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Chapter 1

Achilles, his heel and the tendon
The best-known tendon of the human body was named after Achilles, the famous Greek
hero in the Trojan War and main character of the Iliad by Homer. He was the son of the
nymph Thetis and Peleus, the king of the Myrmidons. As with many ancient myths and
sages there are various versions and interpretations of the story.
The Achilles Heel is globally known and often used when one is figuratively aiming at a
certain weakness. This could be of the human body but also more metaphorically in a
political system or else. The first time the Achilles heel was appointed as a certain weakness was probably around the eighteenth century. Of course the Achilles heel of humans,
regardless of age, is the tendon itself and the surrounding structures. These are stressed
with substantial forces, have limited blood supply and are protected merely by soft tissue.

Anatomy
The region of the Achilles tendon consists foremost of soft tissue. The Achilles tendon itself
is the posterior border of this region; due to its marginal vascularization it is prone to both
traumatic and especially chronic pathology. (Fig 1) Four osseous structures border the anterior region: the tibia, fibula, talus and calcaneus. The posterior part of the talus, known as

Figure 1: The blood supply of the Achilles tendon.
The arteries were filled with black latex. 1 Sural
nerve and small saphenous vein; 2 Plantaris tendon;
3 Tibialis posterior tendon; 4 Flexor digitorum longus tendon; 5 Flexor retinaculum 6 Extensor retinaculum. Copyright Pau Golano 72.
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Figure 2: Posterior view of the anatomic dissection of the ankle ligaments. 1 Tip of the fibula; 2 peroneal groove of the fibula; 3 tibia; 4 superficial component of the posterior tibiofibular ligament; 5 deep
component of the posterior tibiofibular ligament or transverse ligament; 6 posterior calcaneofibular ligament; 7 lateral talar process; 8 medial talar process; 9 tunnel for flexor hallucis longus tendon; 10 flexor
hallucis longus retinaculum; 11 calcaneofibular ligament;12 subtalar joint; 13 posterior intermalleolar
ligament; 14 flexor digitorum longus tendon (cut); 15 tibialis posterior tendon; 16 peroneal tendons.
Copyright Pau Golano 71.

Figure 3: Transversal section at the level of the
tibiofibular syndesmosis. 1 Lateral malleolus; 2
Tibia; 3 Achilles tendon; 4 Plantais tendon; 5
Tibialis anterior tendon; 6 Extensor hallucis longus tendon; 7 Extensor digitorum longus tendon;
8 Peroneus tertius tendon; 9 Peroneus longus
tendon; 10 Peroneus brevis tendon; 11 Tibialis
posterior tendon; 12 Flexor digitorum longus
tendon; 13 Felxor halluces longus tendon; 14
Deep sural/crural fascia; 15 Kager fat pad; 16
Anterior neurovascular bundle; 17 Posterior
neurovascular bundle; 18 Saphenous nerve and
great saphenous vein; 19 Sural nerve and small
saphenous vein. Copyright Pau Golano72.
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the posterior talar process is frequently associated with a secondary ossification centre. This
additional osseous structure is known as os trigonum, which is closely related to the flexor
hallucis longus tendon (FHL)1.(Fig 2) When ossification results in a bony bridge with the posterior part of the talus the structure is known as an hypertrophied posterior talar process1;2.
Multiple vital structures are located between the Achilles tendon posteriorly and the crural
bones anteriorly (Fig. 3). The fat tissue in this larger region is known as the pre-Achilles
fat pad or Kager triangle/fat pad. The Kager triangle is bordered inferiorly by the superior
part of the calcaneus, anteriorly by the FHL and posteriorly by the Achilles tendon. Besides
the Achilles tendon and FHL, nearby the Kager triangle lie the flexor digitorum longus,
peroneal tendons, the posterior tibial tendon and plantaris tendon. The Achilles tendon
inserts crescent shaped halfway at the posterior tuberosity of the calcaneus (Fig. 4). Just
anterior to the distal portion of the Achilles tendon and posterior to the posterosuperior
calcaneal prominence the retrocalcaneal bursa is situated. (Fig. 5) Unlike other tendons
in the leg the Achilles tendon lacks a synovial sheath. Instead it has a paratenon, a thin
fibrous tissue containing blood vessels (Fig. 1). Within the paratenon, the plantaris tendon
runs with the Achilles tendon.

Figure 4: Transversal section at the level of the tibiofibular syndesmosis. 1 Medial head of gastrocnemius
muscle; 2 Lateral head of gasctrocnemius muscle; 3 Soleus muscle 4 Achilles tendon; 5 Calcaneal insertion of the Achilles tendon 6 Deep sural/crural fscia; 7 Peroneal tendons; 8 Postero-lateral inter-muscular
septum (cut); 9 Lateral malleolus; 10 Tibialis posterior and flexor; digitorum tendon; 11 Posterior neurovascular bundle 12 Medial malleolus. Copyright Pau Golano72..
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Figure 5 A: Calcaneal insertion of the Achilles tendon. Medial view. The achilles tendon was retracted
from its anatomic location. 1. Retrocalcaneal bursa 2. Soleus muscle 3. Achilles tendon (anterior surface)
4. Plantaris tendon and its insertion B: retrocalcaneal bursa opened. Copyright Pau Golano 72.

Pathologies of and near the Achilles tendon
Generally, Achilles tendon pathology can be divided in (acute) traumatic and chronic
pathology. Acute Achilles tendon pathology consists of (partial) rupture of the tendon.
Chronic pathology can be further specified by anatomic region, proximal, midportion and
distal or insertional. Pain near the Achilles tendon and/or the posterior ankle in children and
adults can result from many different pathologies. The pathologies addressed throughout
this work, often eponymous, are mostly due to repetitive trauma and loading. They consist
of bony posterior ankle impingement, Achilles tendinopathy, retrocalcaneal bursitis and
calcaneal apophysitis.

Posterior Ankle Impingement
Posterior ankle impingement is a very important diagnosis in the differential diagnosis
of distal Achilles tendon pathology. Patients with posterior ankle impingement often
complain of pain near the Achilles tendon, it is therefor easily mistaken for an Achilles
tendon disorder. A meticulous physical examination, supported by radiologic imaging,
can differentiate between posterior ankle impingement and Achilles tendon pathologies.
Impingement may be due to bony structures or soft tissue. Pain is provoked by plantar
flexion of the foot, causing entrapment of tissue (bony or soft) between the calcaneus

14
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and distal tibia. Osseous structures that may impinge are an os trigonum, or an enlarged
posterior talar process. Soft tissue can impinge due to synovitis, hypertrophic ankle capsule
and/or FHL tenosynovitis. Impingement is often seen in certain patient groups: those who
often plantar flex their ankle by standing tip toe (ballet) and kicking a ball (soccer). An os
trigonum may be found on conventional imaging and is easily distinguished on CT images.

Retrocalcaneal bursitis
Retrocalcaneal bursitis is an inflammation of the bursa in the recess between the anterior
inferior side of the Achilles tendon and the postero-superior aspect of the calcaneus (retrocalcaneal recess). It results in a visible and painful soft tissue swelling, medial and lateral
to the AT at the level of the postero-superior part of the calcaneus. Patients complain of
pain near the insertion of the Achilles tendon after strenuous activity or when restarting
activity after a period of rest. Frequently, a postero-superior calcaneal prominence can be
identified on plain radiographs.

Achilles Tendinopathy
Tendinopathy of the Achilles tendon can be divided in Insertional Achilles tendinopathy
(IAT), Midportion Achilles tendinopathy and Achilles paratendinopathy. IAT is located at the
insertion of the Achilles tendon onto the calcaneus, possibly with formation of bone spurs
and calcifications in the tendon. Patients complain of pain, stiffness, and sometimes (a solid)
swelling. On physical examination, the tendon insertion is recognisably tender. A swelling
may be visible and a bony spur may be palpable3. Non-insertional Achilles tendinopathy
refers to any tendinopathy of the Achilles tendon aside from the insertion, in practice
this often refers to mid-portion Achilles tendinopathy. Mid-portion Achilles tendinopathy is
characterized by pain and swelling located at 2-7 cm from the insertion onto the calcaneus,
often combined with impaired performance. Swelling can be diffuse or localized. This part
of the tendon has also been described as the “main body of the Achilles tendon”. Paratendinopathy, often coexisting with midportion tendinopathy, is defined by acute or chronic
inflammation and/or degeneration of the thin membrane around the Achilles tendon. The
symptoms are clinically comparable with mid-portion tendinopathy. Differentiation between these pathologies can be made with ultrasound and MRI: showing extratendineous
adhesions and fluid in paratendinopathy while the tendon itself is unaffected.

Calcaneal apophysitis
The apophysis is a secondary ossification center that serves as the attachment site for a
muscle-tendon unit.1‑3 In the growing body, the apophysis is the biomechanically weak
point of the muscle-tendon-bone attachment and is subject to injury from repetitive stress
or an acute avulsion injury.1,4 Apophysitis refers to the pain, irritation, inflammation, and
microtrauma resulting from overuse injury to the apophysis.1,2,4 Calcaneal apophysitis, also
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known as Sever’s disease is common pathology in children aged between 8- and 15-years.
Complaints consist of pain at the posterior part of the calcaneus, often worse shortly after
activity. Diagnosis is made based on the clinical evaluation as radiologic imaging does not
demonstrate and pathologic aspect of the specific region.

Imaging
As explained in the previous sections, a variance of structures is anatomically related to the
Achilles tendon. These structures can be visualized and studied using different imaging
techniques. Often used techniques are conventional imaging, ultrasound (US), computed
tomography (CT), and magnetic resonance imaging (MRI)4‑10. Each entity has its advantages and disadvantages; some are preferable for bony pathologies (conventional imaging
and CT, Bonescan) other for soft tissues (US and MRI). An important difference lays in
radiation exposure: none for US and MRI, a little for conventional and substantially more
with CT11. There is a tendency to keep exploring and extend the boundaries of what can
be visualized at the best definition. Although it is very important for the future of visual
diagnostics and the entire (medical) community to explore new techniques and possibilities, it is equally important to extent and optimize the current imaging techniques5;6;8;12.
The Kager triangle, due to its superficial location, can be visualized by means of multiple
techniques. Osseous structures (os trigonum or posterior talar process hypertrophy) can
be visualized by means of conventional radiography. If the accuracy is comparable to MRI
or CT, it would be preferential over these alternatives due to lower cost and less radiation.
Previous studies have evaluated optimization of beam direction for certain pathologies.
Some of these, for example the AMI view for anteriomedial ankle impingement, are used
extensively, other views have been shown to be less useful in daily practice29;35. Hitherto,
only one study has focused imaging of the posterior ankle region, so far without major
clinical implications.
The diagnostic options for retrocalcaneal bursitis are numerous, proper visualization can
be obtained by US, MRI or Bonescan, but also by means of conventional imaging. A
previous study evaluated the diagnostic value of conventional imaging in patients with
retrocalcaneal bursitis12. The authors found that lateral conventional radiography of the
ankle is a reliable method to diagnose retrocalcaneal bursitis, which has become a standard
clinical tool ever since12. It is however unknown whether this radiograph is still reliable after
surgery once symptoms reoccur.
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The Achilles Heel in Adults
The treatment of Achilles tendinopathy and retrocalcaneal bursitis has both been studied
extensively. As both pathologies are different entities, each will be discussed separately18.

Achilles tendinopathy
After the diagnosis of midportion Achilles tendinopathy is made, a conservative strategy is
the primary treatment of choice. This often focuses on eccentric exercises, in addition, or
in more refractory cases the injection of platelet-rich-plasma (PRP) has become popular19‑21.
The theory is that growth factors, released by platelets promote tissue healing, and with
that healing of the tendinopathy22. The healing process is furthermore supported by some
factors that carry anti-inflammatory qualities23. To create such a local reaction PRP is often,
although not always, injected under ultrasound guidance at the site of inflammation. The
effect of PRP has been studied in both randomized trials as well as case series, the results
of which vary substantially20;24‑27. The reason for that is unsure; there may be several. An
important factor could be that the PRP was injected at the correct site but after injection
the substance would spread uncontrolled to non-inflamed sites of the Achilles tendon,
hereby having no substantial therapeutic effect. The feasibility of such ultrasound guided
PRP injections and the location of PRP directly after injection remains unsure and may be
important for the therapeutic effect of the injected substance.
Insertional Achilles tendinopathy is preferably treated by means of conservative treatment.
Many options are available: for instance rest, immobilization, stretching and/or strengthening exercises, shockwave therapy28‑32. All have been evaluated individually, however as the
current options have not been outlined against each other the most effective choice is
unsure33‑36. After conservative treatment fails surgical intervention is often chosen. As with
conservative treatment, there are multiple surgical techniques to address insertional Achilles tendinopathy. The techniques may vary substantially or just marginally. Most studies
show good results for the single evaluated procedure

37‑42

. However, it is unknown if any

-and which- surgical option is superior.

Retrocalcaneal bursitis
Retrocalcaneal bursitis is preferably treated conservatively. Treatment may consist of RICE
(Rest, Ice, Compression, Elevation) therapy, pain inducing activity cessation in combination
with a change in footwear, NSAIDs (Non Steroid Anti Inflammatory Drugs). Frequently, however, the underlying cause is osseous and therefore insusceptible to conservative treatment.
Therefore, some prefer surgical intervention as the primary treatment of choice14;16;43;44.
Numerous procedures have been evaluated and proven to be effective, both open and
minimal invasive14;16;43;44. Open intervention consists of osteotomy or excision of the excessive bone15;44‑53. Through a variance of approaches the excessive bone is resected under
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direct vision15;44‑53. It is thought to provide a good sight over the pathology and important
surrounding structures14. Due to the extensive incision it is also thought to come with more
wound complication compared to minimal invasive techniques14;16;54. Minimal invasive
intervention, first described by van Dijk et al., termed endscopic calcaneoplasty is believed
to be more attractive due to its less extensive approach16;54. Due to the arthroscopic indirect
view it reasoned to be more difficult than an open approach, although in experienced
hands the consensus is that the view is superior compared to an open approach14;16;54. With
the current individual studies it is not possible to identify the superior surgical technique.
Almost every study on surgical intervention, regardless of technique, reports acceptable
or very good results15;16;44‑54. A systematic overview on the treatment options would give
the necessary insight regarding the studies published so far, and possible advantages and
disadvantages of available treatment modalities.

The Achilles Heel in Children
Whereas adults seemingly rupture their Achilles tendon easily, develop midportion-, insertional Achilles tendinopathy or retrocalcaneal bursitis over time; children rarely develop
substantial injury to the Achilles tendon itself55. Occasionally, retrocalcaneal bursitis or
posterior impingement may develop in adolescents Prior to adolescence the most common
cause of pain in the distal Achilles tendon region appears to be calcaneal apophysitis or
Sever’s disease56‑58. Although some studies have reported on this pathology, little remains
known. The exact pathophysiology is largely unknown; it has been suggested to be
substantially influenced by foot alignment, weight and activity level in children, however
once this was evaluated in a study, no difference was found between symptomatic and
asymptomatic children59. In addition, the incidence has never been studied meticulously.
Amongst other musculoskeletal injuries the incidence is reported to be between 2 and
16%60‑62. The incidence of non-specified heel pain was studied in Dutch children aged 0-17
years and found to be 1.7 per 1000 registered persons63. As no differentiation between
pathologies was made, the incidence of calcaneal apophysitis is unknown63.

Treatment of calcaneal apophysitis
Multiple case series have shown the positive effects of multiple treatment modalities, like
insoles, casting, rest and physical therapy 56;64‑69. It is currently unsure which option is most
effective56;58. In a recent study, it was found that calcaneal apophysitis significantly decreases
the quality of life of affected children70. Symptoms may vary substantially: relatively mild
with some discomfort after activity, or severely as children are not able to bear weight or
walk56. With the knowledge of the decreased quality of life and lack of evidence on which
treatment is most effective more research in the field of calcaneal apophysitis is justified.
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Aims and outline of the chapters
The aim of this thesis is to provide insight into the figurative Achilles heel of the human
body: the Achilles tendon insertion and its surrounding structures and pathologies. The
structures and troublesome annotation thereof will be discussed (Section I). New diagnostic options and assessments are evaluated (Section II), treatment of adults with Achilles
tendon related pathologies are studied (Section III). Finally more insight is provided on the
pathology and treatment of insertional problems in children (Section IV).

Section I: Terminology and Pathology
The terminology of the Achilles tendon region is difficult. This difficulty is multicausative:
numerous eponyms are used in a relatively small anatomic region with a variance of interpretation of the exact definition. This is further complicated by a constant change of
preference influenced by both history and current trends. Over the years many have tried
to address the terminology issues. The most recent suggestions included a more evidence
and anatomy based use of definitions and proposal to use eponyms as least as possible.
To provide an overview on pathologies and eponyms of the region, the aim of the second
chapter is to outline the frequently seen pathologies and often used eponyms as well as to
weigh the advantages and disadvantages of eponyms.

Section II: Imaging
The second section focuses on the advancement of conventional radiography. The first part
reports on a new imaging technique that may be more accurate in the detection of bony
impingement. Theoretically the altered beam direction should result in less overprojection
and should focus on the posterior part of the ankle joint, hereby providing more information and a higher diagnostic accuracy for pathology of this region. The aim of the third
chapter is to test the theory in a prospective comparative study between the original lateral
view and the new Posterior Impingement (PIM-)view.
The second study of the diagnostic section also discusses the use of conventional radiography. Instead of the common aim of conventional imaging; osseous structures, this is the
report of the detection of soft tissue pathology. The diagnostic options for retrocalcaneal
bursitis are numerous. It can be visualized using ultrasound and MRI or bonescan, but also
by means of conventional imaging. A previous study evaluated the diagnostic value of
conventional imaging in patients with retrocalcaneal bursitis, concluding that it is a reliable
method12. The studied population however consisted of ankles that were not operated
on; as retrocalcaneal bursitis may reoccur after surgery it is unknown whether conventional radiography is still reliable after surgery once symptoms reoccur13‑17. The aim of this
chapter is to evaluate the reliability of conventional radiography of the ankle after surgical
intervention for retrocalcaneal bursitis.
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Section III: The Achilles Heel in Adults
The third section of this thesis discusses the treatment of Achilles tendon (related) problems
in adults. After the diagnosis of midportion Achilles tendinopathy is made a conservative
option is the treatment of choice. PRP is an often proposed treatment option, however
with an unpredictable effectiveness. The location of PRP directly after injection may be
important and is currently an unsure variable. The aim of the fifth chapter is to evaluate the
spread of PRP after ultrasound guided injection into and around the Achilles tendon. Three
frequently used techniques are evaluated and compared. In the sixth chapter, the treatment
of insertional Achilles tendinopathy is evaluated. Although some studies have provided
a general overview of the treatment of insertional Achilles tendinopathy, a systematic
comparison of the effectiveness of available treatment options has never been made36.
The purpose of this systematic review was to meticulously analyze the effectiveness of
different available surgical and/or nonsurgical treatment modalities for insertional Achilles
tendinopathy. Chapter seven evaluates the surgical treatment of retrocalcaneal bursitis,
separate studies have been performed yet it is unknown which surgical treatments for
chronic retrocalcaneal bursitis is preferable. The aim of chapter seven is to systematically
evaluate and analyse the current literature to determine which surgical treatment is the
most effective for retrocalcaneal bursitis.

Section IV: The Achilles Heel in Children
The fourth and final section discusses the treatment of Achilles tendon (related) problems
in children, more specifically calcaneal apophysitis. Although some studies have reported
on this pathology little is known56;58;67. The incidence is unsure, and was never studied
specifically. Although it is known to cause a significant decrease in the quality of life of
affected children the most effective treatment is unknown70. The aim of the eighth chapter
is to determine the incidence of calcaneal apophysitis in the Dutch general practitioner’s
practice. The ninth chapter is the report of the first randomized controlled therapeutic trial
on calcaneal apophysitis. The aim is to determine which treatment is most effective.
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Introduction
The area of the Kager triangle contains numerous structures, diseases, approaches, or
tests that are described with the use of eponyms1-6. Even the triangle itself is an eponym,
named for Dr. Hans Kager 7. The Kager triangle, also known as the pre-Achilles fat pad,
is the region bordered by the superior part of the calcaneus, the flexor hallucis longus
tendon, and the Achilles tendon 7,8.
Much has been written about eponyms 9,10, and the use or misuse of eponyms has been
discussed previously 11-14. Recent publications have questioned whether eponyms should
be used in medical practice or merely be reserved for use by those interested in the historical perspective 15-17, but, to date, no consensus has been reached. Although the use of
eponyms can cause confusion for scientific and clinical purposes, they remain a tribute to
the pioneers of anatomy and pathology 18,19. The problem with eponyms seems to be
that the original description sometimes has been forgotten or replaced by more recent
authors, leading to different meanings 1,19-29. We performed an extensive review of the
scientific literature to identify the original publication that described the exact structure
and pathology of the area of the Kager triangle in order to provide a clear overview of its
multiple eponymous structures and diseases (Fig. 1, Table 1).

Fig. 1A: Anatomical structures in and around the Kager triangle. Fig. 1B: eponymous pathologies
around Kager triangle.

Achilles Tendon
The Achilles tendon is located on the posterior border of the Kager triangle. The most
well-known tendon of the human body was named after Achilles, a hero in the Trojan War
and the main character in the Iliad by Homer. In 1693, Philip Verheyen, a Dutch surgeon,
was the first to actually name the Achilles tendon after the Greek hero 30. Prior to that
time, it was known as the “tendo magnus of Hippocrates.”
Only one source recounts the story of Achilles as invulnerable after his mother, holding him
by the heel, submerged him in the river Styx in the underworld of Hades 31. Everything
the waters touched became invulnerable, but the heel remained dry and unprotected, and
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Table 1 Overview of eponymous structures and corresponding noneponymous terminology.
Eponym

Common Noneponymous Term

Achilles tendon

Calcaneal tendon

Albert disease

Retrocalcaneal bursitis

Ligament of Rouvière (and
Canela Lazaro)

Fibulotalocalcaneal ligament

Sever disease

Calcaneal apophysi tis

Stieda process

Posterior talar process

Shepherd fracture

Fracture of osterior talar process

Haglund exostosis

Posterosuperior calcaneal exostosis

Haglund disease

Osteochondrosis of accessory navicular bone (or os tibiale externum)

Haglund syndrome

Combination of insertional Achilles tendinopathy, retrocalcaneal bursitis
and posterosuperior calcaneal exostosis

Van Dijk hindfoot approach

Two-portal posterior ankle arthroscopy

Kager triangle/fat pad

Pre-Achilles fat pad

Thompson test

Calf squeeze test

thus remained susceptible to injury. Statius states that Achilles was killed by an arrow that
wounded his heel 31, while other authors simply state that Achilles was killed by arrows
or a poisoned arrow. Homer even describes Achilles as being wounded in battle, which
raises questions about his invulnerability. Interestingly enough, Homer does not describe
Achilles’ death.

Albert Disease
In 1893, Eduard Albert published an article on achillodynia, which literally means pain at
the Achilles tendon1 .He described a patient who experienced intense pain at the insertion
of the Achilles tendon while standing and walking. He described the area of insertion as
bulging. Currently, Albert disease is synonymous with retrocalcaneal bursitis 32. Endoscopic
treatment for this entity has gained popularity over the last decade 28,33,34. Albert, born
on January 20, 1841, was the son of a watchmaker in Žamberk, Kingdom of Bohemia, the
Austrian Empire (currently the Czech Republic). He studied medicine at the University of
Vienna and received a doctor of medicine degree in 1867. Albert became an operator and
assistant under Johann von Dumreicher (1815 to 1880) in the surgical clinic of Vienna. He
was appointed full professor at the surgical clinic in Innsbruck in 1873. In 1881, he was
appointed to the more prestigious chair of surgery in Vienna, a position he held until 1900.
Albert learned of Joseph Lister’s antiseptic procedures and introduced these in Innsbruck,
making antiseptics mandatory during the treatment of all wounds. According to Albert, a
total revision of surgical practice was necessary to instill these principles. His Lehrbuch der
Chirurgie was the first surgical textbook based on the principles of antiseptic treatment.
In addition, Albert is remembered for producing “artificial ankyloses” in paralyzed limbs.
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He was the first to use the term “arthrodesis,” and he performed tarsal and shoulder
arthrodesis for patients with paralysis and recurrent dislocations 35. After Albert’s death,
some of his properties in Zamberk were sold to fund a sanatorium that still carries his name
today, the Sanatorium Albertinum 36.

