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Clinical reasoning in patients
with lower limb tendinopathy
A rehabilitation framework

Tendinopathy is an “umbrella” term that indicates a load-related, non-rupture
injury of the tendon. The etiology of tendinopathy can be considered as
multifactorial, and its identification and management have proved to be
difficult. Numerous studies have concluded that in the majority of patients
with tendinopathy, there is a failure of the healing process, and as a result,
the limbs remain dysfunctional. The purpose of this study was to explore the
scientific evidence related to the main theories, in order to provide a clinical
framework for rehabilitation in patients with lower limb tendinopathy. The
proposed model involves two different routes. The first route is based mainly
on a structural concept, clearly related to the stage of pathology, biomechan-
ics and function of the tendon, and the healing process. The second route
focuses on the kinetic system as a whole, following the functional concept of
akinetic chain. The resulting proposed algorithm is based on both structural
and functional features, according to current evidence, providing a clinical
reasoning framework that aims to bridge the gap between research and clini-
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cal practice and to empower the patient-centered approach.

1.INTRODUCTION

Overuse injury commonly occurs in loaded tendons.
The term that is routinely used to describe this pathol-
ogy is “tendinopathy”. Tendinopathy is an “umbrella” term
that indicates a load-related, non-rupture injury of the
tendon.”? The prevalence and incidence rates of lower
limb tendinopathy have been reported as 11.83 and 10.52
per 1,000 persons, respectively, and it appears that lower
limb tendinopathies are more prevalent among older
patients.? Since the etiology of tendinopathy can be con-
sidered multifactorial, its identification and management
have proved to be difficult. The main symptoms of lower
limb tendinopathy are load-related pain localized in the
tendon, and reduced functional capacity, particularly in
energy storage activities such as running, jumping, etc.**
There is no apparent correlation between pain and the
pathophysiological changes or inflammatory response in
the tendons.*¢ In addition, in the majority of patients with
tendinopathy, there is failure of the healing process and
as a result, the limbs remain dysfunctional.”® The relevant
literature, however, provides promising data regarding the
possible mechanisms and treatment options in patients
with tendinopathy.®
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The purpose of this study was to explore the scientific
evidence related to the main theories, in order to provide
a clinical framework for rehabilitation and to build an
intervention algorithm for patients with lower limb ten-
dinopathy.

2. BASICPRINCIPLES AND TENDINOPATHY MODELS

Tendon pathology appears to have no clear relation-
ship with inflammation, and therefore inflammation is not
a key factor.#’%'" Although an increased concentration of
cytokines has been observed, no typical inflammation
process is detected.”’%'? Rather, it is considered to be a
load-related degenerative pathology, in which pain is not
related to the pathological state of the tendon (i.e., as pre-
sented in imaging studies).*’" The various risk factors can be
separated into intrinsic and extrinsic. Extrinsic factors are
load-related, such as the type of load (e.g., compression),
the magnitude of the load, the duration of exercise, the rest
time, the loading cycle, the environment, etc. Intrinsic fac-
tors are related to the personal characteristics, and include
the muscle strength, elasticity, the athletic technique, etc.”"’
Numerous theories have been put forward in an attempt
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to interpret the pathological and recovery mechanisms of
the tendon. Some of the most popular theories include the
mechanical theory, the vascular theory, the neural theory
and the new continuum model of Cook.>*'°

According to the mechanical theory, repeated loading
within the physiological stress range of the tendon causes
tendon fatigue and, as a result, leads to tendon failure and
microscopic degeneration. This theory introduces some
valid points but fails to explain how chronic repetitive dam-
age of the tendon accumulates over time, or why this dam-
age would be degenerative rather than inflammatory.’%2'4

The vascular theory suggests that because metabolically
active tissues require a vascular supply, supply disorder may
cause degenerative damage. This theory, however, is un-
able to explain why some tendons do not present the same
mechanism of pathology, or why a young healthy athletic
population would be susceptible to vascular compromise.’®

The neural theory suggests that tendon pain is an indica-
tion of the sensitization of nociceptive neurotransmitters
and, in the chronic state, a mechanism of central sensitiza-
tion is responsible.*’%"* Although this theory explains some
aspects of tendon pain, it is unable to explain the actual
mechanism of the pathology and response to treatment.
Tendinopathy appears to be a special form of chronic pa-
thology, because it cannot be fully explained by peripheral
or central pain mechanisms.*

