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Foreword

It is a privilege for me to introduce this Instructional Lecture book for the 11th EFORT 
Congress. The format of the Congress combines a National society, SECOT, and the 
European Federation, EFORT. For this lecture book,the topics selected are original 
and attractive and will predicate further lectures.

The main goal of EFORT is to convey the latest knowledge of diseases and trauma 
of the Musculoskeletal system to all European Surgeons. We also wish to welcome 
colleagues from all over the world,especially from Latin-America and Asia, who are 
joining us.

The Scientific programme combines multiple aspects of Orthopaedics and 
Traumatology, paying attention particularly to the latest treaments for infections, met-
astatic disease, Trauma care and arthroplasty registers, from a European perspective.

Our Instructional Lecturers are from all over Europe, and present topics from diverse 
areas of interest. These lectures give the opportunity to learn about various deseases but 
also our speakers’ special experience based on their National philosophy - again a 
chance to widen our European horizons.

As the chairman of the Local Organising Committee. I thank all of our Lecturers 
for their for excellent contributions for publication in this collection. My special 
thanks go the Professor George Bentley for organising this edition.

EFORT should be congratulated for all its efforts in providing training material for 
all Orthopaedic surgeons,and particularly for this selection of Instructional Lectures 
for the Congress in Madrid.

Madrid, Spain Enric Caceres
Chairman LOC Madrid 2010
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Preface

This 10th Volume of the EFORT European Instructional Lectures completes a 
series of 10 published since 1993 which cover 240 topics presented at the past 
11 Congresses.

The topics reflect the current thinking and latest advances in Orthopaedics and 
Traumatology,written by specialists from across Europe, who bring a perspective 
unique to their own Country and personal practice.

All those involved in Orthopaedics and Traumatology can benefit from this book.
Especial thanks go to all the authors, not only for preparing and presenting the 

lectures, but for their other activities, such as reviewing and chairing Symposia and 
free paper sessions, without which the programme could not be completed.

As before, the preparation of the volume has been by the Internationally-recognised 
publishing Springer team, led by Gabriele Schroeder, to whom we are very grateful. 
My personal thanks go to Larissa Welti and the Central Office staff who have given 
unfailing and expert support.

This is the volume of the first decade of Instructional Lectures and is dedicated 
to all previous editors who have contributed their expertise, in particular Jacques 
Duparc, Pierre-Paul Castelyn, Philip Fulford, John Kenwright, Roli Jakob, Frank 
Horan, Karl-Goran Thorngren, Panyotis Soucacos, Jame Scott, Roger Lemaire, 
Richard Villar and Vitas Khanduja.

Stanmore, UK George Bentley

Preface
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Necrotising Fasciitis

Nikolaos K. Kanakaris, Jas Tan, Mark I. Liddington, and Peter V. Giannoudis

Abbreviations

ARDS Acute respiratory distress syndrome
Atm Atmospheres
CK Creatine kinase
CRP C-reactive protein
CT-scan Computed tomography scan
ESR Erythrocyte sedimentation rate
Hb Haemoglobin
HBO Hyperbaric oxygen therapy
IL-1/6 Interleukin 1/6
IV Intravenous
IVIG Intravenous immunoglobulin G
LFTs Liver function tests
LRINEC  Laboratory risk indicator for necrotising fasciitis
MOF Multiple organ failure
MRI Magnetic resonance imaging
MRSA Methicillin-resistant Staphylococcus aureus
NSTI Necrotising soft tissue infection
SIRS Systemic inflammatory response syndrome
TNF-a Tumour necrosis factor – alpha
WBC White blood cells

Definition

The term ‘Necrotising Fasciitis’ was initially used in 1952 
by Wilson [64] to describe an inflammatory disease caus-
ing necrosis of the fascia planes and the subcutaneous fat 
with devastating results caused by several microbes and 
located at any anatomical site. Hippocrates described this 

condition in the fifth century BC “many were attacked by 
the erysipelas all over the body when the exciting cause 
was a trivial accident… flesh, sinews, and bones fell away 
in large quantities… there were many deaths” [15].

Since then a number of authors used a variety of names; 
i.e. “hospital” gangrene, “Fournier” gangrene, phagedema, 
phagedema gangrenosum, progressive bacterial synergistic 
gangrene, non-clostridial gas gangrene, “flesh-eating bac-
terium”, necrotising soft-tissue infection (NSTI) [2, 58]; 
portraying this rare life-threatening infection.

Aetiology

Typically an injury proximal to the affected anatomical site 
precedes the development of this infection. The severity of this 
local trauma may be minimal and there are reported cases asso-
ciated with minor blunt, penetrating trauma or burns, surgical 
incisions, peri-rectal abscesses, childbirth or even chicken pox. 
In a number of cases no definite portal of entry is identified in 
the patients’ skin or positive traumatic event in their history.

