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Current Concepts Review

Achilles Tendinopathy
BY MIKA PAAVOLA, MD, PHD, PEKKA KANNUS, MD, PHD, TERO A.H. JÄRVINEN, MD, PHD, 

KARIM KHAN, MD, PHD, LÁSZLO JÓZSA, MD, PHD, AND MARKKU JÄRVINEN, MD, PHD

Investigation performed at Tampere University Hospital and Medical School, University of Tampere, Tampere, 
Finland; Urho Kaleva Kekkonen Institute, Tampere, Finland; the University of British Columbia, Vancouver, 

British Columbia, Canada; and the National Institute of Traumatology, Budapest, Hungary

➤ The combination of Achilles tendon pain, swelling, and impaired performance indicates the clinical diagnosis
of Achilles tendinopathy.

➤ The chronic form of Achilles tendinopathy is not an inflammatory condition.

➤ In its early phases, Achilles tendinopathy often responds favorably to conservative treatment with rest or mod-
ified activity, cold, stretching, nonsteroidal anti-inflammatory medications, and correction of provoking factors.

➤ Surgery is considered an acceptable choice among patients who have failed to respond to conservative
treatment.

➤ Operative management includes longitudinal division of the crural fascia, excision of the macroscopic adhe-
sions, and excision of any intratendinous lesion that is identified on preoperative imaging examinations or
intraoperatively.

Achilles tendon problems are very common among athletes
as well as the general population1,2. The terminology used to
describe the painful condition of the Achilles tendon is su-
perfluous, confusing, and most often does not reflect the un-
derlying abnormality. Terms such as Achilles tendinitis and
tendonitis have been widely used, even though inflammatory
cell infiltration in the tendon is not seen in biopsy specimens
from patients with chronic Achilles tendon problems and the
biochemical mediators of inflammation, such as prostaglan-
din E2, are not found to be more abundant in patients with
chronic Achilles tendon pain than in normal controls1,3-7. In
this context, it should be noted, however, that the absence of
inflammatory cell infiltration in the chronic state does not
exclude a prior inflammatory condition.

Additional terms such as Achilles tendinopathy, tenopa-
thy, tendinosis, partial rupture, paratenonitis, tenosynovitis, ten-
dovaginitis, peritendinitis, and achillodynia have been used to
describe the problems of noninsertional pain associated with
this tendon. Åström used the term achillodynia as a symptom-
atic diagnosis and recommended that tendinosis (tendon de-
generation) and peritendinitis be reserved for patients in
whom the pathological condition has been verified by surgical
exploration, radiographic imaging, histological analysis of a
biopsy specimen, or a combination of such studies8. Maffulli
et al. suggested that the combination of tendon pain, swelling,
and impaired performance should be given the clinical label of
tendinopathy, and it should include the histopathological enti-

ties peritendinitis and tendinosis9. This suggestion has a sound
basis since the clinical rationale to differentiate the histo-
pathologic entities of Achilles peritendinitis and tendinosis is
an uncertain one, and there have been no randomized studies
comparing the outcomes of treatment or the natural history of
these two conditions. In this review, the painful condition of
the Achilles tendon is called Achilles tendinopathy10.

No specific time criteria are used to classify overuse inju-
ries of the tendon as acute or chronic. El Hawary et al. sug-
gested that symptoms are present for less than two weeks in
acute tendinitis, for two to six weeks in subacute tendinitis, and
for more than six weeks in chronic tendinitis11. These some-
what arbitrary distinctions are not based on histopathologic or
clinical criteria.

For the patient, the most common problem of Achilles
tendinopathy is the pain-induced limitation in sports and
sports-related activities, while the activities of daily living are
only minimally affected. The goal of treatment is to return the
patient to the desired level of physical activity without residual
pain. In athletes, an additional demand is that the recovery
time should be as short as possible.

The etiology, pathogenesis, and natural course of Achil-
les tendinopathy are largely unknown. Also, current conserva-
tive and operative treatment modalities vary considerably
from clinic to clinic and country to country and often rely on
empirical evidence without supporting scientific data. Most of
the treatment studies have been retrospective, and only a few
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have included objective criteria to evaluate the outcome. Thus,
there is a need to synthesize current knowledge relating to
Achilles tendinopathy and to outline the strategies for future
studies.

Anatomy and Function of the Achilles Tendon
The substance of the Achilles tendon consists of collagen
(about 95% is type-I collagen) and elastin embedded in a ma-
trix consisting of proteoglycan and water11, with type-I collagen
accounting for approximately 70% and elastin accounting for
1% to 2% of the dry mass of the tendon12. These protein and
carbohydrate substances are produced by tenoblasts and teno-
cytes, which are elongated fibroblasts and fibrocytes and lie in
rows between the collagen fibers.

At rest, the Achilles tendon fibers have a wavy configura-
tion13. At the cellular level, the primary response to tendon
and fiber elongation is straightening of the collagen fiber
crimps13. In addition to collagen fiber crimps, elastin fibers as
well as elastic extracellular matrix proteins, such as tenascin-
C, provide additional elasticity to the Achilles tendon12-14.

Macroscopically, the Achilles tendon constitutes the dis-
tal insertion of the gastrocnemius-soleus musculotendinous
unit (i.e., the triceps surae muscle). The gastrocnemius mus-
cle, with two bellies, originates from the posterior surface of
the femoral condyles, and the soleus originates from the pos-
terior surfaces of the proximal end of the tibia and fibula and
the interposed tendinous arch. The tendon aponeuroses from
the three muscle bellies join to form the Achilles tendon,
which transmits loads generated by the gastrocnemius and so-
leus muscles to the calcaneus. The soleus is the prime mover
in plantar flexion of the ankle, aided by the gastrocnemius.
The gastrocnemius muscle also flexes the knee joint15.

The Achilles tendon is surrounded throughout its length
by thin gliding membranes called paratenon. The paratenon
functions as an elastic sleeve (although probably not so effec-
tively as a true tendon sheath) and permits free movement of
the tendon within the surrounding tissues16. The paratenon
forms a thin space between the tendon and the crural fascia.
The crural fascia is then covered by subcutaneous tissue and
skin17. Under the paratenon, the entire Achilles tendon is sur-
rounded by a fine, smooth connective tissue sheath called the
epitenon. On its outer surface, the epitenon is in contact with
the paratenon. The inner surface of the epitenon is continuous
with the endotenon, which binds the collagen fibers and fiber
bundles together and provides the neural, vascular, and lym-
phatic supply to the tendon.

The Achilles tendon receives its blood supply from three
regions. It comes from the intrinsic vascular systems at (1) the
musculotendinous junction and (2) the osteotendinous junc-
tion and from the extrinsic segmental vascular system through
(3) the paratenon surrounding the tendon18,19. At the myoten-
dinous junction, a number of longitudinal vessels penetrate
from the muscle to the interfascicular connective tissue of the
tendon (endotendon), but only the vessels in the perimysium
continue to the tendon19. Anteriorly, the tendon is attached to
a richly vascularized tissue that supplies vessels to it. These

vessels provide the most important blood supply20. Studies
performed with angiographic injection techniques have dem-
onstrated a zone of relative avascularity between 2 and 6 cm
proximal to the tendon insertion18,21. Åström and Westlin eval-
uated microvascular perfusion in the human Achilles tendon
by laser Doppler flowmetry22. Blood flow was substantially
lower near the calcaneal insertion but otherwise was distrib-
uted evenly throughout the tendon. 

The Achilles tendon is supplied by nerves from the at-
taching muscles and by small fasciculi from cutaneous nerves,
in particular the sural nerve23. The number of nerves and nerve
endings are relatively low in large tendons such as the Achilles,
and many nerve fibers terminate on the tendon surface or in the
paratenon1. This, however, does not mean that the sensory sup-
ply to the Achilles tendon is insufficient; on the contrary, the
Achilles tendon contains numerous receptors relating to both
pain and other neurotransmitter actions24. These nerves follow
the vascular channels within the long axis of the tendon, anas-
tomose with each other via obliquely and transversely oriented
fibers, and finally terminate in sensory nerve endings1.

In vivo experiments have measured peak forces of up to
9.0 kN (corresponding to 12.5 times body weight) in the hu-
man Achilles tendon in response to running at full speed,
whereas lower maximum forces (in the range of 1.0 to 4.0 kN)
are applied to the Achilles tendon in activities such as jumping
and cycling, in which most of the mechanical work is done by
the ankle joint25-28. During walking and running, force builds
up within the tendon before the heel strikes the ground and is
suddenly released during early impact27. Thereafter, force
builds up relatively quickly until peak values occur at the end
of the push-off phase27. In vivo measurements have also shown
that the Achilles tendon can be subjected to uneven forces
through modification of the contractile states of the individual
muscles29. Whether asynchronous contraction of the various
muscles of the triceps surae or the uncoordinated agonist-
antagonist muscle contractions contribute to the pathogene-
sis of Achilles tendinopathy remains to be established.

Epidemiology of Achilles Tendinopathy
The occurrence of Achilles tendinopathy is highest among indi-
viduals who participate in middle and long-distance running,
orienteering, track and field, tennis, badminton, volleyball, and
soccer30-37. Johansson33 and Lysholm and Wiklander34 reported
an annual incidence of Achilles disorders that was between
7% and 9% in top-level runners. In studies with an extensive
number of patients, the most common clinical diagnosis of
Achilles disorders was tendinopathy (55% to 66%) followed
by insertional problems (retrocalcaneal bursitis and inser-
tional tendinopathy) (20% to 25%)30,31,38,39. In a cohort study
with eleven years of follow-up, Kujala et al. reported that
seventy-nine (29%) of 269 male orienteering runners and
seven (4%) of 188 controls reported Achilles tendon overuse in-
jury on a questionnaire; the age-adjusted odds ratio was 10.0 in
runners compared with controls38.