The continuum model, based on homeostasis theory
and time-phase behavioral presentation of pathology,
demonstrates the different phases and outcomes in clini-
cal practice. According to this model, tendinopathy con-
stitutes a spectrum ranging from normal to pathological
tendon, presenting three stages that differ in characteristics
and treatment. The first stage is characterized as reactive
tendinopathy, in which the tendon presents a reactive,
painful, non-inflammatory, proliferative response. It is
proposed that this response is caused by acute tensile or
compressive overload. At this stage, the tendon would
have the potential to revert to normal if the overload was
sufficiently reduced or managed appropriately. The second
stage is characterized as tendon disrepair. At this stage
the damage is greater (structural damage). Long duration
overloaded tendons can be considered to be at this stage,
and reversibility of the pathology is still possible by load
management and exercise. The last stage is characterized
as degenerative tendinopathy, in which progressive matrix
and cell changes have been incurred. At this stage there is
limited or no capacity for reversibility of the pathological
changes.’ Although this model advances our knowledge
regarding the tendon pathology and its management,
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it presents some limitations. Although it explains tendi-
nopathy more comprehensively than other theories, this
model is based on structural features and therefore does
not clearly imply a direct relationship between structure,
pain and dysfunction. In Cook’s upgraded model,’ the ten-
don is presented as producing painful, degenerative and
healthy portions all at the same time. A second key feature
of this model is that degenerative portions of the tendon
are mechanically silent, which might result in overloading
in the normal portion of the tendon. This could explain
why chronically degenerative tendons present failure of
the healing process. The reactive stage, therefore, could
be present at the beginning, when the overloading oc-
curred, and the tendon could suffer greater damage, as
in the disrepair and degenerative stage. Because of this,
the clinician must treat the condition early, in order to
promote the rehabilitation process. In the disrepair stage,
reversibility is still possible. To address these matters,
there are two possible pathways; if the damage is not too
massive, the tendon might have the potential to heal, and
thus the treatment methods must focus on this aspect. If
the damage is too severe and some portions have already
sustained degenerative damage (in the new model this
portion is considered to be mechanically silent), then the
focus should be as functional as possible. Irrespective of
the route (disrepair-degenerative or disrepair-normal), the
principal goal is considered to be the functional outcome,
which is possible, mainly by using progressive exercises.’
In conclusion, this model focuses on pain and function as
part of the same problem, but with different answers, while
it departs from the structural features on which treatment
was previously based.

3. DIAGNOSIS-ASSESSMENT

The differential diagnosis of tendinopathy in sports and
exercise populations is based on a thorough history and
physical assessment. The patient’s history may be critical
for the identification of tendon pathology, and localized
pain and its relationship to load are considered to be the
defining clinical features. Pain is also related to the intrinsic
and extrinsic factors discussed above. In addition, pain may
be diminished by repeated loading but there is always a
worsening the next day, due to energy storage activities.
Pain is rarely experienced in the resting state, but occurs
immediately on loading and ceases when the load is re-
moved.*"" During physical assessment, the point at which
localized pain increases in parallel to the increase in load,
can be considered to be tendon pain. This can be validated
by recording tendon pain and load management capacity
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in response to a progressive loading stimulus.”®"’¢ Stretching
tests may have some clinical utility in combination with
other tests.””?? Palpation appears to have low specificity for
diagnosing tendinopathy.?’ The clinician should evaluate
muscle strength and elasticity, range of joint motion and
motor control deficits of the kinetic chain. Irrespective
of the degree of tendon disorganization, atrophy and or
reduced strength of the quadriceps, gluteus maximus, calf
and core muscles are often observed in lower limb tendi-
nopathies.?>?* Hamstring, calf and quadriceps flexibility may
be diminished in lower limb tendinopathies.” Functional
tests, such as jumping, squatting, walking and running
may detect deficits in strength or motor control.??-% Foot
posture and static balance also need to be assessed, since
these are indicative of muscle imbalance and impaired
motor control strategies, and may result from different
pathologies.???° Questionnaires such as the Victorian In-
stitute of Sport Assessment (VISA) can be used to assess
the severity of symptoms at diagnosis, and to monitor the
outcome of intervention.’’-* Last but not least, the clinician
should use daily pain provocation tests in order to monitor
the patient’s condition, and should assess the pain by the
24 hour response after each rehabilitation session or any
energy storage activity. The pain level should always remain
low, less than 5/10 on the Visual Analogue Scale (VAS).’¢-'8

