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Hyperechoic and Low Morphological Changes in the Prefemoral
Fat Pad in Individuals with Knee Osteoarthritis Based on
Ultrasonographic Findings
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Background: To clarify the changes in the echo intensity (EI) in the prefemoral fat pad (PFP) and identify the relationship between the PFP and
clinical features of knee osteoarthritis (OA). Methods: Twenty-six women with knee OA (mean age: 76 years) and 17 healthy women (mean
age: 73 years) were enrolled. The Kellgren and Lawrence grading scale was used for the radiographic evaluation of knee OA. The EI of the
PFP was measured as grayscale values. The change ratio of the anteroposterior PFP length during quadriceps contraction was measured. Knee
range of motion and pain (100-mm visual analog scale) were evaluated. Results: The EI was significantly higher in the OA group than in the
healthy group (P < 0.001). The change ratio of the PFP in the OA group was significantly lower than that in the healthy group (P <0.001). The
ranges of knee flexion and extension were correlated with the EI of the PFP (both P < 0.01) and the change ratio of the PFP (both P < 0.01).
There was no significant correlation observed with knee pain. Conclusion: Hyperechoic changes and a decreased change ratio of the PFP were
observed in the patients with knee OA. High EI and decreased morphological PFP changes were associated with decreased ranges of motion.
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Conversely, a few reports have suggested the presence of PFP
impingement as a cause of anterior knee pain.’'”) However,
the mechanical and endocrinological role of the PFP is unclear.
As the PFP is an intra-articular adipose tissue located in the
knee joint, as is the IFP, it may have a negative effect on OA.
However, there are a few studies reporting a relationship of OA
with the PFP;!" hence, the role of the PFP in knee symptoms

INTRODUCTION

There are three anterior fat pads in the knee joint: infrapatellar
or Hoffa’s fat pad (IFP) located at the anterior surface of
the synovium and the inferior pole of the patella superiorly,
quadriceps fat pad (QFP), and prefemoral fat pad (PFP). The
suprapatellar joint recess, an upward extension of the knee

joint cavity, separates the QFP and PFP.[

It has recently been recognized that the obesity-related risk of
incidence and progression of knee osteoarthritis (OA) may be
conveyed not only by biomechanical factors (i.e., increased
body weight) but also by endocrinological mechanisms.?
The IFP has become a focus of OA research, as it has been
found to be a local source of leptin, interleukin-6, and other
pro-inflammatory cytokines.”!
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and structure is largely unknown. Therefore, evaluation of the
PFP, as well as the existing suprapatellar soft tissue, is important.

In recent years, ultrasonographic evaluation has been widely
used to evaluate not only morphological changes but also the
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echo intensity (EI). The EI has been reported to be able to
evaluate changes in intramuscular adipose tissue and muscle
fibers, particularly those of the skeletal muscle.l'*'* Thus,
changes in the EI have been recently evaluated. The EI may
be able to indicate biological tissue changes, and therefore, its
evaluation may reveal histological changes in the fat pad itself.

The aims of this study were to compare the EI changes in the
PFP between patients with knee OA and healthy older adults
and to clarify the relationship between the PFP and the clinical
features and structures around OA knees.

MareriaLs AND MEeTHODS

Participants

This study evaluated two groups: a group of patients with knee
OA and a control group. Twenty-six women with knee OA were
enrolled. They were diagnosed with knee OA based on clinical
knee symptoms and radiographic findings, namely, knee pain,
swelling, poor range of motion, loss of joint space, deformities,
and osteophytes. Based on the radiographic findings, cases
with a Kellgren and Lawrence (KL) grade of 2, 3, or 4 were
included.""™ Among the 26 patients, 16 had bilateral knee OA,
and 10 had unilateral knee OA. Consequently, 42 OA knees
were examined.

Seventeen healthy older women (34 knees) were classified
as the control group. In this group, individuals having any
symptoms or deformity around the knees, knee pain, orthopedic
or neuromuscular disorder in the lower limb, or any wear
or irregularity of the femoral cartilage identified through
ultrasonography were excluded.

