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Abstract

:

Background: The pericruciate fat pad (PCFP) in the knee joint is still insufficiently studied despite its potential role in knee pathologies. This is the first reported study which aimed to clarify the characteristics of the PCFP in healthy individuals and contrast them with cases of post-traumatic injuries. Methods: Conducted as a retrospective cross-sectional study (n = 110 knees each) following STROBE guidelines, it employed grayscale ultrasound with echogenicity measurement, compression elastography with elasticity measurement, and Color Doppler for blood flow assessment. Results: PCFP showed a homogenic and hyperechoic echostructure. The echogenicity of the PCFP was higher than that of the posterior cruciate ligament (PCL) (p < 0.001, z-score = 8.97) and of the medial head of gastrocnemius (MHG) (p = 0.007, z-score = 2.72) in healthy knees, but lower than subcutaneous fat (SCF) (p < 0.001, z-score = −6.52). Post-injury/surgery, PCFP echogenicity surpassed other structures (p < 0.001; z-score for PCL 12.2; for MHG 11.65 and for SCF 12.36) and notably exceeded the control group (p < 0.001, z-score = 8.78). PCFP elasticity was lower than MHG and SCF in both groups, with significantly reduced elasticity in post-traumatic knees (ratio SCF/PCFP 15.52 ± 17.87 in case group vs. 2.26 ± 2.4 in control group; p < 0.001; z-score = 9.65). Blood flow was detected in 71% of healthy PCFPs with three main patterns. Conclusions: The main findings, indicating increased echogenicity and reduced elasticity of PCFP post-trauma, potentially related to fat pad fibrosis, suggest potential applications of echogenicity and elasticity measurements in detecting and monitoring diverse knee pathologies. The description of vascularity variations supplying the PCFP adds additional value to the study by emphasizing the clinically important role of PCFP as a bridge for the middle genicular artery on its way to the inside of the knee joint.
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1. Introduction


Within the human knee joint, four fat pads exist, three located in the anterior compartment: the infrapatellar fat pad (Hoffa’s fat pad), the anterior suprapatellar fat pad, and the posterior suprapatellar fat pad. Understanding of their anatomy is well-established [1,2,3]. The functions of the fat pads include shock absorption and filling the dead space within the joint. By adjusting their shape during movement, they aid in distributing synovial fluid [1,2,3]. The literature indicates that fat pads contain broadly defined stem cells, acting as a reservoir for these cells within the joint [4,5]. Moreover, adipose tissue also functions as an endocrine organ due to the release of proinflammatory adipocytokines like TNFα, IL-6, IL-8, leptin, and visfatin into the bloodstream [4,6]. These adipocytokines may impact bone and cartilage tissue formation and degradation [1,2,3,4,5]. Additionally, these fat pads contain broadly defined stem cells, acting as reservoirs within the joint [4,5], and are implicated in pain symptoms associated with various knee pathologies [5,7,8,9].



The fourth fat pad, the pericruciate fat pad (PCFP), situated in the knee’s posterior compartment, lacks comprehensive understanding. Consequently, in July 2021, our systematic literature review on the PCFP was published [10]. Notable findings from this review included the description of the PCFP transfer technique in anterior cruciate ligament (ACL) reconstruction or repair, aiding in graft or ligament resynovialization and revascularization [11]. An association was also found between an increased PCFP signal intensity and ACL tears [3]. Furthermore, the relationship between the middle genicular artery (MGA), a primary supplier of knee intra-articular structures, and the PCFP was highlighted. Although the MGA penetrates the fatty structure en route to the joint’s center, limited knowledge about the PCFP prevented further detailed information from being obtained [12,13,14]. Nevertheless, our cadaveric study confirmed this fatty structure as the PCFP [15].



Recent focus has shifted toward fat pads’ reactions to surgical procedures [16], chondral lesions [17], or osteoarthritis [18,19,20,21]. These structures tend to exhibit increased signal intensity in magnetic resonance imaging (MRI) or echogenicity in ultrasound (US) in such pathologies. While MRI has been utilized in examining the PCFP regarding its correlation with ACL injury [3], osteoarthritis (OA) [22], and chondral lesions [23], publications regarding PCFP in ultrasound examination (US) are notably absent. This gap in the literature concerns both ultrasound studies on PCFP’s characteristics in healthy patients and those after trauma. Despite MRI’s advantages, US in orthopedics is a cost-effective, widely available method with fewer contraindications and complications.



Tissue elasticity changes have long served as a marker of pathology, forming the basis of examinations like palpation [24,25,26,27]. Sonoelastography, surpassing palpation in its precision, is currently employed in various medical areas, such as breast (Tsukuba University Score [24]), thyroid [28] and liver neoplasms (German/Japanese Elasticity Score or LF Index) [27]. Its newer applications extend to the musculoskeletal system, assessing changes due to overuse, trauma, or surgery and encompassing pathologies such as Achilles tendinopathy [26,29], lateral epicondylitis [30,31] or rotator cuff tears [32]. It may also be useful in assessing muscle quality (e.g., muscle stiffness, fibrosis, or fatty degeneration) after ruptures or during myopathies or sarcopenia [25,33]. This technique offers real-time tissue assessment, proving to be quick and cost-effective, to enable dynamic examination, and to lack major contraindications [33]. Assessing tissue stiffness through elastography can serve as a valuable complement to traditional echogenicity measurements in B-mode imaging [33].



This study aimed to describe the sonoanatomy of the PCFP, encompassing its echostructure, echogenicity, elasticity, and vascularization among healthy patients. Additionally, it sought to compare the echogenicity and elasticity of the PCFP among healthy individuals and those with post-traumatic conditions. The hypothesis posited that following trauma or surgery, the PCFP would exhibit increased echogenicity and decreased elasticity.




2. Materials and Methods


2.1. Study Design and Setting


This cross-sectional study was set in the orthopedic ward and performed from 8 November 2022 to 3 October 2023. The protocol of the study was prepared and approved by the local bioethics committee (No. RNN/246/22/KE). All steps of the study were conducted in accordance to Declaration of Helsinki [34] and the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE). A checklist for cross-sectional studies was downloaded from www.equator-network.org. A flowchart depicting the main steps of the study is presented in Figure 1.




2.2. Participants and Sample Size


The study participants were students of the Medical University of Łódź aged 18–36 years who voluntarily agreed to participate in the study. Informed consent was obtained from all involved subjects. Other inclusion criteria for the control group were the physiological appearance of the knee joint in ultrasound examination; negative results in physical tests; and no history of pain or inflammatory, degenerative, or traumatic conditions affecting the knee joint. Participants with gait disorders, joint malalignment (varus/valgus), or pes planus were excluded. The exclusion criteria for the control group were any gross knee pathology confirmed by anamnesis or physical or ultrasound examination, histories of knee surgery, intra-articular or periarticular injections, or dry needling. Randomly chosen, 40% of the controls had MRI ordered to confirm the healthy status. The inclusion criteria for the case group included meniscal, ligamentous, cartilaginous, or tendinous injuries, at least 3 months post-injury or post-surgery. The exclusion criteria for the case group included conditions that altered the normal sonographic image of the posterior knee or made it challenging to perform ultrasound, such as PCL injury, Baker cyst identified during ultrasound, grade III obesity, and knee flexion contracture.