The responsible micro-organisms vary significantly and 
may include aerobic/anaerobic, gram positive/negative, or even 
fungi (Candida, Aspergillus, Rhizopus species) [24]. Recently, 
community-acquired methicillin-resistant Staphylococcus 
aureus (MRSA)-related necrotising fasciitis has been described 
in relatively high proportions [28, 42]. It is reported that MRSA 
is currently cultured in 40% of necrotic wounds particularly in 
IV drug abusers, athletes and institutionalised groups of patients 
[36, 40, 42]. A classification related to the cultured bacteria and 
the Gram stain has been described [6] (Table 1).

Epidemiology

According to recent reports there are almost 1,000 cases of 
necrotising fasciitis per year in the United States, or 0.4–0.53 
cases per 100,000 population [52, 61, 62]. The  prevalence of 

P.V. Giannoudis (*)
Academic Department of Trauma and Orthopaedics,  
Leeds General Infirmary, Clarendon wing,   
Great George Street, LS13EX, Leeds,  
West Yorkshire, UK 
e-mail: pgiannoudi@aol.com
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this disease is such that the average clinician could not be 
anticipated to gain adequate experience in his usual practice.

For reasons yet undetermined the incidence has 
increased the last 2 decades. Possible explanations could 
be the increased microbial virulence and resistance due to 
the excessive universal use of antibiotics, the increased 
clinical awareness and the establishment of international 
reporting pathways [51].

In a recent systematic review [3] of the existing evi-
dence male-to-female ratio was 2/1 with an age range from 
5 to 88 years (average 45 years). The lower extremities are 
the most commonly affected anatomical site, with the 
perineum following the upper extremities and virtually any 
other body part in smaller numbers [6, 37].

Risk Factors

Host conditions related to immune deficiency are considered as 
risk factors for necrotising fasciitis. Diabetes mellitus is present 
in 18–60% of the cases [44, 48], whilst other risk factors 
include obesity [59], peripheral vascular disease [12], intrave-
nous drug/alcohol use [12, 34], malnutrition [16], smoking 
[12], chronic cardiac disease [12, 54], the continued or chronic 
use of non-steroidal anti- inflammatory drugs [4, 56], chronic 
corticosteroid therapy [22], cancer, and old age [10, 13].

Besides the numerous co-morbidities statistically related 
to an increased risk for necrotising fasciitis, it should be 
emphasised that 20–50% of all cases are previously healthy 
individuals [6, 16].

Pathophysiology

Following mostly external trauma or more rarely 
direct spread from perforated visceral organs (lower 
 gastro- intestinal or urogenital tract) microbes invade the 

 subcutaneous tissues. The secretion of endo- and exotoxins 
is followed by tissue ischaemia and necrosis. Thrombosis 
of the perforating vessels to the skin is the resulting key 
feature of necrotic fasciitis, which declares itself gradually 
by an increasing necrotic subcutaneous and skin lesion.

Infection can spread locally rapidly (1 cm/h) without 
major skin findings at the early stages. The speed of the 
pathologic sequel is depending on the microbes’ characteris-
tics, the local biology, and the defences of the host. The rare-
nowadays Clostridium species produce an a-toxin that 
causes extensive local necrosis and systemic shock. 
Staphylococcus aureus and Streptococci species express sur-
face proteins and toxins (M-1, M-3, exotoxins A-B-C, strep-
tolysin O, and superantigen) that allow them to adhere to the 
host tissues, escape the defence mechanism of phagocytosis, 
cause damage to the endothelium, resulting in tissue oedema 
and impairment of the local blood flow. The stimulation of 
the defence mechanisms (CD4 cells and macrophages) and 
the production of cytokines of the acute phase in large quanti-
ties (TNF-a, IL-1, and IL-6) leads to a systemic inflamma-
tory response (SIRS), and/or septic shock, and/or multisystem 
organ dysfunction, and in some cases eventually to death. 
The secretion of the cytokines (TNF-a) interacts also with 
the vascular endothelium, stimulating the neutrophil degran-
ulation, activating the coagulation cascade (complement, 
bradykinin/kallikrein system), promoting small vessel throm-
bosis (due to local hypercoagulable state, platelet-neutrophil 
plugging of small vessels, and the increased interstitial pres-
sure). Thus, tissue perfusion, capillary blood flow, and subse-
quently local distribution of the antibiotics are all diminished, 
explaining the mechanism of ischaemic necrosis and the 
ineffectiveness of antibiotic therapy alone [9, 25, 51].