This study was conducted in accordance with the Helsinki
Declaration (October 2008, Seoul; revised). In addition,
personal information was handled in accordance with the
Personal Information Protection Law, and participant privacy
was protected. We confirmed that the participants understood
the study’s purpose and obtained written informed consent.
This study was approved by the Akita City Hospital Ethical
Review Board in 2014 (approval number 12).

Image acquisition using ultrasonography

Quantitative ultrasonographic scans and image capture were
completed using a diagnostic sonography machine (HI VISION
Noblus, Hitachi Aloka Medical, Mitaka City, Tokyo, Japan) with
a 13-4-MHz linear array transducer and B-mode scanning. The
long axial view was obtained by placing the transducer on the
line from the anterosuperior iliac spine to the center of the patella,
and minimal pressure was applied to the transducer to limit tissue
deformation [Figure 1].1'Y In the supine position, the participants’
knees were placed on a rolled-up towel. We instructed them to
hold their thigh muscle contraction. The PFP was examined at
rest and during maximum isometric quadriceps contraction.

Image analysis of the prefemoral fat pad
We measured the echogenicity of the PFP in the long axis
view. The mean grayscale values were obtained using an

Figure 1: Long-axis PFP image. The PFP is located between the anterior
femoral surface and SB. There are osteophytes on the patellar surface
of the femur between the femoropatellar joints. SB: Suprapatellar bursa,
F: Femur, PFP: Prefemoral fat pad, *: Osteophyte

image editing program: ImagelJ (National Institutes of Health,
Bethesda, MD, USA, version 1.48).l' We selected the region
of interest for the images using the freehand tool. The grayscale
histogram values were obtained from the region of interest
within the superior and inferior surfaces of the PFP and the
lateral borders of the PFP defined by the field of view. The
mean values of all grayscale measurements were used for the
data analysis. The grayscale values ranged from 0 to 255 (scale
black = 0; white = 255). Further, the gain and focus setting
was fixed for all measurements. The anteroposterior length
of the PFP was measured as the maximum distance from the
femur to the suprapatellar bursa [Figure 2].I'Yl Thereafter, the
difference between the length at rest and during quadriceps
contraction was calculated and expressed as “the change ratio
of the PFP” using the following equation:

Change ratio of the PFP (%) = (Anteroposterior length during
contraction — anteroposterior length at rest)/anteroposterior
length at rest x 100

Assessment of the range of motion, knee pain, and
severity of osteoarthritis

The maximum knee range of flexion/extension was measured
using a standard goniometer (OG Giken, Okayama City,
Okayama, Japan), with the greater trochanter, lateral condyle
of the femur, head of the fibula, and lateral malleolus as bony
landmarks."'” The angular notation was in 5° increments.
Knee pain was evaluated using the 100-mm visual analog
scale (VAS).!'8 The participants marked the point on the scale
that indicated their most recent maximum intensity of knee pain.
Our hospital orthopedic surgeon graded the severity of knee
OA as aKL grade 2, 3, or 4 based on the radiographic findings.

Statistical analysis

Statistical analyses were performed using SPSS Statistics
ver. 21 (IBM, Chuo Ward, Tokyo, Japan). The assumption of
normality was assessed using the Shapiro—Wilk test. The EI of
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the PFP, anteroposterior length of the PFP at rest and during
quadriceps contraction, and change in the PFP ratio were
compared between the OA and normal knees using Student’s
t-test. Spearman and Pearson’s correlation coefficient (7) tests
were used to assess the relationship between the PFP variables
and clinical features (KL grade, VAS pain score, and knee range
of motion). In addition, the effect size of each difference was
obtained. The level of significance was set at P < 0.05.

