
ESWT for ossøse 
indikationer

Anders Broegaard

Kiroprarktorerne Valby



Hvad kan 
behandles med 
ESWT?

ÅNon-union/ pseudoartrose

ÅStressfraktur

ÅAVN

ÅKnogleødem

ÅArtrose

ÅKræver forudgående udredning ved 
orthopædkirurg samt radiologisk diagnosticering og 
evaluering!



Søgestreng for non-uninon/pseudoartorsis

9ȄǘǊŀŎƻǊǇƻǊŜŀƭ ǎƘƻŎƪ ǿŀǾŜ ŀƴŘ 
ōƻƴŜκƴƻƴǳƴƛƻƴκǇǎŜǳŘƻŀǊǘǊƻǎƛǎκŦǊŀŎǘǳǊŜκǎǘǊŜǎǎ ŦǊŀŎǘǳǊŜκŀǾŀǎŎǳƭŀǊ 
ƴŜŎǊƻǎƛǎ ƻƎ ǘƘŜ ŦŜƳƻǊŀƭ ƘŜŀŘκōƻƴŜ ƳŀǊǊƻǿ ƭŜǎƛƻƴΣ ƻŜŘŜƳŀ 
όw{²κC{²ύ ςнн ǎǘǳŘƛŜǊ ƛƴƪƭǳŘŜǊŜǘ

Udvalgte systematiske reviews og metaanalyser 15 år tilbage ς3 
systematiske reviews inkluderet



Basics

Åрπмл ҈ ƻŦ ŀƭƭ ŦǊŀŎǘǳǊŜǎ ǎƘƻǿ ǎƛƎƴǎ ƻŦ ƭƛƳƛǘŜŘ ōƻƴŜ ƘŜŀƭƛƴƎ

ÅhŦǘŜǎǘ ǎŜŜƴ ƛƴ ǘƘŜ ŎƭŀǾƛŎƭŜΣ ŎŀǊǇŀƭǎΣ Ǌƛōǎ ŀƴŘ ƭƻƴƎ ǘǳōǳƭŀǊ ōƻƴŜǎΦ

ÅόLƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻƎ {ǳǊƎŜǊȅ нлмрύΥ

Å{ǳǊƎŜǊȅ ƛǎ ǎǘƛƭƭ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ άƎƻƭŘŜƴ ǎǘŀƴŘŀǊŘέ ŦƻǊ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ŦǊŀŎǘǳǊŜ ƴƻƴπ
ǳƴƛƻƴǎΦ ¦ǎǳŀƭƭȅΣ ǘƘŜ ǇǊŜǾƛƻǳǎ ƛƳǇƭŀƴǘ ƛǎ ǊŜƳƻǾŜŘ ŦƻƭƭƻǿŜŘ ōȅ ŘŜŎƻǊǘƛŎŀǘƛƻƴƻŦ ǘƘŜ 
ŦǊŀŎǘǳǊŜ ǎƛǘŜ ŀƴŘ ǊŜƳƻǾŀƭ ƻŦ ƛƴǘŜǊǇƻǎŜŘ ǎƻŦǘ ǘƛǎǎǳŜΦ Lƴ ƭƻƴƎ ōƻƴŜǎ ǘƘŜ ƛƴǘǊŀƳŜŘǳƭƭŀǊȅ 
ǎǇŀŎŜ ƛǎ ǊŜŎŀƴŀƭƛȊŜŘ ŀƴŘ ǘƘŜ ŦǊŀŎǘǳǊŜ ǊŜŘǳŎŜŘΦ 