The following demographic and anthropometric variables were recorded: age, sex, weight, height, and body mass index (BMI). Before undergoing ultrasound examination, each participant underwent a comprehensive physical examination, including physical tests to verify the inclusion and exclusion criteria. The performed tests included: patellar apprehension test, anterior and posterior drawer tests, varus and valgus stress tests, McMurray test, Apley test, and Hoffa’s test. The physical examinations were conducted by two physicians (J.L. and M.K.), one after the other, with blinding between examiners. In case of discrepancies between the results of the physical examinations, the opinion of a third physician (M.D.) was necessary to qualify the participant for the study.



The a priori sample size estimate was based on the results from a pilot study performed on the first 10 knees in each group [35]. This approach was introduced since the effect size could not be determined, due to a lack of previous similar literature. G*Power-3.1 software was utilized (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) [36]. The outcome measures which were used for power analysis were: (1) echogenicity ratio SCF/PCFP between the groups and (2) elasticity ratio SCF/PCFP between the groups. The effect size for the echogenicity ratio SCF/PCFP between the groups was calculated as 0.71, with the power of 99% and with α = 0.05, and resulted in a minimal sample size of 74 participants in each group. The effect size for elasticity ratio SCF/PCFP between the groups was calculated as 0.64, with the power of 99% and with α = 0.05, and resulted in a minimal sample size of 91 participants in each group. A higher study group value was chosen to keep the power level for both chosen outcome measures. At the end of the analysis, the drop-out rate was predicted as 20% and the minimal sample size was increased to 110 participants per group. The convenience sampling method was used.




2.3. Ultrasound Assessment


The ultrasound device MyLab Seven (Esaote Biomedica, Geneva, Italy) was employed for the examination. A linear transducer SL1543 with a frequency range of 3–13 MHz and a field of view of 14–47 mm was selected. Following the selection of a predefined preset specifically designed for the knee joint, two focus points were positioned to align with the depth of the PCFP. Detailed B-mode parameters were: FR 43; D 44 mm; DR 140; PWR 100; PRC 10/2/2/6; and PRS 0. Detailed elastography parameters were: PRC M/9/7; PRS 3; and P 80%. The examination protocol included a multiplanar ultrasound scan of the popliteal fossa. The patient was placed in prone position with the extended knee exposed for the examination. The positioning of the transducer for visualizing the PCFP was the same as that for PCL visualization described by Bianchi and Martinoli [37].



The protocol commenced with the visualization of the posterior aspect of the medial meniscus in a standard projection. Subsequently, the examiner slightly moved the transducer posterolaterally towards the center of the popliteal fossa, but no further than until the popliteal artery became visible in the image. The near end of the transducer was slightly medially rotated toward the medial condyle of the femur. The transducer was then aligned along the long axis of the PCL (oblique sagittal plane). In this projection, approximately 2/3 of the length of the PCL from the tibial end was visible as a hypoechoic band. Above it, the PCFP was visible as a hyperechoic triangular structure (Figure 2). Two focal points were positioned at the center of the PCFP and at the point where it attached to the joint capsule. The acoustic window of the PCFP was assessed, and differences in its echostructure were compared based on knee position—full extension and at flexion angles of 30°, 60°, 90°, and 120°. Scans were performed in both the longitudinal and transverse planes across the entire surface of the PCFP, from the femur to the tibia.



The ultrasonographic characterization of the PCFP in the ultrasound examination was established collaboratively by three researchers (M.K., N.P. and M.P.) and subsequently described. The echostructure of the PCFP was evaluated for homogeneity, presence of connective tissue septa, fat tissue lobules, and vascularity. Subsequently, the echogenicity of the PCFP was compared to the surrounding PCL, the medial head of the gastrocnemius muscle (MHG), and subcutaneous fat tissue (SCF).




2.4. Echogenicity


The echogenicity of the PCFP, PCL, MHG, and SCF was determined using ImageJ software (Version 1.53; National Institutes of Health, U.S.; https://imagej.nih.gov/ij/; accessed on 21 July 2021), adapted from the previous literature [21,38,39,40,41]. In the scan depicting the PCFP, PCL, MHG, and SCF in the oblique sagittal plane, the structures were manually outlined using a Free Hand Tool. Subsequently, using a grayscale range from 0 to 255, the number of pixels was measured for each of the 256 possible values for each structure. The obtained values determined the echogenicity of the examined structures. The values were presented as arithmetic means with standard deviations (SD), and then compared inside and between the groups. To establish a more dependable correlation between echogenicity measurements, the SCF/PCFP ratio was introduced in both the control and study groups, as was previously carried out in the literature [32]. Additionally, these ratios were compared with each other. All the echogenicity measurements were considered as continuous variables. Echogenicity measurements were performed twice by two blinded researchers, and the intra- and inter-rater reliability was assessed by calculating the intraclass (kappa) correlation coefficient (ICC). Values lower than 0.5 were defined as indicating poor reliability, those between 0.5 and 0.75 as moderate reliability, between 0.75 and 0.9 as good reliability, and values greater than 0.90 indicated excellent reliability [42]. A multivariable subgroup analysis and post hoc analysis of PCFP echogenicity and SCF/PCFP ratio considering the type of injury (intra-articular, extra-articular, or mixed) was performed in the case group at the end of the analysis.




2.5. Blood Flow Assessment


The presence of blood flow in the PCFP was examined using Color Doppler (CD), adapted from the previous literature [38], and it was primarily categorized as a dichotomous variable. During the study, this variable was considered as trichotomous, which is further described in “results” section. The CD parameters that were utilized included: pulse repetition frequency 1.2 MHz; wall filters 4; and Doppler frequency 7.1. The color gain was set at the moment of subsidence of artifacts in the subcortical bone (approximately 50–70%). Flow was assessed in two planes, and if necessary, confirmed using Pulsed Doppler to exclude artifacts. Due to the softness of tissues in the popliteal fossa, special care was taken not to press the transducer head against the skin, which could compress small blood vessels and distort the examination results. The choice of CD over Power Doppler (PD) was based on previous literature. This approach was proposed by Boesen et al. [43], and the preference for CD over PD was also indicated in a similar ultrasonographic study on Hoffa’s fat pad [38]. In case of doubt during the examination (e.g., due to low sensitivity of CD or artifacts), PD was additionally used.