ResuLts

The demographic characteristics of the study participants
are shown in Table 1. There were significant differences in
the mean age between the knee OA group (76 + 6 years) and
control group (73 + 5 years) (P = 0.019). The mean body
mass index (BMI) in the knee OA group was significantly
higher than that in the control group (26.8 + 4.49 kg/m? vs.
21.1 £ 1.9 kg/m?, P<0.001). The EI of the PFP was higher in
the knee OA group than in the control group and was whiter

Figure 2: PFP analysis. (a) Long-axis image at rest. (b) Long-axis image
during isometric contraction. (a) or (2’) the anteroposterior PFP length. The
increase in the anteroposterior length during isometric contraction was
expressed as a percentage of the anteroposterior length at rest(Change
ratio of the PFP = (a’'- a)/a). The echo intensity was measured in the
grayscale image. PFP: Prefemoral fat pad

on the screen when visualized with hyperintensity. There was
no significant difference in the anteroposterior length of the
PFP at rest between the groups. Conversely, the anteroposterior
length during contraction and the change ratio of the PFP
were shorter and lower in the knee OA group than in the
control group, respectively. In the knee OA group, the range
of extension was —11.0° + 5.5°, and the range of flexion was
129.5°+ 14.3°. The mean VAS pain score was 41.8 +25.0 mm.
Among the 42 OA knees, 13 were classified under Grade 2,
12 under Grade 3, and 17 under Grade 4.

The correlation coefficients for the EI of the PFP, anteroposterior
length of the PFP, and clinical features are listed in Table 2.
Age, BMI, the KL grade, and the VAS pain score were not
correlated with the PFP variables.

There were significant findings between the anteroposterior
length and EI of the PFP [Table 3].

Discussion

In this study, the PFP in the OA knees was visualized as
whiter areas based on the high-intensity EI observed in
comparison with that in the healthy knees. There have been
no reports regarding the quantitative evaluation of the EI of
the intra-articular fat pads around the knee joint. On magnetic
resonance imaging (MRI), patellofemoral joint degeneration
has been reported to significantly increase over 48 months
in subjects with signal alterations in the QFP, suggesting an
association between QFP abnormalities and the progression of
patellofemoral OA." Such changes in the MRI of the fat pad
were also visualized in the ultrasonographic images. Chronically
inflamed adipose tissues can lead to the development of fatty
fibrosis with associated pain, synovitis, and loss of range of
motion.?*?!l Inflammation and mechanical stress may have a
similar effect on the PFP of patients with knee OA.

Table 1: Demographic and basic differences between the patients with osteoarthritis and healthy participants

OA group (n=42) Control group (n=34) P t Effect size

Age (y) 76+6 7345 0.019 2.40 0.27
BMI (kg/m?) 26.8+4.4 21.1£1.9 <0.001 7.28 0.71
KL grade

2 (%) 13 (6) NA - - -

3 (%) 12 (38) NA - - -

4 (%) 17 (56) NA - - -
Visual analog scale pain score (mm) 52.70+£22.14 NA - - -
Knee range of motion

Flexion (°) 129.5+14.3 150.0+2.7 <0.001 —8.62 0.79

Extension (°) —11.0+5.5 0.0+0.0 <0.001 -12.79 0.89
Anteroposterior length of the PFP

Rest (mm) 5.72+1.91 5.57+2.12 0.752 0.32 0.04

Isometric contraction (mm) 6.35+2.33 8.68+3.00 <0.001 3.82 0.41

Change ratio (%) 10.55+0.15 60.88+0.38 <0.001 7.80 0.67
Echo intensity of the PFP 113.62422.11 96.13+15.94 <0.001 3.87 0.41

Comparisons between the OA and healthy knees were performed using Student’s 7-test. In addition, the effect size of each difference was obtained. Values
are presented as means=SDs. The level of significance was set at P<0.05. OA: Osteoarthritis, PFP: Prefemoral fat pad, NA: Not applicable, SD: Standard

deviation, KL: Kellgren and Lawrence
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Table 2: Relationship between the prefemoral fat pad variables and clinical assessment

Variables Range ofextension (°) Range offlexion (°) VAS pain score (mm) KL grade
Anteroposterior length of the PFP