Since there is poor correlation between abnormal
tendon structure and pain, imaging plays a minimal role in
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the diagnosis and prognosis of tendinopathy, although it
can support the differential diagnosis, confirming tendon
rupture or peri-tendon pathology.5**

4. ACLINICAL FRAMEWORKFORTHE MANAGEMENT
OF PATIENTS WITH LOWER LIMB TENDINOPATHY

The proposed framework is a continuum model based
on current evidence, and it involves two different routes
(fig. 1). The first route is based mainly on the structural
concept, and is thus clearly related to the pathological
stage, biomechanics and function of the tendon and the
healing process.’**¢

The second route focuses on the kinetic system as a
whole, following the functional concept of the kinetic chain.
The movement system is basically composed of muscular,
articular and neural components. To address these compo-
nents, this route is divided into three stages: management
of biomechanical factors, muscle imbalance rehabilitation
and motor control-sensorimotor rehabilitation. It is crucial
that these routes create an integrated model, based on the
findings of the assessment and the goals of the patient.

4.1.The tissue adaption route

The tissue adaption route is one of the two routes of
the proposed algorithm for pain management and func-
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Figure 1. An intervention algorithm for patients with lower limb tendinopathy (does not fall under copyright).
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tional rehabilitation of the tendon (fig. 1). Addressing the
symptoms is usually the first step in treatment. According
to Cook’s model, patients with tendon pain are allocated
to the reactive stage. In this algorithm, management of
pain is usually the first step, and if the problem is a reactive
response caused by overloading with no tissue damage or
degeneration, then this may be the end of the algorithm.
Load modification is the key concept during this stage.
The patient should avoid energy storage exercises, and
he(she) may need to modify related activities. Activities
such as walking or cycling may be beneficial for the pa-
tient’s general physical condition, but the severity of pain
needs to be kept at a low level even during high energy
activities, and the pain should not get worse during the
24 hours following any activity.’*-'537-3° According to recent
evidence, isometric contraction appears to be promising
forimmediate pain reduction. A lower duration of contrac-
tion may be beneficial, but the patient needs to make an
effort (“heavy” contractions) without worsening his(her)
symptoms.?”>-*These exercises should be repeated several
times daily, especially in the early stages of treatment.

Strengthening exercises appear to have a therapeutic
effect on tendon morphology and function.?%3643 Pro-
gressive exercises, such as isotonic strengthening, can
be introduced into the rehabilitation program when pain
is minimal (3 or less on the Numeric Rating Scale [NRS]).
Heavy slow resistance exercises appear to be as effective
as eccentric exercises, so the principal key is load-related
factors such as type, magnitude, etc.** According to
current evidence, the eccentric factor is not a key fea-
ture, and it is proposed to include isotonic exercises in
the rehabilitation program. Finally, isometric exercises
can be used if pain is still present during the rest day or
when pain is aggravated. If the patient is an athlete us-
ing movements involving lower limb energy storage or
impact loading, then plyometric exercises and exercises
that simulate energy storage activities of everyday living
should be the key component. The criteria for starting this
type of exercises are: Sufficient muscle strength, minimal
or no pain during energy storage activities, and return
of symptoms to baseline in the following 24 hours. The
choice of exercises will depend on individual sport, and
thus, the selection and also the parameters of energy
storage programs may vary widely.'¢-784”

Ending the rehabilitation program and return to par-
ticipation in sport is recommended when full training
is tolerated without provocation of symptoms (24-hour
response on a load test) and there is successful response
to the clinical tests.*#
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4.2. Movement system adaption route

