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Efficacy of a single ultrasound-guided injection of high molecular weight hyaluronic acid combined with collagen tripeptide in patients with knee osteoarthritis and chondrocalcinosis












	 
	ORIGINAL RESEARCH
published: 19 July 2024
doi: 10.3389/fmed.2024.1437160





[image: image]

Efficacy of a single ultrasound-guided injection of high molecular weight hyaluronic acid combined with collagen tripeptide in patients with knee osteoarthritis and chondrocalcinosis

Francesco Porta1*, Emilio Filippucci2, Edoardo Cipolletta2,3, Marco La Grua1, Xenia Barni1, Silvia Sirotti4 and Florentin Ananu Vreju5

1Interdisciplinary Pain Medicine Unit, Santa Maria Maddalena Hospital, Occhiobello, Italy

2Rheumatology Unit, Department of Clinical and Molecular Sciences, Polytechnic University of Marche, Ancona, Italy

3Academic Rheumatology, University of Nottingham, Nottingham, United Kingdom

4Department of Rheumatology, IRCCS Ospedale Galeazzi-Sant’Ambrogio, Milan, Italy

5Department of Rheumatology, University of Medicine and Pharmacy Craiova, Craiova, Romania

Edited by
Sara K. Tedeschi, Brigham and Women’s Hospital and Harvard Medical School, United States

Reviewed by
Antonella Adinolfi, Niguarda Ca’ Granda Hospital, Italy
Zunaid Karim, Mid Yorkshire Hospitals NHS Trust, United Kingdom

*Correspondence
Francesco Porta, dr.fporta@gmail.com

Received 23 May 2024
Accepted 08 July 2024
Published 19 July 2024

Citation
 Porta F, Filippucci E, Cipolletta E, La Grua M, Barni X, Sirotti S and Vreju FA (2024) Efficacy of a single ultrasound-guided injection of high molecular weight hyaluronic acid combined with collagen tripeptide in patients with knee osteoarthritis and chondrocalcinosis. Front. Med. 11:1437160. doi: 10.3389/fmed.2024.1437160

Introduction: Osteoarthritis (OA) and calcium pyrophosphate deposition (CPPD) often co-exist, this resulting in a clinical condition characterized by amplified inflammation and more severe and faster cartilage degeneration compared to OA alone. Our study aims to explore the efficacy of a therapeutic approach that addresses both conditions, using a combination of a high molecular weight hyaluronic acid (HMWHA) and collagen tripeptide (CTP). Additionally, safety profile and baseline characteristic predictive value were evaluated.

Methods: We conducted a retrospective study on patients diagnosed with symptomatic knee OA (KOA) and CPPD treated by ultrasound (US) guided intraarticular injections of HMWHA-CT in the outpatient clinics of the Interdisciplinary Pain Medicine Unit at Santa Maria Maddalena Hospital, Occhiobello, Italy and in the Rheumatology Unit of the Emergency County Hospital Craiova, Romania (ECH Craiova). All the patients underwent clinical and US evaluation at baseline, 1, 3, and 6 months. From clinical point of view, Numeric Rating Scale (NRS) pain and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) were recorded. US data included detection of synovitis, cartilage damage, osteophytes, and CPPD deposits. Clinical efficacy was defined with NRS and WOMAC variations in respect to baseline and using the minimal clinically important difference values: an improvement of 2 point for NRS pain and 10 for the total score for WOMAC.

Results: Twenty-nine patients (34 knees) were injected and evaluated. Overall pain levels, as measured by NRS, demonstrated a consistent decrease in patients across all follow-up intervals, with the most substantial improvement at the 6-month compared to baseline measurements. A significative proportion of patients achieved the minimum clinically detectable improvement, specifically 79% for NRS and 83% for WOMAC (19 and 20 patients, respectively).