Rest (mm) -0.111 -0.090 -0.166 -0.083
Isometric contraction (mm) 0.313%* 0.400%* —0.269 —-0.135
Change ratio (%) 0.551% 0.701%* -0.324 -0.137
Echo intensity of the PFP —0.495%* —0.354* 0.285 0.105

Spearman and Pearson’s correlation coefficient tests were used to assess the relationship between the PFP variables (echo intensity, anteroposterior length
at rest and during contraction, and change ratio) and clinical features (KL grade, VAS pain score, and knee ROM). ROM and VAS pain score: Pearson’s
correlation coefficient. KL grade: Spearman correlation coefficient. The level of significance was set at P<0.05. *P<0.01. ROM: Range of motion,

VAS: Visual analog scale, KL: Kellgren and Lawrence, PFP: Prefemoral fat pad

Table 3: Relationship between the anteroposterior length
and echo intensity of the prefemoral fat pad

Variables

Anteroposterior length

Echo intensity

Rest (mm) -0.267"
Isometric contraction (mm) —0.462*
Change ratio (%) —0.380%*

Pearson correlation coefficient: *P<0.01, 7P<0.05

The anteroposterior length of the PFP during isometric
quadriceps contraction was shorter in the OA knees than in
the healthy knees. Shibata et al.''"! reported that the change
in the anteroposterior length of the PFP during quadriceps
contraction was smaller in patients with knee OA than in older
and younger adults without OA based on ultrasonographic
findings. Since the PFP is located anterior to the distal surface
of the femur and posterior suprapatellar bursa, it prevents
direct contact between those surfaces and may also support
the motion of the suprapatellar bursa. Furthermore, individuals
with knee OA exhibited atrophic changes and dysfunctions
of the articularis genus muscle, which is assumed to retract
and elevate the suprapatellar bursa during knee extension,??
thereby preventing entrapment of the bursa between the
patella and the femur. Therefore, the PFP cannot change in
correspondence with quadriceps contraction.

There was a significant correlation between the EI of the
PFP and the knee range of motion in this study. The decrease
in the range of extension/flexion is well known as a feature
of OA knees and is considered to be attributed to articular
deformation and/or changes in the soft tissues around the knee
joint, such as the muscle, ligament, skin, and adipose tissue.
In knee OA progression, knee effusion is a common symptom
in the suprapatellar bursa and is thought to be the cause of the
decrease in knee range of flexion. Postoperative arthrofibrosis
affecting the suprapatellar bursa after total knee arthroplasty
and arthroscopy reduces knee flexion.?*?* Therefore, the high
EI of the PFP located in the deep layer of the suprapatellar
bursa indicates fibrosis, and the decreased change in the
anteroposterior length indirectly affected the decrease in the
range of motion.

Chronic knee pain is a hallmark feature of knee OA and other
joint structural abnormalities, such as bone marrow lesions,

osteophyte formation, meniscal tears, synovitis, and cartilage
defects.>>" Since the local fat pads are highly innervated,
they can be responsible for knee pain.® Borja et al.” reported
anterior knee pain that was caused by PFP impingement
within the patellofemoral joint. Roth et al.?!! reported that
a QFP mass effect was associated with anterior knee pain
in knee MRI examinations and suggested that the knee pain
could be explained by impingement caused by an enlarged
and edematous QFP. Wang et al.? reported that a QFP mass
effect and a signal intensity alteration were associated with
the Western Ontario and McMaster University OA Index. In
contrast, Tsavalas and Karantanas®®® reported that a QFP mass
effect was not significantly associated with anterior knee pain.
In this study, there was no association between the EI of the PFP
and the VAS pain score. However, some studies suggest that a
mass effect and/or signal intensity change in the intra-articular
fat pads of the knee, as identified on MRI, is related to pain.

