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Abstract. [Purpose] Abnormal anterior interval kinematics may be associated with knee pain and loss of knee
motion. We investigated the anterior interval kinematics during passive knee extension in individuals with knee os-
teoarthritis (OA). [Participants and Methods] The anterior interval space was evaluated in 13 healthy knees (healthy
group) and 11 knees with OA (knee OA group) at 30° and 15° knee flexion using ultrasonography. We measured the
angle between the anterior tibia and patellar tendon, known as the patellar tendon—tibial angle (PTTA). [Results]
The PTTA significantly increased as the angle of knee flexion decreased in the healthy group. In the knee OA group,
the PTTA did not change significantly at 30° and 15° knee flexion. The knee OA group had a considerably higher
PTTA at 30° knee flexion and a smaller amount of change in PTTA during knee angle changes than the healthy
group. However, after adjusting for age and body mass index (BMI), no significant differences were observed be-
tween groups. [Conclusions] Differences in the anterior interval kinematics during knee motion between groups
may be due to aging and high BMI. Further research is required to address most of the factors influencing these

abnormalities.
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INTRODUCTION

Knee osteoarthritis (OA) is a prevalent joint condition responsible for pain and limitations in functional ability. Knee OA
develops in 22.9% of people aged >40 years. The global prevalence of knee OA remained high from 2000 to 2020V It is a
severe problem for individuals with knee OA and the global healthcare system.

Risk factors for knee OA include obesity, aging, sex, and quadriceps muscle weakness> ). Recent studies have reported
the potential involvement of the infrapatellar fat pad (IPFP) in the progression of knee OA* %), IPFP is situated in the knee
anterior space®). The IPFP adjusts its position depending on the changes in the anterior knee space and acts as a deformable
space filler”). Therefore, to understand IPFP movement, the kinematics of the space in which the IPFP exists must be clarified.

The IPFP exists in the anterior interval®). The anterior interval is the area composed of the patellar tendon anteriorly
and the anterior border of the tibia and the transverse meniscal ligament posteriorly®). The behavior of IPFP is associated
with changes in the anterior interval space. During knee flexion, the anterior interval space decreases, and the IPFP moves
backward (emptying the space), whereas it increases with knee extension, and the IPFP moves forward (filling the space)”.
The opening and closing of the anterior interval could be impacted by the kinematics of the patellofemoral and tibiofemoral
joints'?). Degenerative changes of patellofemoral and tibiofemoral joints and limited range of motion commonly manifest
in individuals with knee OA. Therefore, the kinematics of patellofemoral and tibiofemoral joints in individuals with knee
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OA may differ from healthy knees. These deviations may also affect the kinematics of the anterior interval, and individuals
with knee OA may have a reduced ability to change the anterior interval during knee motion. However, the kinematics of the
anterior interval has not been clarified during knee movement in individuals with knee OA.

This study aimed to determine the kinematics of the anterior interval during knee movement in individuals with knee OA.
Our hypothesis is that individuals with knee OA would experience a small than average changes in the anterior interval space
occurring in response to knee motion.

PARTICIPANTS AND METHODS

This study enrolled 11 individuals with knee OA (2 males and 9 females, mean age 70.8 + 9.1 years, mean height 154.1 +
6.2 cm, mean weight 63.0 + 16.9 kg, mean body mass index [BMI] 26.4 = 6.0 kg/m?) classified as the knee OA group. They
were recruited from the patients at Soseigawadori Orthopedic Clinic and diagnosed with knee OA based on clinical knee
symptoms and radiography (Kellegren—Laurence grades 1-4)!. In the knee OA group, the more painful side was the limb to
measure in the case of bilateral knee OA. As a result, 11 knees were selected to represent the OA knee group. Individuals with
knee OA were evaluated physically, with their flexion and extension ranges of motion measured by a goniometer. Measure-
ments were performed 3 times at 1° increments. Thirteen knees from 7 healthy individuals (3 males and 4 females, mean age
34.6 + 4.5 years, mean height 167.3 = 4.3 cm, mean weight 55.4 + 8.0 kg, mean BMI 19.7 + 1.9 kg/m?) were categorized as
healthy group for comparison. Healthy individuals were recruited from the staff of the Soseigawadori Orthopedic Clinic. The
criteria for exclusion consisted of individuals who faced knee pain, have prior history of knee surgery or injury, and show
restricted knee mobility.