The movement system adaption route is the second
route of the proposed algorithm, and it focuses on man-
agement of the kinetic system as a whole, along with
management of possibly related intrinsic and extrinsic
factors (fig. 1). Rehabilitation according to the movement
system route can start from the beginning or during differ-
ent phases of rehabilitation, but is based on the findings
during assessment and the understanding of how these
findings are related to the patient’s pathology. Basically,
the therapist aims to improve the patient’'s movement
during various activities. It is well known that pain has an
effect on movement patterns but it is not clear whether
the changes precede or follow the pain.?**° Flexibility,
strengthening and motor control issues contribute to both
sensory and motor systems.?>? The treatment according
to this route is aimed at three categories of deficits: bio-
mechanical, muscular and sensorimotor. Biomechanical
deficits may be joint stiffness or poor joint alignment. En-
vironmental or equipment management can be included
in this category because of the relation with ergonomic
principles. Muscle deficits may be muscle tightness or
weakness that could alter the movement pattern, and
reduced capacity of the muscles may lead to pathology
or injury.?*5’ Sensorimotor deficits may consist of poor
motor control, proprioception or technique of the patient
during different activities.?652-54

Exercises of the whole kinetic chain are needed to
improve the patient’s functionality. Flexibility deficits may
be a risk factor for tendinopathy or other pathologies.
Strengthening and stretching exercises may be a part of
the treatment plan, especially if there is a relation with
poor functioning.’*** Manual therapy techniques, orthotics
or even taping constitute valid options for addressing the
patient’s intrinsic risk factors.>*-*? Finally, motor control and
learning strategies can be used in combination with exer-
cises during the rehabilitation process. Rio and colleagues®
suggest that external pace during contractions could be a
good method for enhancing the biomechanical properties
of the tendon, as well as neuroplasticity. Proprioception
training and retraining of movement patterns such as
lumbo-pelvic control, landing strategy or running patterns
should be part of the treatment, and these practices need
to be wisely used.?#52-5460

5. CONCLUSIONS

The proposed algorithm is based on structural and
functional features combined with current evidence to
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provide a clinical reasoning framework that bridges the
gap between research and clinical practice. There are a
few limitations to use of this algorithm; although it con-
tains features concerning the function and pathology of
tendons, and also the movement system concept, it does
notinclude other factors, such as cognitive-psychological
features, central sensitization, nutrition, etc. The main con-
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cept on which this reasoning framework is based ensures
the active contribution of the patient, empowering the
patient-centered approach. Further research is needed on
the possible mechanisms and other factors such as central
sensitization, in order to provide a better understanding,
with a focus on evaluation of improvement of function and
satisfaction of the patient.

MEPIAHYH

000 00000000000000000000000000000000000000000060000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

KAWVIKOG GUANOYIGUOG O€ aoBeveiG e TeEvOovTOTADELa KATW AKPOU. Eva HOVTENO ATTOKATACTAGNG

O.MATZEANAL, ~. XTIANOX
Epyaotrpto AvBpwmivng Apactnpiétntag kat Arokatdotaong, 2xoAr Emotnuwy Yyeiag,

lMavemotrjuio Osooaliag, Aauia

Apxeia EAAnviknc latpikric 2020, 37(2):162—-168

O 6po¢ TevovTomdBela amoTeNEi Evav 6po «OUTTPENA» TTIOL APOopPA oTnV TTaBoAoyia Tou TévovTta Kal oxeTi(eTal Apeca

ME TN @OpTIoN Tou. H attioloyia TnG TEVOVTOTIABEIAG UTTOPET EUKOAA VA XAPAKTNPLIOTEL TTOAUTIAPAYOVTIKH. ETopévwg,

1600 n Sidyvwon 6co Kal N AVTILETWITION TNG UMTOPEl va armodeixOoUv apKeTd SUOKOAEG. ATid TNV apBpoypagia mpo-

KUTITEL 0TI aoBeveic pe TevovTondBela mapoucidlouv SUCKOAIQ OTNV ATTOKATACTACTH TOUG KAOWE TAPAUEVOUV AEL-

TOUPYIKA EANTIEIG. ZKOTTOG TNG AVACKOTINONG €ival N HEAETN TNG OCUYXPOVNG KAl OXETIKAG apBOpoypa@iag, Kabwg Kal n