Å! ǾŜǊȅ ŎǊƛǘƛŎŀƭ Ǉƻƛƴǘ ƻŦ ǘƘƛǎ ǎǳǊƎŜǊȅΣ ǿƘƛŎƘ ƴŜŜŘǎ ƭƻƴƎ ŜȄǇŜǊƛŜƴŎŜΣ ƛǎ ǘƻ ƧǳŘƎŜ ǘƘŜ 
Ǿƛǘŀƭƛǘȅ ƻŦ ǘƘŜ ōƻƴŜ ŦǊŀƎƳŜƴǘǎ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅ ƻŦ ǘƘŜ ŦǊŀŎǘǳǊŜΦ {ǘŀōƛƭƛȊŀǘƛƻƴ ƛǎ ŜƴǎǳǊŜŘ ōȅ 
ŀǇǇǊƻǇǊƛŀǘŜ ƻǎǘŜƻǎȅƴǘƘŜǘƛŎ ƳŀǘŜǊƛŀƭ όƛƴǘǊŀƳŜŘǳƭƭŀǊȅ ƴŀƛƭǎΣ ǇƭŀǘŜǎΣ ǎŎǊŜǿǎ ŜǘŎΦύΦ ¢ƘŜ 
ƎŀǇ ƛǎ ǎǳōǎǘƛǘǳǘŜŘ ǿƛǘƘ ŀǳǘƻƭƻƎƻǳǎ ŎŀƴŎŜƭƭƻǳǎ ōƻƴŜǳǎǳŀƭƭȅ ƘŀǊǾŜǎǘŜŘ ŦǊƻƳ ǘƘŜ ƛƭƛŀŎ 
ŎǊŜǎǘΦ













Biologisk 
effekt af 
ESWT på 
knoglevæv
Shockwave-promoted 
bone healing was 
associated 



Øget cortical knogle 
formation.

Øget VEGF  (Vascular 
Endothelial Growth Factor)
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Øget eNOS
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Øget PCNA (Proliferating 
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 º³­`´¦Hypertrofisk

Non Union Frakturer

Ingen callus formation og ingen kontakt mellem brudlinjerFormation af callus men ingen kontakt imellem brudlinjer
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¢ǊŜŀǘƳŜƴǘǊŜŎƻƳƳŜŘŀǘƛƻƴǎ

ÅThe current peer-reviewed literature clearly shows that treatment of fracture non-unions with 
electrohydraulic and electromagnetic shockwave sources possessing wide focusses (big devices) 
delivering high energy flux densities is effective. 

ÅAs these devices are used at high energy levels for non-union treatments usually sedation or general-
or regional anesthesiais required. 

ÅElectrohydraulic systems are used in a single session whereas electromagnetic devices are 
recommended to be applied from two to four sessions. 

ÅTo be suitable for ESWT the non-union should be in correct anatomical position.

ÅAccording to the literature atrophic and oligotrophic non-unions have an inferior probability of bony 
healing after ESWT than hypertrophic non-unions. However, according to our experience we could not 
see a significant difference in the outcome between these non-union types. 

ÅNevertheless, we could determine a non-union gap of being larger than 5mm in long bones as a 
negative predictor for outcome, thus surgical options should be considered in these cases.



Treatmentrecommedations

As ESWT is initiating healing inter alia 
by anginogenesiswhere capillaries are 
crossing the non-union gap it increases 

success when avoiding micro 
movements for four to six weeks after 

the treatment.

If necessary this can be achieved by 
orthosis, plaster cast and/or no weight 
bearing for this period of time. In very 
instable non-unions especially in the 
lower limb it might be necessary to 
apply an external fixator in the same 
session to ensure sufficient stability. 



ESWT vssurgery

/ƻƴǘǊŀǊȅΣ 9{²¢ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ŀǎ ŀƴ ƻǳǘǇŀǘƛŜƴǘ ǇǊƻŎŜŘǳǊŜ ƻǊ ŀƭǘŜǊƴŀǘƛǾŜƭȅ 
ŀŘƳƛǎǎƛƻƴ ƻǾŜǊƴƛƎƘǘ ƛƴ ǘƘŜ ƘƻǎǇƛǘŀƭΦ ¢ƘŜ ǇǊƻŎŜŘǳǊŜ ƛǘǎŜƭŦ ƻƴƭȅ ǘŀƪŜǎ ōŜǘǿŜŜƴ нр 
ŀƴŘ прƳƛƴΣ ƛǎ Ŝŀǎȅ ǘƻ ōŜ ǇŜǊŦƻǊƳŜŘ ŀƴŘ Ƙŀǎ ŀ ǎƘƻǊǘ ƭŜŀǊƴƛƴƎ ŎǳǊǾŜΦ 

Minor side effects include reddening and swelling and occasionally petechial 
bleedings and hematomas without clinical impact. However, no major side 
effects are reported