Diagnosis

The diagnosis should be based principally to the clinical 
pre- and mostly intra-operative findings. Any delay caused 
in order to attain radiological or laboratory verification 

Table 1 Classification of Necrotising Fasciitis according to the microbial cause [6]

Type 1 [24] Type 2 [12, 24] Type 3 [24, 38]

Aetiology Polymicrobial (4–5 species) 
(Gram-positive cocci,  
Gram-negative rods, anaerobes)

Monomicrobial (Streptococcus 
pyogenes, Staphylococcus, 
Clostridia, MRSA, or other species)

Marine vibrios, Gram negative 
rods (Vibrio Vulnificus %, 
Klebsiella, Escherichia coli, etc)

Incidence (%) 55–75 8–10 2–5
Anatomical site Abdominal – perineal wounds “Flesh eating” of  

extremities – toxic shock
Small wound from fish/cut/insect 
bite extremities

Epidemiology Immunocompromised, diabetic
patients

Healthy patients Liver disease, chronic Hepatitis-B

Prognosis High mortality Moderate mortality Highest mortality
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may be detrimental, and surgical debridement should be 
performed early together with intravenous antibiotic 
therapy.

Clinical Presentation

The typical presentation of necrotising fasciitis usually 
begins with a slightly inflamed area of soft tissue that rap-
idly advances to fasciitis combined with systemic toxae-
mia. In the first stages, the subtle clinical findings may be 
mistaken for simple cellulitis. In 20–40% of the cases there 
is a clear history of trauma or a break of skin within 48 h 
from the onset of symptoms. A high index of suspicion at 
these early stages may be critical for the subsequent 
outcome.

In this phase of acute inflammation, excessive and dis-
proportionate to the local findings, pain and tenderness to 
palpation (in almost all cases), and rapid expansion (up to 
>1 cm/h) of non-specific skin findings (swelling, warmth, 
erythema, “wooden” skin) should alert the clinician to the 
seriousness of the patient’s condition [52, 56, 65].

As the disease progresses more classic signs develop 
including blisters and cysts with serosanguinous or hemor-
rhagic fluid. The skin passes stages from discoloration to 
black necrotic sloughing eschars, surrounded by rapidly-
increasing oedema. In the presence of gas (depending on the 
type of the responsible bacteria) crepitus may develop. 
Analgesia over the necrotic skin areas is typical accompany-
ing the destruction of cutaneous nerves. The subsequent 
necrosis of the fat and fascia produces the characteristic dis-
charge of a greyish-watery foul-smelling purulent fluid [24].

Gradually the patient develops an escalating systemic 
state that leads to septic shock in over 30% of the cases. 
Fever-chills >38.5°C (59%), tachycardia, hypotension, 
decrease in the level of consciousness, accompanied by 
bacteraemia (50%), acute renal failure (35%), coagulopa-
thy (29%), acute respiratory distress syndrome (14%) com-
pose the cardinal features of a rapidly developing multiple 
organ failure and a rapidly deteriorating critically-ill patient 
[30, 32, 50].

The absence of any of the above symptoms may occur 
and should not mislead the clinician, who should follow the 
patient closely, and be alerted by the presence of dispropor-
tionate pain to the “cellulitic lesion”, and the rapid deterio-
ration of the general condition [6, 68]. In fulminant cases 
(mostly type 3 – Table 1) it may be that cardiovascular col-
lapse precedes the extensive soft tissue and skin changes. 
The reported average time from the first signs and symp-
toms to the diagnosis of the disease and the escalation of 
the clinical presentation varies from 2 to 4 days while in 
rare cases may take weeks [67].

Laboratory Evaluation

The relevant laboratory evaluation includes a full blood 
count, biochemistry panel as well as liver function tests, 
and coagulation studies. Blood cultures should be always 
taken, positive in half of the cases, and following the sensi-
tivity tests they guide the antibiotic therapy. In the presence 
of septic shock arterial blood gases are needed to moni-
tor the acid-base balance and respiratory function [10]. 
Frequent other findings, dependent on the phase of the  
sepsis and the immune response of the host, are electro-
lyte deficits (Na, K), increase of creatine kinase, hypo-
albuminaemia, hypertransaminasaemia, thrombocytopenia, 
anaemia, raised ESR and CRP. The progress of the observed 
laboratory parameters reflects the decline of the patient’s 
condition, or the successful response to the antibiotics and 
surgical interventions.

In 2000 Wall et al. [63] described a diagnostic model 
able to exclude in most cases the presence of necrotising 
fasciitis (sensitivity – 90%, specificity – 76%, poor predic-
tive value – 26%). Simonart et al. [56] proposed that CRP 
levels >15 mg/dL have a sensitivity of 89% and specificity 
of 90%, while elevation of CK levels >600 U/L are highly 
specific (95%) for necrotising fasciitis in contrast to plain 
cellulitis.

