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Abstract

:

We investigated whether hyaluronic acid (HA) injections can ameliorate ultrasound-detected synovitis in knee osteoarthritis (OA). We recruited 103 patients with symptomatic knee OA and ultrasound-detected synovitis and performed two ultrasound-guided fluid drainage procedures, followed by the administration of a low-molecular-weight HA injection (2.5 mL) in the subpatellar bursa, at a 2-week interval. Knee ultrasound imaging evaluations were performed before injection (baseline) and at 1 and 6 months after the second injection and included the measurements of synovial vascularity by using color Doppler ultrasound, synovial fluid depth over the suprapatellar bursa (SF), and synovial hypertrophy (SH). Initial clinical assessments included a visual analog scale (VAS) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). VAS scores decreased significantly at both 1-month and 6-month evaluations (p < 0.001). WOMAC scores also significantly decreased at 1 month (p < 0.001), but not at 6 months (p = 0.23). The ultrasound parameters did not significantly change, except color Doppler grading, which tended to decrease at the 6-month evaluation (p = 0.059). Our findings revealed that two ultrasound-guided HA injections following fluid drainage improved pain and knee function but did not considerably influence imaging-detected synovitis in patients with knee OA.
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1. Introduction


Osteoarthritis (OA) is a leading cause of disability in older adults and can affect all axial joints, including the spine, and appendicular peripheral joints. Knee OA causes a progressive decline in ambulation, considerably impairing activities of daily living [1]. More than 20% of all individuals over the age of 40 have pain and disability related to knee OA [2]. These individuals also experience considerably increased direct and indirect costs, including higher medical costs and a loss of productivity [3,4].



Knee OA involves all of the tissues of the knee joint and is characterized by cartilage and meniscal degeneration, subchondral bone remodeling, synovial membrane inflammation, infrapatellar fat pad inflammation, and fibrosis [5,6]. Low-grade inflammation, rather than wear and tear, is believed to be the primary pathophysiological mechanism [6]. The inflammatory event is initiated by meniscal injury or degeneration, causing meniscal debris to enter the joint, which triggers an immune reaction. The subsequent release of inflammatory cytokines into the joint induces chondrocyte hypertrophy and death, and synovial hypertrophy, as well as increases peripheral vascularity, thereby exacerbating the immune response; this becomes a vicious cycle [7]. Furthermore, synovitis causes accelerated chondrocyte death because it is a source of nutrient supply and maintains homeostasis of the soft tissues around the joint [7]. It is also a major source of pain due to the dense nociceptive innervation of the synovium [8]. Synovitis is significantly associated with knee pain and difficulty in ambulation [9].



Chronic conditions involving low-grade inflammation, such as diabetes and obesity, also contribute to and exacerbate the intra-articular inflammatory cascade in knee OA, due to insulin resistance and chronic hyperglycemia [10]. These pathogenetic mechanisms cause oxidative stress and the release of proinflammatory cytokines and advanced glycation end products, resulting in damage to the joint [10,11]. Several pharmaceuticals, including glucosamine and chondroitin, have been developed to decrease systemic inflammation and reduce pain; however, the evidence remains limited [12,13,14]. Nonsteroidal anti-inflammatory drugs can reduce pain; however, they are not appropriate for patients with comorbidities or for long-term use because they are associated with a slight increase in the risk of adverse events [15]. Intra-articular therapy offers advantages in the management of osteoarthritis in terms of higher efficacy, more effective symptom control, and fewer adverse effects.



HA (Hyaluronic acid) is one of the most widely used intra-articular regimens for knee OA [16] because of its efficacy in terms of joint lubrication, anti-inflammation effects, and analgesia [17,18]. HA is a polymer of disaccharides, which are composed of D-glucuronic acid and N-acetyl-D-glucosamine. Its function depends on the rheological properties of molecular weights. HA is classified into high-molecular-weight (HWM) HA (molecular weight: >6.0 million Da) and low-molecular-weight (LMW) HA (molecular weight: 0.5–3.6 million Da) [17]; each elicits a different cell response after binding to the target protein CD44 [19]. HMW HA may have better shock absorption and longer analgesic effect, whereas LMW HA may be more efficacious in reducing synovial inflammation [20]. We previously reported that LMW HA successfully alleviated active synovitis in patients with rheumatoid arthritis (RA) in the ankle [21].