Kvist studied the epidemiologic factors of Achilles ten-
don disorders in a large group of competitive and recreational

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 84-A ·  NU M B ER 11 ·  NOVEM B ER 2002
ACH IL LE S TENDINOPATHY

athletes with Achilles tendon problems30,39. In those reports,
which consisted of 698 patients, 66% had Achilles tendinop-
athy and 23% had Achilles tendon insertional problems. The
injury was located at the myotendinous junction in 8% of
the patients, and a complete tendon rupture had occurred in
3%. Eighty-nine percent of the patients were men. The main
sports activity of the patients who had an Achilles tendon
disorder was running (53%), and patients who participated
in running sports represented 27% of all patients studied in
this clinic. Malalignment of the lower extremity was found
in 60% of the patients with an Achilles tendon disorder30,39.

Achilles tendon disorders are more common in older
athletes than in young athletes (teenage and child athletes)40.
In a report of 470 patients with Achilles tendinopathy and
insertional symptoms, only 25% of the subjects were young
athletes, 10% were younger than fourteen years, and most of
the younger patients had been diagnosed with calcaneal apo-
physitis (Sever disease)19.

Etiology and Pathophysiology
Sports injuries can be caused by intrinsic or extrinsic factors,
either alone or in combination41. In acute trauma, extrinsic
factors predominate while overuse injuries are generally
multifactorial in origin. In chronic tendon disorders, an in-
teraction between these two types of factors is common6.

In the epidemiological studies, various alignment and
biomechanical faults are claimed to play a causative role in
two-thirds of the athletes with an Achilles tendon disorder30,31.
However, the mechanism by which this occurs remains in
dispute42. The most common and perhaps most important
malalignment in the ankle is caused by hyperpronation of
the foot. Increased foot pronation has been proposed to be
associated with Achilles tendinopathy42,43. Kvist demonstrated
that limited mobility of the subtalar joint and limited range
of motion of the ankle joint were more frequent in athletes
with Achilles tendinopathy than in those with other symp-
toms39. In addition, varus deformity of the forefoot corre-
lates with Achilles tendinopathy39,42-44. Recently, Kaufman et al.
observed that increased hindfoot inversion and decreased an-
kle dorsiflexion with the knee in extension is associated with
Achilles tendinopathy45.

In addition to hyperpronation and the other malalign-
ments noted above, leg-length discrepancy is one of the more
controversial potential contributing factors46. The traditional
orthopaedic view is that discrepancies of <20 mm are not
clinically important41. In elite athletes, however, a discrepancy
of >5 mm may be symptomatic and, consequently, for those
who have a discrepancy of ≥10 mm, a built-up shoe or shoe
insert has been recommended to prevent overuse symptoms.
However, it must be recognized that the true occurrence of
these proposed biomechanical alterations, their magnitude,
and, above all, their clinical importance is not well known46.

The importance of muscle weakness and imbalance as
well as disturbed musculotendinous flexibility in the develop-
ment of Achilles tendon disorders is also a matter of debate.
However, muscular strength, power, endurance, and flexibility

are an important part of physical performance and can thus
be important in the prevention of certain sports injuries, par-
ticularly tendon injuries41. If the muscle is weak or fatigued,
the energy-absorbing capacity of the whole muscle-tendon
unit is reduced and the muscle no longer protects the tendon
from strain injury and subsequent inflammation and pain46.
Recently, Alfredson et al. reported very good short-term im-
provements in patients with chronic Achilles tendinosis after
heavy-load eccentric training, a rehabilitation program that is
based on increasing the length, tensile strength, and force of
the muscle-tendon unit47. This concept is, however, open to
speculation as the studies did not provide conclusive evidence
on whether muscular weakness, imbalance, and musculotend-
inous tightness are the causes or the consequences of injuries.

By one definition, an overuse tendon injury is caused by
repetitive strain of the affected tendon such that the tendon
can no longer endure tensile stress. As a result, tendon fibers
begin to disrupt microscopically, leading to inflammation and
pain48. Training errors have been reported to be involved in
60% to 80% of runners who have tendon overuse injuries. The
most common errors include running a distance that is too
long, running at an intensity that is too high, increasing dis-
tance too greatly or intensity too rapidly, and performing too
much uphill or downhill work31,43,46. Monotonous, asymmetric,
and specialized training, such as running only (i.e., without
cross-training), as well as poor technique and fatigue are addi-
tional risk factors for Achilles tendon overuse injuries. Poor
environmental conditions have also been suggested to contrib-
ute to Achilles tendon problems1,46,49. The lack of high-quality
prospective studies limits the strength of the conclusions that
can be drawn regarding these extrinsic risk factors. Also, the
exact pathogenesis of Achilles tendinopathy and other disor-
ders remains largely unknown1,2,50,51, and no studies of ran-
domized treatment interventions with long-term results (i.e.,
after more than twelve months of follow-up) have been pub-
lished, to our knowledge.

The acute phase of Achilles tendinopathy is caused by
acute overexertion, blunt trauma, or acute muscle fatigue and is
characterized by inflammatory cell reaction, circulatory impair-
ment, and edema formation1,31,39,51-53. Crepitus, which is due to
the movement of the Achilles tendon within a paratenon filled
with fibrin exudate, may be present. If the treatment of this
acute condition fails, or has been overlooked, the fibrin may or-
ganize and form adhesions to the tendon, paratenon, and crural
fascia16,31,39,51. The pathways and cellular mechanism that lead to
tendon degeneration (tendinosis) are not well understood49,51,54.
Frequently, tendon degeneration can be found in conjunction
with peritendinous adhesions, although this does not indicate
that either condition causes the other1. In addition, decreased
arterial blood flow, with local hypoxia and impaired metabolic
activity and nutrition, and a persistent inflammatory reaction
have been proposed as factors leading to chronic tendon over-
use injury and degeneration55. Also, free radicals and exercise-
induced hyperthermia may contribute to the development of
Achilles tendon degeneration55. All of these factors, however,
lack direct scientific evidence.
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An old theory suggests that tendon degeneration may be
preceded by acute and then chronic phases of inflammatory
“tendinitis”3,52,56. However, inflammatory cell infiltration has
not been shown in biopsy specimens of Achilles tendons with
a chronic disorder or tendinopathy or in ruptured tendons
with degenerative changes54,57,58. Conversely, there have been no
studies involving biopsy specimens from Achilles tendons in
the nonchronic stages of the disorder, as far as we know, and
thus it is not known whether inflammation is present in these
stages.

Leadbetter stated that one explanation for tendon de-
generation is the failure of the cell matrix to adapt to excessive
changes in load59. He suggested that continued abusive load
and irritation might stimulate the local release of cytokines,
resulting in both autocrine and paracrine modulation of fur-
ther cellular activity. 

The mechanical theory of a so-called tendon overuse
disorder, which was described above, proposes that, when a
tendon has been strained repeatedly to 4% to 8% strain, it is
unable to endure further tension, whereupon injury occurs.
Accordingly, the tendon tissue becomes fatigued such that the
ability of tendon cells to repair the fiber damage is over-
whelmed by the repetitive microtraumatic process. The struc-
ture of the tendon is disrupted by this repetitive strain (often
eccentric in nature), and collagen fibers begin to slide past one
another, breaking their cross-links and causing tissue denatur-
ation, leading to inflammation1,46. This cumulative microtrauma
is thought not only to weaken collagen cross-linking but also
to affect the noncollagenous matrix as well as the vascular
elements of the tendon, finally leading to tendinosis. Lead-
better named this the “tendinosis cycle.”59

Pain is the most disconcerting and irritating symptom of
Achilles tendon disorders. Traditionally, it has been proposed
that the pain associated with chronic Achilles tendinopathy de-
velops as a result of inflammation, separation of the collagen

fibers, or tissue degeneration60,61. However, none of these hy-
potheses pass scientific scrutiny; many chronically painful
Achilles tendons have no evidence of inflammation, and, con-
versely, many degenerated tendons do not cause pain7,60,61. On
the basis of these observations, alternative explanations have
been sought for the origin of pain in chronic tendon disorders.
It has been speculated (and preliminary evidence has been pre-
sented) that as yet unidentified biochemical noxious com-
pounds (candidates include chondroitin sulphate or nociceptive
neurotransmitters, such as glutamate, substance P, or calcitonin
gene-related peptide) or the neovascularization of the tendon
could irritate pain receptors in the tendon22,60-64.

Histopathology
On the basis of a histopathologic examination, the findings
in Achilles tendinopathy can be divided into peritendinous
changes and intratendinous degeneration; frequently, these
entities coexist65.

Peritendinous Changes
In chronic Achilles tendinopathy, the peritendinous tissue ap-
pears thickened on macroscopic examination, and fibrinous
exudate, prominent and widespread proliferation of fibro-
blasts, and formation of new connective tissue and adhesions
are evident on histological examination1,66-69.

Two types of cells have been identified in the peritendi-
nous tissue in the chronic phase of Achilles tendinopathy: fi-
broblasts and myofibroblasts (Fig. 1)66. During biological
processes that include extensive tissue-remodeling, fibroblasts
may acquire morphological and biochemical features of con-
tractile cells and they have been named myofibroblasts70. The
myofibroblasts have stress fibers that are composed of α-
smooth muscle actin in their cytoplasm, and thus they are ca-
pable of creating forces required for wound contraction70. In
Achilles tendinopathy, these cells are especially well estab-

Fig. 1

Myofibroblast in the paratenon of the 

Achilles tendon. In the cytoplasm of the 

cell, microfilaments (asterisks) and dense 

material (arrows) can be seen (transmis-

sion electron microscope, ×21,000). 