Ligament of Rouvière and Canela Lazaro
In 1932, Rouvière and Canela Lazaro described the fibulotalocalcaneal ligament, also
known as the “Rouvière ligament” or the “ligament of Rouvière and Canela Lazaro” (Fig.
2) 3. The Rouvière ligament is an extrinsic sheathlike ligament that occupies the posterolateral corner of the ankle and the posterior aspect of the subtalar joint. It originates
from the medial border of the peroneal groove on the posterior border of the lateral
malleolus, in common with the origin of the posterior tibiofibular ligament, and frequently
reaches the origin of the calcaneofibular ligament 37. The ligament is known because of
its influence on the two-portal posterior ankle arthroscopy (also known as the van Dijk
hindfoot approach). Van Dijk describes how the ligament prevents the arthroscopist from

Figure 2: Structures around the dorsal side of the (right) ankle, highlighted in red is the Rouvière ligament.
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entering the ankle joint through the posterior portals and advises that the ligament be cut
38. Since cutting the ligament has not been shown to cause any problems 38-40, its exact
biomechanical function remains to be determined.
Henri Rouvière, a French anatomist and embryologist, was born in Le Bleymard, (Lozère)
France on December 23, 1875. He studied medicine in Montpellier, where he received his
doctorate in 1903. In 1910, he became an associate professor of anatomy and embryology
at the medical faculty of the University of Paris. He became a full professor of anatomy at
the same institute in 1927. Rouvière is well known for the eponymous “node of Rouvière”
(the most superior node of the lateral group of retropharyngeal lymph nodes). This node is
described in his 1932 publication, Anatomie des Lymphatiques de l’Homme, an extensive
study describing and classifying the human lymph nodes and associated drainage regions
41. Rouvière died on October 26, 1952. Many of his anatomical works can be found in the
Parisian Musée d’Anatomie Delmas Orfila-Rouvière 42.
Miguel Canela Lázaro was born on September 29, 1894 in the city of Santiago de los
Caballeros, Dominican Republic. In 1914, he enrolled at the University of Santo Domingo,
where he studied mathematics and engineering. He became a professor of mathematics and natural sciences at the Ecole Normale de Santo Domingo. Probably influenced
by his friend, the prominent surgeon Pascasio Salcedense Toribio, he decided to study
medicine and received his degree in 1924.He went to Paris to work in the Laboratory of
Anatomy at the Faculty of Medicine of the University of Paris (now known as the Paris V,
René Descartes University) under the supervision of Henri Rouvière. Together, they investigated the ligaments of the ankle and found a ligament never previously mentioned in the
anatomical literature: the fibulotalocalcaneal ligament 43. Later, Canela Lázaro worked
with Manoutchehr Hakim and discovered another ligament: the superficial fascicles of the
posterior sacroiliac ligament, also known as the Hakim-Canela ligament 44. On December
1, 1977, Canela Lázaro died in Santo Domingo at the age of eighty-three.

Sever Disease
Sever disease or Sever injury, also known as calcaneal apophysitis, is a traction epiphysitis
of the calcaneus 4. Sever disease is common in active, frequently overweight, children.
Boys are more often affected than girls. Symptoms appear around the age of seven to
fifteen years in boys and eight to thirteen years in girls. The incidence of Sever disease has
been reported to be between 2% and 16% 45-47 of all musculoskeletal injuries, and it is
the most common cause of heel pain in the growing child. Children may experience pain
over the apophyseal area, which extends up to the insertion of the Achilles tendon, in one
or both (in 60% of children with Sever disease45-47) heels. Despite its prevalence, there is
only marginal evidence for any effective treatment of Sever disease, which tends to resolve
with skeletal maturity. James Warren Sever, an American orthopaedic surgeon, was born
in Kingston,Massachusetts in 1878 and died in 1964 48. He studied medicine at Harvard
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Medical School, where he received his degree in 1901. Sever served as an instructor in
orthopaedic surgery (1922 to 1929) and an assistant professor of orthopaedic surgery
(1929 to 1946) at Harvard Medical School. In addition, he served at Children’s Hospital
Boston for forty years and was an associate surgeon at three other hospitals. For more than
fifty years, he was the medical director of the Industrial School for Crippled and Deformed
Children in Boston 49. Sever authored several books and scientific articles, and, in 1912, he
published a study on “apophysitis of the os calcis” 4,50. This common cause of heel pain
in children is now referred to as Sever disease.

Stieda Process
The lateral tubercle of theposterior talar processis also known as the “Stieda process.” This
posterior talar process consists of a medial and lateral tubercle, separated by a groove in
which the flexor hallucis longus tendon runs. The Y-shaped, bifurcate talocalcaneal ligament forms a roof over this groove and inserts onto each tubercle. The posterior talofibular
ligament inserts at the lateral tubercle of the talus 6. When the tubercle is not ossified, it
is called an “os trigonum” 51. A prominent posterior talar process, an os trigonum can
cause posterior ankle impingement syndrome and can be treated by means of an open or
arthroscopic procedure 39,40,52 .
Christian Hermann Ludwig Stieda, a German anatomist, was born in Riga (currently Lithuania), on November 19, 1837 53. He received his medical education in Dorpat (currently
Estonia), where he won a silver medal in anatomy. After receiving his degree in 1861, he
went to Giessen University in Germany, where he studied the anatomy of worms. In 1862,
he moved to Vienna, where he studied histology. Stieda was appointed prosector at Dorpat
in 1864, and, in the following year, he became a lecturer on comparative anatomy in the
veterinary school at the same institute. In 1866, he was elected extraordinary professor
of anatomy, and, nine years later, he became a full professor in succession of his teacher
Dr. Reissner. He held this chair for ten years, and was Dean of the Medical faculty for the
last three years of this period 53. In 1885, he was appointed director of the anatomical
institute in Königsberg, where he remained until his retirement in 1912. Stieda died on
his birthday in 1918 53. He authored several publications on the history of medicine,
archaeology, anthropology, and ethnography. His son, Alexander (1875-1966), became a
famous German neurosurgeon.

Shepherd Fracture
A Shepherd fracture is a fracture of the lateral tubercle of the posterior process of the talus
(the Stieda process). Shepherd noted that the fracture caused no deformity and only vague
symptoms 5. The posterior process is susceptible to injury. It is a relatively common fracture
in soccer players and ballet dancers, caused by hyperplantar flexion of the foot. A Shepherd fracture can simulate an os trigonum in the eyes of a less experienced radiographic
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examiner. Even Dr. Shepherd himself sometimes had trouble differentiating between an os
trigonum and a fracture of the lateral tubercle of the posterior talar process 5.
Francis John Shepherd, a Canadian dermatologist, anatomist, and surgeon was born in
Como, Quebec in 1851 and died in 1929. He graduated from McGill University in 1873.
During his student days at McGill, Shepherd developed a friendship with William Osler,
who he described as “a keen-eyed alert, spare young man with an enormous amount of
energy” 54. After obtaining his degree at McGill in 1872, Osler subsequently became a
staff member there. He wrote to Shepherd, suggesting that he apply for the position of
demonstrator of anatomy at McGill, and Shepherd returned to the university in 1875. He
became a full Professor of Anatomy in 1883 and remained so until 1913. He also served
as Professor of Dermatology from 1908 to 1913 and Dean of the Faculty of Medicine
from 1908 to 1914, retiring as Emeritus Dean and Professor in 1919. In 1882, Shepherd
published “A Hitherto Undescribed Fracture of the Astralagus,” 5 a descriptive study of
several dissecting room specimens: “the part fractured was the little process of bone
external to the groove for the tendon of the flexor hallucis longus” 5.His findings gave
rise to a long-lasting discussion. Well-known anatomists entered the discussion on the
origin of the Shepherd fracture: was it a fracture or a separate ossicle? The idea that this
fragment of bone was an ossicle was first described by Gruber and Stieda in the 1880’s.
Von Bardeleben termed the ossicle an “os trigonum”. Shortly after Shepherd’s publication,
Professor Bennett stated it was an ossicle, not a fracture fragment 55. Shepherd reacted
after additional observations: “further investigation of the subject has led me to reject the
theory that the ossicle, found at the posterior border of the astralagus, is due to fracture;
I am now convinced that it is an un-united epiphysis, and has an origin from a separate
centre of ossification” 54,55. To this day the discussion remains as to whether the fragment of bone is a Shepherd fracture or an os trigonum.

Haglund Deformity, Syndrome, and Disease
Dr. Patrik Haglund was not the first to report on bursitis of the retrocalcaneal bursa or its
treatment 26,56. He differentiated between several types of bursitis of the posterior calcaneal region and reported on the successful surgical treatment of retrocalcaneal bursitis2.
To our knowledge, it was in 1958 that retrocalcaneal bursitis was first termed “Haglund
disease” 57. Currently, “Haglund deformity” is defined as a posterosuperior calcaneal
prominence or exostosis. Because the retrocalcaneal bursa may impinge between the deformity and the Achilles tendon, it can cause a retrocalcaneal bursitis. Because “Haglund
syndrome” is the term for many different combinations of pathology, it can cause confusion. It is frequently described as a combination of an insertional Achilles tendinopathy,
a retrocalcaneal bursitis, a superficial bursitis, and a posterosuperior calcaneal exostosis.
Because of these different interpretations, it was recently proposed to not use the term
“Haglund” to describe pathologies involving the posterior part of the calcaneus16. Like-
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wise, the term “Haglund disease,” which is sometimes known as osteochondrosis of the
accessory navicular bone (or os tibiale externum) 22,27,58, has caused confusion. As a
result, it has also been proposed to not use the term “Haglund disease” in clinical practice
16.
Haglund was born the son of a doctor in Norrköbing, Sweden on May 27, 1870. After
studying physics and astronomy for three years in Uppsala, he started studying medicine
in 1891 and received a degree in 1899. He learned the principles of orthopaedic surgery
mainly in Germany. At the time, this area of expertise was still underdeveloped. Like nearly
all of his teachers, Haglund was mostly autodidactic. His thesis was called “Radiographic
Studies of the Functional Structure of Spongious Bone in the Calcaneus.” During his career,
he published as many as 300 manuscripts and books. The two main publications were
Consequences of Paralysis in Children and Treatment” (1913) and Principles of Orthopedics (1923). Because Haglund was the only professor in orthopaedics in Scandinavia, he
became a very important figure. In 1930, he founded Acta Orthopaedica Scandinavica.
On December 8, 1937, Haglund died of a heart attack, which had been mistaken for a
backache. When an injection was prepared for him, he supposedly said, “inte skall man
ha spruta för rheumatism i ryggen” (because of rheumatism in the back, you don’t need
an injection) 59.

Kager Triangle/Fat Pad
The Kager triangle or Kager fat pad is also known as the pre-Achilles fat pad. It is a
lipomatous triangular structure bounded by the flexor hallucis longus muscle and tendon anteriorly, the superior cortex of the calcaneus inferiorly, and the Achilles tendon
posteriorly8. The retrocalcaneal bursa forms the posteroinferior corner of the pad. With
an Achilles tendon rupture, the triangle may appear deformed on a conventional lateral
radiograph.
Dr. Hans Kager has a history that is hard to elucidate. Besides his principal work (1939)
on the treatment of Achilles tendon rupture 7, we did not find any other publications of
his. From the original publication, we can derive that, at the time, he was working at the
Hohenlychen Sanatorium in Lychen, Germany. Karl Gebhardt, the Nazi doctor and personal
physician of Heinrich Himmler, who stood trial at the Nuremburg Doctors’ Trial and was
sentenced to death for war crimes and crimes against humanity, was the head of Dr.
Kager’s department. To our knowledge, there is no additional information on Dr. Kager’s
personal life, his work, or his political affinities. In his original publication, Kager mentions
the triangle. The first time we found it cited as the term “Kager triangle” was in a 1977
German publication 60.
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Discussion
This report provides an overview of eponymous structures, pathological approaches, and
tests in the area of the Kager triangle. The question remains whether eponyms are a gift
or a curse in daily medical practice. As described earlier, the benefits are obvious: eponyms
are a tribute to the founder of the structure or disease 10,61. In addition, eponyms are
unaffected by language barriers. This is in contrast to many medical definitions (e.g.,
calcaneus or calcaneum). Indeed, the international recognition of a termmay be themain
advantage of eponymous annotations over anatomic nomenclature. Additionally, it may be
considered a tradition to name a discovery after its founder 10,61.
However, there are several disadvantages with the use of eponyms 9,19. The accidental
use, or worse, the intentional misuse or incorrect use of eponyms, is important to note62.
For example, the well-known Thompson test for Achilles tendon ruptures was wrongly
named after Dr. Theodore Campbell Thompson. The discoverer of this test was in fact Dr.
Franklin Adin Simmonds 63. The calf squeeze test is commonly referred to as the Thompson test, or the Thompson-Simmonds test, rather than the Simmonds test 63,64. The fact
that eponyms are traditionally seen as a tribute to the founder makes them inevitably
susceptible to misuse11. Whether or not everybody is justified in receiving such a tribute
has been an issue of discussion, specifically in regard to the discoveries made by Nazi doctors 14,65-70. There has been a long-lasting debate whether or not unethical discoveries
should be honored by any means, and whether they should be removed from the history
books altogether 14,65-67,71.
Finally, the use of eponyms is also susceptible to accidental erroneous use, which can create overall confusion regarding a certain topic or entity (e.g., as discussed previously with
the Haglund eponym) 13,16,18. Some believe that daily medical practice would be less
confusing if use of eponymous nomenclature is discontinued and replaced with a uniform
terminology based on a combination of anatomic location, symptoms, clinical findings,
and/or histopathology 13,16,18,19 (Table 1).
NOTE: The authors thank Liesbeth Schroth for reviewing the manuscript and the textual
corrections.
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Abstract
Purpose: The purpose of the current study was to clinically evaluate the diagnostic value of
the new posterior impingement (PIM) view in the detection of an os trigonum, compared
with the standard lateral view, using computed tomography (CT) as a reference standard.
Methods: Three observers, 2 experienced (orthopaedic surgeon and radiologist) and one
inexperienced (resident), independently scored 142 radiographic images for the presence
of an os trigonum. The diagnostic performance was assessed using the computed tomographic scan as the reference standard. Accuracy, sensitivity, specificity, positive predicted
value (PPV), and negative predicted value (NPV) were calculated.
Results: The PIM view had significantly superior accuracy compared with the lateral view
for each observer: orthopaedic surgeon, PIM view = 90 versus lateral view = 75 (P = .013);
radiologist, PIM view = 80 versus lateral view = 64 (P = .019); resident, PIM view = 90
versus lateral view = 79 (P = .039). The mean sensitivity and specificity of the lateral view
for all observers was 50% and 81%, respectively. For the PIM view, this was 78% and
89%, respectively. The PPV was 50% for the lateral view and 70% for the PIM view. The
NPV was 84% for the lateral view and 93% for the PIM view.
Conclusions: The PIM view has significantly superior diagnostic accuracy compared with
the conventional lateral view in the detection of an os trigonum. In cases of symptomatic
posterior ankle impingement, we advise that a PIM view be used instead of or in addition
to the standard lateral view for detection of posterior talar pathologic conditions.
Level of Evidence: Level II, diagnostic study
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Introduction
Posterior ankle impingement is a common patho- logic condition that can be divided
into bony and soft tissue impingement.1-8 Bony impingement is caused by an enlarged
posterior talar process (Stieda process) or an os trigonum. 9,31 The os trigonum is the most
common cause of symptomatic posterior ankle impingement,10,11,31 Surgical treatment
of bony impingement is effective if the correct diagnosis is made.3,5,6,10-21 Frequently,
however, the pathologic process causing impingement is not found on lateral radiographs.
This may result in a delay in treatment or may require additional more expensive imaging
studies.7,22-25
The standard lateral radiograph has been used as the primary diagnostic tool in symptomatic posterior ankle impingement.22,24,26 Diagnosing an os trigonum based solely
on clinical examination and conventional radio- graphs creates a challenge because of
superposition of surrounding tissues (distal fibula and posterior talar ridge) in the posterior
region of the talus.22,25,27 The current method to avoid false-negative diagnoses is additional assessment with more advanced imaging such as computed tomography (CT),
magnetic reso- nance imaging (MRI), and technetium bone scan- ning.11,13,22,24,2628 These additional techniques, although they have increased diagnostic value, do have
their own set of disadvantagesdincreased costs and increased radiationdand are more
time-consuming.29 An alternative conventional imaging method with an altered beam

Figure 1: Conventional standard view of the ankle Figure 2: Posterior Impingement (PIM) view of
of a 21 year old female patient. Note how the poste- the ankle (same patient as Figure 1) The posterior talar facet in not clearly distinguished.
rior talar facet is clearly distinguishable (black
arrows), evidently showing an os trigonum
(white arrow).
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direction may provide superior diagnostic accuracy compared with the standard lateral
view (Fig 1), with fewer disadvantages than with advanced imaging (CT/MRI). Based on
anatomic studies and a CT-based calculation model performed at our institution, the os
trigonum is expected to be best visualized with a lateral 25° external-rotation oblique
view of the ankle. This posterior impingement (PIM) view (Fig 2)was designed to have the
beam perpendicular to the posterior talar ridge (and possible os trigonum). The purpose
of the current study was to clinically evaluate the diagnostic value of the new PIM view in
the detection of an os trigonum compared with the lateral view, using CT as a reference
standard. Our hypothesis was that the PIM view has higher diagnostic accuracy compared
with the conventional lateral view in the detection of an os trigonum.

Methods
This trial was designed and conducted according to the STARD guidelines (STAndards for
the Reporting of Diagnostic accuracy studies) and was approved by the Medical Ethical
Committee of our institute(30).

Patients
All consecutive patients, 18 years and older, who visited our outpatient clinic between
December 2010 and September 2011 with clinically suspected soft tissue or bony posterior
ankle impingement also known as the os trigonum syndrome, were eligible for participation
(all patients at risk). Suspicion of the os trigonum syndrome by our senior staff, experienced
foot and ankle surgeons, is based on the following: among other clinical tests, it is standard to evaluate whether the posterior impingement test (sudden pas- sive hypereplantar
flexion of the ankle) is positive; furthermore, patient complaints are evaluated (pain on
hypereplantar flexion) consisting of retrocalcaneal pain aggravated on walking, running,
and forced hypere plantar flexion.6,12,20,32
The required imaging for inclusion consisted of a lateral view, a PIM view, and CT of
the affected ankle. Data were collected prospectively, creating a database with all images
of included patients. The study was conducted retrospectively, and images were indepen- dently scored for the presence of an os trigonum. An os trigonum was defined as
an osseous structure located posterior to and separate from the lateral tubercle of the
posterior talar process and in the same sagittal plane as the lateral tubercle of the posterior
talar process. If any osseous structure was identified on CT as bridging, this was defined
as an enlarged posterior talar process instead of an os trigonum. One experienced orthopaedic surgeon (C.N.v.D), one experienced musculoskeletal radiologist (M.M.), and one
orthopaedic resident (J.I.W.) individually performed the analyses. Images were analyzed
anonymously to avoid recognition of patients and accompanying complaints. Observers
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were given the choice of os trigonum “yes” or “no” when scoring the images. Observers
were allowed to enlarge the image and adjust brightness and contrast. Images were excluded from analysis if individual observers decided that the quality of a radiograph, either
lateral view or PIM view, was considered too low for daily clinical practice, and thus too low
to score properly, and if there was a consensus regarding the individual decision at analysis.
Computed tomographic images, assessed sepa- rately by independent radiologists, were
used as the gold standard reference for the evaluation of the presence of an os trigonum.
After scoring the radiographic images, the results were matched with the gold standard
refer- ence. All patients in whom it could not be clearly determined whether or not an os
trigonum was present on CT were excluded from the analysis.

Imaging techniques
Standard Lateral Ankle View. This weight-bearing radiograph is made according to a
standardized protocol with the lower leg parallel to the detector. The lower leg is internally
rotated until an imaginary line can be made with both malleoli perpendicular to the detector. The focus is on the joint line between the distal tibia and talar bone (Fig 1 and Video
1). (Video 1 available at www.arthroscopyjournal.org).
PIM View. The PIM view radiograph is also obtained ac- cording to a standardized protocol
and a weight-bearing image; the medial side of the ankle is placed directly against the detector. This position provides a 25° external rotation compared with the lateral view, which
allows for a perpendicular view of the posterior part of the talus. The 25° external rotation
is calculated from the internal rotation necessary for the lateral view; this was based on
anatomic studies of the os trigonum and a CT-based calculation model performed at our
institution.4,32 The beam is perpendicular to the detector and is focused on the ankle joint
(Fig 2 and Video 1) (Video 1 available at www.arthroscopyjournal.org).
Computed Tomography. Computed tomographic scans (0.55 mm coupes, 0.27 mm inclination) were made according to the hospital’s standard CT ankle protocol. For the gold
standard references, all planes were reviewed and a bone setting was used. Patients were
placed in the prone position with both ankles strapped at 90°.

Scoring and Analysis
The primary outcome measure was accuracy, defined as the proportion of patients who are
correctly classified on radiographs. The following additional diagnostic performance characteristics were also calculated according to the standard formulas: sensitivity, specificity,
positive predicted value (PPV) and negative predicted value (NPV). The latter 4 values were
calculated with 95% confidence intervals (CIs). Comparison of the accuracy, sensitivity, and
specificity between the lateral and PIM views was performed by using McNemar tests for
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paired binary data. Comparisons were considered statistically significant at a probability of
P < .05. Additionally, multirater kappa values were calculated with 95% CIs to estimate
the paired interobserver agreement for both the lateral and PIM views separately. The
kappa statistic was interpreted as almost perfect (0.81 to 1.00), substantial (0.61 to 0.80),
moderate (0.41 to 0.60), fair (0.21 to 0.40), and slight (0.00 to 0.20).32 Data were entered
into IBM SPSS Statistics, version 20 (SPSS, Chicago, IL).

Results
The 3 observers independently evaluated the files, consisting of 154 radiographic images,
for the presence of an os trigonum in 77 patients who were clinically symptomatic for posterior ankle impingement. Six cases (12 images) were excluded from analysis because the
quality of the PIM view or the lateral view radiographs was considered too low to properly
score the posterior talar process; exclusion was because of an inadequate lateral view in 4
cases, and 3 cases were excluded because of an inadequate PIM view (in one case, both
images were inadequate). This resulted in the inclusion and analysis of 71 patient files and
a total of 426 evaluated images. In 17 of 71 patients, an os trigonum was present on CT,
resulting in a prevalence of 24% (95% CI, 15% to 36%). The range in sensitivity of the
lateral view for all observers was 41% (95% CI, 19 to 67) to 71% (95% CI, 44 to 87); the
specificity ranged from 63% (95% CI, 49 to 75) to 91% (95% CI, 79 to 97). For the PIM
view, the sensitivity ranged between 76% (95% CI, 50 to 92) and 88% (95% CI, 62 to
98); the specificity ranged from 78% (95% CI, 64 to 86) to 94% (95% CI, 84 to 99) for
all observers. The PPV ranged from 38% (95% CI, 22 to 56) to 58% (95% CI, 29 to 83)
for the lateral view and 56% (95% CI, 36 to 74) to 81% (95% CI, 54 to 95) for the PIM
view. The NPV ranged from 83% (95% CI, 70 to 92) to 87% (95% CI, 72 to 95) for the
lateral view and 93% (95% CI, 82 to 98) to 95% (95% CI, 83 to 99) for the PIM view. The
orthopaedic surgeon had significantly better diagnostic results using the PIM view regarding accuracy (P = .01). The radiologist also had significantly superior diagnostic results in
accuracy using the PIM view (P = .02). The inexperienced observer had significantly better
results with the PIM view in accuracy (P = .04) and sensitivity (P = .03) (Table 1). Kappa
values for interobserver agreement were 0.35 (95% CI, 0.00 to 0.71) and 0.71 (0.42 to
0.99) for the lateral and PIM views, respectively.

