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Abstract

The infrapatellar fat pad plays a biomechanical role in the knee joint. After knee injury or sur-

gery, its dynamics decrease because of an inflammatory response. Physical therapy might

be one of the valuable treatments for the recovery of knee joint mobility. This study aimed to

evaluate the immediate effect of physical therapy on the dynamics of the infrapatellar fat

pad in healthy participants using ultrasonography. In this prospective, single-blind, rando-

mised controlled trial, 64 healthy young participants were enrolled and randomly assigned

to one of the following three interventions: manual therapy, hot pack treatment, and control.

Ultrasound images of the infrapatellar fat pad were obtained before and after the interven-

tion. The thickness change ratio of the infrapatellar fat pad was calculated to compare the

changes between and within groups before and after the intervention. No significant inter-

group differences were observed. The effect sizes were relatively small. Manual therapy or

hot pack intervention might not have an immediate effect on infrapatellar fat pad flexibility in

healthy participants. Thus, it is necessary to consider more intensive treatments to change

the dynamics of the infrapatellar fat pad.

Introduction

The infrapatellar fat pad (IPFP) is one of the four fat pads around the knee joint [1]. The IPFP

is an intracapsular extra synovial structure [2]. Its role is thought to be biomechanical; it causes

flexible deformation in knee joint motion, distributes pressure across the patellofemoral joint,

and supports patellar stability [3, 4]. In patients with knee joint diseases, such as anterior cruci-

ate ligament injury, the IPFP shows reduced flexibility [5]. Decreased flexibility of the IPFP is

also associated with clinical symptoms, such as limited range of motion and anterior pain in

the knee joint [6, 7]. Therefore, it is clinically important to maintain normal flexibility of the

IPFP or recover the movement once it is reduced.

Several randomised controlled trials and a few meta-analyses have investigated therapeutic

interventions for the IPFP [8]. However, most of these have focused on surgical rather than on

conservative treatment. Numerous reports have compared the clinical outcomes of total knee

arthroplasty with and without resection of the IPFP [9]. In terms of non-surgical treatment, other
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interventional studies have reported that the IPFP is a source of stem cells in stem cell therapy

[10]. In clinical practice, the meagre presence of pain symptoms caused primarily by the IPFP is

not an indication for surgical treatment such as IPFP resection. Conservative therapy is generally

the first choice of treatment for these patients. Physical therapy, taping, strength training, gait

training, injections, and manual therapy have been reportedly useful in conservative treatment

for such patients [11, 12]. However, these interventions are often dependent on expert opinion.

To date, there have been few reports on conservative clinical treatments for improving flexi-

bility and lesions of the IPFP, which are associated with anterior knee pain [7]. Conservative

treatment, such as physical therapy, is an option for anterior knee pain [13, 14]. However, no

studies have so far examined the effects of physical therapy intervention on the IPFP. Thus,

this study aimed to evaluate the immediate effects of physical therapy on the dynamics of the

IPFP in healthy participants using ultrasonography (US).

Materials and methods

Study design

This study was a single-blind, single-centre, pre-post evaluation, parallel randomised controlled

trial. Sixty-five participants enrolled were healthy students from the university’s medical school

recruited between September 2020 and December 2020 through on-campus announcement

boards. A block randomisation method was used to assign all eligible participants to one of

three groups by the evaluator: manual therapy group, hot pack group, or control group

(Table 1). The exclusion criteria were as follows: (1) sensory disorders in their lower limbs; (2) a

history of neurological or orthopaedic diseases of the spine and/or lower limbs; and (3)

restricted knee joint extension or hypermobility for some reason. The intervener and evaluator

operated independently. Another investigator was assigned to analyse the data. A prospective,

randomised, open-blinded end-point study protocol was adopted for controlling information

bias [15]. In other words, the data analyst was not informed about the groups to which the par-

ticipants were allocated. All participants provided their informed consent. The study conformed

to the Declarations of Helsinki and was approved by the institution’s medical research ethics

committee. Our research protocol was registered on UMIN-CTR (trial number:

UMIN000040075). Our data collection started on October 1 and ended on November 5, 2020.

Interventions

Manual therapy group. The participant was placed in a supine position and asked to

relax both lower limbs. The examiner alternately pressed the IPFP of the participant from the

lateral side to the medial side with as much pressure as possible and with a steady rhythm. The

strength of the pressure toward the IPFP was such that the dynamics of the IPFP could be pal-

pated with the other side finger. The examiner performed manual therapy for 3 min, consider-

ing the practical intervention in a clinical setting.