The severity of OA (determined radiographically) was not
significantly correlated with the EI and anteroposterior length
of the PFP. There has been no report on the relationship
between signal changes and knee OA severity or progression
with regards to the PFP. Wang et al.”! reported that the
QFP mass effect and signal intensity alteration were related
not only to the Western Ontario and McMaster University
Osteoarthritis Index but also to OA, osteophyte formation, and
joint space narrowing. Relationships between intra-articular
fat pad enlargement or edema and severity of knee OA were
reported.! The IFPs of individuals with patellofemoral OA
were reported to be significantly larger than that of healthy
controls.*? In contrast, there are some reports that the IFP
size was not associated with the progression of knee OA
and knee pain,*! and the QFP mass effect was not related
to patellofemoral OA.B” A high EI and a decrease in the
anteroposterior length change in the PFP were found to be
features of knee OA; however, no association was observed
for the severity of OA. The severity of knee OA must be
determined not only by the KL grade based on radiographic
images but also by the evaluation of subchondral deformities,
cartilage defects, and bone marrow lesions based on MRI
findings.

There was a significant correlation found between the EI and
the change in the anteroposterior length of the PFP during
quadriceps contraction. Based on pathological specimens,
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the intra-articular fat pads, such as the IFP and PFP in OA
knee joints, differ from the subcutaneous adipose tissue,
smaller fat cells, and fibrous tissue, and in vascular are
increased.?* Maculé et al.3% reported that the adipose tissue
of the IFP was composed of approximately 33% fibrosis and
36% inflammatory cells. Taken together, it is considered
that one cause of the decrease in the anteroposterior length
change in the PFP is the fibrosis of the adipose tissue. The
histological changes observed in the EI and the decrease in the
anteroposterior length change in the PFP are unclear but may be
similar to the histological changes described in the IFP, which
are characterized by inflammation, swelling, hypertrophy, and
fibrosis and/or calcification.l**3” To date, there are no reports
quantifying the change in the EI of the intra-articular fat pads
using ultrasonography. Based on the results of this study, the
ultrasonic diagnostic imaging apparatus can reveal changes in
the EI of the PFP in OA knees.

Limitation

Some limitations exist in this study. First, all enrolled
participants were women, which may yield a sex bias. Second,
the EI of the PFP was not compared with MRI or pathology
findings. The reason why the EI of the PFP represents a
hyperechoic change in knee OA cannot be determined and
requires further study.

CoNncLusioN

We assessed the echogenicity and the anteroposterior length
of the PFP using ultrasonography and compared the knees of
older women with OA with those of healthy older women.
The PFPs of those with knee OA were hyperechoic and had a
decreased anteroposterior length change, which was associated
with the decrease in the knee range of motion.

Acknowledgments

We would like to thank Editage (www.editage.jp) for English
language editing and the staff in our hospital for useful
discussions.

Financial support and sponsorship

All authors have (completed the authorship disclosure form)
and declare that: NO affiliations with or involvement in
any organization or entity with any financial interest (such
as honoraria; educational grants; participation in speakers’
bureaus; membership, employment, consultancies, stock
ownership, or other equity interest; and expert testimony or
patent-licensing arrangements), or nonfinancial interest (such
as personal or professional relationships, affiliations,
knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Jacobson JA, Lenchik L, Ruhoy MK, Schweitzer ME,
Resnick D. MR imaging of the infrapatellar fat pad of Hoffa.

20.

21.

22.

23.

24.

Radiographics 1997;17:675-91.

Issa R, Griffin TM. Pathobiology of obesity and osteoarthritis:
integrating biomechanics and inflammation, Pathobiology of Aging &
Age-related Diseases 2012;2:1, DOI: 10.3402/pba.v2i0.17470.

Distel E, Cadoudal T, Durant S, Poignard A, Chevalier X, Benelli C.
The infrapatellar fat pad in knee osteoarthritis: An important source of
interleukin-6 and its soluble receptor. Arthritis Rheum 2009;60:3374-7.
Hui W, Litherland GJ, Elias MS, Kitson GI, Cawston TE, Rowan AD,
et al. Leptin produced by joint white adipose tissue induces cartilage
degradation via upregulation and activation of matrix metalloproteinases.
Ann Rheum Dis 2012;71:455-62.