!ƭƻƴƎΣ ǘƘŜ ǇŀǘƛŜƴǘǎϥ ŀƎŜΣ ŎƻƳƻǊōƛŘƛǘƛŜǎ ǎǳŎƘ ŀǎ ŘƛŀōŜǘŜǎ ƻǊƻǎǘŜƻǇƻǊƻǎƛǎΣ ǳǎŜ ƻŦ 
ŎƻǊǘƛŎƻǎǘŜǊƻƛŘǎΣ ƳŜǘŀōƻƭƛŎ ŘƛǎƻǊŘŜǊǎΣ ǎƳƻƪƛƴƎ ƻǊ ŀƭŎƻƘƻƭ ƘŀǾŜ ŀ ǎǘǊƻƴƎ ƛƴŦƭǳŜƴŎŜ 
ƻƴ ōƻƴŜ ƘŜŀƭƛƴƎΦ



ESWT vssurgery

Due to our experience around 75% of referred patients suffering from a non-union 
fracture are suitable for ESWT. 

Besides the clear advantages for the patient not undergoing major surgery with the 
associated risks and complications, also the financial effort of different treatment 
options is increasingly recognized by the health care systems worldwide. Savings of 
around 65%ς85% (depending on different assurance modalities) are achieved in 
Austria treating non-union fractures with ESWT in place of surgery.



Protocol

fESWT; 2000-8000 
impulses, 2-6 Hz, 0,15-

0,8 mJ/mm2, 2-5 
treatments at weekly 

intervals.

Ǌ9{²¢Τ нлллπоллл 
ƛƳǇǳƭǎŜǎΣ оπу IȊΣ лΣнπ
лΣо ƳWκƳƳнΣ оπп 
ǘǊŜŀǘƳŜƴǘǎ ŀǘ ǿŜŜƪƭȅ 

ƛƴǘŜǊǾŀƭǎΦΦ
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Å ώммϐ/ΦWΦ ²ŀƴƎΣ YΦ5Φ ¸ŀƴƎΣ WΦ¸Φ YƻΣ /Φ/Φ IǳŀƴƎΣ IΦ¸Φ IǳŀƴƎΣ CΦ{Φ ²ŀƴƎΣ ¢ƘŜ ŜŦŦŜŎǘǎ ƻŦǎƘƻŎƪǿŀǾŜ ƻƴ ōƻƴŜ ƘŜŀƭƛƴƎ ŀƴŘ ǎȅǎǘŜƳƛŎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ƴƛǘǊƛŎ ƻȄƛŘŜ 
όbhύΣ¢DCπōŜǘŀмΣ ±9DC ŀƴŘ .atπн ƛƴ ƭƻƴƎ ōƻƴŜ ƴƻƴπǳƴƛƻƴǎΣ bƛǘǊƛŎ hȄƛŘŜΥ .ƛƻƭΦ/ƘŜƳΦ hŦŦΦ WΦ bƛǘǊƛŎ hȄƛŘŜ {ƻŎΦ нл όнллфύ нфуŜолоΦ

Å ώмнϐwΦ aƛǘǘŜǊƳŀȅǊΣ ±Φ !ƴǘƻƴƛŎΣ WΦ IŀǊǘƛƴƎŜǊΣ IΦ YŀǳŦƳŀƴƴΣ IΦ wŜŘƭΣ [Φ ¢ŜƻǘΣ!Φ {ǘƻƧŀŘƛƴƻǾƛŎΣ ²Φ {ŎƘŀŘŜƴΣ 9ȄǘǊŀŎƻǊǇƻǊŜŀƭ ǎƘƻŎƪ ǿŀǾŜ ǘƘŜǊŀǇȅ ό9{²¢ύ ŦƻǊǿƻǳƴŘ 
ƘŜŀƭƛƴƎΥ ǘŜŎƘƴƻƭƻƎȅΣ ƳŜŎƘŀƴƛǎƳǎΣ ŀƴŘ ŎƭƛƴƛŎŀƭ ŜŦŦƛŎŀŎȅΣ ²ƻǳƴŘ wŜǇŀƛǊwŜƎŜƴΦΥ hŦŦΦ tǳōƭΦ ²ƻǳƴŘ IŜŀƭΦ {ƻŎΦ 9ǳǊΦ ¢ƛǎǎǳŜ wŜǇŀƛǊ {ƻŎΦ нл όнлмнύ прсŜпсрΦ