Conclusion: Our data showed a significant efficacy of ultrasound guided HMWHA-CT, in patients with KOA and CPPD, thus making it reasonable to consider that the combination of HMWHA and CTP can provide a strong anti-inflammatory effect.
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Background

Osteoarthritis (OA) is one of the most common chronic arthropathies, presenting with joint pain, functional impairment, and progressive cartilage degeneration (1). Despite its high prevalence, existing treatments are primarily focused only on pain reduction and limiting joint impairment. Therapeutic strategies supported by the current scientific literature include the use of food supplements, paracetamol, anti-inflammatory drugs, hyaluronic acid or corticosteroid injections, physiotherapy, regular physical activity, maintaining an appropriate body weight to reduce stress on the joints, and in advanced disease, prosthetic joint replacement (2).

On the other hand, calcium pyrophosphate deposition (CPPD) disease emerges as a chronic joint condition caused by the accumulation of calcium pyrophosphate crystals in the joint cartilage, leading to inflammatory stimuli and cartilage damage (3). The therapeutic approach most supported by scientific literature involves the use of colchicine as the first-line treatment for managing the acute inflammatory phase. However, there are no therapeutic strategies for managing the non-acute phases (4) except some data restricted to retrospective case-analysis about the off-label use of anti-inflammatory and immunomodulant drugs (5).

The coexistence of OA and CPPD results in a clinical condition characterized by amplified inflammation and faster and more severe cartilage degeneration compared to OA alone (6–8). Despite the extensive literature on specific treatments for OA, there is currently no standardized therapeutic approach to address the combination of OA and CPPD (6). This gap becomes even more relevant considering the prevalence of both conditions in the elderly population (9), often unsuitable to surgical procedures, like prosthetic joint replacement, but requiring clinical management for symptom resolution (10).

Our study aimed to explore the efficacy of a single intra-articular injection of high molecular weight hyaluronic acid (HMWHA) and collagen tripeptide (CTP) in patients with knee OA (KOA) with imaging evidence of cartilage calcification/chondrocalcinosis. HMWHA is known for its pain-reducing and functional improvement capabilities (11, 12), and CTP is known for its anti-inflammatory and regenerative properties (13). “Chondroplus” is a pharmaceutical product that combines both agents and theoretically exerts its biological activity up to 1 year (14–17) thus it can be a valuable option for CPPD concurrent with OA.

The secondary aims of this study were to evaluate the safety of Chondroplus in patients with KOA and CPPD, and to identify baseline clinical and US predictors of achieving a minimum clinically detectable improvement (MCDI) in the pain score 6-month after the injection.



Materials and methods

This is a retrospective study involving patients with symptomatic KOA with CPPD (18) treated with intraarticular injections of HMWHA-CTP in the outpatient clinics of the Interdisciplinary Pain Medicine Unit at Santa Maria Maddalena Hospital, Occhiobello, Italy and in the Rheumatology Unit of the Emergency County Hospital Craiova, Romania (ECH Craiova).

Patients were considered eligible for inclusion if they met all the following criteria: 18 years of age or older, fulfillment of the American College of Rheumatology (ACR) classification criteria for KOA (12), at least one episode of clinically reported knee inflammatory flare, presence of KOA on conventional radiograph (any grade), presence of CPPD at X-rays or US according to previously published definitions (19, 20) and with a NRS knee pain ≥3 (0–10) before the injection.

The exclusion criteria included a known diagnosis of inflammatory joint disease, other than CPPD disease, previous intra-articular injection within 6 months and the impossibility or refusal to sign the informed consent for publication.

Our usual clinical practice includes a strict follow-up in case of injections in patients with complicated KOA or when a relatively new device is used. According to this, all the patients that undergo such procedure are evaluated four times: during the first injection of HMWHA-CTP (baseline visit, T0), 1, 3, and 6 months after baseline visit (second, third, and fourth follow-up visits, T1–T2–T3). After 2 weeks from the injection patients receive a phone call to ask for adverse event and to record pain-NRS.

During baseline visit, the following clinical data are recorded: demographic data (age and gender), anthropometric data (height and weight), previous or concomitant pharmacologic treatment, patients-reported outcomes (PROs) [NRS pain (0–10) and Western Ontario and McMaster Universities (WOMAC)]. WOMAC and NRS pain were recorded also during any follow-up.

