Joshi and Kanase, Int J Disabil Sports Health Sci, 2024;7(2);351-359

Astephen, J. L., Caldwell, G. E., Deluzio, K. J., & Dunbar,
M. J. (2008). Biomechanical changes at the hip, knee,
and ankle joints during gait are associated with knee
osteoarthritis  severity. Journal of orthopaedic
research, 26(3), 332-341. [Pubmed]

Baczkowicz, D., Skiba, G., Czerner, M., & Majorczyk, E.
(2018). Gait and functional status analysis before
and after total knee arthroplasty. The Knee, 25(5),
888-896. [Pubmed]

Bade, M. J., Kohrt, W. M., & Stevens- Lapsley, J. E.
(2010). Outcomes before and after total knee
arthroplasty compared to healthy adults. Journal of
orthopaedic & sports physical therapy, 40(9), 559-
567. [Pubmed]

Bade, M. J., & Stevens-Lapsley, J. E. (2011). Early high-
intensity  rehabilitation ~ following  total  knee
arthroplasty ~ improves  outcomes. journal  of
orthopaedic & sports physical therapy, 41(12), 932-
941. [Pubmed]

Benedetti, M. G., Catani, F., Bilotta, T. W., Marcacci, M.,
Mariani, E., & Giannini, S. (2003). Muscle
activation pattern and gait biomechanics after total
knee replacement. Clinical biomechanics, 18(9),
871-876. [Pubmed]

Bonnefoy-Mazure, A., Armand, S., Sagawa Jr, Y., Suva,
D., Miozzari, H., & Turcot, K. (2017). Knee
kinematic and clinical outcomes evolution before, 3
months, and 1 year after total knee arthroplasty. The
Journal of arthroplasty, 32(3), 793-800. [Pubmed]

Brotzman, S. B., & Manske, R. C. (2012). Clinical

orthopaedic rehabilitation e-book: An evidence-based

approach-expert consult. J Can Chiropr Assoc;

56(3):234. [Pubmed]

B.C., & Goswami, T. (2009). Kbnee
implants—Review of models and biomechanics.
Materials & Design, 30(2), 398-413. [Pubmed]
Rabarty, G., Leeder, D., & Vashishtha, M. (2015).

Polyethylene in knee arthroplasty: a review. Journal
of clinical orthopaedics and trauma, 6(2), 108-112.
[Pubmed]

Hardy, S. E., Perera, S., Roumani, Y. F., Chandler, J. M., &
Studenski, S. A. (2007). Improvement in usual gait
speed predicts better survival in older adults. Journal
of the American Geriatrics Society, 55(11), 1727-
1734. [Pubmed]

Hilding, M. B. (1996). Knee joint loading and tibial
component loosening: RSA and gait analysis in 45
osteoarthritic patients before and after TKA. The
Journal of Bone & Joint Surgery British;78(1), 66-
73. [Pubmed]

Insall, J. N., Binazzi, R., Mestriner, L. A., & Soudry, M.
(1985). Total Knee Arthroplasty.  Clinical
Orthopaedics and Related Research, 192, 13-22.
[Pubmed]

Karandikar, N., & Vargas, O. O. O. (2011). Kinetic chains: a
review of the concept and its clinical applications.
Pm&r, 3(8), 739-745. [Pubmed]

Kharb, A., Dhiman, S., Jain, Y. K., & Saini, V. (2011). A
review of gait cycle and its parameters. 1JCEM
International Journal of Computational Engineering
& Management, 13, 78-83.

Carr,

.Page 358 / 359.



https://pubmed.ncbi.nlm.nih.gov/17960658/
https://pubmed.ncbi.nlm.nih.gov/29941283/
https://pubmed.ncbi.nlm.nih.gov/20710093/
https://pubmed.ncbi.nlm.nih.gov/21979411/
https://pubmed.ncbi.nlm.nih.gov/14527815/
https://pubmed.ncbi.nlm.nih.gov/28007371/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3430459/
https://www.sciencedirect.com/science/article/pii/S0261306908001647
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4411358/
https://pubmed.ncbi.nlm.nih.gov/17916121/
https://pubmed.ncbi.nlm.nih.gov/8898130/
https://pubmed.ncbi.nlm.nih.gov/3967412/
https://pubmed.ncbi.nlm.nih.gov/21871418/

