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Summary

Purpose. Osteoarthritis (OA) is the most common joint
disorder in the elderly, causing significant pain which
negatively affects mobility and quality of life. The aim of
the study was to assess the effectiveness of ultrasound
image-guided intra-articular injections of Hyalubrix® com-
bined with exercise therapy in the treatment of hip os-
teoarthritis.
Methods. This was a single site, prospective, open-label,
Investigator-initiated study. Forty patients were enrolled
and received three ultrasound image-guided injections
of Hyalubrix®, 45 days apart, combined with three ses-
sions a week of physical therapy (proprioceptive rehabil-
itation of the lower limbs; gait training; balance training)
up to a total of 30 sessions (10 weeks), starting from one
week after the first injection.
Results. The primary objective was to achieve a lasting
reduction in OA symptoms related to pain during activi-
ty. During the course of the study the pain perceived by
the patient during activity dropped from a mean value of
6.94 cm to a mean value of 1.46 cm and showed a statis-
tically significant decrease from visit 1 compared to
baseline (p < 0.05) which was confirmed at all the subse-
quent time points. Significant improvements were also
observed in the evaluation of the secondary objectives:
hip disability; OA-related pain at rest; daily functioning
and NSAIDs intake.
Conclusions. Results from this study including 40 pa-
tients for a total of 65 treated hips demonstrate a signifi-

cant improvement in OA-related pain, hip disability, and
patient’s daily functioning as well as a reduction in
NSAIDs intake. Patients suffering from hip OA seem to
benefit from the treatment with Hyalubrix® injections
plus exercise therapy.

KEY WORDS: hip osteoarthrosis; viscosupplementation; hyaluronic acid;
physical therapy.

Introduction

Osteoarthritis (OA) is the most common type of arthritis and
the main cause of disability in the elderly population world-
wide. Hip OA is the second most frequent form of OA affect-
ing a large joint, and its prevalence ranges from 3 to 11% in
populations over 35 years old (1-3).
Risk factors include genetics, female gender, past trauma,
advancing age and obesity.  Given that the number of people
aged 65 and over is expected to double by 2030 (4), along
with escalations in obesity and physical inactivity (5, 6), the
social and economic impact on society of OA-related disabili-
ty can also be expected to increase.
The main symptoms of hip OA are joint pain and stiffness
which can limit mobility, affect quality of life and may lead to
disability.
Treatment is aimed at reducing pain and stiffness, limiting
disease progression and improving mobility and quality of
life.
Both nonpharmacological and pharmacologic treatment op-
tions are available, including complementary and alternative
therapies and surgery, and many patients will be treated with
a combination of both (7). 
A nonpharmacological approach is particularly important in
the elderly population due to the likelihood that medications
are already being prescribed for co-morbidities with the as-
sociated risk of toxicity and polypharmacy (8).
Initial conservative recommendations include education, self-
management, weight loss and physical exercise (9). Exer-
cise is a core recommendation in all non-pharmacological
guidelines for the management of patients with knee or hip
OA as it focuses on strengthening muscles and improving
the range of motion and can also contribute to ameliorating
pain and function.
Nevertheless, physical therapy alone does not always pro-
vide sufficient pain relief and patients turn to pharmacologi-
cal solutions such as acetaminophen, nonsteroidal anti-in-
flammatory drugs (NSAIDs) and/or cyclo-oxygenase 2 (COX-
2) selective inhibitors. While effective in relieving pain and
reducing stiffness and swelling, the associated possible car-
diovascular, gastrointestinal and renal toxicities (10-12)
mean caution should be exercised in prescribing these thera-
pies, particularly in the elderly population and alternative so-
lutions sought. 
Another non-pharmacological option used for reducing pain
and maintaining hip mobility is viscosupplementation, the ad-
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ministration of a hyaluronic acid (HA) preparation into the af-
fected joint to supplement the viscoelasticity of the diseased
synovial fluid. Published data suggest that intra-articular in-
jections of HA in hip OA are effective in the relief of pain (13-
15).
Studies comparing a combination of intra-articular HA injec-
tions and exercise to exercise alone in patients with knee OA
showed promising results (16, 17). However, no similar stud-
ies have been performed in hip OA.
The present study aimed to evaluate the effectiveness of
Hyalubrix®, combined with exercise therapy in the treatment
of hip osteoarthritis. 
The primary objective was to achieve an enduring reduction
in OA symptoms related to pain during activity. Secondary
objectives were the evaluation of hip disability, OA related
pain, patients’ daily functioning and NSAIDs intake. The ra-
tionale of the study was that the combined approach could
produce a synergic effect both on pain and in muscle
strengthening allowing the patient to return to his/her daily
and working activities.