2.6. Compression Elastography


The evaluation of the elasticity of the PCFP and its comparison with surrounding tissues was conducted using compression sonoelastography and the ElaXto software (version 0.2) integrated into the ultrasound machine. The same software was used in a similar study on Hoffa fat pads by Vera-Pérez et al. [38]. Upon activating the ElaXto function, a reading frame appeared on the screen, the height of which was adjusted to encompass the entire visible depth of the image, and the width corresponded to the dimension of the visible PCFP. The mentioned software calculated the tissue elasticity based on the examiner’s application of slight, repetitive pressure with the transducer on the patient’s skin. Information about the appropriate force and frequency of compressions was displayed on the left side of the screen as the compression quality icon, in the form of a spring filling up with green color. Images with compression quality icons below 3/4 filling were repeated. Quantitative tissue assessment in elastography was made possible by a color scale ranging from red to green with values from 0 to 100. Red represented harder tissue, such as bone or tendon, while green represented softer tissue, such as muscle (Figure 3). All elastographic measurements were considered as continuous variables. First, the assessment of the homogeneity of the PCFP was performed. Following this, a quantitative measurement of the elasticity of manually marked PCFP, MHG, and SCF was performed using the ElaXto Ratio Trace Measurement tool. PCL was not considered in this analysis because, due to anisotropy, the software could not interpret its elasticity. Color scale values for each of the analyzed structures were presented in the form of arithmetic mean with SD. Subsequently, elasticity comparisons were made: PCFP vs. MHG, PCFP vs. SCF in both groups, and PCFP in the control group vs. PCFP in the case group. In agreement with the previous literature [32,33], the elasticity ratio was computed using SCF as a reference, determined as the ratio between the mean SCF elasticity and the mean PCFP elasticity (SCF/PCFP). The arithmetic means of these ratios, along with their standard deviations (SDs), were compared across the groups. A multivariable subgroup analysis and post hoc analysis of PCFP elasticity and SCF/PCFP ratio considering the type of injury (intra-articular, extra-articular, or mixed) was performed within the case group at the end of the analysis.




2.7. Magnetic Resonance Imaging (MRI)


To screen for pathologies and ensure compliance with the inclusion/exclusion criteria, 40% of the randomly selected controls underwent MRI examination to confirm the “healthy” status of the knee. A 1.5-T MRI machine (MR5300, Philips Medical Systems, Koninklijke Philips N.V., 2004–2023, Amsterdam, The Netherlands) equipped with a six-channel phased-array knee coil was used. Patients were positioned supine with the knee flexed to 30°. Sagittal and coronal T1W_TSE and sagittal and axial PDW_TSE_SPAIR_Tra sequences were performed (Table 1). One orthopedic surgeon (J.L.), with 8 years of clinical experience, assessed all MRI images. If any uncertainty arose, a second orthopedic surgeon (M.D.), with over 20 years of clinical experience, was on hand for consultation.




2.8. Bias


To prevent potential sources of bias, stringent inclusion and exclusion criteria were applied to both cases and controls. Factors such as grade III obesity, posterior cruciate ligament pathologies, age, or osteoarthritis, which could potentially impact the analyzed variables, were carefully considered. There was also a possibility of hypothetical bias being present within the ultrasound examination process and the utilized parameters. The involvement of a single investigator in both the MRI evaluation and the ultrasound examinations would introduce bias by potentially limiting diverse perspectives and cross-validation of findings. However, ensuring that the entire ultrasound examination was conducted consistently by a single researcher (M.K.) using uniform parameters, as previously outlined, provided homogenous sonograms for measurement and prevented other sources of subjective bias. Lastly, the method used for sampling posed volunteer bias; however, it is present in all non-probability sampling methods.




2.9. Statistical Analysis


Descriptive statistics were assessed for demographic and anthropometric variables, such as age and BMI, using the mean and standard deviation. Gender was treated as a binary variable, and its distribution among groups was analyzed. The number of cases with observed flow in the CD in PCFP was presented as a percentage. Analytical statistics covered the remaining two aspects of the study, namely, echogenicity and elasticity.



Before further analysis, the normality of continuous variables was assessed using the Shapiro–Wilk test, and homogeneity of variance was checked using the Levene test. Based on these results, either an independent-samples t-test or a U-Mann–Whitney test was employed for univariable analysis. Subsequently, subgroup analysis within the case group was conducted. The connection between the type of injury (intra-articular, extra-articular, or mixed) and the echogenicity and elasticity of PCFP, as well as the SCF/PCFP ratio, was assessed using the Kruskal–Wallis test. Post hoc analysis using the Dunn test was conducted based on the results.



Parametric variables are reported as means with standard deviation (SD) and ranges, while non-parametric variables are presented as medians with interquartile ranges. Intraclass correlation coefficients (ICCs) for echogenicity measurements were calculated to assess intra- and inter-rater reliabilities. A significance level of p < 0.05 was considered statistically significant. All statistical calculations were performed using Statistica 13.3 software (StatSoft, Cracow, Poland), and detailed results are presented in tabular form.





3. Results


Initially, we enrolled a total of 110 knees across both groups. Three knees from the control group and four knees from the case group were excluded due to inclusion/exclusion criteria. Among these exclusions, two patients exhibited abnormalities in the ultrasonographic image of the PCL (indicative of prior PCL injury), three patients had a visible Baker’s cyst in MRI and/or ultrasound images, and two patients had grade III obesity, significantly complicating, and potentially distorting the ultrasound image due to the deep locations of the examined structures. The epidemiology of the knee pathologies or surgeries in the case group is presented in Figure 4. For the final analysis, we included 107 control knees and 106 case knees, resulting in dropout rates of 2.8% and 3.6%, respectively.



Although women constituted 65% of the participants compared to 35% men, the groups were homogeneous in terms of sex distribution (p = 0.053). Among the participants, 4% were underweight, 67% had a normal BMI, 23% were overweight, and 6% had obesity class I. Both groups showed similarity in the mean BMI (p = 0.07). The sole statistically significant difference between the groups was in the mean age, with the case group being slightly older (p < 0.001). Detailed patient characteristics are presented in Table 2.



3.1. Sonographic Appearance of the PCFP


In all 107 assessed control knees in the US, the PCFP exhibited a homogenous appearance. It appeared triangular in shape and was situated between the PCL and the posterior knee capsule. Its echostructure appeared hyperechoic in comparison to the hypoechoic PCL, MHG, and SCF (Figure 2b). Unlike the SCF, the connective tissue septae were more challenging to differentiate from the fatty tissue lobules. The PCFP had its widest acoustic window in full extension and at a 30° knee flexion angle. However, due to the better visibility of the more tensed PCL at 30° flexion, this position was chosen for all measurements. As the flexion angle increased progressively (to 60° and 90°), the acoustic window decreased, making it more challenging to visualize the PCFP. At 120° of flexion, assessment was impossible for some more muscular patients. Longitudinal scans (in the oblique sagittal plane) were chosen over transverse scans, as they were deemed more representative and easier to interpret for measurements.