Chronic Total Knee Arthroplasty-An Observatioanal Study

Kramers-de Quervain, I. A., Kdmpfen, S., Munzinger, U.,
& Mannion, A. F. (2012). Prospective study of gait
function before and 2 years after total knee
arthroplasty. The Knee, 19(5), 622-627. [Pubmed]

Lange, T., Giinther, K. P., Kopkow, C., Liitzner, J., Rataj, E.,
& Schmitt, J. (2017). What do patients expect from
total knee arthroplasty? A Delphi consensus study on
patient treatment goals. The Journal of arthroplasty,
32(7), 2093-2099. [Pubmed]

Levangie, P. K., & Norkin, C. C. (2011). Joint structure and
function: a comprehensive analysis. FA Davis.

Levine, B., Sporer, S., Della Valle, C. J., Jacobs, J. J., &
Paprosky, W. (2007). Porous tantalum in
reconstructive surgery of the knee-a review. The
journal of knee surgery, 20(03), 185-194. [Pubmed]

Levinger, P., Menz, H. B., Morrow, A. D., Feller, J. A,
Bartlett, J. R., & Bergman, N. R. (2013). Lower limb
biomechanics in individuals with knee osteoarthritis
before and after total knee arthroplasty surgery.
Journal of arthroplasty, 28(6), 994-999. [Pubmed]

McClelland, J. A., Feller, J. A., & Webster, K. E. (2007).
Gait analysis of patients following total knee
replacement: a systematic review. The Knee, 14(4),
253-263.[Pubmed]

Mancuso, C. A., Charlson, M. E., Esdaile, J. M., Johanson,
N. A., & Ranawat, C. S. (1996). Indications for total
hip and total knee arthroplasties: results of
orthopaedic surveys. Journal of arthroplasty, 11(1),
34-46. [Pubmed]

Mehjabeen, A., Qian, M., Song, T., Tang, H. P., & Xu, W.
(2018). Zirconium alloys for orthopaedic and dental
applications. Advanced Engineering Materials, 20(9),
1800207. [CrossRef]

Naili, J. E., Wretenberg, P., Lindgren, V., Iversen, M. D.,
Hedstrom, M., & Brostrom, E. W. (2017). Improved
knee biomechanics among patients reporting a good
outcome in knee-related quality of life one year after
total knee arthroplasty. BMC musculoskeletal
disorders, 18, 1-11. [Pubmed]

Orishimo, K. F., Kremenic, |. J., Deshmukh, A. J.,
Nicholas, S. J., & Rodriguez, J. A. (2012). Does
total knee arthroplasty change frontal plane knee
biomechanics during gait?. Clinical Orthopaedics
and Related Research, 470, 1171-1176. [Pubmed]

Otsuki, T., Nawata, K., & Okuno, M. (1999). Quantitative
evaluation of gait pattern in patients with
osteoarthrosis of the knee before and after total knee
arthroplasty. Gait analysis using a pressure measuring
system. Journal of Orthopaedic Science, 4(2), 99-105.
[Pubmed]

Pachore, J. A., Bhalodia, H. K. P., Thakkar, C. J,
Vaidya, S. V., & Wakankar, H. M. (2013). ISHKS
joint registry: A preliminary report. Indian Journal of
Orthopaedics, 47(5), 505. [Pubmed]

Planckaert, C., Larose, G., Ranger, P., Lacelle, M., Fuentes,
A., & Hagemeister, N. (2018). Total knee
arthroplasty with unexplained pain: new insights
from kinematics. Archives of Orthopaedic and
Trauma Surgery, 138, 553-561. [Pubmed]

) NO 0 D 1

pports Health Sci, 2024;7(2);351-359

Pua, Y. H., Seah, F. J. T, Clark, R. A., Poon, C. L. L., Tan,
J. W. M., & Chong, H. C. (2017). Factors associated
with gait speed recovery after total knee arthroplasty:
a longitudinal study. In Seminars in arthritis and
rheumatism; 46(5):544-551. WB Saunders. [Pubmed]

