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Abstract
Objectives: To assess, in daily practice conditions, both safety and efficacy of a single intra-articular injection of a cross-linked hyaluronic
acid (HA) combined with mannitol (HANOX-M-XL) in patients with symptomatic knee osteoarthritis.

Methods: We analyzed the clinical and radiological data of 53 consecutive patients with symptomatic knee OA, treated between January and
June 2016 with a single intra-articular injection of HANOX-M-XL, a viscosupplement made of a cross-linked HA (16 mg/ml) + mannitol (35 mg/
ml). The efficacy endpoints included the changes over time in the normalized (0-10) WOMAC pain, function and total and the patient’s global
assessment (PGA). Patient Acceptable Symptom State (PASS) and Minimum Clinically Important Improvement (MCII) were calculated from
WOMAC pain sub-score. Patient’s self assessment of treatment efficacy (0-3) and the decrease in analgesic consumption (0-5) were also obtained
at the end of follow-up. Safety was assessed by recording all adverse events.

Results: During the selected period of time 53 patients with knee OA were treated with HANOX-M-XL. The mean follow-up duration was 28
weeks (18 to 32). No patient was lost to follow-up. At baseline the mean WOMAC pain sub-score and PGA were 4.6 (1.2) and 6.0 (1.1) respectively.
The average decrease of WOMAC score over the 6 month follow-up was > 50%, versus baseline values, for both pain and function (P<0.0001).
At month 6, 82% of patients were PASS + and 86.8% had experienced improvement > MCII threshold. Three patients experienced local adverse
events (increase of knee pain) after injection that resolved within 3 days.
Conclusion: In daily practice conditions, treatment with a single IA injection of HAnox-M-XL alleviates by more than 50% knee OA
symptoms, over 6 months, in a large majority of patients, without safety concern.

Level of evidence: Knee osteoarthritis (OA) is a major cause of pain and disability in subjects over 50, whose incidence
increases dramatically in western countries [1,2]. The medical management for knee OA includes a combination of nonpharmacological and pharmacological modalities [3-6]. Among the latter viscosupplementation with intra-articular (IA) injections
of high molecular weight of hyaluronic acid (HA) has been suggested to be the most efficacious treatment, as evidenced by an effectsize of 0.63 [7]. However many controversies are still remaining regarding the clinical relevance and the contextual part of this effect [8-13].
Keywords: Hyaluronic acid; Viscosupplementation; Knee osteoarthritis; Mannitol; Intra-articular injection; Pilot study

Abbreviations: PGA: Patient’s Global Assessment; MCII: Minimum Clinically Important Improvement; PASS: Patient Acceptable Symptom State.

Introduction
Several authors underlined the possibility of differential
effects between the many marketed HA medical devices [14-16].
Differences between products might be due to HA molecular
weight, concentration or molecular organization (linear or
cross-linked). The usually recommended dosing regimen varies
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from one to five weekly injections. The reason of the need of
repeat injections is due to the very short IA residence time of
injected HA. It ranges from few days for linear HA [17], that must
be injected 3 to 5 consecutive weeks, to few weeks [18,19] for
the solutions of cross-linked HA which allow a single injection
regimen.
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HAnox-M-XL (Happy Cross®, LABRHA SAS, Lyon, France)
is a viscosupplement, that combines cross-linked sodium
hyaluronate and mannitol. Because oxidative stress is the
main reason of HA depolymerization [20], mannitol, a polyol
scavenging radical oxygen species (ROS), is claimed to increase
the IA residence time of HA [21,22]. In vitro, mannitol has been
demonstrated to protect HA against ROS-mediated degradation
[21-23]. In an animal model of adjuvant-induced arthritis,
mannitol has also exhibited anti-inflammatory and antiedematous effects [24]. Thus, the combination of mannitol with
HA is expected improve the viscosupplement performances.
Several clinical trials demonstrated the good ratio risk/benefit
of HAnox-M-XL in hip [25,26] and ankle [27] OA. In a randomized
double-blind placebo controlled trial, performed in 81 patients
with knee OA, a single IA injection of 2.2 ml of HAnox-M-XL was
shown to reduce serum levels of Coll2-1, a specific marker of
cartilage degradation [28]. The aim of the present work, was to
obtain data from daily practice conditions, in a cohort of patients
with knee OA, treated with IA HAnox-M-XL, and followed using a
standardized procedure.