3.2. Echogenicity Measurements


The echogenicity of the PCFP inside the control group was significantly higher than PCL (p < 0.001, z-score = 8.97) and MHG (p = 0.007, z-score = 2.72) and lower than SCF (p < 0.001, z-score = −6.52). The echogenicity of the PCFP inside the case group was significantly higher than the rest of the structures (p < 0.001, z-score for PCL, MHG and SCF was 12.2; 11.65 and 12.36, respectively). The echogenicity of the PCFP in the case group was significantly higher than in the control group (p < 0.001, z-score = 8.78), and we achieved the same result with the ratio of SCF to PCFP between the groups (1.56 ± 0.61 controls vs. 0.44 ± 0.19 cases; p < 0.001; z-score = 12.37). The ICC for intra-rater agreement ranged from 76% to 94% for Rater 1 and from 83% to 97% for Rater 2, indicating good to excellent reliability. For inter-rater agreement, the ICC ranged from 72% to 97%, signifying values spanning from moderate to excellent reliability. Detailed ICC data are presented in Table 3 and Table 4.




3.3. Blood Flow Assessment


Blood flow was evaluated in all 107 knees from the control group. Blood flow was observed in 71% (76/107) of the PCFPs. Three variations of PCFP vascularity were identified: two-vesselled, one-vesselled, or lacking a visible vessel penetrating the fat pad from behind. The most prevalent vascularity pattern featured a single vessel, found in 50 out of the 107 controls. Among them, 6 controls showed one vessel in the superior part of the PCFP, while 44 exhibited it in the inferior part. Additionally, 26 controls displayed two visible vessels, while no vessels were identified in 31 controls.




3.4. Elasticity Measurements


In the control group, the elasticity of PCFP was lower than that of MHG and SCF, resulting in p-values of <0.001 (z-score = −12.64) and 0.005 (z-score = −2.83), respectively. Similarly, in the case group, the elasticity of PCFP was also lower than that of MHG and SCF, with both p-values being <0.001 (z-score for MHG was −12.58 and for SCF was −11.23). When comparing the elasticity of PCFP between the groups, we did not observe any significant differences in their values (p = 0.34, z-score = 0.95). However, the ratio of SCF/PCFP elasticity between the groups was higher in the case group (15.52 ± 17.87 vs. 2.26 ± 2.4; p < 0.001; z-score = 9.65), indicating a lower elasticity of PCFP among the knees in the case group.




3.5. Subgroups Analysis


The results of the Kruskal–Wallis test revealed a statistically significant difference among the subgroups concerning PCFP elasticity, with a calculated global p-value of 0.022. However, following a post hoc analysis using the Dunn test, none of the comparisons reached statistical significance. Additionally, the Kruskal–Wallis test indicated a statistically significant difference among the subgroups considering the elasticity ratio SCF/PCFP, with a calculated global p-value of 0.046. Nonetheless, after conducting a post hoc analysis using the Dunn test, none of the comparisons reached statistical significance. Detailed results can be found in Table 5 and Table 6. The subgroup analysis of the echogenicity of PCFP or the ratio SCF/PCFP did not show any significant differences, as evidenced by the global p-values of 0.216 and 0.772 in the Kruskal–Wallis test, respectively.





4. Discussion


The study delineates a structure that has been minimally covered in the literature: the pericruciate fat pad (PCFP). It presents a description of a normal, physiological PCFP, which holds clinical significance, as this understanding proves crucial during the most challenging aspect of knee ultrasound examinations—assessing the posterior compartment. Another crucial finding highlighted in the study is that, following trauma or surgery, the PCFP presents increased echogenicity and decreased elasticity. Detecting these variations in the PCFP during ultrasound examinations can assist in accurately evaluating this structure and prompt the examiner to exercise greater vigilance when changes in the PCFP are observed.



Quantitative ultrasound offers a secure, affordable, easily transportable, and comparatively available option for assessing tissue composition through imaging [40]. Post-acquisition image analysis using ImageJ software has been reported as a suitable tool for measuring tissue echogenicity [39]. It has been demonstrated to be valuable in assessing muscle quality and alterations in intramuscular adipose tissue, particularly within the skeletal muscle [40,41,44,45]. Strong correlations have been found between the echogenicity assessments in ultrasound and their CT [40] and MRI [41] equivalents.



The echogenicity measurements of knee fat pads were utilized to distinguish between the two layers of Hoffa’s fat pad and the subcutaneous fat over the patellar tendon. There was a significant difference in echogenicity between the superficial and deeper HFP layers, with the deeper layer appearing brighter. However, no difference in echogenicity was observed between the superficial HFP layer and the subcutaneous fat [38]. Another notable study by Shibata et al. investigated the echogenicity of the PFP in healthy individuals and those with OA. The findings revealed significantly higher echogenicity in the OA group compared to the healthy group [21]. The authors suggest that increased echogenicity might be attributed to fibrosis within the PFP. This aligns with the outcomes of a study conducted by Pillen et al., wherein increased echogenicity in muscles was positively linked to the presence of fibrous tissue, as confirmed by histopathological examination [44].



To the authors’ knowledge, there have been no reports addressing the correlation between echogenicity alterations and knee injury/surgery specific to the PCFP. In our current study, we demonstrated that the echogenicity of the PCFP in the case group was notably higher than in the control group. Moreover, within the case group, the echogenicity of the PCFP was significantly higher compared to other structures, including the SCF. From the authors’ perspective, the rise in PCFP echogenicity could potentially be linked to fibrosis. However, the absence of histopathological examination remains a limitation and offers an intriguing path for future research. For example, in the future, taking a sample of the PCFP during ACL reconstruction or meniscal repair would be an interesting direction. For example, in the future, harvesting a sample of the PCFP during ACL reconstruction or meniscal repair would be an interesting direction to explore.



Besides bare echogenicity values, the authors also measured the SCF/PCFP echogenicity ratio. This method was previously introduced by Jeong et al. in their study on fatty infiltration of the supraspinatus muscle [32]. The authors adapted a method of assessment of the degree of fatty infiltration of the supraspinatus muscle on grayscale ultrasound images using a 3-point scale, with the echogenicity of the trapezius muscle serving as reference from the Khoury et al. [46]: grade 1, isoechogenic; grade 2, mildly hyperechogenic; grade 3, markedly hyperechogenic. Comparing the echogenicity of the target tissue with the surrounding tissues allows for extrapolation of the results of this study to other ultrasound machines and software.