HEAETN HEPIKWV BACIKWY BEWPLWV, UE ATTOTEAECHA TN SNUIOVPYIA EVOG KAIVIKOU HOVTEAOU ATTOKATACTACNG Yld aoBe-

VEIG YE TEVOVTOTABEIa KATW AKPOU. To HOVTENO TToU TTpoTEiveTal £xel SUO KATEVOUVOELG. H TpwTn akoAouBEei pia 1o

Sopikny katevBuvon Baciopévn oTNV EURIOUNXAVIKE, OTN AEITOVPYIKOTNTA TOL TEVOVTA Kal 0TnV €movAwon tou. H

SeUTEPN KATELOLVON €XEL WG OTOXO TN BEATIWON TNG AEITOUPYIAG TOU KIVNTIKOU CUCTHHUATOG HECA ATTO UIA TIEPIOCOTE-

PO «OAIOTIKN-AEITOUPYIKN» TIPOCEYYION TNG KIVNTIKAG aAucidag. O TTPOTEIVOUEVOG AAYOPIOUOG armoTeAEiITAL TOCO ATTO

SoMIKA 600 Kal armd AEITOVPYIKA XOPAKTNPELIOTIKA CUM@WVA HE TN oUYXpovn apBpoypagia, pe okomd tn Snuiovpyia

£VOG HOVTEAOU KAIVIKOU GUANOYIOHOU TTOU OTOXEVEL OTN YEQUPWON TOU KEVOU HETAEL TNG €PEVVAG KAl TNG KAIVIKNAG

TIPAKTIKNAG, AAAA KAl OTNV €VIoXLOoN TOU A0OEVO-KEVTPIKOU TIPOTUTTOL TTapEUBaong.

0000000000000 00000000000000000000000000000000600080000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s0ssss

Né&erg evupeTnpiou: EMwduvog tévovtag, KAivikdg cuAOYIoHOG, TevovTomdBeia

References

1. MAFFULLIN, WONG J, ALMEKINDERS LC. Types and epidemiology
of tendinopathy. Clin Sports Med 2003, 22:675-692

2. SCOTT A, BACKMAN LJ, SPEED C. Tendinopathy: Update on patho-
physiology. J Orthop Sports Phys Ther 2015, 45:833-841

3. ALBERS IS, ZWERVER J, DIERCKS RL, DEKKER JH, VAN DEN AKKER-
SCHEEK 1. Incidence and prevalence of lower extremity tendi-
nopathy in a Dutch general practice population: A cross sec-
tional study. BMC Musculoskelet Disord 2016, 17:16

4. RIO E, MOSELEY L, PURDAM C, SAMIRICT, KIDGELL D, PEARCE AJ ET
AL. The pain of tendinopathy: Physiological or pathophysio-
logical? Sports Med 2014, 44:9-23

5. COOK JL, PURDAM CR. Is tendon pathology a continuum? A pa-
thology model to explain the clinical presentation of load-in-
duced tendinopathy. BrJ Sports Med 2009, 43:409-416

6. KHAN KM, FORSTER BB, ROBINSON J, CHEONGYY, LOUIS L, MACLEAN
L ET AL. Are ultrasound and magnetic resonance imaging of

value in assessment of Achilles tendon disorders? A two year
prospective study. BrJ Sports Med 2003, 37:149-153
7. KETTUNEN JA, KVIST M, ALANEN E, KUJALA UM. Long-term prog-
nosis for jumper’s knee in male athletes. A prospective fol-
low-up study. Am J Sports Med 2002, 30:689-692
8. COOKJL, KHAN KM, HARCOURT PR, GRANT M, YOUNG DA, BONAR SF. A
cross sectional study of 100 athletes with jumper’s knee man-
aged conservatively and surgically. The Victorian Institute of
Sport Tendon Study Group. BrJ Sports Med 1997, 31:332-336
9. COOK JL, RIO E, PURDAM CR, DOCKING SI. Revisiting the contin-
uum model of tendon pathology: what is its merit in clinical
practice and research? BrJ Sports Med 2016, 50:1187-1191
10. REES JD, WILSON AM, WOLMAN RL. Current concepts in the man-
agement of tendon disorders. Rheumatology (Oxford) 2006,
45:508-521
11. MALLIARAS P, O'NEILL S. Potential risk factors leading to tendi-



