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General introduction

Ankle osteoarthritis
Osteoarthritis (OA) is a chronic and degenerative disorder associated with joint pain 

and loss of joint function. OA can affect any synovial joint but is found most frequently 
in the hip, knee and hand. The majority of these patients present with primary OA 
(idiopathic disease)[1,2]. Reliable figures on the prevalence of OA in other joints are not 
readily available but estimates suggest that the incidence of symptomatic ankle OA is 
1% to 4% in the adult population[3,4]. In contrast to knee and hip OA, where the main 
cause of OA is primary; knee 67% and hip 58%, 70% to 78% of patients with ankle OA 
present themselves with the sequelae of an traumatic event in the past[5]. The remainder 
is primary OA as well as OA caused by an inflammatory disease, such as rheumatoid 
arthritis and gout[6,7]. Ankle trauma occurs in many patients at a relatively young age[6,8]. 
Consequently, the expected life span of many patients with ankle OA is significantly 
longer than the life span of hip or knee OA patients; their quality of life is effected for 
a substantial amount, Saltzman demonstrated that the self reported physical function 
in patients with symptomatic ankle OA quantified using the Short Form-36 (SF-36) 
questionnaire was equivalent to or worse than that of patients with end-stage kidney 
disease or congestive heart failure suggesting that these patients are seriously impaired[9].

Considerations for treatment
Lots of treatment modalities are offered, however no clear-cut treatment algorithm 

for ankle OA is used. The choice of treatment depends on the severity of the disease, the 
patients’ age, medical and social history and the level of physical activity to be demanded 
of the joint. For knee and hip OA several treatment algorithms are advocated[2,10-15]. 
However, since ankle OA may be caused by a different mechanism, it is not unthinkable 
that these patients need to be treated differently.

The conservative treatment of symptomatic ankle OA, like general OA, consists 
mainly of treating symptoms like pain and stiffness. Since no cure is available at this point 
another treatment goal is preventing deterioration of the joint[11]. To treat OA and prevent 
joint deterioration it is important to understand the pathogenesis of OA.
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Pathogenesis of OA
Osteoarthritis (OA) results from articular cartilage failure induced by a complex 

interplay of genetic, metabolic, biochemical and biomechanical factors with secondary 
components of inflammation. The process involves interactive degradation and repair 
processes of cartilage, bone and synovium[16].

The cause of OA is divided in two mechanisms; primary and secondary OA. Primary 
OA means that the process seems to originate in the joint itself, the cause is thought to be 
multifactorial. Risk factors that could contribute to the development of OA are genetic, 
age, being overweight, heavy physical workload or high level of sport activities[17-22]. 
Secondary OA means the process of OA is activated by another proces; e.g. reumatoid 
arthritis, gout, or post-traumatic OA. 

 In case of post traumatic OA, joint incongruency, cartilage lesions or alignment 
issues create a different loading pattern of the joint, which leads to cartilage loss. Despite 
the cause, the process of OA is relatively uniform. Progressive cartilage loss takes place 
leading to changes in subchondral bone (cyst formation and sclerosis) and the formation 
of osteophytes. Peri-articular tissues changes (synovitis and fibrosis of ligaments) take  
place as well, all these changes lead to symptoms like pain, loss of function and  
stiffness[1,23].

Current treatment possibilities
In clinical practice, patients diagnosed with end-stage OA (Kellgren Lawrence 3 or 4 and 

van Dijk 3) are offered operative treatment if they have significant clinical symptoms[24,25]. 
These patients are treated by arthrodesis, ankle replacement or osteotomy[26-28]. Surgical 
treatment is specifically reserved for end stage arthritis. It is considered to be harmful due 
to short and long term complications. Complications consist of wound healing problems, 
infectious disease, non or delayed union and OA of adjacent joints due to overloading[26-31]. 
Operative treatment is therefore not considered in an early phase of OA. An exception to 
perform surgery in an earlier stage of OA is the reason to perform a corrective osteotomy 
at the level of the proximal tibia, supramalleolar or at the calcaneus, to unload a part of 
the joint or to correct an alignment problem[32,33]. Arthroscopy can be used to clean the 
joint of loose bodies or treatment of cartilage lesions is used when complaints are more 
specific to either a loose body or a local defect.
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 It remains a challenge to treat patients that are diagnosed with a low grade OA of the 
ankle (Kellgren Lawrence 1, 2 or 3 and Van Dijk 1 or 2)[24,25]. They are often young and 
experience serious disabilities, which prevent these patients from participating in more 
heavily laboured work as well as sports activities. Several conservative treatment options 
are available, however evidence of the benefits and harms of these options are still lacking.

Non-pharmacological therapy is to be considered the foundation for the successful 
medical management of general OA.[14,15,34] Ankle OA pain can be reduced by off loading 
the joint through rest, wearing a brace or using a cane. A cane can reduce the amount 
of bodyweight going through the ankle joint by 25%[35]. Rockersoles are thought to off 
load the ankle joint by decreasing the ankle motion at heel strike to push off during 
walking[36]. Weight loss by dietary adjustments or exercises are thought to off load a joint 
as well[37-39]. Messier showed that each pound of weight loss created a 4-fold reduction in 
the load exerted by step at the knee during daily activities[40]. Shoe adjustment like inlays 
can correct alignment issues and in this way off load a part of the joint thus creating 
pain reduction[41,42]. It is possible that in this way the joint can be preserved from further 
deteriorating.

If the above mentioned measures are not successful a painkiller can be added. 
Several analgesics are available. They either act as a simple analgesic (acetaminophen), 
have anti inflammatory effects (intra articular/oral or topical steroids/non steroidal 
anti-inflammatory drugs (NSAIDs)), a sedative effect (opioids) or a combination. 
Recommendations for hip, knee or hand OA are well described[11,34,43-45]. No 
recommendations exist for ankle OA.

Hyaluronic Acid
Hyaluronic acid (visco-supplementation) is thought to restore rheologic properties 

of the osteoarthritic joint by creating a more viscoelastic synovial fluid, which improves 
mobility and restores the natural protective function of the joint, like shock absorption 
during gait[46,47].

In an osteoarthritic joint, the amount of hyaluronic acid in the synovial fluid diminishes 
and the hyaluronic acid chains are smaller in size, which leads to less water absorption, 
which in its turn makes the joint fluid less viscous. Shock absorption of the joint is 
diminished. Injection of hyaluronan stimulates the synovial membrane to synthesize new 
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chains of hyaluronic acid, shock absorption and joint lubrication is enhanced.[46]. Several 
studies have shown pain reduction as well[29,48-51]. 

Visco-supplementation is a well-established treatment option in knee OA and is 
included in the professional guidelines for treatment of the disease in this joint[52,53]. The 
potential for treating osteoarthritis of the ankle joint by visco-supplementation has been 
suggested in the literature[54,55]. Evidence for efficacy and safety in the ankle is limited 
but two studies showed that five weekly HA injections in the ankle joint seem to be well 
tolerated and can improve pain and function[50,51].

Dosing in the ankle joint remains an area for discussion as no dosing studies have 
been published up to this thesis. Anecdotal evidence suggests that some clinicians simply 
follow the dosing regimen for knee OA, which varies from 3 to 5 weekly injections of 
1-2ml. 

The safety of hyaluronic acid is measured by the amount of adverse events. Adverse 
events mainly consist of swelling and pain, they are mainly contributed to extra-articular 
placements. Poor efficacy of hyaluronic acid is also contributed to extra-articular 
placement[56,57]. To diminish the amount of adverse events and enhance the efficacy of 
hyaluronic acid an optimal injection technique is needed. Osteoarthritis might stiffen the 
ankle joint and osteophytes might block the way of the needle, which will make injecting 
the joint even more difficult. 

Measure the effect of conservative treatment (PROMs) 
To monitor the effect of conservative treatment modalities for ankle OA, different 

scoring systems are used. The Arbeitsgemeinschaft fur Osteosynthesefragen Handbook 
on Musculoskeletal Outcomes Measures and Instruments describes 42 ankle scores[58]. 
Seventeen of these are validated. Five are used for monitoring the conservative treatment 
of ankle OA, i.e. the American Academy of Orthopedic Surgeons (AAOS) foot and ankle 
scale, the American Orthopedic Foot and Ankle Society Scale (AOFAS) score, the Ankle 
Osteoarthritis scale (AOS), the Foot and Ankle Ability Measure (FAAM), and the Foot 
and Ankle Outcome Score (FAOS)[59-67]. The Foot Function Index (FFI) is mentioned in 
the book as a foot score, but is often used as an outcome measure for ankle problems[68–72].

The AOFAS scale has been used more frequently in orthopedic literature than the 
FFI, the AOS, and the Visual Analogue Score (VAS) for pain[73,74]. Other, more general 
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outcome measures are the Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) and Short Form 36 (SF-36)[75–77]. The former is normally used and validated 
to evaluate the condition of patients with hip or knee OA, but it is also applied to patients 
with an arthritic condition of the ankle[73]. The latter is used to evaluate individual health 
status[76]. 

In order to get an outcome measure that monitors clinical outcome in ankle OA 
patients, it is imperative to know what is considered relevant for the target patient 
group[78]. Most outcome scores were made by physicians and validated for one specific 
disease. 

It seems logical to use terms and outcomes that are important to the target group if 
constructing a useful outcome measure that can be used as a patient reported outcome 
measure (PROM). PROMs are mandatory nowadays to evaluate the quality and effect 
of treatments. For the development of a future guideline it is important that the right 
outcome has been used.

Little is known about the disabilities and symptoms patients experience at an early 
stage of ankle OA. It is difficult to measure efficacy of conservative treatment if one does 
not know what needs to be improved. 

Why is evidence of conservative treatment of ankle OA lacking?
The question remains why the evidence for the conservative treatment of ankle 

OA is lacking. Patients are referred to the hospital mostly for surgical treatment once 
their symptoms are intolerable and/or when possible conservative treatment options 
are exhausted. The conservative treatment, if any has been used, is mostly prescribed 
by primary care physicians. Since there is no guideline for ankle OA, treatment might 
be prescribed according to the hip or knee guideline. It is unclear if there is enough 
knowledge about treatment options. No information, how choices to use a certain 
conservative treatment are made, is available.

At this point it is unclear if and how often ankle OA is recognized at an early stage, 
maybe the incidence is larger than the current numbers show us. Recognizing the presence 
of an early stage of ankle OA might be the first step in order to test any conservative 
treatment. Combined with a sufficient prom, this could lead to a useful guideline in 
order to treat patients in an earlier stage of the disease, which could maybe prevent the 
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joint from further deteriorating and maybe even diminish health care costs by simply 
preventing or postponing the necessity for surgery. This remains to be investigated.

Aims and outline of this thesis
There is no treatment algorithm for ankle OA. Evidence for conservative treatment 

for ankle OA is lacking. Hyaluronic acid injections might be an alternative to treat pain 
and may slow down the process of ankle OA. Dosing in the ankle joint is unclear often 
the dose regimen of the knee is followed. The ankle joint is smaller than the knee, it is 
not logical to simply follow existing regimens that are made for larger joints. No dosing 
studies have been published to date.

Different treatments need to be compared to decide which is the optimum in efficacy 
and safety in order to make guidelines. It is important to decide what is efficacious? If we 
decide we want to make our patients satisfied, do we not need to know how they think 
and feel about their disease? What is the impact of ankle OA on daily life? 

In this thesis we address the efficacy and safety of hyaluronic acid injections for ankle 
OA, what dosage schedule to use, how to inject the osteoarthritic ankle, the impact of 
ankle OA on daily life, the evidence for conservative treatment of ankle OA and at what 
stage ankle OA are referred to a tertiary center, what treatment they underwent, what the 
cause of their ankle OA was and what treatment was prescribed.

Outline of this thesis
To investigate the efficacy and safety of hyaluronic acid injections for ankle OA; 

a prospective study to investigate the safety and efficacy of hylan G-F-20 (Synvisc) in 
patients with symptomatic ankle OA was carried out, chapter 2.

The exact dosage schedule of hyaluronic acid for ankle OA is unclear, to find an 
answer to this question, the effects, safety and dose dependency of hyaluronic acid were 
investigated, chapter 3. The former two studies showed a significant amount of adverse 
events and a varying efficacy of the injections, this outcome maybe caused by extra 
articular placement of the injection.

The efficacy of intra-articular injections can possibly be enhanced if they truly reach 
the joint cavity and the amount of adverse events might be diminished if the Hyaluronic 
acid truly is injected in the joint. The ankle is difficult to inject and osteophytes might 
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block the way in case of OA. In chapter 4 the optimum injection technique for ankle 
osteoarthritis was investigated by means of a cross-over trial.

It is unclear what the impact of ankle OA is on daily life, to judge the treatment 
effect of any therapy, as a patient reported outcome (PROM), we need to know what a 
patient considers the most important limitations. The difference between the opinion on 
the impact of ankle OA between patient and orthopedic surgeons was investigated and 
results are displayed in chapter 5. To find evidence for conservative treatment for ankle 
OA a systematic review of the literature was carried out, chapter 6.

At this point it is unclear if and how often ankle OA is recognized at an early stage, 
maybe the incidence is larger than the current numbers show us. Recognizing the presence 
of an early stage of ankle OA, might be the first step in order to test any conservative 
treatment. It is also unclear what and if any conservative treatment has been used before 
patients are referred to the hospital.

A cohort of ankle OA patients that was referred to the hospital was investigated to 
see at what stage patients are referred for treatment of their ankle OA and what kind of 
conservative treatment was offered to them, in order to get a global idea what is used as 
conservative treatment, chapter 7.
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Abstract

Background: To evaluate the safety and efficacy of hylan G-F 20 in patients with 
ankle osteoarthritis.

Methods: A prospective, open study in patients with symptomatic (≥50 mm and 
≤90 mm on a 100 mm VAS) ankle osteoarthritis. Patients received 1 ml x 2 ml 
intra-articular injection of hylan G-F 20, plus an optional, second injection if pain 
remained at baseline levels after 1, 2 or 3 months. The primary efficacy endpoint was 
the change from baseline in the pain VAS score at 3 months.

Results: Fifty-five patients received the first injection; 24 patients received a second. 
There were no serious or severe adverse events (AEs) related to the treatment. 
Seventeen patients experienced mild or moderate local, treatment-related AEs. The 
mean pain VAS score decreased from 68.0 mm (baseline) to 33.8 mm at 3 months (p 
< 0.001), which was maintained to 6 months (34.2 mm, p < 0.001).

Conclusions: Hylan G-F 20 is well-tolerated and effective for up to 6 months in the 
treatment of symptomatic ankle osteoarthritis.

Keywords: Osteoarthritis; Ankle; Viscosupplementation; Hylan G-F 20; Hyaluronan
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Introduction

Osteoarthritis (OA) is a chronic, degenerative disorder associated with joint pain and 
loss of joint function. It is the most common disease to affect synovial joints and is one of 
the most frequently occurring chronic conditions. 

OA can affect any synovial joint but is most frequently found in the knee, hip and hand, 
and the majority of these patients present with primary (idiopathic) disease[1]. Reliable 
figures on the prevalence of OA in other joints are not readily available but estimates 
suggest that symptomatic ankle OA is found in <1% of the adult population[2]. In contrast 
to knee and hip OA, about 70% of patients with ankle OA present with secondary, post-
traumatic disease[3]. As ankle trauma is often sports-related, patients suffering from OA 
are, on average, relatively young. Ankle OA can often prevent these young, otherwise 
healthy patients from working or participating in sports activities[3,4].

The choice of treatment of ankle OA depends on the severity of the disease, the 
patient’s age, medical and social history and the level of physical activity expected to be 
demanded of the joint.

A group that is difficult to treat are those patients suffering from milder, Grade 
II[5] ankle OA (joint space narrowing ≤50%). Although, usually, these patients are not 
yet surgical candidates, they are often relatively young and wish to be active without 
the burden of chronic pain medications with their associated adverse side-effects. 
Viscosupplementation (intra-articular supplementation of hyaluronic acid) could 
potentially provide a useful alter- native in treating such patients with painful ankle OA.

Viscosupplementation is a well-established treatment option in knee OA and is included  
in the professional guidelines for treatment of the disease in this joint[6,7]. The potential for 
treating osteoarthritis of the ankle joint by viscosupplementation has been suggested in 
the literature[8,9]. Evidence for efficacy and safety in this setting is limited but two recent 
studies showed that five weekly HA injections in the ankle joint seem to be well-tolerated 
and can improve pain and function[10,11].

Dosing in the ankle joint remains an area for discussion as no dosing studies have     
been published to date. Anecdotal evidence suggests that some clinicians simply follow 
the dosing regimen for knee OA, which varies from 3 to 5 weekly injections of 1–2 ml. 
However, published evidence on the use of hylan G-F 20 in hip OA shows that a single, 
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2 ml injection, with an optional second injection between 1 and 3 months after the first, 
can be safe and effective[12,13]. The aim of this study was therefore to evaluate the safety 
and efficacy of a single, 2 ml injection of hylan G-F 20, with an optional, second injection 
between 1 and 3 months after the first, in patients with symptomatic ankle (talo-crural 
OA.

Materials and methods

Trial design
This was a prospective, multi-centre, open study conducted in adult patients with 

symptomatic ankle OA between November 2003 and January 2006. To be considered  
symptomatic  patients  had  to  score ≥50 and ≤90 mm on the Ankle OA Pain visual 
analogue scale (VAS) (0–100 mm) at the baseline visit. Patients must have undergone at 
least 6 months of conservative treatment modalities (rest, physical therapy, NSAIDs etc.), 
and failed to achieve adequate symptomatic relief from these treatments, to be considered 
eligible.

Given the known safety profile of hylan G-F 20, its intra- articular residence time, 
and the volume of the ankle space, it was thought that an injection regimen of one 2 
ml injection would be appropriate and would not pose major safety concerns. Patients 
whose AOAP VAS score remained ≥50 and ≤90 mm at 1, 2 or 3 months follow-up were 
deemed not to have achieved adequate symptomatic relief from the first injection and 
were offered an optional second (and final) injection.

A washout period of 1–3 weeks was applied (adapted to half-life), commencing at 
the screening visit, if patients had been taking analgesics, NSAIDs or COX-2 inhibitors. 
Once any required washout was completed and eligibility confirmed patients received 
one intra-articular 2 ml injection of hylan G-F 20 in the ankle. The injection, using strict 
aseptic administration technique, was placed in the anteromedial portal of the ankle joint 
as described for ankle arthroscopy[14]. Patients were supine, the ankle was dorsiflexed to 
a neutral position and the injection site was manually located. Intra-articular placement 
of the needle was deemed determined if no resistance was felt when injecting local 
anaesthetic (bupivacaine). Any fluid or effusion present in the joint was removed prior 
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to the injection of hylan G-F 20. The second injection, if required, was performed in the 
same manner, by the same physician who had administered the first injection.

Medication for pre-existing conditions was permitted, in addition to: acetaminophen 
(≤4 g/day) except on the day before, and the day of, follow-up visits; analgesics and 
NSAIDs with a clearance time of <8 h for pain other than OA in the study ankle, or for 
post-injection pain management but not for more than three consecutive days or more 
than 10 days per month, nor on the day before, or the day of, a study visit; aspirin (≤325 
mg/day) for anti-thrombotic prophylaxis, topical corticosteroids for skin problems, 
except at the study ankle, inhaled corticosteroids for asthma and allergic disease; non-
pharmacological therapy (e.g. physical therapy) if begun at least 3 months before study 
entry.

Prohibited medications were: analgesics and aspirin except as described above; COX-
2 inhibitors; oral corticosteroids; corticosteroid injections in any joint; topical analgesics 
at the study ankle; oral or parenteral anticoagulant therapy; glucosamine, chondroitin 
sulphate and diacerhein, except if the patient was on a stable dose prior to inclusion and 
no changes to treatment were envisaged in the next 9 months. The use of all rescue  and 
concomitant medications  and therapies were recorded in the patient notes.

All patients were followed for 6 months after the last injection, with follow-up visits 
at 7 days, 1 month, 2 months, 3 months and 6 months after each injection. The study 
period for each patient therefore varied from 6 months, if receiving one injection, up to a 
maximum of 9 months if receiving two injections.

The study protocol was designed, conducted, recorded and reported in compliance 
with the principles of good clinical practice (GCP) and in accordance with the Declaration 
of Helsinki 1964.

Patients
Patients were enrolled at five centres across Europe: The Netherlands (1), Germany 

(2) and Italy (2). The study protocol, patient information and patient consent form were 
approved by the Independent Ethics Committee of each investigating centre. Written, 
informed consent was obtained from each patient prior to enrolment in the study. 

The study was open to patients of either gender, presenting with OA pain in the ankle 
(the ‘‘study ankle’’), ≥18 years of age with an active lifestyle and in general good health. 
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Criteria for inclusion were: a clinical diagnosis of primary or secondary talo-crural OA; 
a standard X-ray, taken within the 3 months prior to screening, confirming the clinical 
diagnosis and showing grade II OA (joint space narrowing with or without osteophytes, 
joint space narrowing ≤50%) according to the van Dijk et al. scale[5]; patient willingness 
to comply with any required washout period; no planned surgical intervention in the next 
9 months.

Exclusion criteria were: Grade I or III talo-crural OA[5]; patients with post-
traumatic OA if induced by trauma within the past 24 months; flare patients eligible 
for corticosteroid injection; chronic ankle instability; chronic anterior or posterior 
impingement syndrome in the study ankle requiring surgical treatment; current 
osteochondrosis dissecans in the study ankle; significant valgus/varus requiring 
corrective osteotomy; prior viscosupplementation in the study ankle; physical therapy 
if begun within the 3 months before study entry; history of sepsis in the study ankle; 
arthroplasty in the study ankle at any time, or any other surgery in the study ankle within 
the 6 months prior to study enrolment; clinically significant venous or lymphatic stasis 
in the study leg; any contraindication to acetaminophen; systemic or intra-articular 
injection of corticosteroid in any joint within the 3 months prior to enrolment; patients 
with related hypersensitivities to avian protein or any components of hyaluronan-based 
injection devices; concomitant inflammatory arthropathy; any history of, or active 
infection at the injection site; any significant chronic skin disorder at the injection site;   
any significant neuromuscular disease or musculoskeletal condition that would impede 
efficacy measurement; symptomatic peripheral vascular disease; current malignancy or 
treatment within the past 5 years; women who were pregnant or nursing, or women of 
childbearing potential not using a medically acceptable form of birth control; use of an 
investigational drug or device in the 90 days before entering the study or plans to use such 
a drug or device during the study; other factors assessed by the investigators that  may  
limit the ability of the patient to perform necessary study evaluations.
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Outcome measures

Safety

The safety assessment of hylan G-F 20 was based on reports of adverse events (AEs) 
collected between the signing of the informed consent form and the completion of the 
final follow-up visit for each patient. Study ankle and other (non-study ankle) AE reports 
were collected at each visit. Additionally, patients provided an overall evaluation of 
safety at each visit by using a four-point scale indicating the severity of any side effects 
experienced (none, mild, moderate, severe).

Efficacy

The primary efficacy hypothesis was evaluated by the change from baseline 
(immediately prior to the last injection) to 3 months after the last injection, using the 
patient’s assessment of his/her Study Ankle OA Pain within the past 48 h as measured by 
the patient-completed Study Ankle OA pain 100 mm VAS.

The secondary efficacy endpoints were the change from baseline (immediately prior 
to the last injection) in: the patient-completed Study Ankle OA Pain 100 mm VAS (at 
all other time-points); the total Ankle OA scale scores [15]; the patients’ Global OA 
Assessment VAS score; the physicians’ Global OA Assessment VAS score; the health 
related quality of life (SF-36). Patients were defined as responders if their Study Ankle 
OA Pain 100 mm VAS score decreased by ≥50% from baseline.

Statistical methods

Safety

AEs were classified using the Medical Dictionary for Regulatory Activities (MedDRA, 
Version 8.1) coding dictionary. AEs manifesting at the time of, or after, injection of hylan 
G-F 20 (treatment-emergent AEs) were tabulated. Patient-assessed evaluation of side-
effects was summarised by the number and percentage of patients in each category at 
each scheduled visit.
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Efficacy

All efficacy analyses were performed on the intent-to- treat (ITT) population, which 
was defined as all patients who received the first injection and had at least one post-
baseline efficacy assessment. All outcome measures were analysed on the ITT population 
using a paired t-test. If the data did not meet the appropriate assumptions for the paired 
t-test to be valid, the Wilcoxon Signed Rank test was used.

Clinical data were captured using electronic data capture technology from eTrials®. 
Statistical analysis was per- formed on validated systems including Clintrace® and SAS®  
Version 8.2.

Results

Patients
Patient disposition for the study is shown in Fig. 1. The ITT population consisted of 55 

patients. Fifty-one of the 55 patients (93%) completed the study. Baseline demographics 
for the ITT population are presented in Table 1. Patients were predominantly male (60%) 
and the mean age was 41 years.

Figure 1: Patient disposition
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Table 1: Baseline Summary of patient demographics (ITT population)

Parameter Summary statistic One injection Two injections All patients

Number of patients in ITT 

population

N 31 24 55

Gender

Male

Female

n (%)

n (%)

18 (58.1)

13 (41.9)

15 (62.5)

9 (37.5)

33 (60.0)

22 (40.0)

Age (years) n 31 24 55

Mean (S.D.) 42.9 (12.0) 38.5 (12.6) 41 (12.3)

Median (Min., Max.) 40.9 (25.5, 70.6) 37.9 (19.0, 70.3) 40.2 (19.0, 70.6)

Weight (kg) n 29 23 52

Mean (S.D.) 76.9 (18.3) 81.4 (15.1) 78.9 (16.9)

Median (Min., Max.) 75 (50.0, 140.0) 81 (50.0, 115.0) 80 (50.0, 140.0)

Height (cm) n 29 23 52

Mean (S.D.) 175 (11.2) 176.6 (8.1) 175.7 (9.9)

Median (Min., Max.) 173 (150.0, 195.0) 178 (154.0, 187.0) 176 (150.0, 195.0)

Body Mass Index (kg/m2) n 29 23 52

Mean (S.D.) 24.9 (4.4) 26 (4.0) 25.4 (4.2)

Median (Min., Max.) 23.9 (18.1, 42.3) 24.8 (19.8, 34.7) 24.6 (18.1, 42.3)

Cause of OA n 31 24 55

Idiopathic (%) 9 (29.0) 4 (16.6) 13 (23.6)

Secondary (%) 22 (71.0) 20 (83.3) 42 (76.4)

Time since OA diagnosis 

(months)

n 29 21 50

Mean (S.D.) 19.4 (31.8) 32.7 (48.7) 25.0 (39.9)

Median (Min., Max.) 10.0 (0.0, 152.6) 8.8 (0.0, 170.8) 9.4 (0.0, 170.8)

Joint space narrowing (%) n 31 24 55

Mean (S.D.) 26.7 (9.2) 26.9 (7.7) 26.8 (8.5)

Median (Min., Max.) 28.6 (4.8, 40.0) 25 (10.0, 40.0) 25 (4.8, 40.0)

Ankle OA Pain VAS at 

baseline (mm)

n 31 24 55

Mean (S.D.) 68.1 (11.8) 67.8 (15.7) 68.0 (13.5)

Median (Min., Max.) 68.0 (26.0, 90.0) 68.5 (9.0, 86.0) 68.0 (9.0, 90.0)
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Safety
Thirty-five patients (63.6%) experienced a total of 89 study ankle AEs during the study 

(Table 2). Of these, 17 patients (30.9%) experienced 28 treatment-related AEs of the study 
ankle. The majority consisted of arthralgia, injection site pain and joint swelling. All were 
mild or moderate in intensity and transient in nature. One of the study ankle AEs (pain 
in extremity) was indicated as severe but was unrelated to treatment.

Only one serious adverse event (SAE)  was  reported during the study: an occurrence   
of osteochondrosis dissecans in the study ankle 4 months after study treatment. This 
adverse event was not considered to be treatment- related by the investigator. Fifteen 
(27.3%) of the 55 patients treated experienced 22 other, non-study ankle AEs. None of 
these were treatment-related and all were of mild or moderate intensity.

Two patients discontinued the study due to the occurrence of AEs. The first was the 
patient with the recurrence and worsening of osteochondrosis dissecans described above. 
The second was a patient who received a second injection at month 2 and experienced 
arthralgia of the study ankle, which was of moderate intensity and considered unrelated 
to study treatment.

The evaluation of the patient safety rating scale showed that patients reported 
increasingly fewer side effects as the study progressed. Of the patients receiving one 
injection, 86.6% and 93.6% reported none or mild side effects at day 7 post-injection and 
at month 1 respectively. At month 6, 100% of these patients reported no side effects. Of 
the patients who received two injections, 78.2%, 87.0% and 90.9% reported none or mild 
side effects at day 7, at month 1 and at month 6 respectively.

Table 2: Incidence of Study Ankle Treatment-Emergent AEs

Parameter One injection

N = 31

n (%)

Two injections

N = 24

n (%)

All patients 

N = 55

n (%)

Patients with any study ankle AEs 14 (45.2) 15 (62.5) 35 (63.6)

Patients with treatment-related AEs 6 (19.4) 7 (29.2) 17 (30.9)

Discontinuation due to AEs 1 (3.2) 1 (4.2) 2 (3.6)

Patients with SAEs 1 (3.2) 0 (0.0) 1 (1.8)
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Primary efficacy endpoint
There was a statistically significant decrease in the mean score of the patient-com-

pleted Study Ankle OA Pain VAS from 68.0 mm at baseline to 33.8 mm at month 3 (p 
< 0.001) (Fig. 2). Patients who received one injection had a mean change in VAS score 
of -42.5 mm (p < 0.001) and patients who received two injections had a mean change of 
-23.5 mm (p < 0.001).

Secondary efficacy endpoints

Study Ankle OA Pain VAS

The patient-completed Study Ankle OA Pain VAS scores at baseline, day 7, month 1, 
month 2, month 3 and month 6 after the final injection are shown in Fig. 2.

Figure 2: Study Ankle OA Pain mean VAS score at each time-point (ITT population)
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Figure 3: (a) Ankle OA scale mean VAS score: pain (ITT population) 
(b) Ankle OA scale mean VAS score: disability (ITT population)
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Ankle OA scale

The ankle OA scale[15] consists of 18 questions (nine relating to pain, nine relating 
to disability) using a 100 mm VAS. Scores for pain and disability can therefore range 
from 0 to 100. At baseline, the mean VAS scores were 65.8 mm (pain) and 63.6 mm 
(disability). Three months after the last injection patients showed statistically significant 
mean changes in the pain score of -30.1 mm (p < 0.001) and in the disability score of 
-27.5 mm (p < 0.001) (Fig. 3a and b). Patients who received one injection showed mean 
changes at 3 months of -38.3 and -36.5 mm (both p < 0.001) in their pain and disability 
scores respectively. Patients who received two injections showed mean changes at 3 
months of -19.5 mm ( p < 0.001) and -15.7 mm ( p = 0.008) in their pain and disability 
scores respectively.

Patient global assessment

The patients rated the overall status of their study ankle (pain, stiffness, function) 
using a 100 mm VAS. The mean VAS score showed a steady decrease from 64.9 mm at 
baseline to 34.6 mm at month 3 (p < 0.001). Patients who received one injection showed 
a statistically significant decrease in mean VAS score from 64.5 mm at baseline to 27.2 
mm at month 3 (p < 0.001). Those patients who received a second injection also showed 
a statistically significant decrease from 65.4 mm at baseline to 44.3 mm at month 3 (p < 
0.001).

Physician global assessment

The investigator rated the overall condition of the patient’s study ankle using a 100 
mm VAS. Overall a statistically significant decrease in mean VAS score from 49.2 mm 
at baseline to 23.5 mm at month 3 (p < 0.001) was observed. Patients who received one 
injection showed a statistically significant decrease in mean VAS score from 54.8 mm 
at baseline to 20.6 mm at month 3 (p < 0.001). Those patients that received a second 
injection also showed a statistically significant decrease, from 42.0 mm at baseline to 27.2 
mm at month 3 (p < 0.001).
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Health related quality of life (SF-36 scale)

The physical and mental health states of patients were assessed by means of the SF-36 
questionnaire at baseline, month 3 and month 6. The mean physical component increased 
from 36.2 at baseline to 43.9 at month 3 (p < 0.001) and to 44.6 at month 6 ( p < 0.001). 
These increases were caused mainly by increases in the Role Physical and the Bodily Pain 
sub-scores. The mean mental component score increased from 49.9 at baseline to 54.3 
at month 3 (p = 0.004) and 54.6 at month 6 ( p = 0.002), due mainly to increases in the 
Social Functioning and Role Emotional sub-scores.

Responder analysis

The percentage of responders reached a maximum at month 3 when 29 of the 55 
patients (52.7%) were responders (Fig. 4). At month 6, 50.9% of the ITT population were 
responders.

Figure 4: Percentage of responders (ITT population)
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Discussion

Although osteoarthritis of the ankle occurs infrequently in the general population,  it  
remains of major clinical significance due to the limitations that the disease places on the 
everyday activities of affected individuals. These patients could benefit from additional 
non-surgical treatment options if the need for subsequent surgical intervention could be 
delayed or negated.