The research received approval from the ethics committee of the Health Sciences University of Hokkaido (#21R162156)
and it adhered to the principles of the Declaration of Helsinki. Verbal and written informed consent was obtained from all
participants before the initiation of the study.

Kinematics of the anterior interval were evaluated using ultrasonography. Measurement of patellar tendon—tibial angle
(PTTA) has been commonly used for kinematic evaluation of the anterior interval'% %13 and in recent years, measuring the
PTTA using ultrasonography has been reported as a reliable method'? 3. Ultrasonography was performed using a FC1-X
(Fuyjifilm Corp., Tokyo, Japan) along with the L15-6 linear probe. One researcher (H.K.) evaluated the ultrasonic data.
Because abnormal kinematics in the anterior interval result in a loss of terminal knee extension®), previous research has evalu-
ated the PTTA from 30° of knee flexion to full knee extension!?. However, because in individuals with knee OA, it is difficult
to obtain measurements at 0° of knee flexion due to knee flexion contracture, for both groups, the knee flexion angles used for
measurement were 30° and 15° of flexion. The participants were instructed to lie supine on the bed. The angle of knee joint
was adjusted to the desired position with the popliteal fossa set up on a pillow. A goniometer was used to evaluate the flexion
angle of the knee joint. Participants were instructed to remain at rest because contractions of quadriceps muscles might affect
measurements of the knee’s anterior soft tissue dynamics'¥. The IPFP, anterior tibia, and patellar tendon were scanned with
the probe positioned along the patellar tendon’s natural trajectory (Fig. 1). Three separate, high-quality ultrasound images
were taken each set of measurements. The probe was held firmly against the patellar tendon and the proximal tibia by manual
pressure.

Fig. 1. Ultrasound image of the anterior interval.
AT: anterior border of the proximal tibia; IPFP: infrapatellar fat pad; PT: patellar tendon; TT: tibial tuberosity.
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Data obtained from the ultrasonographic images were uploaded to a computer and analyzed using the ImageJ software
(https://imagej.nih.gov/ij/). The outcome was the PTTA!% 13 which is the angle made by the anterior border of the tibia and
inferior border of patellar tendon (Fig. 2). On ultrasonography, the patellar tendon showed a typical fibrillar pattern'>, which
was used as an indicator to identify the anatomical boundary between the IPFP and inferior border of patellar tendon. The
anterior interval space is reflected in the PTTA, with a larger angle indicating greater space and a smaller angle indicating
lesser space. The PTTA at each knee flexion angle and its amount of change were examined. Amount of change in PTTA was
calculated by subtracting the PTTA at 30° knee flexion from the PTTA at 15° knee flexion. The PTTA analysis by Image-J
was conducted by the same examiner (H.K.) who took the ultrasonography measurements, resulting in unblinded analysis
data.

R version 2.8.1 (R Foundation, Vienna, Austria) was used for statistical analyses. Intergroup differences in the number of
male and females were compared using the ? test. Participants’ age, height, weight and BMI in each group were compared
using unpaired t-test or Mann—Whitney U-test based on the normality of the data. In intragroup comparisons, the effect of
change in knee angle on PTTA was examined. The paired t-test was used for statistical analysis. Between groups, the PTTA
at each knee flexion angle and the amount of change in PTTA were compared using an unpaired t-test. The mean value of the
three experimental results was used for the analysis. Each t-test was conducted after the normality of the data was confirmed
by the Shapiro—Wilk test. For items showing significant results in the unpaired t-test for PTTA at each knee flexion angle
and the amount of change in PTTA, an analysis of covariance (ANCOVA) was conducted with age and BMI as covariates.
This was done to reduce the potential impact of age and BMI on the between-group comparisons. Height and weight values
were excluded as covariates because they are reflected in BMI. For each statistical studies, the alpha level was fixed at 0.05.
To confirm the reliability of the PTTA measurement, we calculated the intraclass correlation coefficient (ICC) for types (1,
3), as well as the standard error of measurement (SEM) and 95% confidence interval (CI). The ICC is used to assess the
relative reliability of the measurement, with values ranging from <0.50 for poor reliability, 0.50—0.75 for moderate reliability,
0.75-0.90 for good reliability, and >0.90 for excellent reliability'®. ICC was calculated from PTTA values measured three
times in all participants of both groups at each knee joint angle. SEM, indicative of the absolute reliability of the measure-
ment, was calculated using the formula: SEM=standard deviation (SD) x V1 —ICC!?. Furthermore, the 95% CI for SEM was
calculated as follows: 95% CI for SEM=mean value of the three experimental results in each group + 1.96 x SEM!7).