In the same year (2004), the Laboratory Risk Indicator 
for Necrotising fasciitis (LRINEC) was developed 
(Table 2). It incorporates parameters such as the CRP, 
WBC, Hb, serum Sodium, Creatinine, and Glucose levels 
to distinguish the rare necrotising fasciitis cases from other 

Table 2 Laboratory risk indicator for necrotising fasciitis  
score [66]

Variables Value LRINEC score

CRP <150 0

³150 4
WBC (cells/mm3) <15 0

15–25 1
>25 2

Hemoglobin (g/dL) >13.5 0
11–13.5 1
<11 2

Sodium (mmol/L) ³135 0
<135 2

Creatinine (mg/L) £141 0
>141 2

Glucose (mmol/L) £10 0
>10 1
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more frequent soft tissue infections. The summation of the 
sub-scores varies between 0 and 13. Above 6 (cut-off point) 
the probability of necrotising fasciitis is >50%, while the 
overall positive and negative predictive values are 92% and 
96% respectively [66].

Radiologic Evaluation

The only related finding on plain X-rays is the presence of 
gas in the subcutaneous soft tissues after the necrosis has 
progressed significantly and only in a number of cases. 
Ultrasonography, a useful diagnostic tool for abscesses and 
cellulitis, is not considered sensitive or specific enough for 
differentiating necrotising fasciitis [39].

CT-scanning is more sensitive as it can identify the 
pathological signal of the affected subcutaneous fat and 
deep fascia in more than 80% of all necrotising fasciitis 
cases, as well as thickening and increased enhancement of 
the affected tissue planes, subcutaneous gas collection, and 
soft tissue oedema defining accurately the extent of the dis-
ease [5, 67]. Nevertheless, there are described cases with 
false negative CT-scan results reported [52, 68].

MRI scans are significantly more sensitive (>93%) even 
in the early stages of necrotising fasciitis, while specificity 
is quite low (50–85%). T2-weighted images detect the 
thickening of soft tissues followed by high signal of 
necrotic tissue and the fluid accumulation following the 
liquefaction of subcutaneous fat and fascia layers. Contrast-
enhanced T1-weighted images detect the peripheral 
enhancement at the margins of the lesion as well as the 
oedema of the deep fascial planes [21, 68]. Nevertheless, 
an MRI scan may be impractical for critically-ill or unsta-
ble patients and should not delay the delivery of the neces-
sary surgical treatment.

Histologic Evaluation

Intra-operative biopsies provide the confirmatory diagno-
sis and are considered as the gold standard diagnostic 
modality. There is no role for culturing superficial skin 
lesions and blisters as the infection tracks at the subcutane-
ous level.

The “finger test” is a procedure that can be used for pre-
operative tissue-based diagnosis under local anesthesia. 
Through a small skin incision a gloved finger is inserted 
down to the deep fascia under sterile conditions. Drainage 
of “dishwater” pus, absence of bleeding, and lack of tissue 
resistance to the insertion of the finger are considered as 

positive findings. At the same time a frozen-section biopsy 
can be taken via a small elliptical section of skin-fat-fascia 
of the suspected area, as well from one at the periphery of 
the affected soft tissues.

Nevertheless, it should be emphasised that formal surgi-
cal debridement and an open biopsy is preferable whenever 
the patient is unstable, or the clinical suspicion strong. 
Attempts of gaining more proof regarding the establish-
ment of a certain diagnosis and delaying surgical interven-
tion should not be followed in the case of necrotising 
fasciitis due to its rapid escalation and detrimental effects 
locally and systemically.

A gram stain, microscopy analysis and a culture are 
able to provide early verification of the clinical suspicion 
as long as an experienced pathologist is available to review 
the samples [2]. Typical histopathological findings are the 
necrosis of the superficial fascia, subcutaneous fat and 
nerves with thrombosis and suppuration of the vessels, 
mixed inflammatory-cell infiltration and early fibroblast 
proliferation. At the early stages superficial epidermal 
hyaline necrosis, dermal oedema, polymorphonuclear 
infiltration and obliterative vasculitis is followed by 
thrombosis of penetrating fascial-to-skin vessels, and later 
by liquefactive necrosis of all tissue layers and the produc-
tion of a dense predominantly neutrophilic infiltrate [12, 
21, 57, 68].

Diferential Diagnosis

This disease or clinical syndrome (due to the array of its 
infectious aetiology), especially at its early stages, has 
mostly non-specific symptoms and findings . Due to the 
rapid escalation of events and the severity of its prognosis, 
the prompt differential diagnosis and subsequent immedi-
ate surgical debridement is of paramount importance.