At baseline and T3 the following ultrasonographic data are recorded: semi-quantitative (0–3) assessment of articular fluid collection, synovial hypertrophy (SH), power Doppler (PD) signal, CPPD absence/presence, presence and grading of osteophytes, meniscal protrusion (dichotomous score), and cartilage damage (semiquantitative score) (21, 22) (Table 1).


TABLE 1 Baseline characteristics of enrolled patients.
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For patients taking medications, any change in painkiller or anti-inflammatory drugs intake was recorded.

During patients’ selection we excluded those with missing follow-up data. Specifically we excluded patients that did not present at T1 or T2 follow-up.

Clinical data were recorded by two rheumatologists (FP and FV) and a trained nurse (XB). All the ultrasound (US) evaluations and the US-guided injections were performed by two rheumatologists (FP and FV) with more than 15 years of experience in the field of diagnostic and interventional US. The study was approved by the local ethics committee of ECH Craiova (No. 22763/09.05.2023) and conducted in accordance with the Helsinki Declaration and all patients gave their informed consent to enrolment.


Ultrasound examination

Ultrasound was carried out to identify the presence of CPPD, to define the inflammatory and structural alterations at baseline and during follow-up visits and to guide injections.

Patients had their knees scanned with ECube 12 US system equipped with a 6–17 MHz linear probe (Alpinion Medical Systems, Seoul, Republic of Korea) or MyLab X8 US system equipped with a 9–15 MHz linear probe (Esaote SpA, Genoa, Italy), according to the 2017 EULAR standardized procedures for US imaging (23). US assessment was aimed at detecting fluid collection, s SH, PD signal, CPPD deposits, presence and grade (0–3) of osteophytes, meniscal protrusion (millimeters from joint line in neutral position and not weight bearing), and cartilage damage.

Synovial hypertrophy was defined as the presence of abnormal hypoechoic synovial tissue within the capsule that is not displaceable and poorly compressible, and may exhibit power PD signal, while synovial effusion (SE) is defined as abnormal hypoechoic or anechoic intra-articular material that is displaceable and compressible but does not exhibit a Doppler signal (21). Capsular distention was graded according to a 0–3 semi-quantitative score for these components: grade 0 = absent; grade 1 (mild) = small hypoechoic/anechoic line beneath the joint capsule; grade 2 (moderate) = capsule elevated parallel to the joint area; and grade 3 (severe) = strong convex distension of the joint (24). Such scoring system was applied to images acquired using the longitudinal suprapatellar scan.

As regards Doppler signal, the following grading system especially developed for large joint was adopted: grade 0 = absence of intra-articular Doppler signal; grade 1 (mild) = presence of up to three single Doppler signals or two single Doppler signals and one confluent Doppler signal representing only low flow; grade 2 (moderate) = grade higher than grade 1 and with less than 50% of the intra-articular area filled with Doppler signals representing clear flow; and grade 3 (severe) = with more than 50% of the intra-articular area filled with Doppler signals (24).

Cartilage damage was defined as the loss of anechoic structure and/or thinning of the cartilage layer, and irregularities and/or loss of sharpness of at least one cartilage margin. Grading of cartilage damage is classified on a 0–3 semi-quantitative score (grade 0 = normal cartilage; grade 1 (mild) = loss of anechoic structure and/or focal thinning of the cartilage layer OR irregularities and/or loss of sharpness of at least one cartilage margin; grade 2 (moderate) = loss of anechoic structure and/or focal thinning of the cartilage layer AND irregularities and/or loss of sharpness of at least one cartilage margin; and grade 3 (severe) = focal absence or complete loss of the cartilage layer (21).

Osteophytes were defined as step-up bony prominences at the articular surface margin visible in at least two perpendicular planes. According to the OMERACT criteria, they were graded on a 0–3 semiquantitative score (0 = absence of osteophytes, 1 = small beak-like osteophyte, 2 = intermediate-sized osteophytes, 3 = proliferative or mushroom-sized osteophytes) (22).