RESULTS

Table 1 shows the basic characteristics in both groups. The knee OA group was significantly shorter in stature, had a higher
BMI, and was older than the healthy group. Results of the %2 test showed no significant difference in the number of male or
females between the groups.

Table 2 shows the ICC values for types (1, 3), SEM and its 95% CI. At 30° knee flexion, the ICC (1, 3) for the PTTA was
0.97 (95% CI: 0.94-0.99), and at 15° knee flexion, it was 0.95 (95% CI: 0.90-0.98). In the healthy group, the 95% CIs for
SEM of the PTTA were 31.3-35.1° at 30° knee flexion and 36.6-41.3° at 15° knee flexion. In the knee OA group, the 95%
CIs for SEM of the PTTA were 36.1-40.0° at 30° knee flexion and 38.0—42.7° at 15° knee flexion.

Fig. 2. Patella tendon—tibial angle (PTTA) measurement.
The PTTA was measured as the angle between the anterior border of the proximal tibial epiphysis and the patellar tendon.
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The PTTAs for the both groups are presented in Table 3. The healthy group had PTTAs of 33.2 + 5.8° and 39.0 £ 6.1° at
30° and 15° knee flexion, respectively. The PTTA rose significantly in the healthy group from 30° to 15° knee flexion. At 30°
and 15° of knee flexion, the PTTAs were 38.1 + 4.6° and 40.3 + 3.8°, respectively, in the knee OA group. In this group, the
PTTA did not change significantly when the knee angle varied. For intergroup comparisons, PTTA at 30° knee flexion was
significantly higher in the knee OA group. There was no substantial difference in the PTTA at 15° knee flexion between the
groups. From 30° to 15° knee flexion, the amount of change in PTTA was significantly less in the knee OA group compared
to the healthy group. However, the ANCOVA results revealed no significant difference in PTTA at 30° knee flexion or the
amount of change in PTTA between the groups.

Table 1. Basic data for both groups

Knee OA group Healthy group

Male 2 3
Female 9 4
Age (years) 70.8+9.1 34.6 £ 4.5%*
Height (cm) 154.1£6.2 167.3 £ 4.3%*
Weight (kg) 63.0+16.9 554+8.0
BMI (kg/m?) 264 +£6.0 19.7+£1.9*
Kellgren—Lawrence grade grade 1 0 -

grade 2 1 -

grade 3 7 -

grade 4 3 -
Range of motion Knee flexion (°) 126.0 + 15.3 -

Knee extension (°) -9.0+£4.2 -

The age, BMI, and knee range of motion values are presented as means + standard deviations.
Negative values for knee extension range of motion indicate the presence of flexion contracture.
*Unpaired t-test p<0.05, **Unpaired t-test p<0.01.

Mann-Whitney U test p<0.05, ffMann-Whitney U test p<0.01.

OA: osteoarthritis; BMI: body mass index.

Table 2. Intraclass correlation coefficient, standard error of measurement and its 95% coefficient interval at the patellar tendon-tibial
angle for each knee angle

Knee flexed at 30° Knee flexed at 15°
ICC (95% CI) 0.97 (0.94-0.99) 0.95 (0.90-0.98)
SEM 0.97 1.20
SEM for 95% CI in PTTA Healthy group 31.3-35.1 36.6—41.3
Knee OA group 36.1-40.0 38.0-42.7

CI: confidence interval; ICC: intraclass correlation coefficient, PTTA: patella tendon—tibial angle; OA: osteoarthritis.

Table 3. Patellar tendon-tibial angle for each knee angle and its amount of change in both groups

Healthy group (n=13) Knee OA group (n=11)
Knee flexed at 30° Knee flexed at 15° Amount of change Knee flexed at 30° Knee flexed at 15° Amount of change
PTTA (°) 332+58 39.0 + 6.1%* 5.8+42 38.1 + 4.6 40.3+3.8 2.3+34f

Values are presented as means =+ standard deviations.