The objective of this study was therefore to evaluate the safety and efficacy 
(including duration of action) of intra-articular injections of hylan G-F 20 in patients 
with symptomatic ankle OA. The dosing regimen was one 2 ml injection, with the 
possible administration of a second and final 2 ml injection if insufficient pain relief was 
experienced during the initial 3-month follow-up period.

The safety profile of hylan G-F 20 is already supported by the clinical literature in 
patients with knee and hip OA[12,16,17]. Adverse events consist typically of transient post-
injection pain and/or swelling. Although the incidence of treatment-related AEs in this 
study is somewhat higher than that reported in the trials mentioned above, our results 
are consistent with findings in the literature where temporarily increased swelling and 
pain were reported as frequently observed adverse events after intra-articular injection of 
hyaluronans[18]. Furthermore, the percentage of local adverse events in this study (30.9%) 
is comparable to the results of a previous pilot study with another HA product in patients 
with ankle OA by Salk et al., which reported transient pain at the injection site in 29% of 
patients[10].

The higher incidence of these injection site AEs in the ankle joint, in comparison to 
the knee and hip joints, may be due to the technical difficulty of injecting intra-articularly 
into the ankle joint due to its complex anatomy, and to the fact that no fluoroscopic or 
ultrasound guidance was used in this study. We consider it unlikely that these adverse 
events are correlated with the hyaluronic acid itself, since in the study by Salk et al. no 
significant difference was noted between the HA group and the saline solution group. 
In addition, similar adverse event profiles have been reported for both HA and saline 
injections in the knee[19–22]. It is also important to note that there were no serious or 
severe, local, treatment-related safety concerns nor were any new safety concerns raised 
in this study. Most AEs experienced were transient ankle pain or injection site pain of 
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mild or moderate intensity, which lasted less than a week, and which were easily treated 
with simple oral analgesics. The use of appropriate imaging guidance, for example X-ray, 
may prevent such AEs as it would ensure consistent, accurate intra-articular placement 
of the injection.

Hylan G-F 20 was effective at significantly reducing the pain associated with ankle 
OA. Although it is difficult to draw definite conclusions about efficacy from an open-label 
study, the magnitude of the response seen in this study exceeded the expected placebo 
effect. The majority of patients (56%) responded adequately to only one injection. Even 
in those patients who did not respond adequately to one injection, and whose pain VAS 
scores remained ≥50 and ≤90 mm at months 1, 2 or 3 after the first injection, went on to 
obtain benefit from a second injection and demonstrated statistically significant decreases 
in pain at all time-points in the 6-month follow-up. No patient or disease characteristics 
were identified as predictive factors for response in our study.

In all patients, reduction in pain was apparent from as soon as 7 days after injection, 
was maximised at 3 months, and was maintained for up to 6 months. These results reflect 
those reported in patients with knee OA, where the symptomatic relief obtained by 
patients outlasts substantially the product’s residence time in the joint, thus supporting 
the hypothesis that viscosupplementation achieves its therapeutic effect by restoring the 
rheology of the joint temporarily[23].

Previous trials of viscosupplementation in the ankle joint[10,11] demonstrate comparable 
results to those presented here. However, both of these studies assessed a regimen of 
five weekly injections of low molecular weight sodium hyaluronate. Our study assessed 
a regimen of one single 2 ml injection of a high molecular weight hyaluronan derivative, 
with the possible administration of a second, and final, injection 1–3 months later. No 
dosing regimen studies have been published to date.

We conclude that viscosupplementation with hylan G-F 20 is well tolerated, and a 
regimen of one single 2 ml intra- articular injection, with the option of a second injection 
after 1–3 months if pain relief is inadequate, is an efficacious treatment of patients with 
symptomatic ankle OA.
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Abstract

Background: To determine the efficacy, safety and dose dependency of intra-articular 
Orthovisc®  hyaluronic acid  injections in the ankle.

Methods: A prospective single blinded study in patients with symptomatic ankle –
osteoarthritis. Patients were randomly allocated to 1 ml, 2 ml, 3 ml, or 3 weekly 
injections of 1 ml (3x1 ml).  Primary outcome was ’pain during walking ’ at 15 weeks 
measured on a 100 mm VAS.

Results: Twenty-six patients (ITT) participated. The 3x1 ml dose group showed 
statistically significant decreases at week 7 for ‘pain during walking’ and ‘pain at rest’ 
(p=0.046). At week 15 decreases were significant for ‘pain at rest’ (p=0.046). There 
was no significant decrease of VAS-scores in any of the single dose groups. Seven 
patients experienced temporary local swelling and increased pain in the injected 
ankle.

Conclusions: Orthovisc® viscosupplementation in the ankle joint is effective and well 
tolerated. The 3x1 ml dose regimen shows the best results.

Keywords: Ankle joint, Osteoarthritis, Hyaluronic acid, Intra-articular injections.
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Introduction

Hyaluronic acid injections are frequently used as a treatment for ankle joint 
osteoarthritis [1-5]. The ideal dose and injection frequency has not been determined yet. 
The aim of this current study was to determine efficacy, safety and dose dependency of 
intra-articular  sodium hyaluronate injections (Orthovisc®) in the osteoarthritic ankle.

Materials and Methods

Study design
This study was designed as a longitudinal prospective single blind study; in the respect 

that the observer was blinded for the type of treatment the patient had received.
At screening visit, 2 weeks before the patients entered the study, the patient’s suitability 

was assessed and they were informed about the study. Written, informed consent was 
obtained from each patient prior to enrolment in the study.

After signing the informed consent, patients were randomised to one of the four 
treatment groups with the use of radio-opaque sealed envelopes. The blinded observer 
carried out the physical ankle assessment of the patient and had supervision on the 
patient’s completion of the questionnaires at baseline prior to the (first) injection and 
at the follow-up evaluations. At baseline (week 0) four dosages were randomly allocated 
from the storage at the outpatient clinic and injected in the ankle joint i.e. 1 ml, 2 ml, 
3ml and 3 weekly injections of 1 ml (3x1 ml). Injections were performed by one of the 
surgeons (CvD) according to a standardized protocol.

The injection was placed in the anteromedial portal of the ankle joint as described for 
ankle arthroscopy [6]. Before the HA injection was performed, 0.5-1 ml of lidocaine (1%) 
was used subcutaneously as local analgesic to facilitate an accurate injection of the joint. 
Patients were advised not to perform any sport activities within 2 days after the injection. 
All patients were treated unilaterally. Follow-up evaluations were performed at 7, 15 and 
27 weeks after the (first) injection. Medication for pre-existing conditions was permitted, 
in addition to: acetaminophen (4 g/day) except on the day before, and the day of, follow-
up visits; analgesics and NSAIDs with a clearance time of <8 h for pain other than OA 
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in the study ankle, or for post-injection pain management but not for more than three 
consecutive days or more than 10 days per month, nor on the day before, or the day of, a 
study visit; aspirin (325 mg/day) for anti-thrombotic prophylaxis, topical corticosteroids 
for skin problems, except at the study ankle, inhaled corticosteroids for asthma and 
allergic disease; non-pharmacological therapy (e.g. physical therapy) if begun at least 3 
months before study entry.

Prohibited medications were: analgesics and aspirin except as described above; COX-
2 inhibitors; oral corticosteroids; corticosteroid injections in any joint; topical analgesics 
at the study ankle; oral or parenteral anticoagulant therapy; glucosamine, chondroitin 
sulphate and diacerhein, except if the patient was on a stable dose prior to inclusion and 
no changes to treatment were envisaged in the next 9 months. The use of all rescue and 
concomitant medications and therapies were recorded in the patient notes.

For this study Orthovisc® a high molecular weight HA preparation with a molecular 
weight of more than 1 million Da, was used. The recommended treatment for knee 
osteoarthritis consists of 3 injections of 2 ml once weekly. The study protocol, patient 
information and patient consent form were approved by the internal review board 
(Medical Ethical Committee of the Academic Medical Centre, Amsterdam).

 
Dosage
The choice for the dosages of 1 ml, 2 ml, 3 ml and 3 weekly 1 ml was based on our 

clinical experience. To minimize the risk of severe adverse reactions, the amount of 
injections was kept as small as possible and single dosages were preferred. The single 
dosages of 1 ml, 2 ml and 3 ml were chosen to determine whether the effect would depend 
on the dosage. Derived from the prescribed dosage for the treatment of knee osteoarthritis 
(3-5 weekly injections) the dosage of 3x1 ml was added to determine whether repeated 
injections would have comparable results.

Patient population
The study was open to patients of either gender presenting with OA pain in the ankle 

(‘study ankle’) at our outpatient clinic, ≥18 years of age with an active lifestyle and in 
general good health. Criteria for inclusion were:  A clinical diagnosis of primary or 
secondary ankle OA.
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A standard X-ray, taken within the 3 months prior to screening, confirming the clinical 
diagnosis and showing grade II OA (joint space narrowing with or without osteophytes, 
joint space narrowing ≤ 50%) according to the van Dijk et al. scale [7]; patient willingness 
to comply with any required washout period; no planned surgical intervention in the 
next 9 months. Patients had to score 20 or less out of 40 on the AOFAS pain score[8] for 
the study ankle.

Exclusion criteria were: Grade I or III talo-crural OA[7]; patients with post-
traumatic OA if induced by trauma within the past 24 months; flare patients eligible 
for corticosteroid injection; chronic ankle instability; chronic anterior or posterior 
impingement syndrome in the study ankle requiring surgical treatment; current 
osteochondrosis dissecans in the study ankle; significant valgus/varus requiring 
corrective osteotomy; prior viscosupplementation in the study ankle; physical therapy 
if begun within the 3 months before study entry; history of sepsis in the study ankle; 
arthroplasty in the study ankle at any time, or any other surgery in the study ankle within 
the 6 months prior to study enrolment; clinically significant venous or lymphatic stasis 
in the study leg; any contraindication to acetaminophen; systemic or intra-articular 
injection of corticosteroid in any joint within the 3 months prior to enrolment; patients 
with related hypersensitivities to avian protein or any components of hyaluronan-based 
injection devices; concomitant inflammatory arthropathy; any history of, or active 
infection at the injection site; any significant chronic skin disorder at the injection site; 
any significant neuromuscular disease or musculoskeletal condition that would impede 
efficacy measurement; symptomatic peripheral vascular disease; current malignancy or 
treatment within the past 5 years; women who were pregnant or nursing, or women of 
childbearing potential not using a medically acceptable form of birth control; use of an 
investigational drug or device in the 90 days before entering the study or plans to use such 
a drug or device during the study; other factors assessed by the investigators that may 
limit the ability of the patient to perform necessary study evaluations.

Outcome measures
Safety: The safety assessment of Orthovisc® was based on reports of adverse events 

(AEs) collected between the signing of the informed consent form and the completion 
of the final follow-up visit for each patient. Study ankle and other (non-study ankle) AE 
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reports were collected at each visit.
Efficacy: Primary outcome measure for evaluating efficacy and determining dose 

dependency was ‘pain during walking activities’ measured with a 100 mm Visual 
Analogue Scale (VAS). Secondary outcome measures to evaluate efficacy and dose 
dependency were ‘pain at night and during the day while at rest’ measured with a 100 
mm VAS, ‘general pain’ on a 4-points scale and the amount of rescue medication taken. 
Primary endpoint was at 15 weeks; secondary endpoints were at 7 and 27 weeks.

Statistical analysis
SPSS version 15.0 was used for statistical analysis. Non-parametric statistical tests 

were performed since sample sizes of the dose groups were small. Demographical data 
and baseline characteristics were compared to investigate differences at baseline between 
the randomised dose groups. The efficacy and dose effect of HA were determined by sub-
group (dose group) analysis at each time interval. All outcome variables were defined 
as changes from baseline and analysed on a Last Observation Carried Forward (LOCF) 
basis. Statistical significance was determined at the p<0.05 level for all tests. 

Results

Patient population
Twenty-seven consecutive patients participated in the study. One male patient was 

excluded from the study for violating the study protocol. The intention to treat population 
therefore consisted of 26 participants, 18 male and 8 female patients with a median age of 
46 (range 21-84) years (Table 1).

Baseline characteristics (Table 2) were not equally distributed for VAS ‘pain during 
walking activities’ (Kruskal Wallis, p=0.04) and the severity score for ‘general pain’ (Chi-
square, p=0.02). Other VAS-scores did not significantly differ between the dose groups 
(0.70<p<0.88). 

Nine patients did not complete the study. These patients were asked for the reason of 
discontinuation. ‘No pain relief ’ was reported by those patients (Table 3). Two patients 
were allocated to the 1 ml dose group, 4 of them were allocated to the 2 ml dose group, 
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1 to the 3 ml dose group and 2 to the 3x1 ml dose group. Since ‘no pain relief ’ was an 
important reason for withdrawing from the study, analysis was performed per protocol 
“Last Observation Carried Forward (LOCF)” to avoid overestimation of treatment effects. 

Table 1: Demographics of the study population (n=26) per dosage group

1 ml 2 ml 3 ml 3x1 ml

Sex (n)

Male 4 (57%) 3 (43%) 5 (83%) 6 (100%)

Female 3 (43%) 4 (57%) 1 (17%) 0 (0%)

Total 7 (100%) 7 (100%) 6 (100%) 6 (100%)

Age (years) (median, range) 31 (26-84) 47 (33-63) 51 (39-71) 40 (21-63)

Weight (kg) (median, range) 74 (60-83) 90 (65-110) 78 (65-93) 88 (72-90)

Length (cm) (median, range) 174 (160-183) 174 (169-195) 179 (171-190) 182 (170-185)

Table 2: Baseline values of primary and secondary outcome 
measures per dosage group

1 ml 2 ml 3 ml 3x1 ml

Pain at night (VAS, mm) (median, range) 21 (0-61) 45 (0-74) 15 (1-84) 11 (0-84)

Pain during walking activities 
(VAS,mm) (median, range)

43 (7-71) 81 (46-100) 48 (24-87) 61 (16-88)

Pain at rest (VAS, mm) (median, range) 21 (1-77) 44 (0-76) 54 (1-86) 32 (8-90)

General pain 
(n, percentage) 

None 0 (0%) 0 (0%) 0 (0%) 0 (0%

Mild 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Moderate 5 (71%) 2 (19%) 4 (67%) 4 (67%)

Severe 2 (29%) 5 (71%) 2 (33%) 2 (33%)

Table 3: Reasons for discontinuation

Reason for discontinuation N (%)

Discontinuation 9 (35%)

No pain relief 5 (19%)

Other/unknown 4 (16%)

No Discontinuation 17 (65%)
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Efficacy

Primary variable

With the numbers available non-parametric Wilcoxon Signed Ranks tests of the dose 
groups separately, showed that none of the VAS-scores for ‘pain during walking activities’ 
decreased significantly at week 15. Best performed the 3x1 ml dose group(p=0.075) 
(Figure 1). 

Figure 1: Median change from baseline for pain during walking activities, assessed on 
a 100 mm Visual Analogue Scale (VAS) on a Last Observation Carried Forward (LOCF) 

basis. * P<0.05, # 0.05<P<0.10 (Non-parametric Wilcoxon Signed Ranks test). 

The VAS-scores of the 1 ml, 2 ml and 3 ml dose groups separately did not change 
significantly as compared to baseline scores at both secondary endpoints (week 7 and 
27) (0.23<p<0.74). At week 7, a statistically significant median decrease of the VAS-score 
of 29 mm was observed in the 3x1 ml dosage group (p=0.046)(Figure 1). The median 
decrease from baseline at week 27 was 30 mm (Table 4). This change was not statistically 
significant (p=0.25; Table 4). 
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Table 4: Median change (range) of VAS-scores from baseline  for pain  
during walking activities at week 7, 15 and 27 (LOCF) 

Dose Week 7 Week 15 Week 27

1 ml  (n=7) -7 (-35; 21) 1 (-58; 22) 6 (-22: 22)

2 ml  (n=7) -9 (-65; 13) -7 (-97; 19) -7 (-71; 19)

3 ml  (n=6) -6 (-39; 10) -7 (-41;  2) -7 (-87; 17)

3x1 ml (n=6) -29 (-78;  7) -47 (-78; 26) -30 (-78; 26)

Figure 2: Percentage of patients who improved at least one category 
on the general pain scale as compared to baseline. . 

Secondary variables

For ‘pain at night’  the decrease in pain was not significant at either the primary 
endpoint of 15 weeks, nor at the secondary endpoints of 7 and 27 weeks after the injection. 

Median VAS-scores for ‘pain at rest’ showed a statistically significant decrease from 
baseline at both 7 weeks and 15 weeks in the 3x1 ml dose group (median 10 mm, p=0.046 
at both time intervals). The changes from baseline at week 27 were not statistically 
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significant (p=0.35) for this dose group. The VAS-scores of the 1 ml, 2 ml, and 3 ml dose 
groups did not significantly change from baseline at all time intervals (0.17<p<0.87). 

The variable ‘general pain’ was assessed as an ordinal 4-scale variable with categories 
(1) none, (2) mild, occasionally, (3) moderate, daily, and (4) severe, almost always present. 
The pain score for the 2 ml dose group did not improve at any time interval as compared 
to the baseline. In 2 out of 7 and 1 out of 6 patients in respectively the 1 ml and 3 ml dose 
group, the pain score had improved during the first 2 time-intervals. At the follow-up 
in week 27, no change was observed as compared to the baseline for these treatment 
groups. The general pain score for the 3x1 ml dose group had improved for 4 out of 6 
patients at all time intervals (Figure 2). Chi-Square Tests showed a significant difference 
between the dose groups at week 27 (p= 0.001) in favour of the 3x1 ml dose group, since 
no improvement was observed in other dose groups. 

Rescue medication
At baseline, six patients used rescue medication. Two of them used doses of respectively 

six to seven tablets and two tablets acetominophen(500 mg) per day and continued using 
the same dosages during the study at all time intervals. Both patients belonged to the 2 
ml dosage group. The other four patients used very low dosage acetominophen(less than 
2 tablets per day) at baseline and did not use any pain medication anymore after the 7 
weeks follow-up. These patients were distributed over the 1 ml (n=1), 2 ml (n=1) and 3x1 
ml (n=2) dosage groups.

Safety
Adverse events were reported by 7 (27%) patients. One patient in the 1 ml dose group, 

four in the 2 ml, one in the 3 ml, and one in the 3x1 ml dose group. The adverse reactions 
mostly occurred shortly after the injection and consisted of swelling and increased pain 
in the injected ankle joint, sometimes associated with increased local temperature. Most 
of them were mild or moderate in severity and resolved within 3 days. One patient (dose 
3x1 ml) experienced severe pain and diffuse swelling of the ankle for about a week after 
the first injection. These symptoms resolved without any intervention. This patient 
received his second and third injection one week later than planned to have the adverse 
reaction resolved before the next intra-articular injection would take place. 
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Discussion

This study was performed to investigate the efficacy and safety of different dose 
regimens of intra-articular HA injections in the osteoarthritic ankle joint, in order 
to establish the ideal dose regimen. More patients are needed to confirm our results. 
Hyaluronic acid injections nowadays are commonly used in clinical practice for the 
treatment of knee osteoarthritis[9].  Increasingly the use in other joints is advocated (e.g. 
hip, ankle and shoulder)[1-5,10 and11]. For some brands dose finding studies for usage in the 
knee were performed and published[9,12]. Interestingly enough for other joints often the 
same schedule that has been advocated for the knee is used, no literature is present how 
these recommendations were made and how the decisions were made to use that same 
dosage regimen for different joints[1-5,10,11].

The ankle joint is much smaller than the knee and has a different shape. It is likely that 
less Hyaluronic acid is necessary to be effective in a smaller joint. The underlying study 
was undertaken to determine the correct dosage regimen for hyaluronic acid in the ankle 
joint.

Since infection is a possible hazardous side effect of intra-articular injections, one of 
our goals was to look for the smallest number of  injections. The number of injections is 
also interesting for cost-benefit analysis. 

The results suggest that intra-articular injections of the ankle joint with HA result 
in pain reduction, with superior results for the 3x1 ml regimen compared to single 
dosages of 1 ml, 2ml and 3 ml. Most apparent improvement was observed for the primary 
outcome measure ‘pain during walking activities’ (Table 4). Additionally, in the 3 x1 
ml, categorical analysis of the 4-point scale of ‘general pain’ showed that the number of 
patients who experienced improvement was major compared to that of the single dose 
groups at all time intervals, though not always statistically significant. Nonetheless it 
needs to be emphasized that in this 3 x1 ml injection group still no more than 67% (4/6) 
of the patients had a beneficial effect of the injections.

In this study the dropout percentage was high (Table 3) (35%), the main reason 
was lack of pain relief (56%), and it can be assumed that the other four patients were 
disappointed about the results they got as well. Drop out occurred mainly in the single 
dose groups (7/9), two patients in the 3 x 1ml discontinued (2/6).
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In the single dose groups pain relief seems only temporary with only a small decrease 
of most of the VAS-scores. This study was designed single blinded so the placebo effect 
of the injection cannot be ruled out completely, this is another reason to interpret these 
results with caution.

Our results are comparable to results of the treatment of the osteoarthritic knee. 
Weiss and Band (1995) reported that repeated injections were found to be required to 
maintain clinical improvement and injections of larger unit dosages were not found to 
bring supplementary relief [13]. 

Clinical studies showed that HA is most effective in the early course of the 
osteoarthritic process[14-16]. In our study Orthovisc® only seemed to be effective in the 
3 x 1 ml group, a group that consisted mainly of patients (67%) that graded their pain 
at baseline as moderate (Table 2), severe pain as present in the 2 ml group (71%) might 
be associated with a more severe osteoarthritis and therefore be a reason for less pain 
relief after injection. However all patients were diagnosed radiographically with a grade 
2 osteoarthritis.

Another point to take into consideration is the fact that different hyaluronic acids 
could give different results, since they have a different composition.

The observed adverse reactions to the HA injections correspond with those reported 
in the literature in which a temporary increased swelling and pain were reported as 
frequently observed adverse events [9,10,14]. Whether the adverse reactions in this study 
were due to the injection itself or the material is not clear, since in literature, the same 
adverse reactions were reported for both HA and saline injections in the knee [17-20]. The 
severe pain and swelling in one patient were probably caused by the failed injection 

The mean prevalence of adverse reactions as found in this study (transient pain 
and swelling at the injection site) was reported between 2 and 4% of the injections in 
controlled clinical trials of the knee joint [12] with some exceptions of 27%[21], 23%[20], and 
47%[18].

In this study, 27% of the patients reported adverse events, which is comparable to 
the results of Salk et al. They reported transient pain at the injection site in 29% of the 
patients [2]. This relatively high occurrence of adverse reactions could be attributed to a 
more difficult application of intra-articular injections in the ankle joint than in the knee 
joint [18]. Other authors already emphasized that the occurrence of adverse events in knee 
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studies seemed to be influenced by the injection technique[15,22]

Since all adverse events resolved within a few days without intervention, the safety of 
intra-articular Orthovisc® injections in the ankle joint seems to be acceptable. 

In conclusion, the results of this study indicate that high molecular weight hyaluronic 
acid (Orthovisc®) can be injected safely in the ankle joint and pain relief is observed with 
a 3  weekly dose  regimen of 1 ml. The treatment shows potential to result in short-
term (7 weeks) as well as long-term (27 weeks) pain reduction. This study showed no 
effectiveness for a single dose application for Orthovisc®. 
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Abstract

Background: To optimize the injection technique for the osteoarthritic ankle in order 
to enhance the effect of intra-articular injections and minimize adverse events.

Methods: Randomized cross-over trial. Comparing two injection techniques in 
patients with symptomatic ankle osteoarthritis. Patients received an injection with 
hyaluronic acid using either one of the techniques. Four weeks later the second 
injection was given using the other technique. Primary outcome was the failure rate 
of the injection. 

Results: Seventy patients fulfilled the study. The failure rate for both injection 
techniques was 24%.  Forty-one patients in the traction group and thirty-nine in the 
group without traction experienced treatment related local adverse events. Other 
secondary outcomes didn’t show any difference between injection techniques.

Conclusions: There is no significant difference comparing the two injection methods 
regarding any of our formulated outcome measures. The use of contrast aided 
fluoroscopy for injecting the severe osteoarthritic ankle can be advised at all times. 

Keywords: Osteoarthrits, Ankle, Injection technique, Hyaluronic acid.
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Introduction

Hyaluronic acid and steroid injections are nowadays frequently used as part of the 
conservative treatment for the osteo-arthritic joint [1].

Adverse reactions besides poor efficacy of hyaluronic acid are mainly contributed to 
extra-articular placements [2-4].

Osteoarthritis might stiffen the joint and osteophytes might block the way of the needle 
which will make injecting the joint even more difficult.  We treat patients with hyaluronic 
acid injections for more than 10 years now.  Patients experienced a lot of different adverse 
events and a variable result in efficacy of hyaluronic acid [3,5]. This made us curious about 
how effective we are, injecting our patients intra-articularly. Two methods of injecting are 
used in our clinic; one using the injection technique that is commonly used for the ankle 
joint  and one using a traction device that is commonly used for ankle arthroscopy [6,7]. 
The traction device is believed to open up the joint, which might facilitate the injection [7].

An optimization of the injection technique could possibly enhance the efficacy of our 
intra articular injections and minimize the amount of adverse events.

The primary aim of this study was to investigate the accuracy of intra-articular 
injections in the osteo-arthritic ankle joint using the traction device compared to the 
injection technique that is commonly used for the ankle joint [6,7]. The secondary aim 
was to investigate the differences in the ease of the procedure, adverse events and patient 
reported outcomes. 

 

Methods

Study design
This study was designed as a randomized cross-over trial with two treatment 

moments. Patients were recruited from our outpatient clinic. The patient’s suitability was 
assessed and they were informed about the study. Written, informed consent was obtained 
from each patient prior to enrolment in the study. After signing the informed consent, 
patients were randomized to one of two groups: group I first received an injection using 
the traction device, followed by an injection without traction a month later. Group II 
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received the injection without traction followed by the injection with the traction device. 
The dosing schedule was based on our study of the safety and efficacy of hylan G-F 20 
(Synvisc®) in patients with symptomatic ankle (talo-crural) osteoarthritis [3]. This study 
showed it is safe and effective to repeat the injection, in case of insufficient pain relief, 
after 1, 2 or 3 months. It was therefore decided, in order to test both injection techniques, 
to offer each patient two injections with one month interval. Injections were placed by 
one of the orthopedic surgeons (AW) according to a standardized protocol. 

For randomization an online randomization program (www.randomizer.org) was 
used. Due to the clear differences in treatment modalities, neither patients nor the treating 
surgeon (AW) could be blinded. The study protocol, patient information and patient 
consent form were approved by the internal review board (Medical Ethical Committee of 
the Academic Medical Centre, Amsterdam).

Patient population
The study was open to patients of either gender presenting with osteoarthritic pain in 

the ankle (‘study ankle’) at our outpatient clinic, ≥18 years of age in a general good health. 
Criteria for inclusion were: a clinical diagnosis of primary or secondary ankle OA 

confirmed by X-ray. Each X-ray was scored for the severity of osteoarthritis according to 
the van Dijk et al. scale [8]. An indication for a hyaluronic acid injection was made at clinic 
visit by the orthopedic surgeon.

Exclusion criteria were: no knowledge of the Dutch language or not able to understand 
the study protocol; Patients who were allergic to contrast (Visipaque®); oral or parenteral 
anticoagulant therapy; clinically significant venous or lymphatic stasis in the study leg 
(edema); patients with related hypersensitivities to avian protein or any components of 
hyaluronan-based injection devices; concomitant inflammatory arthropathy; any history 
of, or active skin infection at the injection site; any significant chronic skin disorder at 
the injection site; symptomatic peripheral vascular disease; women who were pregnant 
or nursing, or women of childbearing potential not using a medically acceptable form of 
birth control. 

Treatment
Both injections (with and without the traction device) were placed through the 
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anteromedial portal of the ankle joint as described for ankle arthroscopy using strict 
aseptic administration technique [9]. Before the HA injection was performed, 0.5–1 ml 
of lidocaine (1%) was used subcutaneous as local analgesic. Intra-articular placement 
of the needle was assumed if no resistance was felt when injecting some local anesthetic 
into the joint. A small amount (0.5-1ml) of contrast fluid (Visipaque®) was injected by 
switching the syringe while holding the needle in place to determine the position of the 
needle on fluoscopy. The X-ray beam was directed laterally. If the position was correct 
any fluid or effusion present in the joint was removed prior to the injection of 2ml of 
hyaluronic acid (Fermathron®). If the position was not correct the needle was relocated 
and a small amount of additional contrast fluid injected until the position was found to be 
correct on X-ray. In case of an injection with traction, the non invasive ankle distraction 
device was applied after marking the injection site on the skin. Traction was applied after 
initial insertion of the needle after which the injection protocol was followed as would 
be in the injection without traction. The amount of traction was the same as in normal 
ankle arthroscopy and was applied for less than one minute. The second injection was 
performed by the same experienced physician who had administered the first injection 
(AW). This was done in the same manner using the other technique. Patients were allowed 
immediate full weight bearing when tolerated, but were advised not to perform any sport 
activities within two days after the injection. 

Outcome measures
The primary outcome was the intra-articular needle positioning. The accuracy of 

the injection was determined by fluoroscope. The location of the injected contrast was 
registered as either inside (success) or outside (failure) the joint (Figure. 1).

Secondary outcomes were:
• Ease of procedure defined as the amount of relocations of the needle needed by 

the orthopedic surgeon to assume that the needle was in the joint. 
• The surgeon was asked how she experienced the injection procedure, this was 

registered in smooth, normal, difficult, extremely difficult. 
• Adverse Events (AEs), for each injection procedure the type, location and 

duration of each local adverse event was recorded together with the amount and 
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type of rescue medication used by the patient to resolve these events. All patients 
were contacted by telephone one week after each injection to make inquiries for 
adverse events. In case of an adverse event this was repeated weekly until the 
adverse event resolved. The severity of any side effect experienced was registered 
using the 4- point scale, labeled as no side effects, mild (easily tolerated, caused 
minimal discomfort and did not interfere with everyday activities), moderate 
(caused sufficient discomfort to interfere with normal everyday activities), or 
severe (incapacitating and prevented normal everyday activities). 

• Patient reported outcomes: pain during the injection; after each injection 
procedure each patient was asked  to express the pain during the injection on a 
VAS score (0-100, 0 mm being no pain and 100 being extreme pain). 

• Preference of injection technique; after the two injections each patient was  asked 
which method he/she preferred and the reason why.

Statistical analysis
Sample size calculation was based on the primary end point (success rate). A difference 

of 20% of failure rates between the two methods was considered clinical relevant. Based 
on a power of 80% a two sided alpha of 0.05, a sample size of 70 patients was needed.

Statistical analysis was performed using SPSS 19.0 (IBM, Illinois 2011.) Due to skewed 
distributions, data were described as medians and ranges for continuous variables. 
Categorical outcomes were described as frequencies and percentages. 

Prior to the main analysis in which the difference between the two injection modalities 
was evaluated, the presence of a carry-over effect and a period effect was assessed. 

A carry-over effect implies that the effect of the first injection was still present when 
the patient received the second injection. This was assessed by analysing the difference in 
success rate between the two moments by use of a McNemar test. 

The sequence (period) effects consider whether the impact of the injection was 
different when the order of the injections was changed. The period effect was assessed by 
comparing the difference in success rate between the two injection modalities in group I 
to the difference in success rate between the two injection modalities in group II, by use 
of a Mann Whitney U test.
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Figure 1: Lateral view of the ankle. (A) shows contrast fluid inside the joint(success); 
(B) shows contrast fluid outside the joint (failure).

A

B
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For the secondary continuous or ordinal outcomes (VAS, degree of difficulty, amount 
of injections), the carry-over effect was assessed by analysing the difference between 
the first and the second injection using a Wilcoxon Signed Ranks test. The period effect 
was assessed by analysing the absolute difference between injections with and without 
traction between group I and II using Mann Whitney U test. If a carry-over effect or 
period effect was present, the results of the second injection period were discarded from 
the analysis and only described per period.

For the main comparison of the two injection techniques, the difference in success 
rate between the two injection modalities was analysed using a Mcnemar test. Continuous 
and ordinal outcomes were analysed using a Wilcoxon Signed Ranks test. In case of 
period and carry over effects, non-paired chi-squared and Mann-Whitney U tests were 
performed for only the first injection group. 

Correlations between continuous and ordinal outcome measures were calculated 
by use of Spearman correlation coefficients. Significance level of <0.05 was considered 
statistically significant.

Results

Patient population
Seventy from 72 randomized patients fulfilled the study (Figure 2). This group 

consisted of 40 male and 30 female patients (Table 1). Due to logistic reasons eight patients 
received the injection in inverse order and therefore changed Injection Groups (Figure 
2). Finally, 27 (38%) patients had a primary injection with traction first and 43 (62%) 
without traction. Two patients in each group withdrew, both had a grade 2 Osteoarthritis 
(OA) (Figure 2). One female patient withdrew after an easy intra-articular injection with 
traction, due to persisting pain after the injection which lasted 14 days, this was graded 
as a severe adverse event. The other, male patient had an injection without traction which 
ended up being extra-articular. This patient sustained a possible allergic reaction after 
the injection (swelling and severe pain), lasting a couple of days and resolving with pain 
medication. It was graded as a moderate adverse event. This patient was advised not to 
receive a second injection. Since this is a cross-over study only patients that received both 
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injections could be analyzed statistically, therefore the results of these two patients were 
discarded from the analysis. However since these patients had to withdraw because of the 
occurrence of adverse events, their first injections were analyzed for these events.