M = mitochondrion, and E = cisternae 

of the endoplasmic reticulum. 
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lished at the sites of scar formation66, and it has been estimated
that, in chronic tendinopathy, about 20% of the cells in the
peritendinous tissue are myofibroblasts66. The myofibroblasts
synthesize abundant amounts of collagen and are believed to
be responsible for the formation of permanent scarring and
the shrinkage of peritendinous tissue around the tendon66,68.
These cells most likely also play an important role in the clini-
cal symptoms of this disorder66,68. They can induce and main-
tain a prolonged contracted state in the peritendinous
adhesions around the tendon and thus influence the develop-
ment of a contracture around the tendon66,68. This, in turn,
may lead to constriction of vascular channels and impaired
circulation and may further contribute to the pathogenesis of
Achilles tendinopathy. The proliferating connective tissue

around the Achilles tendon causes increased intratendinous
tension and pressure, resulting in increased friction between
the tendon, paratenon, crural fascia, and the skin68.

Intratendinous Degeneration
Puddu et al. proposed the term tendinosis, as substantial tissue
degeneration can be seen inside the tendon52. In general, the
macroscopic intratendinous changes in Achilles tendinopathy
can be described as poorly demarcated intratendinous regions
with a focal loss of tendon structure, although in some cases a
discrete, palpable nodule can be found57. Histologically, degen-
erative changes are found in 90% of the biopsy specimens
taken from symptomatic parts of the tendon57. These changes
can be classified as: (1) hypoxic degeneration, (2) hyaline de-

Fig. 3

Only a few unconnected collagen fibers 

are visible in the mucoid degeneration 

(asterisks) located inside the Achilles 

tendon. Fibers also demonstrate unequal 

and irregular crimping of the collagen fi-

bers (Masson trichrome staining, ×100).

Fig. 2

Lysis of the collagen fiber can be seen 

around degenerated tenocytes in Achil-

les tendinopathy (Masson trichrome 

staining, ×300).
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generation, (3) mucoid or myxoid degeneration, (4) fibrinoid
degeneration, (5) fatty degeneration, (6) calcification, or (7) fi-
brocartilaginous or osseous metaplasia1,68. Occasionally, these
alterations can be found simultaneously, adjacent to each other
in the tendon affected by tendinopathy. Hypoxic degenerative
tendinopathy, alone or in combination with other forms of
tendon degeneration, was shown to be associated with subcu-
taneous tendon rupture in >75% of 891 ruptured tendons54.

There is a great variation in cellular density among differ-
ent parts of the degenerated areas of the Achilles tendon. In some
areas, an increased number of tenocytes can be seen and the
metabolic activity of the cells is high, whereas, in other areas,
tenocytes are totally lacking or only a few tenocytes with pyk-
notic nuclei can be seen (Fig. 2)1. Pathological changes are also
frequently seen in the tendon matrix. Mucoid material with a si-
multaneous loss or separation of collagen fibers from each other
is a common finding (Fig. 3). The collagen fibers commonly
show unequal and irregular crimping as well as loss of the trans-
verse bands, separation and complete rupturing of the fibers,
and increased crimping. The degenerated and degraded type-I
collagen fibers are sometimes replaced by calcification (Fig. 4) or
by the accumulation of lipid cells (tendolipomatosis) (Fig. 5)1,68.

In Achilles tendinopathy, the degenerated tendon usu-
ally shows an irregular hypervascular pattern with prolifera-
tion of capillaries and arterioles in the peritendinous tissue1.
Narrowing or complete obliteration of newly formed arteries
and arterioles is often seen (Fig. 6). Occasionally, macro-
phages together with fibroblasts are seen in the hypervascular,
degenerated regions. These features are presumed to be an in-
dication of a healing process. However, healing does not usu-
ally result and, instead, loose granulation tissue is produced,
ultimately leading to scar formation1.

The prevalence and clinical relevance of these intraten-
dinous degenerative changes in Achilles tendinopathy are
largely unknown71. Tendinosis can frequently be found in pa-

tients with Achilles tendinopathy, but changes such as hypoxic
degenerative tendinopathy, mucoid degeneration, tendolipo-
matosis, and calcifying tendinopathy, either alone or in com-
bination, can be seen in about 30% of a healthy, asymptomatic
urban population of individuals who are at least thirty-five
years old54,57,71,72.

The histological, histochemical, and fine structural al-
terations in chronic degenerative tendinopathy are generally
similar to those found in acute spontaneous tendon rup-
tures54,57,69,71,72, whereas degenerative changes are more promi-
nent in the ruptured tendons54,57,69,71,72.

Diagnosis
History and Clinical Examination
The patient’s history should provide the majority of the infor-
mation to make the diagnosis of Achilles tendinopathy1,73,74.
The time-interval between the onset of symptoms and the first
visit to a physician, as well as the onset of the symptoms, the
injury mechanism in patients with an acute case, and possible
previous Achilles tendon problems and their treatment, must
be recorded1,74. The course of events since the onset of symp-
toms, with special emphasis on the activities that seem to
make the pain worse and the interventions that seem to relieve
the pain, provide valuable additional information75.

Pain is the cardinal symptom of Achilles tendinopathy
that leads a patient to seek medical help, and it is the most
common measure used to classify the severity of the disorder1.
It has been suggested that the patient’s symptoms can reflect
the degree of the tendon abnormality. Patients in the early
phase primarily report that they have pain following strenu-
ous activities, whereas those in the later phase report that pain
accompanies all activities and may even occur at rest. At this
stage, the patient is usually unable to perform sports74-79.

The physical examination should follow the classic or-
thopaedic scheme of “look, feel, and move.”1 Inspection and

Fig. 4

Calcium deposits (black) have been precipi-

tated on the surface of the collagen fibers 

in the calcifying tendinopathy of the Achil-

les tendon (transmission electron micro-

scope, ×6800).

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 84-A ·  NU M B ER 11 ·  NOVEM B ER 2002
ACH IL LE S TENDINOPATHY

palpation should provide a record of the contour of the muscle-
tendon unit, possible areas of swelling and crepitation, in-
creased erythema, local heat, and palpable tendon nodules or
defects1,80. In addition, patients with symptoms of Achilles ten-
dinopathy should be examined for ankle instability and bio-
mechanical faults1.

In the acute phase of Achilles tendinopathy, the tendon
is diffusely swollen and, on palpation, tenderness is usually
greatest in its middle third. Sometimes, crepitation can be
palpated1,30,32. Typically, in patients with acute symptoms, the
area of swelling and tenderness does not move when the ankle
joint is dorsiflexed.

In the more chronic phase of Achilles tendinopathy, ex-
ercise-induced pain is still the cardinal symptom while crepi-
tation and swelling diminish1. In patients with a chronic case,
a tender, nodular swelling is usually present and is believed to
signify tendinosis32,79. Particularly in patients with tendinosis,
the focal tender nodules may move as the ankle is dorsiflexed
and plantar flexed81.

Imaging Methods
Ultrasonography has been used increasingly to examine Achil-
les tendon injuries and other tendon disorders since it provides
a readily available, quick, safe, and inexpensive method to verify

Fig. 6

Obliterative arteritis (thin arrows) and 

venous proliferation with periphlebitis 

(thick arrow) are visible in the paratenon 

of patients with chronic Achilles tendin-

opathy (hematoxylin and eosin, ×100).

Fig. 5

Tendolipomatosis in Achilles tendinopathy. 

Lipid cells (L) are located between the col-

lagen fibers (C), which are atrophied in Achil-

les tendinopathy (scanning electron 

microscope, ×1200).
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the existence and location of intratendinous lesions1,82-89. The pri-
mary disadvantages are that ultrasound is operator-dependent,
provides somewhat limited soft-tissue contrast, and is not as
sensitive as magnetic resonance imaging77. The results of ultra-
sonography have been found to be reliable when they demon-
strate adhesions around an Achilles tendon. However, this
technique has been shown to be unreliable when it fails to de-
tect adhesions, and patients with few adhesions may have a
false-negative result on ultrasonography87. On the other hand,
abnormalities detected by ultrasonography in an asymptomatic
Achilles tendon, in turn, can predict the development of Achil-
les tendinopathy very accurately in advance90.

In the acute phase of Achilles tendinopathy, ultrasonog-
raphy reveals fluid surrounding the tendon88. In its more
chronic form, peritendinous adhesions can be seen as thicken-
ing of the hypoechoic paratenon with poorly defined borders
(Fig. 7)1,91,92. Discontinuity of tendon fibers, focal hypoechoic
intratendinous areas, and localized tendon swelling and thick-
ening are the most characteristic ultrasonographic findings in
patients with a surgically verified intratendinous lesion (ten-
dinosis) of the Achilles tendon1,87,93.