The effect of different knee flexion angles on PTTA was examined using paired t-tests in intragroup. PTTA at each knee flexion angle
and the amount of change in PTTA was compared between groups using an unpaired t-test. Comparisons were made by ANCOVA
adjusted for age and BMI for items that were considerably different by the unpaired t-test.

*paired t-tests p<0.05, **paired t-tests p<0.01.

funpaired t-test p<0.05, ffunpaired t-test p<0.01.

SANCOVA p<0.05, SANCOVA p<0.01.

PTTA: patella tendon—tibial angle; OA: osteoarthritis, ANCOVA; analysis of covariance.

501



DISCUSSION

To the best of our knowledge, only a few studies have investigated the kinematics of the anterior interval in individuals
with knee OA. Consistent with our hypothesis, the knee OA group showed less change in the PTTA with changes in knee joint
angle. Given that there was no discernible difference in the number of males and females between the groups, it suggests that
gender had little impact on the study’s findings. However, based on the ANCOVA results, it was concluded that the abnormal
kinematics of anterior interval demonstrated by individuals with knee OA were influenced not only by the knee OA condition,
but also by age and BMI.

In this study, young healthy adults were used as control group. The kinematics of the anterior interval in individuals with
knee OA have rarely been examined and must first be characterized in comparison with the normal knee. Some elderly indi-
viduals are asymptomatic; however, they develop deformities of the knee joint as can be observed in radiographic images'®.
Ethical considerations make it difficult to X-ray knee joints in asymptomatic individuals. Therefore, using age-matched
asymptomatic older adults as the healthy knee group for comparison with knee OA group is not optimal, as it is unclear
whether they have knee joint deformities on radiography. Hence, young healthy adults were recruited as a control group in
this study to compare knee OA with knees in optimal condition. Due to ethical constraints, radiographs were not obtained in
the healthy group, and the presence of knee joint deformity was not definitively confirmed. The healthy group in this study
had an average age of 34.6 + 4.5 years, with a reported low prevalence of knee OA in the 30s at 2.5%". Furthermore, the
healthy group did not have obesity or a history of knee injury, which are well-known risk factors for developing knee OA2).
Furthermore, no one in this group reported experiencing knee pain during daily activities. Therefore, it seems reasonable to
assume that the healthy group’s knee joints have not developed any deformities and are in good condition.

In this study, the ICC (1, 3) was used as an index to evaluate the intra-rater reliability of measurements. The results showed
an ICC (1, 3) greater than 0.9 at each knee angle, indicating excellent intra-rater reliability in the ultrasonographic measure-
ment of the PTTA. The 95% CI for SEM is interpreted as the boundary within which the true value is expected to exist 95%
of the time!”). In the healthy group, PTTA increased significantly by 5.8° from 30° to 15° of knee flexion. The lack of overlap
in the 95% CI of the SEM between 30° and 15° knee flexion in healthy group indicates the ability to detect changes beyond
the margin of error. Therefore, the PTTA measurement in this study was deemed sufficiently reliable.

This study results showed that the kinematics of the PTTA during knee angle change differed between the knee OA and
healthy groups. In the healthy group, the PTTA significantly increased from 30° to 15° knee flexion. This result is consistent
with those of the previous studies and suggests that the space of the anterior interval widens with knee extension® !9, The
PTTA did not change significantly in the knee OA group as the knee angle varied. Furthermore, the amount of change in
PTTA was smaller than in that in the healthy group during knee motion. This may reflect that the area of the anterior interval
expansion is inhibited at knee extension in the knee OA group. However, there was no significant difference in change of
PTTA during knee motion between groups in the ANCOVA results, after controlling for the effects of age and BMI. This
finding suggests that old age and high BMI can influence the change in PTTA during knee motion in the knee OA group.
A previous study indicated that the mechanics of the anterior interval could be influenced by the kinematics of both the
patellofemoral and tibiofemoral joints!?). Age-related changes in connective tissue, resulting in increased its stiffness'?. This
increase in connective tissue stiffness, especially if it occurs around the anterior knee, may induce kinematic abnormalities
of the patellofemoral joint. Furthermore, it has been reported that obesity can exacerbate joint degeneration due to increased
joint load, adipose tissue inflammation, and impaired lipid metabolism??. The degenerative changes in the knee joint associ-
ated with such a high BMI may cause abnormal kinematics in both the patellofemoral and tibiofemoral joints, influencing
the kinematics of the anterior interval. Hence, it can be inferred that older age and higher BMI may contribute to abnormal
mechanics in the anterior interval, resulting from altered knee joint kinematics.