Figure 2: Composition of the two injection groups.
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Table 1: Baseline demographics

Total 
population

N=70

Group I
(traction-without traction)

 N=27

Group II
( without traction-traction)

N=43

Gender:

Male 40 (57%) 16 (59%) 24 (56%)

Female 30 (43%) 11 (41%) 19 (44%)

Age (years) 45.0 (18-68) 43.7 (18-68) 48.0 (19-68)

Side:

Right 38 (54%) 13 (48%) 25 (58%)

Left 32 (46%) 14 (52%) 18 (42%)

Osteoarthritis grade (van Dijk):

Grade1 1 (1%) 1 (4%) 0 (0%)

Grade 2 58 (83%) 21 (78%) 37 (86%)

Grade 3 11 (16%) 5 (18%) 6 (14%)

Table 2 shows the success rate of the injections in both techniques. The success rate in 
both the traction group and the group without traction was 76%.

An analysis was carried out of the first and last 15 patients to estimate the effect of 
a learning curve. Of the first 15 patients who were injected, 2/15 (13%) injections with 
traction were extra-articular compared to 5/15 (33%) without traction. Of the last 15 
patients who were subjected to both injections, 2/15 (13%) of the injections in both 
the traction group and the group without traction were extra-articular. No significant 
learning curve was found (p=0.32). 

Table 2 : Succes rate, ease of procedure and number of attempts 
until surgeon was satisfied with the needle position.

Injection with traction Injection 

N=70

Injection without traction Injection 

N=70

Succesrate of injections 53/70 (76%) 53/70 (76%))

Ease of procedure:

Smooth 13 16

Normal 40 36

Difficult 12 14

Extremily difficult 5 4 

Number of attempts 2( 1-8) 2(1-8)
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Ease of procedure
No significant difference was found in the amount of attempts to place the needle into 

the joint between both techniques (p=0.18)(Table 2). 
There was no significant difference in how either injection procedure was perceived 

by the orthopaedic surgeon (p=0.57)(Table 2). No significant relationship was found 
between the grade of osteoarthritis, the amount of attempts to get into the joint and how 
the injection was perceived by the surgeon with and without traction (0.24<p<0.94).

Adverse events
Forty-one patients (58%) experienced one or more adverse events after an injection 

with traction (Table 3). Ten injections were extra articular, there was no difference between 
the type of adverse events between the extra-articular group and the intra-articular 
group. Most adverse events were mild or moderate in severity and resolved by itself or 
by walking on crutches for several days or taking pain medication (acetaminophen or 
Nsaid’s) for a short period of time (less than 3 days).

Thirty-nine patients (55%) experienced one or more adverse events after the injection 
without traction, eight were extra-articular. There was no difference between the type of 
adverse events between the extra-articular group and the intra-articular group (Table 3). 
All adverse events resolved in a similar manner as mentioned above. 

Table 3. Types and Severity of Adverse events perceived after the injection

Adverse events:  Injection with 

traction 41/71 patients (58%)

Adverse events: Injection  without 

traction 39/71 patients (55%)

Severity of AE
Mild

N=20

Moderate

N=16

Severe

N=5

Mild 

N=25

Moderate

N=9

Severe

N=5

Types of adverse events and 

their frequency

Pain 8 12 5 15 5 4

Swelling 7 9 3 11 5 3

Stiffness 0 2 - 0 1 1

Redness 1 3 - 0 0 0

Other (cold, warm, instability) 5 2 - 2 3 0

Total 21 28 8 28 14 8
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Both groups had five patients that experienced severe adverse events. One of them 
was the patient that had to withdraw, as reported earlier. These AEs consisted of the 
same type of AEs as the mild and moderate group and they resolved in the same way as 
mentioned above (Table 3). 

Patient reported outcomes
Pain during the injection: Due to the presence of a significant period effect and carry 

over effect (p<0.01) concerning the VAS pain score of the patients, the results of the 
second injection were discarded from the analysis. The pain caused by the first injection 
was not significantly different between the injections with traction (median 7, range 
0-80) and without traction (median 12 range 0-64, p=0.88) (Tabel 4). 

Grade 2 scored a significantly lower median VAS score of  9.5 (range: 0-64) compared 
to median 49 (2-60) for Grade 3 concerning the injections without traction (p=0.03). For 
the injections with traction the difference between Grade 2 (median 5 (0-80)) compared 
to Grade 3, (median 21 (5-75) was not statistically significant (p=0.18). 

Preference for either technique: Patients were asked if they had a preference for either 
technique. Twenty-one (30%) answered no, twenty-six (37%) preferred without traction 
and twenty-three (33%) preferred traction.

Table 4. Patient Reported Outcome: 
Pain (VAS 0-100mm) perceived during injection

Group I

N=28

-

N=27

Group II

N=44

-

N=43

Injection 1 

Traction

Injection 2 

Without traction

Injection 1 

Without traction

Injection 2 

Traction

VASMedian (range) 7 (0-80) 16 (0-70) 12(0-64) 32(0-81)

Subgroups

Grade 1 (N=1) N=1 N=0 N=0

Grade 2 (N=60) N=22 N=38

Median (range) 5 (0-80) 9.5 (0-64)

Grade 3( N=11) N=5 N=6

Median (range) 21 (5-75) 49 (2-60)
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Discussion

The present study evaluated the accuracy, the ease of the procedure, adverse events 
and patient reported outcomes of intra-articular injections in the osteo-arthritic ankle 
joint using a traction device compared to the injection technique without traction that is 
commonly used in the ankle joint.

No optimal technique could be identified. Both injection techniques showed the 
same amount of failure rates (Table 2), 17/70 patients (24%). Due to the fact that joint 
opening could facilitate the intra-articular positioning of the needle we expected a higher 
success rate using the traction method.  Different kinds of traction devices (invasive and 
non-invasive) are known to open up the ankle joint in patients under general and spinal 
anaesthesia Joint opening up to 4.7 mm was described using an invasive distractor, a non 
invasive distractor (the same as we used) created a joint opening of 4.3 mm in patients 
under anaesthesia [7,10]. Most of these were not suffering from osteoarthritis. Dowdy used 
a non invasive distractor to examine 7 healthy volunteers, with 14 ankles. He measured, 
under permanent direct lateral fluoroscopically imaging, an increase from 3.1±0.5 mm to 
a mean of 4.2±0,6 mm [11]. We did not examine the joint space opening in this study. The 
arthritic joint might open up less which is a possible explanation for the same amount of 
failure rate.

The same five patients were initially injected extra-articular in both groups. Four had 
a grade 2 ankle OA (van Dijk) and one a grade 3. One of these grade 2 patients had a 
large osteophyte in the front of his ankle which was clearly visible on the lateral x-ray. The 
grade 3 patient had a very stiff ankle with a fixed plantar flexion of 10 degrees. 

A lot of these injections would have been placed extra-articular, if not for contrast 
aided fluoroscopic control. Taking into account that patients in our study suffer from 
osteoarthritis, our failure rate is somewhat more positive than the failure rate Jones et al. 
showed; 24% vs. 33% [12]. However, our failure rate is still substantial and it seems advisable, 
in order to prevent failure of the injection in clinical practice, that more successful injection 
techniques will be investigated. Several suggestions have been made in literature to test 
placement of intra-articular injections using some alternative form of additional imaging. 
Bliddal et al. suggested fluoroscopically controlled mini-air arthrography, Glattes et al. 
hypothesized that a small amount of air added to an intra-articular knee injection can 



4 The conservative treatment of ankle osteoarthritis

78

confirm accurate placement by a squishing sound when moving the knee. In both studies 
the placement was also verified by post-injection radiographs [2,13]. Secondly, ultrasound 
guided injections are suggested in literature, however these injections have only been  
evaluated on cadaver feet without osteoarthritis [14,15]. The added value of these alternative 
modalities remains to be investigated.

At this moment the best way to inject the ankle joint is still with the aid of fluoroscopy. 
If fluoroscopy is not available, the use of a traction device can potentially increase the 
success rate. The results of our small sub analysis showed an improvement of 20% (33% 
to 13%) of the amount of intra articular injections in the last 15 patients compared to the 
first 15 patients whereas the amount remained the same for the injections with traction 
(13%). However this difference was not significant (p=0.32).

Despite the fact we know all our injections ended up being intra-articular, we still 
have a considerable amount of adverse events (Table 3). Hyaluronic acid was only 
injected after we proved that the contrast fluid was intra-articular.  We certainly were 
critical and decided to register every unwanted side-effect, which might not be the case in 
other studies. Hyaluronic acid in itself is known to induce temporary benign side-effects 
like pain, swelling, warmth [3,5,16-19]. We have seen this before during our own research as 
well [3,5]. Possibly higher molecular weight hyaluronic acid induces more side effects [16].  
Fermathron®, which we used, is a long chain molecule with a weight between 0.5-1.8X106 
Da, this is considered a low molecular weight. At this point no clear explanation has been 
found for the relatively high incidence of adverse events [18-21] .

As for patient reported outcomes, patients were more painful at the second injection 
than at the first, hence the carry-over effect. This is a phenomenon we frequently observe 
in our daily practice. Possibly this is created by the injected hyaluronic acid at the first 
time point. An injection of hyaluronic acid  stimulates hyalocytes  to produce larger 
chains of hyaluronic acid. These hyalocytes are synovial-lining cells. The stimulated 
synovial membrane might be painful on injection [22]. 

Patients with severe osteoarthritis (grade 3) seem to tolerate traction better, however 
it is only a small group of 11 patients (Table 4), so no real conclusions can be drawn. They 
indicated less pain compared to an injection without traction. However these patients 
perceived more pain during either injection compared to the patients with grade 2 
osteoarthritis (58 patients). 
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An explanation for the preference for traction in severe osteoarthritis can be sought 
in the discomfort that will be created compressing osteophytes and irritated synovium by 
dorsiflexion of the ankle in the case of an injection without traction, but again since this 
is just a small amount of patients no absolute recommendations can be made. 

Conclusions

There is no significant difference between the two injection methods regarding any 
of our formulated outcome measures. Considering the substantial amount of possible 
extra articular injections prior to fluoroscopic control with both techniques, the use of 
contrast aided fluoroscopy for injecting the  ankle with severe osteoarthritis, anterolateral 
or anteromedial osteophytes is advisable.
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Abstract

Background: Outcome measures for ankle osteoarthritis(OA) are created by 
physicians with little input of the target patient group.  The aim of this study was 
to determine the difference in opinion between patients and orthopedic surgeons 
concerning the importance of specific symptoms of ankle OA and its impact on 
daily life and function.

Methods: A modified Delphi method was applied, consisting of structured interviews 
with patient focus groups and experts, followed by a poll using 32 statements. The 
difference in opinion between patients and orthopedic surgeons was evaluated.

 
Results: Forty patients and forty orthopedic surgeons responded to the 32 statements. 
Statistically significant differences  in opinion on symptoms, function and the impact 
of ankle OA on daily life were found.

Conclusions: This study demonstrates a significant  difference in opinion between 
patients and orthopedic surgeons concerning specific symptoms of ankle OA  These 
results advocate incorporating the needs and demands of the individual patient for 
new outcome measures.

Keywords: Osteoarthritis, Ankle, Impact, Patient reported Outcome Measures.
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Introduction

Ankle osteoarthritis (OA) is post-traumatic in about 75% of the patients[1,2]. Ankle 
trauma occurs in many patients at a relatively young age[1,3]. Consequently, the majority of 
ankle OA patients are relatively young and their expected life span is significantly longer 
than the typical remaining life span of hip or knee OA patients. Patients experience 
serious disabilities, which prevent them from participating in moderate to heavy labour 
and sports activities. Due to the short and long term complications, surgical treatment 
has always been specifically indicated for end-stage ankle OA[4-9]. Little is known about 
the disabilities and symptoms patients experience at an early stage of ankle OA. Since 
no cure is available at this point, the conservative treatment of symptomatic ankle OA 
focuses mainly on treating pain and stiffness, improving or maintaining function with 
prevention of further deterioration of the joint[10]. 

To monitor the effect of these conservative treatment modalities, different scoring 
systems are used. The Arbeitsgemeinschaft für Osteosynthesefragen Handbook on 
Musculoskeletal Outcomes Measures and Instruments describes 42 ankle scores[11]. 
Seventeen of these are validated. Five are used for monitoring the conservative treatment 
of ankle OA, i.e. the American Academy of Orthopedic Surgeons (AAOS) foot and 
ankle scale, the American Orthopedic Foot and Ankle Society Scale (AOFAS) score ,the 
Ankle Osteoarthritis scale (AOS), the Foot and Ankle Ability Measure (FAAM), and the 
Foot and Ankle Outcome Score (FAOS)(Table 1)[12-20]. The Foot Function Index (FFI) is 
mentioned in the book as a foot score, but is often used as an outcome measure for ankle 
problems[21-25]. 

The AOFAS scale has been used more frequently in orthopedic literature than the 
FFI, the AOS, and the Visual Analogue Score (VAS) for pain[26,27]. Other, more general 
outcome measures are the Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) and Short Form 36 (SF-36)[28-30]. The former is normally used and validated 
to evaluate the condition of patients with hip or knee OA, but it is also applied to patients 
with an arthritic condition in the ankle[26]. The latter is used to evaluate individual health 
status[29]. In order to get an outcome measure that monitors clinical outcome in ankle 
OA patients, it is imperative to know what is considered relevant for the target patient 
group[31]. Most outcome scores were made by physicians and validated for one specific 
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disease. It seems logical to use terms and outcomes that are important to the target group 
if constructing a useful outcome measure that can be used as a Patient Reported Outcome 
Measure (PROM). PROM’s are mandatory nowadays to evaluate the quality and effect of 
treatments.

As most of the outcome measures are created by physicians with no or little input of the 
target patient group, the primary question of the current study was to determine whether 
there is a difference in opinion between patients and orthopedic surgeons concerning the 
importance of specific symptoms of ankle OA and the impact on daily life and function. 

Table 1: Validated Ankle scores used for Ankle osteoarthritis.

AAOS foot and 
ankle scale [12]

AOFAS [13,15-18] AOS
(modified 
from FFI)[14]

FAAM [19] FAOS
(adaptation from 
KOOS)[20]

FFI [17,21-25]

Validated 

for

Common foot and 

ankle complaints

General 

hindfoot 

problems

Isolated 

osteoarthritis 

of the ankle

Assess physical 

function of 

patients with 

musculoskeletal 

disorders 

participating in 

physical therapy

Ankle ligament 

reconstruction

Rheumatoid 

arthritis and 

general foot 

and ankle 

complaints

Scale 4 subscales

1.Pain, 2.Function

3.Stiffness and 

Swelling

4.Giving way

3 subscales

1.Pain

2. Function

3.Alignement

2 subscales

1.Pain

2. Disability

2 subscales

1.Activities of daily 

living

2.Sportactivities

5 subscales

1.Pain

2.Other symptoms

3.Activities of daily 

living

4. Sports and 

recreation

5. Quality of life

3 subscales

1.Foot pain

2 Disability

3.Activity 

limitation

Type Patient reported 

outcome

Clinician 

based 

outcome

Patient 

reported 

outcome

Patient reported 

outcome

Patient reported 

outcome

Patient 

reported 

outcome

Outcomes 

validated 

against

WOMAC

SF-36

Physician rating of 

pain and function

SF-36

FFI

QUALY score

SF-36

WOMAC

Single leg 

heel lifts

SF-36 Karlsson ankle 

function score
SF-36
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Hypothesis.There is a significant difference between what patients and orthopedic 
surgeons regard to be clinically relevant symptoms of ankle OA and what patients and 
orthopedic surgeons judge to be the impact of ankle OA on daily life and function of 
these patients. 

Methods

Study design
The study was performed in two parts. A modified Delphi method was used to gain 

the opinions of patient and orthopedic surgeons about ankle OA. The original Delphi 
method was modified because the focus was on patient opinions instead of expert 
opinions, as described originally[32,33].

Table 2: Demographics of different Focus groups.

Focus Group 1
 N=4

Focus Group 2
N=3

Focus Group 3 
N=4

Gender:

Male 1 2 3

Female 3 1 1

Age ( years) 57.7 (47-64) 54.3 (45-59) 51.2 (29-66)

Grade of OA

Grade 2 2 1 2

Grade 3 2 2 2

Focus groups were used for acquiring patient opinions on ankle OA and its impact on 
daily life. Three focus groups of patients were composed. A patient focus group consisted 
of three to four patients with different degrees of ankle OA (van Dijk grade 2 or 3 ) and two 
researchers ( MB, CH) one of which was the interviewer (MB) (Table 2)[34]. Focus group 
meetings were held at the hospital, to create an informal atmosphere each 2 h session, was 
started with a short coffee break to get acquainted. Eleven patients participated. Patients 
were recruited at our outpatient clinic using specified in- and exclusion criteria (Table 
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3). Written, informed consent was obtained from each patient prior to enrolment in the 
study. Six Questions were asked during the focus group meetings, the questions were 
composed with the aid of existing outcome scores, i.e. AOFAS, FAOS, FAAM, FFI, SF-36, 
AOS and VAS for Foot and Ankle Pain (Table 4). 

Table 3: Inclusion and Exclusion criteria for patients.

Inclusion criteria

•

•

•

•

•

•

Patients of either gender, between 18 and 75 years of age 

OA pain in the ankle

Diagnosed with primary or secondary ankle OA at least 6 months before inclusion 

Ankle OA based on radiographs (van Dijk grade 2 or higher)[34]

Subjected to at least one type of conservative treatment

An active lifestyle and in general good health 

Exclusion criteria

•

•

Other joint complaints especially of the same limb (e.g. hip or knee osteoarthritis) 

that could interfere with a clear judgment of their ankle complaints

Other factors assessed by the investigators that may limit the ability of the patient 

to perform necessary study evaluations (e.g. rheumatoid arthritis, cardiovascular 

impairment)

Table 4: Questions asked to patients.

Topic Question(s)

Symptoms What do you consider the most discomforting about having ankle osteoarthritis?

Function
What effect has your arthritis on your walking ability? What function is affected 

by having ankle OA, e.g. think about descending or ascending stairs?

Daily life activities How does the osteoarthritis interfere in your daily life, work or sport activities?

Goals of treatment What is your main goal in treating your ankle OA?

Positive effects of conservative 

treatment
What treatment would you recommend to your peer patients?

Negative effects of conservative 

treatment

What would you like to change in the conservative treatment you were 

subjected to?
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For the expert opinions, six foot and ankle expert orthopedic surgeons having a 
daily practice of more than 50% foot and ankle surgery were interviewed (MB) using a 
structured questionnaire (Table 5). The results from the interviews and focus groups were 
combined to develop 32 statements (Table 6). 

Table 5: Outline of the questions asked during 
the interviews of the Orthopedic surgeons.

Topic Question(s)

Existing outcome scores
What do you think of current outcome scores for Ankle OA, do you use them and 

if so which one, what is missing in these outcome scores?

Symptoms

What do you consider the most important symptom of ankle OA, what do you 

think of the following symptoms: stiffness, swelling, unstable sensation or a 

locking/clicking sensation, how would you monitor these symptoms?

Function

What is the effect of ankle OA on the walking ability of ankle OA patients. What 

functions are likely to be affected by ankle OA? How would you like to judge the 

effects of treatment of ankle OA considering function?

Daily life 

(Work, sports and quality of life)

What is the impact of ankle OA on daily life. Do these items need to be addressed 

in an outcome score for ankle OA and how?

Conservative treatment

What are the first steps in your practice, when you treat a patient with ankle 

OA, are you familiar with hyaluronic acid injections for ankle OA, do you use 

corticosteroids and if so when. What do you consider the main goal of your 

treatment?
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Table 6: The thirty-two formulated statements.

Symptoms:

1. The most important complaint is pain

2. Stiffness causes no inconvenience

3. Stiffness hinders performing daily chores

4. Dancing is more painful than walking

5. There is often an unstable sensation in the ankle

6. Gaining weight is caused by ankle osteoarthritis

Function:

7. Walking 1km quickly is easy

8. Walking 2 km in a quiet manner is easy

9. Descending stairs is more difficult than ascending

10. Walking on uneven terrain is more difficult than on a flat surface

11. Walking on a slope is more difficult than on a flat road.

12.  Standing still is difficult

13. Squatting is difficult

14. Ascending a stair is more difficult than descending

Daily life:

15. Strenuous household duties like vacuuming /cleaning windows are impossible

16. Light household duties like dish washing are easy

17. Driving is more difficult

18. As a result of the OA complaints the job needs to be adjusted

19. Sprinting is impossible

20. Jumping is impossible

21. Performing sport activities is impossible

22. Cycling and swimming are still possible

23. The complaints affect my temper

24. A good outcome score contains 10-40 questions

Conservative treatment:

25. The use of NSAID’s diminishes complaints

26. Hyaluronic acid diminishes pain

27. Hyaluronic acid improves walking abilities

28. A brace improves a stable sensation

29. Using orthopedic shoes improves walking abilities

30. There are minor effects of physical therapy

31. NSAID’s diminish swelling

32. Manual therapy gives a temporary pain relief 
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The second part of the method contained the analysis of the difference in opinion 
between orthopedic surgeons and patients by comparing the answers to the 32 statements. 
These statements were presented to 40 patients and 40 orthopedic surgeons.

The patient group included the eleven patients that participated in the focus groups. 
The other 29 were recruited in the same way as described in the first part (Table 7). They 
all consented accordingly. The orthopedic surgeon group included  five surgeons that 
participated in the interviews. One of the interviewed surgeons was not able to answer 
the statements.The other 35 orthopedic surgeons were approached at a meeting of the 
Dutch National Foot and Ankle Society. Orthopedic surgeons that attended this meeting 
have a daily practice that consists of more than 40% of foot and ankle surgery.  Each 
statement could be scored with: agree, disagree, no opinion / not applicable. 

The study protocol, patient information and patient consent form were approved by 
the internal review board of the Sint Maartenskliniek, Nijmegen.

Table 7: Patient demographics.

Patients Male Female

N=40 20 20

Age (years)
Mean 57,6 

(26-75)

Mean 56,1 

(28-75)

Grade 2

N=24 12 12

Grade 3

N=16 8 8

Outcome measures
The primary outcome was the difference in scoring the statements concerning 

symptoms, daily life and function between patients and orthopedic surgeons.
Secondary outcomes were:
• the difference in scoring of the statements about the treatment options of ankle 

OA between patients and orthopedic surgeons
• the difference in scoring of the statements between grade 2 and 3 patients
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Statistical analysis
Sample size calculation was based on the difference between patients and orthopedic 

surgeons in the scores of the of the 32 statements (difference of proportion). A difference 
of 30% in consensus (weak consensus) is considered  relevant [35]. Based on a power of 
80% and a two-sided alpha of 0.05, 40 individuals in each group were needed.

The statistical analysis of the data was performed using Stata 13 (StataCorp LP, Texas)
A chi-squared analysis was performed comparing orthopedic surgeons to patients. A 

sub analysis was carried out comparing patients with grade-2 OA to patients with grade-3 
OA; this statistical analysis was performed using a Fisher’s exact test. Either difference in 
outcome was considered significant if p< 0.05.

Results

Primary outcome: symptoms, daily life and function

Patient focus group interviews

Patients considered pain during weight bearing (n=11) and pain at rest (n=7) the 
most important complaints (Table 8). The most important impairment in walking was 
walking on uneven ground, walking a distance and descending stairs (n=10). Daily life 
was changed. Many patients were unable to perform the sports they liked to play. Patients 
had to adjust their work, being more sedentary (Table 8).
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Table 8: Ranking the most common answers of the 11 focus group patients to the 6 
questions asked.

1 2 3 4 5

1. Symptoms: Pain during 

weight bearing

Pain at rest Swelling Unstable 

sensation

Other:

What do you 

consider the most 

discomforting 

about having ankle 

osteoarthritis?

N=11 N=7 N=6 N=6 Starting pain

Pain after walking

Grinding

Stiffness

Clicking sensation

2. Function: Walking on 

uneven ground

Walking a 

distance

Descending 

stairs

Running Other:

What function is 

affected by having 

ankle OA, e.g. think 

about descending or 

ascending stairs?

N=11 N=10 N=10 N=8 Difficulty standing still

Walking on a hill

Dancing

Squatting

3. Daily life: Unable to 

perform favorite

sport

Work has to 

be adjusted

Difficulty 

performing 

daily chores

Trouble 

driving a car

Other:

How does the 

osteoarthritis 

interfere in your daily 

life, work or sport 

activities?

N=8 N=6 N=5 N=3 Not able to attend a social 

activity

Getting laughed at due 

to the affected walking 

pattern

4. Goals of treatment: Less pain Walking a 

distance

Able to hike Normalizing 

daily life

Other:

What is your main 

goal in treating your 

ankle OA?

N=6 N=3 N=3 N=2 Less swelling

Taking part in social 

activities

5.Positive effects: Hyaluronic acid 

injections

Wearing a 

brace

Using 

Nsaids

Crutches/

cane

Other:

What treatment 

would you 

recommend to your 

peer patients?

N=6 N=5 N=3 N=3 Wearing an inlay

Use a stiff soled shoe

Physical Therapy

6.Negative effects: No change Less pain 

after 

hyaluronic 

acid injection

Lack of 

information 

about the 

disease

Swelling 

of ankle in 

orthopedic 

shoe

Other;

Stomach ache due to the 

use of Nsaid’s

What would you 

like to change in the 

conservative treatment 

you were subjected to?

N=6 N=3 N=3 N=3
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Orthopedic Surgeon interviews

Pain and stiffness are considered the most important complaints of ankle OA by 
orthopedic surgeons. Stiffness is thought to impair gait and warrant the need for shoe 
adjustments. 

A reduced walking distance is considered the most important effect of ankle OA. 
Running and jumping were considered the most strenuous activities for the ankle. The 
orthopedic surgeons all agreed that the basic mood is changed once one suffers from 
ankle OA.

Statements

The results from the interviews were used to develop statements 1-24 that reflect the 
opinions for symptoms, daily life and function (Table 6). Statements 1-6 concern ankle 
OA symptoms. Statements 7-14 address the effects of the disease on function. Statements 
14-23 question the effects on daily life.

For symptoms a statistically significant difference between patients and surgeons 
was found for the statements “stiffness hinders performing daily chores” (statement 3, 
p<0.0001), “there is often an unstable sensation in the ankle” (statement 5, p<0.0001) 
and “gaining weight is caused by ankle osteoarthritis” (statement 6, p=0.001) (Figure 1). 

For function a significant difference was found for “walking 2 km in a quiet manner 
is easy” (statement 8, p=0.022) and “standing still is difficult”(statement 12,p=0.0017) 
(Figure 1). 

For daily life a significant difference was found for “Strenuous household 
duties are impossible” (statement 15,p=0.025), “as a result of OA the job needs to be 
adjusted”(statement 18,p=0.006) and “jumping is impossible” (statement 20,p=0.007) 
(Figure 1).

On the statements not mentioned, there was no statistically significant difference 
between patients and orthopedic surgeons (Figure 1).
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Figure 1: The difference in agreement and disagreement between  
patients and orthopedic surgeons

1. The most important complaint is pain
2. Stiffness causes no inconvenience
3. Stiffness hinders performing daily chores
4. Dancing is more painful than walking
5. There is often an unstable sensation in the ankle
6. Gaining weight is caused by ankle osteoarthritis
7. Walking 1km quickly is easy
8. Walking 2 km in a quiet manner is easy
9. Descending stairs is more difficult than ascending
10. Walking on uneven terrain is more difficult than on flat surface
11. Walking on a slope is more difficult than on a flat road
12. Standing still is difficult
13. Squatting is difficult
14. Ascending a stair is more difficult than descending
15. Strenuous household duties are impossible
16. Light household duties like dish washing are easy
17. Driving is more difficult
18. As a result of OA complaints the job needs to be adjusted
19. Sprinting is impossible
20. Jumping is impossible
21. Performing sport activities is impossible
22. Cycling and swimming are still possible
23. The complaints affect my temper
24. A good outcome score contains 10-40 questions

25. The use of NSAID’s diminishes complaints
26. Hyaluronic acid diminishes pain
27. Hyaluronic acid improves walking abilities
28. A brace improves a stable sensation
29. Using orthopedic shoes improves walking abilities
30. There are minor effects of physical therapy
31. NSAID’s diminish swelling
32. Manual therapy gives a temporary pain relief

Where the sum of agreement and disagreement is less than 100%, the remainder for the statement is “no opinion”. 

Statements that showed a statistical significant difference between orthopedic surgeons and patients P< 0.05 are made 

bold and marked with an asterix *. For statement 25-32 no statistical analysis was undertaken.

% disagreement       % agreement
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Secondary outcomes: treatment

Patient focus group interviews

The most important goal of treatment was considered pain relief (n=6). Hyaluronic 
acid injections (n=6) were considered the most effective conservative treatment besides 
wearing a brace (n=5)(Table 8). 

Orthopedic surgeon interviews

The main treatment goal was considered pain relief, other goals were improving 
quality of life, resuming sport activities and to reduce sick leave. All surgeons agreed that 
the treatment a patient receives is mainly based on the patient’s demands.

Steps in treating patients with ankle OA consisted of explaining the problem to the 
patient, advising adjustments of activities of daily life, like cycling instead of walking and 
starting to take a painkiller, e.g. Tylenol or acetaminophen. Other treatments that were 
proposed in random order were shoe adjustments, physical therapy for gaining motion, 
strengthening muscles and improving propriocepsis. A cortisone injection is mentioned 
as an option for temporary pain relief in case of severe OA.

Statements

Statement 25-32 reflect the opinion of patients and orthopedic surgeons on 
conservative treatments (Table 6). For these statements no statistical analyses were 
performed, as the majority of patients had no opinion about conservative treatments. 
Instead an analysis was done to search for consensus, among the orthopedic surgeons, 
about several aspects of conservative treatment. Orthopedic surgeons consider NSAID’s 
useful to reduce complaints. However, for the reduction of swelling by using NSAID’S, 
there was no consensus between the surgeons (Figure 1). There was consensus to use 
braces for stability and orthopedic shoes to improve walking abilities. The statements 
concerning hyaluronic acid supplements and manual therapy as well as physical therapy 
showed no consensus.
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Grade-2 and grade-3 OA subgroup analysis

No significance differences were found between grade-2 and -3 OA patients except 
for statement 3 “stiffness hinders performing daily chores”. About 22% of the grade-2 
patients disagreed compared to 0% of the grade-3 patients. None of the grade-2 patients 
and about 20% of the grade-3 patients had no opinion (p=0.016).

Discussion

This qualitative study evaluated the opinions of patients and surgeons about several 
topics concerning ankle OA by using a modified Delphi method in two rounds. Much of 
the outcome of the interviews in the focus groups and of the orthopedic surgeons was not 
surprising. Pain is considered the most important by patients and surgeons. An important 
item that was mentioned by the patient group was their difficulty performing certain 
activities, doing groceries for instance, due to the inability to stand still for a certain amount 
of time or driving a car because of pain in the ankle. Besides pain reduction, patients want 
to be able to participate in daily life, sport activities, hiking and so on. Walking distance 
and pace are considered important by patients and orthopedic surgeons. Some interesting 
differences were observed between orthopedic surgeons and patients in scoring the 32 
statements. A prominent one is the difference in opinion towards statement 3, “stiffness 
hinders performing daily chores”. Patients really feel that ankle stiffness is hindering them 
in performing daily activities. Orthopedic surgeons thought this would be less the case 
than the patients (77% vs. 42.5%). Another interesting discrepancy is with statement 5: 
“there is often an unstable sensation in the ankle”. Patients report an unstable sensation in 
their ankle.  This is less appreciated by orthopedic surgeons (80% vs. 32.5%). Orthopedic 
surgeons are less aware that ankle OA makes it difficult to stand still compared to patients 
(30% vs.60%). 

Jumping was also less appreciated, as 72.5% of orthopedic surgeons agreed and 
97.5% of the patients agreed that jumping is impaired. These results demonstrate that 
clinicians under appreciate the symptoms and impact of ankle OA.  This might influence 
the choice of treatment. On the other hand, patients were more positive considering their 
capabilities than the orthopedic surgeons. More people are able to perform strenuous 
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household work than the surgeons thought. Apparently fewer jobs needed to be adjusted.
Even so patients are more realistic than surgeons commonly think, when asked about 

gaining weight. Patients are less intended to blame this on their ankle OA (65% of the 
surgeons agreed compared to 32.5% of the patients).

Orthopedic surgeons have different opinions about the usefulness of certain modalities 
of conservative treatment.  An explanation can be the lack of scientific evidence for most 
of these treatments.