Hot pack group. The examiner performed the treatment using a hot pack (PE-26N, Yaesu

Corporation, Takamatsu, Japan). The intervention time was set at 10 min, considering the prac-

tical intervention in clinical settings. The skin temperature was measured and monitored using

a dermatometer before and after the intervention to confirm safety and the heat effect.

Control group. The participants were asked to relax their limbs for 10 min.

Measurements and procedures

The weight, height, and body mass index were obtained at baseline. US data were obtained at

baseline and after the interventions.
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Measurements were made only on the right knee of the participants. US was performed

with the participants placed in the sitting position, using a 5–18-MHz linear transducer (ARI-

ETTA Prologue, Hitachi Aloka Medical, Tokyo, Japan). The thickness of the superficial part of

the IPFP was measured at 90˚ and 0˚ knee flexion. Participants extended their knees from 90˚

to 0˚ actively. US of the IPFP was performed by an evaluator using a previously established

measurement method [5]. ImageJ (National Institutes of Health, USA) was used for image

analysis. The same evaluator measured the thickness of the superficial part of the IPFP at 90˚

and 0˚ knee flexion. Considering the dynamics of the IPFP during knee movement as the pri-

mary outcome, the ratio of the change in IPFP thickness between the two flexion angles was

calculated using the following formula:

IPFP thickness change ratio ¼
thickness of the superficial part of the IPFP at 90� knee flexion
thickness of the superficial part of the IPFP at 0� knee flexion

To confirm the reproducibility of the examinations, measurements were taken on eight knees

with an interval of 1 week. The intra-examiner reliability (1,2) was 0.999 (0.993–1.000) at 90˚

of flexion and 0.962 (0.617–0.997) at 0˚ of flexion.

Statistical analyses

Intention-to-treat analyses were conducted using IBM SPSS Statistics for Macintosh, ver. 27

(IBM Corp., Armonk, NY, USA). For the evaluation of variables, we planned to perform a

two-way analysis of variance for dependent variables with normal distribution to investigate

the interaction between the intervention and time and multiple comparison method for those

without normal distribution. However, after checking the normality of distribution of our

data, we found that the variables did not follow a normal distribution; thus, Wilcoxon signed-

rank tests were used to compare the differences between the control group and manual ther-

apy/hot pack groups after the intervention using the Dunnett method. Wilcoxon signed-rank

tests were also used to compare the changes in the manual therapy and hot pack groups before

and after the intervention using the Bonferroni method. Cohen’s d effect sizes were computed

for all significant effects. The sample size was calculated using G�Power 3.1.9.7 (Heinrich

Heine University, Dusseldorf). Under the assumption of using the two-way analysis of vari-

ance, the sample size for each group was calculated to require a total of 52 participants, assum-

ing an effect size of 0.4, a significance level of<5%, and a power of 0.8. Assuming that some

participants would declare that they cannot give consent for randomisation or would satisfy

the exclusion criteria, a target of enrolling 65 participants was set. All statistical analyses were

performed using IBM SPSS Statistics for Macintosh, ver. 26 (IBM Corp., Armonk, NY, USA).

Table 1. Characteristics of the participants.

Characteristic Mean ± SD

Age (years) 20.7 ± 1.3

Height (cm) 165.1 ± 8.3�

Weight (kg) 56.2 ± 8.2

BMI (kg/m2) 20.6 ± 2.0�

Thickness of the superficial part of the IPFP at 90˚ knee flexion (mm) 8.8 ± 3.5�

Thickness of the superficial part of the IPFP at 0˚ knee flexion (mm) 4.4 ± 1.8�

IPFP thickness change ratio (%) 209.6 ± 70.1

�: The data is normally distributed.

SD, standard deviation; BMI, body mass index; IPFP, infrapatellar fat pad.

https://doi.org/10.1371/journal.pone.0265333.t001
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Patient and public involvement in research

The study participants were not involved in the design, conduct, interpretation, or translation

of the current research.

Results

There were no dropouts during the process from allocation to post-intervention (Fig 1).

Since the dependent variable was non-normally distributed, comparisons between the

groups were made using the multiple comparison method. Bonferroni test was performed to

determine the treatment effect after the intervention. No significant difference was found

between the manual therapy and hot pack groups and the control group (Fig 2).