According to the results of the unpaired t-test, the knee OA group had a significantly higher PTTA at 30° knee flexion
than the healthy group. However, after using ANCOVA to adjust for age and BMI, no significant difference was found in this
comparison. This suggests that the elevation of PTTA at 30° knee flexion was influenced by age and BMI. Chuckpaiwong
et al. found that IPFP volume correlated with age in individuals with knee OA2Y. In addition, Burda et al. noted that BMI
related to the IPFP volume??). Thus, aging and high BMI may have increased IPFP size in the knee OA group in this study.
The anterior interval could be expanded to accommodate this augmented IPFP, which could then be stored within the anterior
knee space. As a result, PTTA at 30° knee flexion would have been higher in the knee OA group in a comparison that did not
adjust for age and BMI. Optimal mobility of the patella and surrounding connective tissues may be critical for increasing
space of anterior knee. However, the presence of knee flexion contracture in the knee OA group may have limited patellar and
surrounding connective tissues mobility as the knee joint approached full extension, preventing anterior interval widening.
Therefore, this is thought to be the reason for the lack of significant differences in PTTA at 15° of knee flexion by unpaired
t-tests.

Based on our findings, we can conclude that kinematic abnormalities in the anterior interval may occur in the knee OA
group because of old age and high BMI, in addition to the presence of knee OA. Abnormal kinematics of the PTTA may
influence pain and range of motion of the knee joint. Steadman et al. described the findings of arthroscopic surgical release
in individuals with the anterior interval scarring®. The IPFP is immobile during knee motion when the anterior interval has
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closed because of a scar. Following the surgical removal of the scar, symptoms (knee pain and restricted knee extension) in
most patients were alleviated®. The anterior interval structures must be opened and closed during knee movement so that
the IPFP moves normally and impingement can be avoided!?). Therefore, the kinematic abnormalities of the anterior interval
observed in the knee OA group may inhibit IPFP movement and contribute to pain in the anterior knee and limited range
of motion. Further research is needed to elucidate the multifaceted factors contributing to the kinematic aberrations in the
anterior interval among individuals with knee OA.

This study has several limitations. First, the healthy and knee OA groups were not matched for age or BMI. Although an
ANCOVA was used to adjust for the effects of age and BMI, the optimal study design was to match the age and BMI of the
control and knee OA groups. However, it is ethically difficult to identify knee deformities radiographically in healthy older
adults. Thus, comparing the knee OA group solely with an age- and BMI-matched control group does not fully elucidate the
impact of knee OA on anterior interval kinematics. Therefore, future studies should compare three groups: a knee OA group,
a group of healthy older adults matched for age and BMI with the knee OA group, and a group of healthy younger adults.
This approach will help clarify the kinematics of the anterior interval in individuals with knee OA, while accounting for the
effects of age and BMI. Second, no comparison was made to the severity of knee OA. Because pathological changes on IPFP
are associated with the severity of knee OA?%, the kinematics of the anterior interval may differ depending on its severity.
Therefore, the best study design was to standardize the Kellegren—Laurence grades within the knee OA group and investigate
the kinematics of the anterior interval in individuals with knee OA, while controlling for the impact of knee OA grade.
Unfortunately, the sample size in the knee OA group was insufficient to compare OA grades. Consequently, future research
should focus on increasing the sample size, ensuring that Kellegren—Laurence grades are unified and accounting for the effect
of knee OA severity. Third, this study was not blinded, which could have introduced bias and influenced the results. Last, the
study results cannot be adapted to weight-bearing conditions. Dragoo et al. reported that the change in the PTTA with knee
motion was reduced in weight-bearing conditions than in non-weight-bearing conditions!?. In the future, whether differences
in measurement conditions affect the kinematics of anterior interval in individuals with knee OA must be elucidated.

Finally, individuals with knee OA showed differences in the kinematic characteristics of the anterior interval compared to
healthy young adults. However, these disparities are due to more than just knee OA; they also include aging and high BMI.
Future research is needed to identify most issues that cause kinematic abnormalities in the anterior interval.