The preference for compression over shear-wave elastography was due to its greater accessibility, as well as to previous literature describing its usefulness in assessing elasticity of the adipose tissue [38]. To extrapolate the results of this study, the authors also measured the SCF/PCFP ratio. This method, previously introduced in the aforementioned study by Jeong et al. involved measuring the ratio of the elasticity of the trapezius to that of the supraspinatus muscle [32]. Comparing the elasticity of the target tissue with the surrounding tissues allows for a semi-quantitative assessment of elasticity when shear-wave elastography is unavailable [33].



The results of the current study underscore the importance of comparing ratios, as is commonly conducted in the literature [32,33,46], rather than focusing solely on raw values. This distinction is not immediately evident in the echogenicity results, since both the raw values of PCFP echogenicity and the SCF/PCFP ratio yielded statistically significant results. However, there were no significant differences observed in the elasticity of PCFP between the groups (p = 0.34). In contrast, the SCF/PCFP elasticity ratio was notably higher in the case group (15.52 ± 17.87 vs. 2.26 ± 2.4; p < 0.001; z-score 9.65), suggesting reduced PCFP elasticity among post-injured patients and underscoring the significance of employing ratios. Subgroup analyses revealed statistically significant differences in the PCFP elasticity (p = 0.022) and the SCF/PCFP elasticity ratio (p = 0.046). However, post hoc analyses, including both elasticity and echogenicity, indicated that none of the comparisons reached statistical significance, possibly due to underpowered groups in these analyses, which is further discussed as a limitation to these results. The deliberate omission of raw values in this study persists. Various ultrasound machines equipped with diverse parameters and software may yield disparate values. Consequently, comparing raw values remains of limited scientific merit.



Being aware of the functions of knee fat pads, it seemed reasonable to expect that a local intra-articular injury, such as an ACL injury [3] or chondral lesion [23] would prompt changes in the PCFP. However, the endocrine role of knee fat pads, led us to investigate whether the PCFP reacts in a systemic manner to injuries located outside the joint. Following subgroup analysis, overall values appeared promising. However, post-hoc analysis failed to reveal any statistically significant results. This phenomenon might stem from underpowered groups in these analyses, as the power analysis was computed only for the two primary groups (healthy and post-injured/surgical). Nonetheless, exploring populations with varying knee injury locations (intra-, extra-, or mixed) presents an intriguing avenue for future research. These findings contribute valuable data for future sample size analysis. The clinical significance of the PCFP’s response to injury can be leveraged in musculoskeletal diagnostics. For instance, assessing PCFP echogenicity, elasticity, or both, as well as developing a diagnostic tool akin to those created for ACL or cartilage injuries and predicting knee osteoarthritis using MRI [3,22,23], could represent an innovative approach to musculoskeletal diagnostics. This avenue holds promise, particularly considering the limitations of ultrasound in these conditions.



Thanks to Skaf et al., it has already been established that PCFP is rich in small blood vessels [1]. Subsequently, we confirmed that these vessels derive from the MGA, which enters the PCFP from behind [15]. Blood flow presence was detected in 71% (76/107) of the controls. The most frequent variation in PCFP vascularity appeared to be the presence of a visible vessel in the inferior part—41% (44/107). This finding is surprising because it contradicts previous literature. The entrance point of the MGA to the PCFP was described by Arthur et al. as the upper third of “a fatty tissue wrapped in a thin synovial membrane, which creases a triangular thickening” [13]. Nonetheless, this outcome underscores the necessity for additional caution during surgeries involving the posterior compartment within the knee joint. Due to the MGA and its branches, there is potential for PCFP to cause more swelling and bleeding than originally assumed. Awareness of variations in PCFP vascularity can be valuable during PCFP transfer techniques. Malinowski et al. suggested that preserving the lateral and distal peduncle of the fat pad is crucial when separating the PCFP from the anterior surface of the PCL. Our findings further contribute by revealing that, in rare instances (6 out of 107 PCFPs), it is the proximal peduncle that should be preserved.



The authors of this study acknowledge its limitations. Besides being a single-center retrospective study, the groups lacked complete homogeneity. Cases were slightly older, albeit still within the predefined inclusion criteria range, and there was an uneven distribution in terms of gender. The higher proportion of women over men stemmed from the fact that in the studied population—composed of medical and physiotherapy students—there were simply more women. This recruitment bias prevented statistical comparisons between genders. The convenience sampling method posed additional volunteer bias; however, this method was necessary due to organizational reasons. Following, knee MRIs were only ordered for 40% of the control group. Nonetheless, this proportion aligns with similar studies in the literature [38], and due to the comprehensive patient history and physical examinations conducted, this limitation was likely mitigated. The MRI assessments and ultrasound examinations were conducted by a single researcher, which may have introduced subjective bias. However, this approach also had a positive outcome, as it likely increased the homogeneity of these steps of the study. Nevertheless, it presents an interesting approach to conduct ultrasound examinations with two clinicians and independently evaluate the sonograms created by each of them. Lastly, the lack of histological confirmation of PCFP fibrosis following injury or surgical intervention remains the primary limitation of this study; however, like all the limitations, it sparks new ideas for future research.




5. Conclusions


Our study presents novel findings indicating that, following knee trauma or surgery, the pericruciate fat pad (PCFP) experiences a significant increase in echogenicity and a concurrent decrease in elasticity. These changes suggest a potential association with fat pad fibrosis, which could hold diagnostic and monitoring value for knee pathologies. Moreover, our characterization of the vascularity variations supplying the PCFP highlights its crucial role as a conduit for the middle genicular artery, particularly relevant in surgical procedures like PCFP transfer techniques in ACL reconstruction or repair. By elucidating these attributes, our study underscores the clinical relevance of the PCFP in evaluating knee conditions, offering insights that could enhance our perspective on its diagnostic and clinical usefulness. Specifically, our findings suggest that changes in the echogenicity and elasticity of the PCFP may serve as valuable indicators for diagnosing and monitoring certain knee pathologies, such as ligament injuries or osteoarthritis. Understanding the diagnostic implications of these structural changes could lead to the development of more effective diagnostic protocols and treatment strategies, ultimately improving patient outcomes in orthopedic practice.







Author Contributions


Conceptualization, M.K., M.P., M.D. and J.L.; methodology, M.K., M.P. and M.D.; software, M.K. and N.P.; validation, M.K. and N.P.; formal analysis, M.K. and M.M.; investigation, M.K. and N.P.; resources, M.K. and N.P.; data curation, M.K. and M.M.; writing—original draft preparation, M.K.; writing—review and editing, N.P., M.M., M.P., M.D. and J.L.; visualization, M.K. and N.P.; supervision, M.D. and J.L.; project administration, M.K. and N.P., funding acquisition, none. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Ethics Committee of Medical University of Lodz (No. RNN/246/22/KE).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are contained within the article.




