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ABSTRACT

BACKGROUND: Hyaluronic acid injections are effective as intra-articular treatment, but their use
in the ankle has been hindered for the difficulty of execution in this area. Use of a guidance of
musculo-skeleletal ultrasound could improve the success rate and the subsequent clinical outcome,
for the ameliorating placement of the needle tip. The aim of this pilot study was to assess the short-
term efficacy in terms of functional outcomes and pain of a image-guided intra-articular hyaluronic

acid injections of post-traumatic osteochondral lesions (OLs) of the ankle.

METHODS: Thirty sport active patients (21 males; mean age 27.6+7.46) with a clinical and
radiological diagnosis of post-traumatic ankle OLs at initial stage, received a course of three
injections within a month. Patients were evaluated for pain (with Numerical Rating Scale, NRS) e
function (Ankle-Hindfoot Scale, AHS, and range of motion, ROM) before every injection and

ninety days after the last injection (T0-T3).

RESULTS: Pain showed a significant and clinically relevant improvement during the period of
treatment (p<0.001), even if pain was still presented at last follow-up assessment. Also for AHS e
ROM, it was recorded a similar positive trend during time (p<<0.001 for both measurements). Before
intervention, pain and function resulted correlated (p<0.001), while at follow-up assessment these

correlations were reduced, remaining only between pain at rest and plantar-flexion range.

CONCLUSION: These results showed positive effects of the intra-articular hyaluronic acid for the
osteochondral lesions, with a full recovery of the functional activity and a significant reduction of

pain.
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INTRODUCTION

Ankle is commonly affected by inflammatory processes, involving cartilage and the subchondral
bone with a subsequent degeneration of the articular surface. This leads to a long-term
chondropathy with the onset of chronic pain and functional impairments, that restricts particularly
the sport activity in active population [1]. Several terms have been used to describe these
pathological conditions, but “osteochondral lesions” (OLs) seem remain the most inclusive to
describe all these features [2]. Etiology is still unclear but most of OLs may be addressed to a
repetitive trauma, even if it has been described also in absence of any traumatic condition [2]. The
OLs have been described in 6.5% of ankle sprains, but this incidence is considered underrated due
to the subclinical characteristic or missing diagnosis, especially in the initial phases of the disease
[3]. Conservative treatments should be fully exploited before surgery. Rehabilitation usually starts
after an initial period of rest and/or restriction from sport activity, in association with

pharmacological medication and/or intra-articular injections [4].

In the last decade, strong evidences have proved as hyaluronic acid (HA) injections are valid
treatments for all joints [5,6]. HA is formed by a high molecular weight polysaccharide, present in
the human cartilage as a component of synovial fluid and extracellular matrix. It contributes to the
elasticity and viscosity of synovial fluid, acts as a fluid shock absorber, helping to maintain the
structural and functional features of the cartilage matrix [5]. Furthermore, it may play a role in the
inhibition of the production and releasing of prostaglandins, inducing proteoglycan aggregation and
synthesis, and modulating the inflammatory response [5]. It has been also demonstrated to increase
significantly total cartilage volume [7].

Notwithstanding the large use of intra-articular injections with HA, there are few studies for the
ankle compartment, especially if compared with the great amount of research trials for hip and

knee. One of the possible reasons could be related to the anatomical landmarks, that are less reliable
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in the ankle. It has been noted as the success rate of the intra-articular injections and the clinical
improvement may depend by the accurate placement of the needle tip into the joint, in addition to
the type of administered medication and type of performed rehabilitation [8]. For the improvement
of targeting, in recent years it is growing the use of musculo-skeleletal ultrasound (MSUS) as
guidance to execute intra-articular injections. Its application is quick, easy to use, repeatable, well
accepted by patients and without side effects [9]. It is not well known as the guidance of MSUS in
the HA injections could affect in performing this treatment in the ankle. At the best of our
knowledge, no analogues studies have been performed for the OLs.