Discussion
This study shows the significant diagnostic superiority of the PIM view compared with
the lateral view for the radiographic diagnosis of os trigonum, regardless of the specialty
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Table 1: Specified diagnostic value results for all observers for standard lateral view (Lat) and posterior
impingement view (PIM).
Outlined are true positives (TP), False Positives (FP), True Negatives (TN) False Negatives (FN). Accuracy
(ACC), Sensivity (Sens), Specificity (Spec), Positive Predictive Value (PPV) and Negative Predictive Value
(NPV)

Orthopaedic
surgeon

TP

FP

TN FN ACC%
(95%CI)

Sens%
(95%CI)

Spec%
(95%CI)

PPV%
(95%CI)

NPV%
(95%CI)

Lat

8

9

45

9

75 (54-95)

47 (24-71)

83 (70-92)

47 (24-71)

83 (70-92)

PIM

14

4

50

3

90 (76-100)

82 (56-95)

93 (81-98)

78 (52-93)

94 (83-99)

0.01

0.07

0.23

Lat

12

20

34

5

64 (42-87)

71 (44-87)

63 (49-75)

38 (22-56)

87 (72-95)

PIM

15

12

42

2

80 (61-99)

88 (62-98%)

78 (64-86)

56 (36-74)

95 (83-99)

0.25

0.06

Lat

7

5

49

10 79 (59-98)

41 (19-67)

91 (79-97)

58 (29-83)

83 (71-91)

PIM

13

3

51

4

90 (76-100)

76 (50-92)

94 (84-99)

81 (54-95)

93 (82-98)

0.04

0.03

0.69

p-value
Radiologist

p-value
Inexperienced

p-value

0.02

and experience of the observer. Although no statistically significant difference was found
regarding sensitivity and specificity for each individual observer, clinically relevant differences were evident; the increase in sensitivity ranged from 17% to 35% and the increase
in specificity ranged from 3% to 15%. The increase in PPV and NPV ranged from 18%
to 27% and from 8% to 11%, respectively. Finally, the interobserver agreement was
superior for the PIM view. The increased detection rate with the PIM view is attributable to its 25° external rotation, ensuring a superior position of the tibia and fibula and
preventing substantial overprojection of the posterior talar ridge and a superior beam
direction perpendicular to the posterior talar process. Previous studies evaluated altered
conventional beam directions for ankle and hindfoot pathologic conditions.29,33-38 An
oblique 45° and 70° externally rotated ankle view was developed to study posteromedial
talar process fractures.33-36,38 The anteromedial impingement view was designed to
detect bony anteromedial ankle impingement.29,37 Both have changed the diagnostic
path and resulted in less extensive use of alternative (CT) imaging.29,33-38 Hitherto, no
study was performed to focus on the common pathologic condition of osseous posterior
ankle impingement. This study focused on the os trigonum; even though it is the most
common cause of posterior ankle impingement, an enlarged posterior talar process may
also cause symptomatic posterior ankle impingement. Because the anatomic location is
identical, the same beam direction should be as effective for a posterior talar process. The
results of this study simplify the diagnostic path for patients with symptomatic posterior
ankle impingement. Previously, a lateral view was used, ideally showing a cause for the
posterior impingement symptoms; however, the pathologic process often was unclear
and additional imaging (CT/MRI) would be planned.5,6,11,13,19,22,24,26-28 The higher
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diagnostic value of the PIM view may justify the replacement of the lateral view in selected
patients with symptomatic posterior ankle impingement. Furthermore, additional imaging
may become less necessary, depending on the clinical and radiographic findings. Although
the current advancements in CT/MRI imaging techniques are very important and provide
new insights, the disadvantages should not be overlooked, i.e., the radiation exposure
and the financial burden.34 As proved previously, these techniques may not be necessary
to provide proper care to our patients.29,33-35,37,38 In addition, these new techniques
are often more time-consuming because high-resolution (MR) imaging requires long scan
duration and, asproved previously, are less patient friendly.34 The advantage of these new
altered beam direction conventional imaging techniques is low cost, time efficiency, easy
performance in a physician office setting, and lower radiation levels.29,33-35,37,38 An
interesting result in this study was the difference between the observers (Table 1). It is a
well-documented problem with imaging studies.39-44 Previous studies have shown the
variability of radiographic interpretation between radiologists and other observers, as well
as the influence of computerized images and the timing at which the observations took
place.39-43,45,46 Substantial intraobserver differences are also well documented and
are an accepted interpretation limitation of radiographic diagnostic accuracy.39,40,43,46
Regarding the current study, the orthopaedic observers scored a substantially higher sensitivity with the PIM view compared with the lateral view, whereas the radiologist had a
substantially higher specificity with the PIM view compared with the lateral view (Table 1).
Focusing on the comparison between observers, the lateral view provides an explanation:
the sensitivity for orthopaedic observers is relatively low (41% to 47%) compared with the
radiologist (71%). This may be a result of the observational technique that is used by the
individual observer. Does one view the image to exclude pathologic processes or does one
view to trace pathologic processes? It appears as if the radiologist generally assumed that
there was a certain pathologic process, resulting in more false-positive results, whereas
the orthopaedic observers assumed there was no pathologic process, resulting in more
false-negative results. This leads to a possible weakness of any imaging study: the clinical
inquiry to be answered by radiographic evaluation may influence the actual outcome of the
evaluation. This is the first report, to our knowledge, on the clinical use of the PIM view.
Although the current PIM view is a significant improvement for os trigonum detection,
future studies should focus on the optimization of the PIM view. The variables that require
further analysis are the shape of the synchondrosis, its relation to the lateral malleolus, the
bimalleolar axis, and the syndesmotic line.
A limitation of the study is that it was not powered to detect differences between the
observers with respect to the primary outcome measure. Although the prevalence of os
trigonum, based on the patient at risk calculation, is comparable to previous studies, the
absolute number of os trigoni is relatively small in this study.1-8,10 This results in a relatively insufficient power to show significant differences regarding outcomes specified per
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observer. Although the interobserver variability proved to be superior for the PIM view, this
study did not report on intraobserver variability; previous research has elaborated on this
meticulously studied and accepted interpretation limitation of all radiographic diagnostic
accuracy studies.39,40,43,46 Furthermore, because of the number of analyzed images,
the variability is corrected because of the stochastic deviation of the entire group. The
variability in the execution of the scan protocol is important in imaging studies. Although
the execution of both imaging techniques is straightforward, and a clear imaging protocol
is issued at our institute to account for reproducibility bias, there might be subtle execution differences between technicians. The exclusion of 3 PIM views and 4 lateral views
shows possible reproducibility bias, which was corrected for in this study. The PIM view has
significantly superior diagnostic accuracy compared with the conventional lateral view in
the detection of an os trigonum. In the case of symptomatic posterior ankle impingement,
we advise the use of a PIM view instead of or in addition to the standard lateral view for
detection of posterior talar pathologic conditions.
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Abstract
Purpose: To evaluate whether the imaging features of the retrocalcaneal recess normalizes
on a conventional radiograph after surgery for retrocalcaneal bursitis and evaluate whether
it can be re-used if complaints reoccur.
Methods: Patients who underwent an endoscopic calcaneoplasty at least two years before
were eligible for inclusion. A lateral conventional radiograph of the surgically treated hindfoot was made to assess the retrocalcaneal recess and pre-Achilles fat pad; images were
analysed, clinical complaints were registered and evaluated. Radiographs were evaluated
by two experienced observers (one orthopaedic surgeon one musculoskeletal specialized
radiologist), these scored the images either as “normal” (no obliteration of retrocalcaneal
recess and pre-achilles fat) or as “abnormal”.
Results: Thirty patients (34 heels: 28 asymptomatic, 6 recurrent complaints) were included
in this study. Observer one rated 12 images as “normal” (2 symptomatic heels, 10 asymptomatic); 22 “abnormal”. Observer two rated 9 “normal” (1 symptomatic heels, 8
asymptomatic); 25 “abnormal”. No correlation between the radiographic appearance and
complaints (n.s.) was found. Cohen’s kappa for inter-observer agreement was low (0.11
n.s.).
Conclusion: The appearance of the retrocalcaneal recess on a lateral radiograph cannot
be used as a reliable diagnostic criterion for retrocalcaneal bursitis in patients who previously underwent endoscopic calcaneoplasty. This studies clinical relevance is based upon
the conclusion that a lateral radiograph cannot be used after endoscopic calcaneoplasty,
whereas previous work reported the diagnostic value of a lateral radiograph for retrocalcaneal bursitis prior to surgery.
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Introduction
Conventional radiographic examination is generally confined to the detection of bony
pathology. Changes in shape, size and transparency of non-bony tissues on conventional
radiographs can aid in the diagnosis of soft tissue pathology. One of these soft tissue
configurations is the pre-Achilles fat pad or Kager’s triangle; a mass of adipose tissue
occupying pre-Achilles fat pad.(14) Normally this fat pad, as seen on a lateral standing
radiograph of the ankle, is a radiolucent triangle with sharp borders (fig. 1).(2) The appearance of pre-Achilles fat pad has been used for many years as a diagnostic criterion
for abnormal conditions involving the posterior ankle area.(3,7,10,16) A recent study
demonstrated that, in combination with clinical signs, the appearance of the retrocalcaneal
recess is a reliable diagnostic criterion for the diagnosis of a chronic retrocalcaneal bursitis
on a digital lateral standing radiograph of the ankle.(16) It is known that, especially after
open surgery, complaints recur in the years following resection of the bursa and posterior
prominence.(5,6,8,15,17) In these cases the diagnosis can again be made clinically. Weeks
after endoscopic treatment the pre-Achilles fat pad is disturbed due to irrigation fluid
and clearance of reactive processes (fig.4). It is unknown whether the pre-Achilles fat pad
normalizes on the long term, and if the appearance on a conventional radiograph returns

Fig.1. (A) Right ankle with a normal pre-Achilles fat pad on conventional lateral radiography. (B) The borders of the pre-Achilles fat pad are schematically drawn: posteriorly it is confined by the Achilles tendon
(AT), anteriorly by the flexor hallucis longus (FHL), and inferiorly by the calcaneus (CA). The retrocalcaneal
recess is marked with an asterisk.
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Fig. 2. Schematic drawing of the hindfoot; AT= Achilles tendon, K= Kager’s triangle (or pre-Achilles fat
pad); CA= calcaneus; bu= bursa. (A) Normal situation. A thin bursa (bu) as indicated with arrow is present in the retrocalcaneal recess. (B) Situation in case of a retrocalcaneal bursitis (red), where the inflamed
bursa impinges between the Achilles tendon and the posterosuperior part of the calcaneus.

Fig. 3. (A) Lateral standing radiograph of the right hindfoot of a 41-year old male patient with complaints of a retrocalcaneal bursitis. Note the obliteration of the retrocalcaneal recess of the pre-Achilles
fat pad which now has a white foggy appearance. (B) The inflamed bursa is circled for clarification of (A).
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Fig. 4. Radiographs of the left hindfoot of a 50- year old ex- professional athlete. (A) Pre-operative situation, with on x-ray a posterosuperior calcaneal prominence and obliteration of the pre-Achilles fat pad.
(B) The situation 2 weeks postoperative. The pre-Achilles fat pad is still showing a white, foggy appearance, likely due to the presence of irrigation fluid and postoperative healing processes.

to the original situation. If a normal radiograph is strongly correlated to ‘no complaints’ or
if the radiograph shows obliterations and the patient has ‘complaints’, the lateral standing
radiograph could still be used after surgery if complaints recurred. Otherwise, if there
is no correlation this study changes the diagnostic path by advising against the use of
postoperative conventional imaging if complaints recur after endoscopic calcaneoplasty.
For the daily clinical practice this study will elucidate on the accuracy of the lateral ankle
radiograph after endoscopic calcaneoplasty. The purpose of this study was to evaluate
whether the retrocalcaneal recess normalizes on a conventional radiograph after surgery
for chronic retrocalcaneal bursitis. The hypothesis was that the radiograph would normalise
two years after endoscopic surgery and could therefore be used in patients with recurrent
complaints after endoscopic calcaneoplasty.

Materials and methods
After analysis of patient files, 42 patients were retrieved who underwent an endoscopic
calcaneoplasty in our institute between 1995 and 2009, after the diagnosis retrocalcaneal
bursitis was made. To rule out any possible postoperative swelling of the soft tissue patients
who underwent surgery of the hindfoot in the last two years were excluded. Patients with
a recent trauma to the hindfoot were also excluded. Pregnant patients were not allowed
to participate in this study because of radiation exposure. Patients were asked to visit our
outpatient clinic, where they were questioned if they were pain-free or regained symptoms
of retrocalcaneal bursitis. Demographics such as age, gender, affected side, preoperative
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Table 1. Baseline characteristics. Differences in median age and follow-up time were not significant.
P-value > 0.05
Asymptomatic

Symptomatic

Total

Number of patients

24

6

30

Male/Female

2/4

14/10

16/14

Median Age

47.9 (19.0 – 65.6)

49.0 (38.6 – 73.4)

49.0 (19.0 – 73.4)

Median Follow-up

4.2 (2.0 – 13.6)

6.9 (2.2 – 10.7)

5.0 (2.0 – 13.6)

Number of treated heels

28 (82%)

6 (18%)

34

radiographic findings (Table 1.1), medical history years after endoscopic calcaneoplasty
were recorded (Table 1).

Radiographic Obliteration of retrocalcaneal recess
A conventional lateral standing radiograph was made of each patient’s surgically treated
hindfoot to assess postoperative situation of the retrocalcaneal recess. Two experienced
observers, a musculoskeletal radiologist and an orthopaedic surgeon evaluated the radiographs. A fully visible sharply outlined radiolucent retrocalcaneal recess, without any
obliteration; indication of any fluid infiltration or any other disturbances in the pre-Achilles
fat pad was rated as “normal radiographic findings”. The observers scored the radiographs
as “normal” (no abnormalities or obliterations and not suspicious for retrocalcaneal bursitis) or “abnormal” (image shows obliterations; suspicious for retrocalcaneal bursitis). The
observers were blinded to whether the subject had complaints at the time the radiograph
was made. This trial(nr. MEC 08/090-08170597) was approved by the Medical Ethical
Committee of the Academic Medical Center, University of Amsterdam. Informed consent
was obtained from each patient prior to participation.

Statistical analysis
SPSS (IBM) version 18.0 was used to perform the analysis. The sample size was 34 treated
limbs in 30 patients. Descriptive statistics on the patient’s demographics were performed.
Due to small sample sizes and skewed distributions, Mann Whitney U tests were performed
to test differences in median age and follow up time between patients with and without
complaints. To measure correlation Fisher’s exact tests were performed. Inter-observer
agreement is measured by calculating a Cohen’s kappa coefficient.

Results
The study population consisted of 30 patients with 34 treated heels. Of the 34 heels, 28
were completely asymptomatic; six heels improved substantially but still had some discom-
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Table 2. Assessment of radiographs scored by observer A. Correlation between symptoms and appearance was calculated by Fisher’s exact test. P-value = 1.0
Assessment observer A
Normal

Abnormal

Asymptomatic

10

18

28

Symptomatic

2

4

6

12

22

34

Table 3. Assessment of radiographs scored by observer B. Correlation between symptoms and appearance was calculated by Fisher’s exact test. P-value = 1.0
Assessment observer B
Normal

Abnormal

Asymptomatic

8

20

28

Symptomatic

1

5

6

9

25

34

Table 4. Inter-observer agreement. Cohen’s kappa value = 0.11 (p-value = 0.45)

Observer B

Observer A
Normal

Abnormal

Normal

4

8

12

Abnormal

5

17

22

9

25

34

fort (pain) during prolonged activity, the discomfort never resulted in cessation of the respective activity. Median age at postoperative visit of the 30 subjects was 48.0 years (range
19.0-73.4). 16 patients were male and 14 were female. Median (range) time between
endoscopic calcaneoplasty and visit was 6.0 (2.0-13.6) years. Differences in median age
and follow-up time between the symptomatic and asymptomatic subjects were not significant (Table 1). Observer A found that the retrocalcaneal recess was normal (thus negative
for RB) in 12 radiographs and in 22 radiographs they were scored as abnormal. Among
these 12 normal radiographs, two were of symptomatic heels and ten radiographs were of
asymptomatic heels (Table 2.). Observer B rated nine radiographs as normal radiographic
findings; 25 radiographs showed abnormalities with an obliterated (positive for RB) defiant
retrocalcaneal recess or pre-Achilles fat pad (Fig. 5). Of the nine normal radiographs, one
subject was somewhat symptomatic; eight were completely asymptomatic (Table 3.). These
results were analyzed dichotomously because of small numbers, using the Fisher’s exact
test. No correlation between the appearance of the retrocalcaneal recess of pre-Achilles fat
pad and pain complaints (n.s. for both observers) could be found. The Cohen’s kappa value
of 0.11 indicates a low inter-observer agreement (n.s.) (Table 4).
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Fig. 5. Example of obliteration in preAchilles fat pad and retrocalcaneal recess:
radiograph of the left hindfoot of a 20
year old female patient five years after she
underwent endoscopic calcaneoplasty for
retrocalcaneal bursitis. Four months after the procedure she was pain free, she
did not report any discomfort ever since.
The pre-Achilles fat pad is still showing a
white, foggy appearance (white arrows).
In addition the retrocalcaneal recess is
obliterated.

Discussion
The most important finding of the present study was that the retrocalcaneal recess or
pre-Achilles fat pad cannot be used as a diagnostic criterion if patients already underwent
endoscopic surgery for retrocalcaneal bursitis in their history. The majority of radiographic
images show no recovery of the normal appearance of retrocalcaneal recess or pre-Achilles
fat pad several years after a successful treatment. Thus, a conventional lateral radiograph
of the retrocalcaneal recess cannot be used to support clinical suspicion of a retrocalcaneal
bursitis in the postoperative situation. An important finding was the low Cohen’s kappa
value of 0.11, indicating a (very) low interobserver agreement. Regardless of the preoperative radiographic findings, this shows that the postoperative radiographic images cannot
be interpreted equivalently by different observers. This strengthens the conclusion that
the retrocalcaneal recess or pre-Achilles fat pad cannot be used as a diagnostic criterion
after endoscopic surgery for retrocalcaneal bursitis. Hitherto the retrocalcaneal recess
and pre-Achilles fat pad was studied as a diagnostic tool only before surgical treatment.
(3,7,10,16) After Pavlov et al. and Heneghan et al. found an aberrant appearance on the
lateral radiograph, van Sterkenburg et al showed that the digital lateral radiograph is a
useful diagnostic tool for chronic retrocalcaneal bursitis prior to any surgery in that area.
(3,7,10,16). The interobserver agreement of the preoperative radiographic images, studied
previously, proved to be high, furthermore indicating the difference between the pre- and
postoperative images after endoscopic calcaneoplasty.(16) Due to the low interobserver
agreement it is not reliable to draw any conclusion regarding the possible correlation
between the aspects of the retrocalcaneal recess and patient’s complaints as well as the
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correlation between follow-up time and the aspects of the retrocalcaneal recess. We found
aberrant retrocalcaneal recesses in the majority of radiographic images. It is unsure what
the exact cause of the obliteration is. It is known that the peroperatively used irrigation
fluid will be absorbed through the blood circulation in the area over a period of weeks
or months. Because the retrocalcaneal recess is the working space during arthroscopic
procedures, formation of scar tissue is expected. We therefore assume that scar tissue
formation causes the persisting obliteration of the retrocalcaneal recess. It appears that this
tissue does not regenerate entirely to its original structure and the sharp contour therefore
does not recur. Although some (six) patients had minor complaints none of the images
showed an osseous (enlarged posterior calcaneal exostosis) cause for the symptoms; the
obliteration was based on soft tissue infiltration. The major cause of persistent complaints
after endoscopic exostosis removal is due to an inadequate resection.(1,4-6,13,15) The
chance of an inadequate resection can be minimalized by the use of intraoperative fluoroscopy, the literature advocates this especially for surgeons less experienced with endoscopic
calcaneaplasty.(4-6,9,13,15)
Even though a lateral radiograph is not useful to support clinical suspicion of retrocalcaneal bursitis in the postoperative situation, it can be an important tool to exclude other
pathologies in the hindfoot. In suspicion of a recurrence of the chronic retrocalcaneal
bursitis, we would advise to make use of Magnetic Resonance Imaging (MRI) or Computer
Tomography (CT) dependent on the radiographic findings. The authors’ advice MRI in case
of symptomatic residual inflammation.
Possible limitations of this study include the size of the evaluated population. Not all patients who underwent endoscopic calcaneoplasty participated in this study. This may have
lead to a selection bias, as it is unclear which patient (symptomatic or asymptomatic) will
respond positively to an invitation for long-term follow-up study. In this study only patients
who underwent endoscopic calcaneoplasty were included. However, as the pre-Achilles fat
pad is manipulated significantly in open procedures for chronic retrocalcaneal bursitis or
any other hindfoot procedure (open or endoscopic), it is expected that these also reveal
obliterated radiographs long term postoperatively.(11,12)

Conclusion
Based on the current study, it can be concluded that in case of a clinically suspected
retrocalcaneal bursitis in patients who already underwent endoscopic calcaneoplasty for
the same pathology, the appearance of the retrocalcaneal recess on a conventional lateral
standing radiograph cannot be used as a reliable diagnostic criterion.

4

66

Chapter 4

References
1.

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.

15.
16.
17.

Brunner J, Anderson J, O’Malley M, Bohne W, Deland J, Kennedy J. (2005) Physician and
patient based outcomes following surgical resection of Haglund’s deformity. Acta Orthop Belg.
71:718-723.
Goodman LR, Shanser J.D. (1997) The pre-Achilles fat pad: An aid to early diagnosis of local or
systemic disease. Skeletal Radiol. 2:81-86.
Heneghan MA, Wallace T. (1985) Heel pain due to retrocalcaneal bursitis-radiographic diagnosis (with an historical footnote on Sever’s disease). Pediatr Radiol. 15:119-122.
Jerosch J, Nasef NM. (2003) Endoscopic calcaneoplasty--rationale, surgical technique, and
early results: a preliminary report. Knee Surg Sports Traumatol Arthrosc. 11:190-195.
Jerosch J, Schunck J, Sokkar SH. (2007) Endoscopic calcaneoplasty (ECP) as a surgical treatment of Haglund’s syndrome. Knee Surg Sports Traumatol Arthrosc. 15:927-934.
Leitze Z, Sella EJ, Aversa JM. (2003) Endoscopic decompression of the retrocalcaneal space. J
Bone Joint Surg Am. 85-A:1488-1496.
Ly JQ, Bui-Mansfield LT. (2004) Anatomy of and abnormalities associated with Kager’s fat Pad.
AJR Am J Roentgenol. 182:147-154.
Nesse E, Finsen V. (1994) Poor results after resection for Haglund’s heel. Analysis of 35 heels in
23 patients after 3 years. Acta Orthop Scand. 65:107-109.
Ortmann FW, McBryde AM. (2007) Endoscopic bony and soft-tissue decompression of the
retrocalcaneal space for the treatment of Haglund deformity and retrocalcaneal bursitis. Foot
Ankle Int. 28:149-153.
Pavlov H, Heneghan MA, Hersh A, Goldman AB, Vigorita V. (1982) The Haglund syndrome:
initial and differential diagnosis. Radiology. 144:83-88.
Sammarco GJ, Taylor AL. (1998) Operative management of Haglund’s deformity in the nonathlete: a retrospective study. Foot Ankle Int. 19:724-729.
Schneider W, Niehus W, Knahr K. (2000) Haglund’s syndrome: disappointing results following
surgery -- a clinical and radiographic analysis. Foot Ankle Int. 21:26-30.
Scholten PE, van Dijk CN. (2006) Endoscopic calcaneoplasty. Foot Ankle Clin. 11:439-446, viii.
Theobald P, Bydder G, Dent C, Nokes L, Pugh N, Benjamin M. (2006) The functional anatomy
of Kager’s fat pad in relation to retrocalcaneal problems and other hindfoot disorders. J Anat.
208:91-97.
van Dijk CN, van Dyk GE, Scholten PE, Kort NP. (2001) Endoscopic calcaneoplasty. Am J Sports
Med. 29:185-189.
van Sterkenburg MN, Muller B, Maas M, Sierevelt IN, van Dijk CN. (2010) Appearance of the
weight-bearing lateral radiograph in retrocalcaneal bursitis. Acta Orthop. 81:387-390.
Wiegerinck JI, Kok AC, van Dijk CN. (2012) Surgical treatment of chronic retrocalcaneal bursitis. Arthroscopy. 28:283-293.