Intra-articular HA injections also have antioxidant and antiapoptotic functions in knee OA [22], thus theoretically making them superior to intra-articular steroid injections [23,24]. Hyaluronic acid (HA) injection remains one of the most common alternative therapies for treating OA [18]. A clinical study revealed that HA injection for knees with OA markedly delayed the time to total knee replacement compared with placebo injections [19]. The main therapeutic effects are lubrication, decreased inflammation, pain reduction, and potential tissue repair [20]. An arthroscopic study indicated that HA modified the inflamed synovial membrane toward the normal synoviumin knee OA [25]. However, studies have provided inconsistent results. HA has also been reported to have limited efficacy and to cause only slight pain reduction in knee OA compared with placebo [26,27]; therefore, it is still not recommended in treatment by some rheumatology and orthopedic societies causing HA to be recommended against by certain rheumatology and orthopedic societies [28,29,30].



At present, the most common manner of evaluating OA in the knee is Kellgren–Lawrence (KL) grades based on knee X-rays, with such grades reflecting the presence of osteophyte formation and joint space narrowing [31]. However, X-rays can only be used to assess the bony part of the knee. Musculoskeletal ultrasound imaging is the most sensitive tool for evaluating synovitis [32]. Musculoskeletal ultrasound imaging offers several advantages for the real-time and dynamic evaluation of synovial conditions, such as vascularity, effusion, cartilage erosion, and soft tissue injury severity [33]. It is the gold standard for diagnosing synovitis in RA [34]. We previously reported that an ultrasound can help in determining the effects of HA injection on ankle synovitis in RA and in detecting hyperemia and synovial hypertrophy [21]. Given that knee synovitis plays a major role in OA progression, ultrasound-detected knee synovitis is strongly associated with symptoms of knee synovitis [9,35]. Although a knee ultrasound has limited utility in the evaluation of deep structures and bursas, the suprapatellar bursa can serve as the representative bursa for detecting knee inflammation; ultrasound detection of suprapatellar effusion and the associated synovial vascularity are closely linked to the symptoms of knee synovitis [9,36].



The leading cause of the poor effects of HA therapy is likely the high severity of knee OA or synovitis, which is determined on the basis of KL grades and ultrasound findings [35]. However, how HA therapy actually affects synovitis in knee OA remains unclear. We hypothesized that HA injections might ameliorate the ultrasound-detected signs of synovitis, including synovial fluid accumulation, increased vascularity, and synovial hypertrophy, and can improve clinical outcomes. In the current study, we investigated whether the clinical improvement of the OA knee under HA therapy is associated with the ultrasound-detected amelioration of synovitis. We chose LMW HA because of its good efficacy in reducing both global and functional pain [21,37] and better synovial penetration than HMW HA [17,21].




2. Results


2.1. Patient Characteristics


We initially recruited 115 patients, of whom 12 did not complete the evaluation for personal reasons. Finally, 103 patients were included in the final analysis (Table 1). Significant clinical improvement was observed after HA injections. Compared with baseline values, VAS scores were significantly lower at both the 1-month (p < 0.001) and 6-month evaluations (p < 0.001), whereas WOMAC scores were significantly lower at the 1-month evaluation (p < 0.001), but not at the 6-month evaluation (p = 0.25; Table 2).




2.2. Ultrasound Synovial Outcome


In the ultrasound evaluation, significant changes were not observed in SF, which changed from 0.49 cm at baseline to 0.50 cm at the 1-month evaluation (p = 0.49) but decreased slightly to 0.48 cm (p = 0.118) at the 6-month evaluation. Synovial vascularity non-significantly decreased from 0.66 (0.52–0.79) at baseline to 0.63 at the 1-month evaluation (p = 0.102) and 0.58 at the 6-month evaluation (p = 0.06). The responder rate indicated that a total of 7.7% of the patients with grade 1 color Doppler at baseline had grade 0 after therapy, whereas none of the patients with grade 2 at baseline exhibited any change (Table 2). SH remained unchanged at both of the 1-month and 6-month evaluations (p = 0.918 and 0.446, respectively; Table 3).