Materials and methods

This single site, open-label, investigator-initiated, prospec-
tive study was designed to assess the effectiveness of intra-
articular injections of Hyalubrix® in combination with exercise
therapy in the treatment of hip osteoarthrosis.
The study was conducted between February 2011 and De-
cember 2012 and a total of 40 patients was enrolled.
The study was conducted in accordance with the 1964
Helsinki Declaration and subsequent amendments and the
principles of Good Clinical Practice.
Patients referred to the site for treatment of hip OA were
considered for the study. Before performing any study proce-
dure and after the Clinical Investigator had explained the na-
ture, aim, procedures and possible risks of the study, each
patient was asked to give written consent to participate.
Inclusion criteria were: subject between 35 and 85 years of
age suffering from hip osteoarthrosis with a Kellgren-
Lawrence grade > 1 and providing signed informed consent.
Subjects with any of the following conditions were not eligi-
ble to enter the study: neoplasia, cognitive impairment, pace-
maker implant.
The hyaluronic acid test product was Hyalubrix®, a CE cer-
tified class III medical device, consisting in a sterile, non-
pyrogenic, viscoelastic solution manufactured with
Hyaluronic acid obtained by bacterial fermentation from a
fraction of high molecular weight. Hyalubrix®, due to its vis-
cosity and elasticity, exerts the same lubricating and shock
absorbing functions as the synovial fluid does in normal
joints to protect cartilage and soft tissues against mechani-
cal injuries. As a synovial fluid temporary substitute, Hyalu-
brix® is indicated in patients affected by degenerative or
mechanical arthropathy.
Each subject underwent three ultrasound image-guided in-
jections of Hyalubrix®, using an anterior approach with a 20-
gauge spinal needle after betadine preparation.
Injections were performed at 45-day intervals (T0, T1, T2)
and were administered by the same experienced physician
on patients in a supine position.
Excessive weight bearing and strenuous activity were dis-
couraged for 48 hours after each injection.
In the event of bilateral hip osteoarthrosis, the most painful

hip was treated first and treatment of the contralateral hip
was started once the treatment of the first hip had been com-
pleted.
One week after receiving the first injection, all entered pa-
tients started physical therapy consisting in 3 sessions a
week up to a total of 30 sessions (10 consecutive weeks).
Physical therapy focused on the following:
- proprioceptive rehabilitation of the lower limbs;
- gait training;
- balance training.
Patients were also instructed to perform home-based exer-
cise regularly.