Patients and methods
Analyzed data

The present analyzed data were obtained from a cohort
of patients referred to the department of rheumatology of the
North Franche-Comté hospital (Belfort, France) for symptomatic
knee OA between February and August 2016. The French
Authorities recommend using viscosupplementation in patients
suffering from knee OA, only if pain is not sufficiently relieved
by analgesics, non-steroidal anti-inflammatory drugs (NSAIDs)
and non-pharmacological modalities. In our rheumatology
department all patients who require viscosupplementation are
followed using the same procedure. At time of injection(s) and
at each follow-up visit, whenever the time interval between the
visits and whatever the viscosupplement used, a standardized
questionnaire is administered before clinical examination, after
patients had given agreement to the scientific and anonymous
usage of the data collected during consultations.

The standardized questionnaires includes demographic and
anthropometric data, prior and present treatments for knee OA,
Western Ontario & McMaster Universities Osteoarthritis Index
(WOMAC index) [29] using a 11-box numerical rating scale
(NRS, range 0–10) for each of the 24 items (0-240), patient’s
global assessment (PGA) of knee pain (0-10 NRS). All values are
normalized to scores with a 0–10 range. The evaluation of the
target knee X-rays, available at the time of injection, includes
Kellgren-Lawrence grading scale [30]. The names and daily doses
of concomitant therapies, analgesics, NSAIDs, symptomatic slow
acting drugs for OA (SYSADOA) are reported into the medical file.
The present work, being a retrospective analysis of data
obtained in daily practice conditions in a single rheumatology
center, did not need the National Ethics Committee approval.
The procedure of follow-up (i.e. questionnaire, agreement form,
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statistics) was approved by the Hôpital Nord Franche-Comté
scientific and ethics committee.

Treatment consisted in a single injection of HAnox-M-XL,
a marketed viscosupplement made of 35.2 mg of cross-linked
HA and 77 mg of mannitol, giving the gel a very high viscosity
(i.e. 2560 Pa. s at 0.01s-1) [31]. The content of a 2.2 ml syringe
was injected into the target knee using a 21-gauge needle, after
removal of synovial fluid effusion if present, using a lateral midpatellar approach, by experienced rheumatologists.

Efficacy outcome measures

The primary efficacy criterion was the decrease throughout
the follow-up for normalized WOMAC pain sub-score (0-10).
Other efficacy criteria were the absolute and relative changes in
normalized WOMAC total and function scores, and PGA, between
injection and month 6. Patient Acceptable Symptom State (PASS)
and Minimum Clinically Important Improvement (MCII) [32]
were calculated from WOMAC pain sub-score. At end-point,
patients were also asked to self-assess the treatment efficacy (0=
null, 1=mild, 2= good, 3=very good). The decrease in analgesic/
NSAIDs intake was also self-assessed by the patient using a 5
point scale (0; ≤ 25%; 26-50%, 51-75%; >75%).

Safety evaluation

The follow-up procedure planned to record adverse events
(AEs) in accordance with the European standard EN ISO
14155: 2011. A particular care was applied for AEs occurring
immediately and the very next days after injection.

Statistics

The XLstats® 2015 (Addinsoft) software was used for
carrying out the statistical analyses. A descriptive analysis was
performed on all the collected data. Qualitative variables were
described using frequencies and percentages. Quantitative
variables were describes using mean, standard deviation (SD)
and distribution (minimum, maximum and median). PASS and
MCII were calculated from WOMAC pain sub-score absolute
values at end-point and variations respectively. Predictive factors
of response were searched using univariate comparison (chi-2
or Fischer’s exact test, t-test or Mann and Whitney) regarding
demographic and clinical characteristics of the patients.

Results

Fifty-three patients, 35 women and 18 men, received one
injection of HAnox-M-XL for painful knee OA during the selected
period of time. Full data were available in all subjects with an
average follow-up duration of 28 weeks (range 18 to 32). Mean
(SD) age was 62.6 (12.3) years and BMI 27.5 (5.2) kg/m2. The
average time from OA diagnosis and HAnox-M-XL injection
was 54.0 (36.5) months. Knee OA was a bilateral in 35 patients
(66%). Kellgren- Lawrence grade was I, II, III and IV in 2, 18, 23
and 10 cases respectively. Fifty patients (94.3%) were regular
analgesics or NSAIDs consumers. Twenty-eight (52.8%) subjects
were treated with SYSADOA. Thirty-three (62.2%) and 35 (66%)
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patients have previously been treated with IA corticosteroid
and/or HA, respectively. At time of injection the normalized
WOMAC pain sub-score was 4.6 (1.2) ranging from 2.6 to 7.2.
The average normalized WOMAC function and total scores were

both 3.9 (1.2). Mean PGA was 6.0 (1.1). Throughout the 6month
follow-up, WOMAC pain, function and total scores decreased by
58%, 51.2% and 52.5% respectively (all P=0.0001) (Figure 1).