2.3. Association between Ultrasound and Clinical Symptoms


A significant association was observed between baseline VAS scores and SF (R = 0.416, p = 0.001) and SH (R = 0.394, p = 0.003), but not with color Doppler (R = −0.68, p = 0.63). Baseline WOMAC scores were significantly associated with SF (R = 0.346, p = 0.036), but not with SH (R = 0.195, p = 0.255) or color Doppler (R = −0.011, p = 0.96).



We also investigated whether real-time clinical improvement was associated with ultrasound-detected changes in synovitis. Spearman correlation analysis revealed that changes in SF were not associated with changes in VAS scores at the 1-month (R = 0.097, p = 0.448) or 6-month evaluation (R = 0.159, p = 0.213). Changes in color Doppler were negatively associated with changes in VAS scores at 1 month (R = −0.223, p = 0.008), but not at 6 months (ρ = 0.059, p = 0.063). Changes in synovial hypertrophy were not associated with changes in VAS scores at 1 (R = −1.58, p = 0.221) and 6 months (R = −0.1, p = 0.439).



Because the baseline KL grade can significantly affect HA therapy–associated outcomes, we performed a linear regression to determine whether the outcomes differed after adjustment for the KL grade. However, no significant association was found between changes in ultrasound parameters—color Doppler grade, SF, and SH—and VAS and WOMAC scores.





3. Discussion


In this study, we described the concurrent changes in ultrasound-detected synovitis and clinical outcomes of HA therapy for knee OA. Our findings indicated that HA therapy only non-significantly reduced imaging-detected synovitis and was not associated with clinical improvement. SF and SH correlated significantly with the baseline VAS and WOMAC scores, whereas the color Doppler grade did not change after HA therapy and was not correlated with clinical symptoms. These results imply that synovial imaging markers in knee OA may persist after short-duration HA therapy.



Knee pain originating from OA is multifactorial and has different presentations according to the deterioration of different structures or the development of neurological lesions [38]. A crucial source of ambulatory pain is knee instability, resulting from structural abnormality due to cartilage loss [8]. Another cause is the sensitization of synovial nociceptors resulting from progressive low-grade inflammation [39,40]. Cartilage loss is also associated with mild worsening of knee pain, and some knee pain is caused by worsening synovitis [8]. Together, these findings highlight how the synovium affects pain perception in patients with knee OA. Our study revealed that two consecutive HA injections were efficacious for both VAS reduction and WOMAC improvement; however, no association was noted with the changes in synovial parameters, suggesting that HA improved the VAS score, but not by significantly changing the synovial deficits detected through imaging. HA acts directly by desensitizing nociceptive nerve fibers [41], or indirectly by interacting with molecules such as intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in the synovial fluid to decrease inflammatory response and pain [42]. In our study, a significant association between imaging detection of synovitis and clinical symptoms was found only at baseline. Consistently, a recent study revealed that the arthroscopy-detected severity of knee synovitis and cartilage damage correlated with preoperative symptoms [43]. Although no significant association was found between the imaging detection of synovitis and clinical symptoms after HA therapy, the treatment exhibited good efficacy, with effects lasting up to 6 months. This may be partly due to the ultrasound-guided injection, which has been confirmed to be more accurate than blind injection [44]. In addition, ultrasound guidance can enable better fluid drainage than the blind procedure, thereby minimizing the dilution of HA in the synovial fluid and increasing its effectiveness.