The outcome measures that are currently used (Table 1) are too general and do not 
meet the demands and expectations of the individual patient. An item that is missing is 
walking pace. This is not a scoring item in any of these scores. The AOS questionnaire 
questions for instance the difficulty of walking 400 meters or more. One can imagine 
that patients with a low grade of ankle OA are able to walk 3 km, but it might be more 
informative to know how they do this, i.e. walking slowly with a stick or walking fast 
without a walking aid. A recently more in popularity gaining score;the Manchester-
Oxford Foot Questionnaire (MOXFQ) might me promising in this perspective. This 
score was originally designed to evaluate the results of foot and ankle surgery and was 
initially assessed in patients undergoing surgery for hallux valgus. At this point it is not 
tested and used for evaluating the conservative treatment of ankle OA. Some items in this 
score are interesting though ; item 4: I walk slowly because of pain in my foot/ankle or 
item 5: I have to stop and rest my foot/ankle because of pain. It could be difficult to use 
these items in the evaluation of the conservative treatment of ankle OA, again they might 
be to general. What kind of improvement does the patient or physician expect [36,37] ?

Descending or ascending one staircase might be easy. However, ascending two 
or three might be impossible. Work is not an item in the outcome measures that are 
used currently, except for the AAOS score. However, the specific question in the AAOS 
questionnaire only informs if there is an interference with normal work and house work. 
It gives no information about the aspect that causes this interference. The question is not 
specific because the two items are asked in one question. Work is a very important item, 
since most low-grade ankle OA patients are of working age. One can imagine that if one 
has difficulty standing still, a job has to be adjusted to partly sedentary work, for instance 
[12-19]. The MOXFQ has item 13: The pain in my foot/ankle prevents me from carrying out 
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my work/every day activities. Again the same problem exists as with the AAOS score, two 
items are asked in one question and they lack specificity, it might be difficult to improve 
on this item, using conservative treatment.

There are some limitations of this study. The statements concerning the benefit of 
conservative therapies cannot be evaluated properly, because many patients answered 
that these statements did not apply to them or that they had no opinion regarding these 
statements. It was to be expected that not all patients have a personal experience with 
all conservative treatment options. These statements were excluded in the comparison 
between surgeons and patients. 

A substantial difference in the opinions on the impact of ankle OA between orthopedic 
surgeons and patients was demonstrated. If the outcome of conservative treatment of 
ankle OA is to be based on PROMs, these results advocate incorporating the needs and 
demands of the individual patient.

If a PROM is to be designed from scratch, thereby not considering current PROM’s, 
then the outcome of this study provides the elements that could be incorporated in a 
PROM specifically for patients with ankle OA.

This study showed that next to pain, the participation in different kind of activities is 
a concern to patients. Besides a VAS-score for pain, achieving functional goals might be 
a worthy addition to a new PROM. The Global Attainment Scaling (GAS) is such a tool, 
which is able to evaluate a specific goal of a patient and overall compares the outcome 
scales of different patients. This scale is a part of the International Classification of 
Functioning Disability and Health (ICF), developed by the World Health Organization, 
which is used, amongst others, by rehabilitation doctors and physical therapists to classify 
patient’s functioning[38-40]. 

The next step based on these recommendations is to create, test and validate a new 
PROM for ankle OA patients.
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Abstract 

Background: The cause of ankle osteoarthritis (OA) is mainly post traumatic. 
Patients are relatively young, since trauma occurs at a young age. Surgical treatment 
is reserved for end stage OA. Several conservative treatment options are available, 
however evidence of the benefits and harms of these options are lacking.

Objectives: To assess the benefits and harms of any conservative treatment for ankle 
OA in adults in order to provide a synthesis of the evidence as a base for future 
treatment guidelines.

Search methods: We searched MEDLINE (Ovid) 1946 up to 11 September 2014, 
EMBASE 1947 to September 2014, Cochrane Central Register of Controlled Trials 
(CENTRAL), PsycINFO 1806 to September 2014, CINAHL 1985 to September 2014, 
PEDro (All years till September 2014), AMED until September 2014, ClinicalTrials.
gov, Current Controlled Trials, The Dutch Register. We also screened reference lists 
in retrieved review articles and trials to identify potentially relevant studies.

Selection criteria: We considered randomised or controlled clinical trials investigating 
any non-surgical intervention for ankle osteoarthritis for inclusion.

Data collection and analysis: We used standard methodological procedures expected 
by the Cochrane Collaboration.

Results: Six randomised controlled trials (RCTs) were included, all analysing the use 
of hyaluronic acid (HA) for ankle osteoarthritis (OA). No other RCT concerning 
any other conservative treatment was identified.

A total of 240 patients diagnosed with ankle osteoarthritis were included in this 
review. Three RCT’s (109 patients) compared HA to placebo. One compared HA 
to exercise therapy, one compared HA combined with exercise therapy to an intra-
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articular injection of botulinum toxin and one compared four different dosages of 
HA.

For the comparison of HA to placebo, a pooled analysis of two trials (45 patients) 
found that the Ankle Osteoarthritis Scale (AOS) total score (measuring pain and 
physical function/disability) was reduced by 12% (95% CI -24% to -1%) at six 
months (mean difference (MD) - 12.53 (95% CI -23.84 to -1.22) on a scale of 0 to 
100; Number Needed toTreat (NNT)=9) (95% CI 7 to 21), this evidence was graded 
as low, due to imprecision and limitations in study design. It is not known if a mean 
difference of 12.53 points on a 100 point scale is clinically relevant. No minimal 
important clinical difference is known for this score. The AOS sub score pain was 
decreased at 3 months (2 trials; 92 patients) (MD -1.83; 95% CI -11.33 to 7.68). The 
AOS sub score disability (physical function) at 3 months (2 trials; 92 patients) was 
decreased (MD -0.13; 95% CI -9.26 to 9.01). This evidence was graded as low, due 
to imprecision and limitations in study design. Radiographic joint structure changes 
were not investigated. For the mean quality of life at 6 months (two trials;45 patients) 
no exact scores were available, so meta analysis could not be performed. No serious 
adverse events (SAE’s) were noted and no patients withdrew because of an adverse 
event. The amount of adverse events (AE’S) in both groups were comparable, the 
Peto odds ratio (Peto OR) to have an adverse event was 2.34 higher compared to the 
control group (95% CI 0.45 to 12.11). This evidence is inconclusive because of a wide 
CI and a small amount of events. For the comparison of HA compared to exercise 
therapy (total of 30 patients), pain was decreased at 12 months (MD-0.70 95% CI 
-2.54 to 1.14) on a Visual Analogue Scale (VAS 0-10).The American Orthopedic Foot 
and Ankle Society score (AOFAS score) was 13.10 points (MD) higher in favour of 
HA (95% CI 2.97 to 23.23) on a scale of 0 to 100. This evidence was graded as low. 
No adverse events were found. Radiographic structure changes were not measured, 
no patients withdrew due to AE’s. No SAE’s were found.

For the comparison of HA injection combined with exercise therapy to an intra-
articular injection of Botulinum toxin A (BoNT-A) (75 patients), the AOS pain 
score of the affected joint showed a decrease at 6 months (MD 0.10; 95% CI -0.42 
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to 0.62). The physical function (the AOS disability score) at 6 months showed a 
decrease (MD 0.20; 95% CI -0.34 to 0.74). The same amount of AE’s were found in 
both groups; HA 2/37 (5.9%), BoNT-A 2/38 (5.8%) (RR 1.03; 95% CI 0.15 to 6.91). 
Radiographic changes were not examined, no SAE’s were found and no patients 
withdrew because of an AE. The evidence was graded as low.

The RCT concerning comparing 4 different dosing schedules for HA (26 patients) 
showed the best median decrease in pain on walking VAS (on a scale of 0-100) for 
3x1ml at 27 weeks with a median decrease of 30. Physical function, radiographic 
changes and quality of life were not measured. The total number of AE’s was 27%, 
most of them occurred at the 2 ml group (57%). No patients withdrew due to an AE 
and no SAE’s were noted.

Overall the quality of the evidence showed some serious limitations. The 
evidence was graded as low. There was a limitation in design and implementation 
and imprecision of the results, sample sizes were small, leading to heterogeneity in 
the results of the meta analysis. The risk of bias was judged to be at low risk or 
unclear for all the categories concerning the 3 studies used in the meta analysis. One 
study that was not included in the meta analysis had a high risk of bias due to lack of 
blinding, another an unclear risk because some patients had bilateral involvement of 
ankle OA which made judgement of efficacy difficult.
Authors’ conclusions: HA as treatment for ankle OA maybe safe and more effective 
than placebo at 6 months for pain and disability (total AOS score) based on low 
quality of evidence. Inconclusive results were found comparing HA to other 
treatments. It remains unclear which patients (age and grade of ankle OA) benefit 
the most from HA injections and which dosage schedule should be used. Currently, 
there is insufficient data to create a synthesis of the evidence as a base for future 
guidelines for ankle osteoarthritis.
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Plain language summary 

“Conservative treatment for osteoarthritis of the ankle”
Researchers in the Cochrane Collaboration conducted a review of the effect of non 

surgical treatment for people older than 18 with ankle osteoarthritis in order to provide a 
synthesis of the evidence as a base for future treatment guidelines. After searching for all 
relevant studies up to September 2014, they found six studies with up to 240 people. Their 
findings are summarised below:

Five studies showed the results of the use of hyaluronic acid for ankle osteoarthritis 
compared to other treatment or to placebo (fake injection). One study was a dose finding 
study. Follow up was 3 to 6 months. The quality of the evidence was low, due to limitations 
in study design and the small amount of patients.

In people with ankle osteoarthritis: Hyaluronic acid may improve pain and function 
of ankle osteoarthritis at 6 months. Possible side effects might include swelling and pain 
of the joint, which subsides within a couple of days.

What is osteoarthritis and what is hyaluronic acid?
Osteoarthritis (OA) is a disease of the joints. When the joint loses cartilage, the bone 

grows to try and repair the damage. Instead of making things better, however, the bone 
grows abnormally and makes things worse. For example, the bone can become misshapen 
and make the joint painful and unstable. This can affect your physical function or ability 
to use your ankle.

Hyaluronic acid is a natural component of synovial fluid. Hyaluronic acid injections 
also called visco supplementation are gel-like fluid injections which help to lubricate the 
joint and act as a shock absorber for joint loads.

What happens to people with ankle osteoarthritis who get injections with 
hyaluronic acid compared to placebo after 6 months?

Pain and Physical function were measured using a combined score (scale of 0 to 

100; 0 is the best score and 100 the worst)

• People who got injections with hyaluronic acid rated their pain and physical 
function 12.5 points lower compared to placebo (12% absolute improvement).
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• People who got injections with hyaluronic acid rated their pain and physical 
function 24.4 points lower.

• People who got injections with placebo rated their pain and physical function 
12.1 points lower.

Radiographic joint structure changes:

• No studies were found that looked at this outcome.

Quality of life

• No data is available to make a statement about quality of life.
• Number of patients experiencing any serious adverse events:
• No patient in either group experienced a serious adverse event.

Number of patients experiencing any adverse event:

• 35 more people per 1000 who are treated with hyaluronic acid will experience an 
adverse event compared to placebo (3.5% absolute increase).

• 78 people per 1000 who are treated with hyaluronic acid will experience an 
adverse event.

• 43 people per 1000 who are treated with placebo will experience an adverse event.

Patient who withdrew because of an adverse event:

• No patients withdrew in either group.
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Introduction

Osteoarthritis (OA) is a chronic and degenerative disorder associated with joint pain 
and loss of joint function. OA can affect any synovial joint but is found most frequently 
in the hip, knee and hand, the majority of these patients present with primary OA 
(idiopathic disease) (Buckwalter 2004; Kalunian 2012; Witteveen 2008). Reliable figures 
on the prevalence of OA in other joints are not readily available but estimates suggest that 
the incidence of symptomatic ankle OA is 1% to 4% in the adult population (Cushnaghan 
1991; Peyron 1984). In contrast to knee and hip OA, 70% to 78% of patients with ankle 
OA present themselves with secondary, post-traumatic disease, the remainder is primary 
OA as well as inflammatory diseases, such as rheumatoid arthritis and gout (Saltzman 
2005; Valderrabano 2009). Ankle trauma occurs in many patients at a relatively young 
age (Agel 2005; Saltzman 2005). Consequently, the expected life span of many patients 
with ankle OA is significantly longer than the life span of hip or knee OA patients; this 
affects their quality of life for a substantial amount, Saltzman 2006 demonstrated that the 
self reported physical function in patients with symptomatic ankle OA quantified using 
the Short Form-36 (SF-36) questionnaire was equivalent to or worse than that of patients 
with end-stage kidney disease or congestive heart failure suggesting that these patients 
are seriously impaired.

In clinical practice, patients diagnosed with end-stage OA (Kellgren Lawrence 3 or 4 
and van Dijk 3) are offered operative treatment if they have significant clinical symptoms 
(Harada 2011; van Dijk 1997). These patients are treated by arthrodesis, ankle replacement 
or osteotomy. Surgical treatment is specifically reserved for end-stage arthritis. It is 
considered to be harmful due to short and long term complications. Complications 
consist of wound healing problems, infectious disease, non or delayed union and OA of 
adjacent joints due to overloading (Chang 2013; Deorio 2008; Jung 2007; Krause 2012; 
Rippstein 2012; Suckel 2012). Operative treatment is therefore not considered in an early 
phase of OA, it remains a challenge to treat patients that are diagnosed with a low grade 
OA of the ankle (Kellgren Lawrence 1, 2 or 3 and Van Dijk 1 or 2) (Harada 2011; van 
Dijk 1997). They are young and they experience serious disabilities which prevent these 
patients from participating in more heavily laboured work as well as sports activities. 
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Several conservative treatment options are available, however evidence of the benefits 
and harms of these options are lacking.

The conservative treatment of symptomatic ankle OA, like general OA, consists 
mainly of treating symptoms like pain and stiffness. Since no cure is available at this 
point another treatment goal is preventing deterioration of the joint (Towheed 2006). 
Non-pharmacological therapy is to be considered the foundation for the successful 
medical management of general OA (Hochberg 2012; Zhang 2008; Zhang 2010). There 
are systematic reviews published for knee and hip OA and include weight reduction 
(BMI > 25), physiotherapy and occupational therapy (Brosseau 2011; Brouwer 2005; 
Rutjes 2009; Rutjes 2010). For ankle OA offloading the joint by brace, cane, rocker sole 
or inlay can reduce the pain as well (Bartels 2007; Brosseau 2003; Fransen 2009; Janisse 
1998; Kempson 1991; Messier 2005; McGuire 2003; Wu 2004). If this is not successful a 
painkiller can be added. In case of pain relief several options are available, e.g. painkillers 
like acetaminophen, opioids and non-steroidal anti-inflammatory drugs (NSAIDs) 
(Cepeda 2006; Garner 2005; Nuesch 2010; Towheed 2006). Hyaluronic acid has been 
shown to reduce pain as well (Chang 2013; Cohen 2008; Pleimann 2002; Salk 2006; Sun 
2006; Witteveen 2008; Witteveen 2010). The benefit of glucosamine/chondroitin for pain 
reduction in general OA was not shown (Towheed 2005).

Ankle OA pain can be reduced by off loading the joint through rest, wearing a brace 
or using a cane. A cane can reduce the amount of bodyweight going through the ankle 
joint by 25% (Kempson 1991). Rockersoles are thought to off load the ankle joint by 
decreasing the ankle motion at heel strike to push off during walking (Wu 2004). Weight 
loss by dietary adjustments or exercises are thought to off load a joint as well (Bartels 
2007; Brosseau 2003; Fransen 2009). In Messier 2005, each pound of weight loss created 
a 4-fold reduction in the load exerted by step at the knee during daily activities. Shoe 
adjustment like inlays can correct alignment issues and in this way off load a part of 
the joint thus creating pain reduction (Janisse 1998; McGuire 2003). It is possible that 
in this way the joint can be preserved from further deteriorating. Several analgesics are 
available like acetaminophen, opioids and NSAIDs. They either act as a simple analgesic, 
have anti inflammatory effects, a sedative effect or a combination. Recommendations 
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for hip, knee or hand OA are well described (Hochberg 2012). Hyaluronic acid (visco 
supplementation) is thought to restore rheologic properties of the joint by creating a more 
viscoelastic synovial fluid, which improves mobility and restores the natural protective 
function of the joint, like shock absorption during gait (Balazs 1993; Bellamy 2006). 
Several studies have shown pain reduction as well (Chang 2013; Cohen 2008; Pleimann 
2002; Salk 2006; Sun 2006; Witteveen 2008; Witteveen 2010). Glucosamine/chondroitine 
may be potentially chondro protective and may modify the progression and course of 
general OA. However, up until now no evidence has been found to prove this theory 
(Towheed 2005).

Lots of treatment modalities are offered, however no clear cut treatment algorithm 
for ankle OA is used. The choice of treatment depends on the severity of the disease, 
the patients’ age, medical and social history and the level of physical activity expected 
to be demanded of the joint. For knee and hip OA several treatment algorithms are 
advocated (Kalunian 2012; Pendleton 2000; Tannenbaum 2000; Towheed 2005; Towheed 
2006; Zhang 2008; Zhang 2010). However, since ankle OA may be caused by a different 
mechanism, it is not unthinkable that these patients need a different treatment.

At this point there is no evidence based treatment algorithm for ankle OA. Several 
papers have been published concerning the cause of ankle OA and the possible 
conservative and operative treatment strategies. The conservative section mainly sums up 
the possibilities, however no algorithm is suggested (Demetriades 1998; Katcherian 1998; 
Martin 2007; Rao 2010; Rhys 2003).This review will be conducted to find evidence for the 
benefits and harms of non-pharmacological and pharmacological treatment of ankle OA 
in general or by stage of the disease. We will try to provide a synthesis of the evidence as 
a base for future treatment guidelines.

Objective
To assess the benefits and harms of any conservative treatment for ankle OA in adults 

in order to provide a synthesis of the evidence as a base for future treatment guidelines.
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Methods 

Criteria for considering studies for this review 
Types of studies: All randomised controlled trials (RCTs) and controlled clinical trials 

(CCTs) were included in this review.
Types of participants: Adults with the diagnosis of symptomatic ankle OA (primary 

or secondary) were included in this review. The diagnosis was based on well described 
clinical criteria e.g. the American College of Rheumatology (ACR) criteria (Hochberg 
2012), or based on a previously taken X-ray, which was classified using either the Kellgren 
Lawrence or the Van Dijk scale (Harada 2011; van Dijk 1997).

Types of interventions: Trials investigating any non-surgical intervention were eligible.
Trials investigating the following interventions were included:
• pharmacologic therapy: analgesics; acetaminophen, opioid analgesics like 

codeine, oxycodone or tramadol, NSAIDs like ibuprofen or celecoxib, intra-
articular glucocorticoids, intra-articular hyaluronan, glucosamine and 
chondroitin;

• non-pharmacologic therapy such as weight loss, rest, physical therapy and 
orthoses: braces, taping, insoles, exercise (strengthening, mobility, endurance 
and joint stability), manual therapy, diet, self management, psychosocial 
interventions (Kalunian 2012).

Other methods including traditional medicine (e.g. herbs, acupuncture) and 
naturopathies were excluded.

We tried to identify two special types of RCTs or CCTs:
• RCTs or CCTs that compared a treatment/therapy alone to placebo; and
• RCTs or CCTs that compared one treatment to the other.

Types of outcome measures 

Benefits

• Pain with a hierarchy of seven levels:
 - pain of the affected joint;
 - pain on walking;



115

6Conservative treatment for osteoarthritis of the ankle

 - pain on activities other than walking;
 - rest pain or pain during the night;
 - other algofunctional scale;
 - patient’s global assessment;
 - physician’s global assessment.
When more than one was reported, the highest on the list was taken.

• Physical function with a hierarchy of eight levels:
 - global disability score;
 - walking disability;
 - disability other than walking;
 - American Orthopedic Foot and Ankle Society score (AOFAS score, Kitaoka  

   1994);
 - Foot and Ankle Outcome Score (FAOS, Roos 2001);
 - Foot Function Index (FFI, Budiman 1991) ;
 - Function (Range of Motion (ROM));
 - other algofunctional scale.
When more than one was reported the highest on the list was taken.

• Radiographic joint structure changes according to the given hierarchy:
 - Kellgren Lawrence score (Harada 2011);
 - van Dijk score (van Dijk 1997).
• Quality of Life:
 - Short Form-36 (SF-36,Ware 1992)
 - EuroQoL-5 Dimensions (EQ-5D, Salen 1994).

Harms

• Patients experiencing any serious adverse events (SAEs); a serious adverse 
event is defined as any adverse event, irrespective of a possible relationship to 
the administered treatment which leads to e.g. death, a life threatening event or 
requires hospitalisation.

• Number of patients experiencing any adverse event (AE); an adverse event is 
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any untoward medical occurrence in a patient or clinical investigation subject 
administered a pharmaceutical product, which does not necessarily have a causal 
relationship with the treatment.

• Patients who withdraw because of an adverse event or any other reason

If pain or function outcomes were reported at several time-points, the end of treatment 
was taken as primary time-point for pharmacologic treatment such as acetaminophen, 
opioids or NSAIDs, with the three months interval as an additional time-point.

In case of hyaluronan, glucocorticoids, glucosamine and chondroitine and 
nonpharmacologic therapy, six months was considered as primary time-point and the 
three months interval as an additional time-point.

Search methods for identification of studies 
Electronic searches: A sensitive search strategy was designed to retrieve trials 

from electronic bibliographic databases, not limited to any intervention. The 
search strategy was devised for the OVID Medline interface The sensitivity 
maximizing filter for retrieving RCTs from MEDLINE and EMBASE 
was used as recommended in the Cochrane Handbook (Higgins 2011). 
No language restriction was applied.

 
September 11-18, 2014, we searched the following electronic databases, unrestricted by 
date (from database inception) or language:

• MEDLINE (Ovid) 1946 to present (Appendix 1);
• Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane 

Library Issue 9, 2014) (Appendix 2);
• EMBASE (Ovid) 1947 to present (Appendix 3);
• PsycINFO (American Psychological Association)1806 to present (Appendix 4);
• CINAHL (Cumalitive Index to Nursing and Allied Health Literature) 

(EBSCO)1985 to present (Appendix 5);
• PEDro (Physiotherapy Evidence Database) (All years (Appendix 6)
• AMED (Allied and Alternative Medicine) (Ovid) 1985 to present (Appendix 7).
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We searched the following clinical trial registries to identify ongoing trials:
• ClinicalTrials.gov (http://clinicaltrials.gov/);
• Current Controlled Trials (http://www.controlled-trials.com/);
• The Dutch Register (http://www.trialregister.nl/trialreg/index.asp).

We also screened reference lists in retrieved review articles and trials to identify 
potentially relevant studies.

Data collection and analysis 
Selection of studies: Two authors (AW, CH) independently screened records identified 

from database searches for possible inclusion. Full-text articles were retrieved for further 
assessment when the initial information appeared to align with the review criteria. Trials 
not fulfilling the outlined selection criteria were excluded. Reasons for exclusion were 
documented. A third author (GK) moderated any disagreement.

Data extraction and management: Two authors (AW, GK) completed data extraction 
of the included studies and recorded this on a data extraction form. Disagreements were 
resolved by discussion. We collected data on study design characteristics, descriptive 
characteristics of the participants, interventions, outcome measures, and length of follow-
up. Trialists were contacted for clarification when necessary.

The data extraction included the following:
• Generic publication characteristics:
 - type of publication;
 - title;
 - authors;
 - year of publication.
• Research design:
 - randomised controlled study / controlled clinical trial;
 - blinding of outcome assessors;
 - allocation concealment.
• Descriptive characteristics of participants:
 - number of participants;
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 - age;
 - sex;
 - duration of ankle OA;
 - grade of ankle OA;
 - baseline measures;
 - diagnoses; inclusion and exclusion criteria;
 - if applicable, randomisation outcomes such as numbers allocated to each  

   group at baseline, withdrawals, intention-to-treat numbers, and losses to  
   follow-up.

• Intervention characteristics:
 - non-surgical intervention: analgesics; acetaminophen, opioid analgesics  

  like codeine, oxycodone or tramadol, NSAIDs such as ibuprofen or celecoxib,  
  intra-articular glucocorticoids, intra-articular hyaluronan, glucosamine and  
  chondroitin;

 - non-pharmacologic therapy: weight loss, rest, physical therapy and orthoses:  
  braces, taping, insoles, exercise (strengthening, mobility, endurance and joint  
  stability), manual therapy, diet, self management, psychosocial interventions;

 - comparative intervention;
 - duration of the intervention (duration (weeks/months) and frequency);
 - follow-up.
• Outcomes (benefits and harms):
 - pain;
 - safety;
 - quality of life;
 - physical function.
Disagreements in data extraction were resolved via discussion and further scrutiny 

of the original data.

Assessment of risk of bias in included studies: 
The Cochrane Collaboration’s tool for assessing risk of bias (Higgins 2011) was used 

for assessment of risk of bias in the selected studies. Two authors (AW, GK) independently 
assessed generation of allocation sequence, allocation concealment, blinding, incomplete 
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outcome data, selective outcome reporting (reporting bias), and other sources of bias 
(baseline imbalance in factors which are strongly related to outcome measures e.g. grade 
of ankle OA; Intervention characteristics e.g. dosage of medication, frequency of therapy). 
Bias was judged as ‘high risk’ of bias, ‘low risk’ of bias, or ‘unclear’ risk of bias. We resolved 
disagreements by consensus or discussion with a third author (CH).

Measures of treatment effect 
Intervention efficacy and safety were assessed by presenting the mean differences 

(MDs). In case data could be pooled to perform a meta-analysis, standardised mean 
differences (SMDs) were used when the same outcome was assessed but different scales 
were used to express this outcome. A 95% confidence intervals (CIs) was used for 
continuous outcomes; and risk ratios (RRs) and 95% CIs for dichotomous outcomes. A 
Peto odds ratio was used for rare events.

Unit of analysis issues 
The unit of analysis was the participant. If RCTs or CCTs were identified that treated 

both ankles, and the number of ankles was used as the denominator in the analysis 
without adjustment for the non-independence between ankles (and thus a potential of 
unit of analysis errors might occur), we attempted to re-analyse such studies by calculating 
sample sizes where possible, according to the methods outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions (Higgins 2011). If it was stated in the 
article that more than 10% of the patients suffered from general OA, the treatment effect 
of any treatment for ankle OA would be very difficult to interpret therefore these studies 
were excluded.

Dealing with missing data 
Where we could not directly extract data the trialists were contacted, or missing data 

was imputed by imputing the missing data with replacement values, and treating these 
as if they were observed (last observation carried forward) (Higgins 2011). If data was 
imputed, we noted so in the table ‘Characteristics of included studies’.
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Assessment of heterogeneity 
We tested heterogeneity of the data using the Chi2 with a P value < 0.10 indicating 

significant heterogeneity. The I2 statistic was assessed to quantify inconsistency across 
the results (Higgins 2011) (I2 = [Q df / Q] x 100%; where Q is the Chi2 statistic and df 
is the degrees of freedom). A value greater than 50% indicated substantial heterogeneity. 
Beside this procedure, we also performed a visual assessment of forest plots to assess 
heterogeneity (Higgins 2011).

Assessment of reporting biases 
We investigated selective outcome reporting bias by comparing the study outcomes 

with those routinely presented for similar studies and also by comparing the methods 
section of trial reports with the results reported.

Data synthesis 
We pooled results of comparable groups of trials. Initially the fixed-effect model and 

95% CIs was used. A fixed-effect meta-analysis provided a result that may be viewed 
as a ‘typical intervention effect’ from the studies included in the analysis. A confidence 
interval for a fixed-effect meta-analysis was calculated, in order to do so the assumption 
was made that the true effect of intervention (in both magnitude and direction) was the 
same value in every study (that is, fixed across studies). This assumption implied that 
the observed differences among study results were due solely to the play of chance, i.e. 
that there was no statistical heterogeneity (Higgins 2011). The random-effects model was 
considered, especially where there was unexplained heterogeneity (Higgins 2011). The 
Cochrane Collaboration’s statistical software, Review Manager 2013, for data synthesis 
was used.

Subgroup analysis and investigation of heterogeneity 
Due to the lack of data a subgroup analysis was not performed. If sufficient data would 

be present, an analysis between the benefits and harms of conservative treatments for 
each grade of OA of the Kellgren Lawrence score (grade 1,2,3) or the van Dijk score 
(grade 1or 2) would be performed.
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Sensitivity analysis 
Due to the lack of data the review authors only performed a sensitivity analysis to 

examine the effects of heterogeneity that was found between studies that were pooled for 
a meta analysis.

Summary of findings table
The main findings of the study are presented in a “Summary of finding” table, which 

are produced using GRADEpro software (GRADEprofiler 2008). This table provides 
key information concerning the quality of the evidence, the magnitude of effect of 
the interventions examined, and the sum of available data on the main outcomes. The 
table includes an overall grading of the evidence related to each of the main outcomes 
using the Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) approach, as indicated in the Cochrane Handbook for Systematic Reviews of 
Interventions (Higgins 2011)(study limitation, indirectness, inconsistency, imprecision, 
publication bias). A “Summary of findings” is made when sufficient data can be pooled 
(data synthesis). The important outcomes that were included in the “Summary of 
findings” tables are:

1. pain;
2. physical function;
3. radiographic joint structures changes;
4. quality of life;
5. number of patients experiencing any serious adverse events;
6. number of patients experiencing any adverse event;
7. patients who withdraw because of an adverse event or any other reason.

Results 

After performing the first search up to 11 September 2014, 2945 references were 
retrieved, after de-duplication this resulted in 2257 citations (1126 Medline, 656 EMBASE, 
98 Central, the Cochrane Library, 50 CINAHL, 138 PsychINFO, 14 PEDRO, 175 AMED). 
No additional studies or ongoing studies were found searching the trial registers. After 
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screening the titles and abstracts of these references 14 full-text articles were selected, 
after de-duplication 13 remained. Seven were excluded and 6 were included. See the study 
flowchart for further details (Figure 1).

Figure 1: Study flow diagram.
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The six included studies are listed in the characteristics of included studies table. Years 
of publication ranged from 2006 to 2014.

All studies are blinded Randomised Controlled Trials (RCT’s), three are double 
blinded RCT’s (Cohen 2008, DeGroot 2012,Salk 2006). These three studies compared the 
intra articular injection of Hyaluronic acid (HA) to Placebo. Authors of these studies were 
contacted by email to get the exact results of the scores they used in their Trials. Cohen 
2008 and Salk 2006 were not able to provide us with these data. DeGroot 2012 did sent 
his original database. Two compared two different treatments: HA injection compared to 
exercise therapy (Karatosun 2008) or HA combined with exercise therapy versus injection 
of Intraarticular botulinum toxin A (Sun 2014). Witteveen 2010 compared the efficacy and 
safety of four different doses of HA. A total of 240 participants were involved. All patients 
were clinically diagnosed with ankle osteoarthritis (ankle OA), which was confirmed 
radiographically. All participants were in general good health. The Kellgren Lawrence 
score as well as the van Dijk score was used as classification for the radiographic presence 
of OA (van Dijk 1997, Kellgren 1957). All studies except Karatosun 2008 investigated 
patients with unilateral ankle pain. The study population sizes at randomisation varied; 
17 (Salk 2006), 75 (Sun 2014), 28 (Cohen 2008), 30 (Karatosun 2008), 64 (DeGroot 2012), 
26 (Witteveen 2010). Patients were 18 years or older. Sun 2014 included patients between 
the age of 20-85 years and Cohen 2008 patients that were 50 years or older.

Follow-up in all studies ranged from 3 to 12 months. Either the Ankle Osteoarthritis 
Scale (AOS, Domsic 1998) or American Orthopedic Foot and Ankle Society score 
(AOFAS, Kitaoka 1994) or the Visual Analogue Scale (VAS, Ohnhaus 1975) was used 
as primary outcome measure. Different types of HA, dosage or dosing schedules were 
used in each trial. Salk 2006 used 5 weekly injections of 1 ml Hyaluron acid (Hyalgan®) 
compared to saline. Cohen 2008 used 5 weekly injections of 2ml of Hyaluronic acid 
(Hyalgan®) compared to 5 injections of 2ml of Saline. Sun 2014 used a single injection 
of 2 ml Hyaluronic acid (Hyalgan®). Karatosun 2008 used 3 weekly injections of 2.5 ml 
Hyaluron acid (Adant®). DeGroot 2012 used a single 2 ml injection of Hyaluronic acid 
(Supartz®) compared to saline. Witteveen 2010 investigated four different doses; single 
injections of 1, 2, 3 ml, and 3 weekly injections of 1 ml (3X1 ml) of Hyaluronic acid 
(Orthovisc®).
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A total of seven studies were excluded because they were not a randomised controlled 
trial: Sarkin 1974; Witteveen 2008; Mei-Dan 2010; Luciani 2008; Sun 2011; Huang 2006; 
Sun 2006. See the table of Characteristics of excluded studies.

Risk of bias in included studies (Fig. 2 and 3.)
Allocation (selection bias): Generally most randomised controlled trials 4/6 described 

their randomisation process adequately (low risk of bias). Cohen 2008 and Salk 2006 
mentioned a randomised component however the process was not described so it was 
unclear which process was used to conceal allocation.