Assessment of clinical outcome and safety

Clinical evaluations were performed at baseline and after
each intra-articular injection. Forty-five days and sixty days
after the last injection, the patient returned to the clinic to
perform a follow-up and final visit.
The following assessments were performed to evaluate the
primary and secondary endpoints.
Pain during activity (primary endpoint) and at rest (sec-
ondary endpoint) were investigated by the Visual Analogue
Scale (VAS) consisting in a line ranging from 0 cm, indicat-
ing the absence of pain, to 10 cm indicating unbearable pain.
At each visit the patients were asked to respond in terms of
their pain “at the present time” by indicating on the VAS their
perceived pain, both during activity and at rest. 
Hip disability was investigated in terms of range of motion
(ROM),  measured at each study time point by a goniometer
and the results, expressed as degrees, recorded in the pa-
tient’s medical charts. Muscle and functional impairment
were also assessed by means of the Thomas Test, the Tren-
delenburg Test and assessment of muscle hypotonia.
Normal values of hip ROM (18) were: Flexion: 125°, Exten-
sion: 10-15°, Abduction: 45°, Internal Rotation: 45°, External
Rotation: 45°.
The Thomas test is a physical examination used to identify
unilateral fixed flexion deformity of the hip. The test is per-
formed by putting the patients in a supine position and ask-
ing him to bring one knee in the direction of the chest/flexes
hip while the other leg remains extended. By passing the
palm of the hand beneath the patient’s spine the clinician
can identify lumbar lordosis evidencing, if positive, the fixed
flexion deformity of the hip.
Painful hip disorders such as osteoarthritis may lead to a de-
ficiency in the abductor mechanism of the hip. The Trende-
lenburg test is used to evaluate the strength of the abductor
muscles of the hip, namely the gluteus medius and minimus,
which play an important role during the stance phase of the
gait cycle to maintain both hips at the same level. The Tren-
delenburg sign is said to be positive if, when standing on one
leg, the pelvis drops on the side opposite to the stance leg to
reduce the load by decreasing the lever arm. A positive
Trendelenburg test therefore indicates a deficiency of the hip
muscle.
At each study visit the presence/absence of hypotonia of the
gluteal muscles and the quadriceps femoris muscle was as-
sessed and recorded in the patient’s medical charts.
OA related pain was investigated in term of VAS at rest as
well as the FABER test, a physical examination used to as-
sess for the sacroiliac joint or hip joint being the source of
the patient’s pain.
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The patient’s tested leg is placed in a “figure - 4” supine po-
sition, where the knee is flexed and the ankle is placed on
the opposite knee. The hip is placed in flexion, abduction,
and external rotation (which is where the name FABER
comes from). The examiner applies a posteriorly directed
force against the medial knee of the bent leg towards the
table top. A positive test occurs when groin pain or buttock
pain is produced. Due to forces going through the hip joint as
well, the patient may experience pain if the pathology is lo-
cated in the hip as well.
Patient daily functioning, specifically the activities of daily liv-
ing and mobility, was assessed during the study by the
Barthel Index and Lequesne Index.
The Barthel Index is a questionnaire consisting in 10 items
evaluating feeding, moving from wheelchair to bed and re-
turn, grooming, transferring to and from a toilet, bathing,
walking on a level surface, going up and down stairs, dress-
ing, continence of bowels and bladder and it is particularly
helpful in monitoring improvement in activities of daily living
over time.
The scores for each of the items are summed to create a to-
tal score. The higher the score the more “independent” the
patient is. Independence means that the person needs no
assistance with any part of the task.
The Lequesne Index is a 10-question survey given to pa-
tients with hip OA to investigate functional impairment. It
consists in 5 questions pertaining to pain or discomfort, 1
question dealing with maximum distance walked, and 4
questions about activities of daily living. The total question-
naire is scored on a 0 to 24 scale. Lower scores indicate
there is less functional impairment.
At each study visit the patient was asked about the NSAIDs
intake since the previous visit. Intake was recorded in terms
of yes/no.

Sample size and statistical analysis

Sample size was decided a priori and fixed at 40 treated pa-
tients as this was an exploratory Investigator-initiated study
with no control group.
The Full Analysis Set, which included all subjects receiving
treatment (Hyalubrix® and exercise), was considered for the
statistical analysis performed on absolute values or on
changes from baseline, as applicable, and at a level of sig-
nificance adjusted for the number of comparisons. All com-
parisons were performed considering the Visit 0 as baseline.
Demographic data were calculated on the 40 enrolled patients,
descriptive and inferential statistics referred to coxarthrosis pa-
rameters were calculated on the 65 treated hips.
Descriptive statistics were produced at all time points. The
last patient assessment (105 days after last injection) was la-
belled as Tfinal.
To describe the subjects’ conditions before treatment and
demographic data, summary statistics (mean, median, stan-
dard deviation, minimum and maximum) were calculated for
continuous variables and the number and percentage of
events/patients in each category provided for categorical da-
ta.
Summary statistics (mean, median, standard deviation, mini-
mum and maximum or number and percentage of patients)
were calculated for performance variables at all time points.
An analysis of variance for repeated measures was conduct-
ed on continuous variables to compare values at each time

point against baseline; a McNeemar test was performed on
dichotomous variables to assess changes from baseline.
Analysis of variance for repeated measures was conducted
considering time, gender, age group, BMI group and hyper-
tension co-morbidity as factors.