The purpose of this study was to assess the functional outcomes of a course of image-guided
hyaluronic acid intra-articular injections for the treatment of post-traumatic osteochondral lesion of
the ankle at initial phase. To achieve this aim, we have evaluated the pain relief and the motor and
functional recovery of the ankle in sport-active population. We have also investigated the factors
influencing the potential efficacy of this treatment and the correlations among the recorded

measurcs.
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MATERIAL & METHODS
Participants

Patients were admitted to an outpatient ambulatory due to pain and limitation of movement to the
ankle. We included patients with the following characteristics: eighteen years of age or older;
diagnosis of post-traumatic ankle OLs with chronic pain longer than one month; a definition of
stage 1 of OLs at Magnetic Resonance Imaging (MRI) scan; performed sport activity three times a
week at least, before the beginning of the symptoms; mild to moderate discomfort in the physical
activity; no evidence of underlying fracture or bone oedema. Exclusion criteria were: treatment with
HA preparations within six months previous to study enrollment; significant effusions of the ankle;
previous intra-articular injections of the ankle; rheumatic inflammatory joint diseases; joint
infections or poor skin condition which may have caused following infections; hypersensitivity to
HA preparations, avian proteins, feather and egg products or a general contraindication to local HA
injection; previous surgery of the foot and pregnant or lactating women. All patients gave informed

consent prior to the treatment.

Imaging Assessment

Before the intra-articular injection, a MRI scan was performed to establish the diagnosis and the
radiological features. The MRI assessment (GE Signa Excite HD®, Milwaukee, WI, USA) was
performed at 1,5 Tesla through cartilage-sensitive sequences such as fat suppressed, T1-weighted
gradient echo (GE), T2-weighted and STIR sequences. GE sequences improves signal sensitivity
when small structures are imaged. Fast Spin GE sequences provide T1-weighted images where the
intra-articular fluid is less intense than the cartilage and fat is suppressed therefore maximizing the

contrast between cartilage, fluid and marrow, with cartilage showing a bright signal.
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The MRI scan has shown a high specific and positive predictive value in diagnosing OLs,
improving the accuracy of the diagnosis [10]. Hepple, Winson and Glew have conceived a staging
system for OLs based on the MRI, indicating the initial phase (stage 1) the articular cartilage
damage only [11]. In our study, a preliminary MRI scan permitted the exact definition of the

clinical diagnosis.

Treatment

Patients were undergone to a course of ultrasound image-guided three injections of sodium
hyaluronate (Artz®, concentration 25 mg/ml, WM 800-1170 kDa), after betadine preparation using
an anterior approach with a 20-Gauge spinal needle (Figure 1). The ultrasound examination
(Technos MPX, Esaote Spa, Genoa, Italy) was performed by the same radiologist, using a linear
transducer (13 MHz). The capsule was assessed by color power Doppler for blood flow (recorded as
absent or present). Injections were always administered by the same experienced physician. Patients
were positioned supine, with the knee flexed and the foot flat on the plinth. Ankle was placed in
plantar flexion, opening the anterior side of the joint. If present, mild joint effusion were aspirated
before injection to prevent dilution of the HA. Excessive weight bearing and strenuous physical

activities were discouraged for 48 h after each injection.

Evaluation and Outcome Measures

A detailed history and physical examination were gathered at the initial visit for the assessment of

post-traumatic ankle OL. Age, gender, and side effects were recorded.

Clinical assessments were carried out at baseline (TO — before the first injection), after seven days
(T1 — before second injection), thirty days (T2 — before third injection) and ninety days (T3 —

follow up period). At all evaluations, the following instruments of assessment were applied: the
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Ankle-Hindfoot Scale, range of motion of the ankle, 11-point Verbal Numerical Rating Scale

(VNRS) for pain at rest (VNRS;) and after twenty meters of natural walking (VNRSy).