The appearance of the pre-Achilles fat pad after endoscopic calcaneoplasty

67

4

sECTION

III

The Achilles Heel in Adults

5

Injection techniques of Platelet-

Rich Plasma into and around the
Achilles tendon: a cadaveric study
J.I. Wiegerinck, M.L. Reilingh, M.C. de Jonge, C.N. van Dijk,
G.M.M.J. Kerkhoffs
American Journal of Sports Medicine 2011 Aug 39(8) 1681-6

72

Chapter 5

Abstract
Background: Platelet Rich Plasma (PRP) injections are used to treat (Achilles) tendinopathies. It has been injected at different locations, but the feasibility of PRP injections and
distribution after injection has not been studied.
Purpose: to evaluate (1) the feasibility of ultrasound guided PRP injections into the Achilles
tendon (AT), and in the area between the paratenon and the AT (2) the distribution of PRP
after injection into the AT and in the area between the paratenon and AT.
Study design: Descriptive laboratory study.
Methods: 15 cadaveric lower limbs were injected under ultrasound guidance with Indian
blue-dyed PRP. Five injections were placed into the AT at the midportion level; five injections were located anterior between the paratenon and AT and five posterior between the
paratenon and AT. The limbs were anatomically dissected and evaluated on presence and
distribution of PRP.
Results: All injections into the AT showed PRP infiltration in the AT as well as in the area
between the paratenon and AT (median craniocaudal spread: 100 mm (75-110)); one of
five limbs showed PRP leakage into the Kager fat pad after AT injection. All anterior and
posterior injections showed PRP infiltration in the area between the paratenon and AT
(median 100 mm (75-150)). The AT was infiltrated with PRP after three of ten paratenon
injections.
Conclusions: The “AT” and “Paratenon” injections under ultrasound guidance proved to
be accurate. Injections into the AT showed distribution of PRP into the AT as well as in the
area between the paratenon and AT. All injections between the paratenon and AT showed
PRP distribution in that area, as well as in the Kager fat. pad
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Introduction
A number of articles have been published on the possible healing effects of Platelet Rich
Plasma (PRP) in patients with Achilles tendinopathy7;9;12;23;27. The injection technique in
Achilles tendons (AT) and the distribution of PRP after injection has not been studied. PRP
is currently injected at different locations in and/or around the AT. It has been injected in
the AT9; “at the hypoechogenic lesion of the AT on ultrasonography”12; “at the intratendinous and peritendinous lesion”10 or “at the site of pain and any bulbous mass”28 and “at
the site of injury”27. These ‘locations’ however lack a precise anatomic description of the
injection site. It seems fair to choose the injection site based on the anatomical location
of pathology (eg, in the tendon). The symptoms in patients with Achilles tendinopathy
may result however, from pathology between the AT and the paratenon, not the tendon
itself2;4;8;15;17;18;24;32. This justifies an injection between the tendon and the paratenon, in
addition to or instead of an intratendinous injection. Hence, the location of PRP after
injection is important: if PRP is not located at the site of pathology, it may be of no help
just because of its wrong location. Reach et al. described the approach to tendons and
joint spaces of the foot using an ultrasound guided needle. However they did not study
the distribution of the injected substance25.
The purpose of this study was to evaluate (1) the feasibility of ultrasound guided PRP injections into AT, and the area between the AT and paratenon (2) the distribution of PRP after
injecting it into the AT and in the area between the AT and paratenon. Additionally, we
were interested if multiple injections into the AT differ from a single injection into the AT.

Methods
In this cadaveric study 15 fifteen lower limbs were used to inject Indian blue-dyed PRP. The
PRP was injected into the AT (five times), anterior between the paratenon and the AT (five
times), and posterior between the paratenon and the AT (five times) (Fig. 1). The duration of each injection was timed, starting as the radiologist received the syringe with PRP,
ending as the radiologist signaled he had finished the injection. After injection, the lower
limbs were carefully dissected by one orthopedic surgeon. During dissection the different
structures were evaluated on the presence and distribution of dyed PRP.
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Fig. 1: Axial T1-weighted MIR study of the ankle. A, the location of the injection needle anterior between the paratenon and the Achilles tendon (AT). B, the location of the injection needle into the AT. C,
the location of the injection needle posterior between the paratenon and the AT.

Specimen demographics
This study was undertaken on 15 fresh frozen cadaveric lower limbs, six male, and nine
female specimens. Age of the specimens ranged from 68 to 89 years (median, 84.5 years).
The feet had not been operated on. Information regarding tendinopathy or other pathology of the AT was not known to the authors.

PRP production and colouring
We chose to use 4.5 mL PRP as major clinical studies used this amount of PRP for their
injections

9;27

. The PRP was prepared at the laboratory of “clinical chemistry”, 300 mL

donor citrate blood (0.0109M) was used to make 70 mL PRP. The blood was retrieved
by means of an open system without stowing, hereafter the blood was centrifuged at
180 G for 15 minutes at 20 degrees Celsius (Rotina 46 RS Hettich Zentrifugen, Tuttlingen
Germany). After centrifuging, the PRP was removed using a pipette. A small amount, 0.3
mL injection, of the colouring agent Indian blue was added to the PRP to simplify the
detection of PRP during the dissection.

Injection Technique
The ankles were placed in prone position by the preference of the radiologist (Fig. 2).
The designated injection location was recorded prior to the injection. A medial approach
to the AT was chosen. This is the same approach as used in vivo to avoid damage to the
sural nerve. We used a Philips iU22 ultrasound machine (Philips Healthcare, Philips Medical Systems, Eindhoven, the Netherlands) with a 17.5 MHZ transducer for all ankles. The
musculoskeletal presetting of the machine was used. Five cadavers were injected at the
midportion level into the AT. No hypoechogenicity of the tendon was recorded, therefore
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Fig. 2: The specimen was placed in the prone position by the preference of the radiologist. Injection of
platelet-rich plasma (PRP) into or around the Achilles tendon was performed under ultrasound guidance.

Fig. 3: Radiographic images of the three different injection techniques (the arrow directs towards the
tip of the needle). A, the anterior paratenon technique. B the posterior paratenon technique. C, the
intratendinous AT technique.

the injection were not specifically directed towards tendon lesions. In 2 of the 5 ankles, the
injection was given in 3 separate locations using a peppering technique, as described in the
literature in vivo 9. The final three tendons were injected through a single PRP injection. As
the paratenon itself is not always clearly visible with ultrasound, the only way to inject PRP
between the paratenon and the AT is to stay as close to the AT as possible with the tip of
the needle. In five cadavers the PRP was injected at the interface between the paratenon
and the AT (anterior paratenon injection). Five cadavers were injected dorsally between
the AT and the paratenon (posterior paratenon injection). The needle, always 16G, was
introduced with the US transducer in the transverse plane. In this direction the needle tip
is visualized as a small, very hyperechoic structure with acoustic shadowing (Fig. 3). After
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positioning of the tip in the desired area, a total 4.5 mL of PRP/Indian blue mixture was
injected. The ankle was dissected directly after the injection.

Anatomical dissection
Similar to the clinical setting, the foot stayed in prone position throughout the injection
and dissection procedure27. Anatomical dissection of the specimens was performed using
a standard technique by one orthopaedic surgeon. This consisted of a longitudinal skin
dissection from the gastrocnemius muscle to the calcaneus insertion. The injection location
was marked by a small skin incision or by keeping the needle in place during the dissection. We considered this approach would preserve the anatomical relationship between
the paratenon and AT during dissection. The proximal and distal distance from the PRPinjection fluid to the needle was measured using a ruler and confirmed by two observers.
Hereafter the AT was transected proximally, distally and at the level of the needle.

Results
The results are divided in three groups, based on injection technique: an AT group; an
anterior paratenon group and a posterior paratenon group (Table 1).

Table 1. Table showing the number of injections, craniocaudal spread (median, min and max), presence
of PRP in the AT; in the area between the AT and the paratenon and in Kager’s fat as well as the injection time (median, min and max). Results are shown, in total and divided in subgroups of the different
injection techniques
PRP traces
in
AT

PRP traces Injection time
PRP traces
between the AT in Kager’s (per injection)
and paratenon fat

Injection
Technique

Number
of
injections

Craniocaudal
spread

Anterior
Paratenon
injection

5

95 mm
(70-110)

1

5

5

130 sec
(105-197)

Posterior
Paratenon
injection

5

100 mm
(80-150)

2

5

5

121sec
(110-140)

AT
Multiple
injections

2

90 mm
(80-100)

2

2

0

118.5 sec
(105-132)

AT
Single injection

3

100 mm
(70-110)

3

3

1

56 sec
(55-73)

All injections

15

100 mm
(70-150)

8

15

11

115 sec
(55-197)
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AT injections
The median craniocaudal spread of PRP after injection into the tendon was 100 mm (range,
70-110mm). All AT injection resulted in PRP infiltration of the area between the paratenon
and AT (Fig. 4A). On dissection, five out of five AT injections showed infiltration of PRP
in the AT (Fig. 4B). Regarding the involvement of the Kager fat pad after an AT injection,
only one out of five showed traces of PRP after injection. This was seen in a case were the
multiple injection technique was used. Furthermore, no differences were found in distribution of PRP between a single injection and multiple injections. The radiologist noted that a
single injection requires more pressure from the injector than multiple separate injections.
The amount of necessary pressure was not measured. The median duration for an AT
injection was: 73 seconds (range 55-132 seconds).

5
Fig.4: A, right cadaveric ankle after injecting platelet-rich plasma (PRP) into the Achilles tendon (AT). A
gradual spread of PRP between the paratenon and AT was seen. B, distribution of PRP was seen in the
AT and between the paratenon and AT, mainly in the dorsal direction.

Fig. 5: A, left cadaveric ankle after injecting platelet-rich plasma (PRP) anterior between the paratenon and the Achilles tendon (AT). A gradual spread of PRP between the paratenon and AT was seen.
However, the posteromedial part of the area between the paratenon and the AT did not show infiltration
of PRP. Fig. 5B: Distribution of PRP was seen between the paratenon and AT mainly in the ventral direction, including Kager fat pad. The AT was not infiltrated with PRP.
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Anterior paratenon injections
Injecting PRP using the anterior paratenon technique gave a mean craniocaudal spread of
95 mm (range, 70-110mm). All five injections showed an infiltration of the area between
paratenon and AT. Furthermore, we found that the injection caused a gradual spread of
PRP around the AT, but never in the posteromedial part of the area between the paratenon
and AT (Fig. 5A). One specimen showed PRP infiltrations in the AT. All five specimens in this
group showed involvement of the Kager fat pad after PRP injection (Fig. 5B). The median
duration for an anterior paratenon injection was 130 seconds (range, 105-197 seconds).

Posterior paratenon injections
Injecting PRP using the posterior paratenon technique gave a median craniocaudal spread
of 100 mm (range, 80-150mm) (Fig. 6A). All five injections showed an infiltration of the
area between paratenon and AT. A posterior paratenon injection resulted in a full and
gradual spread of PRP on the dorsal side of the AT (Fig. 6B). Two specimens showed PRP
infiltrations in the AT, with a spread of 80 and 90 mm craniocaudally. Only the posterior
half of the tendon’s transversal surface was infiltrated. All five specimens in this group
showed involvement of the Kager fat pad after PRP injection. However, compared to
anterior paratenon injections the involvement of PRP in the Kager fat pad was evidently
less. The median duration for a posterior paratenon injection was 121 seconds (range,
110-140 seconds).

Fig. 6: A, right cadaveric ankle after injecting platelet-rich plasma (PRP) posterior between the paratenon
and the Achilles tendon (AT). A gradual spread of PRP between the paratenon and AT was seen. Fig. 6B:
Distribution of PRP was seen between the paratenon and AT, mainly in the dorsal direction. The AT was
partially infiltrated with PRP.
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Discussion
Our study has shown it is feasible to inject PRP under ultrasound guidance into the AT as
well as in the area between the AT and paratenon. All injections into the midportion of the
AT showed PRP infiltration in the AT as well as in the area between the paratenon and AT.
The injections between the paratenon and AT showed PRP infiltration in that area, as well
as in the Kager fat pad. We found evident differences between intratendinous injections
and paratenon injections regarding the distribution of PRP after injection.
Two different intratendinous injection techniques were studied: a single AT midportion
injection versus multiple AT midportion injections using a peppering technique. In both
techniques the same total amount of PRP was injected. The difference in craniocaudal
spread of PRP between the two techniques was marginal (Table 1). This suggests, regarding
the objective spread of PRP, there is no benefit of the more invasive peppering, multiinjection technique over the single injection technique. With the peppering technique
multiple punctures of the tendon are created, leading to more damage and possible more
leakage of PRP. We found PRP to be present in the area between the AT and the paratenon
after every intratendinous injection. This can be explained by basic physics: PRP takes the
path of least resistance. As the AT is relative dense, pressure builds during the injection
process. At a certain moment it is easier for PRP to spread back along the length of the
needle towards the injection site. After leaving the AT and spreading according the path
of least resistance, the first area for the PRP to spread out (easily) is the area between the
AT and paratenon. Only one of five dissected specimen carried (minor) traces of PRP in
the Kager fat pad. It should be noted specifically these were minor. These traces may have
been caused by a retraction of the needle, giving PRP the opportunity to follow the path of
the needle outside the tendon and into the Kager fat pad. Another option is the puncture
of the paratenon during the injection procedure. Hereby creating a small defect causing
the PRP to leak into the Kager fat pad. An intratendinous injection took less time when
compared to a paratenon injection (posterior or anterior). This is probably a result of the
easy detectable AT, compared to the more difficult to find area between the paratenon and
the AT, speeding the process of proper needle placement prior to injection. Although injections between the paratenon and the AT proved to be feasible, it should be noted other
structures also contained traces of PRP. We found PRP to be present in the AT in 3 out of
10 dissected specimens. Additionally, the Kager fat pad contained PRP in every specimen.
The large spread of PRP into the Kager triangle after paratenon injections may be explained
by the following: a paratenon injection, both posterior and anterior, located precise and
only between the paratenon and the AT is a difficult procedure. Even under US control, the
chances of double puncturing the paratenon are real: for injection a medial puncture of the
paratenon is necessary, however if the needle is inserted too far/deep the paratenon is also
punctured at the lateral side (Fig. 7). The radiologist may correct the location of the needle
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by retracting the needle into the area between the paratenon and the AT, the paratenon
however is damaged. Hereby a passage outward the paratenon and into the Kager fat
pad is created. If one injects after puncturing and correcting the needle, PRP will not only
be injected in the area between the paratenon and AT, but also in the Kager fat pad.
Furthermore, after the injection the needle is retrieved, a small defect is left behind: this is
another defect of the paratenon, possibly leading to additional PRP leakage. The findings
of PRP in the AT of three specimens may also be explained by the difficulty of this particular
injection. In addition, if the AT is merely touched by the needle a passage is created, giving
PRP the opportunity to spread into the AT. The posteromedial part of the area between
the paratenon and the AT did not contain any PRP after anterior paratenon injections. This
may be the result of the necessary pressure PRP needs to reach around the entire AT. The
surrounding tissues’ pressure was probably larger than the volemic pressure of the injected
PRP, hereby inhibiting a more dorsal spread of PRP. The imbalance of pressures may have
been amplified by gravity as the specimens were in a prone position. This implies that a
posterior paratenon injection would fill the midline with PRP. Our results confirmed this.
Treatment protocols have focused on the disruption of possible neo-vascularisation and
neo-innervation in the area between the AT and the paratenon

1;4;19;20;29‑31

. Along with

the possible healing effects, PRP injections may be beneficial in Achilles tendinopathy by
means of another mechanism: located between the paratenon and the AT, PRP may cause
a disruption of the aforementioned neo-structures in that area. Either an intratendinous
injection or a posterior paratenon injection may provide this healing effect, as all specimens
showed infiltration of the entire area between the AT and the paratenon. However, none
of the anterior paratenon injections resulted in a full and gradual spread of PRP around
the entire AT (Fig 4, Fig 5). A disruption of the entire area around the AT after anterior
paratenon injections is therefore highly unlikely.
Steroids have been injected into the AT to treat tendinopathies, complications hereof,
specifically AT rupture, have been discussed thoroughly3;5;14;16;20‑22;30. As a reaction to these
complications, steroids are also injected around the AT 6;11;13;26. In 1992 Mahler and Fritschy
questioned the difference in spread after injection of steroids between “peritendinous”
injections and “intratendinous” injections throughout the AT21. We found traces of PRP in
the AT in 30% of the injections between the paratenon and AT. This may not only apply to
PRP but also to other injected substances (eg, steroids). Steroids therefore may be present
in the tendon, with its complication risk, even if they are not injected into the AT.
As previously stated, we did not have information regarding tendinopathy or other pathology of the AT, nor did we test for this histologically. The question remains whether
the same results are found in Achilles tendons with diagnosed Achilles tendinopathy or
other pathology. Further research is necessary to study the results of different injections
techniques in specimens with diagnosed Achilles tendinopathy.
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In conclusion we found PRP injections to be accurate both in the AT as well as in the area
between paratenon and the AT. Both injection techniques cause a spread of PRP throughout
the area between the paratenon and the AT. Due to the level of difficulty of this technique,
PRP may leak into the Kager fat pad after paratenon injections. Keeping in mind that the
healing effect of PRP injections for midportion Achilles tendinopathy is strongly debated,
if PRP is injected, we advice the following7;9;12;23;27: the best PRP injection for midportion
Achilles tendinopathy would be a single posterior ultrasound guided paratenon injection.
A posterior paratenon injection gives the best chance for a proper distribution of PRP at
the presumed location of pathology. In addition to the anatomic location, one should keep
the difficulty of this injection and the loss of PRP in mind.

5
Fig. 7: A, the injection needle between the paratenon and Achilles tendon (AT) is inserted too far,
hereby puncturing the paratenon. B, a small defect (arrow) is created in the paratenon after the needle
is retrieved. C, during the injection procedure platelet-rich plasma (PRP) may leak outside the paratenon
and AT.
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ABSTRACT
Purpose: systematically search and analyse the results of surgical and non-surgical treatments for insertional Achilles tendinopathy.
Methods: A structured systematic review of the literature was performed to identify surgical and non-surgical therapeutic studies reporting on ten or more adults with insertional
Achilles tendinopathy. MEDLINE, CINAHL, EMBASE (Classic) and The Cochrane Database of
Controlled Trials (1945-March 2011) were searched. The Coleman Methodology Score was
used to assess the quality of included articles, and these were analysed with an emphasis
on change in pain score, patient satisfaction and complication rate.
Results: Of 451 reviewed abstracts, 14 trials met our inclusion criteria evaluating 452
procedures in 433 patients. Five surgical techniques were evaluated; all had a good patient
satisfaction (avg. 89%). The complication ratio differed substantially between techniques.
Two studies analysed injections showing significant decrease in VAS. Eccentric exercises
showed a significant decrease in VAS, but a large group of patients was unsatisfied. ESWT
was superior to both wait and see and an eccentric training regime. One study evaluated
laser CO2, TECAR and cryoultrasound, all with significant decrease in VAS.
Conclusions: Despite differences in outcome and complication ratio, the patient satisfaction is high in all surgical studies. It is not possible to draw conclusions regarding the best
surgical treatment for insertional Achilles tendinopathy. ESWT seems effective in patients
with non-calcified insertional Achilles tendinopathy. Although both eccentric exercises
resulted in a decrease in VAS score; full range of motion eccentric exercises show a low
patient satisfaction compared to floor level exercises and other conservative treatment
modalities.
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Introduction
Much has been published on the treatment of (midportion/non-insertional) Achilles tendinopathy and retrocalcaneal bursitis [11, 16, 23, 27, 28, 30, 34, 41, 45, 48]. There is a
tendency to prescribe known effective treatment for (midportion/non insertional) Achilles
tendinopathy or retrocalcaneal bursitis to patients with insertional Achilles tendinopathy [3,
17, 22, 29, 35, 38, 54]. Insertional Achilles tendinopathy however is a distinct clinical entity
from midportion/non-insertional Achilles tendinopathy or retrocalcaneal bursitis [8, 21,
36, 47, 52, 54]. Aetiology, injury mechanism, treatment and rehabilitation differ between
these pathologies[36, 50]. The “extrapolation” is in part due to the confusing terminology
of Achilles tendon pathology[7, 13, 25]. Different pathologies have been compared under
the name of insertion tendinosis/pathy of the Achilles tendon [2, 17, 42]. Moreover, the
confusing terminology aids in the current complicated overview of data for the treatment
of insertional Achilles tendinopathy[2, 31, 35, 40, 43]. A recent terminology on Achilles
tendon pathologies was proposed to simplify the current terminology and hereby aid the
clinical practice, both in diagnostics and treatment[52]. The current treatment of insertional
Achilles tendinopathy varies substantially; several surgical and non-surgical treatments have
been described, but there is no consensus on the most effective management[5, 6, 10, 24,
44]. One previous study concluded there is a consensus that non-surgical intervention is
preferred prior to surgical intervention for insertional Achilles tendinopathy[24]. However,
it has not been studied which treatment is the most effective non-surgical intervention or
which is the most effective surgical intervention. The purpose of this systematic review is
to analyse the effectiveness of different available surgical and/or non-surgical treatment
modalities for insertional Achilles tendinopathy.

Methods
The definition of insertional Achilles tendinopathy, retrocalcaneal bursitis and midportion
Achilles tendinopathy for this systematic review was based on the recently proposed terminology on AT pathology[52](Table 1).
Primary Outcome measures
-

Change of numeric pain score (e.g. Visual Analogue Scale (VAS))

-

Patient satisfaction

Secondary Outcome measures
-

Complication rate

-

Coleman Methodology Score
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-

Intervention

-

Diagnostic method

-

Other outcome data

Inclusion criteria
Studies reporting on the outcome of treatment of insertional Achilles tendinopathy were
eligible for this systematic review. A pain scale, overall patient satisfaction or American
Orthopaedic Foot and Ankle (AOFAS)-Hindfoot Scale Score had to be reported. Reviewand expert opinion papers were excluded. There were no language barriers.

Exclusion criteria
Studies on the treatment of Achilles midportion tendinopathy or unspecified Achilles tendinopathies were excluded. Studies combining the results of insertional and non-insertional
Achilles tendinopathy were also excluded if the results of insertional Achilles tendinopathycould not be analyzed separately. All studies on pathology located at or around the Achilles
tendon insertion but not diagnosed as insertional Achilles tendinopathy (e.g. retrocalcaneal
bursitis) were excluded. Studies were excluded if scaled data of pain (e.g. VAS) or patient
satisfaction was not provided. Studies reporting on less than 10 patients were excluded.

Study population
Adults (>18 years) with diagnosed insertional Achilles tendinopathy were eligible. Adults
with non-insertional or non-specified problems of the Achilles tendon insertion were
excluded.

Search strategy
An extensive MEDLINE, EMBASE (Classic) and CINAHL search (1945- March 2011) was
performed using the following terms: (((((insertion OR insertional OR enthesis OR attachment) AND (enthesitis OR enthesopathy OR tendinopathy OR tendinosis OR tendinoses
OR tendinitis OR tendinitides OR tendinopathies OR tendonitis OR tendonitides OR
tenosynovitis) AND achilles)) OR ((tendon OR tendons OR tendo) AND (enthesis OR attachment OR insertion OR insertional) AND achilles AND (spur OR spurs OR calcification
OR calcif*)))) In addition, the Cochrane Database of Clinical and Randomized Controlled
Trials were searched using the search term “Achilles”. After combining the results and
removing duplicates of these searches, a total of 451 papers were retrieved. Based on
title, abstract and study design 393 articles were excluded. Exclusion was based on study
design (105 articles), papers unrelated to the Achilles tendon (172), related to the Achilles
tendon but unrelated to insertional Achilles tendinopathy (33 articles related to midportion
tendinopathy, 83 articles related to Achilles tendon rupture)(Fig. 1). The full text of the
remaining 58 articles was obtained. A review of references of full text articles obtained 15
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Table 1: Terminology of Achilles tendon pathology
Term

Anatomic location

Insertional
Achilles
tendinopathy

Insertion of AT onto Pain, stiffness,
sometimes a (solid)
calcaneus, most
often with formation swelling
of bone spurs and
calcifications in
tendon proper at
insertion site.

Symptoms

Clinical findings

Histopathology

Painful tendon
insertion at the
mid-portion of the
posterior aspect
of the calcaneus,
swelling may
be visible and a
bony spur may be
palpable.

Ossification
of enthesial
fibrocartilage,
and sometimes
small tendon tears
occurring at tendonbone junction.

Retrocalcaneal
bursitis

Bursa in the recess
between the
anterior inferior
side of the AT and
the posterosuperior
aspect of the
calcaneus
(retrocalcaneal
recess).

Painful swelling
Painful soft tissue
superior to calcaneus swelling, medial
and lateral to the
AT at the level of
the posterosuperior
calcaneus.

Fibro-cartilaginous
bursal walls show
degeneration and/
or calcification, with
hypertrophy of the
synovial infoldings
and accumulation
of fluid in the
bursa. Alternatively,
the bursa may be
primarily involved
by inflammatory
or infectious
bursitis due to
an inflammatory
arthropathy.

Mid-portion
Achilles
tendinopathy

2-7 cm from the
insertion onto the
calcaneus.

A combination
of pain, swelling
and impaired
performance.

Diffuse or localized
swelling.

Includes, but is
not limited to, the
histopathological
diagnosis of
tendinosis: implies
histopathological
diagnosis of tendon
degeneration
without clinical or
histological signs
of intratendinous
inflammation,
not necessarily
symptomatic.

new articles. A total of 73 full text articles were reviewed. 59 articles were excluded based
on full text, resulting in inclusion of 14 articles for this review (Table 3)[10, 12-14, 20, 22,
26, 32, 33, 39, 44, 46, 53, 55].
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Fig 1: Search strategy.