Acknowledgments


The primary author extends sincere gratitude to Anna Strzelecka, Filip Styrzyński, Joanna Makowska, and all the team from the Clinic of Rheumatology with the Subdivision of Internal Diseases (Veterans’ Memorial Teaching Hospital in Łódź, Medical University of Łódź, Poland) for their invaluable assistance throughout the study. The main author would also like to wholeheartedly thank his dear friend Mateusz Łaszczych for all the advice given during the study.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Skaf, A.Y.; Hernandez Filho, G.; Dirim, B.; Wangwinyuvirat, M.; Trudell, D.; Haghigi, P.; Resnick, D. Pericruciate Fat Pad of the Knee: Anatomy and Pericruciate Fat Pad Inflammation: Cadaveric and Clinical Study Emphasizing MR Imaging. Skelet. Radiol. 2012, 41, 1591–1596. [Google Scholar] [CrossRef] [PubMed]

	



Grando, H.; Chang, E.Y.; Chen, K.C.; Chung, C.B. MR Imaging of Extrasynovial Inflammation and Impingement About the Knee. Magn. Reson. Imaging Clin. N. Am. 2014, 22, 725–741. [Google Scholar] [CrossRef] [PubMed]

	



Draghi, F.; Torresi, M.; Urciuoli, L.; Gitto, S. Magnetic Resonance Signal Abnormalities within the Pericruciate Fat Pad: A Possible Secondary Sign for Acute Anterior Cruciate Ligament Tears. Can. Assoc. Radiol. J. 2017, 68, 438–444. [Google Scholar] [CrossRef]

	



Bravo, B.; Guisasola, M.C.; Vaquero, J.; Tirado, I.; Gortazar, A.R.; Forriol, F. Gene Expression, Protein Profiling, and Chemotactic Activity of Infrapatellar Fat Pad Mesenchymal Stem Cells in Pathologies of the Knee Joint. J. Cell. Physiol. 2019, 234, 18917–18927. [Google Scholar] [CrossRef]

	



Dragoo, J.L.; Johnson, C.; McConnell, J. Evaluation and Treatment of Disorders of the Infrapatellar Fat Pad. Sports Med. 2012, 42, 51–67. [Google Scholar] [CrossRef]

	



Kershaw, E.E.; Flier, J.S. Adipose Tissue as an Endocrine Organ. J. Clin. Endocrinol. Metab. 2004, 89, 2548–2556. [Google Scholar] [CrossRef]

	



De Maeseneer, M.; Wuertzer, S.; de Mey, J.; Shahabpour, M. The Imaging Findings of Impingement Syndromes of the Lower Limb. Clin. Radiol. 2017, 72, 1014–1024. [Google Scholar] [CrossRef]

	



Türkmen, E.; Analay Akbaba, Y.; Altun, S. Effectiveness of Video-Based Rehabilitation Program on Pain, Functionality, and Quality of Life in the Treatment of Rotator Cuff Tears: A Randomized Controlled Trial. J. Hand Ther. Off. J. Am. Soc. Hand Ther. 2020, 33, 288–295. [Google Scholar] [CrossRef] [PubMed]

	



Wang, T.J.; Costin, C.V. Hoffa’s Disease in a Modern Dancer Case Report and Literature Review. J. Dance Med. Sci. 2018, 22, 168–173. [Google Scholar] [CrossRef]

	



Kanak, M.; Mostowy, M.; Domżalski, M.; Lesman, J. Pericruciate Fat Pad (PCFP)—A Scoping Systematic Review of Anatomy, Histology, Imaging, and Clinical Importance. Transl. Res. Anat. 2021, 25, 100142. [Google Scholar] [CrossRef]

	



Malinowski, K.; Ebisz, M.; Góralczyk, A.; LaPrade, R.F.; Hermanowicz, K. Synovialization and Revascularization Enhancement in Repaired and Reconstructed ACL: PCL Fat Pad Transfer Technique. Arthrosc. Tech. 2020, 9, e1559–e1563. [Google Scholar] [CrossRef] [PubMed]

	



Scapinelli, R. Vascular Anatomy of the Human Cruciate Ligaments and Surrounding Structures. Clin. Anat. 1997, 10, 151–162. [Google Scholar] [CrossRef]

	



Arthur, J.R.; Haglin, J.M.; Makovicka, J.L.; Chhabra, A. Anatomy and Biomechanics of the Posterior Cruciate Ligament and Their Surgical Implications. Sports Med. Arthrosc. Rev. 2020, 28, e1–e10. [Google Scholar] [CrossRef] [PubMed]

	



de Carvalho, R.T.; Ramos, L.A.; Novaretti, J.V.; Ribeiro, L.M.; Szeles, P.R.d.Q.; Ingham, S.J.M.; Abdalla, R.J. Relationship Between the Middle Genicular Artery and the Posterior Structures of the Knee: A Cadaveric Study. Orthop. J. Sports Med. 2016, 4, 232596711667357. [Google Scholar] [CrossRef] [PubMed]

	



Kanak, M.; Mostowy, M.; Domżalski, M.; Lesman, J. The Anatomical Description of the Pericruciate Fat Pad (PCFP)—A Brief Report of Cadaveric Dissection. Chir. Narządów Ruchu Ortop. Pol. 2023, 88, 187–192. [Google Scholar] [CrossRef]

	



Murakami, S.; Muneta, T.; Ezura, Y.; Furuya, K.; Yamamoto, H. Quantitative Analysis of Synovial Fibrosis in the Infrapatellar Fat Pad before and after Anterior Cruciate Ligament Reconstruction. Am. J. Sports Med. 1997, 25, 29–34. [Google Scholar] [CrossRef]

	



Yoon, K.H.; Tak, D.H.; Ko, T.S.; Park, S.E.; Nam, J.; Lee, S.H. Association of Fibrosis in the Infrapatellar Fat Pad and Degenerative Cartilage Change of Patellofemoral Joint after Anterior Cruciate Ligament Reconstruction. Knee 2017, 24, 310–318. [Google Scholar] [CrossRef] [PubMed]

	



Favero, M.; El-Hadi, H.; Belluzzi, E.; Granzotto, M.; Porzionato, A.; Sarasin, G.; Rambaldo, A.; Iacobellis, C.; Cigolotti, A.; Fontanella, C.G.; et al. Infrapatellar Fat Pad Features in Osteoarthritis: A Histopathological and Molecular Study. Rheumatology 2017, 56, 1784–1793. [Google Scholar] [CrossRef]

	



Wang, K.; Ding, C.; Hannon, M.J.; Chen, Z.; Kwoh, C.K.; Hunter, D.J. Quantitative Signal Intensity Alteration in Infrapatellar Fat Pad Predicts Incident Radiographic Osteoarthritis: The Osteoarthritis Initiative. Arthritis Care Res. 2019, 71, 30–38. [Google Scholar] [CrossRef]