Puig-Divi, A., Busquets, A., Escalona-Marfil, C., Marcos-
Ruiz, D., Padullés-Chando, X., & Padullés-Riu, J. M.
(2019). Validity and reliability of the Kinovea
program in obtaining angles and distances using
coordinates in 4 perspectives. PlosOne, 14(6),
€0216448. [Pubmed]

Rahman, J., Tang, Q., Monda, M., Miles, J., & McCarthy, I.
(2015). Gait assessment as a functional outcome
measure in total knee arthroplasty: a cross-sectional
study. BMC musculoskeletal disorders;16(1), 1-9.
[Pubmed]

Rana, P., Bodwal, M., & Joshi, S. (2016). Quantitative gait
analysis in patients with knee osteoarthritis. Int J
Physiother Research, 4(5), 1684-88. [CrossRef]

Ritter, M. A., Carr, K. D., Keating, E. M., & Faris, P. M.
(1994). Long-term outcomes of contralateral knees
after unilateral total knee arthroplasty for
osteoarthritis. Journal of arthroplasty, 9(4), 347-
349. [Pubmed]

Ro, D. H., Han, H. S., Lee, D. Y., Kim, S. H., Kwak, Y. H.,
& Lee, M. C. (2018). Slow gait speed after bilateral
total knee arthroplasty is associated with suboptimal
improvement of knee biomechanics. Knee Surgery,
Sports Traumatology, Arthroscopy, 26, 1671-1680.
[Pubmed]

Schache, M. B., McClelland, J. A., & Webster, K. E. (2014).
Lower limb strength following total knee arthroplasty:
a systematic review. The Knee, 21(1), 12-20.
[Pubmed]

Taniguchi, M., Sawano, S., Kugo, M., Maegawa, S.,
Kawasaki, T., & Ichihashi, N. (2016). Physical
activity promotes gait improvement in patients with
total knee arthroplasty. Journal of arthroplasty,
31(5), 984-988. [Pubmed]

Varacallo, M., Johanson, N. A., & Luo, T. D. (2018). Total
knee arthroplasty techniques.

Yoshida, Y., Zeni Jr, J., & Snyder-Mackler, L. (2012). Do
patients achieve normal gait patterns 3 years after
total knee arthroplasty? Journal of orthopaedic &
sports  physical  therapy, 42(12), 1039-1049.
[Pubmed]

Zeni Jr, J. A., & Snyder-Mackler, L. (2010). Most patients
gain weight in the 2 years after total knee
arthroplasty:  comparison to ahealthy control
group. Osteoarthritis and Cartilage, 18 (4), 510-514.
[Pubmed]

.Page 359 / 359.



https://pubmed.ncbi.nlm.nih.gov/22300843/
https://pubmed.ncbi.nlm.nih.gov/28259490/
https://pubmed.ncbi.nlm.nih.gov/17665779/
https://pubmed.ncbi.nlm.nih.gov/23523504/
https://pubmed.ncbi.nlm.nih.gov/17531493/
https://pubmed.ncbi.nlm.nih.gov/8676117/
https://onlinelibrary.wiley.com/doi/10.1002/adem.201800207
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5361836/
https://pubmed.ncbi.nlm.nih.gov/22125248/
https://pubmed.ncbi.nlm.nih.gov/10199987/
https://pubmed.ncbi.nlm.nih.gov/24133312/
https://pubmed.ncbi.nlm.nih.gov/29322318/
https://pubmed.ncbi.nlm.nih.gov/27894727/
https://pubmed.ncbi.nlm.nih.gov/31166989/
https://pubmed.ncbi.nlm.nih.gov/25886558/
https://www.ijmhr.org/ijpr.4.5/IJPR.2016.164.html
https://pubmed.ncbi.nlm.nih.gov/7964764/
https://pubmed.ncbi.nlm.nih.gov/28849392/
https://pubmed.ncbi.nlm.nih.gov/24035477/
https://pubmed.ncbi.nlm.nih.gov/26707650/
https://pubmed.ncbi.nlm.nih.gov/23090437/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2846226/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