Å ώмоϐ/ΦWΦ ²ŀƴƎΣ 9ȄǘǊŀŎƻǊǇƻǊŜŀƭ ǎƘƻŎƪǿŀǾŜ ǘƘŜǊŀǇȅ ƛƴ ƳǳǎŎǳƭƻǎƪŜƭŜǘŀƭ ŘƛǎƻǊŘŜǊǎΣWΦ hǊǘƘƻǇΦ {ǳǊƎΦ wŜǎΦ т όнлмнύ ммΦ

Å ώмпϐ/ΦWΦ ²ŀƴƎΣ ¸ΦwΦ YǳƻΣ wΦ²Φ ²ǳΣ wΦ¢Φ [ƛǳΣ /Φ{Φ IǎǳΣ CΦ{Φ ²ŀƴƎΣ YΦ5Φ ¸ŀƴƎΣ 9ȄǘǊŀπŎƻǊǇƻǊŜŀƭ ǎƘƻŎƪǿŀǾŜ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ŎƘǊƻƴƛŎ ŘƛŀōŜǘƛŎ Ŧƻƻǘ ǳƭŎŜǊǎΣ WΦ {ǳǊƎΦ 
wŜǎΦмрн όнллфύ фсŜмлоΦ

Å ώмрϐ WΦ IƻƭŦŜƭŘΣ 5Φ ½ƛƳǇŦŜǊΣ YΦ !ƭōǊŜŎƘǘπ{ŎƘƎƻŜǊΣ !Φ {ǘƻƧŀŘƛƴƻǾƛŎΣ tΦ tŀǳƭǳǎΣWΦ 5ǳƳŦŀǊǘƘΣ !Φ ¢ƘƻƳŀǎΣ 5Φ [ƻōŜƴǿŜƛƴΣ /Φ ¢ŜǇŜƪƻȅƭǳΣ wΦwƻǎŜƴƘŜƪΣ ²Φ {ŎƘŀŘŜƴΣwΦ 
YƛǊŎƘƳŀƛǊΣ {Φ !ƘŀǊƛƴŜƧŀŘΣ aΦ DǊƛƳƳΣ 9ǇƛŎŀǊŘƛŀƭ ǎƘƻŎƪπǿŀǾŜ ǘƘŜǊŀǇȅ ƛƳπǇǊƻǾŜǎ ǾŜƴǘǊƛŎǳƭŀǊ ŦǳƴŎǘƛƻƴ ƛƴ ŀ ǇƻǊŎƛƴŜ ƳƻŘŜƭ ƻŦ ƛǎŎƘŀŜƳƛŎƘŜŀǊǘ ŘƛǎŜŀǎŜΣWΦ ¢ƛǎǎǳŜ 9ƴƎΦ 
wŜƎŜƴΦ aŜŘΦ όнлмп aŀȅ мфύΣƘǘǘǇΥκκŘȄΦŘƻƛΦƻǊƎκмлΦмллнκǘŜǊƳΦмуфлώ9Ǉǳō ŀƘŜŀŘ ƻŦ ǇǊƛƴǘϐΦ

Å ώмсϐLΦ DǊǳŜƴǿŀƭŘΣ .Φ !ǇǇŜƭΣ bΦ5Φ YƛǘǊŜȅΣ ¸Φ ±ŀǊŘƛΣ {ƘƻŎƪǿŀǾŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ŜǊŜŎǘƛƭŜŘȅǎŦǳƴŎǘƛƻƴΣ ¢ƘŜǊΦ !ŘǾΦ ¦ǊƻƭΦ р όнлмоύ фрŜффΦ

Å ώмтϐ/Φ {ǇŜŜŘΣ ! ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿ ƻŦ ǎƘƻŎƪǿŀǾŜ ǘƘŜǊŀǇƛŜǎ ƛƴ ǎƻŦǘ ǘƛǎǎǳŜ ŎƻƴŘƛπǘƛƻƴǎΥ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ŜǾƛŘŜƴŎŜΣ .ǊΦ WΦ {ǇƻǊǘǎ aŜŘΦ пу όнлмпύ мроуŜмрпнΦ

Å ώмуϐ/ΦWΦ ²ŀƴƎΣ !ƴ ƻǾŜǊǾƛŜǿ ƻŦ ǎƘƻŎƪ ǿŀǾŜ ǘƘŜǊŀǇȅ ƛƴ ƳǳǎŎǳƭƻǎƪŜƭŜǘŀƭ ŘƛǎƻǊŘŜǊǎΣ/ƘŀƴƎ DǳƴƎ aŜŘΦ WΦ нс όнллоύ ннлŜнонΦ