Calcium pyrophosphate deposition was characterized by the presence of hyperechoic deposits, which could vary in size and shape, could be detected within the fibrocartilage structure and/or the hyaline cartilage. These deposits either stay fixed or move with the joint during dynamic evaluations. CPPD deposits were evaluated as either absent (0) or present (1) (25).

Meniscal protrusion was defined as a displacement of the meniscal body with respect to the margin of the tibial plateau ≥3 mm. Through US assessment, we determined the extent of the meniscal protrusion in millimeters (26).



Ultrasound-guided injection

All patients underwent one US-guided injection with Chondroplus at baseline.

Ultrasound-guided injections were performed according to standardized protocol (27). All patients were asked to lay down on the bed with the leg flexed about 20° sustained with a pillow under the popliteal area. A direct US-guided in-plane approach to visualize the correct needle tip placement was used. In case of effusion, a suprapatellar latero-medial approach putting the probe in transverse view in respect to the knee was used and the effusion was aspirated before the release of the drug (Figure 1). In case of absence of effusion, a lateral midpatellar approach was preferred for the injection, with an inplane approach for the needle visualization (Figure 2).
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FIGURE 1
Suprapatellar lateral approach for in-plane US-guided knee injection in presence of effusion. The needle is entering the joint just below the quadriceps tendon. N, needle; QT, quadriceps tendon; F, femoral bone; *, effusion.
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FIGURE 2
Mid-patellar lateral approach for in-plane US-guided knee injection in absence of effusion. The needle is entering the joint between the patella and the femoral bone. N, needle; P, patella; F, femoral bone.


The correctness of the procedure, defined as right needle positioning and the spreading of the drug, was verified by real-time US assessment.

All the injections have been performed in sterile conditions using a 21G needle.



Outcome measurements

Primary outcome measure was the NRS pain. Secondary outcomes were Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total score and subscales and US features reflecting joint inflammation (joint effusion, SH, and PD signal).

The WOMAC is an OA-specific disease assessment scale that is regularly used in clinical trials. It consists of 24 items divided into three subscales: Pain (5 items), Stiffness (2 items), and Physical Function (17 items), each assessed using a 0–10 NRS, where 0 indicates no pain/stiffness/difficulty and 10 indicates extreme pain/stiffness/difficulty. Patients were required to complete the questionnaire regarding the previous 48-h recall period. Scores for total WOMAC and each subdomain were calculated from the average score of the component questions and higher score indicating worse outcomes (28, 29).

Clinical efficacy of injection was defined using the minimal clinically important difference values as an improvement of 2 point for NRS pain (30) and of 11 points for pain, 8 for stiffness, 9 for function, and 10 for the total score for WOMAC (31).

Ultrasound findings reflecting inflammation were used as secondary outcome measure tool in order to evaluate the anti-inflammatory effect of collagen and hyaluronic acid (15, 32).

Finally, every side effect possibly related to the injections was recorded with particular attention to post-injection flares.



Statistical analysis

Descriptive statistics were presented with absolute and relative frequencies or mean and standard deviation, as appropriate.

The mean change of NRS and WOMAC at follow-up has been evaluated with one-way ANOVA.

To identify any predictors of treatment response, first, we compared patients with and without a significant improvement in the NRS after 6 months using univariable logistic models. Then, we included all the predictors with a p-value < 0.10 at the univariable analysis in a multivariable logistic model.

The significance value was set at 0.05. Statistical analyses were carried out using STATA SE v18.0 (STATACorp, College Station, TX, USA).




Results

Twenty-nine patients [12 women, mean age 70.3 years (12.4 SD), body mass index (BMI) 26.9 (4.2 SD), median K-L of 3], including a total of 34 knees affected by OA graded 2–4, and CPPD, underwent intra-articular injection with Chondroplus (2 ml) and had a follow-up of at least 3 months; 6 months follow-up was also available in 25 of these patients (86.2%).

The majority of patients (25/29, 86.2%) lacked prior traumatic injury history, while 20% had previously undergone unsuccessful treatments with hyaluronic acid or platelet-rich plasma (PRP).