Conference presentation
Part of this research was presented at the 11th Annual Meeting of the Japanese Society of Musculoskeletal Physical
Therapy.

Funding
This study received no funding.

Conflict of interest
None of the authors have any conflict of interest to declare.

REFERENCES

1) Cui A, Li H, Wang D, et al.: Global, regional prevalence, incidence and risk factors of knee osteoarthritis in population-based studies. EClinicalMedicine,
2020, 29-30: 100587. [Medline] [CrossRef]

2)  Silverwood V, Blagojevic-Bucknall M, Jinks C, et al.: Current evidence on risk factors for knee osteoarthritis in older adults: a systematic review and meta-
analysis. Osteoarthritis Cartilage, 2015, 23: 507-515. [Medline] [CrossRef]

3) Slemenda C, Brandt KD, Heilman DK, et al.: Quadriceps weakness and osteoarthritis of the knee. Ann Intern Med, 1997, 127: 97-104. [Medline] [CrossRef]

4) Distel E, Cadoudal T, Durant S, et al.: The infrapatellar fat pad in knee osteoarthritis: an important source of interleukin-6 and its soluble receptor. Arthritis
Rheum, 2009, 60: 3374-3377. [Medline] [CrossRef]

5)  Clockaerts S, Bastiaansen-Jenniskens YM, Runhaar J, et al.: The infrapatellar fat pad should be considered as an active osteoarthritic joint tissue: a narrative
review. Osteoarthritis Cartilage, 2010, 18: 876—882. [Medline] [CrossRef]

6)  Gallagher J, Tierney P, Murray P, et al.: The infrapatellar fat pad: anatomy and clinical correlations. Knee Surg Sports Traumatol Arthrosc, 2005, 13: 268-272.
[Medline] [CrossRef]

7)  Vera-Pérez E, Sanchez-Bringas G, Ventura-Rios L, et al.: Sonographic characterization of Hoffa’s fat pad. A pilot study. Rheumatol Int, 2017, 37: 757-764.
[Medline] [CrossRef]

8)  Steadman JR, Dragoo JL, Hines SL, et al.: Arthroscopic release for symptomatic scarring of the anterior interval of the knee. Am J Sports Med, 2008, 36:
1763-1769. [Medline] [CrossRef]

9)  Stephen JM, Sopher R, Tullie S, et al.: The infrapatellar fat pad is a dynamic and mobile structure, which deforms during knee motion, and has proximal exten-
sions which wrap around the patella. Knee Surg Sports Traumatol Arthrosc, 2018, 26: 3515-3524. [Medline] [CrossRef]

10) Dragoo JL, Phillips C, Schmidt JD, et al.: Mechanics of the anterior interval of the knee using open dynamic MRI. Clin Biomech (Bristol, Avon), 2010, 25:
433-437. [Medline] [CrossRef]

11) Kellgren JH, Lawrence JS: Radiological assessment of osteo-arthrosis. Ann Rheum Dis, 1957, 16: 494-502. [Medline] [CrossRef]

503


http://www.ncbi.nlm.nih.gov/pubmed/34505846?dopt=Abstract
http://dx.doi.org/10.1016/j.eclinm.2020.100587
http://www.ncbi.nlm.nih.gov/pubmed/25447976?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2014.11.019
http://www.ncbi.nlm.nih.gov/pubmed/9230035?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-127-2-199707150-00001
http://www.ncbi.nlm.nih.gov/pubmed/19877065?dopt=Abstract
http://dx.doi.org/10.1002/art.24881
http://www.ncbi.nlm.nih.gov/pubmed/20417297?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2010.03.014
http://www.ncbi.nlm.nih.gov/pubmed/15678298?dopt=Abstract
http://dx.doi.org/10.1007/s00167-004-0592-7
http://www.ncbi.nlm.nih.gov/pubmed/28132101?dopt=Abstract
http://dx.doi.org/10.1007/s00296-016-3647-4
http://www.ncbi.nlm.nih.gov/pubmed/18753680?dopt=Abstract
http://dx.doi.org/10.1177/0363546508320480
http://www.ncbi.nlm.nih.gov/pubmed/29679117?dopt=Abstract
http://dx.doi.org/10.1007/s00167-018-4943-1
http://www.ncbi.nlm.nih.gov/pubmed/20189271?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2010.01.011
http://www.ncbi.nlm.nih.gov/pubmed/13498604?dopt=Abstract
http://dx.doi.org/10.1136/ard.16.4.494