In the early stages the most likely diagnosis is that of 
cellulitis, which is much more frequent, has identical skin 
findings (erythema, swelling), but in contrast only mild 
pain/tenderness and normal-looking subcutaneous fat 
and fascia.

Myonecrosis should be also considered in those cases 
that infection is excluded following the debridement and 
the microbiology cultures. Comparatively, it affects deeper 
layers of the soft tissues limited to the muscle groups. 
Eosinophilic fasciitis, an even more rare entity, has a more 
chronic course, affects also the fascia layer, is sterile and 
responds to steroids. Lymphoedema, or Myxoedema are 
easier to distinguish by the absence of systemic findings 
and the history of hypothyroidism respectively.
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Management

Successful management of this difficult clinical condition 
requires a multidisciplinary approach, close collaboration 
of the surgeon and the intensivist, and mostly prompt action 
and constant follow-up.

Surgical Debridement

The effective minimisation of the bacterial load is achieved 
only by a thorough surgical debridement. This is essential 
in the attempt to stop the necrotic process and represents 
the cornerstone of necrotising fasciitis management. It has 
been proven to increase the survival rate of the affected 
patients and the timing and adequacy of this procedure 
have been identified as the most important clinical variable 
related with mortality [6, 10].

The consensus is that the first debridement should 
remove all necrotic tissues including muscle, fascia, fat and 
skin to the same extent as tumour-excision surgery [37]. 
Surgical approach is directed from the existing skin lesion, 
should be parallel to the local neurovascular bundles, or 
other vulnerable anatomical structures, and down to the 
level of the deep fascia. The margins of the resection should 
be to viable vascularised bleeding tissues, and all in-
between necrotic or doubtful-looking elements should be 
removed [12, 68].

Perineal and scrotal infections pose particular surgical 
difficulties. In most cases at the time of the initial surgical 
debridement a diverting colostomy, as well as supra-pubic 
catheterization may be needed to allow wound hygiene and 
settling of the inflammation of the rectum/anus or the ure-
thra. Surgical castration is not needed in most of the cases 
and the exposed testicles after scrotal resection are placed 
in the medial thighs [52].

The steps following the initial debridement include a 
 re-evaluation of the wound on a daily basis, with repeated 
debridement mostly compulsory. It has been reported that 
optimally an average of three debridements within the first 
2–3 days are needed to control gross infection [11, 17, 65]. 
In this process the wound should be protected against sec-
ondary infections, and also the formation of granulation 
tissue needs to be accelerated, as well as continuous drain-
age of the exudates. In the first stages the wound should be 
left open and treated with wet-to-dry dressings. It appears 
that topical negative pressure therapy (VAC-PAC) repre-
sents a viable option for wound management following 
initial infection control [26, 29, 43]. Although not well-
studied in this particular clinical setting, other forms of 

wound dressing (alginate and hydrogel, dilute sodium 
hypochlorite or iodine solution dressings, enzymatic debri-
ding agents, or even skin the substitutes mainly used in 
burn patients) have been described with little benefit [1].

Once a healthy “bed” of granulation tissue is estab-
lished, after the series of wound debridements, and the gen-
eral condition of the patient is improved, the wound may be 
grafted (skin flap, split-thickness skin graft,) or left to com-
plete its granulation by secondary intent with the help of 
the VAC-PAC. At a later stage a number of cases undergo 
reconstructive surgery with appropriate full-thickness free 
or rotational flaps [12].

In the cases of affected extremities an amputation repre-
sents a radical option which is often life-saving and manda-
tory. If the extent of the infection is rapidly spreading 
proximally, or includes a major joint, or has destroyed sig-
nificant muscle groups of the extremity then an amputation 
should be considered and an informed consent should be 
obtained. Amputation has been reported to in 20% of all 
cases, particularly in IV drug users [2, 41].

Antibiotic Therapy

Antibiotic therapy is an essential adjunct to surgical debri-
dement. Except for one report [7] on a paediatric popula-
tion of solely-conservative treatment for several days with 
antibiotics, the consensus is that they should not be used 
alone for the treatment of necrotising fasciitis due to the 
poor vascularity of fasciae, the poor blood supply of the 
necrotic lesion, and thus the poor delivery of the antibiotic 
agents locally. Nevertheless, they assist in the reduction of 
bacterial and toxin load, helping to prevent subsequent 
organ failure.