Magnetic resonance imaging has been used extensively
to visualize pathological conditions of the tendon, as it satis-
fies two fundamental principles of imaging. First, it provides
high intrinsic tissue contrast, which allows normal tendons to
be distinguished from abnormal tendons, and, second, it pro-
vides high spatial resolution that allows detailed anatomic
structures to be identified77,94. The ability of magnetic reso-
nance imaging to acquire images from multiple planes (longi-
tudinal, transverse, and oblique) is also a clear advance (Figs.
8-A and 8-B)95. The disadvantages of magnetic resonance im-
aging are its relatively high cost, limited availability in some
countries, time-consuming scanning, and slow and often in-
complete resolution of signal changes after operative inter-
vention1,77. In addition, Soila et al. recently showed that the
normal anatomy of an asymptomatic Achilles tendon varies,

and this sometimes causes diagnostic misinterpretation96.
In patients with chronic Achilles tendinopathy, mag-

netic resonance imaging frequently reveals tendon thickening
on sagittal images and altered signal appearance within the
tendon tissue51,97-102. According to their study, Movin et al. sug-
gested that the gadolinium-enhanced intratendinous signal
abnormality in patients with chronic Achilles tendinopathy
was related to an increased amount of interfibrillar noncollag-
enous extracellular matrix and altered fiber structure58. 

Treatment
Little reliable experimental or clinical scientific work has been
done on the treatment of Achilles tendon disorders. Without
scientific evidence and, thus, a firm understanding of the na-
ture of this disorder, it is difficult to prescribe a proper treat-
ment regimen for Achilles tendinopathy. Both conservative
and operative treatments vary considerably among countries,
clinics, and physicians. Most treatment regimens are based
only on what empirically seems to work, without much scien-
tific support1,77,103. Thus, the therapies and treatment regimens
reflect only current perceptions and therefore are likely to be
replaced or modified in the coming years.

In the early phases of Achilles tendinopathy, various
forms of conservative treatment are normally used1,2,6,16,43,74,103-106.
Operative treatment is recommended for patients who do not
respond adequately to a three to six-month trial of appropri-
ate conservative treatment4-6,17,31,37,107-109. In a recent eight-year
follow-up study, nonoperative treatment was unsuccessful in
29% of the eighty-three patients with acute to subacute Achil-
les tendinopathy106.

Conservative Treatment
Initial conservative treatment should be directed toward re-
lieving symptoms103. This should consist of a combination of
strategies aimed at controlling inflammation and correct-
ing training errors, limb malalignment, decreased flexibil-

Fig. 7

Longitudinal ultrasound image of an Achilles 

tendon with intratendinous changes. The 

tendon is thickened, and its regular echo-

structure is altered. A focal intratendinous 

degenerative lesion can be seen as a hypo-

echogenic area (X) inside the thickened ten-

don. Hyperechoic adhesions can be seen at 

the anterior border of the tendon.
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ity, muscle weakness, and the use of poor equipment
during sports103. In addition, injection of heparin (to pre-
vent edema or fibrin exudate in the paratenon, i.e., preven-
tion of the formation of adhesions between tendon and
paratenon) and various modalities of physical therapy
(heat, ultrasound, and electrical stimulation) are used in
the treatment of some patients with Achilles tendinopathy1.

The control of inflammation is recommended in the
early phase of Achilles tendon overuse injury. This is accom-
plished by decreasing activity, the use of cold packs, and the
administration of anti-inflammatory medication1,16. Decreas-
ing the intensity, frequency, and duration of the activity
that caused the injury, or modification of that activity, may
be the only action needed to control the inflammation and
symptoms in the acute phase. Modified rest, which allows
activity in the uninjured parts of the body such as the up-
per extremities, has been recommended1,103. Cryotherapy has
been regarded as the single most useful intervention for ten-
don inflammation in the acute phase of this disorder1,110. Cold
therapy is able to control pain and edema as well as to re-
duce regional blood flow and the metabolic demands of the
tissue and thereby help to prevent further tissue damage at
the site of the injury. It also delays inflammation by de-
creasing the effects of histamine on vascular membranes,
neutrophil activation, and leukocytes1. Cold therapy has
beneficial effects during rehabilitation by decreasing pain and
muscle spasm to allow better mobilization16,79,111,112. 

Nonsteroidal anti-inflammatory drugs, in the form of

pills or topical gels, are frequently used in the treatment of
acute as well as chronic forms of Achilles tendinopathy. The
benefit of these drugs is, however, controversial6,77,79,110,113. Heal-
ing of acute soft-tissue injury is slightly more rapid and in-
flammation is slightly better controlled with the use of
nonsteroidal anti-inflammatory drugs than without them114.
The effect of nonsteroidal anti-inflammatory drugs in chronic
Achilles tendon problems is less clear. In patients with chronic
Achilles tendinopathy, Åström and Westlin found no benefi-
cial effect associated with oral administration of nonsteroidal
anti-inflammatory drugs115. Recently, it has been claimed that
anti-inflammatory medication (nonsteroidal anti-inflamma-
tory drugs or corticosteroid injections) would not benefit pa-
tients in the advanced stage of tendinosis as it is not an
inflammatory disorder60,116. However, it is clear that nonsteroi-
dal anti-inflammatory drugs do diminish pain and, thus, have
been used for short periods to facilitate rehabilitation1,77.

The role of corticosteroid injections in the treatment of
Achilles tendinopathy is controversial as there are insufficient
published data to determine the comparative benefits and
risks1,113,117-120. Peritendinous injection of corticosteroids, which
is used to treat tendinous or peritendinous inflammation, has
been claimed to cause spontaneous rupture of the Achilles
tendon. However, the proof of the deleterious effects of peri-
tendinous injections of corticosteroids on human tendon
properties is based solely on uncontrolled case studies, and
there have been no well-controlled prospective clinical trials,
to our knowledge118,120. In some experimental studies, cortisone

Fig. 8-B

Fig. 8-A

Figs. 8-A and 8-B Longitudinal (Fig. 8-A) and transverse (Fig. 8-B) T2-weighted gradient 

echo magnetic resonance images of Achilles tendinopathy demonstrate thickening of 

the tendon and signal changes within the Achilles tendon.
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has been observed to inhibit the formation of granulation tis-
sue and to delay tendon healing121,122. On the other hand, other
studies have shown no adverse effects of corticosteroids on
tendon tissue123-125. Oxlund observed increased tensile strength
of the tendon with no change in collagen content after short-
term local administration of cortisol around the peroneal ten-
dons of rats126. Intratendinous injections have always been
contraindicated in clinical medicine because the pressure in-
crease of such an injection alone may cause serious hypoxic
degenerative changes of the tendon tissue1,120. On the basis of
these reports, the use of corticosteroid injections in the treat-

ment of this condition remains unclear1,118-120,127.
Recently, promising results have been described in studies

of patients with Achilles tendinopathy who were treated with
ultrasound-guided injection of a sclerosing agent (polidocanol)
to decrease the neovascularization detected in chronic midpor-
tion Achilles tendinosis62-64. Because of the small number of pa-
tients as well as the short duration of clinical follow-up, these
preliminary reports should not yet be used as the basis for rec-
ommendations for the treatment of patients with Achilles ten-
dinopathy, although very effective relief of the symptoms of the
Achilles tendinopathy was demonstrated63.

Stretching and strengthening of the triceps surae muscle
and the Achilles tendon have been advocated to preserve the
function of the musculotendinous unit by restoring normal
ankle joint mobility and decreasing the strain of the Achilles
tendon with normal motion77. Niesen-Vertommen et al. found
eccentric training to be superior to concentric training in de-
creasing pain in chronic Achilles tendinopathy128. In the pro-
spective, uncontrolled follow-up study by Alfredson et al.,
promising preliminary results were obtained with use of a reg-
imen of intensive heavy-load eccentric muscle training for the
treatment of chronic Achilles tendinopathy and the results
were reproduced in a short-term (three-month) multicenter
study47,129. Similar good results after eccentric calf muscle train-
ing were also reported by Silbernagel et al., who used a longer,
twelve-month duration of follow-up130. In addition to cryo-
therapy and a stretching-and-strengthening program, many
other physical therapy modalities, such as heat, ultrasound,
electrical stimulation, and laser photostimulation, are com-
monly employed in the treatment of Achilles tendinopathy.
Again, scientific evidence on the effectiveness of these treat-
ment modalities is sparse and controversial, especially with re-
gard to the long-term clinical benefits1,6,77,131,132.

Surgical Treatment
Surgery has been considered an acceptable choice among
patients with chronic Achilles tendinopathy after attemps at
conservative treatment have failed4,5,17,31,37,107-109. However, no
prospective randomized studies comparing operative and

Fig. 9-B

Fig. 9-A

Photograph of a patient with chronic Achilles tendinopathy, demonstrat-

ing a tender, nodular swelling (arrows) that moved as the ankle was 

dorsiflexed and plantar flexed.

This patient had an intratendinous necrotic focus, 

which was excised and sent for histopathologic analy-

sis. (Reproduced, with modification, from: Józsa L, 

Kannus P. Human tendons: anatomy, physiology, and 

pathology. Champaign, IL: Human Kinetics; 1997. 

Reprinted with permission.)
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conservative treatment of Achilles tendinopathy have been
published, as far as we know, and most of our knowledge on
treatment efficacy is based on clinical experience and descrip-
tive studies.

Recently, Tallon et al. reviewed studies that described
outcomes after surgical treatment of chronic Achilles tendi-
nopathy133. In their review, the methodology scores with re-
spect to the type of the study, the subject selection process,
and the outcome measures were generally low, thus indicating
that the studies had methodologic limitations. A negative cor-
relation was found between the reported success rates and the
overall methodology scores, but the positive correlation be-
tween the year of publication and the overall methodology
score suggested that the quality of the studies was improving.

The relationship between operative treatment and heal-
ing of the tendon is still not well understood1,77. Although the
results of uncontrolled studies have generally been good, the
results may not have been due to operative treatment alone as
it was usually combined with a postoperative period of im-
mobilization, rest, and a prolonged period of controlled
rehabilitation68,134.