Data collection and Study Selection
Two reviewers independently assessed all studies. These two reviewers identified all titles,
assessed the abstracts independently and excluded the irrelevant articles. Any remaining
difference between reviewers was settled by discussion. Authors of the included studies
were contacted by e-mail or phone to retrieve any necessary additional data (Table 3, 5).

Data extraction
The two reviewers independently extracted data for the aforementioned outcome using a
data extraction form. Differences were settled by discussion. Complications were divided
in minor and major (Table 2).

Table 2. Classification of complications.
Major complications

Minor complications

Achilles tendon rupture

Discomfort

Any reoperation

Superficial infections

Deep venous thrombosis

Minor wound problems

Reflex dystrophy

Scar tenderness/hypertrophy

Persisting neuralgia

Mild form of paresthesia

Deep infections/major wound problems

Prolonged hospitalization

Design (level
of evidence)

III

IV

III

III

IV

III

III

III

Author, Year

Costantino
2005[10]

Elias 2009[12]

Fahlstrom
2003[13]

Furia 2006[14]

Johnson
2006[20]

Jonsson
2008[22]

Knobloch
2007[26]

Maffulli
2004[32]

21 (21)

10 (10)

27 (34)

22 (22)

68 (68)

30 (31)

40 (40)

15 (15)

N patients
(N tendons)

46.9
(38-59)

NR *

53.4
(25-77)

51
(45-75) *

50
(21-80)

37.9
(SD +/-11.6)

57
(39-76)

32.7 *

Age (range)
in years

X-lat + US

US

US

X-lat *

X-lat

Varies

MRI/US

US *

Method of
diagnosis

20.2 mon
(14-45)

NR *

26.5 mon
(6-96)

36 mon
(2-216mon)

19.9 mon
(6-60)

32 mon
(42.4 SD)

>6 mon

>2 mon

Duration of
symptoms

Calcification/
spur
No/excl

Calcific ins.
Tend.

3 mon

48.4 mon
(24-48)

-

Surgical (Table 3)

12 wk painful ecc. training:
7d/w 3p/d (15
reps)

12 wk painful
ecc. Training:
7d/w 2p/d

Surgical (Table Calcification
at AT insertion 3)
*

34 mon
(11-64)
4 mon

Supr/
calcification
on X-ray

12 mon

Matched
Control group
n=33

VISA-A;
Patient
Satisfaction

VAS

VAS; Patient
Satisfaction

AOFAS

VAS; Roles
& Maudsley
score

VAS; Patient
Satisfaction

Mixed pattern 12 wk
eccentric
training: 7d/w
2p/d

3 mon

1x ESWT
(3000 shocks:
604mJ/mm2)

VAS; AOFAS;
Patient
Satisfaction

Surgical (Table 3)

VAS; Patient
Satisfaction

Int. 2: TECAR
Int. 3:
Cryoultrasound

“Haglund”
exostosis

Outcomes

Intervention
2 or more

27 mon
(18-68)

Lacer CO2

Intervention 1

NR *

Bony
disorder?

8 mon

Follow-up in
mon. (range)

Table 3. Overview of included studies. Outlined are level of evidence; patient demographics; method of diagnosis, study follow-up, reported presence of bony
disorder, studied intervention and used outcome measures.
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6

IV

III

I

III

IV

IV

McGarvey
2002[33]

Ohberg
2003[39]

Rompe
2008[44]

Ryan 2010[46]

Wagner 2006
[53]

Yodlowski
2002[55]

35 (41)

61 (65)

22 (22)

50 (50)

11 (11)

21 (22)

N patients
(N tendons)

54
(18-83)

52.7

52.7
(SD +/-11.5) *

Int 1: 39.2
(SD +/-10.7)
Int2: 40.4
(SD +/-11.3)

44
(24-67)

54.4
(30-77)

Age (range)
in years

NR = Not reported
X-lat = Conventional lateral radiograph of the ankle
US = Ultrasonography
* = Authors were contacted to provide these data

Design (level
of evidence)

Author, Year

Table 3. Continued

X-lat *

X-lat

6 mon

6 weeks

21 mon
(7-228)

6 mon
(8.3-26.3)

US

US

29 mon
(7-96)

>6 mon *

Duration of
symptoms

US& Colour
Doppler

Varies *

Method of
diagnosis

36 mon

Int 1: 47 mon
Int 2: 33 mon

28.6 mon
(12-48)

4 mon

8 mon

33 mon
(26-40)

Follow-up in
mon. (range)

Intervention 1

“Haglund”
exostosis *

NR *

NR *

Excl

VISA-A;
Patient
Satisfaction
VAS

Shockwave
therapy. 3
sessions of 2,5
bar
-

Surgical (Table 3)

7 point pain
scale; Patient
Satisfaction

“Complete
pain relieve”;
Patient
Satisfaction

VAS; Patient
Satisfaction

Pain (no
scale); Patient
Satisfaction

Outcomes

-

Intervention
2 or more

Surgical (Table Surgical (Table
3)
3)

US guided
Hyperosmolar
Dextrose
(20mg/mL)
injection

12 wk painful
ecc. training:
7d/w 3p/d (15
reps)

Some w. bony Sclerosing
enlargement
polidocanol
(5mg/mL)
injection

Mixed pattern Surgical (Table *
3)

Bony
disorder?
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Statistical analysis and quality assessment
Data are presented as weighted means and summed percentages. In addition, all included
studies were measured according the Coleman Methodology Score (CMS) for tendinopathies of the Achilles tendon (Appendix 1)[49]. This score was created to assess the quality of
studies evaluating the surgical outcome for Achilles tendinopathies[49]. The scale consists
of two parts, with a highest possible score of 100. To simplify the quality comparison of
surgical and non-surgical studies, the “description of surgical procedure given” was interpreted as “description of procedure given” in non-surgical studies. In addition, as there
is no post-operative rehabilitation in non-surgical studies, a maximum score was granted
to non-surgical studies for “description of post operative rehabilitation”. The authors of
the score stated that an increase in CMS would show a decrease in effectiveness of the
evaluated treatment[49]. It was also described that an increase in CMS had a positive
linear correlation with an increase in year of publication[49]. The Spearman correlation
coefficient (ρ) is calculated for both hypotheses.

Results
Results are divided in a surgical and a non-surgical group. The non-surgical group is subdivided in four groups.

Population characteristics
The total number of patients with insertional Achilles tendinopathy in the 14 included
studies was 433; 452 tendons were treated. Overall, the weighted mean age of 12 studies was 49 years (range 18-83), 51% male and 49% female (two studies did not report
patient characteristics). The subgroup surgical treatment had a weighted mean age of 54
(range 18-83) years (one study did not report on patient characteristics). The non-surgically
treated subgroup consisted of 50% male and 50% female with a weighted mean age of
44 (range 21-80) years (one study did not report on patient characteristics).

Surgical treatment
Six studies, covering five operative techniques and a total of 200 patients with 211 tendons
(procedures), were evaluated (Table 3, 4) [12, 20, 32, 33, 53, 55]. The weighted mean age
of surgically treated patients was 54 (range 47-57). The male-female ratio was 6:5 (55%:
45%). Five studies reported on patient satisfaction, all showed a relative good outcome
regarding patient satisfaction with 163 out of 183 patients (89%) reporting an excellent
or good satisfaction (Table 4)[12, 32, 33, 53, 55]. A total of 52 complications (23%) were
documented; including seven major complications (3.1%) (Table 4). Subjective pain scales
and other questionnaires were not regularly used (Table 3, 5).

6

40

22

22

21

47

33

41

226

Elias[12]

McGarvey[33]

Johnson[20]*

Maffulli[32]

Wagner[53]**

Wagner[53]**

Yodlowski[55]

Totals

7
(3.1 %)

1‡

3§

2±

0

1†

0

0

45
(20%)

17

7

2

6

2

9

2

Minor

Complications
Major

Prone

Prone

Prone

Prone

Prone

Prone

Positioning

Description of procedure

Calcification debridement if excessive (>50%) plantaris
augm. or bone anchors if necessary; retrocalcaneal
bursectomy, AT defect approximated with absor. sutures.

Diseased part of AT resected. Post sup. calcaneal
ostectomy+spur resection. If 50-100% of AT detached
reattachment & FHL autograft.

Surgical technique

Preop AB iv. Fat pad; bursa; sup calc. tuberosity resection.
Excision of scar tissue; adhesions between AT and
paratenon. Check for intratendineous calcifications, excised
if present. Reattachment of AT with bone anchors if
necessary.

AT and paratenon debridement, complete AT release; sup
calc. tuberosity resection; modified Krakow technique, VY
lengthening reattachment with 4 bone anchors.

AT and paratenon debridement, no/partial (<50%)
AT detachment; sup calcaneal tuberosity resection.
Reattachment with 4 bone anchors.

Bursectomy, abnormal AT appearance were explored by
tenotomise (not repaired) and excised, if 1/3 or > of AT was
detached reattached with bone anchors.

AT = Achilles tendon
AB = antibiotics
† = One deep venous thrombosis
‡ = One deep venous thrombosis

Lateral longit. Inc.
between AT and
supero- lateral crest
of calcaneus

Medial J incision

Medial J incision

Medial longit. inc.
up to 1/3 of AT.

Same technique as McGarvey.

Longit. midline inc.
through AT and
insertion.

Longit. midline
incision over AT.

Approach

* = Same surgical technique as McGarvey.
** = Same study comparing complete detachment of the AT with partial or no detachment.
± = One substantial wound infection; one surgical revision (complete detachment)
§ = One AT rupture; two major wound problems

N of
procedures

Author

Table 4. Studies describing surgical techniques, outlined are number of procedures; major and minor complications and surgical technique
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Non-surgical treatment
Injections
Two studies evaluated different types of injections [39, 46]. In a retrospective analysis, Ryan
et al. included 22 patients treated with ultrasound (US) guided hyperosmolar dextrose
(20mg/mL) injections [46]. A mean of 5 injections were given. The mean VAS on daily
activity decreased with 4.1 points (p=0.001) (on a 10-point VAS scale) at follow up (28.6
months). The authors did not report on patient satisfaction. Ohberg et al. prospectively
analysed 11 patients, who were treated with polidocanol injections until symptoms dissolved (up to five injections) [39]. The mean VAS showed a decrease of 5.9 at 8 months
follow-up, and 8 out of 11 (73%) patients were satisfied with the outcome (Table 5).

Eccentric training
Four studies evaluated the treatment of eccentric exercises [13, 22, 26, 44]. A total of
92 patients with 100 painful tendons were studied. A 12-week daily eccentric treatment
regime was used in every study. There were some differences in treatment protocol;
three studies evaluated full range eccentric exercises (below the step) whereas the other
evaluated floor level eccentric exercises (providing less stress on the Achilles’ insertion) in
addition there where some difference between “number of daily sets” and “number of
repetitions”. All four studies used a numerical pain scale; three studies documented the
patient satisfaction of the received treatment [13, 22, 44]. When combining the results, an
overall decline on a 10-point scale was 2.7 points (weighted mean). All studies combined,
the patient satisfaction showed a large group of unsatisfied patients: of 83 patients only 35
(42%) were either “extremely satisfied” or “satisfied” (Table 5). Subdividing the full range
of motion eccentric group from the floor level eccentric exercises a noticeable difference
was found. The VAS for full range of motion decreased with a weighed mean of 2.0
points, whereas in the the floor level group is decreased with 3.9 points. In addition 18 of
27 (67%) were satisfied in the floor level group, in the full range of motion only 17 of 56
(30%) were satisfied (Table 5).

Extracorporeal Shockwave Therapy
Two studies tested the effect of Extracorporeal Shockwave Therapy (ESWT) for insertional
Achilles tendinopathy, one prospective study and one randomized controlled trial [14, 44].
Furia et al. prospectively compared an ESWT group to a matched control group receiving
non specified “traditional treatment”[14]. A mean decrease in VAS of four points was
measured after 12 months; 29 out of 35 (83%) patients were satisfied with ESWT. The
control group (n=33) showed a significantly less decrease in VAS and patient satisfaction.
Rompe et al. compared ESWT with an eccentric training regime in a RCT, 25 patients
received ESWT[44]. The VAS decrease was 5.1 points at final follow-up, 16 (64%) patients
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Table 5: Results of different treatment modalities for insertional Achilles tendinopathy (IAT). Studies are
ordered by treatment modality, with respective subtotals. The overall total is presented at the bottom.
N Patients
(tendons)

Age in
yrs

F-U
(months)

VAS
decrease at
F-U

Elias[12]

40(40)

57

27

-7.2

Johnson[20]

22(22)

51*

34

-

Maffulli[32]

21(21)

46.9

48.8

-

McGarvey[33]

21(22)

54.4

33

Wagner ‡[53]

22(26)

55

Wagner ‡[53]

39(39)

56

Yodlowski[55]

35(41)

54

Surgical
Interventions
for IAT

Totals

39.9

-

36

-

CMS

38

2

65

-*

-*

48

16

5

67

13 no pain; 4 less pain; 3 unchanged;
2 worse

18

4

36

47

-

-

-

24

2

52

33

-

-

-

36

3

36

7 pnt pain scale: pre-op: 4.7 post-op:
1.5

31

4

163
(89%)

20
(11%)

200(211)

Weighted Mean

VISA-A Patient Satisfaction
AOFAS
increase increase at
Excel/
Fair/
F-U
at F-U
Good
Poor

-

22.6

54

35.6

-

38.5

46

Mean: 52

Injections for IAT
Ohberg[39]

11 (11)

44.0

8

-5.85

-

-

8

3

55

Ryan[46]

22 (22)

52.7 *

4

-4.1

-

-

-*

-*

65

Totals

33 (33)

-

-

-4.7

-

-

-

Weighted Mean

44

5.3

8 (73%) 3 (27%)
Mean: 60

Eccentric training for IAT
Fahlstrom[13]

30 (31)

37.9

3

-2

-

-

10

21

59

Jonsson[22]

27 (34)

53.4

4

-3.9

-

-

18

9

63

Knobloch[26]

10 (10)

-*

3

-2.8

-

-

-*

-*

65

Rompe‡[44]

25 (25)

39.2

4

-1.8

-

10

7

18

78

Totals

92 (100)

-

-

-

35 (42%)

48
(58%)

3.6

-2.67

-

-

Weighted Mean

44,1

Mean: 66

Extracorporeal Shock Wave Therapy for IAT
Furia [14]

35 (35)†

50.0

12

-4

-

-

Rompe‡[44]

25 (35)

40.4

4

-5.1

-

27

Totals

60 (60)

-

-

-

-4.64

-

-

-6.2 -7.0 -7.2 -

-

Weighted Mean

46

8.7

29

6

64

16

9

78

45 (75%)

15
(25%)
Mean: 71

Other non-surgical treatment for IAT
Costantino

15 (15)

Total of all

400 (419)

Weighted Mean

F-U = Follow up
- = Data not available
‡ = Same study

32.7

8

15*
0* (0%)
(100%)
255
(75%)

49

21.2

CMS = Coleman Methodology Score
† = Matched control group (n=33) is not included in this table.
* = Authors were contacted to provide this data.

44

86
(25%)
Mean: 58
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were satisfied with their treatment. Overall 49 out of 64 (77%) were satisfied after ESWT
(Table 5).

Others
One study evaluated three different non-surgical treatment modalities: Costantino et al.
compared laser CO2 with TECAR and cryoultrasound [10]. Five patients were included in
each group. Every intervention showed a significant decrease in VAS score at follow-up.
All five patients in the cryoultrasound group were very satisfied; in the TECAR group, two
were very satisfied and three were satisfied; in the laser CO2 group all five were satisfied
(Table 5).

Methodological quality
All included studies were measured according the CMS for tendinopathies of the AT[49].
The mean CMS was 58 (range 36-78) (Table 4). The surgical studies scored a mean CMS
of 52 (range 36-67), all non-surgical studies scored a mean CMS of 62 (range 44-78).
We did not find a significant (p<0.05) correlation between the CMS and effectiveness
of the evaluated treatment (Fig. 2). In addition the authors of the CMS stated there is a
positive linear correlation between the date of publications and the CMS[49]. We found a
significant positive linear correlation of 0.71 (p=0.02) (Fig. 3).

Fig 2: Relationship between CMS and reported success rate (non significant difference).
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Fig. 3: Relationship between CMS and year of publication ρ=0.71 (significant difference, p=0.02).

Discussion
The most important finding of this study are the outcome differences between ESWT,
full range of motion eccentric exercises and floor level eccentric exercises, furthermore
the overall good outcome after surgical treatment in case of persisting complaints. One
previous systematic review was performed regarding insertional Achilles tendinopathy,
this included 11 articles and outlined the current used treatments, however no outcome
data were provided[24]. Despite the overlap we believe that this systematic review adds
methodological quality and incorporates recently published data to provide the best currently available evidence. Regardless of the strict inclusion criteria, our systematic review
reports on 14 articles and specifically emphasizes the patient satisfaction and change in
pain scores. Herewith we aimed to provide an overview of the effectiveness for every
available treatment of insertional Achilles tendinopathy. Kearney et al. concluded that nonsurgical treatment is preferred prior to surgical treatment[24]. In addition, they concluded
that non-surgical treatment favoured eccentric training and ESWT[24]. The results of the
current review however showed a large group of unsatisfied patients after eccentric training compared to other non-surgical treatment[12, 13, 22, 44] (Table 4). The reason of this
difference in interpretation of almost equal data is unsure. Kearney et al. did not include
multiple studies which were included in this review. In addition, their (primary) outcome
measures were not clearly stated. The primary outcomes of the current study are patient
satisfaction and change in pain scale. Hence the primary outcomes variance may cause the
interpretation differences. As eccentric training has a substantial effect on the decrease of
pain, this may be interpreted as effective; Kearney et al. may have based their conclusion
hereupon regardless of the patient satisfaction. The included studies used a wide range of
outcomes with little consistency between studies (Table 3; 5). Evaluation and comparison
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is therefore difficult. As data are presented as weighted means and summed percentages
the results should be interpreted with caution. The most frequent used outcome was a
numerical pain scale, often a 11- point scale but also a 7- point or no numerical scale was
used. In addition the AOFAS, VISA-A, Roles & Maudsley score and different patient satisfaction measurement methods were used. The CMS was used to assess the methodological
quality of included articles. The CMS was first designed to assess the quality of patella
tendinopathy, later it was modified by Tallon et al. to assess the quality of surgical studies
on Achilles tendinopathy[9, 49]. Out of a maximum score of 100 point the mean CMS
for included studies was 58 (range 36-78). As stated, the maximum score of ten points
was granted for “description of post operative rehabilitation” to non-surgical studies. This
simplified the comparison of relative outcome in quality between surgical and non-surgical
studies. It also implicates that the absolute mean overall score of non-surgical studies
would be biased by the used treatment as these studies start with a CMS of ten points.
All included surgical studies however scored ten points for “description of post operative
rehabilitation”.

Surgical treatment
A total of six studies evaluated the outcome of surgical treatment for insertional Achilles tendinopathy[12, 20, 32, 33, 53, 55]. The evaluated studies described five different
operative techniques (Table 4). None of the included surgical techniques were minimally
invasive. All minimal invasive surgical studies were excluded due to unclear terminology,
minimal invasive studies focused on retrocalcaneal bursitis instead of insertional Achilles
tendinopathy[30, 51]. Three studies used a medial incision; two a midline or central incision and one a lateral incision. All techniques involved resection of the posterosuperior
calcaneal prominence, retrocalcaneal bursa and intratendinous calcifications. All studies
detached the AT partially or in total, reinserted the AT with bone anchors or performed
augmentation (plantaris tendon or FHL). Despite the (minor) differences in surgical technique there were large differences in complication rate. One study reported no major
and only 7.5% minor complications [12]. Others reported 23% major and 59% overall
complications [33]. Although the difference in complication rate was evident, there was
almost no difference in patient satisfaction (Table 5). Outcome on pain scores (e.g. VAS)
was scarcely reported[12, 55]. Based on the included studies, it is not possible to draw any
conclusions regarding the best surgical technique for insertional Achilles tendinopathy.

Non-surgical treatment
Injections
Two studies evaluated medicinal injections as a minimal invasive treatment [39, 46]. Sclerosing polidocanol was injected as well as hyperosmolar dextrose. As the included study
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with sclerosing polidocanol is only a pilot, with hitherto no subsequent study, the positive
outcome should be considered with care. Hyperosmolar dextrose injections for tendinopathies have been studied rarely, albeit the positive results raise expectations, clinical use
should be with caution.

Eccentric exercises
Four studies evaluated the outcome of eccentric exercises for insertional Achilles tendinopathy [13, 22, 26, 44]. There were some important differences between treatment
protocols; most notably the difference between full range of motion exercises and floor
level exercises. Evaluating the separate results an important difference was found: good
outcomes for floor level exercises compared to insufficient results of full range of motion
studies (Table 5). All studies used a 12-week training protocol with painful exercises 2 or
3 times daily, with up to three sets of 10 to 15 repetitions each. However, all studies had
a relative short follow-up as the longest was four months. Despite the good outcome for
midportion Achilles tendinopathy with full range of motion eccentric exercises, and in
contrast with the statement of a previous systematic review, full range eccentric training
may not be the first treatment of choice for insertional Achilles tendinopathy as the patient satisfaction is unfavourable compared to other conservative treatment modalities for
insertional Achilles tendinopathy[24]. 70% of all patients were unsatisfied after a 12-week
full range eccentric training regime (Table 5). Although evaluated in only one study, the
results of floor level eccentric exercises are much more promising: 67% percent satisfied
after floor level compared to 30% satisfied after full range exercises. The focus of eccentric
treatment should therefore be on floor level exercises.

Extracorporeal Shockwave Therapy
One prospective study and one randomized controlled trial evaluated ESWT for insertional
Achilles tendinopathy [14, 44]. The same study group performed both studies. A low to
medium energy ESWT was given without the use of anaesthesia. The RCT and prospective
study both showed good results. A decrease in subjective pain scale (-4.8) and high patient
satisfaction was found (Table 5). For the prospective study it should be noted that the
patient selection was biased on insurance claim and the control- group received not more
than a wait- and- see- protocol, the outcome may therefore be affected by placebo effect.

Others
One study evaluated Laser CO2 with TECAR and cryoultrasound[10]. All showed significant
decrease on a VAS. Although the results seem promising the study included only 15 patients
with insertional problems, the three different groups consisted of merely five patients. No
other studies evaluated the outcome of these treatments; additional evidence is a necessity
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as the current evidence is too weak to draw conclusions or to provide a clinical treatment
advice.

Calcifications versus no calcifications
Nine of 14 studies reported on the presence of a bony disorder, located at the insertion
of the AT into the calcaneus, in every case [12, 15, 20, 22, 26, 32, 39, 44, 55]. Four
of six studies evaluating surgery for insertional Achilles tendinopathy reported on bony
disorders [12, 20, 32, 55]. In addition the diagnostic method was based on imaging in 12
studies, this was unclear in two other studies (Table 3). This is important, as the outcome
of a treatment could be different in patients with bony pathology compared to a group
without bony pathology. Hence, imaging is essential in the diagnoses and thus treatment
of insertional Achilles tendinopathy. Future research should differentiate between and/or
compare treatments in a group with bony disorder and a group without bony disorder.