The VNRS is an 11-point scale that measures pain severity. Patients were instructed to express their
pain in terms of 0-10 values, where a score of 0 represents no pain at all and a score of 10
represents the worst pain imaginable. This scale has been shown to have acceptable measurement
properties (reliable, generalizable and internally consistent) for pain intensity in both clinical and

experimental settings [12].

The Ankle-Hindfoot Scale (AHS), developed by the American Orthopaedic Foot and Ankle
Society, was used to assess pain, function and alignment. This scale has a 100-point clinical rating
score, with the maximum indicating the patient’s pain-free, full range of motion, good stability and

alignment and full capacity of walking without any aids or activity limitations [13].

Dorsi—flexion and plantar—flexion were measured and described as sagittal range of motion (ROM).
The measurements were obtained using a universal goniometer, which has been demonstrated to be
a reliable tool for measuring ROM. The two axis of goniometer were placed parallel to the main
axis of tibia and foot in sagittal plane and this measure was performed by the same expert

physician.

Statistical Analysis

We calculated the medians, quartiles and ranges for the used scales (VNRS e AHS), and their
means and standard deviations. We compared the results using non-parametric tests (Friedman’s
test). An analysis of variance (ANOV A) was performed on the ankle range of motion using gender
(male vs female) and age (<30 vs > 30years old) as between subject factors and the 4 assessments
as the within subject factor. For VNRS and AHS the effectiveness of the intervention was also

measured, as previously performed in other analogues studies [14,15]. It reflects the proportion of
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potential improvement that was achieved between TO and T3, calculated as [(T3 score — TO
score)/(maximum score — TO score)] x 100. Thus, if a patient achieved the highest possible score
after intervention, the effectiveness was 100%.

Spearman coefficient (p) was used to evaluate the correlation between AHS and the other
assessments. A probability value of 0.05 was set as the level of statistical significance. Data

analysis was performed using the SPSS 17.0.

RESULTS

Thirty patients (21 Male; 9 female) matched the inclusion criteria and they were selected for this
study. Mean age was 27.6 (£7.46 SD). All of them were referred to a clinical and radiological
diagnosis of post-traumatic ankle OLs, with symptoms from 1 month to 18 months before. Pain
showed a significant reduction during the period of treatment (%>=79,97, p<0.001). All patients
complained the presence of pain at the end of treatment and at last follow-up, both at rest and after
walking, even if significantly reduced. Median of VNRS; score was 8 (1% and 3™ quartiles: 7-9) at
TO, 5 at T1 (3-5), 3 at T2 (3-5) and, finally, 2 at T3 (1-2). Analogously, VNRS,, score performed
after walk demonstrated a significant amelioration (*=82,94, p<0.001). Median of VNRS,, was 8,5
(1** and 3" quartiles: 7-9) at TO, 5 at T1 (4-7), 4 at T2 (4-5) and, finally, 2 at T3 (2-2), as shown in
Figure 2. These improvements were higher than that of two-points or 30% considered to be

clinically important.

Similarly, also the AHS presented a similar trend during time (%?>=87,19, p<0.001). Recorded
medians were 52 (1% and 3™ quartiles: 30-52) at TO, 74 at T1 (25-75), 88 at T2 (87-88) and 98 at T3
(98-98). Also the ankle ROM showed a significant improvement both for dorsi-flexion (*=59,19,
p<0.001) and for plantar flexion (3?=49,1, p<0.001), with the recovery of full ROM at the last

evaluation. Repeated measure analysis of variance showed a significant improvement of ankle
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ROM in terms of dorsi-flexion along time (+7°, F=27.17, p<0.001), without any significant main
effects of gender (F=0.05, p=0.821) or age (F=0.74, p=0.396), nor of their interactions (p>0.3 for all
of them). On the other hand, the improvement in terms of plantar-flexion along time (+7°, F=29.30,
p<0.001) was found quite different between males (+5°) and females (+12°, interaction gender per
time F=4.43, p=0.006). A main effect of age was also found significant (F=4.93, p=0.035), with

wider plantar-flexion for subjects under 30 years old (8° vs 6°).