Only two patients were not included: the first did not come at T2 and presented at T3 follow-up visit and the second returned after 10 months. Both the patients did not present due to improved clinical wellbeing and did not report any side effects.

All baseline data are summarized in Table 1.


Variation of NRS and WOMAC in respect to baseline

Overall pain levels, as assessed through the NRS, demonstrated a consistent decrease in patients across all follow-up intervals, with statistically significant differences observed compared to baseline measurements (Figure 3) (NRS score at baseline and at 6 months follow-up: 5.4 ± 1.9 vs. 1.7 ± 2.5, p < 0.05). The most substantial improvement was noted at the 6-month follow-up assessment (WOMAC total score at baseline and at 6 months follow-up: 86.1 ± 47.4 vs. 28.1 ± 46.9, p < 0.05). Knee functionality, evaluated using the WOMAC scale, exhibited a correlation with pain reduction, particularly evident in the pain and function subscales. However, regarding stiffness, statistically significant improvement compared to baseline was only evident at the 6-month mark, with no notable changes observed in earlier follow-up evaluations (Figure 4).
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FIGURE 3
Pain assessed through Numeric Rating Scale at baseline (n = 34), 1 month (n = 34), 3 months (n = 34), and 6 months (n = 24). *p < 0.05 vs. baseline. N refers to the number of knees.
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FIGURE 4
Knee functionality assessed through WOMAC sub-scales and total score at baseline (n = 34), 1 month (n = 34), 3 months (n = 34), and 6 months (n = 24). *p < 0.05 vs. baseline. N refers to the number of knees.


Additionally, a significative proportion of patients achieved the minimum clinically detectable improvement both in NRS and in WOMAC after the injections and specifically 79% for NRS (19 out of 24 patients) and 83% for WOMAC (20 out of 24 patients).

Notably, no patient complained about acute pain after injection.



Correlation of baseline assessment and response rate

The K-L grade (5/14, 35.7% responders vs. 0/7, non-responders had a grade 2, 3/14, 21.4% responders vs. 2/7, 28.6% non-responders had a grade 3, 6/14, 42.9% responders vs. 5/7, 71.4% non-responders had a grade 4), the lack of response to previous treatments (6/19, 31.6% in responders vs. 1/5, 80.0% in non-responders) and US findings indicative of osteoarthritis (e.g., meniscal protrusion (6/19, 42.9% in responders vs. 1/5, 20.0% in non-responders), osteophytes (12/19, 63.2% in responders vs. 1/5, 20.0% in non-responders), and cartilage damage (12/19, 63.2% in responders vs. 1/5, 20.0% in non-responders) were numerically associated with a lack of response to HA treatment. However, their 95% CI is crossed the unit and none of them were significant predictors of NRS treatment response at univariable analyses.



Safety

In our cohort we did not record any side effects related to injections. Specifically, no acute post-injection flare was reported.




Discussion

Our data showed a significative efficacy of HMWHA-CTP injected under US guidance into the knees of patients with KOA and CPPD.

Osteoarthritis with CPPD is well known to be a more aggressive phenotype with more sustained and destructive inflammation (33); co-existence of calcium pyrophosphate crystals leads to a faster cartilage degradation and joint destruction. This consideration can, at least partially, explain the mean high radiographic OA grade in the patients of our cohort.

Moreover, in OA with CPPD, there was a persistent low grade inflammation that could be detected not only during the acute phase but also in the intercritical periods. Filippou et al. (34) described an increased US detectable s SH and joint effusion in CPPD-OA patients, that showed correlation with the number of CPP crystals in the synovial fluid but not with the number of polymorphonucleate cells, so excluding the contribute of an acute inflammation.

Given the inflammatory nature of CPPD associated OA, it is reasonable to hypothesize a role of HA and CTP as injective therapy.