CLINICAL REASONING IN LOWER LIMB TENDINOPATHY

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

nopathy. Apunts Med Esport 2017, 52:71-77

SHARMA P, MAFFULLI N. Biology of tendon injury: Healing,
modeling and remodeling. J Musculoskelet Neuronal Inter-
act 2006, 6:181-190

WITVROUW E, BELLEMANS J, LYSENS R, DANNEELS L, CAMBIERD. In-
trinsic risk factors for the development of patellar tendinitis
in an athletic population. A two-year prospective study. Am
J Sports Med 2001, 29:190-195

KJAER M, LANGBERG H, HEINEMEIER K, BAYER ML, HANSEN M, HOLM
LET AL. From mechanical loading to collagen synthesis, struc-
tural changes and function in human tendon. Scand J Med Sci
Sports 2009, 19:500-510

MCcAULIFFE S, WHITELEY R, MALLIARAS P, O’'SULLIVAN K. Central sen-
sitisation in different tendinopathies: Are we comparing ap-
ples and oranges? BrJ Sports Med 2018, 53:142-143

GOOM TS, MALLIARAS P, REIMAN MP, PURDAM CR. Proximal ham-
string tendinopathy: Clinical aspects of assessment and man-
agement. J Orthop Sports Phys Ther 2016, 46:483-493
MALLIARAS P, COOK J, PURDAM C, RIO E. Patellar tendinopathy:
Clinical diagnosis, load management, and advice for chal-
lenging case presentations. J Orthop Sports Phys Ther 2015,
45:887-898

KOUNTOURIS A, COOK J. Rehabilitation of Achilles and patellar
tendinopathies. Best Pract Res Clin Rheumatol 2007,21:295-316
REIMAN MP, LOUDON JK, GOODE AP. Diagnostic accuracy of clin-
ical tests for assessment of hamstring injury: A systematic re-
view. J Orthop Sports Phys Ther 2013, 43:223-231

CACCHIO A, BORRA F, SEVERINI G, FOGLIA A, MUSARRA F, TADDIO N
ET AL. Reliability and validity of three pain provocation tests
used for the diagnosis of chronic proximal hamstring tendi-
nopathy. BrJ Sports Med 2012, 46:883-887

COOK JL, KHAN KM, KISS ZS, PURDAM CR, GRIFFITHS L. Reproduci-
bility and clinical utility of tendon palpation to detect patellar
tendinopathy in young basketball players. Victorian Institute
of Sport Tendon Study Group. BrJ Sports Med 2001, 35:65-69
CROSSLEY KM, THANCANAMOOTOO K, METCALF BR, COOK JL, PUR-
DAM CR, WARDEN SJ. Clinical features of patellar tendinopathy
and their implications for rehabilitation. J Orthop Res 2007,
25:1164-1175

SILBERNAGEL KG, GUSTAVSSON A, THOMEE R, KARLSSON J. Evalua-
tion of lower leg function in patients with Achilles tendinopa-
thy. Knee Surg Sports Traumatol Arthrosc 2006, 14:1207-1217
BARTON CJ, BONANNO DR, CARR J, NEAL BS, MALLIARAS P, FRANK-
LYN-MILLER A ET AL. Running retraining to treat lower limb in-
juries: A mixed-methods study of current evidence synthe-
sised with expert opinion. Br J Sports Med 2016, 50:513-526
ALLISON K, HALL M, HODGES PW, WRIGLEY TV, VICENZINO B, PUA
YH ET AL. Gluteal tendinopathy and hip osteoarthritis: Dif-
ferent pathologies, different hip biomechanics. Gait Posture
2018, 61:459-465

HODGES PW, SMEETS RJ. Interaction between pain, movement,
and physical activity: Short-term benefits, long-term conse-
quences, and targets for treatment. Clin J Pain 2015,31:97-107
BARTON CJ, LACK S, MALLIARAS P, MORRISSEY D. Gluteal muscle
activity and patellofemoral pain syndrome: A systematic re-
view. Br J Sports Med 2013, 47:207-214