Various surgical techniques have been used to treat
Achilles tendinopathy. Many authors have recommended that,
after the longitudinal division of the crural fascia, the
paratenon should be incised and macroscopic adhesions
excised5,16,37,107,109. In some studies, the adhesions have been re-
ported to be found mainly between the Achilles tendon and
the paratenon, whereas, in others, the paratenon has been
noted to be adhered mainly to the crural fascia, or even to the
skin4,5,16,109,135,136. When an intratendinous lesion is seen in a pre-
operative ultrasonogram or magnetic resonance imaging ex-
amination and a nodule or thickening is palpable within the
tendon, many authors have recommended that a longitudinal
incision be made over the thickened area and the necrotic area
or granulation tissue excised1,4-6,37,103,107,135,137-139 (Figs. 9-A and 9-
B). The use of a side-to-side suture or turned-down tendon
flap has been proposed to reinforce the tendon if there is a
need for extensive débridement5,37,53,108,140. Alternatively, some
authors have used open or percutaneous multiple longitudinal
incisions of the tendon to treat this condition100,141,142.

In most studies, operative treatment of Achilles tendin-
opathy has given satisfactory results in 75% to 100% of the
patients4,5,16,31,37,107,109,135,143-149. However, most of these reports were
retrospective, and only a few had results that were based on
objective evaluations, such as range of motion of the ankle.

In a report by Paavola et al., operative treatment of Achil-
les tendinopathy was shown to result in good and acceptable
short-term results with use of subjective, clinical, and func-
tional tests as the outcome criteria109. Patients with pure periten-
dinous adhesions had a somewhat lower rate of complications
associated with the operative treatment and a trend toward
better recovery than did those with peritendinous adhesions
combined with an intratendinous lesion109. Alfredson et al. pro-
spectively evaluated the effect of operative treatment on isoki-
netic calf muscle strength in thirteen patients with various types
of Achilles tendon overuse injuries138. They found that manage-

ment with six months of rehabilitation after operative treat-
ment was not enough to return the concentric and eccentric
plantar flexion strength in the involved limb to that of the non-
injured side. However, in a more recent study involving eleven
patients with chronic tendinosis, Alfredson et al. found no obvi-
ous advantages in the recovery of isokinetic concentric and ec-
centric plantar flexion strength after the use of a short duration
of immobilization (two weeks) compared with use of a longer
duration (six weeks) in a previous study with a more hetero-
geneous group of patients150. In the study by Maffuli et al.,
acceptable results were achieved after percutaneous longitudi-
nal tenotomies (which can also be done under ultrasound
guidance143) were performed in fifty-two middle and long-
distance runners with unilateral Achilles tendinopathy (peri-
tendinitis and/or intratendinous lesion)142. The patients were
evaluated by isometric strength and endurance measurements
and subjective evaluation (six and eighteen months after the
operation, respectively). The authors found that the presence of
peritendinitis was a poor prognostic factor, since the patients
with tendinopathy associated with peritendinitis were less satis-
fied and had less strength and endurance after the follow-up
period compared with patients with isolated tendinopathy142.

Some studies have shown a relatively high rate of com-
plications associated with operative treatment of Achilles
tendinopathy16,31,37,136. Recently, an overall complication rate of
11% was documented in a series of 432 consecutive patients136.
Most of the complications (54%) in that study involved com-
promised wound-healing, and the problem seemed to appear
more frequently in patients who had operative treatment of a
partial Achilles tendon rupture than in those who had opera-
tive treatment of Achilles tendinopathy only.

Postoperative Regimen
There is extensive variation in the descriptions of, and often
sparse information on, the methods used for rehabilitation after
operative treatment of chronic Achilles tendinopathy. Immobi-
lization with use of a cast, walking boot, or walker splint for
periods ranging from two to eight weeks has been recom-
mended4,5,57,135,137,138,140,149-151. Immediate non-weight-bearing range-
of-motion exercises have also been proposed16,37,107,109,137,142,143.
Range-of-motion and stretching exercises, beginning one
to two weeks postoperatively, have been recommended by
most authors4,5,135,138,149-151. A gradual return to sports has
been advised when the strength of the calf muscle has been
regained59,100,107,137,140,149,151.

We recommend that ankle mobilization and partial
weight-bearing with the aid of crutches be started in a gradual
manner immediately after operative treatment. Stretching ex-
ercises of the Achilles tendon-gastrocnemius muscle complex
should be initiated, and full weight-bearing allowed, whenever
the patient is able to walk without limping, usually one to two
weeks postoperatively. Light sports-specific training is allowed
when there is no pain during walking and no limitation in the
active range of motion of the ankle joint. This usually occurs
four to six weeks after the operation. Full sports-specific train-
ing is allowed six to twelve weeks after the surgery.
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Prognosis
Little is known about the natural course of Achilles tendinopa-
thy. However, a recent eight-year follow-up study determined
the long-term outcome of patients initially treated nonopera-
tively for acute or subacute Achilles tendinopathy136. The long-
term prognosis of these patients was generally good. Seventy
(84%) of the eighty-three patients were able to return to full
levels of physical activity, and, at eight years, seventy-eight pa-
tients (94%) were asymptomatic or had only mild pain on
strenuous exercise. On the involved side, a delay of up to six
months between the onset of symptoms and the initiation of
conservative treatment did not compromise the long-term out-
come. Nevertheless, twenty-four (29%) of the eighty-three
patients failed to respond to conservative treatment and under-
went operative treatment136. Also, even at the eight-year follow-
up, there was a clear side-to-side difference between the
involved and the uninvolved side in the performance tests, clin-
ical examination, and ultrasonography. Furthermore, some
overuse symptoms (exertional pain with or without swelling
and stiffness) developed in the initially uninvolved Achilles ten-
don as well in thirty-four (41%) of the eighty-three patients136.

Future Studies of Achilles Tendinopathy
The etiology, pathogenesis, and natural course of Achilles ten-
dinopathy are largely unknown. Histopathological studies
have been limited to its chronic phase, and thus it is not clear
whether the degenerative features are preceded by an inflam-
matory phase. In the absence of inflammation, at least in the
chronic stage, other factors such as irritation of mechanore-
ceptors or triggering of nociceptive receptors may cause pain
in this condition. In future studies, histopathological descrip-
tion of acute and subacute Achilles tendinopathy is needed,
and accurate description of the mechanisms of pain in Achil-
les tendinopathy will be important.

Current conservative and surgical treatment modalities
of Achilles tendinopathy vary considerably and rely mainly on

empirical evidence without convincing scientific support. In
the near future, randomized, controlled trials on the role of
corticosteroid injections, different strengthening modalities,
and growth factors and gene therapy in the treatment of
Achilles tendinopathy will be needed120,152-158.

References

1. Jozsa LG, Kannus P. Human tendons: anatomy, physiology, and pathology. 
Champaign, IL: Human Kinetics; 1997.

2. Maffulli N, Kader D. Tendinopathy of tendo achillis. J Bone Joint Surg Br. 2002;
84:1-8.

3. Clancy WG, Neidhart D, Brand RL. Achilles tendonitis in runners: a report of 
five cases. Am J Sports Med. 1976;4:46-57.

4. Schepsis AA, Leach RE. Surgical management of Achilles tendinitis. Am J 
Sports Med. 1987;15:308-15.

5. Nelen G, Martens M, Burssens A. Surgical treatment of chronic Achilles ten-
dinitis. Am J Sports Med. 1989;17:754-9.

6. Williams JG. Achilles tendon lesions in sport. Sports Med. 1986;3:114-35.

7. Alfredson H, Thorsen K, Lorentzon R. In situ microdialysis in tendon tissue: 
high levels of glutamate, but not prostaglandin E2 in chronic Achilles tendon 
pain. Knee Surg Sports Traumatol Arthrosc. 1999;7:378-81.

8. Åström M. On the nature and etiology of chronic achilles tendinopathy (thesis). 
Malmö, Sweden: Lund University; 1997.

9. Maffulli N, Khan KM, Puddu G. Overuse tendon conditions: time to change a 
confusing terminology. Arthroscopy. 1998;14:840-3.

10. Khan KM, Cook JL, Kannus P, Maffulli N, Bonar SF. Time to abandon the “ten-
dinitis” myth [editorial]. BMJ. 2002;324:626-7.

11. el Hawary R, Stanish WD, Curwin SL. Rehabilitation of tendon injuries in 
sport. Sports Med. 1997;24:347-58.

12. Kannus P. Structure of the tendon connective tissue. Scand J Med Sci Sports. 
2000;10:312-20.

13. Magnusson SP, Qvortrup K, Larsen JO, Rosager S, Hanson P, Aagaard P, 
Krogsgaard M, Kjaer M. Collagen fibril size and crimp morphology in ruptured 
and intact Achilles tendons. Matrix Biol. 2002;21:369-77.

14. Järvinen TA, Kannus P, Järvinen TL, Jozsa L, Kalimo H, Järvinen M. Tenascin-C 
in the pathobiology and healing process of musculoskeletal tissue injury. 
Scand J Med Sci Sports. 2000;10:376-82.

15. Perry JR. Achilles tendon anatomy: normal and pathologic. Foot Ankle Clin. 
1997;2:363-70.

16. Hess GP, Cappiello WL, Poole RM, Hunter SC. Prevention and treatment of 
overuse tendon injuries. Sports Med. 1989;8:371-84.