High molecular weight hyaluronic acid has shown to carry out its action in OA mainly through an anti-inflammatory mechanism involving the suppression of several pro-inflammatory cytokines, disintegrines, and metalloproteinases and the induction of the synthesis of anti-inflammatory molecules. This happens by a binding of HMWHA to specific synovial receptors. On the contrary it seems that low molecular weight HA has more a pro-inflammatory effect (32).

Collagen tripeptide has shown an in vitro anti-inflammatory activity by inhibiting IL-1β and TNF-α production and upregulating IL-10 levels in synoviocytes cultures (14). The same authors, confirmed clinically the effect of collagen in OA by showing a significant reduction of Lequesne index, WOMAC index and VAS pain in patients treated with biweekly knee CTP injections for 6 months in respect to matched controls undergoing placebo (13).

Few years later another paper from the same group evaluated the effect of intraarticular knee injections of CTP after arthroscopic lavage on 19 OA patients in respect to placebo with a 6-months follow-up. Patients treated with CTP had improvement of Lequesne index, VAS, ESR, Tregs IL-1β, and IL-10 peripheral-expressing cells, concluding that CTP is effective on downregulating inflammation in KOA (15).

It is reasonable to consider that the combination of HMWHA and CTP can provide a strong anti-inflammatory effect, being potentially effective in OA with CPPD.

Currently, literature data about viscosupplementation in patients with KOA and CPPD are restricted to very few cases, some of them pointing toward the risk of having side effects more than benefits. Specifically there are three case reports of pseudogout attack following hyaluronate injection, one of them in a patient not known with CPPD before the injection, with the diagnosis being confirmed only after microscope analysis of the fluid (32, 35, 36).

The only data about the efficacy of intraarticular knee injection with HA in patient with OA and CPPD are restricted to small case series and are pointing toward good results (3).

Our data show a very good response to intra-articular HMWHA-CTP injections, with clinically relevant results as early as after 1 month and a progressive improvement through subsequent follow-up until 6 months. Notably, we are describing the largest cohort of KOA-CPPD treated with HA intra-articular injection by now and the first attempt ever with HMWHA-CTP. These results are promising and a longer follow-up in a larger cohort of patients will be necessary to define the timing for a second injection due to loss of efficacy. A larger cohort is also necessary to detect and describe infrequent side effects.

The analysis on baseline conditions (both clinical and US) did not show any correlation with positive or negative response to treatment. This can be due to the small number of patients. Some variables showed a tendency to be statistically significant, but the most interesting conclusion that we can get from the study is that viscosupplementation with HMWHA-CTP is working in KOA with CPPD independently on demographic data, OA radiological grade and baseline inflammation. Notably, in our population, we had a high proportion of patients with Kellgren-Lawrence grade 4 OA; usually these patients are excluded from studies on viscosupplementation being considered for surgical management. In our case, also these patients have obtained good results from intraarticular injections and this could be explained by the fact that in end-stage OA, synovium displays a grade of inflammation higher than in early phases (37).



Conclusion

In conclusion, intra-articular HMWHA-CTP seems an effective and safe therapy in patients with KOA and CPPD.
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Baseline characteristics

Mean (SD) or absolute

frequency and relative

percentage
Age (years) 70.3 (12.4)
BMI 269 (4.2)
Female sex 12 (35.3)
K-L grade
2 6(19.4)
3 10 (32.3)
4 15 (48.4)
Failed former therapies 11 (32.4)
NRS 5.4 (1.9)
WOMAC 86.1 (47.4)
WOMAC pain 17.1 (8.8)
WOMAC stiffness 7.3 (4.6)
WOMAC function 61.8 (37.1)
Joint effusion at US assessment 25(86.2)
Synovial hypertrophy at US 27 (79.4)
assessment
Synovial vascularization at US 6(23.1)
assessment
Meniscal protrusion >3 mm at US 13 (52.0)
assessment
Meniscal protrusion (mm) at US 4.1(3.3)
assessment
Cartilage damage at US assessment 23(67.7)
Osteophytes at US assessment 23 (67.7)

BMI, body mass index; K-L, Kellgren-Lawrence; NRS, Numeric Rating Scale; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index; US, ultrasonography.
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