Blinding (performance bias and detection bias): Three studies (Cohen 2008; DeGroot 
2012; Salk 2006) were classified as having a low risk for performance bias and detection 
bias. Karatosun 2008 was classified as unclear for performance bias, it is most likely, since 
the patient was not blinded, that the patient informed the physical therapist about the 
treatment he or she got. Detection bias was considered low for this study because this is 
most likely of no consequence. For Sun 2014 we assessed a high risk for performance bias, 
since the patient was and could not be blinded so most likely this information went to the 
therapist, which could influence the outcome, the secondary outcomes that are measured 
could be biased by this information so detection bias was considered to be high as well.

Incomplete outcome data (attrition bias): All studies but one were classified as low 
risk for incomplete data. Salk 2006 described three patients that did not complete the 
study. However an intention-to-treat analysis (ITT) was not described (unclear risk).

Selective reporting (reporting bias): For DeGroot 2012 it was unclear if there was 
reporting bias, there was a follow-up of only 3 months, a follow-up of 3 months can be in 
favour for placebo and therefor affect the results.

Other potential sources of bias: Cohen 2008 was classified as an unclear risk because 
there was a difference in patient demographics, a significant difference between the mean 
age of patients in each group was noted as well as a difference between baseline AOS 
total scores and Western Ontario and McMasters Universities (WOMAC) pain scores 
Bellamy 1988. DeGroot 2012 was also classified as an unclear risk for other bias since 
the placebo and treatment group were of unequal sizes, 25 compared to 39. Karatosun 
2008 was also classified as having an unclear risk because the group that was assigned to 
exercise therapy had a significant higher AOFAS score at baseline. Witteveen 2010 was 
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classified unclear because the study was sponsored by industry, however sponsoring only 
consisted of supplying hyaluronic acid, the industry was not involved in the development 
of protocol or manuscript.

Figure 2: Risk of bias summary: review authors’ judgements 
about risk of bias item for each included study.
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Figure 3: Risk of bias graph: review authors’ judgements about each 
risk of bias item presented as percentages across all included studies.

         

Effects of interventions 

Intra articular injection of hyaluronic acid compared to Placebo:
Three studies compared the intra articular injection of hyaluronic acid in the ankle 

to the injection of Saline (Cohen 2008, DeGroot 2012, Salk 2006). Summary of findings 
table 1.

Benefits:

Pain Analysis 1.1
For the outcome pain the AOS pain and/or the total AOS score was used to compare 

the studies.
In the meta analysis (two studies Cohen 2008 and Salk 2006 ;45 patients) compared 

to control at 6 months the AOS total score was 12.53 points lower mean difference 
(MD) in favour for HA. (95% confidence interval (CI) -23.84 to -1.22; Analysis 1.1). We 
downgraded the quality of evidence from high to low due to the limitation in study design 
and imprecision of result (low amount of patients). At 3 months (two studies Cohen 
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2008, DeGroot 2012; 92 patients) compared to control the total AOS score was 2.26 lower 
points lower (MD) (95% CI -11.23 to 6.72 Analysis 1.2) We downgraded the quality of 
evidence from high to low due to inconsistency in the direction and magnitude of the 
effects across the studies ( I square 89%) and limitation in study design. At 3 months (two 
studies Cohen 2008, DeGroot 2012; 92 patients) compared to control the AOS sub score 
pain was1.83 points lower (MD)(95% CI -11.33 to 7.68; Analysis 1.3).

Physical function Analysis 1.4
To compare physical function in between studies, the AOS disability score and/or the 

AOS total score was used.
In the meta analysis at 6 months (two studies Cohen 2008 and Salk 2006; 45 patients) 

compared to control the AOS total score was 12.53 points lower (MD ) in favour of HA 
(95% CI -23.84 to -1.22 ; Analysis 1.4).We downgraded the quality of evidence from high 
to low due to the limitation in study design and imprecision of result( low amount of 
patients). At 3 months (two studies Cohen 2008, DeGroot 2012; 92 patients) compared to 
control the total AOS score was 2.26 points lower (MD) (95% CI -11.23 to 6.72; Analysis 
1.5). We downgraded the quality of evidence from high to low due to inconsistency in the 
direction and magnitude of the effects across the studies ( I square 89%) and limitation 
in study design. At 3 months (two studies Cohen 2008, DeGroot 2012; 92 patients) 
compared to control the AOS sub score disability was 0.13 points lower (MD) (95% CI 
-9.26 to 9.01; Analysis 1.6 ).

Radiographic joint structure changes were not examined in either study.

Quality of life as outcome was only described in two studies Cohen 2008 and Salk 
2006 both used the Short-Form 12 (SF12), (Ware 1996).

Cohen 2008: SF12 demonstrated no significant difference in their paper between 
either group at 6 months, no exact scores were mentioned in the study results and could 
not be provided upon contacting the author.

Salk 2006: SF12 demonstrated a significant difference in their paper favouring 
hyaluronic acid at 6 months, No standard deviations were present in the result section of 
the study, upon contacting the author they could not be provided.
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Since the exact scores were not available, no meta analysis could be performed for 
this score.

Harms: 

Analysis 1.7 & Analysis 1.8 & Analysis 1.9
A meta analysis (three studies Cohen 2008, DeGroot 2012, Salk 2006; 109 patients) 

showed a similar amount of AEs in either group (Peto Oddsratio (Peto OR) 2.34, 95% CI 
0.45 to 12.11; Analysis 1.8). No SAEs were found and no patient withdrew due to an AE; 
Analysis 1.7, Analysis 1.9)

Heterogeneity and sensitivity analysis:

A substantial heterogeneity of 89% was found for Analysis 1.2 and Analysis 1.5. For 
Analysis 1.3 84% and 89% for Analysis 1.6.

A sensitivity analysis taking each study out of the meta analysis showed a similar 
result for the Pain Analysis 1.2 and Physical function Analysis 1.5. Due to the low number 
of eligible studies no further sensitivity analyses were done.

Intra-articular injection of hyaluronic acid compared to exercise therapy:
Karatosun 2008 described the comparison of injection HA to exercise therapy 

(Appendix 8).

Benefits:

Pain during activity (VAS 0-10) showed a decrease in pain (end point was at 12 
months) ( MD -0.70; 95% CI -2.54 to 1.14; Analysis 2.1).We downgraded the quality of 
evidence from high to low due to the unclear risk of bias and small sample size.

Physical function: At 12 months compared to exercise the AOFAS score was 13.10 
points higher (MD) in favour of hyaluronic acid (95% CI 2.97 to 23.23) on a scale of 0 
to 100. We downgraded the quality of evidence from high to low due to the unclear risk 
of bias (limitation in study design) and small sample size (imprecision of result). At 12 
months compared to exercise the walking distance was 0.30 points (MD) better in favour 
of exercise therapy at 12 months (95% CI -1.27 to 0.67; Analysis 2.2) We downgraded the 
quality of evidence from high to low due to the unclear risk of bias and small sample size.
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Radiographic joint structure changes were not measured.

No quality of life score was measured.

Harms:

No AE’s were found for either group.

Intra-articular injection of hyaluronic acid combined with exercise therapy compared 
to intra-articular Botulinum toxin A (BoNT-A) injection:

Sun 2014 described the comparison of HA injection combined with exercise therapy 
to an intra-articular injection of Botulinum toxin A (Appendix 9).

Benefits:

Pain: At 6 months compared to botulinum toxin A the AOS pain score of the affected 
joint showed a decrease in pain (MD 0.10; 95% CI -0.42 to 0.62: Analysis 3.1). We 
downgraded the quality of evidence from high to low due to the high risk of bias and 
small sample size.

Physical function: At 6 months compared to botulinum toxin A the AOS disability 
score showed a decrease in physical function (MD 0.20; 95% CI -0.34 to 0.74; Analysis 
3.2). We downgraded the quality of evidence from high to low due to the high risk of bias 
and small sample size.

Radiographic joint structure changes were not measured.

No quality of life score was measured.

Harms:

In the HA group 2/37 (5,9%) AE’s were found, in the BoNT-A 2/38 (5,8%) (RR 1.03 ; 
95% CI 0.15 to 6.91; Analysis 3.3). The AE’s consisted of transient injection site reaction 
and were mild /moderately painful and resolved without treatment.
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Intra-articular sodium hyaluronate injections in the osteoarthritic ankle joint: 
Effects, safety and dose dependency:

Witteveen 2010 Randomised trial; Four different dosages of intra-articular injections 
of HA were randomly allocated; 1ml, 2 ml, 3 ml and 3 weekly injections of 1 ml were 
compared for efficacy. Primary endpoint of the study was 15 weeks (Appendix 10).

Benefits:

Pain (during walking (VAS): None of the VAS-scores for ‘pain during walking activities’ 
decreased significantly at week 15. Best performed the 3X1 ml dose group (P = 0.075). 
The VAS-scores of the 1, 2, and 3 ml dose groups separately did not change 
significantly as compared to baseline scores at both secondary endpoints (week 7 
and 27) (0.23 < P < 0.74). At week 7, a statistically significant median decrease of 
the VAS-score of 29 mm was observed in the 3X1 ml dosage group (P = 0.046). 
The median change in decrease of pain at 27 weeks was best for 3x1ml (-30), however this 
was not statistically significant (P = 0.25). We downgraded the quality of evidence from 
high to moderate due to small sample sizes (imprecision of results).

Physical function: No physical function was measured.

Radiographic joint structure changes: Was not measured.

Quality of life: No quality of life was measured.

Harms:

Adverse events: AE’s happened the most in the 2ml group (57%), other groups had 
an adverse event rate of 14-17%. The total number of AE’s was 7 out of 26 patients (27%). 
These AE’s consisted of increased pain and swelling of the ankle joint. They were mild or 
moderate in severity and resolved within 3 days. One patient experienced severe pain and 
swelling for a week.

No serious adverse events were reported.
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Discussion 

The search for this review retrieved six randomised controlled trials (RCT), analysing 
the use of HA for ankle osteoarthritis (OA), no other RCT concerning any other 
conservative treatment was identified.

A total of 240 patients diagnosed with ankle OA were included in this review. Three 
studies concerning the comparison of hyaluronic acid to placebo were pooled. A meta 
analysis was performed to investigate the benefits and harms; HA showed a lower AOS 
total score than placebo at 6 months. This difference in score was found to be promising, 
however it is not known if a mean difference of 12.53 points on a 100 point scale is 
clinically relevant. No minimal important clinical difference is known for this score. At 3 
months a small decrease (1.83 points) was found for the AOS sub score pain in favour of 
HA. The AOS sub score for disability decreased 0.13 points at 3 months in favour of HA. 
It is not known if these results are clinically relevant, since no minimal important clinical 
difference is known for this score. Quality of life was difficult to judge due to the fact that 
the exact numbers were missing, Salk 2006 demonstrated a difference in favour of HA 
in his paper, Cohen 2008 found similar results between both groups. There was a small 
number of adverse events in each group with a little preference for HA, see Summary of 
findings table 1. The Peto odds ratio of developing an adverse event in the intervention 
group was 2.34 times higher compared to the control group. This evidence is inconclusive 
because of a wide CI and a small amount of events. Karatosun 2008 compared HA and 
exercise therapy, a decrease in pain (VAS 0-10) of 0.7 points was found at 12 months. It is 
questionable if this small decrease in pain is clinically relevant. For physical function at 12 
months the total AOFAS score (0-100) was 13.10 higher in favour of hyaluronic acid, this 
result is considered promising. Sun 2014 described the comparison of hyaluronic acid 
injection combined with exercise therapy to an intra-articular injection of Botulinum 
toxin A. A decrease in pain and physical function were found in both groups. The decrease 
however is small, for pain it was 0.10 and for physical function 0.20 (on a scale of 0-100). 
Since the reduction in pain and physical function is so small, it is probably not clinically 
relevant. The amount of adverse events was comparable in both groups. Witteveen 2010 
compared 4 different dosing schedules for intra-articular injections of HA for efficacy 
and safety (26 patients). The best median decrease in pain on walking VAS (on a scale of 



6 The conservative treatment of ankle osteoarthritis

132

0-100) was shown for 3 x 1ml at 27 weeks with a median decrease of 30. Physical function, 
radiographic changes and quality of life were not measured. The total number of AE’s was 
27%, most of them occurred at the 2 ml group (57%). No patients withdrew due to an AE 
and no SAE’s were noted.

The objective of this review was to assess the benefits and harms of any conservative 
treatment of ankle OA. No randomised or clinical controlled trials were identified besides 
the six aforementioned RCTs. These trials all concerned the use of HA infiltrations for 
ankle OA. No trial (RCT/CCT or ongoing trials) were identified concerning any other 
conservative treatment. Three trials were pooled, HA was compared to placebo. Different 
dosage schedules were used between the studies. Cohen 2008 used 5 weekly injections of 
2 ml Hyalgan®, Salk 2006 used 5 weekly injections of 1 ml Hyalgan®, where as DeGroot 
2012 used a single injection of 2.5 ml of Supartz®. At this point it is unclear what dosage 
should be used for each type of hyaluronic acid injections. For instance it was found by 
Witteveen 2010 that 3 x1ml of Orthovisc® performed best for this type of HA. HA restores 
the rheologic properties of the joint, and is thought to protect the cartilage by improving 
the viscoelasticity (Balazs 1993; Bellamy 2006). At this point it is not clear which grade 
of OA responds best to HA infiltrations, however grade 3 van Dijk or grade 4 Kellgren 
Lawrence are less likely to respond. The three trials included in the meta analysis all 
included grade 2, 3 and 4 of Kellgren Lawrence without making a subgroup analysis. HA 
in these studies is thought to improve pain and function, this is mainly the short term of 
effect, the long term effect, by improving the rheologic properties, is thought to slow down 
progression of the osteoarthritis of the joint, however none of these studies investigated 
this outcome. Karatosun 2008 investigated 3 weekly injections of 2.5 ml Adant® to 6 weeks 
of exercise therapy, these patients suffered sometimes from bilateral ankle OA and knee 
pain as well, Sun 2014 compared one injection of 2ml of Hyalgan® combined with 4 weeks 
of 3 weekly sessions of physical therapy to one injection of Botulinum toxin A., Both 
injections are assumed to improve pain, why exercise therapy was added to hyaluronic 
acid remains unclear and seems unnecessary. All these differences between studies, the 
uncertainty about factors like dosage schedule, the ideal grade of ankle OA for this kind 
of treatment and the lack of evidence for other types of conservative treatment make it 
difficult to assess the applicability of evidence, at this point no valid recommendations 
can be made.
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Overall the quality of the evidence showed some serious limitations in study design. 
The evidence was graded as low. There was a limitation in design and implementation 
and imprecision of the results, sample sizes were small, leading to heterogeneity in the 
results of the meta analysis. The risk of bias was judged to be at low risk or unclear for 
all the categories concerning the 3 studies used in the meta analysis. Cohen 2008 was 
marked unclear because this study showed no clear randomisation and allocation process 
and there was a baseline imbalance between both groups for age. DeGroot 2012 was 
marked unclear for other bias because the study had an unequal size in number patients 
between treatment and placebo group 39/25. The follow-up of this study was limited to 3 
months, it is possible that if the follow-up had been longer the treatment group could have 
performed better due to the diminishing effect of placebo. Salk 2006 was marked unclear 
because he had no description of the randomisation and allocation process. All trials had 
a very low number of patients. All 3 studies included Kellgren Lawrence grade IV patients, 
severe arthritis is known not to respond well to hyaluronic acid treatment, this was also 
judged as an unclear bias. Karatosun 2008 had an unclear risk of bias because blinding 
was unclear for the participant, other bias was marked unclear because some patients 
had bilateral involvement of ankle OA which make judgement of efficacy difficult. Sun 
2014 was judged at high risk due to the lack of blinding of patients and evaluators. This 
limitation in study design and imprecision of results let to a downgrade of two levels 
in the SOF table, resulting in a low quality. Further research is very likely to have an 
important impact on our confidence in the estimate of effect and is likely to change the 
estimate. No other reasons for downgrading the evidence were found (indirectness of 
evidence, unexplained heterogeneity, high probability of publication bias).

To minimise the change of bias during the review process, the review was performed 
according to the published protocol, due to the fact we did find a low number of eligible 
studies a sensitive search was added in order to include as much studies as possible and 
to minimise the chance of publication bias. A sensitive search strategy was designed to 
retrieve trials from electronic bibliographic databases, not limited to any intervention or 
language. Our search also included a search for ongoing and recently completed trials. 
However it is still possible that potentially relevant trials have been missed. In order to 
get additional data from retrieved trials, trialists were contacted, they were forthcoming, 
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however no further data could be obtained. A meta analysis was conducted and data were 
pooled, it is possible that due to missing data, unclear biases in the pooled trials, pooling 
of small sample sizes and comparing trials that used different dosing schedules, data were 
compared that are not truly comparable, in this way potential bias might be introduced.

The amount of studies and reviews concerning the use of hyaluronic acid for ankle 
osteoarthritis is very limited. Most studies are included in this review. Three reviews 
were identified (Abate 2012, Chang 2013 , Migliore 2011). One study (Carpenter 2008) 
was included in all these reviews and was not eligible in our review, since HA was 
administered arthroscopically after arthroscopic debridement. Abate 2012 reviewed 4 
randomised controlled trials and 5 case series. They concluded that there was no evidence 
on the efficacy of HA in reducing pain and improving function in ankle OA. Their advice 
for future research was to look at an adequate dose regimen, a good outcome measure, 
identify which patients and grade of OA benefit best of hyaluronic acid injections. Chang 
2013 included 4 randomised controlled trials, 1 double arm and 4 single arm prospective 
studies. All studies were pooled based on improvement scores from baseline. A significant 
pain reduction was found for HA. A not significant difference was found in favour for HA 
comparing HA to placebo. Migliore 2011 included three randomised trials and four single 
arm studies. Due to the heterogeneity of studies, data could not be pooled. Every study 
and the conclusion was described. The overall conclusion was that visco supplementation 
is useful in ankle OA. Future prospective studies need to use standardized outcomes. The 
present review was restricted to analysis of data from randomised controlled trials, and 
only comparable data were pooled. It was found that for the total AOS score at 6 months 
Hyaluronic acid is superior to placebo (MD -11.24; 95% CI -12.30 to -10.18).

HA as treatment for ankle OA appears to be safe and more effective than placebo 
at 6 months for pain and disability (total AOS score) based on low quality of evidence. 
Inconclusive results were found comparing HA to other treatments. It remains unclear 
which patients (age and grade of ankle OA) benefit the most from HA injections and 
which dosage schedule should be used. Currently, there is insufficient data to create a 
synthesis of the evidence as a base for future guidelines for ankle osteoarthritis.
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To find evidence for conservative treatment of ankle OA; current treatment 
possibilities, as described in the background section, should be tested against placebo 
in well conducted randomised controlled trials. Treatment should be tested for age 
and grade of osteoarthritis. Dosage schedules for medication should be optimised and 
tested in RCTs. Validated patient and doctor based outcome parameters should be used. 
Pain and function improvement could be relevant, these parameters can be measured 
by outcome measures as described in the method section. Radiographic changes can 
be important to monitor or to evaluate the radiographic progression of osteoarthritis. 
Evaluation of evidence from different RCTs in combination with the experience from the 
different specialists in the field of OA, as well as patient’s experiences can lead to a useful 
guideline for treatment of ankle OA.
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Differences between protocol and review 
Due to the fact that we found a low number of eligible studies a sensitive search 

strategy was designed and added to the electronic searches to retrieve trials studies from 
electronic bibliographic databases, not limited to any intervention.

In measures of treatment effect: A Peto odds ratio was added to be used for rare events.
Since we found a low number of eligible studies, no funnel plots were made to 

investigate publication bias.

Due to a low number of eligible studies a sensitivity analysis was only performed 
for heterogeneity that was found between studies that were pooled. It was not possible 
to examine the effects of important sources of bias, such as whether allocation was 
concealed, if blinding had been performed properly and if an intention to treat analysis 
had been performed due to dropout as was described in the protocol.

In the protocol it was stated that if more than one main comparison was found a 
separate “Summary of findings” tables for each comparison was provided, however since 
we already found 4 comparisons the amount of SOF tables will be immense when more 
studies can be included in a future review, therefore it was decided to make a SOF of when 
a meta analysis of data could be performed.

The following authors that were listed as contributors in the protocol did not take part 
in either analysing data or carry out the analysis.
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Characteristics of included studies:

Cohen 2008 
Methods Randomised controlled trial (RCT), blinded, parallel group.5 weekly injections compared to 

placebo. Primary outcome AOS (pain on movement and weightbearing) for ITT population at 3 

months. Secondary outcome (WOMAC ) OA index of pain, Physical function, SF12. Follow up at 2 

weeks, 6 weeks, 3 months and 6 months.

Participants 28 participants aged 50 years of older (30 originally at randomisation); Intention to treat consisted 

of 15 in Hyalgan group (mean age 56.2 (SD 15.1), 1 female, 14 male) and 13 in placebo group 

(mean age 43.4 (SD 14.9), 2 female, 11 male) Diagnosed with Ankle Osteoarthritis (OA) based on 

pain and osteoarthritis on X-ray. Kellgren Lawrence stage 2, 3 and 4 were included.

Interventions Hyalgan 2ml intra-articular 5 weekly injections versus Saline 2ml intra-articular 5 weekly injections

Outcomes Pain (AOS, WOMAC), Safety (monitoring adverse effects), Quality of Life (Sf12, HRQoL), Physical 

function (WOMAC, AOS) at 2 weeks, 6 weeks, 3 months and 6 months.

Notes After randomisation 2 patients declined an injection in either group 

Results show same outcome as method section.

Risk of bias table 
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Unclear risk There is no description how the randomisation was performed

Allocation concealment 

(selection bias)

Unclear risk No description of allocation concealment.

Blinding of participants and 

personnel (performance bias)

Low risk For participants it was unclear how they could not be aware of 

which treatment they got; there is a huge difference between 

Hyalgan and Saline, difficulty injecting for instance.

Blinding of outcome 

assessment (detection bias)

Low risk The treating investigator, giving the injections did not conduct the 

evaluations

Incomplete outcome data 

(attrition bias)

Low risk None, the results cover the same outcome as described in the 

method section.

Selective reporting

(reporting bias)

Low risk Adverse effects were not clearly described. However the number 

was low and there was no preference for either group. So it is 

considered a low risk.

Other bias Unclear risk Mean age is statistically different between treatment groups. 

Stage 4 of Kellgren Lawrence is a severe grade of Osteoarthritis (OA) 

and not likely to respond on treatment with Hyaluronic acid, it is 

unclear if there was any baseline imbalance based on the grade of 

ankle OA.
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DeGroot 2012 
Methods Randomised controlled trail, double blinded, parallel group trial. Primary outcome: change in 

baseline of AOFAS score at 6 weeks and 12 weeks. Secondary outcomes. Change from baseline 

AOS score and VAS at 6 and 12 weeks.

Participants 64 participants; Ankle Osteoarthritis of at least Kellgren Lawrence grade 2. 39 in Hyaluronic acid 

group (mean age 54.1 (SD 14.5,2.3), 15 female, 24 male) and 25 in Saline group (mean age 61.9 

(SD 14.1,2.8), 13 female, 12 male) Diagnosed with ankle OA based on an x ray, grade 2, 3 or 4 of 

Kellgren Lawrence system

Interventions Single injection of Supartz hyaluronic acid 2.5 ml intra-articular versus Saline injection

Outcomes Pain (AOFOS, VAS, AOS), Safety (recording adverse effects), Physical function (AOFAS, VAS)

Notes No dose finding, single injection with supartz. 87.5 % of patients completed the study (56/64)

Risk of bias table
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Low risk Simple non -block randomisation,

Allocation concealment 

(selection bias)

Low risk Selection was based of a selecting an opaque envelop.

Blinding of participants and 

personnel (performance bias)

Low risk For participants it was unclear how they could not be aware of 

which treatment they got; there is a huge difference between 

Hyalgan and Saline, difficulty injecting for instance. However we feel 

this is of no consequence to the evaluation.

Blinding of outcome 

assessment (detection bias)

Low risk The treating investigator, giving the injections did not conduct the 

evaluations.

Incomplete outcome data 

(attrition bias)

Low risk No missing data

Selective reporting 

(reporting bias)

Unclear risk AOFAS (not validated) is not a common instrument to report the 

efficacy of hyaluronic acid compared to literature. Follow up is 

limited to 3 months, it is more common to use 6 months as either 

primary outcome or additional endpoint. At 3 months the effect of 

placebo might be higher, thus creating a more positive outcome 

for placebo (desired outcome) when comparing hyaluronic acid to 

placebo.

Other bias Unclear risk Treatment and placebo group are of unequal size 39 vs 25
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Karatosun 2008 
Methods Randomised controlled trial, blinded, parallel group of 3 weeks Primary outcome AOFAS score. 

Follow up 1, 2, 3 weeks and 2, 3, 6 and 12 months.

Participants 30 participants; 15 in Hyaluronic acid group (mean age 52.1 (SD 11.3), 9 female, 6 male) and 15 in 

exercise group (mean age 58.1 (SD 12.1), 12 female, 3 male) Kellgren Lawrence III Osteoarthritis 

(OA) Ankle OA could be bilateral.

Interventions Hyaluronic acid intra-articular 2.5mg 3 weekly injections versus 6 weeks of daily exercise therapy

Outcomes Safety (recording of adverse effects), Pain and Physical function as described in the AOFAS: and 

separated in subsections: VAS testing motion, activity limitation, walking distance, walking surface, 

gait abnormality, sagittal motion)

Notes Not clear if there was a minimum age required to be eligible for the study. Not described in 

method section 43 ankles and 30 patients, some patients had bilateral involvement

Risk of bias table 
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Low risk Randomisation by drawing lots using a computer program

Allocation concealment 

(selection bias)

Low risk Well described process.

Blinding of participants and 

personnel (performance bias)

Unclear risk It is very well possible that patient told the therapist of the 

treatment they got.

Blinding of outcome 

assessment 

(detection bias)

Low risk It is possible that patient told the therapist of the treatment they 

got. It is however probably of no consequence to the outcome 

measurements, since the evaluator was an objective physical 

therapist.

Incomplete outcome data 

(attrition bias)

Low risk Outcome in methods section is clearly described in the result 

section.

Selective reporting 

(reporting bias)

Low risk No selective outcome reporting. Outcome is consistent with method 

section.

Other bias Unclear risk The group that was assigned to exercises had a significant higher 

AOFAS score at baseline. 

Some patients had bilateral involvement of ankle OA which make 

judgement of efficacy difficult.
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Salk 2006 
Methods Randomised controlled trial, blinded, parallel group. Follow up at week 2, 6, 12 and 26. Primary 

outcome total AOS score. Secondary outcome: Pain (AOS, WOMAC, PGA, 5-point scale) , physical 

function: (Range of Motion, AOS), Ankle girth,Quality of life. Recording of outcome and adverse 

events at each clinic visit.

Participants 17 participants (20 originally) 18 years or older, chronic ankle pain for more than 3 months, 

Baseline Total AOS score of more than 30 and less than 90; 9 in Hyalgan group (mean age 57.8 (SD 

14.7), 5 female, 4 male) and 8 in Saline group (mean age 60.0 (SD 13.9), 5 female, 3 male) Kellgren 

Lawrence score of II, III, or IV.AOS score of > 30 and lower than <90 at baseline.

Interventions Hyalgan 1ml (1mg/ml) intra-articular 5 weekly injections versus Saline 1ml intra-articular 5 weekly 

injections

Outcomes Pain (AOS, WOMAC, PGA, 5-point scale), Safety (amount of serious adverse effects, Rescue 

Medication Tablet), Quality of Life (EQ5D, SF12), Physical function (Range of Motion, AOS), Ankle 

girth

Notes Mean and SD for AOS were only shown in a graph at baseline, 3 months and 6 months follow-up. 

F-values for 6 months follow-up were provided. We contacted the author, he could not provide us 

with additional data. The SD at 6months was obtained from Mean Difference data and F-values for 

differences in means, according to the methods outlined in the Cochrane Handbook for Systematic 

Reviews of Interventions Chapter 7 (Section 7.7.3.3) (Higgins 2011). 

Adverse effects: pain at the injection site 29% adverse effects

Risk of bias table 
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Unclear risk No description of process

Allocation concealment 

(selection bias)

Unclear risk No description of process

Blinding of participants and 

personnel (performance bias)

Low risk For participants it was unclear how they could not be aware of 

which treatment they got; there is a substantial difference between 

Hyalgan and Saline, difficulty injecting for instance.

Blinding of outcome 

assessment (detection bias)

Low risk The treating investigator, giving the injections did not conduct the 

evaluations.

Incomplete outcome data 

(attrition bias)

Unclear risk Three patients did not complete the study, Intention to treat analysis 

was not described. However the author confirmed by email that a 

ITT was undertaken.

Selective reporting (reporting 

bias)

Low risk Results show same outcomes as described in the method section.

Other bias Unclear risk Low number of patients. 

Inclusion criteria: Kellgren Lawrence of IV was also included, this 

is not common, severe arthritis is known not to respond well to 

hyaluronic acid treatment.
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Sun 2014
Methods Randomised controlled trial, blinded, parallel group. Folluw up of 6 months, at baseline, 2 weeks, 1 

month, 3 months and 6 months. Primary outcome total AOS.

Participants 75 participants, unilateral ankle pain for at least 6 months; Age between 20 and 85 .37 Hyalgan 

group (mean age 50.6 (SD 10.3), 14 female, 23 male) and 38 in Botuline group (mean age 49.5 (SD 

10.9), 15 female, 23 male) At baseline a AOS score of >30 and less than 90 was mandatory. Ankle 

Ostearthritis based on an X ray within 6 months of baseline and equivalent with Kellgren Lawrence 

grade II.

Interventions Single injection of 2ml hyalgan intra-articular versus Botuline, combined with 12 session (3 weekly 

for 4 weeks of physical therapy).

Outcomes Pain (AOS, AOFAS, VAS, Rescue Medication), Safety (registering amount of adverse events), Physical 

function (AOS, AOFAS, SLS, Timed up and go Test), analgesic consumption, satisfaction.

Notes Two totally different injections are compared, where at one group even a physical therapy program 

has been added! why compare these two treatments, where as it made more sense to compare 

just the 2 without physical therapy.

Risk of bias table 
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Low risk Block randomisation; groups of 4

Allocation concealment 

(selection bias)

Low risk Block randomisation: groups of 4

Blinding of participants and 

personnel (performance bias)

High risk Injection comparing to injection followed by PT, makes it likely 

that the patient communicated which treatment he underwent. 

Impossible to blind patients for the therapy they underwent.

Blinding of outcome 

assessment (detection bias)

High risk The Secundary outcomes like SLS might be affected by knowing 

which therapy the patient underwent.

Incomplete outcome data 

(attrition bias)

Low risk All data was well described.

Selective reporting (reporting 

bias)

Low risk Results show same outcomes as described in the method section.

Other bias Unclear risk Unclear what the effect is of two completely different treatment 

options where one injection +exercise therapy is compared to 

another injection.
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Witteveen 2010 
Methods Randomised controlled trial, single blinded parallel group trial. Primary endpoint of the 

study was at 15 weeks. Follow up at 7, 15 and 27 weeks.

Participants 26 participants, Patients 18 years or older, ankle osteoarthritis based on a recent X-ray, 

showing grade II ankle OA (van Dijk score), At baseline patients had to score an AOFAS pain 

score between 20 and 40; 7 patients in 1ml group (mean age 31 (range 26-84), 4 male, 3 

female), 7 in 2ml group (mean age 47 (range 33-63), 3 male, 4 female), 6 in 3ml group (mean 

age 51 (range 39-71), 5 male, 1 female), 6 in 3x1ml group (mean age 40 (range 21-63), 6 

female).

Interventions Four different dosages were randomly allocated from the storage at the outpatient clinic 

and injected in the ankle joint, i.e. 1,2,3 ml and 3 weekly injections of 1ml. The injection was 

placed in the anteromedial portal of the ankle joint.

Outcomes Pain during walking activities (measured with a 100mm visual analog scale), Pain at night 

and during the day while at rest (VAS), General pain (4-points scale), the amount of rescue 

medication, safety (reports of adverse events (AE’s).

Notes

Risk of bias table 
Bias Authors’ 

judgement

Support for judgement

Random sequence generation 

(selection bias)

Low risk Shuffling envelopes

Allocation concealment 

(selection bias)

Low risk Opaque sealed envelopes

Blinding of participants and 

personnel (performance bias)

Low risk Blinding of patients was not intended

Blinding of outcome 

assessment (detection bias)

Low risk Observer was not aware of dose, however some of the patients were 

of course aware of the fact that he was assigned to the 3 weekly 

injections. However we think the outcome is not affected by this.

Incomplete outcome data 

(attrition bias)

Low risk There was a High dropout of patients, however an intention to treat 

analysis was undertaken. 9 out of 26 dropouts (35%).