Results

Forty patients were enrolled and performed the study in the
period from February 2011 up to December 2012, for a total
of 65 hips treated.

Baseline characteristics
All 40 subjects consenting to participate in the study and
treated with the study product attended all the study visits
and underwent 30 sessions of physical therapy. Among the
40 patients, 15 were treated in one hip only, while 25 were
affected by bilateral coxarthrosis and received Hyalubrix®, in-
jections in both hips. 
There was a slightly higher number of female participants
(58%). Included patients had a mean age of 61 years (s.d.
11.0; range 38-81) and a BMI of between 25 and 35 in 59%
of cases. Almost all patients (95%) were non-smokers. The
most frequent diseases affecting the patients at study entry
were hypertension (65%) and heart disease (28%).
The disease characteristics and hip osteoarthritis symptoms
at baseline are reported in Tables 1 and 2.

Clinical outcome
OA related pain
During the course of the study the pain perceived by the pa-
tient during activity dropped from a mean value of 6.94 cm
(s.d. 2.053; range: 1-10) to a mean value of 1.46 cm (s.d.
1.393; range 0-6). The decrease was statistically significant
from T1 compared to baseline (p < 0.05) and was confirmed
at all of the subsequent time points (p<0.001). 
The analysis of the variance for repeated measures consid-
ering time, age group, BMI group and presence of hyperten-
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Table 1 - Disease characteristics of the 65 treated hips.

n (%)
Hip Monolateral 15 (23.1)

Bilateral 50 (76.9)
Kellgren-Laurence II 24 (36.9)
Grade III 40 (61.5)

IVa 1 (1.5)
Presence of Quadriceps 11 (16.9)
Hypotonia Gluteal 13 (20.0)
Positive Test Thomas 59 (90.8)

FABER 59 (90.8)
Trendelenburg 46 (70.8)

NSAIDs intake Yes 39 (60.0)
a The one patient with a Kellgren-Laurence grade of IV in one of
the two hips affected by OA received treatment with Hyalubrix® as
the patient could not undergo surgery.
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sion as factors evidenced an interaction between time and
gender. 
Pain during activity decreased over time, but in female pa-
tients a higher decrease at T3 and Tfinal occurred compared
to male patients: a mean change from baseline of 5.5 cm at
T3 and 6.09 cm at Tfinal was observed in female patients,
against a mean change of 3.97 cm at T3 and 4.81 cm at Tfi-
nal in male patients (p< 0.05). 
However, when considering the pain perceived during activi-
ty at baseline in male and female patients, it can be noted
that female patients perceived greater pain during activity
than male patients  with a mean value of 7.74 cm (s.d. 1.88;
range 1-10) against a mean value of 6.06 cm (s.d. 1.896;
range: 2 - 10 cm) registered in male patients. It is therefore
reasonable to believe that the time and gender interaction is
due to the higher values in pain VAS during activity reported
at baseline by female patients. 

Figure 1 shows the VAS pain values during activity reported
at each study time point by gender.
The effect of Hyalubrix® combined with physical exercises on
pain at rest was similar to that observed on pain during activ-
ity.
VAS pain at rest decreased from a mean value of 6.18 (s.d.
2.537; range: 1-10 cm) reported at baseline to a mean value
of 1.31 (s.d. 1.478; range: 0-9 cm) at Tfinal. The decrease at
T1 compared to baseline was statistically significant (p <
0.05) and was confirmed at all of the subsequent time points
(p<0.001). At baseline female patients reported a higher
mean value in VAS at rest than male patients: 6.91 cm (s.d.
2.391; range: 1-10 cm) and 5.39 cm (s.d. 2.486; range 1-9
cm) respectively. The time and gender interaction evidenced
by the analysis of variance for repeated measures is due to
the lack of homogeneity of the variable at baseline.  
Figure 2 shows the VAS pain values at rest reported at each
study time point by gender.