WOMAC: Western Ontario & McMaster Universities Osteoarthritis Index normalized on a 11 point rating numeric scale (0-10)
WOMAC A: WOMAC pain sub-score normalized on a 11 point rating numeric scale (0-10)
WOMAC C: WOMAC function sub-score normalized on a 11 point rating numeric scale (0-10);
PGA: Patient global assessment of pain on a 11 point rating numeric scale (0-10);
Figure 1: Decrease over time of WOMAC A, WOMAC C, WOMAC total and PGA in 53 patients with knee OA treated with a single injection
of HANOX-M-XL.

The mean PGA variation was -48.5%. All outcome variations
were highly correlated between themselves (all P<0.0001). At
end-point efficacy was self-rated by patients as “good or very
good” by 77.3% of patients. Eighty-two percent fulfilled the
PASS and 86.8 % the MCII criteria. The decrease of WOMAC pain
over time was not statistically correlated with age, gender, BMI,
X-ray grade and disease duration (all P>0.05). However when
comparing patients with Kellgren grade I-II versus Kellgren
grade III-IV, P value was close to the statistical significance (P=
0.07). Similarly there was a trend for a negative relationship
between BMI and the decrease in WOMAC function (P=0.10) and
total (P=0.06). This trend was confirmed by the percentage of
obese patients (BMI>30) reaching the PASS threshold that was
significantly lower than that of non-obese subjects (P=0.03). A
decrease in analgesics/NSAIDs intake was reported by 86% of
patients. By the end of the study, 60% of patients had reduced
their intake by half or more. Regarding the safety, 3 target knee
AEs were reported (5.7%). All were characterized by transient
worsening of pain occurring a few hours after injection. All
resolved within 36 and 72 hours without other treatment than
usually analgesics. There was no occurrence of joint effusion, no
systemic AE and no severe AE related to treatment.
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Discussion
The main relevance of the present work is that it has
been achieved from daily practice by using the same tools of
evaluation than that of interventional trials, giving the study
a greater scientific value than that of a simple observational
study. Our results showed that a single injection of HAnox-MXL alleviates pain and improves joint function significantly,
over at least 6 months, in a wide majority of patients, without
safety concern. Indeed, the present data confirmed that local
and systemic tolerability of HAnox-M-XL was similar to that of
regular viscosupplement not containing mannitol. These results
were consistent with those of previous studies showing a good
tolerability of viscosupplement combined with mannitol [2528,33] or its isomer, sorbitol [34,35].
Our study also highlights the fact that a single injection of
HAnox-M-XL allows to reduce the use of analgesics by half or
more in a majority of patients. In economic terms, this is an
important point to take into account when assessing the cost
effectiveness of viscosupplementation, seeing the direct cost
of painkillers, and the indirect costs related to the potential
problems of intolerance, common in an elderly population [36].
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Our study suffers from several limitations. In real life conditions,
patients were allowed to take NSAIDs, analgesics, SYSADOA and
non-pharmacological therapies for OA.

We are not able to precisely assess their influence on pain
and function changes. However as the study showed that a
majority of patients decreased dramatically their intake of
painkillers, their influence on the clinical results seems to be
limited. The second limitation is the relatively small sample size
that may explain the lack of statistically significant relationship
between radiographic features and clinical response that has
been demonstrated recently in 166 patients with knee OA [37].
Another limitation is the relative homogeneity of the patients’
sample. Indeed patients with very severe disease, those with
major risk factors of treatment failure (i.e. patients with both
Kellgren grade IV and obesity, with large knee effusion or major
joint malalignment, or those waiting for knee replacement) and
those with failure of a previous viscosupplementation, were
not eligible for viscosupplementation. This may explain the
relatively low level of pain and disability scores at baseline as
well as the high percentage of patients who reached the PASS
definition.

In summary, in daily practice conditions, treatment of
symptomatic knee OA with a single IA injection of HAnox-M-XL
allows to alleviate pain and disability by more than 50% and
to dramatically decrease painkillers consumption, in a large
majority of patients, over a minimum period of time of 6 months,
without safety concern.
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