	



Chang, J.; Liao, Z.; Lu, M.; Meng, T.; Han, W.; Ding, C. Systemic and Local Adipose Tissue in Knee Osteoarthritis. Osteoarthr. Cartil. 2018, 26, 864–871. [Google Scholar] [CrossRef]

	



Shibata, K.; Wakasa, M.; Saito, A.; Kimoto, M.; Takahashi, Y.; Sato, H.; Kamada, T.; Shinde, T.; Takahashi, H.; Kimura, Y.; et al. Hyperechoic and Low Morphological Changes in the Prefemoral Fat Pad in Individuals with Knee Osteoarthritis Based on Ultrasonographic Findings. J. Med. Ultrasound 2021, 29, 105–110. [Google Scholar] [CrossRef] [PubMed]

	



Li, Y.; Li, J.; Zhu, Z.; Cao, P.; Han, W.; Tang, S.; Li, D.; Kwoh, C.; Hunter, D.J.; Ding, C. Signal Intensity Alteration and Maximal Area of Pericruciate Fat Pad Are Associated with Incident Radiographic Osteoarthritis: Data from the Osteoarthritis Initiative. Osteoarthritis Cartilage 2020, 28, S223. [Google Scholar] [CrossRef]

	



Kim, J.N.; Park, H.J.; Park, J.H.; Park, S.J.; Kim, E.; Lee, Y.T.; Shin, H. Abnormalities of the Pericruciate Fat Pad: Correlations with the Location and Severity of Chondral Lesions of the Knee. Eur. J. Radiol. 2023, 167, 111028. [Google Scholar] [CrossRef] [PubMed]

	



Itoh, A.; Ueno, E.; Tohno, E.; Kamma, H.; Takahashi, H.; Shiina, T.; Yamakawa, M.; Matsumura, T. Breast Disease: Clinical Application of US Elastography for Diagnosis. Radiology 2006, 239, 341–350. [Google Scholar] [CrossRef] [PubMed]

	



Dilip, D.; Khaladkar, S.M.; Chanabasanavar, V.; Parripati, S.S.V.K. REAL-TIME Strain Elastography: Applications in Musculoskeletal System. J. Clin. Orthop. Trauma 2022, 26, 101784. [Google Scholar] [CrossRef] [PubMed]

	



Chen, L.; Cheng, Y.; Zhou, L.; Zhang, L.; Deng, X. Quantitative Shear Wave Elastography Compared to Standard Ultrasound (Qualitative B-Mode Grayscale Sonography and Quantitative Power Doppler) for Evaluation of Achillotendinopathy in Treatment-Naïve Individuals: A Cross-Sectional Study. Adv. Clin. Exp. Med. 2022, 31, 847–854. [Google Scholar] [CrossRef] [PubMed]

	



Dietrich, C.F.; Bamber, J.; Berzigotti, A.; Bota, S.; Cantisani, V.; Castera, L.; Cosgrove, D.; Ferraioli, G.; Friedrich-Rust, M.; Gilja, O.H.; et al. EFSUMB Guidelines and Recommendations on the Clinical Use of Liver Ultrasound Elastography, Update 2017 (Long Version). Ultraschall Med. Stuttg. Ger. 2017, 38, e16–e47. [Google Scholar] [CrossRef]

	



Sebag, F.; Vaillant-Lombard, J.; Berbis, J.; Griset, V.; Henry, J.F.; Petit, P.; Oliver, C. Shear Wave Elastography: A New Ultrasound Imaging Mode for the Differential Diagnosis of Benign and Malignant Thyroid Nodules. J. Clin. Endocrinol. Metab. 2010, 95, 5281–5288. [Google Scholar] [CrossRef]

	



Zardi, E.M.; Pipita, M.E.; Giorgi, C.; Afeltra, A.; Maffulli, N.; Franceschi, F. Strain Ultrasound Elastography in the Achilles Tendon of Ankylosing Spondylitis Patients Treated With Anti-TNF-α: A Preliminary Study. In Vivo 2019, 33, 1635–1640. [Google Scholar] [CrossRef]

	



Klauser, A.S.; Miyamoto, H.; Bellmann-Weiler, R.; Feuchtner, G.M.; Wick, M.C.; Jaschke, W.R. Sonoelastography: Musculoskeletal Applications. Radiology 2014, 272, 622–633. [Google Scholar] [CrossRef]

	



Prado-Costa, R.; Rebelo, J.; Monteiro-Barroso, J.; Preto, A.S. Ultrasound Elastography: Compression Elastography and Shear-Wave Elastography in the Assessment of Tendon Injury. Insights Imaging 2018, 9, 791–814. [Google Scholar] [CrossRef] [PubMed]

	



Jeong, J.Y.; Khil, E.K.; Kim, A.Y.; Lee, S.A.; Choi, J.-A. Utility of Preoperative Shear-Wave Elastography of the Supraspinatus Muscle for Predicting Successful Rotator Cuff Repair: A Prospective Observational Study with MRI Correlation. Am. J. Roentgenol. 2022, 218, 1051–1060. [Google Scholar] [CrossRef] [PubMed]

	



Schmalzl, J.; Fenwick, A.; Boehm, D.; Gilbert, F. The Application of Ultrasound Elastography in the Shoulder. J. Shoulder Elbow Surg. 2017, 26, 2236–2246. [Google Scholar] [CrossRef] [PubMed]

	



World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving Human Subjects. J. Am. Med. Assoc. 2013, 310, 2191. [CrossRef] [PubMed]

	



Kang, H. Sample Size Determination and Power Analysis Using the G*Power Software. J. Educ. Eval. Health Prof. 2021, 18, 17. [Google Scholar] [CrossRef] [PubMed]

	



Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A Flexible Statistical Power Analysis Program for the Social, Behavioral, and Biomedical Sciences. Behav. Res. Methods 2007, 39, 175–191. [Google Scholar] [CrossRef] [PubMed]

	



Bianchi, S.; Martinoli, C. Lower Limb—Knee in Ultrasound of the Musculoskeletal System, 1st ed.; Springer: Berlin/Heidelberg, Germany, 2007; Volume II, ISBN 978-3-540-42267-9. [Google Scholar]

	



Vera-Pérez, E.; Sánchez-Bringas, G.; Ventura-Ríos, L.; Hernández-Díaz, C.; Cortés, S.; Gutiérrez, M.; Pineda, C. Sonographic Characterization of Hoffa’s Fat Pad. A Pilot Study. Rheumatol. Int. 2017, 37, 757–764. [Google Scholar] [CrossRef] [PubMed]

	