Intravenous broad-spectrum antibiotics should be admin-
istered on first presentation, optimally after microbial cul-
tures are obtained. This initial empiric therapy should be 
efficient against gram-postive and negative organisms, as 
well as against anaerobes. In the past it included large doses 
of Penicillin with Clindamycin (Gram-positive and anaer-
obe coverage), and a third antibiotic for Gram-negative bac-
teria. Due to the major changes of microbial flora and the 
development of resistant species, currently the combination 
of clindamycin with vancomycin, imipenem, meropenem, 
ampicillin-sulbactam, piperacillin-tazobactam, daptomycin, 
quinupristin/dalfoprostin is preferred by most of authors as 
the initial empiric regime to cover Anaerobes and Gram-
positive microbes [6, 52]. The addition of a Quinolone 
offers additional coverage for the Gram-negative bacteria, 
as they have excellent soft-tissue penetration [36, 40, 42].
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Following the collection of samples from the wound 
and the gram stain of pus or of deep tissue, adjustments to 
the antibiotic regime should follow. The presence of Gram-
positive cocci in clusters, as well as the increased preva-
lence of MRSA in many institutions dictates the use of 
Vancomycin in combination with Clindamycin [6, 19, 42, 69]. 
If the Gram-positive cocci are in pairs or chains then the 
combination of Clindamycin with a b-lactam antibiotic 
(ampicillin-sulbactam or piperacillin-tazobactam, or peni-
cillin in high doses) suffices. Otherwise, if the gram stain 
identifies a polymicrobial flora or is inconclusive, the ini-
tial regime should continue until the final results of the cul-
tures. Wound swabs should be sent at each debridement 
until final closure of the wound in order to identify early 
any secondary contamination, and adjust further the antibi-
otic therapy.

The duration of the antibiotics is still debatable and no 
proven time-frame can be recommended. It appears sensi-
ble to continue the antibiotics until no further debridement 
is needed, when healing healthy granulation tissue appears 
to cover the created defect and laboratory inflammatory 
and clinical markers are settled.

Supportive Therapy

The general condition of these patients is usually grossly 
affected and a large proportion of them develop septic 
shock and multiple organ failure. Thus, adequate resuscita-
tion and support of the vital functions is crucial. Analgesia 
is also essential as well as supplementation of the extensive 
fluid and electrolyte loss, and hypoalbuminaemia from the 
gross drainage of the large surgical wound. In the acute 
catabolic phase the calorie requirements of the patient are 
high and total parenteral nutrition may be needed for those 
patients where enteral feeding is not feasible.

Adjunctive Therapies

Several authors have investigated the use of adjunctive 
therapies in the difficult clinical scenario of necrotising fas-
ciitis in an attempt to optimise the outcome. Intravenous 
immunoglobulin-G (IVIG) is a concentrated product from 
a pool of immunoglobulin-G isotypes of human donors. It 
acts by inhibiting the activation of T-cells and the activity 
of streptococcal antigens. Theoretically, it can bind staphy-
lococcal and streptococcal exotoxins limiting the systemic 
inflammatory response and its consequences specifically 
for necrotising fasciitis of this microbial aetiology [45, 60]. 
The reported results of its use, in the typical dosage of 

1–2 g/kg of body weight for 1–5 days, are conflicting, 
underpowered, and non-randomised [31, 35, 53]. Some 
studies report decreased mortality in patients with strepto-
coccal toxic shock where IVIG was administered [14, 20], 
while others report no clear advantage of its use [47].

Hyperbaric oxygen therapy (HBO) has been sporadi-
cally used in necrotising fasciitis cases, following its good 
results in cases of clostririal gangrene [47]. It is considered 
still an adjunct, with a probable beneficial effect that should 
never delay or hinder the primary treatment pillars of surgi-
cal debridement and intravenous antibiotics. In principle 
the increase of partial oxygen pressure (achieves arterial 
oxygen pressure of 2,000 mmHg, tissue oxygen pressure of 
300 mmHg vs. 300 mmHg and 75 mmHg of arterial and 
tissue oxygen pressure respectively at normobaric condi-
tions), reverses the effect of bacterial infection, and breaks 
the vicious triangle of infection-ischemia-reduced host 
defences. HBO also may limit the expansion of the necro-
sis and allow marking its boundaries and guiding the extent 
of the necessary debridement [55]. The typical HBO regime 
consists of 2–3 atmospheres of pressure for 0.5–2 h twice 
to four times daily until the progress of the infection is 
decreased or halted. The reported results vary significantly 
between a 3 [49] and 11-fold [18] decreased mortality rate 
and a significant decrease in amputation rates. Others report 
a non-effect of HBO treatment on survival rates and an 
increased risk of tympanic membrane rupture, seizures and 
central nervous system oxygen toxicity [8, 10]. It appears 
to offer advantages in tissue preservation and decreased 
mortality in the clostridial infections, which however, have 
a steadily decreased incidence on contemporary necrotis-
ing fasciitis cases, reflecting a decrease in the potential can-
didates for HBO treatment [27, 33].

