





0.87-0.99), but associations between tibial and lateral
femoral cartilage defects and IPFP volume did not reach
statistical significance. After adjustment for age, sex, height,
and weight, greater IPFP volume was associated with reduced
severity of cartilage defects at all sites (Table 3).

In univariable analyses, associations between IPFP
volume and BML did not reach statistical significance at any
site. After adjustment for age, sex, height, and weight, greater
IPFP volume was associated with reduced lateral tibial and
medial femoral BML (Table 4).

In multivariable analyses, greater IPFP volume was

Figure 1. Measurement of infrapatellar fat pad (IPFP) volume (A), patellar
cartilage volume (B), and tibial cartilage volume (C). The volume of the
IPFP was measured by manually drawing disarticulation contours around
the IPFP or cartilage boundaries on a section-by-section 3-D spoiled gradient
recall magnetic resonance image. The volume was obtained by OsiriX
software.

associated with decreased grades of lateral tibiofemoral and
lateral femoral osteophytes (p < 0.05), but associations
between IPFP volume and tibial and medial femoral osteo-
phytes did not reach statistical significance (Table 4). There
were no significant associations between IPFP volume and
JSN (data not shown).

There were no interactions between IPFP volume and sex
or between IPFP volume and ROA on the outcomes (cartilage
volume, cartilage defects, BML, and osteophytes; data not
shown); therefore, males and females or subjects with and
without ROA were combined for analyses.
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Table 1. Characteristics of the participants. Participants were grouped by the median of the IPFP volume (19.1
cm?), and results were shown as mean (95% CI) or frequency (%).

Low IPFP volume, n = 88

Age, yrs 54.35 (52.64-56.06)
Males/females 1(1.1)/87 (98.9)
Height, cm 155.21 (154.26-156.16)
Weight, kg 60.39 (58.57-62.20)
BMI (kg/m?) 25.12 (24.26-25.97)
MT cartilage volume 1.10 (1.06-1.14)
LT cartilage volume 1.04 (1.00-1.09)
Patellar cartilage volume 1.61 (1.52-1.70)
Knee ROA 79 (89.8)

KL grade 1 9(10.2)

KL grade 2 40 (45.5)

KL grade 3 34 (38.6)

KL grade 4 5(.7)

MTF cartilage defect 87 (98.9)

LTF cartilage defect 87 (98.9)
Patellar cartilage defect 75 (85.2)
MTF BML 32 (364)

LTF BML 29 (33.0)
Patellar BML 49 (55.6)

High IPFP volume, n = 86 p*

56.31 (54.50-58.13) 0.104
24 (27.9)/62 (72.1) <0.001
163.15 (161.59-164.70) <0.001
69.31 (66.95-71.68) <0.001
26.04 (25.20-26.89) 0.114
1.34 (1.26-141) <0.001
1.26 (1.18-1.34) <0.001
2.26 (2.12-2.39) <0.001

76 (88.3) 0.931

10 (11.6) 0.326

38 (44.2) 0.370

28 (32.6) 0.769

10 (11.6) 0465
81(942) 0.427

84 (97.6) 0.299

68 (79.1) 0.066

26 (30.2) 0477

26 (30.2) 0.987

42 (48.8) 0.586

“t test, or chi-square test. IPFP: infrapatellar fat pad; BMI: body mass index; ROA: radiographic osteoarthritis;
MT: medial tibial; LT: lateral tibial; MTF: medial tibiofemoral; LTF: lateral tibiofemoral; KL: Kellgren-Lawrence

arthritis grading scale; BML: bone marrow lesions.

Table 2. Associations between IPFP volume and knee cartilage volume.

Univariable f3 Multivariable* 3

(95% CI) (95% CI)
Medial tibial, ml/cm?  0.03 (0.02, 0.04) 0.03 (0.02, 0.04)
Lateral tibial, ml/cm®  0.03 (0.03, 0.04) 0.03 (0.02, 0.04)

Patellar, ml/cm? 0.09 (0.08, 0.10) 0.08 (0.07,0.10)

Statistically significant numbers are in bold face. *Adjusted for age, sex,
height, and weight. Linear regression analyses were used. IPFP: infrapatellar
fat pad.