The effect sizes were -0.17 between the manual therapy and control groups and -0.14

between the hot pack and control groups. Dunnett test was performed to examine the change

in the ratio before and after the manual therapy and hot pack interventions. The median values

were compared before and after each intervention, and no significant difference was observed

(Fig 3). The effect sizes were -0.02 and 0.16 in the manual therapy and hot pack groups,

respectively.

Discussion

In this study, we observed and verified the effects of massage and heat therapy on the dynamics

of the IPFP, as performed in clinical practice. The type and intensity of the interventions used

in this study had a little immediate effect on the dynamics of the IPFP. Although a small

amount of change was observed, most of the effect sizes were extremely small, and the clinical

significance and effect were negligible.

Previous studies have reported the usefulness of physical therapy, taping, muscle training,

gait training, and injections as conservative treatments for IPFP disorders. In cases refractory

to these treatments, operative treatments have been considered and performed [16, 17]. In this

study, we focused on physical therapy among these treatment methods. To accumulate pri-

mary data, we conducted a randomised controlled trial of the effects of physiotherapy on the

IPFP in healthy participants. Although there have been previous reports on physical therapy

for IPFP lesions [11, 18], the objective effects of these interventions have not yet been

Fig 1. Participants’ progress throughout the trial.

https://doi.org/10.1371/journal.pone.0265333.g001
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examined. Results from a basic experiment in a rat model of knee joint contracture revealed

that passive exercise might suppress fibrosis of the adipocytes in the IPFP [19]. In the manual

therapy group of this study, we attempted to intervene with massage for a relatively short

period considering the time required to provide physical therapy in actual clinical practice.

However, the amount of change pre-and post-intervention and the difference in the amount

of change between the massage therapy and control groups were negligible with probability of

little clinical significance. Studies targeting muscles have reported improved tissue flexibility

because of the thermal effects of hot packs [20]. In this study, we focused on the dynamic

changes of the IPFP using US and observed whether the flexibility of the IPFP was changed by

the thermal effect. The amount of change before and after the treatment and the difference in

Fig 2. Comparison of the data between the manual therapy, hot pack, and control groups after the intervention.

IPFP, infrapatellar fat pad; n.s., not significant.

https://doi.org/10.1371/journal.pone.0265333.g002

Fig 3. Respective changes before and after the two interventions. (A) Comparison of pre-and post-intervention IPFP thickness change ratio

in the manual therapy group. (B) Comparison of pre-and post-intervention IPFP thickness change ratio in the hot pack group. IPFP,

infrapatellar fat pad.

https://doi.org/10.1371/journal.pone.0265333.g003
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the amount of change between the hot pack and control groups were still very small and had

little clinical significance. Regarding the intensity and time of therapeutic interventions, it is

desirable to demonstrate that they are safe and to confirm that they are useful for patients [21].

The present study, which validates non-invasive interventions for the IPFP, is highly signifi-

cant in terms of providing basic data as a phase I study. Additionally, the calculation of the

effect size, rather than simply confirming the significant differences between the groups of

interest-based on sample size calculations, as in conventional studies, is highly informative for

similar studies in the future.

This study has a few limitations. First, although the data analysts were blinded, blinding the

patients and therapists was not possible. Although various types of blinding are difficult in

non-pharmacological studies, we should have devised a method of blinding for the investiga-

tors, such as hiding the changes on the skin surface due to hyperthermia [22]. Second, the

short-term effects were only examined, so the medium- to long-term effects are unknown.

However, since there was no significant short-term effect on the current intensity and volume,

it may be necessary to reconsider the intensity and time of the intervention before extending

the follow-up period in the future. While referring to previous long-term intervention studies

with IPFP volume change as the outcome, intervention studies with a long-term duration that

also included exercise and diet therapy should be considered [23]. Third, the study enrolled

healthy participants. Since fibrosis of adipose tissue has been reported to be observed in the

IPFP after patellar tendinopathy or anterior cruciate ligament reconstruction, there is a possi-

bility that greater changes will be observed in patients [24]. We should also consider that the

volume of the IPFP might change in patients as compared with that in healthy individuals

[25]. Further studies are needed to confirm whether US is as good as magnetic resonance

imaging (MRI) in measuring changes in IPFP thickness. Moreover, it is desirable to compare

US findings with those of other imaging techniques, such as sagittal MRI. To improve the qual-

ity of the study, future studies may reconsider the interventions and consider blinding the eval-

uators to the patients.

Conclusion

Manual therapy and hot packs demonstrated almost no immediate effect on IPFP flexibility

changes in healthy participants. It is necessary to consider more intensive treatments to change

the dynamics of the IPFP.
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