Å ώмфϐ/ΦWΦ ²ŀƴƎΣ ¸Φ/Φ {ǳƴΣ ¢Φ ²ƻƴƎΣ {Φ[Φ IǎǳΣ ²Φ¸Φ /ƘƻǳΣ IΦ²Φ /ƘŀƴƎΣ 9ȄǘǊŀŎƻǊǇƻǊŜŀƭǎƘƻŎƪǿŀǾŜ ǘƘŜǊŀǇȅ ǎƘƻǿǎ ǘƛƳŜπŘŜǇŜƴŘŜƴǘ ŎƘƻƴŘǊƻǇǊƻǘŜŎǘƛǾŜ ŜŦŦŜŎǘǎ 
ƛƴƻǎǘŜƻŀǊǘƘǊƛǘƛǎ ƻŦ ǘƘŜ ƪƴŜŜ ƛƴ ǊŀǘǎΣ WΦ {ǳǊƎΦ wŜǎΦ мту όнлмнύ мфсŜнлрΦ

Å ώнлϐ/ΦWΦ ²ŀƴƎΣ YΦ9Φ IǳŀƴƎΣ ¸Φ/Φ {ǳƴΣ ¸ΦWΦ ¸ŀƴƎΣ WΦ¸Φ YƻΣ [ΦIΦ ²ŜƴƎΣ CΦ{Φ ²ŀƴƎΣ ±9DCƳƻŘǳƭŀǘŜǎ ŀƴƎƛƻƎŜƴŜǎƛǎ ŀƴŘ ƻǎǘŜƻƎŜƴŜǎƛǎ ƛƴ ǎƘƻŎƪǿŀǾŜπǇǊƻƳƻǘŜŘ 
ŦǊŀŎǘǳǊŜƘŜŀƭƛƴƎ ƛƴ ǊŀōōƛǘǎΣ WΦ {ǳǊƎΦ wŜǎΦ мтм όнлммύ ммпŜммфΦ
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Stressfracture

Stressfractures are common painful conditions in 
athletes, usually associated to biomechanical overloads. 

Low risk stress fractures usually respond well to 
conservative treatments, but up to one third of the 
athletes may not respond, and evolve into high-risk 
stress fractures. 

Surgical stabilization may be the final treatment, but it is 
a highly invasive procedure with known complications.

ESWT, based upon the stimulation of bone turnover, 
osteoblast stimulation and neovascularization by 
mechanotransduction, have been successfully used to 
treat delayed unions and avascular necrosis.



Repetitive cyclic loading of bones is the most relevant etiologic factor in the genesis of stress 
fractures. 

The fine balance between Bone Microdamage & Remodeling marks the outcome of bone 
failure under repetitive loading conditions(7).

The three possible scenarios for bone failure under fatigue loading are: normal bone & 
abnormal loading ςnormal loading & abnormal bone and abnormal loading on abnormal bone. 

The most common bones affected are tibia, metatarsals, fibula, navicular, pelvis and femur(4), 
(23).



The global incidence ranges from 1% to 20% depending on the 
physical activities of the patients (11). 

They usually appear as a progressive localized bone pain after 
physical activity or sports (18). Symptoms usually disappear with 
rest and have short recovery periods. 

¢ƘŜ ŜǘƘƛƻƭƻƎȅ ƻŦ ǎǘǊŜǎǎ ŦǊŀŎǘǳǊŜǎ ƛǎ ŀ ōƛƻƳŜŎƘŀƴƛŎŀƭ ƳƛǎōŀƭŀƴŎŜ ƻŦ 
ƭƻŀŘǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ōǊŜŀƪŀƎŜ ƻŦ ǘƘŜ Ǝŀƛǘ ƪƛƴŜǘƛŎ ŎƘŀƛƴό 
нфύΦ ¢Ƙƛǎ ƛǎ ǾŜǊȅ ǊŜƭŜǾŀƴǘ ƛƴ ŀǘƘƭŜǘŜǎ ŀƴŘ ƳƛƭƛǘŀǊȅ ǇŜǊǎƻƴƴŜƭ ǘƘŀǘ 
ǊŜǇŜǘƛǘƛǾŜƭȅ ƻǾŜǊƭƻŀŘ ǳƴŘŜǊπǘǊŀƛƴŜŘ ǎƪŜƭŜǘƻƴǎ ŀƴŘ ŎŀǳǎŜ 
ǳƴōŀƭŀƴŎŜŘ ōƻƴŜ ǊŜƳƻŘŜƭƛƴƎǊŜǎǳƭǘƛƴƎ ƛƴ ōƻƴŜ ŦŀƛƭǳǊŜόмуύΦ



Diagnosticering

Clinical diagnosis is relatively easy with physical 
examination that shows pain at a pin pressure point 
that may or not be associated to swelling. 