The effectiveness was of 78.6+7.6% for the VNRS; and quite, but significantly slower (p=0.018,
paired t-test) for the VNRSy: 75.7£7.9%. The effectiveness recorded in terms of AHS was very

high (96.5+2.9%). None of these parameters resulted affected by age or gender.

Before intervention, the AHS were significantly correlated with the VNRS; (p=-0.893, p<0.001);
VNRSy, (p=-0.751, p<0.001), range of dorsi-flexion (p=0.458, p=0.011), range of plantar-flexion
(p=0.731, p<0.001). After the first injection (T1), this correlation was found quite lower than
before it (with VNRS; p=-0.593, with VNRS, p=-0.490) and not significant neither for dorsi-
flexion range (p=0.420) nor for plantar-flexion range (p=0.052). At follow-up, it was more reduced,
remaining only those with VNRS; (p=-0.370, p=0.044) and plantar-flexion range (p=0.381,
p=0.038) still significant, but not those with VNRSy, (p=-0.283, p=0.129) and dorsi-flexion range

(p=0.318, p=0.087).

DISCUSSION

The present study was conducted to establish the outcomes after a course of ultrasound-guided
intra-articular injections with Hyaluronic Acid in post-traumatic osteochondral lesion of the ankle.

To the best of our knowledge, this is the first case of HA intra-articular injections with MSUS
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guidance for the treatment osteochondral lesions at initial phase. Our results suggest that this

treatment is useful in the relief of pain and for the full recovery of the ankle.

In our study, pain was of relevant intensity at the first evaluation and highly correlated with the
functional impairment (as assessed by means of the AHS and range of motion). At the last follow-
up, mild pain was still present even if greatly reduced, but it did not result correlated with the ankle
disability. The function of the ankle was nearly full, both in terms of activity and range of motion,
even if it was not fully recovered in some patients. A slight effect of gender was observed for the
recovery of dorsi-flexion range of motion, with women more responsive to the treatment. It could
be due to their reduced anthropometric measures. The effect of age was noted as a main effect
affecting the range of motion, but the absence of significant interactions with treatment showed that

the intervention was effective in similar manner for all the subjects.

These results confirmed a previous study, that assessed a short term efficacy in reducing pain and
disability of Platelets Rich Plasma (PRP) injections in comparison with HA injections without any
image guidance [16]. This study reported a significant improvement of functional outcomes and
pain for both treatments (a course of three injections with HA or PRP). Even if the OLs were worse
(until grade 3 according to Ferkel classification) [17], the total scores for pain, assessed with VAS,
and functional disability, evaluated by means of AHS, were similar during the different assessments
(4 weeks, corresponding about our T2, and 12 weeks, corresponding about our T3). Respect to our
study, Mei-Dan and colleagues performed another follow-up assessment at 28 weeks after the first

injection, maintaining the achieved results both in terms of pain and functional outcomes.

Our study strengthens the assumption of using HA injections as a valuable treatment to approach to
chondropathies at all [5]. At the light of our findings, also patients with OLs at initial phase were
benefited by this type of treatment. Repetitive injections were needed to maintain a significant

reduction of pain and the functional improvement on the ankle. In an early phase of OLs, with the
11
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presence of the only cartilage damage, intra-articular viscosupplementation may provide to supply
exogenous hyaluronate into the synovial joints to restore the normal rheological environment in
joints [2,5]. The rationale for the use of HA is based not only on the concept of “fluid replacement”
but also on the biological activation [18]. These effects are effective in decreasing the disease
progression. Other accepted products for intra-articular injection, as corticosteroid, are limited in

widespread use for the controversial short-term outcomes and adverse effects [19].