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

167

EDWARDS S, STEELE JR, McGHEE DE, BEATTIE S, PURDAM C, COOK JL.
Landing strategies of athletes with an asymptomatic patellar
tendon abnormality. Med Sci Sports Exerc 2010, 42:2072-2080
MALLIARAS P, COOK JL, KENT P. Reduced ankle dorsiflexion range
may increase the risk of patellar tendon injury among volley-
ball players. J Sci Med Sport 2006, 9:304-309

GRIMALDI A, MELLOR R, NICOLSON P, HODGES P, BENNELL K, VICE-
NZINO B. Utility of clinical tests to diagnose MRI-confirmed
gluteal tendinopathy in patients presenting with lateral hip
pain. BrJ Sports Med 2017, 51:519-524

ROBINSON JM, COOK JL, PURDAM C, VISENTINI PJ, ROSS J, MAFFULLI
N ET AL. The VISA-A questionnaire: A valid and reliable index
of the clinical severity of Achilles tendinopathy. Br J Sports
Med 2001, 35:335-341

VISENTINI PJ, KHAN KM, COOK JL, KISS ZS, HARCOURT PR, WARK JD.
The VISA score: An index of severity of symptoms in patients
with jumper’s knee (patellar tendinosis). Victorian Institute
of Sport Tendon Study Group. J Sci Med Sport 1998, 1:22-28
CACCHIO A, DE PAULIS F, MAFFULLIN. Development and validation
of a new visa questionnaire (VISA-H) for patients with proxi-
mal hamstring tendinopathy. BrJ Sports Med 2014, 48:448-452
DOCKING SI, 00I CC, CONNELL D. Tendinopathy: Is imaging telling
us the entire story? J Orthop Sports Phys Ther 2015, 45:842-852
KHAN KM, SCOTT A. Mechanotherapy: How physical therapists’
prescription of exercise promotes tissue repair. BrJ Sports Med
2009, 43:247-252

DREW BT, SMITH TO, LITTLEWOOD C, STURROCK B. Do structural
changes (e.g., collagen/matrix) explain the response to ther-
apeutic exercises in tendinopathy: A systematic review. Br J
Sports Med 2014, 48:966-972

SILBERNAGEL KG, THOMEE R, ERIKSSON BI, KARLSSON J. Contin-
ued sports activity, using a pain-monitoring model, during
rehabilitation in patients with Achilles tendinopathy: A ran-
domized controlled study. Am J Sports Med 2007, 35:897-906
COOK JL, PURDAM C. Is compressive load a factor in the devel-
opment of tendinopathy? BrJ Sports Med 2012, 46:163-168
KUBO K, AKIMA H, USHIYAMA J, TABATA |, FUKUOKA H, KANEHISA H
ET AL. Effects of 20 days of bed rest on the viscoelastic prop-
erties of tendon structures in lower limb muscles. Br J Sports
Med 2004, 38:324-330

RIO E, VAN ARK M, DOCKING S, MOSELEY GL, KIDGELL D, GAIDA JE
ET AL. Isometric contractions are more analgesic than isoton-
ic contractions for patellar tendon pain: An in-season rand-
omized clinical trial. Clin J Sport Med 2017, 27:253-259

RIO E, KIDGELL D, PURDAM C, GAIDA J, MOSELEY GL, PEARCE AJET AL.
Isometric exercise induces analgesia and reduces inhibition
in patellar tendinopathy. BrJ Sports Med 2015, 49:1277-1283
PEARSON SJ, STADLER S, MENZ H, MORRISSEY D, SCOTT I, MUNTE-
ANU S ET AL. Immediate and short-term effects of short- and
long-duration isometric contractions in patellar tendinopa-
thy. Clin J Sport Med 2018 [Epub ahead of print]

MALLIARAS P, BARTON CJ, REEVES ND, LANGBERG H. Achilles and
patellar tendinopathy loading programmes: A systematic re-
view comparing clinical outcomes and identifying potential
mechanisms for effectiveness. Sports Med 2013, 43:267-286
KONGSGAARD M, KOVANEN V, AAGAARD P, DOESSING S, HANSEN



168

45,

46.

47.

48.

49,

50.

51.

52.

53.