There is pain when eccentric loads are applied to the 
muscles inserted on the affected bone, and specific 
tests have been described for stress fractures such as 
the hyperextension, the fulcrum or the hop tests (38).

There is a higher risk in Caucasians, as well as in women 
with nutritionals menstrual disorders. (Stress fracture 
risks are more related to inadequate training and 
exercise programs (13), (19), (24).



Stress fractures are classified upon the risk of a complete bone failure, as low, 
medium or high risk(5), (6), (30). 

Frederickson(12), (14)described an image-based classification using both X rays 
and MRI, associating recovery time with four stages of bone damage.

It is especially valuable to determine prognosis. Low risk stress fractures usually 
respond to conservative treatments, while high risk fractures usually require surgical 
procedures in order to prevent a complete fracture.

Up to one third of low risk stress fractures may not respond to conventional 
treatments and continue with pain during exercise(14), (25), (33). They may evolve 
into high-risk stress fractures if load conditions and bone turnoveris not balanced. 

It is a primary goal of the sports medicine and orthopedic specialists to prevent the 
progression of a low risk stress fracture.



Radiological 
evaluation

Diagnostic images are mandatory in order to determine staging
(30). The first reports of a radiological classification of stress 
fractures was done by Savoca(34)in 1971, and he correlated 
clinical symptoms with early metaphyseal sclerosis, periosteal 
reaction or partial fractures. 

Magnetic resonance images are the best tool to determine bone 
marrow edema, periosteal reaction and soft tissue damages in all 
stages of stress fractures(8). Bone scansare very sensitive to 
determine increased bone turnover areas in early stages, but it is 
not very specific as many other situations may mark as false 
positive, and is an invasive procedure with potential risks(26), (35). 
However, in early stages it is the most specific and sensitive test 
available, as radiographic findings only appear after three weeks of 
the initial microfracture (9), (36).



Treatment

Treatment of stress fractures is based on a mechanical and a 
biological approach (37). 

Load control on the mechanical side is the basic treatment, in 
order to allow the biological bone turnover to recover the 
stressed area. 

In patients with localized bone pain and a history of 
mechanical stress, a diagnosis with x rays, bone scansand 
MRI will confirm the diagnosis. 

All accepted treatment protocols include as a gold standard a 
progressive retraining and physical therapy that goes from 
total rest to sprint running and specific agility drills.



Conservative treatmentis a long process that may take as 
much as 3ς6 months. 

This is usually too long for a professional athlete, so most 
of non-surgical treatments are focused on reducing the 
recovery time. The most common form of treatment with 
physical therapy is a two-stage protocol(15), (27). 

The first stageis based on rest and pain control, while the 
second is focused on muscle balance and strength, 
balance, proprioception, flexibility and progressive sports 
specific re-training(20), (21), (27).



Surgery

Surgery is not a simple 
procedure, and usually requires 

an invasive protocol with internal 
fixation, grafting and a long 

recovery time, with known and 
well reported complications(10), 

(39), (40), (41). 

There are more reports on 
surgery and their complications 

than studies that support 
improving the healing process 

and the bone turnover on stress 
fractures.



Scientific evidence

Hotzinger(81)reported the first 
case of stress fractures treated with 

ESWT at the ISMST meeting in 
London in 1999. He studied the role 
of MRI in the diagnosis of multiple 
stress fractures of the tibia, and 
treated a case with high-energy 
shockwaves with good results. 

After this first case report, several 
clinical studies on ESWT and stress 

fractures have been conductedwith 
good results, (1), (2), (3), (16), (17), 

(22), (25), (28), (31), (32), (42).





Protocol

fESWT, 2000-3000 impulses,  2-6 Hz, 0,08-0,7 
mJ/mm2, 1-3 treatments at weekly intervals.
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AVN/ONFH

The etiology of osteonecrosisof the femoral is multifactorial. 