Selective reporting (reporting 

bias)

Low risk Primary and secondary outcomes have been reported in the 

prespecified way

Other bias Low risk The study was sponsored by ZImmer, hyaluronic acid was supplied 

without costs. Zimmer had no involvement in developing the 

protocol or the manuscript, they only supplied the Hyaluronic acid. 

Data is owned by the authors.
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Characteristics of excluded studies: 

Huang 2006 
Reason for exclusion No RCT or CCT

Luciani 2008 
Reason for exclusion No RCT or CCT, prospective open study

Mei-Dan 2010 
Reason for exclusion No RCT or CCT, open prospective study

Sarkin 1974 
Reason for exclusion Unclear diagnosis, unclear outcome

Sun 2006
Reason for exclusion No RCT or CCT

Sun 2011
Reason for exclusion No RCT or CCT, single arm study

Witteveen 2008 
Reason for exclusion Open label study, no RCT or CCT
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Summary of findings table 

1 Hyaluronic acid for osteoarthritis of the ankle 

Hyaluronic acid for osteoarthritis of the ankle
Patient or population: patients with osteoarthritis of the ankle
Settings: Rehabilitation centre / hospital
Intervention: hyaluronic acid
Comparison: placebo

Outcomes Illustrative comparative risks* 

(95% CI)

Relative 

effect 

(95% CI)

No of 

Participants 

(studies)

Quality 

of the 

evidence 

(GRADE)

Comments

Assumed risk Corresponding 

risk

Placebo Hyaluronic acid

AOS total 

(Pain & Physical 

function) 

AOS total 

score. Scale 

from: 0 to 100 

(0 = being no 

pain/disability, 

100 = worst 

Imaginable 

pain/disability). 

Follow-up: 6 

months

The mean 

pain/physical 

function ranged 

across the 

control groups 

from 6.8 to 20.9 

points lower 

with a weighted 

mean of 

12.14 lower 

The mean 

pain/physical 

function in 

the hyaluronic 

acid group was 

12.53 points 

lower (23.84 to 

1.22 lower) at 6 

months. 

 

The mean 

change in 

AOS total for 

hyaluronic acid 

was 24.41points 

lower (33.4 to 

15.4 lower).

45 

(2 studies)

⊕⊕⊝⊝ 

Low1

A lower score indicates 

less pain and a better 

physical function. It is 

not known of a change 

of 12 points is clinically 

relevant. 

 

NNT is 9 (95% CI 7 to 21) 

 

Absolute risk difference is 

-12.53% (95% CI -23.84 to 

-1.22), relative percentage 

change is 20.23% (95% CI 

2% to 39%).

>>
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AOS Pain 

Scale from: 

0 to 100 (0 = 

being no pain/

disability, 

100 = worst 

Imaginable 

pain/disability). 

Follow-up: 3 

months

The mean pain 

ranged across 

the control 

groups from 5.4 

to 16.1 points 

lower with a 

weighted mean 

of 

12.43 points 

lower 

The mean 

pain in the 

Hyaluronic acid 

groups was 

1.83 points 

lower (11.33 to 

7.68 lower) at 3 

months.

The mean 

change in pain 

for hyaluronic 

acid was 10.43 

points lower 

(16.4 to 4.4 

lower).

92 

(2 studies)

⊕⊕⊝⊝ 

low2

Absolute risk difference 

is -1.8% (95% CI -11.3 to 

-7.7), relative percentage 

change is 11% (95% CI 

-47% to 70%).

It is not known of a 

change of 1.83 points is 

clinically relevant

AOS Physical 

Function - 

Disability other 

than walking -  

Scale from: 

0 to 100 (0 = 

being no pain/

disability, 

100 = worst 

Imaginable 

pain/disability). 

Follow-up: 3 

months

The mean 

physical 

function - 

disability other 

than walking 

-ranged across 

the control 

groups from 3,9 

to 13.4 lower 

with a weighted 

mean of 

10.21 points 

lower 

The mean 

physical 

function - 

disability other 

than walking in 

the hyaluronic 

acid group was 

0.13 lower (9.26 

to 9.01 lower) at 

3 months

The mean 

change in 

physical 

function for 

hyaluronic acid 

was 9,37 points 

lower (15.9 to 

2.8 lower)

92 

(2 studies)

⊕⊕⊝⊝ 

low2

Absolute risk difference 

is -0.1% (95% CI -9.3 to 

-9.0), relative percentage 

change is 1% (95% CI 

-67% to 70%). 

 

It is not known of a 

change of 0.13 is clinically 

relevant

Radiographic 

Joint Structure 

Changes

See comment See comment Not 

estimable

0 

(0)

See 

comment

Radiographic joint 

structure changes were 

not investigated.

Quality of Life 

SF12. Scale 

from: 0 to 100. 

Follow-up: mean 

6 months.

See comment See Comment Not 

estimable

45 (2 

studies)

See 

comment

Cohen only described that 

there was no significant 

difference between 

placebo and intervention 

for the SF12 outcome, no 

exact data was provided. 

 

Salk could not provide 

us with the standard 

deviations, so no estimate 

of the SF 12 could be 

made.

>>
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Number 

of patients 

experiencing 

any serious 

adverse events 

 

Follow-up: 3-6 

months

See comment See comment Not 

estimable

109 

(3 studies)

See 

comment

No serious adverse events 

(SAE’s) were noted

Number 

of patients 

experiencing 

any adverse 

event 

 

Follow-up:3-6 

months

43 per 1000 78 per 1000 

(18 to 285)

RR 1.66  

(0.47 to 

5.88)

109 

(3 studies)

⊕⊕⊝⊝ 

low1

Peto Odds Ratio is 2.34 

 

(95% CI 0.45 to 12.11) 

 

Absolute risk difference is 

5.00% (-5 to 14), relative 

percentage change is 66% 

(-53% to 488%). 

 

Adverse events for all 3 

studies were used, even 

though DeGroot had a 

follow up of 3 months. All 

adverse events resolved 

within a week after 

injection, so a shorter 

follow up has no effect on 

the estimate of effect.

Patients who 

withdrew 

because of an 

adverse event 

or any other 

reason 

 

Follow-up:3-6 

months

See comment See comment Not 

estimable

109 

(3 studies)

See 

comment

No patients withdrew 

because of an adverse 

event

AOS: Ankle Osteoarthritis Scale 

CI: Confidence interval; 

RR: Risk ratio; 

OR: Odds ratio; 

SF12: short form 12

GRADE Working Group grades of evidence 

High quality: Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may 

change the estimate. 

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is 

likely to change the estimate. 

Very low quality: We are very uncertain about the estimate.

Grade criteria: study limitation, indirectness, inconsistency, imprecision, publication bias.
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Footnotes

* The assumed risk was based on the weighted mean of the scores in the control groups across the 2 studies. The range was 

based on the mean of the control group in each separate study. The corresponding risk (and its 95% confidence interval) is 

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

1 Evidence was downgraded based on limitations in study design and imprecision of results. Limitation in study design: 

there was a unclear risk of selection bias for Salk and Cohen, unclear risk for attrition bias for Salk. Imprecision of results: the 

population size is small (45 patients). No indirectness of evidence was found, no inconsistency and no publication bias.

2 Evidence was downgraded based on limitations in study design and imprecision of results. Limitation in study design: there 

was a unclear risk of selection bias for Cohen, an unclear risk for reporting bias for DeGroot. Imprecision of results: the total 

population size is small (92 patients). No indirectness of evidence was found, no inconsistency and no publication bias.
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Data and analyses 

1 Hyaluronic acid versus Placebo 
Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

1.1 Pain- AOS_

total_6months

2 45 Mean Difference (IV, Fixed, 

95% CI)

-12.53 [-23.84, -1.22]

1.2 Pain- AOS_

total_3months

2 92 Mean Difference (IV, Fixed, 

95% CI)

-2.26 [-11.23, 6.72]

1.3 Pain-AOS_

pain_3months

2 92 Mean Difference (IV, Fixed, 

95% CI)

-1.83 [-11.33, 7.68]

1.4 Physical Function- 

AOS_total_6months

2 45 Mean Difference (IV, Fixed, 

95% CI)

-12.53 [-23.84, -1.22]

1.5 Physical Function_

AOS_total_3months

2 92 Mean Difference (IV, Fixed, 

95% CI)

-2.25 [-11.23, 6.72]

1.6 Physical Function - 

AOS_disability_3months

2 92 Mean Difference (IV, Fixed, 

95% CI)

-0.13 [-9.26, 9.01]

1.7 Serious adverse 

events

3 109 Risk Ratio (M-H, Fixed, 

95% CI)

Not estimable

1.8 Any adverse events 3 109 Peto Odds Ratio (Peto, 

Fixed, 95% CI)

2.34 [0.45, 12.11]

1.9 Patients who 

withdraw because of an 

adverse event

3 109 Risk Ratio (M-H, Fixed, 

95% CI)

Not estimable

Analysis 1.1

Analysis 1.2
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Analysis 1.3

Analysis 1.4

Analysis 1.5

Analysis 1.6
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Analysis 1.7

Analysis 1.8

Analysis 1.9
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2 Hyaluronic acid versus Exercise therapy 
Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

2.1 Pain during activity-

VAS [AOFAS]

1 30 Mean Difference (IV, Fixed, 

95% CI [AOFAS])

-0.70 [-2.54, 1.14]

2.2 Walking distance 

(AOFAS) [AOFAS]

1 30 Mean Difference (IV, Fixed, 

95% CI [AOFAS])

-0.30 [-1.27, 0.67]

2.3 Physical Function_

total AOFAS [AOFAS-tota]

1 30 Mean Difference (IV, Fixed, 

95% CI [AOFAS-tota])

13.10 [2.97, 23.23]

2.4 Adverse Event 1 30 Risk Ratio (M-H, Fixed, 

95% CI)

Not estimable

Analysis 2.1

Analysis 2.2

Analysis 2.3

Analysis 2.4
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3 Hyaluronic acid versus Botulinum toxin A 
Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

3.1 Pain_AOS-pain 

[AOS_pain]

1 75 Mean Difference (IV, Fixed, 

95% CI [AOS_pain])

0.10 [-0.42, 0.62]

3.2 Physical Function_

AOS-disability [AOS_

disabi]

1 75 Mean Difference (IV, Fixed, 

95% CI [AOS_disabi])

0.20 [-0.34, 0.74]

3.3 Adverse events 1 75 Risk Ratio (M-H, Fixed, 

95% CI)

1.03 [0.15, 6.91]

Analysis 3.1

Analysis 3.2

Analysis 3.3
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Appendices 

MEDLINE search strategy 

Search terms for design 
1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. clinical trials as topic.sh.
6. randomly.ab.
7. trial.ti.
8. or/1-7
9. exp animals/ not humans.sh.
10. 8 not 9 

Search terms for population 
11. Ankle/ or Ankle Joint/
12. ankle.af.
13. exp Osteoarthritis/
14. exp Arthritis/
15. (osteoarthritis or arthritis or arthrosis or osteoarthrosis or (degenerative adj 

(arthr$ or disease))).af.
16. 11 or 12
17. 13 or 14 or 15
18. 16 and 17 

Combining terms 
19. 10 and 18
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2 CENTRAL search strategy 

1. MeSH descriptor Osteoarthritis explode all trees
2. MeSH descriptor arthritis explode all trees
3. (osteoarthritis OR arthritis OR arthrosis OR osteoarthrosis OR (degenerative 

near/3 (arthr* OR disease)))
4. MESH descriptor ankle
5. MESH descriptor ankle joint
6. #4 OR #5
7. ankle
8. (#1 OR #2 OR #3)
9. (#6 OR #7)
10. (#8 AND #9) 

3 EMBASE search strategy 

Search terms for design 
1. randomised controlled trial.sh.
2. randomization.sh.
3. exp clinical trials/
4. (clin$ adj25 trial$).ti.ab
5. random$.ti.ab.
6. or/1-4

Search terms for population 
6. 6  Ankle/ or Ankle Joint/
7. 7  ankle.af.
8. 8   exp Osteoarthritis/
9. 9  exp Arthritis/
10. 10 (osteoarthritis or arthritis or arthrosis or osteoarthrosis or (degenerative adj3 

(arthr$ or disease))).ti.ab.
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11. 6 or 7
12. 8 or 9 or 10
13. 11 and 12

Combining terms 
14. 5 and 13 

4 PsycINFO search strategy 

Search terms for design 
1. clinical trial.mp or exp Clinical Trials 
2. randomised controlled trial.mp.
3. clinical trial*.af.
4. random*.af.
5. placebo.af.
6. (randomised controlled trial or controlled clinical trial) .af. or trial .ti.
7. 1 or 2 or 3 or 4 or 5 or 6 or 7
8. limit 7 to human

Search terms for population 
9. exp Ankle/
10. ankle.af. or ankle joint.af.
11. 9 or 10
12. exp Arthritis/
13. (osteoarthritis or arthritis or arthrosis or osteoarthrosis or (degenerative ~ 

(arthr* or disease))).af.
14. 12 or 13 or 14
15. 11 and 15 

Combining terms 
16. 8 and 15 
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5 CINAHL search strategy 

Search terms for design 
1. (MH “Clinical Trials+”)
2. (MH “Random Assignment”)
3. TX (clin$ n25 trial$)
4. TX random$
5. S1 or S2 or S3 or S4

Search terms for population 
6. Osteoarthritis
7. (MH “Osteoarthritis”)
8. TX osteoarthritis
9. TX arthritis
10. TX osteoarthrosis
11. TX degenerative n3 disease
12. Ankle
13. Ankle joint
14. TX ankle
15. S6 or S7 or S8 or S9 or S10 or S11
16. S12 or S13 or S14
17. S15 and S16 

Combining terms 
18. S5 and S17

6 PEDro search strategy 

1. Osteoarthritis in title or abstract
2. Method: clinical trial
3. Body part: foot or ankle
Combination 1 and 2 and 3 
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7 AMED search strategy 

1. Ankle/ or Ankle Joint/
2. ankle.af.
3. exp Osteoarthritis/
4. exp Arthritis/
5. (osteoarthritis or arthritis or arthrosis or osteoarthrosis or (degenerative adj 

(arthr$ or disease))).af.
6. 1 or 2
7. or/3-5
8. or/3-5
9. 6 and 7
10. exp Surgery/
11. Surgery operative/
12. surg$.tw.
13. surg$.tw.
14. 10 or 11 or 12
15. 11 or 12 or 13
16. 9 not 14

8 Results included studies: Karatuson 2008

Karatuson 2008 follow-up 12 months

PAIN DISABILITY DISABILITY HARMS

Pain during 

activity - VAS 

SD (mean)

Activity 

limitation - 

AOFAS SD 

(mean)

AOFAS SD 

(mean)

Adverse 

Events

Hyaluronic acid 

(HA) group

n=15 3 injections of 

HA at 1-week 

intervals, 

2.5mg

from 5,4 (2,1) to 

1,4 (1,9)

from 6,6 (2,4) to 

8,5 (1,8)

from 61.6 (16.8) 

to 90.1 (9.7)

no 

complications 

due to HA 

injection

Progressive Ankle 

Exercise

n=15 6 weeks 

exercise (week 

1, 2, 3, 6)

from 4,7 (2,8) to 

2,4 (3,1)

from 7,2 (2,1) to 

8,8 (1,5)

from 72.1 (16.6) 

to 87.5 (17.5)
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9 Results included studies: Sun 2014

Sun 2014 follow-up 6 months

PAIN PAIN DISABILITY DISABILITY HARMS

AOS-pain 

SD (mean)

Pain VAS 

SD (mean)

AOS-disability 

SD (mean)

AOFAS SD 

(mean)

Adverse Events

Hyaluronate 

group

n=37 2ml from 4,5 

(1,1) to 2,5 

(1,1)

from 3,9 

(1,2) to 1,7 

(1,1)

from 5,0 (1,3) 

to 2,9 (1,1)

from 70,0 

(11,7) to 

86,4 (12,5)

2 patients (5.9%) 

reported mild to 

moderate pain

Botuline n=38 reconstituted 

in 2cc normal 

saline

from 4,5 

(1,3) to 2,4 

(1,2)

from 4,0 

(1,8) to 1,8 

(0,9)

from 5,2 (1,9) 

to 2,9 (1,3)

from 17,3 

(11,6) to 

88,3 (7,2)

2 patients (5.6%) 

reported mild to 

moderate pain

10 Results included studies: Witteveen 2010 

Baseline follow-up 7 

weeks

follow-up 

15 weeks

follow-up 27 weeks

Benefits:

PAIN during 

walking 

activities

PAIN during 

walking 

activities

PAIN during 

walking 

activities

PAIN during 

walking 

activities

Harms

dosage 

group

VAS pain 

median 

(range)

VAS pain 

median 

change 

(range)

VAS pain 

median 

change 

(range)

VAS pain 

median change 

(range)

General 

pain (% 

improvement 

at 27 weeks)

Adverse events

1ml n=7 43 (7 to 71) -7 (-35 to 21) 1 (-58 to 22) 6 (-22 to 22) 0% 14% (1 patient 

reported mild 

to moderate 

pain)

2ml n=7 81 (46 to 100) -9 (-65 to 13) -7 (-97 to 19) -7 (-71 to 19) 0% 57% (4 patients 

reported mild 

to moderate 

pain)

3ml n=6 48 (24 to 87) -6 (-39 to 10) -7 (-41 to 2) -7 (-87 to 17) 0% 17% (1 patient 

reported mild 

to moderate 

pain)

3x1ml n=6 61 (16 to 88) -29 (-78 to 7) -47 (-78 to 

26)

-30 (-78 to 26) 67% 17% (1 patient 

experienced 

severe pain)
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Abstract

Background: To monitor non-surgical treatments for ankle osteoarthritis (ankle OA) 
for efficacy and safety, to provide evidence for a treatment algorithm, patients need 
to be referred for treatment in an early stage of the disease. 
The primary aim of this study was to determine at what stage patients were referred 
to an orthopedic clinic. 

Methods: Between March 2011 and September 2013, data of ankle OA patients were 
collected and analyzed.

Results: Hundred ninety-seven patients were prospectively included. The majority 
of patients were referred to us at a relatively late stage of ankle OA; 53% at Van Dijk 
grade 2B and 3, 62% at Kellgren-Lawrence grade 3-4.

Conclusions: Patients are referred at a late phase of the disease. To find evidence for 
different non-surgical treatment options and to understand the process of ankle OA 
it is essential that patients are referred at an early phase of ankle OA.

Keywords: Osteoarthritis, Ankle, Therapeutics.
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Introduction

Non-surgical treatment for ankle osteoarthritis (ankle OA) is used to treat symptoms 
like pain and stiffness. Since no cure is available at this point another treatment goal is 
preventing deterioration of the joint[1]. In this way a more definitive and possibly harmful 
surgical treatment might be postponed. Patients with ankle OA experience serious 
disabilities at a relatively young age, which prevents them from participating in more 
heavy labor as well as sports activities[2,3]. These patients might benefit from controlled 
non-surgical treatment options to participate in daily life and work as long as possible.

As up to date little is known about the right order of treatment and when to start 
such treatment. There are treatment algorithms for hip and knee OA. [1,4,5-9]. No 
treatment algorithm consists for ankle OA. Since the main cause of ankle OA seems to be 
post-traumatic, it is not unthinkable that a treatment algorithm for ankle OA should be 
different than for hip or knee OA[3,10]. 

Non-pharmacological therapy is considered the foundation for successful clinical 
management of general OA[4,5,11]. Several non-surgical treatment options are available for 
ankle OA. Treatment is divided in non-pharmacological and pharmacological treatment; 
non-pharmacological treatment for ankle OA can consist of offloading the joint by brace, 
cane, rocker sole or inlay, physical therapy, weight loss[12-14,7,8]. If this treatment is not 
sufficient pharmacological treatment is the next step. Pain medication can be added[1]. 
An alternative could be an intra-articular injection with hyaluronic acid (HA), which has 
shown to reduce pain as well[15-20]. 

To find evidence for the efficacy and safety of non-surgical treatment for ankle OA 
in order to create a treatment algorithm, it is important that patients will be referred for 
treatment in an early stage of the disease. Recognizing the presence of an early stage of 
ankle OA might be the first step in order to test any non-surgical treatment. The clinical 
practice appears to be that patients are referred to an orthopedic surgeon when symptoms 
are intolerable and surgical treatment is the only option left. At this point it is unclear if 
enough knowledge exits about non-surgical treatment options. Data in these respects are 
lacking.

The primary aim of this study was to identify at what stage patients are referred to a 
typical orthopedic outpatient clinic. 
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The secondary aims were to identify how these patients were treated prior to their 
referral to a specialized clinic; to identify the treatments that could be offered to after 
referral; and to identify the possible cause of the osteoarthritis in this group of patients.

Methods

Study design

For this prospective cohort study, between March 2011 and September 2013, data of 
197 ankle OA patients were collected and analyzed. Patients were selected and invited 
to the ankle OA outpatient clinic based on their referral letter. To be eligible, patients 
should have been referred to us by their primary care doctor or by another clinician 
(e.g. orthopedic surgeon, rheumatologist etcetera). A physician assistant screened the 
referral letters. The selection was based on this referral letter. If the letter mentioned ankle 
osteoarthritis or the suspicion of ankle osteoarthritis patients were invited.

At the outpatient clinic, patients were clinically and radiologically evaluated. Clinical 
examination consisted of a thorough exam of both ankles and of measuring height and 
weight. Each patient was radiologically evaluated by a standardized weight bearing AP 
view of the ankle and foot and a lateral view of the foot/ankle. Each AP weight bearing 
X-ray was graded according to the scale of Van Dijk et al. and the scale of Kellgren-
Lawrence[21,22]. For the Van Dijk scale a sub classification was made for grade 2 OA. For 
grade 2A the joint space narrowing is less than 50% and for grade 2B OA the joint space 
narrowing is between 50% and 75%. Grade 2A is considered as a low degree of OA and 
2B as a more advanced stage.

Inclusion was based on the presence of osteoarthritis of the ankle, based on an AP 
weightbearing X-ray (< 3 months old).

Exclusion criteria were: no ankle OA, failed ankle fusion or failed ankle prosthesis. 
A thorough medical history was taken (Table 1).
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Table 1: Baseline questions

• Did you perceive a trauma of your affected leg (fracture, sprain/ligament tear), prior to the onset of ankle 

complaints?

• Do or did you use a painkiller for your ankle complaints?

• Do or did you use an assistive device for your ankle complaints. (e.g. cane, brace, inlay or any other shoe 

adjustment)?

• Are you or were you treated by a physical therapist?

• Do or did you receive any injection for your ankle complaints (e.g. hyaluronic acid, steroids)?

• Do or did you try to lose weight?

• Do or did you have surgery for your complaints?

The referral letter and older X-rays and operative notes were screened for the date of 
the first diagnosis of ankle OA, based either on X-ray or operative findings. If data was 
insufficient, information was retrieved through the referring physician. If no information 
was present the date of the first visit to the clinic was used as the date of the first diagnosis 
of ankle OA.

Based on radiological and clinical findings a treatment plan was made for each 
patient. The study was approved by the internal review board of the Sint Maartenskliniek, 
Nijmegen. 

Outcome measures
The primary outcome measure was the stage of ankle OA at the time of the first visit 

to the outpatient clinic. Secondary outcome measures were the type of conservative 
treatment patients had received prior to referral to our clinic, the type of treatment that 
could be offered by our specialist clinic and the etiology of ankle OA.

Results

Stage of ankle OA
Hundred ninety-seven patients were included in the study. This group consisted of 97 

male and 100 female patients (Table 2). 
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Hundred and five patients (53%) were diagnosed with advanced ankle OA either Van 
Dijk 2B or 3, 122 patients (62%) with Kellgren-Lawrence stage 3 or 4 at the time of the 
baseline visit. Less than 9% was diagnosed with grade 1 van Dijk and 11% with Kellgren-
Lawrence stage 1. Many of these patients were diagnosed with ankle OA, years before 
they were referred to our hospital; 

• grade 1 (van Dijk) patients were diagnosed with OA with a median of 1.0 years 
and a maximum of 7.2 years before baseline visit; 18% had no diagnosis of ankle 
OA at baseline visit.

• grade 2A (van Dijk) patients were diagnosed with a median of 2.6 years and a 
maximum of 30 years; 4% had no diagnosis of ankle OA at baseline visit. 

• grade 2B (van Dijk) patients were diagnosed with OA with a median of 2.7 years 
and a maximum of 24.3 years; 8% had no diagnosis of ankle OA at baseline visit. 

• grade 3 (van Dijk) patients were diagnosed with OA with a median of 4.8 years 
and a maximum of 20.9 years; all these patients were diagnosed with ankle OA 
before clinic visit (Table 2).

Prior treatment

For all patients the treatment they received prior to or at the baseline visit was 
registered (Table 3). 

Assistive devices were used by more than 84% of the patients. Some patients used more 
than 1 type of assistive device. Pain medication was used the most by grade 3 patients 
(60%). Pain medication consisted mainly of NSAID’s (63 out of 95 pain medication users 
used a NSAID (66%)) (Table 3). More than half of the ankle OA patients received physical 
therapy (57%). Injection therapy consisted mainly of steroid injections (65%).
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Table 2: Baseline demographics

OA grade Van Dijk 1 Van Dijk 2 A Van Dijk 2B Van Dijk 3 Total

Number of patients (%) 17 (9%) 75 (38%) 60 (30%) 45 (23%) 197 (100%)

Gender

Male 9 32 32 24 97 (49%)

Female 8 43 28 21 100 (51%)

Age (years)

Mean (range) 44, 1 (23,8-69,5) 51,9 (21,9-80,6) 58,6(19,5-80,0) 60,8 (27,6-81,2)

SD 15,2 12,9 9,9 10,9

Index joint

Left 7 32 17 16 72

Right 10 39 39 27 115

Both sides 0 4 4 2 10

Diagnosis of OA in years

Mean(range) 1,5 (0-7,2) 4,7 (0-30) 4,7 (0-24,3) 5,7 (0,3-20,9)

SD 1,8 5,9 5,6 5,3

Median (years) 1 2,6 2,7 4,8

No diagnosis at 

baseline (%)

18% 4% 8% 0%

Kellgren Lawrence

1 15 (7%) 7 (3,5%) 0 0 22 (11%)

2 2 (1%) 40 (20%) 10 (5%) 1 (0,5%) 53 (27%)

3 0 26 (13%) 45 (23%) 15 (7,5%) 86 (44%)

4 0 2 (1%) 5 (2,5%) 29 (15%) 36 (18%)

BMI Male; Female

Mean (range) 26,1 (21,9-32,1) 27,4 (19,7-38,8) 27,3 (20,1-42,4) 28,8 (18,1-41,3) 27 (19,1-36,23); 

28,2 (18,1-42,4)

SD  3,5 4,4 4,7 4,9 3,2; 5,6
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Table 3: Treatment prior to baseline visit.

OA grade Van Dijk 1 Van Dijk 2A Van Dijk 2B Van Dijk 3 Total

Number of patients 17 75 60 45 197

Pain medication (Y/N)

Yes 5 (29%) 35 (47%) 28 (47%) 27(60%) 95 (48%)

No 12 (71%) 40 (53%) 32(53%) 18 (40%) 102 (52%)

NSAID’s (Y/N)

Yes 3 (18%) 17 (23%) 22 (37%) 21 (47%) 63 (32%)

No 14 (82%) 58 (77%) 38 (63%) 24 (53%) 134 (68%)

Glucosamine/chondroitine (Y/N)

Yes 1 (6%) 24 (32%) 22 (37%) 15 33%) 62 (31,5%)

No 16 (94%) 51 (68%) 38 (63%) 30 (67%) 135 (68,5%)

Injections: Yes 1(6%) 27 (36%) 19 (32%) 15 (33%) 63 (33%)

Steroids 1 15 13 13 42 

Hyaluronic acid 12 6 2 21 

No 16 48 41 30 134 (67%)

Physical therapy (Y/N)

Yes 11 (65%) 45 (60%) 32 (53%) 25 (55,5%) 113 (57%)

No 6 (35%) 30 (40%) 29 (47%) 20 (44,5%) 84 (43%)

Weight loss (Y/N)

Yes 6 (35%) 32 (43%) 17 (28%) 18 (40%) 73 (37%)

No 11 (65%) 43 (57%) 43 (72%) 27 (60%) 124 (63%)

Assistive devices (Y/N)

Yes 13 (76%) 60 (80%) 50 (83%) 43 (95,5%) 166 (84%)

No 4 (24%) 15 (20%) 10 (17%) 2 (4,5%) 31 (16%)

Types of assistive devices:

Insole 5 24 17 11 57

Brace 6 12 11 10 39

Orthopedic shoe 1 15 12 8 36

Cane 1 6 7 7 21

Rocker sole 2 16 6 10 34

Rollator/walker 0 0 5 1 6
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Treatment advice at baseline
Patients were advised treatment at the end of the clinic visit (Table 4).

Table 4: Treatment advised by orthopedic surgeon at the end of patient’s baseline 
visit.

OA grade Van Dijk 1 Van Dijk 2A Van Dijk 2B Van Dijk 3 Total

Number of patients 17 75 60 45 197

Therapy

Surgical therapy 3 (18%) 15 (20%) 38 (63%) 32 (71%) 88 (45%)

Hyaluronic acid 

injection

2 (12%) 20 (27%) 3 (5%) 1 (2%) 26 (13%)

Orthopedic shoe/

adjustment

9 (53%) 23 (31%) 12 (20%) 10 (22%) 54 (27%)

Physical therapy 1 (6%) 2 (3%) 2 (3%) 0 5 (2,5%)

Combination therapy 2 (12%) 15 (20%) 5 (8%) 2 (4,5%) 24 (12%)

The higher the grade of ankle OA, the higher the percentage of surgical treatment. 
Grade 3 patients were advised to undergo surgical treatment in 71% of cases; the remainder 
received a prescription for an orthopedic shoe, with a rocker sole and a stabilization of 
the ankle. Non-operative treatment was often advised in case of general health problems. 

Surgery in case of grade 1 OA consisted of arthroscopy (2 times; removal of loose 
fragments) and arthrotomy (1 time; removal of osteophyte), in case of grade 2A it consisted 
of arthroscopy (2 times; removal of loose fragments), arthrotomy (1 time; removal of 
osteophyte), ankle fusion (12 times) and total ankle arthroplasty (1 time), in case of grade 
2B of ankle fusion (35 times), ankle replacement (2 times) and 1 arthroscopy (removal 
of loose fragments, in case of grade 3 of ankle fusion (31 times) and 1 ankle replacement.

Combination therapy consisted of any combination of the mentioned conservative 
treatments, most combinations consisted of a shoe adjustment combined with either a 
hyaluronic acid injection or combined with physical therapy.

Weight loss was not advised as a solitary intervention. It was always advised if the 
BMI was greater than 28 (a BMI up till 28 is considered normal at the age of 60; www.
fitday.com ) in combination with either a shoe adjustment, hyaluronic acid injection or 
combined with physical therapy (Combination therapy; Table 4).
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Cause of ankle OA
In 84% of patients the cause of ankle OA in our cohort was a traumatic event in the 

past; 48% of patients suffered from either a cruris or ankle fracture in the past, 36% had 
a history of multiple ankle distortions. Ankle OA was caused by rheumatoid arthritis in 
only 1% of the patients (Table 5). 

Table 5: Etiology of ankle OA.

OA grade Van Dijk 1 Van Dijk 2A Van Dijk 2B Van Dijk 3 Total

Number of patients 17 75 60 45 197

Etiology

Unknown/Primary 2 (12%) 7   (9%) 8   (13%) 5   (11%) 22 (11%)

Fracture 9 (53%) 35 (47%) 27 (45%) 24 (53%) 95 (48%)

Instability 6 (35%) 28 (37%) 23 (38%) 13 (29%) 71 (36%)

RA/arthritis psoriatica 0 1 (1%) 1 (2%) 0 2 (1%)

Other 0 4 (5%) 1 (2%) 3 (7%) 8 (4%)

Other secondary causes for ankle OA were: Osteochondral lesion (1 %; n=2), 
Hemochromatosis (1 %; n=2), Pigmented Villonodular Synovitis (PVNS) (n=1), Septic 
arthritis (n=1), Avascular Necrosis (n=1), Daily Steroid use for Ulcerative colitis (n=1).

Discussion

The results of this study demonstrated that the majority of patients are referred to the 
orthopedic surgeon at a relatively late stage of the disease. Only 9 % (van Dijk grade 1) 
was referred in an early stage of the disease. They were not only referred at a late stage 
of the disease but also a substantial time after the diagnosis of ankle OA was established. 
Some even after 20-30 years. 

In the meantime patients were treated in different ways without the use of a protocol 
or guideline. Treatment that was used in this period consisted mostly of an assistive device 
(84%), physical therapy (57%) and pain medication (48%). Our study showed that the 
majority of patients that were referred at a late stage of the disease were offered surgical 
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therapy at the end of their baseline visit. The remainder was treated with an orthopedic 
shoe, because of high complication risks due to physical impairment. It remains unclear 
why patients are referred in such a late stage of the disease, when operative treatment is 
the only option left. 

In our population osteoarthritis of the ankle was mainly secondary, caused by either a 
ligamentous injury of the ankle with ongoing instability or a history of a fracture either of 
the lower leg or ankle, this is consistent with the results of Saltzman and Valderrabano[3,10]. 