The knee joint is a closed cavity, and the suprapatellar bursa is the largest bursa connected to the small bursa of the knee; thus, SF can serve as a good marker of the amount of fluid [36]. Our results revealed that despite two fluid drainage procedures and HA injections, only a mild decrease was found in the synovial fluid. Consistent with this observation, studies have demonstrated that the effect of joint lavage is temporary, and that fluid accumulation recurs within weeks [45,46] and, according to our data, can last up to 6 months. The nearly unchanged synovial fluid content indicates that it is a rather persistent condition that recurs even after complete fluid drainage. A study using steroid injections also reported similar persistence of the synovial fluid content, thus reinforcing that synovial fluid accumulation may be challenging to reverse [47]. It may result from the dysregulation of synovial cells as an inappropriate reaction to the mechanical stress response, whereas under normal circumstances, the cells secrete minimal fluid to supply nutrients to chondrocytes [7]. Normal synovial cell metabolism is destroyed under persistent inflammation. Future studies should explore the mechanisms underlying synovial cell sensors affected by mechanical fluid stress that cause them to secrete excessive fluid in knee OA.



Although OA is a low-grade inflammatory condition, the ultrasound-detected vascularity of an osteoarthritic joint varies in different stages and joints [6,48]. Our baseline evaluation revealed that the average color Doppler was 0.64, which was lower than grade 1 on a semiquantitative scale, suggesting that vascularity was low despite pain and functional disability. Similarly, a study also observed low vascularity in the suprapatellar bursa in patients with an OA knee [48]. Our results also revealed that HA therapy caused no significant change in color Doppler grading, implying that HA does not affect vascularity in synovitis. This finding is consistent with our previous study result demonstrating that HA therapy was associated with a non-significant change in color Doppler grading in both short-term and long-term evaluations in patients with RA ankle synovitis [21]. However, most of our patients had low-grade inflammatory synovitis, which may have made it challenging to quantify any changes through color Doppler examination. A study with a positive result reported a high baseline color Doppler value of 1.04, contrary to our value of 0.64, and that medium-molecular-weight HA therapy can result in a greater reduction in vascularity than steroid and high-molecular-weight HA in knee OA [49]. Another study with positive results suggested that HA therapy can reduce vascularity over the TMC joint; however, this study also had an initial high color Doppler value of 2.7 [50]. This might be because the TMC joint is smaller than the knee joint, with less effusion and synovial fluid.



This study has several limitations. First, ultrasound examination is not sufficient as a comprehensive evaluation of the synovial condition, especially when compared with MRI. However, our aim was to measure synovial effusion rather than to conduct a detailed pathological evaluation. The suprapatellar bursa has been considered to be one of the most representative ultrasound evaluation sites associated with clinical symptoms [51,52]. Second, the evaluation time was relatively short because we evaluated real-time changes in imaging parameters and clinical conditions. Third, we, only semiquantatively, evaluated the color Doppler findings and did not perform a thorough quantitative assessment. New techniques, such as the contrast-enhanced ultrasound used widely in RA synovitis, should be considered [53]. Fourth, this prospective cohort study lacked a control group because we primarily investigated the association of changes in synovial parameters with clinical symptom improvement. Future randomized control studies are warranted to validate our results.




4. Materials and Methods


4.1. Participants


In this prospective cohort study, we recruited patients with a symptomatic OA knee at a rehabilitation outpatient clinic in Taipei Veterans General Hospital’s Yuli branch. Our study was approved by the Ethics Committee of Taipei Veterans General Hospital (IRB No: 2017-03-009B; approval date: 9 August 2017). The inclusion criteria were as follows: (1) clinical and radiographic diagnosis of knee OA that met the American College of Rheumatology criteria [28,54,55], (2) age > 40 years, (3) disease duration > 1 month, (4) no active disease related to inflammation, (5) no previous knee surgery, and (6) no knee ankyloses or deformity. The exclusion criteria were as follows: (1) history of an allergic event after HA injection, (2) intra-articular infection in the past 3 months, (3) acute medical illness in the past 3 months, and (4) history of cancer, neurodegenerative disease, or other forms of dementia.




4.2. Drug Administration


The study patients received two injections of Hyalgan (2.5 mL)—a low molecular-weight HA of 500–730 kDa (Bioibérica SA, Barcelona, Spain; molecular weight: 0.5 × 106) [56]—with a 2-week interval between injections [21]. Clinical and ultrasound evaluations were performed at baseline and at 1 and 6 months after the second injection (Figure 1).