17. Kvist H, Kvist M. The operative treatment of chronic calcaneal paratenonitis. J 
Bone Joint Surg Br. 1980;62:353-7.

18. Carr AJ, Norris SH. The blood supply of the calcaneal tendon. J Bone Joint Surg 
Br. 1989;71:100-1.

19. Kvist M, Hurme T, Kannus P, Järvinen T, Maunu VM, Jozsa L, Järvinen M. Vas-
cular density at the myotendinous junction of the rat gastrocnemius muscle 
after immobilization and remobilization. Am J Sports Med. 1995;23:359-64.

Mika Paavola, MD, PhD
Tero A.H. Järvinen, MD, PhD
Markku Järvinen, MD, PhD
Department of Surgery, Tampere University Hospital, P.O. Box 2000, 
FIN-33521, Tampere, Finland. E-mail address for M. Paavola: 
csmipa@uta.fi. E-mail address for T.A.H. Järvinen: blteja@uta.fi. E-mail 
address for M. Järvinen: llmaja@uta.fi

Pekka Kannus, MD, PhD
Accident and Trauma Research Center and the Tampere Research Center 
of Sports Medicine, Urho Kaleva Kekkonen Institute, Kaupinpuistonkatu 
7, PL 30, 33501 Tampere, Finland. E-mail address: klpeka@uta.fi

Karim Khan, MD, PhD
Department of Family Practice (Sports Medicine) and School of Human 
Kinetics, University of British Columbia, 210 War Memorial Gym, 6081 
University Boulevard, Vancouver, BC V6T 1Z1, Canada. E-mail address: 
kkhan@interchange.ubc.ca

Lászlo Józsa, MD, PhD
Department of Morphology, National Institute of Traumatology, P.O. 
Box 21, H-1430 Budapest, Hungary

In support of their research or preparation of this manuscript, one or 
more of the authors received grants or outside funding from the Sigrid 
Juselius Foundation, Helsinki, Finland; Tampere University Hospital 
Research Fund; and the Research Council for Physical Education and 
Sports Ministry of Education, Finland. None of the authors received pay-
ments or other benefits or a commitment or agreement to provide such 
benefits from a commercial entity. No commercial entity paid or 
directed, or agreed to pay or direct, any benefits to any research fund, 
foundation, educational institution, or other charitable or nonprofit 
organization with which the authors are affiliated or associated.

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 84-A ·  NU M B ER 11 ·  NOVEM B ER 2002
ACH IL LE S TENDINOPATHY

20. Barfred T. Achilles tendon rupture. Aetiology and pathogenesis of subcutane-
ous rupture assessed on the basis of the literature and rupture experiments 
on rats. Acta Orthop Scand Suppl. 1973:3-126.

21. Lagergren C, Lindholm A. Vascular distribution in the Achilles tendon. An angio-
graphic and microangiographic study. Acta Chir Scand. 1958-1959;116:491-6.

22. Åström M, Westlin N. Blood flow in the human Achilles tendon assessed by la-
ser Doppler flowmetry. J Orthop Res. 1994;12:246-52.

23. Stilwell DL. The innervation of tendons and aponeuroses. Am J Anat. 1957;
100:289-317.

24. Ackermann P. Peptidergic innervation of periarticular tissue (thesis). Stock-
holm, Sweden: Karolinska Institutet; 2001.

25. Komi PV, Salonen M, Järvinen M. In vivo measurements of Achilles tendon 
forces in man. Med Sci Sports Exerc. 1984;16:165-6.

26. Komi PV, Salonen M, Järvinen M, Kokko O. In vivo registration of Achilles ten-
don forces in man. I. Methodological development. Int J Sports Med. 1987;8 
Suppl 1:3-8.

27. Komi PV, Fukashiro S, Järvinen M. Biomechanical loading of Achilles tendon 
during normal locomotion. Clin Sports Med. 1992;11:521-31.

28. Gregor RJ, Komi PV, Browning RC, Järvinen M. A comparison of the triceps 
surae and residual muscle movements at the ankle during cycling. J Biomech. 
1991;24:287-97.

29. Arndt AN, Komi PV, Bruggeman GP, Lukkariniemi B. Individual muscle contri-
bution to the in vivo achilles tendon force. Clin Biomech (Bristol, Avon). 1998;
13:532-41.

30. Kvist M. Achilles tendon overuse injuries: a clinical and pathophysiological study 
in athletes (thesis). Turku, Finland: University of Turku; 1991.

31. Kvist M. Achilles tendon injuries in athletes. Sports Med. 1994;18:173-201.

32. Leppilahti J, Orava S, Karpakka J, Takala T. Overuse injuries of the Achilles 
tendon. Ann Chir Gynaecol. 1991;80:202-7.

33. Johansson C. Injuries in elite orienteers. Am J Sports Med. 1986;14:410-5.

34. Lysholm J, Wiklander J. Injuries in runners. Am J Sports Med. 1987;15:168-71.

35. Fahlström M, Lorentzon R, Alfredson H. Painful conditions in the Achilles ten-
don region in elite badminton players. Am J Sports Med. 2002;30:51-4.

36. Fahlström M, Lorentzon R, Alfredson H. Painful conditions in the Achilles ten-
don region: a common problem in middle-aged competitive badminton players. 
Knee Surg Sports Traumatol Arthrosc. 2002;10:57-60.

37. Leppilahti J, Karpakka J, Gorra A, Puranen J, Orava S. Surgical treatment of 
overuse injuries to the Achilles tendon. Clin J Sport Med. 1994;4:100-7.

38. Kujala UM, Sarna S, Kaprio J, Koskenvuo M, Karjalainen J. Heart attacks and 
lower-limb function in master endurance athletes. Med Sci Sports Exerc. 1999;
31:1041-6.

39. Kvist M. Achilles tendon injuries in athletes. Ann Chir Gynaecol. 1991;80:188-201.

40. Kannus P, Niittymäki S, Järvinen M, Lehto M. Sports injuries in elderly ath-
letes: a three-year prospective, controlled study. Age Ageing. 1989;18:263-70.

41. Lorentzon R. Causes of injuries: intrinsic factors. In: Dirix A, Knuttgen HG, Tit-
tel K, editors. The Olympic book of sports medicine. Boston: Blackwell Scien-
tific; 1988. p 376-90.

42. Nigg BM. The role of impact forces and foot pronation: a new paradigm. Clin J 
Sport Med. 2001;11:2-9.

43. Clement DB, Taunton JE, Smart GW. Achilles tendinitis and peritendinitis: etiol-
ogy and treatment. Am J Sports Med. 1984;12:179-84.

44. McCrory JL, Martin DF, Lowery RB, Cannon DW, Curl WW, Read HM Jr, 
Hunter DM, Craven T, Messier SP. Etiologic factors associated with Achilles 
tendinitis in runners. Med Sci Sports Exerc. 1999;31:1374-81.

45. Kaufman KR, Brodine SK, Shaffer RA, Johnson CW, Cullison TR. The effect of 
foot structure and range of motion on musculoskeletal overuse injuries. Am J 
Sports Med. 1999;27:585-93.

46. Kannus P. Etiology and pathophysiology of chronic tendon disorders in sports. 
Scand J Med Sci Sports. 1997;7:78-85.

47. Alfredson H, Pietilä T, Jonsson P, Lorentzon R. Heavy-load eccentric calf mus-
cle training for the treatment of chronic Achilles tendinosis. Am J Sports Med. 
1998;26:360-6.

48. Renström P, Kannus P. Prevention of sports injuries. In: Strauss RH, editor. 
Sports medicine. 2nd ed. Philadelphia: WB Saunders; 1991. p 307-29.

49. Movin T. Aspects of aetiology, pathoanatomy and diagnostic methods in 
chronic mid-portion achillodynia (thesis). Stockholm, Sweden: Karolinska 
Institute; 1998.

50. Ireland D, Harrall R, Curry V, Holloway G, Hackney R, Hazleman B, Riley G. 
Multiple changes in gene expression in chronic human Achilles tendinopathy. 
Matrix Biol. 2001;20:159-69.

51. Fenwick SA, Curry V, Harrall RL, Hazleman BL, Hackney R, Riley GP. Expres-
sion of transforming growth factor-beta isoforms and their receptors in chronic 
tendinosis. J Anat. 2001;199:231-40.

52. Puddu G, Ippolito E, Postacchini F. A classification of Achilles tendon disease. 
Am J Sports Med. 1976;4:145-50.

53. Leach RE, James S, Wasiliewski S. Achilles tendinitis. Am J Sports Med. 1981;
9:93-8.

54. Kannus P, Jozsa L. Histopathological changes preceding spontaneous rupture 
of a tendon. A controlled study of 891 patients. J Bone Joint Surg Am. 1991;
73:1507-25.

55. Archambault JM, Wiley JP, Bray RC. Exercise loading of tendons and the devel-
opment of overuse injuries. A review of current literature. Sports Med. 1995;
20:77-89.

56. Renström P, Johnson RJ. Overuse injuries in sports. A review. Sports Med. 
1985;2:316-33.

57. Åström M, Rausing A. Chronic Achilles tendinopathy. A survey of surgical and 
histopathologic findings. Clin Orthop. 1995;316:151-64.

58. Movin T, Gad A, Reinholt FP, Rolf C. Tendon pathology in long standing achillo-
dynia. Biopsy findings in 40 patients. Acta Orthop Scand. 1997;68:170-5.

59. Leadbetter WB. Cell-matrix response in tendon injury. Clin Sports Med. 1992;
11:533-78.

60. Khan KM, Cook JL, Maffulli N, Kannus P. Where is the pain coming from in ten-
dinopathy? It may be biochemical, not only structural, in origin. Br J Sports 
Med. 2000;34:81-3. Erratum, 2000;34:318.