Harris-Love, M.O.; Seamon, B.A.; Teixeira, C.; Ismail, C. Ultrasound Estimates of Muscle Quality in Older Adults: Reliability and Comparison of Photoshop and ImageJ for the Grayscale Analysis of Muscle Echogenicity. PeerJ 2016, 4, e1721. [Google Scholar] [CrossRef] [PubMed]

	



Harris-Love, M.; Avila, N.; Adams, B.; Zhou, J.; Seamon, B.; Ismail, C.; Zaidi, S.; Kassner, C.; Liu, F.; Blackman, M. The Comparative Associations of Ultrasound and Computed Tomography Estimates of Muscle Quality with Physical Performance and Metabolic Parameters in Older Men. J. Clin. Med. 2018, 7, 340. [Google Scholar] [CrossRef]

	



Young, H.-J.; Jenkins, N.T.; Zhao, Q.; Mccully, K.K. Measurement of Intramuscular Fat by Muscle Echo Intensity. Muscle Nerve 2015, 52, 963–971. [Google Scholar] [CrossRef]

	



Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef] [PubMed]

	



Boesen, M.I.; Boesen, M.; Langberg, H.; Koenig, M.J.; Boesen, A.; Bliddal, H.; Torp-Pedersen, S. Musculoskeletal Colour/Power Doppler in Sports Medicine: Image Parameters, Artefacts, Image Interpretation and Therapy. Clin. Exp. Rheumatol. 2010, 28, 103–113. [Google Scholar]

	



Pillen, S.; Tak, R.O.; Zwarts, M.J.; Lammens, M.M.Y.; Verrijp, K.N.; Arts, I.M.P.; van der Laak, J.A.; Hoogerbrugge, P.M.; van Engelen, B.G.M.; Verrips, A. Skeletal Muscle Ultrasound: Correlation between Fibrous Tissue and Echo Intensity. Ultrasound Med. Biol. 2009, 35, 443–446. [Google Scholar] [CrossRef] [PubMed]

	



Reimers, K.; Reimers, C.D.; Wagner, S.; Paetzke, I.; Pongratz, D.E. Skeletal Muscle Sonography: A Correlative Study of Echogenicity and Morphology. J. Ultrasound Med. Off. J. Am. Inst. Ultrasound Med. 1993, 12, 73–77. [Google Scholar] [CrossRef]

	



Khoury, V.; Cardinal, E.; Brassard, P. Atrophy and Fatty Infiltration of the Supraspinatus Muscle: Sonography versus MRI. AJR Am. J. Roentgenol. 2008, 190, 1105–1111. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 13 02578 g001] 





Figure 1. Flowchart presenting the step-by-step methodology of the study. MRI—magnetic resonance imaging, PCL—posterior cruciate ligament, ICC—intraclass correlation coefficient. 
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Figure 2. (a) Probe positioning. (b) Ultrasound longitudinal image of the pericruciate fat pad (PCFP). MHG—medial head of gastrocnemius, PCL—posterior cruciate ligament, SCF—subcutaneous fat. 
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Figure 3. Elastography measurement. Histograms show mean value and standard deviation of a measurement. Z1 histogram pertains to the pericruciate fat pad (PCFP), Z3 to the medial head of gastrocnemius (MHG), and Z2 to subcutaneous fat (SCF). Compression quality icon is visible under the soft/hard color scale. 
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Figure 4. Epidemiology of knee pathologies or surgeries in the case group. ACL—anterior cruciate ligament, LCL—lateral collateral ligament, LFC—lateral femoral condyle, LM—lateral meniscus, LPFL—lateral patellofemoral ligament, MCL—medial collateral ligament, MM—medial meniscus, MPFL—medial patellofemoral ligament. 
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Table 1. Parameters of sagittal and coronal T1W_TSE and sagittal and axial PDW_TSE_SPAIR_Tra sequences.






Table 1. Parameters of sagittal and coronal T1W_TSE and sagittal and axial PDW_TSE_SPAIR_Tra sequences.





	

	
Parameter

	
Frequency Bandwidth [kHz]

	
Echo Time [ms]

	
Repetition Time [ms]

	
Slice

Thickness [mm]

	
Section Gap [mm]

	
Field of View [cm]

	
Acquisition Matrix

	
Number of Averages

	
Echo-Train Length




	
Sequence

	






	
T1W_TSE

	
63.9

	
8

	
540.5

	
3.0

	
3.3

	
10 × 10

	
320 × 268

	
3

	
-




	
PDW_TSE_SPAIR_Tra

	
63.9

	
30

	
2591.5

	
3.0

	
3.3

	
10 × 10

	
320 × 256

	
1

	
12











 





Table 2. Detailed patient characteristics. BMI—body mass index, SD—standard deviation, M—males, F—females.
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	Variables
	Tool
	Controls
	Cases
	p-Value





	BMI
	Mean ± SD
	22.91 ± 3.66
	23.76 ± 3.10
	=0.07



	Age
	Mean ± SD
	21.94 ± 2.66
	23.22 ± 2.66
	<0.001



	Sex
	No.
	M = 29; F = 78
	M = 42; F = 64
	=0.053










 





Table 3. Intra-rater assessment: PCFP—pericruciate fat pad, PCL—posterior cruciate ligament, MHG—medial head of gastrocnemius, SCF—subcutaneous fat.
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Structure

	
Rater 1

	
Rater 2






	
Controls

	
PCFP

	
0.93

	
0.97




	
PCL

	
0.76

	
0.93




	
MHG

	
0.77

	
0.97




	
SCF

	
0.92

	
0.95




	
Cases

	
PCFP

	
0.92

	
0.93




	
PCL

	
0.94

	
0.94




	
MHG

	
0.93

	
0.76




	
SCF

	
0.85

	
0.83











 





Table 4. Inter-rater assessment: PCFP—pericruciate fat pad, PCL—posterior cruciate ligament, MHG—medial head of gastrocnemius, SCF—subcutaneous fat.
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Rater 1 vs. Rater 2

	
Value






	
Controls

	
PCFP

	
0.97




	
PCL

	
0.94




	
MHG

	
0.92




	
SCF

	
0.95




	
Cases

	
PCFP

	
0.93




	
PCL

	
0.97




	
MHG

	
0.92




	
SCF

	
0.72











 





Table 5. Results of subgroup analysis of the case group assessing the elasticity of the PCFP.
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	Extra-Articular
	Intra-Articular
	Mixed





	Extra-articular
	-
	0.070
	0.447



	Intra-articular
	0.070
	-
	<1.000



	Mixed
	0.447
	<1.000
	-










 





Table 6. Results of subgroup analysis of the case group assessing the elasticity ratio SCF/PCFP.
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	Extra-Articular
	Intra-Articular
	Mixed





	Extra-articular
	-
	0.110
	0.105



	Intra-articular
	0.110
	-
	<1.000



	Mixed
	0.105
	<1.000
	-
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