Lately, the use of recombinant human-activated protein 
C has been described in a necrotising fasciitis case-report 
[47]. The authors proposed its evaluation in the future in a 
clinical trial focussed on necrotising fasciitis cases with 
involvement by group A streptococci.

Outcome

The reported mortality rates have a wide range from 6 to 
76% [6, 66]. The latest series report a somehow reduced 
mortality around 20%, reflecting the importance of early 
diagnosis and the advances in critical care [46].

Necrotising fasciitis of the perineum or abdominal wall 
have the highest mortality rates due to the inability for 
drastic surgical debridement or amputation in comparison 
to the cases where the extremities are affected.
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In the series of Golger et al. [23] it was proven that the 
most important clinical variable related to mortality is the 
time from admission to surgical debridement, highlight-
ing the importance of prompt diagnosis. Moreover they 
have found that for every year of life the risk of death is 
raised by 4%. In general the extremes of age (<1 and >60 
years), streptococcal toxic shock and immunodeficiency 
syndromes are also associated with worse prognosis, as 
well as thrombocytopenia, hypoalbuminaemia, abnormal 
LFTs, acute renal failure, and elevated blood lactate levels 
[10, 12, 38].

In the study of Anaya et al. [2] multi-variate regression 
analysis of 166 patients identified as significant independent 
predictors of mortality the presence of clostridium as caus-
ative factor, the history of pre-existing coronary/heart dis-
ease, as well as high initial WBC (>30,000 cells/mm3) and 
serum Creatinine >2 mg/dL.

As expected, the survivors require prolonged hospitali-
sation and intensive care stay, undergo multiple surgical 
procedures and their in-hospital course is characterised by a 
number of serious complications. In these often are included 
nosocomial secondary infections (76%), ARDS and venti-
lator-dependent respiratory failure (29%), acute renal fail-
ure (32%), CNS episodes (seizures, stroke) (3–5%), heart 
episodes (arrest, heart failure) (2–3%) [17, 41, 52].

Our Experience

Our unit encountered 29 cases of necrotizing fasciitis for 
the period of 2005 to 2009 (Table 3). Of 29 patients, 9 
(31%) were female and 20 (79%) were male. The mean 
age of our patients was 54 years (range 4–87). Eight cases 
occurred in the lower limb (Fig. 1), 4 in the upper limb, 
12 cases in the trunk and 5 cases in the head and neck. The 
most common identifiable cause for infection was intra-
venous drug use in 7 cases. Eight cases had no obvious 
cause and appeared to arise spontaneously. Five cases 
occurred after minor or trivial trauma. Other rarer causes 
for necrotizing fasciitis were associated with colonic 
malignancy, dental abscesses and pre-existing infections 
(Table 3). The mean length of hospital stay was 33 days 
with a mean of 3 days in intensive care and 2 days in a 
high dependency unit (HDU). Twenty cases were classi-
fied as Type 1 necrotising fasciitis due to their polymicro-
bial nature, seven cases with Type 2 (group A beta 
hemolytic streptococcus with or without S. aureus) whereas 
classification was not possible in two cases. The mean 
number of operations per patient was 4. Fourteen patients 
had VAC therapy to their wounds with skin grafts being 
the predominant method of reconstruction in 15 patients.  

Five patients had either pedicled or free flap reconstruc-
tion. Two patients received hyperbaric oxygen as addi-
tional therapy; both these cases involved the head and 
neck. Of the 29 patients, five eventually died of over-
whelming sepsis.

Conclusions

Despite the expanded understanding of the pathophysiol-
ogy of sepsis, the contemporary sophisticated diagnostic 
means and the modern advanced antibiotics, surgical deb-
ridement remains the cornerstone of treatment of necrotis-
ing fasciitis. The high mortality and morbidity of the 
disease remains a significant concern, while its incidence 
and microbiology appears to be evolving. Clinical research 
on this rare and lethal disease lacks high-level evidence, 
highlighting the necessity for multicentre collaboration of 
the scientific effort.

Fig. 1 Case 3, spontaneous type-2 necrotising fasciitis, rapidly 
expanding cellulitis (6 h from initial marking), from groin to 
proximal tibia, just before initial surgical debridement
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Trauma: Non-Union: New Trends

Gerald Zimmermann and Arash Moghaddam

Introduction

Fracture healing is a complex physiological process caused by 
the interaction of cellular elements that are activated and con-
trolled by an array of cytokines and signalling proteins [11]. 
This process is both temporal and spatial in nature and usually 
results in the formation of new bone, which is structurally and 
mechanically similar to the pre-fracture state [10].