As there is no cure for ankle OA yet, the current non-surgical treatments are 
mainly aimed at relieving the symptoms[1]. Non-surgical treatment might postpone the 
deterioration of the joint, but evidence for this is lacking. 

To find evidence for different non-surgical treatment options and to understand the 
process of ankle OA or to prevent the development of OA, patients have to be treated and 
monitored in an early phase of their disease, it is important to recognize those patients at 
risk, hence patients after ankle fractures or ongoing ankle instability. It is probably best to 
centralize these patients at a dedicated expert center to treat and monitor these patients in 
order to make a treatment algorithm. In order to do so a multidisciplinary approach has 
to be made in order to make all health workers who are possibly involved in treating ankle 
OA aware of these possibilities and make a clear referral advice. Randomized controlled 
trials are useful to test different non-surgical treatment modalities and combinations in 
order to find evidence for the most efficacious and safe treatment for every stage of the 
disease. This would be a great step forward in order to create an evidence based treatment 
algorithm for ankle OA.

Conclusion

Patients are referred at a late phase of the disease. To find evidence for different non-
surgical treatment options and to understand the process of ankle OA it is essential that 
patients are referred at an early phase of ankle OA.
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General Discussion

Conservative treatment or non-surgical treatment for ankle osteoarthritis (OA) is used 
in an early phase of OA. Surgical treatment is specifically reserved for end stage arthritis. 
It is not considered as first choice treatment due to short and long term complications. 
Complications consist of wound healing problems, infectious disease, non or delayed 
union and OA of adjacent joints due to overloading[1-6]. Non-surgical treatment is aimed 
to postpone surgical treatment by treating or relieving symptoms of ankle OA, like pain 
and functional loss.

Ankle trauma occurs in many patients at a relatively young age[7,8]. Consequently, the 
expected life span of many patients with ankle OA is significantly longer than the life span 
of hip or knee OA patients. Keeping them active could reduce costs caused for instance by 
job loss, sickness and hospital treatment. A good algorithm for conservative treatment is 
required in order to retrieve this goal.

Evidence for conservative treatment is limited. The research described in this thesis 
was aimed to find evidence for the efficacy and dose regimen of hyaluronic acid (HA) for 
ankle OA. In order to enhance efficacy of HA and reduce the amount of adverse events, 
attempts were made to find the optimum injection technique for ankle OA. The impact 
of ankle OA on daily life comparing the opinion of patients to orthopedic surgeons was 
investigated. A systematic review of the literature was undertaken to find evidence for 
existing conservative treatments for ankle OA. In order to explore the current use of 
conservative therapy for ankle OA, a cohort of ankle OA patients was investigated for 
the use of conservative treatment before referral to the hospital, for the stage of ankle 
OA at which patients were referred and for the treatments that could be offered to them, 
specifically where it concerned the conservative options.

The potential benefit of Hyaluronic acid for ankle OA
The potential benefit of hyaluronic acid (HA) in treating ankle OA is pain 

reduction[1,9-12]. Salk et al and Sun et al used a dosing regimen as used for knee OA in 
their studies[11,12]. The ankle joint, however, is much smaller than the knee and has a 
different shape. It is likely that less hyaluronic acid is required to be effective in a smaller 
joint. For some HA brands dose-finding studies for usage in the knee were performed 
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and published[13,14]. However, for the ankle no dose finding studies are published. Since 
there are several types of HA, varying in molecular weight and composition (sodium 
hyaluronate or a cross linked combination of different types of sodium hyaluronates), it is 
not unlikely that each type of hyaluronic acid has a different optimum in efficacy.

The potential benefit of a single injection of 2 ml of Hylan GF-20 (a low molecular 
weight combination of crosslinked hylan A and B) in the hip was already demonstrated, 
leading to the question if a single injection in the ankle could be safe and effective as 
well[15,16].

The results of the efficacy and safety of a single injection of 2 ml of Hylan GF-20 in the 
arthritic ankle are described in chapter 2.

It was demonstrated that a single injection of 2 ml Hylan GF-20 with an optional 
second injection after 1,2 or 3 months was effective in significantly reducing the pain 
associated with ankle OA. Pain reduction was maintained up to six months in the majority 
of the patients. The study was an open label study; no comparison to placebo was made, 
so no definite conclusions about the efficacy can be made. Adverse events were mild 
and moderate in intensity and consisted of transient pain and or swelling. A significant 
percentage of patients were affected by such an adverse event (30,9%). This finding was 
consistent with findings demonstrated by Salk et al (29%)[11]. It is not likely that these 
adverse events are correlated with the use of HA. It is more likely that such adverse events 
are correlated with extra articular placement of the injection since the same amount of 
adverse events occurred for placebo injections when compared to HA[11].

The results of a dose finding study for HA are described in chapter 3 for a high 
molecular weight sodium hyaluronate (Orthovisc®). Four different dosages were 
compared, the 3x1 ml regimen showed the best results for pain on walking. For a single 
dose application of Orthovisc® no effectiveness was shown. Sample sizes were small, so 
more research needs to be done to support this finding and make a definite conclusion. 
Adverse events were reported by 27% of the patients, again these were mild or moderate 
in intensity and consisted of transient pain and swelling, all resolved within a few days.

Different hyaluronic acids might need different dosing regimens to be effective; more 
studies to investigate different types of HA are required.

As stated before adverse events may be associated with extra-articular placement of 
the injections. Abate et al stated that the poor efficacy of HA for the use in ankle OA 
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could be associated by extra-articular placement of the injection[17]. In order to reduce 
the chance of extra articular placement of ankle injections, two injection techniques 
were compared; one using the injection technique that is commonly used for the ankle 
joint and one using a traction device that is commonly used for ankle arthroscopy. The 
traction device is believed to open up the joint, which might facilitate the injection[18,19]. 
The primary outcome was the needlepoint position. The position of the injection was 
determined by fluoroscopy. The location of the injected contrast was registered as either 
inside (success) or outside (failure) the joint. No significant difference between these two 
injection techniques was demonstrated. Neither of the two could be assigned as better 
than the other. There was a failure rate of 24 % in both groups. Despite the fact that HA 
was only administered after intra-articular placement of the needle a large number of 
adverse events were noted. These adverse events were all mild or moderate in severity. 
They consisted mainly of temporary pain and swelling and all resolved within a couple 
of days. Walking on crutches or taking pain medication reduced the symptoms. No 
satisfactory explanation for the amount of adverse events could be found. Possibly the 
contrast fluid caused some irritation as well as the HA itself. HA in itself is known to induce 
temporary benign side effects like pain, swelling, and warmth[1,9,20,21]. Better injection 
techniques need to be investigated to reduce this complication. Several suggestions have 
been made in literature to test placement of intra-articular injections using some form of 
alternative imaging[22-25]. At this point the best way to inject the ankle is with the aid of the 
fluoroscope. It is therefore advisable to inject the ankle using contrast-aided fluoroscopy 
until other techniques have proven themselves.

Interestingly enough HA in itself is not primarily meant to reduce pain, but more to 
restore the natural protective function of the joint, like shock absorption and lubrication 
of the joint during gait[14,26]. This raises the question if we are not measuring the wrong 
outcome. It is a nice side effect that pain is reduced, more interesting however is question 
whether the process of cartilage deterioration is delayed or not? So maybe we need to 
follow these patients by X-ray or for instance dGEMRIC MRI (delayed Gadolinium 
Enhanced Magnetic Resonance imaging of Cartilage) This is a special MRI technique 
which is used to evaluate the amount and quality of the cartilage[27]. Questions that need 
to be answered in the future.
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Based on the current evidence hyaluronic acid for ankle OA seems to be effective in 
pain reduction. Better results were found compared to placebo. However sample sizes are 
small and different HA and dosing schedules were used. More high quality studies are 
needed to support the evidence. Recently it was demonstrated that bioengineered HA 
intra-articular injections in treating knee OA compared to conventional care including 
non-steroidal and anti-inflammatory drugs and analgesics was more effective and 
less costly than conventional care. This is an interesting phenomenon and needs to be 
investigated for ankle OA as well[28].

Measure the effect of conservative treatment (PROMs)
Since there is no cure yet for ankle OA, the conservative treatment of symptomatic 

ankle OA mainly focuses on treating symptoms like pain and stiffness, to improve or 
maintain function with prevention of further deterioration of the joint[29]. To monitor 
the effect of conservative treatment for ankle OA six scoring systems are used in the 
current literature; the American Academy of Orthopedic Surgeons (AAOS) foot and 
ankle scale, the American Orthopedic Foot and Ankle Society Scale (AOFAS) score, the 
Ankle Osteoarthritis scale (AOS), the Foot and Ankle Ability Measure (FAAM), the Foot 
and Ankle Outcome Score (FAOS) and the Foot Function Index (FFI)[30-43].

Physicians created most of these outcome scores with no or little input of the target 
patient group. It seems logical to use terms and outcomes that are important to the target 
group if constructing a useful outcome measure that can be used as a patient reported 
outcome measure (PROM). PROMs are mandatory nowadays to evaluate the quality and 
effect of treatments. For the development of a future guideline it is important that the 
right outcome has been used.

Little is known about the disabilities and symptoms patients experience at an early 
stage of ankle OA. It is difficult to measure efficacy of conservative treatment if one does 
not know what the needs and demands of patients are. In order to find an answer to this 
question the impact of ankle OA on daily life and function was investigated comparing 
the difference in opinion between patients and orthopedic surgeons.

The results and outcome are reported in chapter 5. A modified Delphi method in 
two rounds was used. Several significant differences in opinion between patients and 
orthopedic surgeons were demonstrated. One of the most important differences is the 
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fact that patients have difficulty to perform certain activities; this prevents them from 
engaging in social activities, which in return might even isolate them. Another important 
difference is the fact that patients really feel that their ankle stiffness is hindering them in 
performing daily activities. The orthopedic surgeons appreciated this less. The surgeons 
also less appreciated the unstable sensation patients experience in their ankle as well. 
Orthopedic surgeons also are less aware of the fact that patients have difficulty standing 
still due to their ankle OA. Pain is considered the most important symptom by surgeon 
and patient. 

A Patient reported outcome (PROM) should incorporate the needs and demands 
of the individual patient as well as the outcome that is important to the clinician. This 
study showed that next to pain, the participation in different kind of activities is a major 
concern to patients. 

The outcome measures that are currently used (AAOS, AOFAS, AOS, FAAM, FAOS 
and FFI) are too general and do not meet the demands and expectations of the individual 
patient with ankle OA. An item that is missing in most scoring systems for instance is 
walking pace. Patients might be able to ascend or descend stairs, but might need a rail, or 
a crutch, or have a high or low pace.

When a PROM is to be designed from scratch, not considering existing PROMs, this 
study provides the elements that could be incorporated. Besides a VAS-score for pain, 
achieving functional goals might be a worthy addition to a new PROM. The Global 
Attainment Scaling (GAS) is such a tool, which evaluates a specific goal of a patient and 
can compare the outcome scales of different patients. The GAS is part of the International 
Classification of Functioning Disability and Health (ICF), developed by the World Health 
Organization (WHO)[44-46].

The next step is to create, test and validate a new PROM for ankle OA patients.

Is evidence of conservative treatment of ankle OA still lacking?
Nowadays many treatment modalities are offered. The choice of treatment depends 

on the severity of the disease, the patients’ age, medical and social history and the level 
of physical activity to be demanded of the joint. For knee and hip OA several treatment 
algorithms are advocated[29,47-52]. However, since ankle OA may be caused by a different 
mechanism, it is not unthinkable that these patients need a different treatment.
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At this point there is no evidence based treatment algorithm for ankle OA. Several 
papers have been published concerning the cause of ankle OA and the possible 
conservative and operative treatment strategies. The conservative section mainly sums 
up the possibilities, however no algorithm is suggested[53-57].

To assess the benefits and harms of any conservative treatment for ankle OA in adults 
in order to provide a synthesis of the evidence as a base for future treatment guidelines a 
Cochrane review of the existing literature was performed (chapter 6). 

Only 6 highly qualified studies were identified[9,11,58-61]. The studies retrieved were 
all randomized controlled trials (RCT), analyzing the use of hyaluronic acid for ankle 
osteoarthritis (OA). No other RCT concerning any other conservative treatment was 
identified.

It was concluded that up to date there is insufficient data to create a synthesis of 
the evidence as a base for future guidelines for ankle osteoarthritis. Hyaluronic acid as 
treatment for ankle osteoarthritis appears to be safe and more effective than placebo at 
6 months for pain and disability as evaluated by the based on the Ankle Osteoarthritis 
Score (AOS). It remains unclear which patients (age and grade of ankle osteoarthritis) 
benefit the most from hyaluronic acid injections and which dosage schedule should be 
used.

The amount of studies and reviews concerning the use of hyaluronic acid for ankle 
osteoarthritis is very limited. Three reviews were identified[1, 17,62]. One study was 
included in all these reviews and was not eligible in our review, since hyaluronic acid 
was administered arthroscopically after arthroscopic debridement[63]. All randomized 
controlled trials that were included in these 3 reviews were included in our review as well. 
Abate reviewed 4 randomised controlled trials and 5 case series[17]. They concluded that 
there was no evidence on the efficacy of hyaluronic acid in reducing pain and improving 
function in ankle OA. Their advices for future research was to look at an adequate dose 
regimen, a good outcome measure, identify which patients and grade of OA benefit best of 
hyaluronic acid injections. Chang included 4 randomised controlled trials, 1 double arm 
and 4 single arm prospective studies[1]. All studies were pooled based on improvement 
scores from baseline. A significant pain reduction was found for hyaluronic acid. A not 
significant difference was found in favour for Hyaluronic acid comparing hyaluronic acid 
to placebo. Migliore included 3 randomised trials and 4 single arm studies[62]. Due to the 
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heterogeneity of studies, data could not be pooled. Every study and the conclusion were 
individually described. The overall conclusion was that visco supplementation is useful in 
ankle OA and that future prospective studies need to use standardized outcomes. 

The next study question was what treatment patients were subjected to before referral 
to the orthopedic surgeon as an evaluation of what is used as conservative treatment of 
ankle OA by primary care doctors. We also investigated the stage of ankle OA at referral 
and the possible options left for the patients after referral. Patients were mainly referred 
at an end stage of the disease. Fifty three percent of the patients were referred at stage 2B 
Van Dijk classification or Van Dijk classification 3, some even 20-30 years after their initial 
diagnosis[64]. Their age varied from a mean age of 40 in the grade 1 (Van Dijk classification) 
ankle OA group to a mean age of 60 years in the grade 3 group (the minimum age was 
19.5 and the maximum 81.2 years). Before referral, patients that were treated were treated 
in different ways without the use of a protocol or guideline. Treatment, if given, consisted 
mainly of an assistive device (84%), like a brace, shoe adjustment (inlay, or rocker sole) or 
cane/crutch, physical therapy (57%) and pain medication (48%). The majority of grade 
3 patients (71%) were offered surgical therapy after their referral, mostly consisting of 
ankle fusion or ankle replacement. Some patients were treated with an orthopedic shoe or 
other non-operative measures because they suffered from severe general health problems, 
which increased the risk of complications by the use of surgery.

It is unclear why patients are referred in such a late stage. Patients mention that they 
were told to wait until they needed surgical treatment. A probable explanation might be 
that knowledge about conservative treatment options is still insufficient and that it might 
be difficult to recognize the process of OA. 

Up to date only limited evidence concerning the conservative treatment for ankle OA 
exists and knowledge about the possibilities seems to be insufficient.

In search for evidence for the most efficacious conservative treatment high-quality 
studies are needed to find evidence for every stage of the disease. It is important to 
recognize patients at risk of developing ankle OA in order to treat them in an early stage 
of the disease.
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How do we recognize OA and what do we know?
To recognize ankle OA in order to start early treatment it is important to be aware 

of the process that is going on. At this point the process of osteoarthritis is not clearly 
understood. Most likely it starts with the damage of cartilage[65].

Articular cartilage is aneural and avascular, yet it is a metabolically active tissue. 
Cartilage is poor in tissue healing when damaged and repair tissue, if any is formed, often 
consists of fibrous tissue. The most important limiting factor in cartilage repair is the lack 
of blood supply. When the subchondral bone is involved in the primary lesion a fibrin clot 
can be formed leading to tissue repair, which results in the formation of fibrocartilage. 
This tissue has less mechanical resistance than normal hyaline cartilage.[66-68]. This could 
lead to easier damage during loading, followed by a progressive deterioration of the joint. 

It remains a challenge to find a moment, if this is even possible in which we can 
reverse, stop or slowdown the process of OA. It is unclear when the point of no return, if 
such a point exists, has been reached leading to the inevitable OA of the joint involved.

Pain is a symptom of OA[29]. However, before pain becomes a symptom the process 
is more advanced than just cartilage damage since cartilage is aneural. It is important to 
recognize the potential start of OA in order to possibly interfere in the process of OA. 
Once we know the mechanism of OA and how we can recognize the early onset, we 
might even be able to find a disease modifying treatment. At this point we can only treat 
symptoms.

It is however important that symptoms like pain and stiffness in the ankle are 
recognized as an expression of ankle OA, in order to refer patients for conservative 
treatment 

It is known that the cause of ankle OA is posttraumatic in 70-78% of the patients[8,69]. 
Our cohort showed a higher number (84%) of posttraumatic origin. This 84% percent 
could be divided in instability in 36% and a fracture of either the ankle or lower leg 
as a potential cause of ankle OA in 48% of these patients. A traumatic event can cause 
a direct cartilage lesion leading to a relative fast deterioration of the joint as described 
above. Insufficient fracture reduction can lead to an incongruent joint, which can lead to 
the development of ankle OA within 2.8 years[70]. In ankle OA however, a lot of patients 
develop OA in a slower fashion, some even after 20 years, as was demonstrated in our 
cohort. Persisting ligamentous instability may cause this OA[71]. Another reason might be 
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a traumatically induced varus or valgus malalignment of the hindfoot, which in turn may 
lead to an overload of the joint[72]. Stufkens et al showed in his biomechanical study that a 
varus or valgus deformity of the distal tibia causes significant changes in the contact area 
of the tibiotalar joint of up to 36%[73]. 

At this point the process of ankle osteoarthritis is not clear, it is also unclear if early 
treatment of instability and varus and valgus alignment will slow or halt the development 
of ankle OA. Symptoms like pain and stiffness are a relative late sign of the development 
of OA. Up to date scientific knowledge only provides us with limited evidence to treat 
symptoms of ankle OA.

Future recommendations
More high quality studies need to be done to find evidence for conservative treatment 

of early ankle OA. These studies are required to create a future guideline. Due to the 
higher volume of patients and other available resources it is preferable to perform this 
research in a hospital setting. Primary care physicians and other professionals involved 
in treatment of ankle OA patients have to be aware of the process of the development of 
ankle OA in order to recognize patients that are at risk. 

Future research should be aimed at the prevention of the development of ankle OA. 
Possible subjects might be: 

• Restoring the natural protective function of the joint soon after the initial trauma 
by possibly administrating HA injections.

• Investigate the possible effects of bodyweight on the development of ankle OA.
• A more aggressive treatment of persistent instability and valgus or varus 

deformities of the hind foot.

Conclusions
Up to date there are insufficient data to create a synthesis of the evidence as a base for 

future guidelines for ankle osteoarthritis (OA). 
Hyaluronic acid as treatment for ankle OA appears to be safe and more effective than 

placebo at 6 months for pain and disability. It remains unclear which patients (age and 
grade of ankle OA) benefit the most from hyaluronic acid injections and which dosage 
schedule should be used.
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For intra-articular HA therapy, it is recommended to inject the ankle using contrast-
aided fluoroscopy until other techniques have proven themselves.

The outcome measures that are currently used to monitor the effect of conservative 
treatment of ankle OA (AAOS, AOFAS, AOS, FAAM, FAOS and FFI) are too general and 
do not meet the demands and expectations of the individual patient with ankle OA.

There is a significant difference in the opinion between patients and orthopedic 
surgeons concerning specific symptoms of ankle OA. 

A patient reported outcome measure (PROM) should incorporate the needs and 
demands of the individual patient as well as the outcome that is important to the clinician. 
It was demonstrated that next to pain, the participation in different kind of activities is a 
major concern to patients. 

Patients are referred to the orthopedic surgeon at a late stage of ankle OA. To find 
evidence for different conservative treatment options and to understand the process of 
ankle OA it is essential that patients be referred at an early phase of ankle OA.
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Summary: The conservative treatment of ankle osteoarthritis. 

Chapter 1: General introduction
Osteoarthritis (OA) is a chronic and degenerative disorder associated with joint pain 

and loss of joint function. OA can affect any synovial joint but is found most frequently 
in the hip, knee and hand. 

Reliable figures on the prevalence of OA in the ankle are not readily available but 
estimates suggest that the incidence of symptomatic ankle OA is 1% to 4% in the adult 
population.

Many treatment modalities are offered. The conservative treatment of symptomatic 
ankle OA consists mainly of treating symptoms like pain and stiffness. No clear-cut 
treatment algorithm for ankle OA is used. The choice of treatment depends on the severity 
of the disease, the patients’ age, medical and social history and the level of physical activity 
to be demanded of the joint.

Although sufficiently evaluated for application in the knee, evidence for efficacy, 
safety and dosing of hyaluronic acid in the ankle is limited. A complicating issue is the 
technically demanding injection procedure. 

To monitor the effect of conservative treatment modalities for ankle OA it is important 
to agree on which outcome to use. Outcome measures that are used nowadays are created 
with little input of the target patient group. In this respect, it is important to know the 
impact of ankle OA for patients on daily life in order to measure the effect of treatment. 

At this point evidence for the use of conservative treatment for ankle OA is limited. 
It is unclear which treatments are used before patients are referred to the hospital and at 
what stage patient are referred to the hospital.

This thesis addresses the efficacy and safety of hyaluronic acid injections for ankle OA, 
the dosage schedule of HA and the optimum injection technique for the osteoarthritic 
ankle. Additionally, the impact of ankle OA on daily life and the available evidence for 
conservative treatments of ankle OA are evaluated. Finally, the stage of ankle OA at which 
patients are referred to a tertiary center, what treatment they underwent, the cause of 
their ankle OA and the treatment that was prescribed are addressed.
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Chapter 2: A prospective multicenter, open study of the safety and ef-
ficacy of hylan G-F 20, in patients with symptomatic ankle osteoarthritis
The purpose of the study was to evaluate the safety and efficacy of hylan G-F 20 

(Synvisc) in patients with ankle osteoarthritis. 
A prospective, open study was performed in patients with symptomatic ankle 

osteoarthritis.
Patients received a single injection in the ankle joint of 2 ml of Hylan G-F 20 plus an 

optional second injection after 1,2 or 3 months. Patients with symptomatic ankle OA, 
evidenced by a score between 50 mm and 90 mm on the ankle OA pain scale of 0-100 
mm, were eligible. The primary efficacy endpoint was the change from baseline in the 
pain VAS score at 3 months. The safety assessment was based on reports of adverse events 
(AEs), during follow up. 

Fifty-five patients received the first injection; 24 received a second injection. There 
were no serious or severe adverse events related to the treatment. Seventeen patients 
experienced mild or moderate local, treatment related AEs. The mean pain VAS score 
decreased from 68.0 at baseline to 33.8 at 3 months (p<0.001), which was maintained to 
6 months (34.2 mm, p<0.001). 

The conclusion is that Hylan G-F 20 is well-tolerated and effective for up to 6 months 
in the treatment of symptomatic ankle osteoarthritis.

Chapter 3: The efficacy, safety and dose dependency of intra- articular 
hyaluronic acid (HA) injections in the osteo-arthritic ankle joint
The ideal dose and frequency of HA injections in the ankle is not determined yet. 
The aim of the study was to determine the efficacy, safety and dose dependency of 

intra- articular HA injections in the osteo-arthritic ankle joint. 
A prospective single blinded study in patients with symptomatic ankle OA was 

carried out. Patients were allocated to 1,2,3 ml or 3 weekly injections of 1 ml (3x1ml). The 
primary outcome was ‘ pain during walking’ at 15 weeks measured on a 100 mm VAS.

Twenty- six patients participated. The 3 X 1 ml dose group showed statistically 
significant decreases at week 7 for ‘ pain during walking’ and ‘ pain at rest’ (p=0.046). At 
week 15 decreases were significant for ‘ pain at rest’ (p= 0.046). There were no significant 
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decreases of VAS - scores in any of the single dose groups. Seven patients experienced 
temporary local swelling and increased pain in the injected ankle. 

It was concluded that Orthovisc® viscosupplementation in the ankle joint is effective 
and well tolerated. The 3x1ml dose regimen showed the best results.

Chapter 4: The optimal injection technique for the osteoarthritic ankle:  
a randomized crossover trial
In order to optimize the injection technique for the osteoarthritic ankle, in order 

to enhance the effect of intra-articular injections and minimize adverse events, two 
injection techniques in patients with symptomatic ankle osteoarthritis were compared 
using a randomized crossover trial. 

The primary aim of this study was to investigate the accuracy of intra-articular 
injections in the osteo-arthritic ankle joint using the traction device compared to the 
injection technique that is commonly used for the ankle joint.

Patients received an injection with hyaluronic acid using either one of the techniques. 
Four weeks later the second injection was given using the other technique. Primary 
outcome was the failure rate of the injection.

Seventy patients fulfilled the study. The failure rate for both injection techniques 
was similar (24%). Forty-one patients in the traction group and thirty-nine in the group 
without traction, experienced treatment related local adverse events. Other secondary 
outcomes did not show any difference between injection techniques.

Because there was a relevant failure rate in both groups it is concluded that the use of 
contrast-aided fluoroscopy for injecting the severe osteoarthritic ankle can be advised at 
all times.

Chapter 5: The impact of ankle osteoarthritis. The difference of opinion 
between patient and orthopedic surgeon
Different scoring systems are used to monitor the effects of conservative treatment 

modalities, these outcome scores are created by physicians with little input of the target 
patient group. 
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In order to get a patient reported outcome measure (PROM) that monitors clinical 
outcome in ankle OA patients, it is imperative to know what is considered relevant for 
the target patient group.

A modified Delphi method was used, consisting of structured interviews with patient 
focus groups and experts, followed by a poll using 32 statements, which were created 
using existing outcome scores. The difference in opinion between patients and orthopedic 
surgeons was evaluated. Forty patients and forty orthopedic surgeons responded to the 
32 formulated statements. Pain was considered the most important symptom of ankle OA 
by patient and orthopedic surgeon. An important item that was mentioned by patients 
was their difficulty to perform certain activities and their wish to participate in daily life 
and sport activities. Stiffness is a symptom that hinders patients in performing in daily 
activities, this was less appreciated by orthopedic surgeons. 

A significant difference in opinion between patients and orthopedic surgeons 
concerning specific symptoms of ankle OA was demonstrated, leading to the conclusion 
that incorporating the needs and demands of the individual patient for new outcome 
measures seems a logical next step in creating a new PROM.

Chapter 6: Conservative treatment of ankle osteoarthritis; 
a Cochrane review
In order to provide a synthesis of the evidence as a base for future treatment guidelines, 

a review of the available high quality evidence regarding the benefits and harms of 
conservative treatment for ankle OA in adults was undertaken.

The cause of ankle osteoarthritis (OA) is mainly posttraumatic. Patients are relatively 
young, since trauma occurs at a young age. Surgical treatment is reserved for end stage 
OA. Several conservative treatment options are available, however evidence of the benefits 
and harms of these options are lacking.

The major databases were searched from their start to September 2014. Randomized 
or Controlled Clinical trials investigating any non-surgical intervention for ankle 
osteoarthritis were considered for inclusion.

Six randomized controlled trials (RCT), analyzing the use of hyaluronic acid for ankle 
osteoarthritis (OA) were retrieved, no other RCT concerning any other conservative 
treatment was identified.



9 The conservative treatment of ankle osteoarthritis

208

A total of 240 patients diagnosed with ankle osteoarthritis were included in this 
review. Three RCT’s (109 patients) compared HA to placebo. One compared HA to 
exercise therapy, one compared HA combined with exercise therapy to an intra-articular 
injection of botulinum toxin and one compared four different dosages of HA.

For pain and physical function, a pooled analysis of two trials (45 patients) found that 
the Ankle Osteoarthritis Scale (AOS) total score was reduced by 12% (95% CI -24% to 
-1%) in the HA group compared to placebo at six months ( (mean difference (MD) - 12.53 
(95% CI -23.84 to -1.22) on a scale of 0 to 100; NNT= 9, this evidence was graded as low, 
due to imprecision and limitations in study design.The AOS sub score pain was decreased 
at 3 months (92 patients) (MD -1.83; 95% CI -11.33 to 7.68). The AOS sub score disability 
(physical function) at 3 months (92 patients) was decreased (MD -0.13; 95% CI -9.26 
to 9.01 ). This evidence was graded as low, due to imprecision and limitations in study 
design. The amount of adverse events (AE’S) in both groups were comparable, the Peto 
odds ratio (Peto OR) to have an adverse event was 2.34 higher compared to the control 
group (95% CI 0.45 to 12.11). This evidence is inconclusive because of a wide CI and a 
small amount of events.

For the comparison of HA compared to exercise therapy (total of 30 patients) pain 
on a Visual Analogue Scale (VAS 0-10) was decreased at 12 months compared (MD-0.70 
95% CI -2.54 to 1.14).

For the comparison of HA injection combined with exercise therapy to an intra-
articular injection of Botulinum toxin A (75 patients), the AOS pain score of the affected 
joint showed a decrease at 6 months (MD 0.10; 95% CI -0.42 to 0.62). The physical 
function (the AOS disability score) at 6 months showed a decrease (MD 0.20; 95% CI 
-0.34 to 0.74). The evidence was graded as low.

The RCT concerning comparing 4 different dosing schedules for HA (26 patients) 
showed the best median decrease in pain on walking VAS (on a scale of 0-100) for 3x1ml 
at 27 weeks with a median decrease of 30. 

It is concluded that up to date there is insufficient data to create a synthesis of the 
evidence as a base for future guidelines for ankle osteoarthritis. HA as treatment for ankle 
OA maybe safe and more effective than placebo at 6 months for pain and disability (total 
AOS score) based on low quality of evidence. Inconclusive results were found comparing 
HA to other treatments. It remains unclear which patients (age and grade of ankle OA) 
benefit the most from HA injections and which dosage schedule should be used. 
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Chapter 7: Evidence for conservative treatment of ankle osteoarthritis is 
lacking: at what stage are patients referred to the orthopedic surgeon?
To monitor conservative treatment for ankle osteoarthritis (ankle OA) for efficacy 

and safety, to provide evidence for a treatment algorithm, patients need to be referred for 
treatment in an early stage of the disease. 

Between March 2011 and September 2013, data of ankle OA were collected and 
analyzed. It was investigated at what stage patients were referred to an orthopedic clinic, 
which conservative treatment was used before referral and what treatment options were 
possible at referral.

Hundred ninety-seven patients were prospectively included. The majority of patients 
were referred to us at a relatively late stage of ankle OA; 53% at van Dijk grade 2B and 
3, 62% at Kellgren-Lawrence grade 3-4. Prior treatment consisted mainly of the use of 
an assistive device like an orthopedic shoe/crutch. Pain medication was used the most 
by grade 3 patients and consisted mainly of NSAIDs. Treatment advice at the end of the 
clinic visit consisted in case of grade 3 patients mainly of surgical treatment (71%), other 
possible options were hyaluronic acid injections, assistive devices, physical therapy of a 
combination of these options.

The conclusion of this study was that patients are referred at a late phase of the 
disease. If we want to find evidence for different conservative treatment options and to 
understand the process of ankle OA it is essential that patients are referred at an early 
phase of ankle OA.

Chapter 8: General discussion and summary
Evidence for conservative treatment is limited. The research described in this thesis 

was aimed to find evidence for the efficacy and dose regimen of hyaluronic acid (HA) for 
ankle OA. In order to enhance efficacy of HA and reduce the amount of adverse events, 
attempts were made to find the optimum injection technique for ankle OA. The impact 
of ankle OA on daily life comparing the opinion of patients to orthopedic surgeons was 
investigated. A systematic review of the literature was undertaken to find evidence for 
existing conservative treatments for ankle OA. In order to explore the current use of 
conservative therapy for ankle OA, a cohort of ankle OA patients was investigated for 
the use of conservative treatment before referral to the hospital, for the stage of ankle 
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OA at which patients were referred and for the treatments that could be offered to them, 
specifically where it concerned the conservative options.

This thesis demonstrated that a single injection of 2 ml Hylan GF-20 with an optional 
second injection after 1,2 or 3 months was effective in significantly reducing the pain 
associated with ankle OA. Pain reduction was maintained up to six months in the majority 
of the patients. Four different dosages were compared for the use of Orthovisc, the 3x1 ml 
regimen showed the best results for pain on walking for this brand. 

Two injection techniques were compared; the same failure rate was demonstrated 
leading to the recommendation that the best way to inject the ankle is with the aid of the 
fluoroscope until other techniques have proven themselves.