61. Khan KM, Cook JL. Overuse tendon injuries: Where does the pain come from? 
Sports Med Arthrosc Rev. 2000;8:17-31.

62. Öhberg L, Lorentzon R, Alfredson H. Neovascularisation in Achilles tendons 
with painful tendinosis but not in normal tendons: an ultrasonographic investi-
gation. Knee Surg Sports Traumatol Arthrosc. 2001;9:233-8.

63. Öhberg L, Alfredson H. Ultrasound guided sclerosis of neovessels in painful 
chronic Achilles tendinosis: pilot study of a new treatment. Br J Sports Med. 
2002;36:173-7.

64. Khan KM. Commentary. Br J Sports Med. 2002;36:176-7.

65. Järvinen TA, Kannus P, Józsa L, Paavola M, Järvinen TL, Järvinen M. Achilles 
tendon injuries. Curr Opin Rheumatol. 2001;13:150-5.

66. Kvist M, Jozsa L, Järvinen M, Kvist H. Fine structural alterations in chronic 
Achilles paratenonitis in athletes. Path Res Pract. 1985;180:416-23.

67. Kvist M, Jozsa L, Järvinen MJ, Kvist H. Chronic Achilles paratenonitis in ath-
letes: a histological and histochemical study. Pathology. 1987;19:1-11.

68. Järvinen M, Józsa L, Kannus P, Järvinen TL, Kvist M, Leadbetter W. Histo-
pathological findings in chronic tendon disorders. Scand J Med Sci Sports. 
1997;7:86-95.

69. Kannus P, Paavola M, Paakkala T, Parkkari J, Järvinen TAH, Järvinen M. 
Pathophysiology of tendon overuse injuries. Unpublished data.

70. Ehrlich HP, Desmouliere A, Diegelmann RF, Cohen IK, Compton CC, 
Garner WL, Kapanci Y, Gabbiani G. Morphological and immunochemical dif-
ferences between keloid and hypertrophic scar. Am J Pathol. 1994;145:
105-13.

71. Jozsa L, Reffy A, Kannus P, Demel S, Elek E. Pathological alterations in human 
tendons. Arch Orthop Trauma Surg. 1990;110:15-21.

72. Tallon C, Maffulli N, Ewen SW. Ruptured Achilles tendons are significantly more 
degenerated than tendinopathic tendons. Med Sci Sports Exerc. 2001;33
:1983-90.

73. Robinson JM, Cook JL, Purdam C, Visentini PJ, Ross J, Maffulli N, Taunton JE, 
Khan KM. The VISA-A questionnaire: a valid and reliable index of the clinical 
severity of Achilles tendinopathy. Br J Sports Med. 2001;35:335-41.

74. Schepsis AA, Jones H, Haas AL. Achilles tendon disorders in athletes. Am J 
Sports Med. 2002;30:287-305.

75. Renström P. Sports traumatology today. A review of common current sports in-
jury problems. Ann Chir Gynaecol. 1991;80:81-93.

76. Khan KM, Tress BW, Hare WS, Wark JD. Treat the patient, not the X-ray: ad-
vances in diagnostic imaging do not replace the need for clinical interpreta-
tion. Clin J Sports Med. 1998;8:1-4.

77. Sandmeier R, Renström PA. Diagnosis and treatment of chronic tendon disor-
ders in sports. Scand J Med Sci Sports. 1997;7:96-106.

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 84-A ·  NU M B ER 11 ·  NOVEM B ER 2002
ACH IL LE S TENDINOPATHY

78. Curwin S, Stanish WD. Tendinitis, its etiology and treatment. Lexington, MA: 
Collamore Press; 1984.

79. Galloway MT, Jokl P, Dayton OW. Achilles tendon overuse injuries. Clin 
Sports Med. 1992;11:771-82.

80. Fredericson M. Common injuries in runners. Diagnosis, rehabilitation and 
prevention. Sports Med. 1996;21:49-72.

81. DiGiovanni BF, Gould JS. Achilles tendinitis and posterior heel disorders. 
Foot Ankle Clin. 1997;2:411-28.

82. Fornage BD. Achilles tendon: US examination. Radiology. 1986;159:759-64.

83. Maffulli N, Regine R, Angelillo M, Capasso G, Filice S. Ultrasound diag-
nosis of Achilles tendon pathology in runners. Br J Sports Med. 1987;21:
158-62.

84. Laine HR, Peltokallio P. Ultrasonographic possibilities and findings in most 
common sports injuries. Ann Chir Gynaecol. 1991;80:127-33.

85. Allenmark C. Partial Achilles tendon tears. Clin Sports Med. 1992;11:759-69.

86. Williams JG. Achilles tendon lesions in sport. Sports Med. 1993;16:216-20.

87. Paavola M, Paakkala T, Kannus P, Järvinen M. Ultrasonography in the dif-
ferential diagnosis of Achilles tendon injuries and related disorders. A com-
parison between preoperative ultrasonography and surgical findings. Acta 
Radiol. 1998;39:612-9.

88. Paavola M. Achilles tendon overuse injuries. Diagnosis and treatment (thesis). 
Tampere, Finland: Acta Universitatis Tamperensis 824, University of Tampere; 
2001.

89. Blei CL, Nirschl RP, Grant EG. Achilles tendon: US diagnosis of pathologic 
conditions. Work in progress. Radiology. 1986;159:765-7.

90. Fredberg U, Bolvig L. Significance of ultrasonographically detected asymp-
tomatic tendinosis in the patellar and achilles tendons of elite soccer play-
ers: a longitudinal study. Am J Sports Med. 2002;30:488-91.

91. Laine HR, Harjula AL, Peltokallio P. Ultrasonography as a differential diag-
nostic aid in achillodynia. J Ultrasound Med. 1987;6:351-62.

92. Kainberger FM, Engel A, Barton P, Huebsch P, Neuhold A, Salomonowitz 
E. Injury of the Achilles tendon: diagnosis with sonography. AJR Am J Roent-
genol. 1990;155:1031-6.

93. Kälebo P, Allenmark C, Petterson L, Swärd L. Diagnostic value of ultra-
sonography in partial ruptures of the Achilles tendon. Am J Sports Med. 
1992;20:378-81.

94. Pope CF. Radiologic evaluation of tendon injuries. Clin Sports Med. 1992;
11:579-99.

95. Kerr R, Forrester DM, Kingston S. Magnetic resonance imaging of foot and 
ankle trauma. Orthop Clin North Am. 1990;21:591-601.

96. Soila K, Karjalainen PT, Aronen HJ, Pihlajamäki HK, Tirman PJ. High reso-
lution MR imaging of the asymptomatic Achilles tendon: new observations. 
AJR Am J Roentgenol. 1999;173:323-8.

97. Marcus DS, Reicher MA, Kellerhouse LE. Achilles tendon injuries: the role 
of MR imaging. J Comput Assist Tomogr. 1989;3:480-6.

98. Weinstabl R, Stiskal M, Neuhold A, Aamlid B, Hertz H. Classifying calca-
neal tendon injury according to MRI findings. J Bone Joint Surg Br. 1991;
73:683-5.

99. Neuhold A, Stiskal M, Kainberger F, Schwaighofer B. Degenerative Achilles 
tendon disease: assessment by magnetic resonance and ultrasonography. 
Eur J Radiol. 1992;3:213-20.

100. Åström M, Gentz C-F, Nilsson P, Rausing A, Sjoberg S, Westlin N. Imaging 
in chronic achilles tendinopathy: a comparison of ultrasonography, magnetic 
resonance imaging and surgical findings in 27 histologically verified cases. 
Skeletal Radiol. 1996;215:615-20.

101. Karjalainen PT, Soila K, Aronen HJ, Pihlajamäki HK, Tynninen O, Paavonen 
T, Tirman PF. MR imaging of overuse injuries of the Achilles tendon. AJR Am 
J Roentgenol. 2000;175:251-60.

102. Schweitzer ME, Karasick D. MR imaging of disorders of the Achilles ten-
don. AJR Am J Roentgenol. 2000;175:613-25.

103. Alfredson H, Lorentzon R. Chronic Achilles tendinosis: recommendations 
for treatment and prevention. Sports Med. 2000;29:135-46.

104. Leach RE, DiIorio E, Harney RA. Pathologic hindfoot conditions in the ath-
lete. Clin Orthop. 1983;177:116-21.

105. Kellett J. Acute soft tissue injuries—a review of the literature. Med Sci 
Sports Exerc. 1986;18:489-500.

106. Paavola M, Kannus P, Paakkala T, Pasanen M, Järvinen M. Long-term prog-

nosis of patients with achilles tendinopathy. An observational 8-year follow-
up study. Am J Sports Med. 2000;28:634-42.

107. Lehto MU, Järvinen M, Suominen P. Chronic Achilles peritendinitis and 
retrocalcanear bursitis. Long-term follow-up of surgically treated cases. 
Knee Surg Sports Traumatol Arthrosc. 1994;2:182-5.

108. Schepsis AA, Wagner C, Leach RE. Surgical management of Achilles ten-
don overuse injuries. A long-term follow-up study. Am J Sports Med. 1994;
22:611-9.

109. Paavola M, Kannus P, Orava S, Pasanen M, Järvinen M. Surgical treat-
ment for chronic Achilles tendinopathy: a prospective 7-month follow-up 
study. Br J Sports Med. 2002;36:178-82.

110. Leadbetter WB.  Tendon overuse injuries. Diagnosis and treatment. In: Ren-
ström PAFH, editor. Sport injuries: basic principles of prevention and care. 
Boston: Blackwell Scientific Publications; 1993. p 449-76.