Osteonecrosis also named avascular necrosis (AVN), bone infarction, aseptic necrosis, and ischemic bone necrosis is a diseasewhere there is cellular death 
(necrosis) of bone components due to interruption of the blood supply. 

Avascular necrosis of thefemoral head(ONFH) is more common in the hip joint than in other locations (knee, talus etc.). 

Treatment of ONFH is disease stage dependent. 

For early stages, femoral head preservation procedures are preferred including core decompression, muscle pediclegrafting and de-rotational osteotomy. Core 
decompression with bone graftingis considered the gold standard. 

However, the results are inconsistence and unpredictable. An effective non-invasive method of treatment is imperative. 

ESWT has shown beneficial effects in ONFH. ESWT improves pain and function of the hip and regression of the ONFH lesion. ESWTismore effective than core 
decompression with or without bone grafting, 

Cocktail therapy that combinedHBO, ESWT and oral alendronateis shown effective for patients with early osteonecrosis.







Osteonecrose af caput femoris (ONFH)
AKA Avaskulærnekrose
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Overall clinical outcomes showed good or 
excellent in 76% (22 of 29) fair and poor in 
24% (7 of 29) for ESWT group, and 21% 
(6/28) good or excellent and 79% fair or 
poor in the surgical group respectively. 

These results demonstrated that ESWT is 
more effective than core decompression 
and bone grafting for early ONFH in long-
term follow-up.



fESWT 
effects on 
ONFH

It appears that application of shockwave results in regeneration effects in hips 
with ONFH. 

In animal experiment, ESWT was shown to increase mRNA and protein of 
BMP-2 as well as up-regulation of VEGF expression in perinecrotic 
subchondral bone of the femoral head. VEGF expression suggests the 
ingrowth of neovascularization and improvement of blood supply to the 
femoral head.

The findings are in concert with the results of histopathological observation 
and immunohistochemical analysis, ESWT was suggested to promote 
angiogenesisand bone remodelingand regenerative effect through the 
induction of the NO pathway in ONFH.

It also showed that ESWT may be effective in the prevention of collapse of the 
femoral head with early ONFH.
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Protocol for ONFH

Focused ESWT 

2400-6000 impulses,  
2-6 Hz, 4-6 treatments 
at weekly interval, 0,4-

0,6 mJ/mm2
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Bone Marrow 
Lesion/Oedema 
(BMO)

.ah ƛǎ ǘȅǇƛŦƛŜŘ ōȅ ŀƴ άƛƴŦƭŀƳƳŀǘƻǊȅ ǇŀǘǘŜǊƴέƛƴ awL 
(low signal intensity int1-W and high signal intensity 
int2-W sequences).

Typical BMO histological features are marked by fibrosis 
and inflammatory infiltrate which often reflects the 
occurrence of pain in the affected bone segment (1,2). 

BMO usually affects the epiphyses of weight-bearing 
jointsτhip,knee, foot and ankle

The hip is the most common site of BMO.



BMO is normally spontaneously self-limiting within 4ς24months (3); however, there is a risk of 
fracture due to the weakened bonearchitecture [8].

Progression to avascular osteonecrosis is a rare occurrence, although it has been described in 
the literature (3,4-8).

There is no gold standard for the treatment of BMO; treatment is traditionally conservative and 
includes reduced weight-bearing, physical therapy, analgesics and vasoactive prostacyclin 
analog drugs like iloprost, although some authors have even resorted to treating the condition 
surgically, performing a bone core decompression (3,7,8).

However, there is consensus regarding the importance of an early treatment to relieve pain and 
to avoid weakening the bone trabeculae which could potentially lead to a collapse of the 
subchondral bone.



The therapeuticprotocolconsistedof two ses-
sionsof shockwavetherapy, 48h apart, usinga 
shockwaveelectromagneticsource [Modulith SlK
StorzMedical,Switzerland] fitted with a double 
ecographicand radiographicpointingdevice. Each
treatment consistedof 4,000 shots at high-energy
level, with meanenergyfluxdensityvalueof 
0.5mJ/mm2(range 0.4ς0.6mJ/mm2). Partial
weight-bearing(two crutches) wasprescribedfor 
30 daysafter treatment.



Therapeuticprotocol: 3 sessions, 3 daysapart,
0,5 mJ/mm2, 2500-4000 shocksat 4-5 treatment
points at 500 shocks.