4.3. Ultrasound Evaluation


Before the HA injection, baseline ultrasound examination was performed (Figure 2). Next, local anesthetic was injected subcutaneously. Fluid was drained completely under ultrasound guidance to prevent drug dilution. Subsequently, the HA injection was performed under ultrasound guidance (Figure 3c,d).



In accordance with the European Alliance of Associations for Rheumatology’s (EULAR’s) standardized procedures for rheumatic diseases [34], ultrasound examination was performed on the Aloka Prosound F75 Ultrasound System (Hitachi, Tokyo, Japan), equipped with a 6–18 linear array transducer, which is used for musculoskeletal evaluations. All ultrasound examinations were performed by the same physician, who had 10 years of experience in performing musculoskeletal ultrasounds, and under the same ultrasound settings. The patient lay supine with 30° knee flexion (Figure 2). Gray-scale imaging (B-mode) and the color Doppler ultrasound were used for evaluating structures and vascularity, respectively. The Doppler gain was adjusted after random noise was encountered by gradually decreasing the gain until the color noise disappeared near the cortical bone [57]. Both the longitudinal and transverse images were acquired for each sampled area of the knee. Synovial fluid depth (SF) in the suprapatellar bursa was defined as the distance between the highest and lowest points of the bursa (Figure 2). Synovial hypertrophy (SH) was quantified as the thickness of the synovial membrane in the suprapatellar bursa [58].



Knee vascularity was assessed using ultrasound color Doppler imaging (Figure 2b). The intraobserver reliability of color Doppler imaging has been reported previously [59]. A semiquantitative scoring system ranging from grades 0 to 3 was used to evaluate the amount of color in the visualized synovium in the knee joint [60], with grade 0 = no color pixels or flow in the visualized synovium; grade 1 = low flow or a single Doppler signal in the visualized synovium; grade 2 = color pixels in ≤50% of the visualized synovium; and grade 3 = color pixels in >50% of the visualized synovium [61]. Furthermore, we calculated the responder rate to evaluate the percentage of patients with a downgrading of the color Doppler scale at the 1-month and 6-month evaluations in comparison with the baseline values.




4.4. Clinical Outcome Measurement


The baseline clinicodemographic characteristics included sex, age, body mass index (kg/m2), duration of knee pain, and medical history, including hyperuricemia or hyperglycemia. The radiographic severity of knee OA was assessed using KL grades, which were determined using anteroposterior knee X-ray films [62] (Figure 4).



Clinical variables included the global pain score measured using the visual analog scale (VAS) and knee function measured using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and a validated self-administered questionnaire for measuring OA-related knee pain and disability [63]. The patients self-reported their daily average pain levels on the 100-mm VAS. The WOMAC comprises three subscales: functional knee pain (WOMACpain, 5 items), physical function (WOMACphy, 17 items), and stiffness (WOMACstiff, 2 items). Each item is scored on a 0–4 scale, with total scores ranging from 0 to 96.




4.5. Data Analysis


SPSS (version 25.0; SPSS, IBM, Chicago, IL, USA) was used for all statistical analyses. The independent t test was used to assess continuous data, and the chi-square test was conducted to assess categorical data. The level of significance was set at p < 0.05. The baseline WOMAC, VAS, BMI, age, disease duration, SF, SH, and color flow image signals are reported as mean (95% confidence interval). The OA stage is reported as median (interquartile range [IQR]) (Table 1). The WOMAC, VAS, SF, and SH were assessed using the paired t test between the baseline and the 1- and 6-month evaluations.



Ordinal data, such as color Doppler values, were analyzed using nonparametric Mann–Whitney U and Kruskal–Wallis tests. Spearman’s test and linear regression were used to determine the association between synovitis and the measured outcomes—specifically, whether changes in VAS and WOMAC scores were correlated with changes in ultrasound parameters.