Klein-Wieringa IR, Kloppenburg M, Bastiaansen-Jenniskens YM,
Yusuf E, Kwekkeboom JC, El-Bannoudi H, ef al. The infrapatellar fat
pad of patients with osteoarthritis has an inflammatory phenotype. Ann
Rheum Dis 2011;70:851-7.

Gandhi R, Takahashi M, Virtanen C, Syed K, Davey JR, Mahomed NN.
Microarray analysis of the infrapatellar fat pad in knee osteoarthritis:
Relationship with joint inflammation. J Rheumatol 2011;38:1966-72.
Gegout PP, Francin PJ, Mainard D, Presle N. Adipokines in
osteoarthritis: Friends or foes of cartilage homeostasis? Joint Bone
Spine 2008;75:669-71.

Kim YM, Shin HD, Yang JY, Kim KC, Kwon ST, Kim JM. Prefemoral
fat pad: Impingement and a mass-like protrusion on the lateral femoral
condyle causing mechanical symptoms. A case report. Knee Surg Sports
Traumatol Arthrosc 2007;15:786-9.

Borja MJ, Jose J, Vecchione D, Clifford PD, Lesniak BP. Prefemoral
fat pad impingement syndrome: Identification and diagnosis. Am J
Orthop (Belle Mead NJ) 2013;42:E9-11.

. Lapégue F, Sans N, Brun C, Bakouche S, Brucher N, Cambon Z, et al.

Imaging of traumatic injury and impingement of anterior knee fat.
Diagn Interv Imaging 2016;97:789-807.

. Shibata K, Okada K, Wakasa M, Saito I, Saito A, Takahashi Y, et al.

Ultrasonographic morphological changes in the prefemoral fat pad
associated with knee osteoarthritis. J Med Ultrasound 2018;26:94-9.

. Heckmatt JZ, Leeman S, Dubowitz V. Ultrasound imaging in the

diagnosis of muscle disease. J Pediatr 1982;101:656-60.

. Pillen S, Tak RO, Zwarts MJ, Lammens MM, Verrijp KN, Arts IM, et al.

Skeletal muscle ultrasound: Correlation between fibrous tissue and echo
intensity. Ultrasound Med Biol 2009;35:443-6.

. Reimers K, Reimers CD, Wagner S, Paetzke I, Pongratz DE. Skeletal

muscle sonography: A correlative study of echogenicity and morphology.
J Ultrasound Med 1993;12:73-7.

. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.

Ann Rheum Dis 1957;16:494-502.

. Harris-Love MO, Seamon BA, Teixeira C, Ismail C. Ultrasound

estimates of muscle quality in older adults: Reliability and comparison
of Photoshop and Image] for the grayscale analysis of muscle
echogenicity. Peer] 2016;4:e1721.

. Gogia PP, Braatz JH, Rose SJ, Norton BJ. Reliability and validity of

goniometric measurements at the knee. Phys Ther 1987;67:192-5.

. McCormack HM, Horne DJ, Sheather S. Clinical applications of visual

analogue scales: A critical review. Psychol Med 1988;18:1007-19.

. Schwaiger BJ, Mbapte Wamba J, Gersing AS, Nevitt MC, Facchetti L,

McCulloch CE, et al. Hyperintense signal alteration in the suprapatellar
fat pad on MRI is associated with degeneration of the patellofemoral
joint over 48 months: Data from the osteoarthritis initiative. Skeletal
Radiol 2018;47:329-39.

Saddik D, McNally EG, Richardson M. MRI of Hoffa’s fat pad. Skeletal
Radiol 2004;33:433-44.

Roth C, Jacobson J, Jamadar D, Caoili E, Morag Y, Housner J.
Quadriceps fat pad signal intensity and enlargement on MRI: Prevalence
and associated findings. AJR Am J Roentgenol 2004;182:1383-7.