12)

13)

14)

15)

16)

17)
18)

19)

20)

21)

22)

23)

Kawaji H, Aoki M, Yamane M, et al.: Ultrasonographic evaluation of morophogical changes in the infrapatella fat pad during knee extension. ] Musculoskelet
Res, 2022, 25: 2250021. [CrossRef]

Kinosita T, Wakino M, Shiroishi M et al.: Relation between changes in knee flexion angle and patellar tendon-tibial angle: prediction of infrapatellar fat pad’s
movement by ultrasonography. J Compr Physiother Res, 2021, 1318 (in Japanese).

Naredo E, Canoso JJ, Yinh J, et al.: Dynamic changes in the infrapatellar knee structures with quadriceps muscle contraction. An in vivo study. Ann Anat,
2021, 235: 151663. [Medline] [CrossRef]

Nishida Y, Nishino T, Tanaka K, et al.: An objective measure of patellar tendon thickness based on ultrasonography and MRI in university athletes. J Clin Med,
2021, 10: 1-7. [Medline] [CrossRef]

Koo TK, Li MY: A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med, 2016, 15: 155-163. [Medline]
[CrossRef]

Weir JP: Quantifying test-retest reliability using the intraclass correlation coefficient and the SEM. J Strength Cond Res, 2005, 19: 231-240. [Medline]
Muraki S, Oka H, Akune T, et al.: Prevalence of radiographic knee osteoarthritis and its association with knee pain in the elderly of Japanese population-based
cohorts: the ROAD study. Osteoarthritis Cartilage, 2009, 17: 1137-1143. [Medline] [CrossRef]

Zullo A, Fleckenstein J, Schleip R, et al.: Structural and functional changes in the coupling of fascial tissue, skeletal muscle, and nerves during aging. Front
Physiol, 2020, 11: 592. [Medline] [CrossRef]

Thijssen E, van Caam A, van der Kraan PM: Obesity and osteoarthritis, more than just wear and tear: pivotal roles for inflamed adipose tissue and dyslipidae-
mia in obesity-induced osteoarthritis. Rheumatology (Oxford), 2015, 54: 588—600. [Medline] [CrossRef]

Chuckpaiwong B, Charles HC, Kraus VB, et al.: Age-associated increases in the size of the infrapatellar fat pad in knee osteoarthritis as measured by 3T MRI.
J Orthop Res, 2010, 28: 1149—1154. [Medline] [CrossRef]

Burda B, Steidle-Kloc E, Dannhauer T, et al.: Variance in infra-patellar fat pad volume: does the body mass index matter? Data from osteoarthritis initiative
participants without symptoms or signs of knee disease. Ann Anat, 2017, 213: 19-24. [Medline] [CrossRef]

Liu Z, Wu J, Xiang W, et al.: Correlation between the signal intensity alteration of infrapatellar fat pad and knee osteoarthritis: a retrospective, cross-sectional
study. J Clin Med, 2023, 12: 1-12. [Medline] [CrossRef]

J. Phys. Ther. Sci. Vol. 36, No. 9, 2024 504


http://dx.doi.org/10.1142/S021895772250021X
http://www.ncbi.nlm.nih.gov/pubmed/33387611?dopt=Abstract
http://dx.doi.org/10.1016/j.aanat.2020.151663
http://www.ncbi.nlm.nih.gov/pubmed/34575211?dopt=Abstract
http://dx.doi.org/10.3390/jcm10184092
http://www.ncbi.nlm.nih.gov/pubmed/27330520?dopt=Abstract
http://dx.doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/15705040?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19410032?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/32670080?dopt=Abstract
http://dx.doi.org/10.3389/fphys.2020.00592
http://www.ncbi.nlm.nih.gov/pubmed/25504962?dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keu464
http://www.ncbi.nlm.nih.gov/pubmed/20225314?dopt=Abstract
http://dx.doi.org/10.1002/jor.21125
http://www.ncbi.nlm.nih.gov/pubmed/28552637?dopt=Abstract
http://dx.doi.org/10.1016/j.aanat.2017.04.004
http://www.ncbi.nlm.nih.gov/pubmed/36835867?dopt=Abstract
http://dx.doi.org/10.3390/jcm12041331