DISCUSSION

To the best of our knowledge, this is the first comprehensive
study to examine cross-sectional association between IPFP
volume and structural abnormalities in patients with knee
OA. We found consistent evidence that IPFP volume was
beneficially associated with knee structural changes, such as
increased cartilage volume, reduced cartilage defects, and
fewer BML and osteophytes. Although IPFP volume was not
significantly associated with JSN, our findings suggest that
IPFP may play a protective role in knee OA.

IPFP is a major adipose tissue in the knee joint as a part
of body fat, in close proximity to the patella. Although fat in
the body as a whole is considered an important risk factor for
OA, the role of local fat deposits such as the IPFP remains
unclear. IPFP can produce inflammatory cytokines and
adipokines including interleukin 6 and leptin'>, and secrete
more inflammatory cytokines than subcutaneous fat in
patients with OA!6; therefore, it may play a detrimental role
in knee OA.

In contrast, IPFP inhibited cartilage catabolism by
restraining the production of matrix metalloproteinase
(MMP-1), MMP-3, and collagen type II gene expression!”.
It can contribute to improving the distribution of lubricant by
enlarging the synovial area'®, and has buffering and lubri-
cating functions in the knee joint. IPFP may share some
functions of the meniscus, in reducing mechanical shocks and
friction between the patellar tendon and tibia!®. Thus, the
IPFP would have a protective effect in knee OA progression.

Han, et al'® measured IPFP maximal area using MRI, and
reported that age, height, and weight were significantly
associated with IPFP area, but BMI was not. These findings
were consistent with the findings of our study with regard to
height, weight, and BMI, but we did not find associations
between age and IPFP volume.

Chuckpaiwong, et al? studied 15 control subjects and 15
knee OA participants and reported that there was no
difference between control and OA groups in IPFP volume.
Cowan, et al*! reported that individuals with patellofemoral
joint OA (n = 35) had a larger IPFP volume than controls
(n = 11), and IPFP volume was directly related to
patellofemoral joint OA pain, suggesting that IPFP volume
may be detrimental. However, these 2 studies were limited
by small sample size. Han, et al'® reported that IPFP maximal
area was associated with increased cartilage volume at medial
and lateral tibial and patellar sites, and decreased medial and
lateral tibial cartilage defects, but not with cartilage defects
at medial and lateral femoral and patellar sites. Consistent
with these data, in the current study we found that higher
IPFP volume was associated with increased cartilage volume
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Figure 2. Scatter plot showing results of multivariable analyses, in which greater infrapatellar
fat pad volume was associated with greater total cartilage volume, which is the sum of medial
and lateral tibial cartilage volume, and patellar cartilage volume.

Table 3. Associations between IPFP volume and knee cartilage defects.

Univariable, OR
(95% CI)

Multivariable*, OR
(95% CI)

Tibial cartilage defects

Medial
Lateral
Femoral cartilage defects
Medial
Lateral
Patellar cartilage defects

0.94 (0.88, 1.00)
0.96 (0.90, 1.02)

0.93 (0.87,0.99)
0.95(0.89,1.01)
0.91 (0.85,0.97)

0.91 (0.84, 0.98)
0.90 (0.83,0.97)

0.88 (0.81, 0.95)
0.89 (0.82,0.97)
0.90 (0.83,0.97)

Statistically significant numbers are in bold face. *Adjusted for age, sex,
height and weight. Ordinal logistic regression analyses were used. IPFP:
infrapatellar fat pad.

at medial and lateral tibial and patellar sites; higher IPFP
volume was also associated with reduced cartilage defects at
medial and lateral femoral and patellar sites, as well as medial
and lateral tibial sites in patients with knee OA. These
findings indicate that IPFP may have a protective effect
against cartilage damage and loss in the whole joint in
persons with knee OA.