111. Curl WW, Martin DF.  Initial management of acute injuries. In: Renström 
PAFH, editor. Sport injuries: basic principles of prevention and care. Boston: 
Blackwell Scientific Publications; 1993. p 437-48.

112. Swenson C, Swärd L, Karlsson J. Cryotherapy in sports medicine. Scand J 
Med Sci Sports. 1996;6:193-200.

113. Almekinders LC, Temple JD. Etiology, diagnosis, and treatment of tendoni-
tis: an analysis of the literature. Med Sci Sports Exerc. 1998;30:1183-90.

114. Weiler JM. Medical modifiers of sports injury. The use of nonsteroidal anti-
inflammatory drugs (NSAIDs) in sports soft tissue injury. Clin Sports Med. 
1992;11:625-44.

115. Åström M, Westlin N. No effect of piroxicam on achilles tendinopathy. A 
randomized study of 70 patients. Acta Orthop Scand. 1992;63:631-4.

116. Khan KM, Cook JL, Bonar F, Harcourt P, Åström M. Histopathology of com-
mon tendinopathies. Update and implications for clinical management. 
Sports Med. 1999;27:393-408.

117. Shrier I, Matheson GO, Kohl HW 3rd. Achilles tendonitis: are corticoster-
oid injections useful or harmful? Clin J Sport Med. 1996;6:245-50.

118. Fredberg U. Local corticosteroid injection in sport: review of literature and 
guidelines for treatment. Scand J Med Sci Sports. 1997;7:131-9.

119. Speed CA. Fortnightly review: Corticosteroid injections in tendon lesions. 
BMJ. 2001;323:382-6.

120. Paavola M, Kannus P, Järvinen TAH, Järvinen TLN, Józsa L, Järvinen M.  
Tendon healing: adverse role of steroid injection—myth or reality. Unpub-
lished data.

121. Balasubramaniam P, Prathap K. The effect of injection of hydrocortisone 
into rabbit calcaneal tendons. J Bone Joint Surg Br. 1972;54:729-34.

122. Krahl H, Langhoff J. [Degenerative tendon changes following local applica-
tion of corticoids]. Z Orthop Ihre Grenzgeb. 1971;109:501-11. German.

123. Francis RS. The effects of 17-hydroxycorticosterone on the connective tissue 
of the adult male rat (thesis). Salt Lake City, Utah: University of Utah; 1971.

124. Randall WM.  Hydrocortisone acetate: the effect on the maximal load capac-
ity of the tendo Achilles in the adult male rat (thesis). Provo, UT: Brigham 
Young University; 1978. 

125. McWhorter JW, Francis RS, Heckmann RA. Influence of local steroid injec-
tions on traumatized tendon properties. A biomechanical and histological 
study. Am J Sports Med. 1991;19:435-9.

126. Oxlund H. The influence of a local injection of cortisol on the mechanical 
properties of tendons and ligaments and the indirect effect on skin. Acta 
Orthop Scand. 1980;51:231-8.

127. Leadbetter WB. Anti-inflammatory therapy in sport injury. The role of non-
steroidal drugs and corticosteroid injection. Clin Sports Med. 1995;14:353-
410.

128. Niesen-Vertommen SL, Taunton JE, Clement DB, Mosher RE. The effect of 
eccentric versus concentric exercise in the management of Achilles tendoni-
tis. Clin J Sports Med. 1992;2:109-13.

129. Mafi N, Lorentzon R, Alfredson H. Superior short-term results with eccen-
tric calf muscle training compared to concentric training in a randomized 
prospective multicenter study on patients with chronic Achilles tendinosis. 
Knee Surg Sports Traumatol Arthrosc. 2001;9:42-7.

130. Silbernagel KG, Thomee R, Thomee P, Karlsson J. Eccentric overload train-
ing for patients with chronic Achilles tendon pain—a randomised controlled 
study with reliability testing of the evaluation methods. Scand J Med Sci 
Sports. 2001;11:197-206.

131. Rivenburgh DW. Physical modalities in the treatment of tendon injuries. 
Clin Sports Med. 1992;11:645-59.

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VOLUME 84-A ·  NU M B ER 11 ·  NOVEM B ER 2002
ACH IL LE S TENDINOPATHY

132. Porter D, Barrill E, Oneacre K, May BD. The effects of duration and fre-
quency of Achilles tendon stretching on dorsiflexion and outcome in painful 
heel syndrome: a randomized, blinded, control study. Foot Ankle Int. 2002;
23:619-24.

133. Tallon C, Coleman BD, Khan KM, Maffulli N. Outcome of surgery for 
chronic Achilles tendinopathy. A critical review. Am J Sports Med. 2001;29:
315-20.

134. Stanish WD, Curwin S, Rubinovich M. Tendinitis: the analysis and treat-
ment for running. Clin Sports Med. 1985;4:593-609.

135. Rolf C, Movin T. Etiology, histology, and outcome of surgery in achillodynia. 
Foot Ankle Int. 1997;18:565-9.

136. Paavola M, Orava S, Leppilahti J, Kannus P, Järvinen M. Chronic Achilles 
tendon overuse injury: complications after surgical treatment. An analysis 
of 432 consecutive patients. Am J Sports Med. 2000;28:77-82.

137. Soma CA, Mandelbaum BR. Achilles tendon disorders. Clin Sports Med. 
1994;13:308-15.

138. Alfredson H, Pietilä T, Lorentzon R. Chronic Achilles tendinitis and calf 
muscle strength. Am J Sports Med. 1996;24:829-33.

139. Yodlowski ML, Scheller AD Jr, Minos L. Surgical treatment of Achilles ten-
donitis by decompression of the retrocalcanear bursa and the superior cal-
caneal tuberosity. Am J Sports Med. 2002;30:318-21.

140. Ljungqvist R. Subcutaneous partial rupture of the Achilles tendon. Acta 
Orthop Scand Suppl. 1968;113:1-86.

141. Benazzo F, Todesca A, Ceciliani L. Achilles’ tendon tendinitis and heel 
pain. Op Tech Sports Med. 1997;5:179-88.

142. Maffulli N, Testa V, Capasso G, Bifulco G, Binfield PM. Results of percuta-
neous longitudinal tenotomy for Achilles tendinopathy in middle- and long-
distance runners. Am J Sports Med. 1997;25:835-40.

143. Testa V, Capasso G, Benazzo F, Maffulli N. Management of Achilles tendin-
opathy by ultrasound-guided percutaneous tenotomy. Med Sci Sports Exerc. 
2002;34:573-80.

144. Fernandez-Palazzi F, Rivas S, Mujica P. Achilles tendinitis in ballet danc-
ers. Clin Orthop. 1990;257:257-61.

145. Anderson DL, Taunton JE, Davidson RG. Surgical management of chronic 
Achilles tendinitis. Clin J Sports Med. 1992;2:38-42.

146. Leach RE, Schepsis AA, Takai H. Long-term results of surgical manage-
ment of Achilles tendinitis in runners. Clin Orthop. 1992;282:208-12.

147. Johnston E, Scranton P Jr, Pfeffer GB. Chronic disorders of the Achilles ten-
don: results of conservative and surgical treatments. Foot Ankle Int. 1997;
18:570-4.

148. Maffulli N, Binfield PM, Moore D, King JB. Surgical decompression of 
chronic central core lesions of the Achilles tendon. Am J Sports Med. 1999;
27:747-52.

149. Morberg P, Jerre R, Swärd L, Karlsson J. Long-term results after surgical 
management of partial Achilles tendon ruptures. Scand J Med Sci Sports. 
1997;7:299-303.

150. Alfredson H, Pietilä T, Öhberg L, Lorentzon R. Achilles tendinosis and calf 
muscle strength. The effect of short-term immobilization after surgical treat-
ment. Am J Sports Med. 1998;26:166-71.

151. Saltzman CL, Tearse DS. Achilles tendon injuries. J Am Acad Orthop Surg. 
1998;6:316-25.

152. Kurtz CA, Loebig TG, Anderson DD, DeMeo PJ, Campbell PG. Insulin-like 
growth factor I accelerates functional recovery from Achilles tendon injury in 
a rat model. Am J Sports Med. 1999;27363-9.

153. Moller HD, Evans CH, Maffulli N. [Current aspects of tendon healing]. 
Orthopäde. 2000;29:182-7. German.

154. Goomer RS, Maris TM, Gelberman R, Boyer M, Silva M, Amiel D. Nonviral 
in vivo gene therapy for tissue engineering of articular cartilage and tendon 
repair. Clin Orthop. 2000;379 Suppl:S189-200.

155. Lou J. In vivo gene transfer into tendon by recombinant adenovirus. Clin 
Orthop. 2000;379 Suppl:S252-5.

156. Evans CH, Robbins PD. Genetically augmented tissue engineering of the 
musculoskeletal system. Clin Orthop. 1999;367 Suppl:S410-8.

157. Kang R, Ghivizzani SC, Muzzonigro TS, Herndon JH, Robbins PD, Evans 
CH. The Marshall R. Urist Young Investigator Award. Orthopaedic applica-
tions of gene therapy. From concept to clinic. Clin Orthop. 2000;375:
324-37.

158. Hannallah D, Peterson B, Lieberman JR, Fu FH, Huard J. Instructional 
Course Lecture, American Academy of Orthopaedic Surgeons. Gene ther-
apy in orthopaedic surgery. J Bone Joint Surg Am. 2002;84:1046-61.

 on May 9, 2007 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org