P, LAURSEN AH ET AL. Corticosteroid injections, eccentric de-
cline squat training and heavy slow resistance training in pa-
tellar tendinopathy. Scand J Med Sci Sports 2009, 19:790-802
BEYER R, KONGSGAARD M, HOUGS KJAER B, OHLENSCHLAEGER T,
KJAER M, MAGNUSSON SP. Heavy slow resistance versus eccen-
tric training as treatment for Achilles tendinopathy: A rand-
omized controlled trial. Am J Sports Med 2015,43:1704-1711
BOHM S, MERSMANN F, ARAMPATZIS A. Human tendon adapta-
tion in response to mechanical loading: A systematic review
and meta-analysis of exercise intervention studies on healthy
adults. Sports Med Open 2015, 1:7

LANGBERG H, SKOVGAARD D, PETERSEN LJ, BULOW J, KJAER M. Type
| collagen synthesis and degradation in peritendinous tissue
after exercise determined by microdialysis in humans. J Phys-
iol 1999, 521:299-306

HAMILTON RT, SHULTZ SJ, SCHMITZ RJ, PERRIN DH. Triple-hop dis-
tance as a valid predictor of lower limb strength and power.
J Athl Train 2008, 43:144-151

ARDERN CL, GLASGOW P, SCHNEIDERS A, WITVROUW E, CLARSEN B,
COOLS A ET AL. 2016 Consensus statement on return to sport
from the First World Congress in Sports Physical Therapy, Bern.
BrJ Sports Med 2016, 50:853-864

HODGES PW. Pain and motor control: From the laboratory to
rehabilitation. J Electromyogr Kinesiol 2011, 21:220-228
COOK JL, DOCKING SI. “Rehabilitation will increase the «capac-
ity» of your... insert musculoskeletal tissue here...” Defining
“tissue capacity”: A core concept for clinicians. BrJ Sports Med
2015, 49:1484-1485

RIO E, KIDGELL D, MOSELEY GL, GAIDA J, DOCKING S, PURDAM C ET
AL.Tendon neuroplastic training: Changing the way we think
about tendon rehabilitation: A narrative review. Br J Sports
Med 2016, 50:209-215

PAGE P, FRANK CC, LARDNERR. Assessment and treatment of mus-

54.

55.

56.

57.

58.

59.

60.

T. PATSELAS and S. SPANOS

cle imbalance: The Janda approach. Human Kinetics, Wind-
sor, Ontario, 2010

SHUMWAY-COOK A, WOOLLACOTT MH. Motor control: Translating
research into clinical practice. 2nd ed. Pashalidis, Athens, 2007
SCOTT LA, MUNTEANU SE, MENZ HB. Effectiveness of orthotic de-
vices in the treatment of Achilles tendinopathy: A systematic
review. Sports Med 2015, 45:95-110

BIALOSKY JE, BENECIUK JM, BISHOP MD, CORONADO RA, PENZA CW,
SIMON CBET AL. Unraveling the mechanisms of manual therapy:
Modeling an approach. J Orthop Sports Phys Ther 2018, 48:8-18
BIALOSKY JE, BISHOP MD, PRICE DD, ROBINSON ME, GEORGE SZ.The
mechanisms of manual therapy in the treatment of muscu-
loskeletal pain: A comprehensive model. Man Ther 2009,
14:531-538

DE VRIES AJ, VAN DEN AKKER-SCHEEK I, HAAK SL, DIERCKS RL, VAN
DER WORP H, ZWERVER J. Effect of a patellar strap on the joint
position sense of the symptomatic knee in athletes with pa-
tellar tendinopathy. J Sci Med Sport 2017, 20:986-991
SPANOS S, BRUNSWIC M, BILLIS E. The effect of taping on the pro-
prioception of the ankle in a non-weight bearing position,
amongst injured atheltes. The Foot 2008, 18:25-33
BENJAMINSE A, GOKELER A, DOWLING AV, FAIGENBAUM A, FORD
KR, HEWETT TE ET AL. Optimization of the anterior cruciate lig-
ament injury prevention paradigm: Novel feedback tech-
niques to enhance motor learning and reduce injury risk. J
Orthop Sports Phys Ther 2015, 45:170-182

Corresponding author:

T. Patselas, Laboratory of Human Performance and Rehabili-
tation, School of Health Sciences, University of Thessaly, 351
00 Lamia, Greece

e-mail: tpatselas@gmail.com