Hip disability
The range of motion of treated hips improved during the
study: flexion, extension, abduction, internal and external ro-
tation reported at the end of the study showed a mean in-
crease compared to baseline of 16.23° (s.d. 8.884; range: 0-
35°), 8.00° (s.d. 7.385; range: -15-20 °), 11.15 (s.d. 6.298;
range: 0-30), 11.77° (s.d. 8.359; range: -25-25°) and 8.69°
(s.d. 6.267; range: -15-20°), respectively (Table 3). 
Improvement in flexion, extension, internal and external rota-
tion movements were statistically different from baseline
from T2 (p< 0.001), while abduction improved from T1
(p<0.05). 
No correlation with gender, age group, BMI group or hyper-
tension emerged. 
At baseline 91% of cases was positive to the Thomas Test,
the percentage dramatically decreased over time reaching
5% at the final visit in three cases. The McNemar test
showed a statistically significant difference compared to
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Table 2 - Hip osteoarthritis symptoms at baseline.

mean ± (s.d.)

VAS during activity (cm) 6.94 (2.053)

VAS at rest  (cm) 6.18 (2.537)

Barthel Index 92.27 (6.481)

Lequesne Index 12.92 (4.216)

Flexion (°) 100.31 (9.138)

Extension (°) 13.77 (5.156)

Adbuction (°) 31.00 (6.072)

Internal Rotation (°) 15.92 (7.649)

External Rotation (°) 30.62 (6.405)

Figure 1 - VAS pain during activity at
study time points by gender.
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baseline from T2 (p< 0.0125) that was maintained at subse-
quent study time points (p<0.001). 
Similarly, the percentage of positive Trendelenburg Test cas-
es decreased from 71% at baseline to 23% at Tfinal. The
McNemar test showed a statistically significant difference
compared to baseline from T3 (p< 0.001) and was main-
tained at subsequent study time points. 
The number of patients reporting pain on the hip joint at the
FABER test decreased from T2, but became statistically sig-
nificant after the third injection (T3 p< 0.001) and remained
significant at Tfinal (p< 0.001) when compared to baseline:
the percentage of patients previously positive to the test that
became negative were 72% at T3 and 82% at Tfinal. 
The percentages of cases changing from a positive test
(Faber, Thomas and Trendelenburg) at baseline to a nega-
tive test at the subsequent time points are displayed in the
Figure 3.

Patient’s daily functioning
The mean Lequesne index value of 12.9 (s.d. 4.2164; range:
4.00 -19.50) at baseline progressively decreased to a mean
value of 5.5 (s.d. 2.5731; range:1.5-14.5) at Tfinal. The de-
crease was statistically significant at T1 compared to base-
line and was confirmed at all of the subsequent time points

(p<0.001).
During the course of the study an increase in the Barthel In-
dex at different study time points was observed: the mean
value of 92.27 (s.d. 6.481; range: 75-100) registered at
baseline increased up to a mean value of 97.23 (s.d. 3.191;
range: 90-100) at Tfinal. The increase was statistically signif-
icant from T2 compared to baseline and was confirmed at all
of the subsequent time points (p<0.001).
The changes from baseline observed after the first, second
and third injection and at the final time point are reported in
Table 4.

NSAIDs intake
At study entry more than half of the patients declared they
were taking NSAIDs to alleviate pain symptoms (60% of cas-
es). 
At T3, 54% of the patients who had been taking NSAIDs be-
fore entering the study declared they had stopped intake and
at the final observation (Tfinal) the percentage, among those
patients taking NSAIDs before entering the study, further in-
creased up to 55% (p<0.001 against baseline).

Safety
The treatment was well tolerated. 
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Figure 2 - VAS pain at rest at study
time points by sex.

Table 3 - Hip disability: range of motion - mean values at each time point.

T0 T1 T2 T3 Tfinal

Flexion (°) 100,31 100,85 107,00 114,62 116,54
Extension (°) 13,77 12,62 15,77 18,69 21,77
Abduction (°) 31,00 32,00 35,85 41,25 42,15
Internal Rotation (°) 15,92 14,38 18,62 25,00 27,69
External Rotation (°) 30,62 30,46 34,15 39,31 39,31
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Mild transient adverse events were reported in 3 patients.
These device-related local AEs consisted mostly of mild or
moderate post injection pain and swelling which resolved
spontaneously after a few days. Patients’ daily activities
were unaffected by these events.
No serious adverse events were reported by the patients
during the treatment. 