Saito A, Okada K, Saito I, Kinoshita K, Seto A, Takahashi Y, et al.
Functional status of the articularis genus muscle in individuals with
knee osteoarthritis. ] Musculoskelet Neuronal Interact 2016;16:348-54.
Jerosch J, Aldawoudy AM. Arthroscopic treatment of patients with
moderate arthrofibrosis after total knee replacement. Knee Surg Sports
Traumatol Arthrosc 2007;15:71-7.

Millett PJ, Wickiewicz TL, Warren RF. Motion loss after ligament
injuries to the knee. Part II: Prevention and treatment. Am J Sports

.Journal of Medical Ultrasound | Volume 29 | Issue 2 | April-June 2021

109




25.

26.

27.

28.

29.

30.

Shibata, et al.: Echogenicity of prefemoral fat pad in OA

Med 2001;29:822-8.

Krasnokutsky S, Belitskaya-Lévy I, Bencardino J, Samuels J, Attur M,
Regatte R, ef al. Quantitative magnetic resonance imaging evidence of
synovial proliferation is associated with radiographic severity of knee
osteoarthritis. Arthritis Rheum 2011;63:2983-91.

Neogi T. Clinical significance of bone changes in osteoarthritis. Ther
Adv Musculoskelet Dis 2012;4:259-67.

Meredith DS, Losina E, Neumann G, Yoshioka H, Lang PK, Katz JN.
Empirical evaluation of the inter-relationship of articular elements
involved in the pathoanatomy of knee osteoarthritis using magnetic
resonance imaging. BMC Musculoskelet Disord 2009;10:133.

Lehner B, Koeck FX, Capellino S, Schubert TE, Hofbauer R, Straub RH.
Preponderance of sensory versus sympathetic nerve fibers and increased
cellularity in the infrapatellar fat pad in anterior knee pain patients after
primary arthroplasty. J Orthop Res 2008;26:342-50.

Wang J, Han W, Wang X, Pan F, Liu Z, Halliday A, et al. Mass effect and
signal intensity alteration in the suprapatellar fat pad: Associations with
knee symptoms and structure. Osteoarthritis Cartilage 2014;22:1619-26.
Tsavalas N, Karantanas AH. Suprapatellar fat-pad mass effect: MRI
findings and correlation with anterior knee pain. AJR Am J Roentgenol
2013;200:W291-6.

31.

32.

33.

34.

35.

36.

37.

Chuckpaiwong B, Charles HC, Kraus VB, Guilak F, Nunley JA.
Age-associated increases in the size of the infrapatellar fat pad in knee
osteoarthritis as measured by 3T MRI. J Orthop Res 2010;28:1149-54.
Cowan SM, Hart HF, Warden SJ, Crossley KM. Infrapatellar fat pad
volume is greater in individuals with patellofemoral joint osteoarthritis
and associated with pain. Rheumatol Int 2015;35:1439-42.
Steidle-Kloc E, Culvenor AG, Dorrenberg J, Wirth W, Ruhdorfer A,
Eckstein F. Relationship between knee pain and infrapatellar fat
pad morphology: A within- and between-person analysis from the
osteoarthritis initiative. Arthritis Care Res (Hoboken) 2018;70:550-7.
Eymard F, Pigenet A, Citadelle D, Tordjman J, Foucher L, Rose C,
et al. Knee and hip intra-articular adipose tissues (IAATs) compared
with autologous subcutaneous adipose tissue: A specific phenotype for a
central player in osteoarthritis. Ann Rheum Dis 2017;76:1142-8.
Maculé F, Sastre S, Lasurt S, Sala P, Segur JM, Mallofré C. Hoffa’s fat
pad resection in total knee arthroplasty. Acta Orthop Belg 2005;71:714-7.
Pellegrinelli V, Heuvingh J, du Roure O, Rouault C, Devulder A,
Klein C, et al. Human adipocyte function is impacted by mechanical
cues. J Pathol 2014;233:183-95.

Magi M, Branca A, Bucca C, Langerame V. Hoffa disease. Ital J Orthop
Traumatol 1991;17:211-6.

Journal of Medical Ultrasound | Volume 29 | Issue 2 | April-June 2021 -