Several significant differences in opinion between patients and orthopedic surgeons 
were demonstrated. One of the most important differences is the fact that patients have 
difficulty to perform certain activities. Clinicians with little or no input of the patient 
target group make proms that are currently used. The results of this study led to the 
conclusion that if we desire a truly patient reported outcome (PROM), we need, besides 
the outcome that is important to the clinician, to incorporate the needs and demands of 
the individual patient. 

To assess the benefits and harms of any conservative treatment for ankle OA in adults 
in order to provide a synthesis of the evidence as a base for future treatment guidelines 
a Cochrane review of the existing literature was performed. It was concluded that up to 
date there is insufficient data to create a synthesis of the evidence as a base for future 
guidelines for ankle osteoarthritis. Patients are referred in such a late stage of ankle OA 
that the only treatment option mainly existed of a surgical solution. Before referral to the 
hospital different treatment options are used in a random order. In order to find evidence 
for conservative treatment patients need to be referred in an early stage of the disease.

It is recommended that more high quality studies are needed to find evidence for 
conservative treatments of early ankle OA. These studies are required to create a future 
guideline. Due to the higher volume of patients and other available resources it is 
preferable to perform this research in a hospital setting. For this, patients need to be 
referred to the hospital in an early stage of the disease. Primary care physicians and other 
professionals involved in treatment of ankle OA patients have to be aware of the process 
of the development of ankle OA in order to recognize patients that are at risk. 
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Future research should also be aimed at the prevention of the development and 
progression of ankle OA.





CHAPTER 10  

Nederlandse samenvatting: 
De conservatieve behandeling 
van enkelartrose



10 The conservative treatment of ankle osteoarthritis

214

Nederlandse samenvatting: De conservatieve behandeling van 
enkelartrose

Hoofdstuk 1: Algemene Inleiding
Artrose is een chronische, degeneratieve aandoening die wordt geassocieerd met 

gewrichtspijn en verlies van functie. Elk synoviaal gewricht kan door artrose aangetast 
worden, de heup, knie en hand zijn het meest aangedaan.

Betrouwbare aantallen ten aanzien van de incidentie van enkelartrose zijn niet 
voorhanden, de schatting is dat enkelartrose voorkomt in ongeveer 1-4% van de volwassen 
populatie.

Er zijn veel soorten behandeling mogelijk. De conservatieve behandeling van 
symptomatische enkelartrose bestaat voornamelijk uit het behandelen van symptomen 
zoals pijn en stijfheid. Op dit moment is er geen behandelalgoritme wat gebruikt kan 
worden. De keuze voor een bepaalde behandeling wordt met name bepaald door de ernst 
van de aandoening, de leeftijd van de patiënt, de algemene gezondheid en de hoeveelheid 
belasting die de patiënt graag wil verrichten.

Alhoewel het gebruik van hyaluronzuur voor de knie uitgebreid is onderzocht is de 
hoeveelheid bewijs voor de effectiviteit, veiligheid en de juiste dosis bij toepassing in 
de enkel nog beperkt. Dit wordt bemoeilijkt omdat de enkel technisch lastiger is om te 
injecteren. 

Om het effect van conservatieve behandelingen te onderzoeken is het noodzakelijk 
om overeenstemming te bereiken welke uitkomstmaat gebruikt moet worden. 
Uitkomstmaten die op dit moment gebruikt worden zijn ontwikkeld zonder input van de 
doelgroep. Het is belangrijk om inzicht te hebben aangaande de impact van enkelartrose 
op het dagelijks leven, zodat het gewenste behandeleffect gemeten kan worden.

Op dit moment is er weinig bewijs voor de conservatieve behandeling van 
enkelartrose. Het is onduidelijk welke behandelingen er gebruikt zijn alvorens een patiënt 
wordt verwezen en in welk stadium van artrose patiënten naar het ziekenhuis worden 
verwezen.

Dit proefschrift behandelt de effectiviteit en veiligheid van hyaluronzuurinjecties 
voor enkelartrose, het doseringsschema voor hyaluronzuurinjecties en de optimale 
injectietechniek voor de enkel. Daarnaast wordt de impact van enkelartrose op 
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het dagelijks leven en het aanwezige bewijs voor de conservatieve behandeling van 
enkelartrose geëvalueerd. 

Als laatste wordt het stadium waarop patiënten naar het ziekenhuis worden verwezen 
geanalyseerd, de behandeling die men heeft ondergaan voor de verwijzing, de oorzaak van 
hun enkelartrose en de uiteindelijke behandeling die werd voorgesteld in het ziekenhuis.

Hoofdstuk 2: Een prospectieve multicenter, open studie naar de veiligheid 
en effectiviteit van hylan G-F 20, bij patiënten met symptomatische 
enkelartrose.
Het doel van dit onderzoek was om de veiligheid en effectiviteit van hylan G-F 20 

(Synvisc) te onderzoeken bij patiënten met symptomatische enkelartrose.
Patiënten kregen een enkele injectie van 2 ml hylan G-F 20 met een potentiële tweede 

na 1,2 of 3 maanden in de enkel toegediend. 
Patiënten met symptomatische enkelartrose waren geschikt voor deelname wanneer 

ze bij aanvang van de studie tussen de 50 en 90 mm op de VAS pijnscore (0-100mm) 
scoorden. De belangrijkste uitkomstmaat was het verschil in pijn in de studie enkel (VAS) 
tussen aanvang en 3 maanden na start van de studie. De veiligheid van het middel werd 
gebaseerd op de hoeveelheid bijwerkingen die werden vastgesteld gedurende de studie. 

Vijfenvijftig patiënten ontvingen een eerste injectie; 24 kregen een tweede. Er traden 
geen ernstige bijwerkingen als gevolg van de behandeling op. Zeventien patiënten 
ondervonden een milde of matige bijwerking als gevolg van de behandeling. De 
gemiddelde pijnscore daalde van 68.0 bij start van het onderzoek naar 33.8 bij 3 maanden 
(p<0.001), deze daling werd behouden tot 6 maanden (34.2, p<0.001). 

De conclusie is dat Hylan G-F 20 bij patiënten met symptomatische enkelartrose goed 
verdragen wordt en effectief is tot tenminste 6 maanden na injectie.

Hoofdstuk 3: De effectiviteit, veiligheid en dosis afhankelijkheid van 
intra-articulaire in hyaluronzuur injecties voor de behandeling van 
enkelartrose.
De ideale dosis en frequentie van hyaluronzuurinjecties voor de enkel is nog niet 

bepaald. 
Het doel van dit onderzoek was om de effectiviteit en veiligheid en dosisafhankelijkheid 

van hyaluronzuurinjecties in de enkel te bepalen.
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Een prospectieve eenzijdig geblindeerde studie bij patiënten met symptomatische 
enkelartrose werd uitgevoerd. Patiënten werden gerandomiseerd naar een eenmalige 
injectie van 1, 2, 3 ml of 3 wekelijkse injecties van 1 ml (3x1ml) groep. De belangrijkste 
uitkomstmaat was “pijn tijdens lopen” na 15 weken, gemeten op een 100 mm VAS.

Zes en twintig patiënten namen deel. De 3x 1ml groep liet een significante daling zien 
voor “ pijn tijdens lopen “ na 7 weken en voor “ pijn in rust” (p=0.046). Na 15 weken 
was er een significant verschil voor “ pijn in rust” (p=0.046). Er waren geen significante 
dalingen in de VAS voor de eenmalige injecties. Zeven patiënten ondervonden tijdelijke 
zwelling of toegenomen pijn in de enkel na injectie. 

De conclusie luidt dat Orthovisc® viscosupplementatie voor gebruik in de enkel goed 
wordt verdragen en effectief is. Het 3x1ml doseringsschema liet de beste resultaten zien.

Hoofdstuk 4: De optimale injectie techniek voor de artrotische enkel: 
een gerandomiseerde cross-over studie.
Ten einde de huidige injectietechniek voor de enkel met artrose te verbeteren, met als 

doel het effect van intra-articulaire injecties te verbeteren en het aantal bijwerkingen te 
verminderen, werden 2 injectietechnieken door middel van een gerandomiseerd cross-
over onderzoek, bij patiënten met symptomatische enkelartrose vergeleken.

Het voornaamste doel van dit onderzoek was om de mate van precisie van intra-
articulaire injecties bij enkelartrose te onderzoeken. Twee technieken werden vergeleken, 
een waarbij een tractie apparaat werd gebruikt en een met de op dit moment meest 
gebruikte injectie techniek.

Patiënten kregen een injectie met hyaluronzuur waarbij een van beide technieken 
gebruikt werd. Vier weken later werd een tweede injectie gegeven waarbij gebruik 
gemaakt werd van de andere techniek.

Zeventig patiënten deden mee aan de studie. Het aantal missers was bij beide 
technieken hetzelfde (24%). 

Eenenveertig patiënten in de tractiegroep en 39 in de andere groep, hadden last van 
bijwerkingen. Andere uitkomstmaten lieten geen verschil zien tussen beide groepen.

Gezien het feit dat er een aanzienlijk aantal missers was in beide groepen, werd er 
geconcludeerd dat het aan te bevelen is om de enkel met ernstige artrose met behulp van 
contrast en doorlichting te injecteren.
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Hoofdstuk 5: De impact van enkelartrose. Het verschil in mening tussen 
patiënt en orthopedisch chirurg.
Verschillende scoringssystemen worden gebruikt om het effect van conservatieve 

behandelingen te monitoren. Deze scoringssystemen zijn ontwikkeld door artsen met 
niet of nauwelijks input van de patiëntendoelgroep. 

Om een “patient reported outcome measure” (PROM) te ontwikkelen die de gewenste 
uitkomst meet bij de behandeling van enkelartrose, is het belangrijk om te weten wat de 
doelgroep belangrijk vindt.

Een gemodificeerde Delphi-methode werd gebruikt. Deze bestond uit interviews 
met patiëntenfocusgroepen en experts, gevolgd door een enquête die bestond uit 32 
beweringen. Het verschil in mening tussen patiënten en orthopedische chirurgen werd 
onderzocht. Veertig patiënten en 40 orthopedisch chirurgen beantwoorden de enquête. 
Pijn werd door beiden het belangrijkste symptoom van enkelartrose bevonden. Een 
belangrijk onderdeel dat door patiënten benoemd werd was de moeite die ze hadden 
om bepaalde activiteiten uit te oefenen, naast de wens om mee te doen in het dagelijks 
leven en met sportieve activiteiten. Stijfheid is een symptoom dat de patiënt belet om 
bepaalde dagelijkse activiteiten te verrichten, dit werd minder belangrijk gevonden door 
orthopedisch chirurgen.

Een significant verschil tussen de mening van patiënten en orthopedisch chirurgen, 
aangaande specifieke symptomen van enkelartrose werd aangetoond. 

Dit leidde tot de conclusie dat het incorporeren van de eisen en wensen van patiënten 
in een nieuwe uitkomstmaat, een logische stap is in het creëren van een nieuwe PROM.

Hoofdstuk 6: Conservatieve behandeling van enkelartrose; 
een Cochrane review.
Met de bedoeling om een overzicht van de beschikbare bewijslast als een basis voor 

een toekomstige richtlijn aan te leveren, werd een review van de aanwezige hoogwaardige 
bewijslast aangaande de voor en nadelen van de conservatieve behandeling van 
enkelartrose bij volwassenen verricht.

De oorzaak van enkelartrose is hoofdzakelijk post traumatisch. Patiënten zijn meestal 
vrij jong, aangezien het ongeval op een jonge leeftijd plaatsvindt. Operatieve behandeling 
is bedoelt voor patiënten met een eindstadium van artrose. Verschillende conservatieve 
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behandelmogelijkheden zijn beschikbaar, echter bewijzen over de voor- en nadelen 
ontbreken.

De belangrijkste databases werden doorzocht tot september 2014. Gerandomiseerde 
(RCT) en Klinische gecontroleerde studies (CCT) aangaande de niet-operatieve 
behandeling van enkelartrose werden geïncludeerd.

Zes RCT’s die het gebruik van hyaluronzuur analyseerden werden gevonden, er werden 
geen andere RCT of CCT’s gevonden die een ander soort conservatieve behandeling voor 
enkelartrose onderzocht.

Tweehonderdenveertig patiënten met de diagnose enkelartrose werden geïncludeerd. 
Drie RCT’s vergeleken hyaluronzuur met placebo. Een vergeleek hyaluronzuur met 
fysiotherapie, een ander vergeleek hyaluronzuur gecombineerd met fysiotherapie 
met Botuline-toxine (Botox) en nog een ander betrof een onderzoek naar de 
dosisafhankelijkheid van hyaluronzuurinjecties.

Een metanalyse 2 van de 3 studies, betreffende pijn en functie aangaande de 
vergelijking van hyaluronzuur met placebo, liet zien dat de totale AOS score op 6 
maanden met 12% vermindert is (95% CI -24% to -1%) op een schaal van 0 tot 100 
(mean difference (MD) - 12.53 (95% CI -23.84 to -1.22) . Het bewijs werd gegradeerd 
als laag door onnauwkeurigheid en beperkingen in de studie opzet. De AOS subscore 
pijn was verminderd op 3 maanden (92 patienten)(MD -1.83; 95% CI -11.33 to 7.68). De 
AOS subscore beperking liet een vermindering zien op 3 maanden (92 patienten)(MD 
-0.13; 95% CI -9.26 to 9.01 ). Er werd geen beter effect voor de AOS score gevonden ten 
aanzien van hyaluronzuur gevonden 3 maanden na toediening. (MD-1.8;95% CI-11.3 tot 
7.7). Dit bewijs werd gegradeerd als laag door onnauwkeurigheid en beperkingen in de 
studie opzet. De peto odds ratio om een bijwerking te krijgen was 2.3 hoger ten nadele 
van hyaluronzuur (95% CI 0.45 tot 12.11). Dit bewijs is niet conclusief door het wijde 
confidence interval en de kleine hoeveelheid gebeurtenissen.

Ten aanzien van de vergelijking van hyaluronzuur met fysiotherapie (30 patienten), 
was de pijn vermindert na 12 maanden (MD-0.70 95% CI -2.54 to 1.14) op een Visual 
Analogue Scale (VAS 0-10).

Ten aanzien van de vergelijking van hyaluronzuur gecombineerd met fysiotherapie 
met een Botuline-toxine A injectie (75 patienten),liet de AOS subscore pijn een daling 
zien na 6 maanden (MD 0.10; 95% CI -0.42 to 0.62). Voor functie ( de AOS subscore 
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beperking) werd na 6 maanden eveneens een daling in score gezien (MD 0.20; 95% CI 
-0.34 to 0.74) . Het bewijs werd als laag gegradeerd.

De RCT aangaande de vergelijking van 4 verschillende doseringsschema’s voor 
hyaluronzuur (26 patienten), liet de beste daling in de gemiddelde pijn tijdens lopen zien 
(VAS 0-100), voor de 3x 1ml dosis na 27 weken. Er was sprake van een gemiddelde daling 
van 30. 

Er werd geconcludeerd dat er tot nu toe onvoldoende gegevens zijn om een 
samenvatting van de bewijslast te maken als een basis voor een toekomstige richtlijn voor 
de behandeling van enkelartrose.

Hyaluronzuur als behandeling voor enkelartrose lijkt veilig en meer effectief 
dan placebo na 6 maanden voor zowel pijn als beperking (totale AOS score), dit is 
gebaseerd op een lage kwaliteit van de bewijslast. Niet conclusieve resultaten werden 
gevonden voor vergelijkingen van hyaluronzuur met andere behandelingen. Het blijft 
onduidelijk welke patiënten ( leeftijd, ernst van artrose) het meeste voordeel hebben van 
hyaluronzuurinjecties en welk dosisschema gebruikt moet worden.

Hoofdstuk 7: Het bewijs voor de conservatieve behandeling van enkel-
artrose ontbreekt: in welk stadium worden patiënten verwezen naar de 
orthopedisch chirurg?
Teneinde conservatieve behandelingen van enkelartrose te kunnen onderzoeken op 

effectiviteit en veiligheid, met als doel bewijs te vinden om een behandelalgoritme te 
maken, moeten patiënten in een vroeg stadium van de aandoening verwezen worden.

Tussen maart 2011 en september 2013, werden gegevens van patiënten met 
enkelartrose verzameld en onderzocht. Er werd gekeken naar het stadium waarin 
patiënten werden verwezen naar een orthopedische kliniek, welke behandeling patiënten 
hadden ondergaan voordat ze verwezen werden en welke behandelopties er nog waren 
voor deze patiënten ten tijde van hun polikliniekbezoek.

Honderdzevenennegentig patiënten werden prospectief geïncludeerd. Het overgrote 
deel werd in een laat stadium van hun ziekte naar ons verwezen; 53% had een stadium 
Van Dijk 2B of 3, 62% had een Kellgren-Lawrence graad 3-4.

De behandeling die patiënten hadden ondergaan voorafgaand aan het polikliniek 
bezoek bestond hoofdzakelijk uit het gebruik van een hulpmiddel zoals een 
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schoenaanpassing of bijvoorbeeld een stok. Pijnstillers werden het meest door graad 
3 patiënten gebruikt, in het merendeel betrof het een NSAID. Het behandeladvies aan 
het eind van het polikliniek bezoek bestond bij graad 3 patiënten meestal uit een advies 
tot chirurgische behandeling (71%), andere opties waren een hyaluronzuurinjectie, een 
hulpmiddel, fysiotherapie of een combinatie van deze opties.

De conclusie van deze studie luidt dat patiënten verwezen worden in een laat 
stadium van hun aandoening. Als we bewijs willen vinden voor verschillende soorten 
conservatieve behandelopties en inzicht krijgen in het proces van enkelartrose dan is het 
belangrijk dat patiënten in een vroeg stadium van hun aandoening worden verwezen.

Hoofdstuk 8: Algemene discussie
Het bewijs voor conservatieve behandeling van enkelartrose is beperkt. Het 

onderzoek in dit proefschrift had als doel om bewijs te vinden voor de effectiviteit en 
dosering van hyaluronzuur voor de behandeling van enkelartrose. Om de effectiviteit 
van hyaluronzuur te verbeteren en de hoeveelheid bijwerkingen te verminderen, werd 
een poging gedaan om de optimale injectietechniek bij de artrotische enkel te vinden. 
De impact van enkelartrose op het dagelijks leven werd onderzocht, hierbij werd de 
mening van de patiënt met de mening van de orthopedisch chirurg vergeleken. Een 
systematisch overzicht van de literatuur werd verricht teneinde bewijs te vinden voor 
bestaande conservatieve behandelingen voor enkelartrose. Om te onderzoeken welke 
conservatieve therapieën momenteel gebruikt worden voor enkelartrose, werd een 
cohort met enkelartrose patiënten onderzocht waarbij de conservatieve behandeling 
die men had ondergaan alvorens ze verwezen werden naar het ziekenhuis , het stadium 
van enkelartrose waarop men werd verwezen en de nog mogelijke behandel opties, met 
speciale aandacht voor de conservatieve opties, ten tijde van verwijzing werd onderzocht.

Dit proefschrift toont aan dat een enkele injectie met 2ml Hylan G-F20 met een 
mogelijke tweede na 1,2 of 3 maanden effectief is in het reduceren van de pijn die 
geassocieerd is met enkelartrose. Reductie van pijn hield minstens 6 maanden aan 
bij de meeste patiënten. Vier verschillende doseringsschema’s betreffende Orthovisc 
werden vergeleken, het 3x1ml schema liet voor dit middel de beste resultaten zien voor 
vermindering van pijn tijdens lopen.
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Twee injectietechnieken, met en zonder tractie, werden vergeleken; dezelfde 
hoeveelheid injecties faalden in beide groepen, dit leidde tot de aanbeveling dat de beste 
manier om de enkel te injecteren vooralsnog is met de hulp van doorlichting en het 
gebruik van contrastvloeistof, zolang andere technieken zich nog niet hebben bewezen.

Enkele significante verschillen in de mening tussen patiënten en orthopedische 
chirurgen werden aangetoond. Een van de belangrijkste verschillen is het hogere belang 
dat gehecht wordt door patiënten aan het kunnen mee doen met verschillende activiteiten. 
Huidige PROMS zijn gemaakt door clinici met geen of nauwelijks input van de patiënten 
doelgroep. De uitkomst van deze studie leidde tot de conclusie dat als we een goede 
patiënt gerapporteerde uitkomst (PROM)willen, we naast de uitkomst die de clinicus 
wil onderzoeken ook de mening en eisen van de individuele patiënt moeten verwerken.

Teneinde de voor- en nadelen van welke behandeling dan ook voor enkelartrose bij 
volwassenen te onderzoeken, met als doel een samenvatting te creëren van de huidige 
bewijslast, als basis voor een toekomstige behandel algoritme werd een Cochrane-review 
verricht. Er werd geconcludeerd dat er tot op heden onvoldoende gegevens aanwezig zijn 
voor een overzicht van de huidige bewijslast teneinde een toekomstige richtlijn voor de 
behandeling van enkelartrose te creëren.

Patiënten worden in een dusdanig laat stadium van hun enkelartrose verwezen dat de 
enige behandeling die nog mogelijk is meestal bestaat uit een chirurgische behandeling. 
Om bewijs te vinden voor conservatieve mogelijkheden moeten patiënten in een vroeg 
stadium van hun ziekte verwezen worden.

Het wordt aanbevolen om meer kwalitatief hoogwaardige studies te verrichten om 
bewijs te vinden voor de conservatieve behandeling van enkelartrose. Deze studies zijn 
noodzakelijk om een toekomstige richtlijn te creëren. Door het grotere aanbod van 
patiënten en de aanwezigheid van andere zaken zoals bijvoorbeeld wetenschappelijke 
ondersteuning, lijkt het aan te bevelen om dit onderzoek in een ziekenhuis-setting te 
verrichten. Om dit te bereiken moeten patiënten in een vroeg stadium verwezen worden. 
Huisartsen als ook andere zorgprofessionals die betrokken zijn in de behandeling van 
enkelartrose moeten zich bewust zijn van het proces van het ontstaan en de progressie 
van enkelartrose ten einde patiënten tijdig te herkennen om achteruitgang te voorkomen. 
Toekomstig onderzoek moet zich richten op de preventie en progressie van enkelartrose.
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Dankwoord

Het dankwoord is het laatste en wellicht het meest gelezen onderdeel van dit 
proefschrift. Het markeert de fase van opluchting na een enerverende tocht. Het einde van 
de proeve van bekwaamheid, wat in vele opzichten toch meer een bewijs van volharding 
en vasthoudendheid is in mijn optiek. Velen hebben mij geholpen met het volbrengen 
van deze queeste en mij gesteund waar nodig. Er is een aanzienlijke kans dat ik iemand 
vergeet te bedanken. Een ieder die mij in welk opzicht dan ook heeft geholpen dank ik 
hiervoor.

In het bijzonder gaat mijn dank uit naar: 

Alle patiënten die meegewerkt hebben aan de studies die opgenomen zijn in dit 
proefschrift. 

Verder gaat mijn dank  uit naar:

Mijn promotor: professor dr. C.N. van Dijk, beste Niek, als geen ander weet je mensen 
te motiveren en begeleiden in de voet en enkelarthroscopie. Ook ik ben gegrepen door 
het voeten virus!!! Je hebt me op het spoor gezet van het onderzoek naar Hyaluronzuur 
in de enkel en me gemaakt tot de “believer” die ik nu ben. Dit is de basis geweest voor 
dit proefschrift. De toewijzing van een plek als Foot and Ankle Fellow in Seattle, heb ik 
onder andere aan jouw inspanning te danken. Dit fellowship heeft me gevormd tot wie ik 
nu ben en daar ben ik trots op!!! Dank hiervoor!!

Mijn copromotoren:
Professor dr. G.M.M.J. Kerkhoffs, Gino, dank voor je vriendschap, de momenten van 

reflectie als ik het even niet zag zitten, de Cochrane blijft een blok aan ons been, vrees ik!!  
Ik waardeer je handigheid en kunde in het schrijven van artikelen, waardoor het soms 
lijkt alsof alles in een vloek en zucht geaccepteerd wordt.
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Dr. Ir. L. Blankevoort, Leendert, ik waardeer je enorm, je hebt met rake opmerkingen 
vele artikelen van mij beter gemaakt en met je scherpe blik en kritiek dit proefschrift 
aanzienlijk verbeterd. Het blijft altijd leuk om met je te sparren over potentieel onderzoek. 
Dit is nooit saai en maakt altijd dat ik met meer vragen eindig dan waarmee ik begon, 
mijn dank hiervoor.

Leden van de manuscriptcommissie:
Professor dr. D.L.P Baeten, Professor dr. S.K. Bulstra, Professor dr. M. Maas, Professor 

dr. W. van Mechelen en Professor dr. H.C.P. M. van Weert, bedankt voor het beoordelen 
van mijn manuscript, ik verheug mij op uw vragen en ik hoop u goed van repliek te 
kunnen dienen.

Dr. J.W.K. Louwerens, beste Jan Willem, ik ben verheugd dat je deel uitmaakt van 
de manuscript commissie. Als mijn collega en ‘voeten’ maatje maak je al jaren een groot 
deel uit van mijn dagelijks leven. Met jou als ‘sparring’ partner is het voeten vak zowaar 
nog leuker geworden. Ik waardeer je zienswijze, je liefde om te onderwijzen, de manier 
waarop je altijd bereid bent tot overleg en de wijze waarop je mij hebt geïntroduceerd in 
de DOFAA en EFAS. Mijn dank is groot! Ik verheug me op jouw vragen.

Professor R.K. Marti, beste René, dank voor het vertrouwen in een vrouw in de 
orthopedie. Je zei destijds tegen mij: “Als er een vrouw komt solliciteren dan nodig ik die 
altijd uit”. Dank voor de manier waarop je me in contact hebt gebracht met Ted Hansen. 
Dit heeft geleid tot een fantastisch fellowship, waardoor ik geworden ben wie ik nu ben!!

Drs. I.N. Sierevelt, beste Inger, dank voor je hulp als mede auteur bij de eerste 3 
artikelen van mijn proefschrift. De statistiek klopt, daar twijfel ik niet aan. Daarnaast 
dank ik je voor een luisterend oor gedurende mijn opleidingstijd.

C.J. Hofstad, beste Cheriel, dank voor de hulp bij mijn laatste 3 artikelen. Wow de 
Cochrane, wat een project. De champagne staat koud en wacht op het goede moment. 
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Dr. S.T.Hansen, dear Ted, thanks for teaching me all you know about foot and ankle 
surgery. Thanks for giving me the confidence I needed. You truly made me the surgeon 
I am today.

Dr. S.K.Benirschke, dear Steve, you helped me find my way in Seattle, showed me how 
you can be meticulous and avoid an OIF. I value your opinion about fracture treatment 
and o yes that gastroc is almost always tight in case of footproblems, really!

Dr. B.J.Sangeorzan, dear Bruce, I always enjoyed our political discussions, while you 
were enjoying my music. I think your scientific way of approaching problems and the 
way you let us fellows operate made me more conscient about how to operate my patients 
perfectly within a limited timeframe, thanks for your support!

Ik dank al mijn collega’s, van zowel orthopedie, reumatologie, revalidatie, anesthesie 
en de radiologie voor hun vriendschap en collegialiteit.

Wilma van Engelen en Madeleine Jager, secretaresses van onze FARU. Jullie weten 
als geen ander hoe dit proces is verlopen. Dank voor jullie hulp en ondersteuning om dit 
proefschrift tot een goed einde te brengen!!

Marjolein Smeets, paranimf en zus, dank voor al je steun de laatste jaren, de manier 
waarop je me toch met soms relatief eenvoudige adviezen de goede kant op stuurt en me 
altijd weer de zaak laat relativeren. Ook ben ik blij met je echtgenoot Harry, die me enorm 
heeft geholpen met het klaar maken van mijn manuscript ten behoeve van de manuscript 
commissie. Ik ben blij dat ik op je steun kan rekenen tijdens deze verdediging. 

Florine Kingma, paranimf en vriendin, ik zie ons nog zitten tijdens de geneeskunde 
studie, jemig wat gaat de tijd snel. Ik ben blij met jou als vriendin. Ik kom graag weer eens 
bij jou en Pieter eten. Ik verheug me op jouw gezelschap tijdens de verdediging.
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Lieve Mam, dank voor al je steun op welk moment van de dag ook.

Beste familie en vrienden, tja ik ben ook niet anders dan andere promovendi. Ik weet 
haast zeker dat ik iedereen schromelijk verwaarloosd heb, al zullen jullie dit wellicht 
niet zo openlijk benoemen. Met name de laatste 2 jaar was ik bijna ieder weekend              
‘wetenschappelijk’ bezig. Ik dank jullie voor jullie steun en luisterend oor en ja ik ga het 
de komende periode anders doen en gezellig met jullie op stap, weekendjes weg, shoppen 
en andere zaken waar het aan ontbroken heeft de laatste tijd. Ik beloof het!
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Name PhD student:  

PhD period:   

Name PhD supervisor:  

A.G.H. Witteveen

2005-2015

Prof. C.N. van Dijk.

1. PhD training
General courses Year

Basic Course Surgical sciences  

The principles and Practice of Clinical Research, Amsterdam

1 June 2000

16 April 2008

2000

2008

Specific courses

Cochrane Course, Amsterdam 

Opleiderscursus OOR ON, Nijmegen  

31 March 2009

1 and 2 April 2009

2009 

2009

2. Presentations
Year

The Vufix: a newly designed plastic unilateral external fixator. 12th Annual Meeting and 1st International 

Conference of the Academy of Surgical Research, 4th of Octobre 1996 Münster Germany.

1996

De ontwikkeling van een nieuwe unilaterale kunststof externe fixateur. Chirurgendagen, 15th of may 1998 

Veldhoven, the Netherlands

1998

The development of a new plastic unilateral external fixator. 3 rd European Traumatology Congress 

Amsterdam, 20th of June 1998.

1998

The Effects and Dose-Dependency of Intra-articular Hyaluronic Acid Injections in the Osteoarthritic Ankle 

Joint: A pilot study. NOV najaarsvergadering 14th October 2005

2005

Prospective study of the safety and efficacy of Hyalan G-F 20 (Synvisc) in patients with symptomatic ankle 

osteoarthritis. Poster presentation ACR 14th November 2006, Washington DC

2006

Prospective study of the safety and efficacy of Hyalan G-F 20 (Synvisc) in patients with symptomatic ankle 

osteoarthritis. AOFAS 17th February 2007, San Diego.

2007

Prospective study of the safety and efficacy of Hyalan G-F 20 (Synvisc) in patients with symptomatic ankle 

osteoarthritis. EFORT 15th May 2007, Florence.

2007

Prospective study of the safety and efficacy of Hyalan G-F 20 (Synvisc) in patients with symptomatic ankle 

osteoarthritis. NOV 11th January 2008, Maastricht.

2008

A Double-Blind, Randomized, Placebo-controlled Evaluation of the Efficacy and Safety of a Single Dose of 6 

mL of Synvisc in Patients with Symptomatic Osteoarthritis of the Knee. NOV 11th January 2008, Maastricht. 

Awarded with the Ortomed Prize.

2008
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A Double-Blind, Randomized, Placebo-controlled Evaluation of the Efficacy and Safety of a Single Dose of 6 

mL of Synvisc in Patients with Symptomatic Osteoarthritis of the Knee. EFORT 30th May 2008, Nice.

2008

Prospective study of the safety and efficacy of Hyalan G-F 20 (Synvisc) in patients with symptomatic ankle 

osteoarthritis. Poster presentation. NOF 11-13th of June 2008, Amsterdam

2008

Gastrocnemius equinus als oorzaak voor plantaire fasciitis. Oral presentation at the ICARA congress 26th 

March 2009, Nijmegen

2009

Gastrocnemius equinus als oorzaak voor plantaire fasciitis. Oral presentation at the ICARA congress 19th 

November 2009, Nijmegen

2009

Hindfoot congres, 3 oral presentations, 25th November 2009, Nijmegen: Triple arthrodese en geïsoleerde 

arthrodesen van de voetwortel, Midvoet, Lisfranc arthrodese: indicaties, resultaten, complicaties, Posterieur 

impingement, flexor hallucis tendinitis.

2009

AO Trauma Advances Foot and Ankle Symposium, 2 oral presentations, 14th april 2010 : Osteochondral 

defects and the use of bone augmentation in calcaneus fractures.

2009

Gastrocnemius equinus als oorzaak voor plantaire fasciitis…..Oral presentation Ned Ver Gipsmeesters 20th 

November 2010, Nijmegen

2010

Spelen met de pezen, 2 oral presentation 24th November 2010 Eindhoven :Acute achillespeesruptuur, repair 

chronic achillestendon irritation with FHL.

2010

Lisfrancletsels, voordracht op ROGOO middag 21th January 2011, 2011

Implicaties van de moderne opleiding orthopedie, voordracht voor secretaresses en polimedewerkers. 27th 

January 2011, Groningen.

2011

Midfoot and other pathology. Synthes instructional course, Zeist 12th May 2011-10-13 2011

De Gastroc Slide: indicatie en techniek, Werkgroep bijeenkomst, AZU Utrecht 21th September 2011. 2011

Lisfrancletsel : diagnostiek en behandeling. Traumadagen/VGN Amsterdam 4th Novembre 2011 2011
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