5. Conclusions


This study highlights the changes in ultrasound-detected synovial parameters after HA therapy for knee OA. Our data indicate that synovitis in knee OA, as measured using SF and SH, tends to persist and may be refractory to HA therapy despite clinical improvement and ultrasound-guided synovial fluid drainage before HA injection. Nevertheless, baseline SF and SH were correlated with VAS and WOMAC scores, suggesting that the severity of the synovial condition was closely related to symptoms. Moreover, low-grade vascularity was correlated with severity. Although the clinical efficacy of HA therapy was not improved by reducing synovial fluid or vascularity, our data provided a real-time synovial response to joint lavage with HA injection. Ultrasound-detected synovial parameters seem to be accurate for the real-time assessment of synovitis. Future studies should address different ultrasound-detected synovial responses to different therapeutic regimens in knee OA.
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Figure 1. Study workflow. Two hyaluronic acid (HA) injections were administered with a 2-week interval, and post-treatment evaluations were performed at 1 and 6 months after the second injection. WOMAC, the Western Ontario and McMaster Universities Arthritis Index; VAS, visual analogue scale. 
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Figure 2. Ultrasound evaluation of the knee in a patient with stage II knee osteoarthritis and synovitis. (a) The patient lay supine with 30° knee flexion. (b) The ultrasound probe was placed over the knee just superior to the patella to examine the suprapatellar bursa. (c) Knee ultrasound longitudinal view indicating the position of the suprapatellar bursa between the patella and femur. PFFP, prefemoral fat pad; SPFP, suprapatellar fat pad; QT, trilaminar quadriceps tendon; Hypoechoic space (asterisk) reflects joint effusion. 
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Figure 3. Ultrasound evaluation of synovitis and ultrasound-guided administration of hyaluronic acid (HA) in a patient with stage II knee osteoarthritis and synovitis. (a) The ultrasound revealed synovial hypertrophy (asterisk) and a synovial fluid depth of 1.34 cm in diameter (hypoechoic space between arrows). (b) Color flow imaging revealed grade 2 vascularity. (c) Ultrasound-guided procedure with a needle (arrow) for fluid (asterisk) aspiration. (d) The amount of fluid decreased and HA was injected with the needle (arrow). 
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Figure 4. Knee X-ray (a,d) and ultrasound (b,c,e,f) in an individual with a healthy knee (a–c) and a patient with stage IV knee osteoarthritis (d–f). (a) Normal joint space without narrowing. (b) Normal hyaline cartilage (arrow). (c) Minimal joint effusion over SF (asterisk). (d) Large osteophytes, marked joint space narrowing, severe sclerosis, and definite bony deformity (asterisk). (e) Irregular hyaline cartilage (arrow). (f) Moderate effusion over SF (asterisk). 
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Table 1. Baseline characteristics of the study population.
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	Characteristics
	





	N
	103



	Age (years), mean (95% CI)
	70.09 (66.6–73.9)



	M:F ratio, %
	42:61



	BMI (Kg/m2), mean (95% CI)
	25.1 (22.9–27.2)



	OA stage, median (IQR)
	2 (1–4)



	Disease duration (month), mean (95% CI)
	22.22 (11.12–33)







Values are presented as means (95% CI) for continuous data and as medians (interquartile ranges) for noncontinuous data. WOMAC, the Western Ontario and McMaster Universities Arthritis Index; VAS, visual analog scale; BMI, body mass index.













 





Table 2. Ultrasound parameters and clinical evaluation at 1 and 6 months after treatment.
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	Characteristics
	Baseline
	1-Month Evaluation
	6-Month Evaluation
	p Value

(1 Month to Baseline)
	p Value

(6 Months to Baseline)





	Effusion
	0.49 (0.43–0.56)
	0.50 (0.43–0.57)
	0.48 (0.42–0.54)
	0.49
	0.118



	Synovial hypertrophy
	0.34 (0.28–0.41)
	0.35 (0.28–0.41)
	0.38 (0.31–0.44)
	0.918
	0.446



	Color

flow Doppler
	0.64 (0.50–0.78)
	0.63 (0.49–0.77)
	0.58 (0.44–0.72)
	0.102
	0.06



	Global pain

(VAS)
	50.3 (40.3–55.3)
	37.3 (26.8–47.7) *
	36.0 (31.1–41.0) *
	<0.001
	<0.001



	WOMAC
	46.7 (42.6–50.8)
	27.1 (22.9–31.1) *
	42 (37.8–49.3)
	<0.001
	0.25







* p < 0.05 compared with the baseline.