Study limitations and clinical relevance
The most important limitation of this study is the low level of evidence of included studies
and the substantial risk of bias herein. Only one randomized controlled trial could be
included; most studies were prospective or retrospective in design. Another important
limitation is the terminological confusion surrounding Achilles tendon pathology [18, 19,
31, 40, 52]. This systematic review used strict inclusion criteria to define insertional Achilles
tendinopathy; as a result studies may be excluded based on the used terminology. As
insertional Achilles tendinopathy differs from other chronic Achilles tendon pathology, the
results of this analysis are largely dependent on the proper diagnosis and terminology of
the included studies[31, 32, 37, 47, 52, 54]. Although all studies reported that the diagnosis was based on clinical findings and different imaging techniques, patient’ symptoms
may have been based on other pathology instead of insertional Achilles tendinopathy (e.g.
retrocalcaneal bursitis). Finally, insertional Achilles tendinopathy may occur together with
retrocalcaneal bursitis, if patients have this combination and are treated for one or the
other a minimal effect of intervention can be expected[1]. A comparison between these
entities after surgical intervention was made by Watson [54]; concluding different results
between these pathologies in spite of the same surgical intervention. Hereby reemphasizing the difference between these pathologies.
Despite the generally low level of quality of available studies, the outcome is of clinical
importance[4]. This study is the first to evaluate the effectiveness of non-surgical and surgical interventions for insertional Achilles tendinopathy based on patient satisfaction, pain
and complication rates. In addition it points at the clear distinction (in outcome) between
the currently used eccentric exercises protocols for insertional Achilles tendinopathy; finally
it shows the importance of differentiation between calcified and non-calcified insertional
Achilles tendinopathy.
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Conclusion
It was found that there are numerous treatment modalities, non-surgical and surgical,
for insertional Achilles tendinopathy. Regarding non-surgical treatment, although both
showed a decrease in VAS score; a substantial difference was found between the outcome
of full range eccentric exercises and floor level exercises in insertional Achilles tendinopathy; full range of motion exercises resulted in a low patient satisfaction compared
to floor level exercises or other treatment modalities. The results of floor level eccentric
exercises are promising but currently evaluated by only one study. ESWT, although based
on only two studies, appears effective in patients with non-calcified insertional Achilles
tendinopathy. Evaluation by other study groups would substantially strengthen the current
positive position of ESWT. Different surgical techniques are used to treat insertional Achilles
tendinopathy. There are some differences in outcome, mainly regarding complication rate.
Despite these differences, the patient satisfaction is relatively high in all surgical studies.
Based on the available studies it is not possible to draw any conclusion regarding the best
surgical technique for insertional Achilles tendinopathy. Finally, it is evident that more high
level evidence studies are necessary to be more conclusive regarding the best available
treatment. Future studies should focus on clearly stating the exact studied pathology (bony
involvement/not) and use validated outcome measures.
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Abstract
Purpose: The purpose of this systematic review is to analyze the results of surgical treatments for chronic retrocalcaneal bursitis (RB).
Methods: MEDLINE, CINAHL, Embase and the Cochrane Library (1945-December 2010
were systematically searched with the following terms: calcaneal AND (prominence OR
exostosis) OR ((retrocalcaneal OR calcan*) AND (burs* OR exosto* OR prominence)) OR
Haglund[tw] OR Haglund’s[tw] OR ((retrocalcaneal OR calcan*) AND (ostectom* OR osteotom* OR resect*)). Therapeutic studies on ten or more subjects with RB were eligible.
Quality was assessed using the GRADE scale and Downs and Black scale.
Results: Of 876 reviewed abstracts, 15 trials met our inclusion criteria evaluating 547
procedures in 461 patients. Twelve trials reported an open surgical technique; three
studies evaluated endoscopic techniques. Differences in patient satisfaction favoured the
endoscopic technique. The complication rate differed substantially, favouring endoscopic
surgery over open surgery.
Conclusions: There are many different surgical techniques to treat RB. Regardless of technique, resecting sufficient bone is essential for a good outcome. Even though the level of
evidence of included study is relatively low it can be concluded that endoscopic surgery is
superior to open intervention for RB. More evidence is a necessity to be more conclusive
regarding the best surgical treatment.
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Introduction
Chronic Retrocalcaneal bursitis (RB) is an inflammation of the bursa located between the
Achilles tendon and the posterior border of the calcaneus. This entity was first described
by Painter in 18981. The first successful surgical treatment was performed by Haglund and
described in 19282. Although it is often seen together with an insertional Achilles tendinopathy or a superficial bursitis, these are not the same3‑7. Aetiology, injury mechanism,
treatment and rehabilitation differ between these insertional Achilles problems. Chronic RB
was previously known as Haglund deformity, pump bump’s, winter heel or else. Recently
it was proposed not to use these confusing terms and use chronic retrocalcaneal bursitis
instead6. Chronic RB is therefore the term used in this systematic review. Multiple surgical
treatments have been described for the treatment of chronic RB8‑11. This has led to a large
pool of different techniques. Hitherto the treatment, conservative or surgical, of chronic RB
has not been systematically evaluated. This systematic review evaluates all surgical treatments for chronic RB. The aim is to provide a clear overview of the best available surgical
treatment modality for chronic RB. The primary goal is to evaluate the efficiency of the
provided treatment based on patient satisfaction and complication rate. Other outcome
that may influence the advice of treatment will be evaluated as well. We hypothesized that
endoscopic treatment would lead to higher patient satisfaction and a lower complication
rate compared with open surgical techniques.

Methods
A systematic review of the literature was performed. The databases of MEDLINE, EMBASE
(Classic) and CINAHL (1947 to January 2011) were searched using the following terms:
calcaneal AND (prominence OR exostosis) OR ((retrocalcaneal OR calcan*) AND (burs*
OR exosto* OR prominence)) OR Haglund[tw] OR Haglund’s[tw] OR ((retrocalcaneal OR
calcan*) AND (osteotom* OR resect*)). In addition the Cochrane Database of Clinical
and Randomized Controlled Trials were searched using the search term ““Bursitis” AND
“Calcaneal” or “Haglund”. Finally, a Google Scholar search was performed using the following search terms: “Bursitis” AND “Calcaneal” or “Haglund”. Inclusion criteria included
therapeutic studies reporting data on the outcome of RB. Studies reporting on Haglund’s
exostoses/disease/syndrome etcetera were only eligible if these entities were synonymous
to chronic RB. No age restriction was established for the study population as chronic RB
may also affect children. The study data must include data of a pain scale, AOFAS score or
patient satisfaction. Only studies with a minimum of ten treated patients were included.
There were no language barriers. Excluded were therapeutic studies of Achilles insertional
tendinopathy, superficial calcaneal bursitis or non-specified Achilles tendon problems.

7

110

Chapter 7

Table 1. Classification of complications reported in included studies.
Major complications

Minor complications

AT rupture

Discomfort

Any reoperation

Superficial infections

DVT

Minor wound problems

Deep infections

Scar tenderness/hypertrophy

Neuralgia

Mild form of paresthesia

Reflex dystrophy

Prolonged hospitalization

Studies combining the results of chronic RB with other pathologies were also excluded.
Primary outcome measures were patient satisfaction and complication rate (divided in
major and minor); secondary outcome measures consisted of change in numeric pain score
(e.g. VAS) change in AOFAS score and other (subjective) outcome questionnaires.
All studies were independently assessed by two reviewers. These reviewers identified all
titles and abstracts independently and excluded irrelevant articles. Any remaining difference between reviewers was settled by discussion. Authors of the included studies were
contacted by e-mail or phone to retrieve any necessary additional data. The two reviewers
independently extracted data for the aforementioned outcomes using a data extraction
form. Differences were settled by discussion between all authors. To simplify data extraction and analysis, complications were divided in ‘major’ and ‘minor’ (Table 1). The quality
of included studies was assessed by means of the validated quality assessment scale of
Downs and Black12;13. It is a frequently used scale to assess the methodological quality
of randomized and non-randomised articles included in systematic reviews12‑18. Its use
is advised by the American Agency of Healthcare Research and Quality and the British
National Health Service19;20. In addition, all included studies were measured on methodological quality and risk of bias according the GRADE quality assessment scale21‑24. The two
review authors assessed the quality independently. Differences were settled by discussion
between all authors.

Results
After the results were combined and duplicates were removed, the search retrieved 876
articles. On the basis of title, abstract and study design 797 articles were excluded (Fig. 1).
We selected 79 articles for full text evaluation, of 16 articles however the full text could
not be retrieved. A review of references of full-text articles resulted in eight new articles.
Thus a total of 71 full-text articles were reviewed. We excluded 48 articles based on the full
text (no outcome data or unrelated to chronic RB). Of the 23 remaining articles, five were
excluded based on aberrant or un-interpretable definitions of Haglund syndrome8;25‑28,
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Search strategy

CINAHL,MEDLINE Embase (194015/01/’11) search:

MEDLINE, Embase, CINAHL, Cochrane
Database

calcaneal AND (prominence OR exostosis)
OR ((retrocalcaneal OR calcan*) AND (burs*
OR exosto* OR prominence)) OR
Haglund[tw] OR Haglund's[tw] OR
((retrocalcaneal OR calcan*) AND (osteotom*
OR resect*))

Cochrane, Google Scholar search:
“Bursitis” AND “Calcaneal” or “Haglund”

876 Abstracts

Excluded:
63 Review articles/no treatment
11 Other Insertional Achilles Pathology:
723 Unrelated

Review of references
of full text articles
79 articles were selected
for full text evaluation
8 new articles

16 were not retrieved

71 articles

Excluded:
31 Review articles/no ouctome
17 Unrelated
5 Defiant/un-interpretable terminology
3 Re-publications

15 articles included
for review

Fig 1: Flow diagram showing search terms; search process and results of the systematic search on surgical treatment of chronic RB.

	
  

three articles were excluded because more recent publications analyzed the same data
with longer follow-up11;29;30. The 15 remaining studies were included in this systematic
review (Table 2, 3)7;9;10;31‑39;39‑42.

Population characteristics
The number of patients with chronic RB in the 15 included studies was 461 (47% male
and 53% female, three studies did not specify gender); these patients underwent 547
procedures9;10;31‑42. Overall, the weighted mean age was 38 years [range 6-82 years]. The
subgroup open surgical treatment, compromising 397 procedures in 316 patients (38%
male and 62% female) had a weighted mean age of 34 years [range 6-82 years]. In the
endoscopic subgroup (145 patients, 150 procedures) the male: female ratio was 63:37
with a weighted mean age of 47 years [range 16-77 years]. Multiple different questionnaires were used (Table 2).
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Follow-up in Intervention
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Primary
outcome

Surgery without
complete AT
detachment, previous
surgery at same heel
Age <18

Satisfaction

VAS

40.1 (6-105) Open

Satisfaction

72 (36-120) Open

72 (12-144) Open

Symptomatic Haglund’s
heel (defined as pain &
thickening lateral to AT)

36 (12-72)

Open

VAS

No relieve of symptoms 35.1 (12-72) Endoscopic technique Ogilvie Harris
Chronic RB, failed
conservative treatment. after aneasthic
infiltration
Positive effect of
anaesthetic infiltration.
Calcified exostosis on
X-lat.

Painful Haglund’s
deformity (defined as
chronic RB) and partial
AT tear

Tender Haglund’s
deformity (defined
as chronic RB),
failed conservative
treatments. Positive
parallel pitch lines

Chronic RB, failed
conservative treatment

16 (12-23) Open Central
AOFAS
Symptomatic Haglund’s Other surgical
approach
approach,
deformity (defined
concommittant surgery
as chronic RB),
51 (15-109) Open Lateral approach AOFAS
failed conservative
treatments. Minimal 12
months follow-up

Method of Duration of Inclusion criteria
Diagnosis symptoms
in mon.
(range)

Table 2: Overview and characteristics of included studies.
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Haglund’s syndrome
(defined as RB)

21 (NR)

Chronic RB. Painful
soft-tissue swelling
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Post-op
AOFAS

Satisfaction

Endoscopic technique Ogilvie Harris
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Satisfaction
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Pain in AT
Chronic RB, failed
conservative, inability to
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on ultrasonography
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Satisfaction

AOFAS
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Satisfaction
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insertional Achilles
calcification

22
(3-62)
NR
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AT spurs
Chronic RB, Haglund
deformtity on X-Lat.
Failed conservative
treatments, no previous
surgery
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AT= Achilles tendon * = Authors were contacted to provide these data
NR=Not reported
X-lat= lateral conventional radiographic imaging of ankle
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30

22

37

28

Chen21

DeVries22

Biyani20

Lehto24

Open

Open

Open

Open

Open

31

40

Open

35

Anderson18

Angermann19

Open

Number of
evaluated
Procedures

Open surgical
techniques

Procedure

NR

Prone

Prone

Supine

NR

Prone

Prone

Position

bilateral

lateral

Medial J

Medial

Lateral

Central
(Tendon-Split)

Lateral

Approach

NR

No AT involvement.
Resection of posterior
superior process and
retrocalcaneal bursa

Resection of posterior
superior process with
power saw
4

3

Complete AT detachment. 1
Resection of posterior
superior process and
retrocalcaneal bursa

Preop antibiotics.
Resection of posterior
superior process

0

11

3

NR

4

3

1
Anchor reattachment
if >50% of AT was
detached. Resection of
posterior superior process
and retrocalcaneal bursa
0
Resection of posterior
superior process by means
of osteotome

2

Minor

Complications
Major

0
Anchor reattachment
if >50% of AT was
detached. Resection of
posterior superior process
and retrocalcaneal bursa

Procedure & AT
involvement

Intervention

patient satisfaction

patient satisfaction

13

0

10

21

6

VAS pre-operative: 7.9 10
(2-10)
VAS post-operative: 1.6
(1-4.5)

8

0

20

27

patient satisfaction

patient satisfaction

AOFAS pre-operative: 43
(10-67)
AOFAS post-operative:
81 (10-100)

2

12

1

0

9

AOFAS pre-operative: 54 Satisfaction NR*
Similar groups in age; duration of
(10-72)
AOFAS post-operative: symptoms
86 (10-100)

3

3

0

3

3

Satisfaction / Other Outcome data
Decrease in pain score /
Change in subjective
Excellent Good
Unchanged Poor
questionnaire (range)
18

14

12

14

11

10

Low

Very
Low

Low

Very
Low

Very
Low

Low

Downs Quality GRADE
Assessment

Table 3. Overview of surgical technique, complication rate, clinical results, patient satisfaction and quality assessment per study (categorized for open and endoscopic technique). The totals and weighed means are provided for the open surgical subgroup and the endoscopic subgroup.
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Open
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Pauker26
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Procedure

Sella29
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Number of
evaluated
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Open surgical
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Table 3. Continued
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Lateral

Medial J
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34 medial
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9
0

0

0

AT detached and
reattached with
nonabsorbable sutures.
Resection of posterior
superior process and
retrocalcaneal bursa
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1

Keck & Kelly osteotomy
0

0

1

No AT involvement.
Resection of posterior
superior process and
retrocalcaneal bursa

3

NR

NR

No AT involvement.
Retrocalcaneal bursa was
not removed

Zadek osteotomy

19

3

NR

Resection of posterior
superior process and
retrocalcaneal bursa

Minor

Complications
Major

Procedure & AT
involvement

Intervention
Approach

AOFAS post-operative:
98.6

AOFAS post-operative
good: 87
AOFAS post-operative
poor: 25

patient satisfaction

patient satisfaction

patient satisfaction

patient satisfaction

VAS pre-operative: 55
(15-90)
VAS post-operative: 15
(0-88)

0

13

3
13

5

14

5

0

25

13

15

20

1

0

0

15

6

2

10

0

3

0

7

0

2

5

Satisfaction / Other Outcome data
Decrease in pain score /
Change in subjective
Excellent Good
Unchanged Poor
questionnaire (range)

11

14

27

9

13

12

Low

Low

Very
Low

Very
Low

Very
Low

Very
Low

Downs Quality GRADE
Assessment
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397

Number of
evaluated
Procedures

30

39*

150

Ortmann9

Scholten28

Total
Endoscopic
technique

Position

Endoscopic Prone

Endoscopic Supine

Endoscopic Supine
(1st 10
prone)

Procedure

NR = Not reported
* = data acquired through author
AT = Achilles tendon

81

Jerosch23

Endoscopic techniques

Totals
Open techniques

Open surgical
techniques

Table 3. Continued

Two portal ECP (van Dijk
technique)

Two portal ECP (van Dijk
technique)

Two portal ECP (van Dijk
technique)

1
(0.7%)

0

1

0

17
(4.3%)

2
(1.3%)

1

0

1

160
(40%)

Minor

Complications
Major

* = Authors were contacted to provide these data
ECP = Endoscopic Calcaneoplasty

Two portal ECP

Two portal ECP

Two portal ECP

Procedure & AT
involvement

Intervention
Approach

41

Ogilvie Harris

91
(62%)

24

AOFAS pre-operative: 62 26
(SD: 12.7)
AOFAS post-operative:
97 (SD: 6.1)

Ogilvie Harris

113
(34%)

43
(29%)

6

3

34

128
(39%)

7
(5%)

4

0

3

58
(18%)

6 (4%)

2

1

3

29
(9%)

Satisfaction / Other Outcome data
Decrease in pain score /
Change in subjective
Excellent Good
Unchanged Poor
questionnaire (range)

Low

Low

Low

14.7 Low
(mean)

14

14

16

12.9 (mean) Very
Low

Downs Quality GRADE
Assessment
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Quality assessment of included studies
All 15 included studies were retrospective in design, one was a retrospective comparative31. The weighted mean score on the Downs and Black quality assessment scale was
13.3 [range 9-18 points] out of a possible 32 points for all studies. Subdivided, the open
procedures scored 12.9 points [range 9-18 points]; the endoscopic group scored 14.7
point [range 14-16 points]. In addition, the quality of included studies was assessed and
rated by means of the GRADE classification (Table 2)22;24;43. Each included study, open or endoscopic, was graded either “low” or “very low” (Table 3). Given the large heterogeneity
in outcome measures used and the heterogeneity between trials, as well as the mediocre
methodological quality, there is an extensive risk of significant bias. We therefore refrained
from pooling data; data are presented as weighted means and summed percentages; no
additional analyses were performed due to the significant risk of bias (Table 3).

Open Surgical treatment
Fourteen open surgical techniques were evaluated in twelve studies10;31‑35;37‑40;42. Five studies reported on a lateral approach, three used a medial approach, whereas four studies
combined or changed their approach case specific. One study compared a lateral approach
with a central approach and one study did not clearly specify the approach used (table
3). In every technique the posterosuperior calcaneal process was resected; all but one
also excised the retrocalcaneal bursa. One study performed a calcaneal wedge osteotomy
(Zadek 44or Keck & Kelly45), the bursa and posterosuperior calcaneal process were removed
dependant on the performed technique10. Because of these differences summed data must
be interpreted with caution. It is not possible to compare different surgical techniques with
each other because the power of the studies is insufficient. However, substantial differences were found regarding complication ratio, patient satisfaction and questionnaires.
Three studies reported a relative low patient satisfaction, as a large group of patients
(30-42%) reported a poor or unchanged outcome after surgery10;32;33. Six studies reported
opposite results with a good or excellent satisfaction in 81-95% of the patients34;35;37;38;40;42.
The disappointing results led authors to be reluctant to advice open surgery for patients
with chronic RB10;38. Likewise, the number of complications differed greatly. One study,
describing the results of 66 procedures, reported 109 minor complications (165%)10. The
mean complication ratio of all studies describing open surgical treatment was 45% (Table
3). Of the 177 documented complications 17 (10%) were major and 160 (90%) minor. The
large difference herein may be the result of detailed documentation, the number however
is of such a proportion it remains interesting what the cause of this difference could be. In
spite of the varying results in patient satisfaction and complication rate, all subjective questionnaires showed a substantial increase post-operatively (Table 3). Most authors state it is
important for the outcome of surgery that enough bone is resected in order to minimize
the impingement possibility and reoccurrence of complaints31;39. Despite the knowledge
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and focus thereof the number of reoperations is relative high; of all major complications
(18) eight were reoperations. A possible explanation for persisting symptoms after open
surgery is inferior visualization compared to arthroscopic intervention. In case of a medial
approach the lateral side is difficult to visualize, a sharp lateral calcaneal rim may be missed
and cause post-surgical problems. Likewise with a lateral approach: the medial side is difficult to visualize, hence the medial calcaneal rim is susceptible for post-surgical problems.
Multiple studies point to the long lasting complaints or prolongation of symptoms after
surgery, a one or two year prolongation has been reported repeatedly; however almost all
patients became satisfied after a longer follow-up moment34;38. Post-operative treatment
differed largely if recorded at all10;34. Immediate weight bearing was advocated by two
studies32;37. The shortest period of non weight bearing was 2-3 weeks, if no extensive
tendon release was performed33;40. The longest period of non-weight bearing was 6 to 8
weeks31;42. A few studies reported on sports resumption or full activity33. A broad range
was found with a minimum of 5.4 months, up to a maximum of two years34. Certain postoperative treatment protocols and/or sports resumption advice may have led to a large gap
between the time of surgery and return to sports or normal daily activity. This probably
affected the patient satisfaction and outcome of surgery.

Calcaneal Osteotomy
Only one study on the use of calcaneal osteotomies for chronic RB was included in this
review10. This is in contrast to the many non-clinical publications this subject, and the
consensus that calcaneal osteotomy is a much used and evaluated treatment for chronic
RB46‑50. Multiple studies on calcaneal osteotomies were found with the search. All but one
however were literature reviews or expert opinion without reporting clinical results of the
procedure. These reviews discussed the use of correction osteotomies of the calcaneus to
address chronic RB and all reported good outcomes46;47;49. It is remarkable that only one
clinical study on calcaneal osteotomy could be included in this systematic review. Hence,
and despite these previous reviews, the patient based clinical evidence for correction osteotomies of the calcaneus in chronic RB seems to be very limited.

Endoscopic treatment
Three studies described endoscopic surgical techniques to treat chronic RB9;36;41. They evaluated 147 patients, who underwent 150 procedures. One study outlined the results with
patients operated in a supine position, one with patients in prone position and one used
either position (Table 3). The posterosuperior calcaneal process and retrocalcaneal bursa
was resected in all cases. A proper comparison of supine position versus prone position is
not possible as the total number of studies differentiating herein is insufficient. However
the results of the included studies reveal no substantial difference in patient satisfaction or
complication ratio (Table 3). To evaluate patient satisfaction, two studies used the Ogilvie
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Harris score36;41. These studies reported on 117 patients, 65 (56%) patients had an excellent
satisfaction, 40 (34%) good, 7 (6%) unchanged and 5 (4%) poor. Ortmann did not use
the Ogilvie Harris score but reported comparable high patient satisfaction in 30 procedures
of which 29 (97%) had either an excellent or good outcome, 1 (3%) unchanged or poor9.
The complication ratio was low, only one (0.7%) major complication occurred in the entire
endoscopic group (150 procedures). Additionally two (1.3%) minor complications were
reported. All studies stated that every patient was content with the small scar. There were
minor differences in post-operative treatment. Immediate weight bearing was allowed
by one study41. Partial weight bearing was advised for two weeks by the other studies,
hereafter gradual full weight bearing was allowed9;36. The duration to sports resumption
varied between 6 and 12 weeks.