Another possible reason of the efficacy of this treatment could be related to the young age of our
sample. Most of the OLs at initial stage are diagnosed between 20 and 30 years of age [2,3],
probably due to the post-traumatic origin [20]. Targeting the treatment towards a sport-active
population, it could have made the HA valid in OLs in this study. At the same time, the presence of
a minimal clinical important difference in our results strengthens the obtained outcomes also in
terms of functional recovery. The treatment achieves the threshold a minimal clinical important
difference in the outcomes already before the second injection (at T1), even if we noted a
cumulative effect of the 3 injections. The lack of important systemic adverse or side effects of HA
allows a sustainable use of this treatment, also in the OLs [21]. It is important to note that pain was
not totally disappeared in our study, with a minimal discomfort still present after the HA course of
injections (but reduced for about 75%). So, a period of rehabilitation may be necessary to complete

the full recovery from impairments and pain.

Finally, it is conceivable that the use of MSUS to guide the intra-articular injections has had a
helpful role in the accuracy of the treatment and in the achievement of the obtained outcomes.
Recent studies are suggested as the ultrasound guidance leads to a more effective treatment with

respect to blind injections [22,23], especially for the intra-articular treatment in sport [24].

Our results have to read at the light of their limitations. The most important limit was related to the

lack of placebo group or control group underwent to an analogous treatment. In this pilot study, we
12
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have tested only the efficacy of a course of image-guided HA injections. To verify this aim, we

have included a quite large sample size. As well, double-blind, controlled studies should be
performed with longer follow-up assessments to assess the maintenance of the outcomes during
time. Use of methodological studies could clarify the correct medical behavior in the early phases of
OL. Then, prospective studies should point out the possible influences and relations with other
musculoskeletal conditions, incorporating the functional impact of treatment by means of well-
validated outcome’s measures [14,25]. This could be useful also to verify the short and long term
benefit and cost-effectiveness of image-guided injections (alone or in comparison with

pharmacological or rehabilitative treatments).

Despite these limitations, this study clearly shows the short-term benefit achieved by means of a
course of three Hyaluronic Acid injections, guided by the guidance of musculo-skeletal ultrasounds,
in the treatment of ankle osteochondral lesions at initial stage, with reduction of pain and recovery

of functional activity.
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FIGURE LEGENDS
Figure 1

Transversal plane ultrasound-guided injection. The needle, positioned with the linear transducer, is
inserted obliquetly into the anterior recess of the talo-tibial joint. The patient lied supine with the
knee flexed and the foot flat on the plinth. Ankle was placed in plantar flexion, opening the anterior

side of the joint. Mild joint effusion, if present, were aspirated before injection to prevent dilution.

Figure 2

Box and whisker plot for VNRS, (above, left column) and VNRS,, (below, left column), maximum
ankle Dorsi-Flexion (above, middle column), maximum ankle Plantar-Flexion (below, middle
column), AHS (above, right column) in the four evaluation-times. The lines of the box shows the
lower quartile, median (bold line), and upper quartile values. Whiskers represents the most extreme
values within 1.5 times the interquartile range from the ends of the box. Black circles represent the

outliers (data with values beyond the ends of the whiskers).
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TABLE LEGENDS
Table 1

Spearman Correlation Coefficient (r) and relevant p-values between AHS and the other parameters

recorded in the four evaluations.

Table 2

Results of Repeated Measure ANOVA on dorsi- (DF) and plantar-flexion (PF).
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Parameter | Age Gender Time Age*Gender | Age*Time | Gender*Time | Age*Gender*Time
DF F=0.744 F=0.052 F=27.166 | F=0.385 F=0.512 F=0.766 F=1.177

p=0.396 p=0.821 p<0.001 p=0.540 p=0.675 p=0.517 p=0.324
PF F=4.934 F=0.036 F=29.303 | F=0.380 F=0.451 F=4.437 F=0.473

p=0.035 p=0.380 p<0.001 p=0.543 p=0.717 p=0.006 p=0.702
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