Discussion and overall conclusions

Hip osteoarthritis is a degenerative disease which leads to
loss of joint functioning. Treatment of symptomatic os-
teoarthritis includes educating the patient and continues with
stretching, physical exercise, weight reduction, technical aids
and analgesics. Subsequent options are treatment with vis-
cosupplementation, paracetamol, NSAIDs and possibly opi-
ates and finally insertion of an artificial joint. 
Studies have demonstrated that viscosupplementation with
hyaluronic acid may be effective in relieving hip osteoarthritis
pain. However, exercise is also an important factor particu-
larly amongst the elderly population who may have multiple
co-morbidities affecting their mobility.
The present study therefore aimed to evaluate the effective-
ness of Hyalubrix® combined with exercise therapy in the
treatment of hip osteoarthritis. The rationale of the study was
that the combined approach could produce a synergic effect
both on pain and in strengthening muscles allowing the pa-

tient to return to his/her daily and working activities. 
Results from this study including 40 patients for a total of 65
treated OA hips demonstrated a significant improvement in
OA related pain, hip disability, patient’s daily functioning as
well as a reduction in NSAIDs intake in patients receiving
both Hyalubrix® and exercise therapy. 
The reduction in VAS pain (both during activity and at rest),
was already evident at the first assessment after the start of
both treatments (45 days), while changes in the FABER test
appeared at a later stage (135 days). 
Abduction movements had improved at the first visit after the
start of both treatments (45 days) thus resulting in a reduc-
tion in the Lequesne Index and improvement in patients’
functional activities. Improvement in flexion, extension, inter-
nal and external rotation occurred after two treatment ses-
sions. 
Deficiency in the hip related muscles only ameliorated as ev-
idenced by the Trendelenburg test from day 135 onwards
(T3), although gluteal and quadriceps muscles hypotonia
showed no change from baseline conditions throughout the
study.
Furthermore, the number of patients resorting to NSAIDs
during the study decreased significantly from 135 days after
starting injections and physical therapy. 
The study data suggest that the pain reduction that occurs
early in the treatment period allows the patient to undergo
physical exercises leading to  a significant improvement in
hip range of motion and functional impairment right from the
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Figure 3 - Percentage improvement in
the FABER, Thomas and Trendelen-
burg Test at each study time point.
* significant improvement compared
to baseline (p<0.0125)
** significant improvement compared
to baseline (p<0.001)

Table 4 - Patient’s Daily Functioning: Barthel and Lequesne Indices - mean values at each time point.

T0 T1 T2 T3 Tfinal

Barthel Index 92,27 92,27 94,15 96,54 97,23
Lequesne Index 12,915 11,531 8,989 6,800 5,508
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first assessment visit (45 days). Following the two Hyalubrix®

injections and the compliance with the exercise program, the
patient became more independent in the activities of daily
living leading to a significant improvement in muscular defi-
ciency and a reduction in NSAIDs intake shown after the
third Hyalubrix® injection.
All these positive effects are still present at the final visit per-
formed 105 days after the last Hyalubrix® injection. 
Another strength of this study is the high patient compliance.
The intra-articular administration using Hyalubrix® means
just 3 injections can be performed every 45 days rather than
more frequently as is the case with the 60 mg formulations
used in many other published studies. Pain is reduced from
the first injection and is maintained throughout the period,
thus enabling optimal performance of the physical exercises
with consequent greater recovery of joint range of motion
and resolution of antalgic contractures and incorrect posture.
The effect of the hyaluronic acid therefore enables the pa-
tient to comply better with the rehabilitation therapy, syner-
gising the two therapeutic effects.
It could therefore be concluded that patients suffering from
hip OA seem to benefit from the treatment with Hyalubrix®

injections plus exercise therapy; however a further controlled
study is indicated to evaluate the synergic effect of the two
combined treatments. 
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