Open versus endoscopic treatment
The AOFAS was used by one study in the endoscopic group; hence it cannot be used
to compare the two interventions9. Overall patient satisfaction differed between both
techniques. 91% of the endoscopic group had either an excellent or good satisfaction,
5.2% felt unchanged and 4.5% reported a poor satisfaction. In the open group the
77% reported an excellent or good satisfaction, 13% unchanged and 10% poor. This
distinction is likely to be caused by the less extensive postoperative care in combination
with short rehabilitation period and quick resumption of daily activities after an endoscopic procedure8;9;11. In addition the superior cosmetic results have a beneficial effect on
patient satisfaction8. Finally and probably the most important factor is the difference in
complication ratio. An increased complication rate was found consistently in the studies
evaluating open surgery compared to the endoscopic studies. Only one major complication
occurred in 150 procedures in the endoscopic group (0.7%); in the open surgical group
however, 17 (4.3%) major complications were reported (Table 3). The difference between
the two interventions was even larger regarding minor complications; two (1.3%) were
documented in the endoscopic group compared to 161 (44%) minor complications in
the open group. This data however is significantly influenced by the complication rate of
one study (in the open group), as Taylor et al documented 118 minor complications in 69
procedures10. Excluding this study would still result in a substantially larger complication
ratio compared to endoscopic procedures with 4% major and 13% minor complications.
Many authors focus on the resection of a sufficient amount of bone8;11;25;29;31;36;39;41. Eight
reoperations were necessary in the open group due to an insufficient resection of bone.
No reoperations were documented in the endoscopic group, all authors specifically noted
that resection of a sufficient amount of bone is essential for a good outcome. Therefore
all stated the surgeon must evaluate for impingement per-operatively and check for this
under direct vision.
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Discussion
To our knowledge, this is the first systematic review evaluating the surgical treatment for
chronic RB. Previous studies have focused on insertional problems of the Achilles tendon,
one evaluated study did include patients with chronic RB the remaining articles however
did not51. This study evaluated 15 studies on the surgical treatment of chronic RB. 547 procedures in 461 patients were evaluated; 12 trials reported on an open surgical technique,
whereas three studies evaluated endoscopic techniques. Based on patient satisfaction the
endoscopic technique is favoured over open procedures; 91% had an excellent or good
satisfaction after an endoscopic procedure whereas 73% had an excellent or good satisfaction after an open procedure. The complication rate differed substantially, favouring endoscopic surgery over open surgery; one major complication occurred in 150 procedures in
the endoscopic group (0.7%) whereas 17 (4.3%) major complications were reported in the
open surgical group (table 3). The difference between the two techniques was even larger
regarding minor complications; two (1.3%) were documented in the endoscopic group
and 161 (44%) were found in the open group. Finally most authors state that adequate
bony resection is essential for successful surgical intervention, regardless of chosen surgical
technique8;11;25;29;31;36;39;41. A previous prospective comparative study evaluated two different
treatment regimes for retrocalcaneal bursitis8. In this well performed study an open approach was compared with an endoscopic approach. This study was excluded as it did not
meet the inclusion criteria of this review; not only patients with chronic RB but also patients
with insertional Achilles tendinopathy were included. Despite the exclusion, the results of
the study by Leitze et al. are interesting to compare to the results of this review8. Leitze
concluded that both techniques provided a significant improvement. A minor (nonsignificant) difference was found in post-operative AOFAS score favouring endoscopic surgery.
It was concluded that an experienced surgeon may prefer the endoscopic procedure, as
operating time is shorter and visualization is superior. The complication rate between the
techniques differed largely; in favour of the endoscopic technique. Finally, less extensive
postoperative care in combination with a cosmetically superior result was reported after
endoscopic surgery. These results are comparable to the findings of this systematic review.
The quality of included studies, assessed by means of the Down and Black scale and
GRADE classification, revealed a poor level of methodological quality in most studies (Table
3). As no randomized controlled trials were included, caution should be taken with the
interpretation of the findings of this study52. It has been stressed repeatedly that quality
assessment is important, regardless of the evidence of included studies53;54. In addition it
has been pointed out that in spite of a possible low methodological quality, the outcome
is of clinical importance55.
The most important limitation for this systematic review is the low level of evidence of
identified studies and the substantial risk of bias in these studies (Table 3). In addition a
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large limitation of this, or any study regarding pathology of the Achilles tendon or related
hereto, is the long lasting terminological hoax surrounding these pathologies29;33;36;56‑65. For
this systematic review, we used strict inclusion criteria for the definition of chronic RB. This
may have resulted in the exclusion of some studies based only on the used terminology
in these articles8;25;27;28;39. However, the outcome of these excluded studies are comparable
to the included studies: most studies show a good outcome after surgical intervention
(open or endoscopic) and a superior outcome with an endoscopic approach8;11;25;27;28;39.
Because chronic RB differs from other insertional Achilles pathology, the results of this
analysis are largely dependent on the proper diagnosis and terminology of the included
studies3‑7;57;61;66;67. If included studies lacked precision to differentiate between these
entities, patients with insertional Achilles tendinopathy (IAT) instead of chronic RB may
have been included. Even though all studies reported that the diagnosis was based on
clinical findings and radiographic imaging (showing an enlarged posterosuperior calcaneal
process) patients’ symptoms may have been based on IAT instead of chronic RB. It has
been documented repeatedly that an enlarged process is seen frequently in patients with
IAT6;67‑71. In addition, IAT and chronic RB may occur simultaneously, if patients have this
combination and are treated only for chronic RB a minimal effect of intervention can be
expected67. The outcome of surgical intervention between these different pathologies have
been compared by Watson7. He reported different results between these pathologies while
the surgical intervention was the same. This reemphasizes the difference between these
entities. Despite the low level of quality of available studies, the outcome is of clinical
importance54. There are evident differences in outcome between techniques. Endoscopic
interventions show a consistent low complication rate with consistent high patient satisfactions compared to open surgical techniques. In addition, the post-operative treatment
showed marked differences in duration of immobilization and period of none- or partial
weight bearing all favoring the endoscopic technique. Finally, and again favoring the endoscopic technique sports resumption and performing normal daily activities was sooner
achieved after an endoscopic intervention. Authors publishing on endoscopic intervention
state that the procedure requires experience. Inexperienced surgeons should therefore be
trained prior to performing the procedure. For a better comparison of outcomes it is vital
that future studies clearly state the treated pathology (i.e. by means of a broadly used
terminology) and document their diagnostic methods in detail.

Conclusion
There are many different surgical techniques to treat RB. Regardless of technique resecting
sufficient bone is essential for a good outcome. Even though the level of evidence of
included studies is relatively low, it can be concluded that endoscopic surgery is superior
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to open operative intervention for chronic RB. More evidence and a clear description of
the treated pathology are a necessity to be more conclusive regarding the best surgical
treatment.
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Abstract
Background: Calcaneal apophysitis, or Sever’s disease, is a traction apophysitis. It is a
frequent cause of heel pain in children. Knowledge about the exact incidence of calcaneal
apophysitis in the general population, however, is lacking.
Methods: From 34 general practices, records of patients between 6 and 17 years, visiting the general practitioner (GP) were analysed. Diagnoses of calcaneal apophysitis were
counted using computerised registration networks of GPs in 2008, 2009 and 2010.
Results: There were 16383 SOAP files searched and a number of 61 pediatric patients
with calcaneal apophysitis were established over the years 2010, 2009, 2008, showing an
incidence of 3.7 in 1000 registered patients.
Conclusion This is the first report on incidence rates of calcaneal apophysitis in general
practice. With an incidence of 3.7 in 1000 registered patients it is a common pathologic
entity, which requires more research on pathophysiology and therapy. The actual incidence
may be higher due the strict inclusion criteria of this study.
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Introduction
Calcaneal apophysitis, or Sever’s disease, appears to be a quite common cause of heel
pain in pediatric patients [10]. Symptoms present around the age of 11-15 years in boys
and 8-13 years in girls[5]. These symptoms consist of heel pain, during or directly after
activity. In recalcitrant cases symptoms may be present at rest. Treatment is conservative,
for instance rest, stretching, calf musculature strengthening, a heel raise inlay and in severe
cases prolonged casting[6;7;10;12]. The incidence of calcaneal apophysitis amongst other
musculoskeletal injuries has been reported to be between two and 16%[10]. Additionally
an increased incidence has been reported in active pediatric patients[6]. A previous study
reported the incidence of non-specified heel pain in Dutch pediatric patients aged 0-17,
which was found to be 1.7 per 1000 registered persons[3]. However, no differentiation
between pathologies was made[3]. Incidence rates are useful for studying trends in occurrence of diseases, future intervention studies, and for burden of disease estimates[2].
This is specifically important for calcaneal apophysitis as it is relatively easy to treat, but
known to cause a significant decrease in the quality of life of affected pediatric patients
[9]. Furthermore, increased knowledge about calcaneal apophysitis may provide necessary
awareness in the diagnostic process and thus to earlier treatment. Finally incidence rates
are an important study tool for the methodological design of future (intervention) studies.
The purpose of this study was to analyse the incidence of calcaneal apophysitis in the
Dutch general practitioner’s (GP) practice.

Methods
A cross-sectional study within the Dutch general practice setting was designed. In the
Netherlands, every non-institutionalised inhabitant is registered in a GP practice. Data
was obtained from a digital registration system of six primary care health centers were
34 GP practices containing 45839 registered patients: all members of the HAG-net-AMC
registration network[11]. All GP representatives were approached for participation. All
electronic patient files of participating practices were searched. In the Netherlands, every
GP documents consultation data digitally according to acronymic SOAP files system; this
system divides data of each consult in symptoms S(Subjective), signs O(Objective), working
hypothesis/ diagnosis A(Assessement) and plan for treatment P(Plan).
To analyse the total number of patient with calcaneal apophysitis, SOAP files of pediatric
patients aged between 6 and 17 years from 2008, 2009 and 2010 were extracted and
searched, using the following terms: “sever, calc, achil, foot, heel, enthes, enchond and
osteochondr”. Subsequently all files were manually and independently analysed by two
observers. For the diagnosis of calcaneal apophysitis, a typical description of (pain) com-
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plaints was required; this consisted of the following: a growing child aged between 6 to
17 years, with uni or bilateral pain over the calcaneal apophyseal area (posteromedial and
or lateral calcaneus). The pain is not caused by recent trauma. Absent are: erythema, swelling or other skin changes. Strict inclusion criteria were followed; patients were excluded
in case of doubt. To assess whether patients met the inclusion criteria for the diagnosis
of calcaneal apophysitis, all suspected cases of calcaneal apophysitis were independently
assessed by one blinded researcher, one blinded GP and one blinded orthopedic surgeon
specialized in pediatric orthopedics. To maintain the strict inclusion for incidence counts,
cases were excluded in case of persisting interobserver differences regarding the final
diagnoses of calcaneal apophysitis. A case was eligible to count for incidence rate if the
first GP contact for these complaints was in the year 2010 or 2009 without a previous visit
in 2009 or 2008. As no data for 2007 was obtained, scoring of incident cases rather than
an appraisal was not possible for 2008.

Results
All approached GPs gave consent for participation. All 34 practices combined had 16530
patients registered between the age 6 and 17 years. 16383 SOAP files were analysed.
16289 were excluded based on described criteria. The two researchers independently extracted 94 potential cases of calcaneal apophysitis. After further assessment by the blinded
assessors 33 were excluded, resulting in the inclusion of 61 individual cases of pediatric
patients with calcaneal apophysitis over the years 2010, 2009 and 2008 (Table 1). The
weighted mean was calculated to determine the incidence rate over these years resulting
in an overall incidence of 3.7 per 1000 persons. 46 out of the 61 cases of pediatric patients
with calcaneal apophysitis were boys. The median age of the boys was 12 years old (range
9-15 years). The 15 girls included in this study had a median age of 10 years (range 8-12
years).

Table 1: Incidence calcaneal apophysitis per year.
Year

Pediatric patients with calcaneal apophytis
(total population age 6-17 years)

Incidence

2008 (Appraisal)

18 (5720)

3.2

2009

17 (5474)

3.1

2010

26 (5336)

4.9
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Discussion
The purpose of this study was to analyse the incidence of calcaneal apophysitis in the
Dutch general practitioner’s (GP) practice. This study shows a weighted mean incidence of
3.7 per 1000 registered persons per year. To the authors knowledge this is the first study
presenting incidence rates of calcaneal apophysitis in the Dutch GP population. Previous
studies have elaborated on foot, ankle and non-specified heel pain in the GP population[1-4]. Some have calculated the percentage of patients with calcaneal apophysitis
in their studied population[10]. Most of these reports provide information from (sports)
medicine clinics or injury studies, resulting in an altered study population compared to the
incidence of patients registered at a GP practice. This population bias, containing more
active pediatric patients than the general GP population, leads to difficult interpretation of
results and presumably high percentage of symptomatic pediatric patients.
Three years were evaluated to analyse the incidence of calcaneal apophysitis. As expected
the first two years analysed had comparable results on patients with symptomatic calcaneal apophysitis. In 2008 this number was 18 out of 5720, resulting in a rate of 3.2
per 1000. In 2009 it was 17 out of 5474, a rate of 3.1 per 1000. However, in 2010 the
number of patients with calcaneal apophysitis was remarkably higher: 26 out of 5336
resulting in 4.9 per 1000. It is unknown what causes the increase in incidence, it may be
“pathology awareness” of the GP; it may be due to more awareness of patients/ parents
or more demanding patients/parents who expect a diagnosis from their GP. Finally it may
be a coincidental finding that will not be repeated in forthcoming years. The incidence
found in our study is relatively high compared to previous studies on heel pain[1-4]. This
is especially the case as these studies did not focus on calcaneal apophysitis alone. As the
incidence is higher than assumed the impact of this pathology on pediatric patients life
becomes important. Scharfbillig et al reported on the quality of life (QoL) of patients with
calcaneal apophysitis, he found a significant decrease in QoL in patients injured by this
pathology[9]. This result, in combination with the current study, shows the importance
of knowledge of this pathology and the treatment thereof. Hitherto, it is unsure which
treatment is preferable; there are no high-level evidence study results[10]. The treatment
seems to currently focus on heel raising inlays and sport cessation[7;10;12]. Based on this
study it is obvious that more research should focus on calcaneal apophysitis. Compared
to other pediatric heel and Achilles tendon pathologies there is a lack of research on
calcaneal apophysitis. Although symptoms are often relatively mild it can lead to prolonged
periods of casting, a decrease in quality of life and a forced early cessation of a youngster’s
sports career[6;9;12]. Surrounding pathologies, for example Achilles tendinopathy and pes
planus, are much more studied entities, even though the size of affected population is
much smaller[1;2].
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Due to the limitations of this study the actual incidence can only be higher than observed
in this study. First, not everyone with pain complaints will visit a healthcare professional,
hence a substantial group of patients will not see a doctor if complains are sustainable. In
a cross-sectional population-based study, Picavet et al reported that approximately 50% of
the patients with musculoskeletal complaints visited a healthcare professional[8]. Second,
most patients in the Dutch healthcare system visit their GP before being referred to a physiotherapist or medical specialist, however since 2006 patients can visit a physiotherapist or
sports physician without GP referral. The incidence might therefore be higher if we were
able to obtain information from these practices as well. Currently no systematic electronic
file is used by these practices making it impossible to study the incidence of calcaneal
apophysitis in multiple sports medical and physiotherapists’ practices. Finally, due to the
strict inclusion criteria used in the selection of cases some less typical symptoms may have
been missed in the selection process. This may have led to an underestimation of the size
of the problem in this population.
Future studies regarding calcaneal apophysitis should foremost focus on the treatment of
affected pediatric patients. As stated, only a few studies have focused on treatment and
there is an absence of high level of evidence studies. In addition the focus should be on
the underlying injury mechanism to analyse the pathophysiology of this injury. The cause
of heel pain in these pediatric patients remains unknown.
In conclusion, this is the first study to study the incidence of calcaneal apophysitis in the
general population. With an incidence of 3.7 in 1000 registered patients it is a common
pathologic entity, which requires more research on pathophysiology and therapy.
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Abstract
Introduction: Calcaneal apophysitis is a frequent cause of heel pain in children and is
known to have a significant negative effect on the quality of life in affected children. The
most effective treatment is currently unknown. The purpose of this study is to evaluate
three frequently used conventional treatment modalities for calcaneal apophysitis.
Methods: Three treatment modalities were evaluated and compared in a prospective
randomized single blind setting: a pragmatic wait and see protocol versus a heel raise inlay
(ViscoHeel, Bauerfeind, Thüringen, Germany) versus an eccentric exercise regime under
physiotherapeutic supervision. Treatment duration was ten weeks. Inclusion criteria: age
between eight and fifteen years old, at least four weeks of heel pain complaints due to
calcaneal apophysitis based, with a minimal VAS-pain of three points. Primary exclusion
criteria included other causes of heel pain and previous similar treatment. Primary outcome
was VAS-pain at three months. Secondary outcomes: patient satisfaction and Oxford Ankle
Foot Questionaire (OAFQ). Points of measure were at baseline, six weeks and three months.
Analysis was performed according to the intention-to-treat principles.
Results: 101 subjects were included. Three subjects were lost to follow-up. At six weeks:
the heel raise subjects were more satisfied compared to both other groups (p<0.01); the
heel raise group improved significantly compared to the wait and see group for OAFQ
Children (p<0.01); the physical therapy group showed significant improvement compared
to the wait and see group for OAFQ Parents (p<0.01). Each treatment modality showed
significant improvement of all outcome measures during follow-up (p<0.005). No clinical relevant differences were found between the respective treatment modalities at final
follow-up.
Conclusion: Treatment with wait and see, a heel raise inlay or physical therapy each result
in a clinical relevant and statistical significant reduction of heel pain due to calcaneal
apophysitis. No significant difference in heel pain reduction was found between individual
treatment regimes. Calcaneal apophysitis is effectively treated by the evaluated regimes.
Physicians should deliberate with patients and parents regarding the preferred treatment.
Level of Evidence: Level 1 Therapeutic randomized controlled trial
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Introduction
Calcaneal apophysitis (Sever’s disease) is an osteochondrosis of the calcaneus. It is a common injury in active, often overweight, predominantly male children1. Symptoms usually
start between the age of 8-15 years in boys and 8-13 year in girls2. At skeletal maturity, all
complaints have resolved1;3‑5. The incidence of Sever’s disease has been reported to be 3.7
(per 1000) and is the most common cause of heel pain in the growing child2;6;7. Children
experience pain over the apophyseal area of one or both heels (60%) up to the insertion of
the Achilles tendon2;8. Calcaneal apophysitis is known to significantly decrease the quality
of life of affected children9 Unfortunately, no evidence based treatment is available. The
treatment has been described as “a guessing game”10. Current treatment strategies, based
on Level IV and V evidence are focused on conservative treatment: activity modification,
heel lifts or orthoses and eccentric exercises1;2;5;11‑13. But casting, apophyseal removal and
ultrasound guided NSAID or- steroid injections have also been described10;12;14‑16. Most
studies report a large decline of pain after a treatment period of several weeks2;5;12;15;17;18
The purpose of this study was to compare the effectiveness of three conservative treatment
strategies for calcaneal apophysitis, with decrease of pain being the primary outcome
measure. A pragmatic randomized trial, with an intervention period of 10 weeks was
conducted with final follow-up at three months after baseline. The following treatment
methods were evaluated during the trial: Wait and see with the advice to cease painful
activities; heel raise inlay; physical therapy focusing on eccentric exercises. We hypothesize
that each treatment will result in a substantial decrease of pain at final follow-up.

Methods
A single-centre single-blind randomized controlled clinical trial was performed at the
outpatient clinic of the paediatric orthopaedic department of the Amsterdam Medical Center. The study was approved by the medical ethics committee of our institution
(NL32540.018.10 CTSD-trial) and registered at the national trial register (NTR4241).

Patients
Patients were recruited from the outpatient paediatric orthopaedic clinic of this hospital,
patient were consecutively referred by general practitioners. Children between eight and
fifteen years old presenting with heel pain diagnosed as calcaneal apophysitis were eligible
for inclusion (Table 1: Selection criteria). Written informed consent was obtained from all
subjects’ parents or guardian(s) and children (at age twelve).
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Table 1: Selection criteria.
Inclusion criteria
Diagnosis of calcaneal apophysitis, based on clinical symptoms with
Positive squeeze test (Pressure pain at posterolateral and/or medial side of heel
No abnormalities on basic foot/ankle radiography
Pain complaints for at least 4 weeks prior to the start of treatment
VAS pain score should be at least 30 mm at time of inclusion
Capable of performing prescribed exercises
Exclusion criteria
Age <8 >15 yr
Subject previously underwent one of the evaluated treatment modalities for current complaints
Other injury to the affected foot or leg over the last year
Complaints based on other foot or ankle pathology

Study procedures
Patients were seen in the outpatient paediatric orthopaedic clinic by the supervising orthopaedic surgeon who performed standard physical examination and imaging to diagnose
the pathology of the child. If inclusion criteria were met and consent was obtained, subjects
were included (Table 1: Selection criteria). Baseline characteristics and study data were obtained and subjects were randomly assigned to one of the three intervention groups (Wait
and see, ViscoHeel, physical therapy). Randomization was performed by use of a computer
generated randomization program in blocks of twelve. Allocation was performed using
concealed opaque envelopes. After baseline enrolment, subjects returned at six weeks and
three months after inclusion for follow up examination. During these visits general medical
consultation was performed by the attending physician, thereafter, a blinded researcher
performed data acquisition.

Interventions
Each intervention consisted of a treatment period of ten weeks.

Group 1: Wait and see
Subjects allocated to this group were advised pragmatically to cease their pain inducing
activities. The subjects were encouraged to retain to the allocated program and informed
that cessation of painful activities, for a period as short as four weeks, is known to reduce
complaints1;2;8;15. As the intervention should be pragmatically executed to represent the
daily clinical situation, subjects were allowed to gradually restart their activities once
symptoms subsided.

Group 2: Heel raise
A regularly used prefabricated heel raising inlay, the ViscoHeel (Bauerfeind) had to be worn
by the subjects allocated to heel raise inlay group1;11;12. The inlay had to be worn daily in
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both shoes, also during physical activity. The heel raise was fabricated to fit different shoes,
facilitating the use in different footwear. There were no limitations regarding activity.

Group 3: Physical therapy
Participants allocated to this group were to execute the assigned exercises according to a
protocol provided and pragmatically supervised by an expert physical therapist. The exercises were primarily focused on eccentric calf strengthening. During this period, eccentric
exercises were performed under supervision of a physical therapist. In addition, daily ‘at
home’ exercises were assigned. There were no limitations regarding activity.

Outcome measures
The primary outcome was the VAS for pressure pain at the location of maximal pain at the
region of the calcaneal apophysis. This was obtained by means of a pressure algometer
(Wagner instruments, FPK/FPN Mechanical Algometer, Greenwich, CT, USA). The VAS score
was attained at a pressure of 5kg on the algometer. The algometer was positioned at the
most painful location of the calcaneus. Three separate measurements were obtained and
the average of these measurements was taken to calculate the final VAS score.
Secondary outcome measures consisted of: (1) patient satisfaction, scored on a VAS scale
(0 mm = very dissatisfied to 100 mm = very satisfied). A satisfaction score of 70 mm or
higher was interpreted as acceptable satisfaction; (2) the Oxford Ankle and Foot Questionnaire (OAFQ), which is a fifteen-point questionnaire designed with a parent and child
version 19;20.

Sample size calculation
Sample size calculation was based on the primary outcome measure, VAS for pain. Based
on a standard deviation of 2.4 mm, achieved in a pilot study performed at the orthopaedic
paediatric outpatient clinic of our hospital, a sample size of 32 patients in each of the three
groups was sufficient to detect a clinical relevant difference of 20 mm in a one-way analysis
of variance with 90% power at a 0.05 level (two-sided). To account for a potential drop out
of 10%, a total of 36 subjects in each treatment group was required.

Statistical analysis
Statistical analysis was performed by use of SPSS version 21 (IBM, Chicago, Illinois).
Continuous data were checked for normality (Kolmogorov Smirnov test) and described as
means with SD in case of normal distribution, otherwise as medians with ranges. Categorical data are presented as numbers with percentages. Statistical analyses of primary and
secondary outcomes were performed according to the Intention-to-treat principle. Change
from baseline was calculated for the VAS scale and OAFQ scales, and comparisons between
the treatment groups were made by use of a 1-way analysis of variance (ANOVA) for each
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follow-up moment. Significance level was set at p<0.05. In case of significance post-hoc
pairwise comparisons (Student’s t-tests) were performed with adjusted significance levels
for multiple testing (Bonferroni, p<0.017). Additionally, change over time was analysed
by use of ANOVA repeated measures analysis. Differences of the ordinal satisfaction scale
between the treatment groups were analysed by use of a Kruskall Wallis test (significance
level, p<0.05) with post hoc Mann Whitney U-tests (Bonferroni, p<0.017).

Results
Enrolment
Between October 2010 and September 2013 a total of 117 patients were screened. Fifteen
patients did not meet the inclusion criteria and one patient refused participation. Inclusion
was stopped when the first 96 included subjects (calculated power) finished their three
months follow-up assessment. This resulted in 101 randomized patients of which three
were lost to follow-up. All three (Two from wait and see, one from physical therapy group)
patients decided to refrain from all follow-up assessments as symptoms subsided in the
first six weeks after the initiation of treatment.

Patient characteristics
The entire study population consisted of 76 (75%) male and 25 (25%) female children with
a mean age of 10.6 (SD 1.6) years. The demographic and baseline characteristics of the
subjects included in each intervention group showed no significant differences (Table 2).