Osteophytes and BML are the most common subchondral
bone abnormalities in knee OA, and are closely associated
with knee pain, cartilage loss, and cartilage defects?>?3, In

our study, we reported that greater IPFP volume was
associated with reduced osteophytes and BML. Although the
associations did not all reach statistical significance, they
were consistent in direction, with deleterious associations.
These results were consistent with findings in older adults!?,
further supporting that IPFP is protective against knee
subchondral bone changes in knee OA.

Inconsistent with the previous study using IPFP maximal
area measurement!?, associations between IPFP volume and
JSN did not reach statistical significance. This may be related
to lower power for this outcome; further studies with larger
sample sizes will be required to confirm this.

A cubic centimeter greater IPFP volume was associated
with 30 to 80 cm? (0.03 to 0.08 ml) greater knee cartilage
volume, 10% to 12% reduced odds of knee cartilage defects,
9% to 12% reduced odds of medial femoral and lateral tibial
BML, and 12% reduced odds of lateral tibiofemoral osteo-
phytes. The magnitude of these associations was similar to
what we observed for increasing per cm? IPFP maximal area
in an older cohort with larger sample size!?, supporting these
findings. The reasons underlying the protective effects of
IPFP on joint structures are unclear. It may be related to some
protective biochemical factors secreted from the IPFP,
because IPFP-conditioned medium could inhibit catabolic
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Table 4. Associations between IPFP volume, knee bone marrow lesions, and
osteophytes.

Univariable, OR
(95% CI)

Multivariable*, OR
(95% CI)

Tibial bone marrow lesions

Medial 0.96 (0.89, 1.03) 0.93 (0.85,1.02)

Lateral 0.92 (0.85, 1.00) 0.88 (0.80, 0.98)
Femoral bone marrow lesions

Medial 0.95 (0.88,1.02) 0.91 (0.83,0.99)

Lateral 1.01 (0.95,1.08) 0.99 (091, 1.07)
Patellar bone marrow lesions  0.95 (0.89, 1.01) 0.97 (0.89, 1.05)
TF osteophytes

Medial 0.98 (0.92,1.04) 0.95 (0.87,1.04)

Lateral 0.97 (0.91,1.03) 0.88 (0.80,0.97)
Tibial osteophytes

Medial 1.02 (0.96, 1.08) 0.99 (091, 1.07)

Lateral 0.99 (0.93,1.05) 0.91(0.83,1.01)
Femoral osteophytes

Medial 0.95(0.88,1.01) 0.92 (0.84,1.02)

Lateral 0.92 (0.85,0.99) 0.78 (0.69, 0.89)

Statistically significant numbers are in bold face. *Adjusted for sex, age,
height, and weight. Ordinal logistic regression analyses were used. TF:
tibiofemoral; IPFP: infrapatellar fat pad.

processes in cartilage!”. Biomechanical factors, especially
abnormal mechanical loading, play important roles in the
initiation and development of knee OA. IPFP could dissipate
knee joint loads, thus reducing stress on the joint. Addi-
tionally, the IPFP is situated in close proximity to the patellar
ligament around the joint and it may reduce the instability
and injury to the joint. Based on these findings, we conclude
that IPFP volume has a beneficial rather than a detrimental
role in knee OA. Further longitudinal studies are required to
confirm these findings.

The strengths of our study are that we measured IPFP
volume in 3-D T1-weighted MRI that would more accurately
reflect IPFP size than IPFP maximal area, and the highly repro-
ducible measures of assessment used to measure study factors.

Limitations of our study include the cross-sectional study
design, rendering us unable to speculate on causal relation-
ships, and the modest sample size, which hindered our ability
to rule out associations between IPFP volume and JSN.
However, these results were consistent with data from a
recent longitudinal study, which reported that IPFP maximal
area was associated with reduced cartilage loss and cartilage
defect development in older adults?4.

Greater IPFP volume was associated with higher knee
cartilage volume and fewer advanced structural abnormal-
ities, suggesting a protective role of IPFP size in knee OA.
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