Table 2: Baseline characteristics
Wait and see

Heel raise inlay

Physical Therapy

p

Number of Subjects

33

33

35

Gender, male, (%)

27 (82%)

22 (67%)

27 (77%)

ns

Affected side: Right n (%)

20 (61%)

16 (49%)

21 (60%)

ns

Height, mean (SD) (cm)

150 (11.2)

147 (8.0)

149 (10.8)

ns

Weight, mean (SD) (kg)

40.9 (9.0)

38.0 (7.7)

41.6 (10.4)

ns

Age mean (SD) (yrs)

10.9 (1.9)

10.3 (1.4)

10.6 (1.4)

ns

Shoesize, mean (SD)

38.1 (2.5)

37.3 (2.2)

37.6 (3.2)

ns

Sports participation per
week, mean (SD) (in hours)

6.6 (2.7)

6.7 (3.7)

6.3 (3.3)

ns

VAS, mean (SD)

6.1 (1.9)

6.2 (2.0)

6.3 (1.7)

ns

OAFQ child, mean (SD)

42.3 (8.4)

39.2 (8.5)

43.0 (7.7)

ns

OAFQ parent, mean (SD)

39.4 (8.2)

39.8 (9.2)

40.3 (7.8)

ns
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Outcomes
Each treatment group showed significant improvement of all outcome measures compared
to baseline during follow-up (p<0.005).
No significant differences were observed between the intervention groups at final followup (Table 3).
There were no significant differences in baseline OAFQ for Children between the three
groups. All treatment groups improved significantly at each follow-up. At six weeks follow
up a small significant difference of four points was found between the wait and see and
the heel raise group [p=0.009]. There was no significant difference between the intervention groups at final follow-up (Table 3).
No significant difference in baseline OAFQ for Parents was found between the three groups.
Each treatment protocol improved significantly during follow up. At six weeks a significant
difference between wait and see versus physical therapy was observed [p=0.004], in favour
of physical therapy. At three months no significant differences between the three treatment groups were detected (Table 3).
The patient satisfaction in the heel raise group was significantly superior compared to both
the physical therapy group and the wait and see group at six weeks [p=0.01 and 0.001

Table 3: Results at follow-up. Shown are improvement compared to baseline (table 2) of each treatment
protocol (A,B or C) and difference in improvement between each treatment group (A-B, A-C and B-C).
VAS-pain, in millimetres (mm) as measured with the algometer. Outlined are: six weeks observation (6w);
three months observation (3m). Oxford Ankle and Foot Questionnaire (OAFQ), for children and parents.
Outlined are: six weeks observation (6w); three months observation (3m).
Improvement compared to
baseline mean (SD)
B
A
Wait & See Heel raise
(n=33)
(n=32)

C
Physical
Therapy
(n=33)

Difference in improvement between treatment groups
mean (95%CI)
p*

A-B

A-C

B-C

VAS
6w

2.0 (2.7)

2.5 (2.4)

3.2 (2.5)

0.17

-0.5 (-2.1; 1.1)

-1.2 (-2.7; 0.3)

-0.7 (-2.2; 0.8)

3m

3.9 (2.8)

4.3 (2.9)

3.8 (3.0)

0.72

-0.4 (-2.2; 1.3)

0.1 (-1.7; 1.8)

0.5 (-1.2; 2.3)

OAFQ Children
6w

3.9 (6.0)

8.4 (7.1)

7.2 (7.4)

0.03

-4.5 (-8.7; -0.2)

-3.3 (-7.5; 0.9)

1.2 (-3.0; 5.3)

3m

7.7 (9.6)

12.5 (10.2) 9.5 (6.6)

0.09

-4.8 (-10.3; 0.6) -1.8 (-7.3; 3.6)

3.0 (-2.3; 8.4)

#

OAFQ Parents
6w

3.9 (6.7)

8.2 (7.6)

9.8 (8.7)

0.01

-4.3 (-9.0; 0.5)

-5.9 (-10.5; -1.1)# -1.6 (-6.2; 3.1)

3m

8.4 (9.9)

11.9 (12.0) 12.0 (8.7) 0.28

-3.6 (-9.7; 2.7)

-3.6 (-9.8; 2.7)

p*: p-value of the ANOVA test for overall differences between the treatment groups.
#
: significant at p<0.01 level

0.1 (-6.3; 6.1)
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Table 4: Patient satisfaction, evaluated on a ten point VAS in millimetre (mm), outlined are: six weeks
observation (6w); three months observation (3m) and the percentage of subjects who scored above ‘70’.
Wait and see
(median range)

Heel raise
(median range)

Physical therapy
(median range)

P$

6w

70 (30-100)

80 (30-100)¶

70 (25-100)

0.002

3m

80 (60-100)

85 (30-100)

80 (50-100)

0.74

>70

66%

82%

67%

0.27

p = p-value for overall comparison between treatment groups (Kruskall-Wallis test, Chi -test)
¶
= significant difference between heel raise and both other intervention groups (p<0.01)
$

2

respectively]. There were no significant differences between the intervention groups at
final follow-up (Table 4).

Discussion
The studied treatment strategies were found to be equally effective at three months
follow-up. The purpose of this study was to determine the most effective frequently used
conservative treatment of calcaneal apophysitis primarily based on the decrease of pain.
There were no differences between the evaluated treatment options at final follow-up.
In partial support of the hypothesis the results show a significantly decreased pain at the
three months follow-up for each treatment modality. In addition, all secondary outcomes
were statistically superior at the three-month point compared to the baseline outcome.
The results of this study clearly demonstrate that each of the studied conservative treatment
options is effective for children with calcaneal apophysitis. The only statistical significant
and clinically relevant difference is the satisfaction at six weeks follow-up. Besides the
decrease in pain complaints another important outcome is ‘satisfaction with received treatment’. This shows how enthusiastic the child is and thereby willing to follow the treatment
regime. Although only a statistically difference was measured at six weeks, there seems
to be a preference for the heel raise inlay. This was supported by the anecdotal finding
that most subjects who were dissatisfied at three months (eight subjects) chose the heel
raise inlay as the next treatment option. The preference can be explained by a few logic
factors based on the investment the child will have to do to receive a proper treatment
and the limitations that should be addressed. For the exercise modality the subject had to
perform a rigorous regime of daily exercises to stretch and strengthen the gastrocsoleus
complex. In addition, at least one weekly visit to the physical therapist was mandatory.
An advantage of this modality was that subjects were allowed to remain active in sports
and play. The main disadvantage of the wait and see group is obvious: the treatment
consisted of a strict advice against painful activity, which can be arduous for generally
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active children, hypothetically inducing a decreased quality of life (QoL) compared to the
other modalities. Finally, subjects of the inlay group had to wear the inlay in their shoes but
also had no activity restriction nor had to perform a rigorous exercise regime. Although
no cost-effectiveness analysis was performed, it is important to consider the cost of each
treatment regime. The wait and see group has no financial consequence, the exercise program comes with substantial expenses (physical therapy), which is not comparable globally
as rates, funding and compensation differs, but will be substantially more than the price
of a ViscoHeel set. As no primary difference was measured between the treatment options
the most favourable may be the heel raise due to the lack of disadvantages and limited
financial burden. The previously stated decrease in QoL in the wait and see group and cost
effectiveness analysis should be addressed to specifically favour one the modalities.
This is the first randomized controlled trial evaluating three most common treatment regimens for calcaneal apophysitis in an unselected population of children. Previous studies
on calcaneal apophysitis were mostly retrospective or anecdotal2;10;21;22. One randomized
trial was performed, showing a favourable outcome of custom made inlays compared to
prefabricated inlays23. However only a very select population was evaluated and a control
group was missing. Furthermore the design of the study used an intense crossover schedule allowing a very short incubation time for the treatment. Finally refractory cases were
excluded hereby further increasing a substantial selection bias of the studied population.
A potential limitation of every study is the compliance of the subjects to the prescribed
treatment modality. The compliance of the activity cessation group was pragmatically
based upon providing proper advice and therefore by definition reliable. Compliance with
this intervention was not based on actual painful activity cessation by the subjects as it
is impossible to evaluate reliably. A lack of compliance was further addressed by clearly
explaining the expected results on pain complaints for each treatment modality at the
informed consent moment, hereby creating commitment to any allocated regime by the
subjects and their parents to perform and persevere. Another limitation was the single
blinded setting in which this study had to be performed. It was not possible to blind the
subjects for either treatment option. Finally the follow-up may be interpreted as relatively
short. However previous work has shown that a treatment period of six to ten weeks
result in a complete disappearance, without recurrence, of all complaints in children
with heel pain due to calcaneal apophysitis

10;22

. It would be interesting to evaluate recur-

rence of symptoms on the (very) long-term. This study does not elaborate on the effect
of certain combinations of treatment options, as the current study goal was to evaluate
existing treatment protocols. A combination of current treatment options might result
in a promising new treatment protocol. As already suggested in previous research, the
long term comparison and evaluation, as the children age, regarding the development of
other osteochondroses (i.e. Osgood-Schlatter) is interesting as a prediction model may be
developed possibly leading to preventive measures3;7;10;24‑26.
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In conclusion the results of this study might substantially alter the daily clinical practice of
paediatricians, general practitioners, orthopaedic surgeons, sports physicians and physical
therapists as this study shows the effectiveness of three often used interventions: treatment with activity cessation, a heel raise inlay or physical therapy each result in a clinical
relevant and statistical significant reduction of heel pain due to calcaneal apophysitis. As
there is no objective difference between these treatments physician should deliberate with
patients individually on the appropriate and preferred treatment.
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Section I: Terminology and Pathology
A consentient terminology of the Achilles tendon region is challenging: various matters
impede this process: many eponyms are in use, terms are used inter changeably, numerous
are closely related and definitions are susceptible to personal interpretation1‑7. Difficulties
further extend due to the continuous change of preference influenced by both history
and current trends6. Multiple groups have tried to address these issues, however to less
avail8;9. Recently, a more evidence and anatomy based use of definitions was proposed, in
addition to use eponyms as least as possible6. The second chapter meticulously outlines
the frequently seen pathologies and often used eponyms in the area of pre-Achilles fat
pad (Kager triangle) to set out the definitions throughout this work. It remains an item of
discussion whether the use of eponyms is favorable or not. If the use of the eponymous
nomenclature is put aside and replaced by a uniform terminology based on a combination
of anatomic location, symptoms, clinical findings, and/or histopathology, daily medical
practice is less confusing 5‑7;10. As the medical society is based and proud of its (eponymous)
predecessors and traditions, the (debate on) eponymous nomenclature may also have
become a lasting tradition.

Section II: Imaging
The second section of this thesis focuses on the advancement of conventional radiography.
The third chapter reports on a new imaging technique, the PIM-view, which may be more
accurate in the detection of posterior osseous ankle impingement. Due to its anatomic
relation posterior ankle impingement is an important differential diagnosis of Achilles
tendon pathologies. Patients often complain of pain at or near the Achilles tendon, a
meticulous physical examination combined with specific diagnostic imaging can differentiate between pure Achilles tendon disorders and posterior ankle impingement20,21. This new
imaging technique was evaluated in a prospective comparative study between the original
Lat-view and the new PIM-view11‑13. The results show the significant diagnostic superiority
of the PIM-view compared to the Lat-view in the detection of an os trigonum. Although
the current advancements in CT/MRI imaging techniques are very important and provide
new insights, the disadvantages should not go unnoticed: the radiation exposure, duration
of investigation and financial burden14. In addition, these advanced techniques may not
be necessary to provide proper care to our patients14‑19. However conventional imaging is
slowly losing ground on advanced techniques in modern medicine as the availability of
advanced imaging is growing globally its use is equally expanding. The most important
disadvantages of increased radiation and its substantial costs have decreased substantially
over the years; more often MR is used and compared to recent history the financial burden
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has decreased evidently. This may limit the use of the PIM-view over time; however as the
costs remain distinctively higher for advanced imaging, improved conventional imaging
still has its place in current medicine. The second study of the diagnostic section (chapter
4) also discussed the use of conventional radiography. Instead of the common aim of
conventional imaging; visualization of osseous structures, this was the report of soft tissue
imaging. It is known that the Lat-view is a reliable method to diagnose retrocalcaneal
bursitis22. Furthermore, retrocalcaneal bursitis is, in spite of previous treatment, known
to reoccur23‑27. The aforementioned work studied a group of patients whose ankles were
never operated on. Hence it is unknown whether conventional radiography is still reliable
after surgery once symptoms reoccur. The fourth chapter reported on the reliability of
conventional radiography of the ankle after surgical intervention for retrocalcaneal bursitis. Based on the current study it can be concluded that in case of a clinically suspected
retrocalcaneal bursitis in patients who already underwent endoscopic calcaneoplasty
for the same pathology, a conventional lateral standing radiograph cannot be used as a
reliable diagnostic criterion. Although the current study was performed on subjects who
underwent an endoscopic calcaneoplasty, it is also an important finding for other hindfoot
pathologies. As the pre-Achilles fat pad is manipulated significantly in open procedures for
chronic retrocalcaneal bursitis or any other hindfoot procedure (open or endoscopic), it is
expected that these also reveal obliterated radiographs long term postoperatively28;29. This
should be studied in forthcoming work. As with the PIM-view, the days of conventional
imaging for retrocalcaneal bursitis are counted due to other techniques, however, until
these advanced imaging have become more accessible, it is certainly justifiable to use
conventional imaging.

Section III: The Achilles Heel in Adults
The third section concerns the treatment of Achilles tendon (related) problems in adults.
The use of PRP for midportion Achilles tendinopathy has become a widely studied topic
with interesting differences in outcome30‑34. The cause for that is unsure, however one
important issue is the location of PRP directly after injection35. This remains unsure and may
be important for the therapeutic effect of the injected substance. The fifth chapter evaluated the feasibility of ultrasound guided PRP injection into and around the Achilles tendon
and the spread thereof. The results show it is feasible to inject PRP under ultrasound guidance into the AT as well as in the area between the AT and paratenon. We found evident
differences between injection techniques regarding the distribution of PRP after injection.
As the current study was done without specific information of the state of the Achilles
tendon, the question remains whether the same results are found in Achilles tendons
with diagnosed Achilles tendinopathy or other pathology. Another point of interest is the
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post-injection protocol: a substantial variance exists between the physicians’ aftercare:
some allow patients to bear weight immediately whereas others are more protective by
advising partial weight bearing days after injection31;32;34;36. A final and important point of
discussion regarding PRP treatment is the important variance between study results30‑34.
The cause is unsure but the results are evident: some show substantial relief of symptoms
whereas other studies show none. It may be due to the used injection technique, the
postinjection protocol, the subtle difference in content of PRP or the variance of study
quality30;31;31;32;32‑34;34‑36. Despite the difference in effectiveness, all studies report a common
result: very few complications. This favours the use of PRP significantly as the approach of
“it cannot hurt to try” is considered. Although it should be noted this approach is clearly
not evidence based, complications of PRP injections should be studied more intensely, it
is a very pragmatic approach and certainly one that patients understand as symptoms of
tendinopathy are often longstanding and patients are desperate for a cure.
In the sixth chapter, the treatment of insertional Achilles tendinopathy was studied. Although some studies have provided a general overview of the treatment of insertional
Achilles tendinopathy a meticulous systematic comparison has never been made37‑40. The
purpose of this systematic review was to analyze the effectiveness of different available
surgical and/or nonsurgical treatment modalities for insertional Achilles tendinopathy. The
most important findings of the systematic review on treatment of IAT are that despite
differences in outcome and complication ratio, the patient satisfaction is high in all surgical studies. It was, due variance in outcome measures, not possible to draw conclusions
regarding the best surgical option. Shock wave therapy (ESWT) seems effective in patients
with non-calcified IAT. Although both excentric exercises resulted in a decrease in VAS
score, full range of motion excentric exercises show a low patient satisfaction compared to
floor level exercises and other conservative treatment modalities. Chapter seven evaluated
the surgical treatment of retrocalcaneal bursitis: this systematic review assessed all surgical
treatments for chronic retrocalcaneal bursitis. The aim was to provide a clear overview of
the best available surgical treatment modality for chronic retrocalcaneal bursitis. Based
on the systematic review on operative treatment of retrocalcaneal bursitis the endoscopic
technique is a superior compared open procedures. A very important item to provide the
right treatment is the terminology and definitions of a certain diagnosis

8;23;41‑43

. Symp-

toms of- and near the Achilles tendon insertion are often alike, leading to confusion on
the diagnosis and treatment. How did one come to the diagnosis of insertional Achilles
tendinopathy or retrocalcaneal bursitis? What is their definition of IAT? Should it not be
retrocalcaneal bursitis? Is it a case of combined pathology? These matters must be clearly
defined in the study report. A clear terminology aids in the future treatment, however
when performing retrospective studies, such as systematic reviews, this problem remains.
For any study on insertional Achilles pathology (insertional tendinopathy or retrocalcaneal
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bursitis) a report on the presence of calcifications is essential, because as the outcome of a
treatment could be different in patients with bony pathology compared to a group without
bony pathology54]. In addition, the diagnostic method to search for calcifications should be
clearly stated as the accuracy per method differs.

Section IV: The Achilles Heel in Children
The fourth and final section of the thesis discusses the treatment of Achilles tendon
(related) problems in children. A common pathology is calcaneal apophysitis or Sever’s
disease. It is a topic which is rarely studied despite the fact that it is known to cause a
significant decrease in the quality of life of affected children44;45. The incidence is unsure,
and was never studied specifically45. The pathophysiology is unknown, as is the most effective treatment45‑52. Chapter eight reported on the incidence of calcaneal apophysitis in
the Dutch general practitioner’s practice. The incidence of 3.7 per 1000 registered patients
between the age of 6 and 17 years is unexpectedly high and warrants additional research.
The focus should be directed foremost to the treatment of affected paediatric patients.
Currently, only a few studies have evaluated treatment options and there is an absence
of high level of evidence studies. In addition, attention must be given to the underlying
injury mechanism to analyse the pathophysiology of this injury that remains unknown.
Finally, as this was the first study on the incidence of calcaneal apophysitis and the results
may vary over years or between studied populations, it is advisable to repeat this study in
the (near) future. Chapter nine showed the results of the first randomized controlled trial
on the treatment of calcaneal apophysitis. The effectiveness of three often-used regimes
was studied. Treatment with wait and see, a heel raise inlay or physical therapy each
result in a clinical relevant and statistical significant reduction of heel pain due to calcaneal
apophysitis. An important item is the kind of treatment options that have been evaluated:
all are non-invasive options that do not necessarily have to be prescribed and evaluated
by an orthopaedic surgeon. The question arises, should we save children and their parents
from orthopaedic consultation in case of suspected calcaneal apophysitis? Is this a pathology that should be treated in the frontline of healthcare, by general practitioners? The
diagnostic roadmap would suggest it certainly could be diagnosed in primary care setting.
The necessity of imaging has been studied extensively leading to the conclusion that imaging is generally not required. The combination of theoretical knowledge and clinical skill
should enable any physician to diagnose calcaneal apophysitis in a child with heel pain.
This paves the way, in combination with the above described effective treatment options
to treat common calcaneal apophysitis in the primary care setting.
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Summary
The literal Achilles heel of adults and children consists of a number of disorders: ankle impingement, (insertional) tendinopathy, retrocalcaneal bursitis and calcaneal apophysitis. A major
figurative Achilles’ heel impedes daily clinical practice and the treatment of these pathologies:
the terminology of the relevant structures and disorders. The area around the Achilles tendon,
known as the pre-Achilles fat pad or Kager triangle, contains many eponyms and may therefore
interfere with a uniform terminology. Chapter two describes the definition of eponyms in this
anatomical region, in addition, it is suggested to minimize the use of eponyms in clinical practice
as to avoid misunderstandings. Chapter three, the first of two imaging chapters, is the report of
a new conventional imaging technique for posterior ankle impingement. Generally computed
tomography (CT) is used to visualize possible pathology as the cause, often an os trigonum,
is easily missed on conventional imaging due to overprojection of surrounding structures. The
new technique, the posterior impingement view (PIM -view), involves an exorotation of the
ankle compared to the standard lateral accuracy (Lat -view). The diagnostic value is assessed
and compared with the Lat-view. The results show a superior diagnostic value of the PIM-view
to detect the os trigonum. Chapter four describes the use of conventional radiography of
the pre-Achilles fat pad as a diagnostic tool for suspected retrocalcaneal bursitis. In patients
who already underwent surgery of the calcaneus (endoscopic calcaneoplasty) it was studied
whether the pre-Achilles fat pad normalized on lateral conventional radiography of the ankle,
if so, this would mean that conventional radiography could be reused if complaints reoccur.
Chapter four shows that, in contrast to a non-operated calcaneus, that the radiograph is not
reliable as a diagnostic tool after endoscopic calcaneoplasty. In chapter five, the feasibility of
ultrasound-guided Platelet Rich Plasma (PRP) injections in and around the Achilles tendon, used
for the treatment of Achilles tendinopathy, is described. Both injections proved to be accurate
as PRP was distributed at the desired location. The next two chapters are systematic reviews
on the treatment of insertional Achilles tendinopathy (chapter six) and the surgical treatment
of retrocalcaneal bursitis (chapter seven). The surgical treatment of insertional tendinopathy,
despite large differences in objective outcomes and complications, results in a high patient
satisfaction. Shock wave therapy, although studied in a small population, seems to be a promising treatment, as well as eccentric exercise. Chapter seven analyses the surgical treatment of
retrocalcaneal bursitis and shows that endoscopic surgery is superior to open surgery. The final
section, chapter eight and nine, covers the Achilles heel of children. Chapter eight is the report
of the incidence of calcaneal apophysitis (Sever’s disease) in general practice. With an incidence
of 3.7 in 1,000 registered children it is a common pathology, which requires more research on
pathophysiology and treatment. The final chapter describes the results of a randomized clinical
trial comparing three common treatments of calcaneal apophysitis. This study shows that wait
and see, a heel raise inlay or physical therapy each result in significant reduction of pain due to
calcaneal apophysitis.
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Samenvatting
De letterlijke achilleshiel van volwassenen en kinderen bestaat uit een aantal aandoeningen:
enkel impingement, achillespees tendinopathie, retrocalcaneaire bursitis, apophisitis calcaneï. Bij de behandeling van deze pathologie bestaat een belangrijke figuurlijke achilleshiel:
de terminologie van de betreffende structuren en aandoeningen. Het gebied rond de achillespees, bekend als de driehoek van Kager, bevat vele eponiemen wat een eenduidige terminologie bemoeilijkt. Hoofdstuk twee beschrijft de definitie van eponiemen in deze regio,
daarnaast wordt geopperd het gebruik van eponiemen in de dagelijkse klinische praktijk
te minimaliseren om misverstanden te voorkomen. Hoofdstuk drie, het eerste van een
diagnostisch tweeluik, beschrijft de röntgenfoto als beeldvorming van posterieure enkel
impingement. De beeldvorming geschied vaak middels computertomografie (CT) omdat
op röntgenfoto’s de oorzaak, vaak een os trigonum, door overprojectie niet goed zichtbaar
is. Hoofdstuk drie beschrijft een nieuwe röntgenfoto (PIM-view) waarbij de enkel geëxoroteerd is ten opzichte van de standaard zijwaartse röntgenfoto (Lat-view). De resultaten
tonen een superieure diagnostische waarde van de PIM-view voor detectie van het os trigonum in vergelijking met de Lat-view. Hoofdstuk vier beschrijft de zijwaartse röntgenfoto
van het pre-achilles vet als diagnostisch hulpmiddel bij een verdenking op retrocalcaneaire
bursitis. Bij reeds aan de calcaneus geopereerde patiënten is onderzocht of het pre-achilles
vet postoperatief normaliseerde op een röntgenfoto, hetgeen de foto wederom bruikbaar
maakt als diagnosticum indien klachten postoperatief recidiveerden. Hoofdstuk vier toont
dat, in tegenstelling tot een niet geopereerde calcaneus, de röntgenfoto niet betrouwbaar
is als diagnostisch hulpmiddel indien de calcaneus reeds geopereerd is. In hoofdstuk vijf
wordt de mogelijkheid van echogeleide Platelet Rich Plasma (PRP) injecties in en rond de
achillespees beschreven, hetgeen gebruikt wordt voor de behandeling van achillespeestendinopathie. Het blijkt, zowel in- als rond de achillespees, om een zeer accurate injectie te
gaan, waarbij het PRP op de gewenste locatie kwam. De twee volgende hoofdstukken zijn
systematic reviews over de behandeling van achillespees insertie tendinopathie (hoofdstuk
zes) en van de operatieve behandeling van retrocalcaneaire bursitis (hoofdstuk zeven).
De chirurgische behandeling van insertietendinopathie heeft, ondanks grote verschillen
in objectieve uitkomsten en aantal complicaties, een hoge patiënttevredenheid. Shock
wave therapie lijkt, hoewel onderzocht in een kleine populatie, een veelbelovende behandelstrategie, evenals excentrische oefeningen. Hoofdstuk zeven analyseert de operatieve
behandeling van retrocalcaneaire bursitis en toont aan dat endoscopische chirurgie een
betere uitkomst heeft dan open chirurgie. Het laatste deel, hoofdstuk acht en negen,
beslaat de achilleshiel van kinderen. In hoofdstuk acht is onderzocht hoe vaak apophysitis calcaneï (Ziekte van Sever) voorkomt in de eerste lijn. Met een incidentie van 3.7 op
1000 kinderen is het een veel voorkomend probleem wat aandacht verdient ten aanzien
van onderzoek naar behandeling en pathofysiologie. Het laatste hoofdstuk beschrijft de

11

166

Chapter 11

resultaten van een gerandomiseerde klinische studie waarbij de effectiviteit van drie veel
gebruikte behandelingen van apophysitis calcaneï onderzocht werd. Deze studie toont aan
dat afwachten, dragen van een hakverhogende inlegzool, danwel fysiotherpie, allen een
significante afname van de pijn geeft bij kinderen met apophysitis calcaneï.
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This thesis focuses on the imaging and treatment of the Achilles heel of adults and
children. The figurative and literal Achilles heel consists of a number of pathologies:
ankle impingement, Achilles tendinopathy, retrocalcaneal bursitis and calcaneal
apophysitis. Research as well as diagnosis and treatment are substantially impeded
by another weakness: the terminology of the relevant structures and disorders. The
aim of this thesis is to clearly describe the structures and pathologies leading to
complaints in the region of the Achilles tendon, furthermore conventional radiologic
imaging techniques of this region are evaluated as well as the treatment of adults
and children who are impaired by the aforementioned disorders.