For al lot of reasons this process can fail and result in 
non-union of bone in 10% of all fractures and in up in 50% 
of open fractures of the tibia. These patients develop a non-
union, which leads to long-lasting inability to work, loss of 
employment and high social costs. These cost are estimated 
in a paper of Sprague 2002 to be at approximately $80,000 
in case of 18 weeks delay of fracture healing [28]. The 
overall costs of delayed fracture healing are estimated to be 
at $14.6 million in United States alone [6].

Many attempts have been made to reduce the rate of 
disturbed fracture healing but despite the correct osteosyn-
thesis, which is mandatory, and new improved interlocking 
plates, biologic osteosynthesis and improved surgical tech-
niques like subcutaneous plating, the overall rate has not 
been reduced. The standard procedure to induce or enhance 
bone healing in a delayed status is autologous bone graft-
ing. This procedure provides osteogenic, osteoinductive 
and osteoconductive properties and has a success rate of 
50–80% [7, 9, 29, 33]. But the success of this “gold stan-
dard” depends on the quality of the harvested bone and is 
naturally limited by the amount available from the donor.

Nowadays it could be stated, that correct technical deb-
ridement and knowledge about “correct osteosynthesis” is 
the basic treatment and the rules of stability have to be 

implemented. But there are some new possibilities which 
can help as an adjunct to increase the healing rate of frac-
tures and/or non-unions.

New trends are:

Low Instensity Pulsatile Ultrasound (LIPUS)

Ultrasound treatment of a non-union or delayed union is 
dependent on specific pre-requisites. First the fracture or 
non-union has to be mechanically stable which is not often 
the case in non-union. Secondly, the non-union has to viable. 
But most of the non-unions or fractures at-risk have exactly 
this problem and today the non-invasive diagnosis is very 
difficult to determine if a non-union is atrophic, oligotrophic 
or hypertrophic. Therefore the indication for conservative 
treatment with pulsatile ultrasound is also very limited.

But, if it is possible, it seems that it is sometimes 
successful.

In prospective, randomized, double-blind, placebo- 
controlled, multi-centre clinical studies, LIPUS has been 
proven to be effective in decreasing the time to heal in both 
fresh diaphyseal (tibia) and metaphyseal (distal radius) 
fractures. It also decreases the likelihood of a delayed union 
(>150 days to heal) in tibial fractures and loss of reduction 
in distal radius fractures. World-wide clinical studies of 
LIPUS for treatment of non-union, in a self-paired control 
study design, have demonstrated a healing rate of 88% with 
an average treatment time of 4.5 months in non-unions and 
an average fracture age of 23 months. The therapy is safe 
and non-invasive, and is used by the patient at home for a 
20-min treatment session per day [8].

In a study of Jingushi, seventy-two cases of long bone 
fracture, including those of the femur, tibia, humerus, 
radius, and ulna, were analyzed. The mean time from the 
most recent operation to the beginning of LIPUS treat-
ment was 11.5 (3–68) months. The relationship between 
the background factors and the union rate was analyzed 
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using a logistic regression method. In addition, long bone 
fractures in an upper extremity or in a lower extremity were 
analyzed separately. The union rate was 75% in all the cases 
of long bone fracture. There was a significant relationship 
between the union rate and the period from the most recent 
operation to the beginning of LIPUS treatment in all cases 
and in those that had long bone fracture of an upper extrem-
ity. There was also a significant relationship between the 
union rate and the time when a radiological improvement 
was first observed after the beginning of the treatment in all 
cases and in those with fractures in a lower extremity. When 
LIPUS treatment was started within 6 months of the most 
recent operation, 89.7% of all fractures healed. When an 
improvement in the radiological changes at the fracture site 
was observed after 4 months in those cases, then the sensi-
tivity and specificity for union were more than 90%. 
Jingushi concluded that LIPUS treatment should be started 
within 6 months of the most recent operation. Because 
LIPUS has been shown to be effective without causing 
either serious invasiveness or any undue risk to the patient, 
it may be considered the treatment of first choice for cases 
of post-operative delayed union or non-union [17, 18].

LIPUS also appears as an effective and safe home treat-
ment of aseptic and septic delayed-unions and non-unions, 
with a healing rate ranging from 70 to 93% in different, 
non-randomized, studies. Advantages of the use of this 
technology are: that it may avoid the need for additional 
complex operations for the treatment of non-unions and 
also efficacy, safety, ease of use and favourable cost/benefit 
ratio. Outcomes depend on the site of non-union, time 
elapsed from trauma, stability at the site of non-union and 
host type [19, 24].

The detailed biophysical process by which low-intensity 
pulsed ultrasound LIPUS stimulates bone regeneration still 
remains unknown, although various effects on bone cells 
in vitro and in vivo have been described.

LIPUS treatment has led to increased callus area and 
accelerated return of bone strength following fracture. 
Histological studies suggest that LIPUS influences all 
major cell types involved in bone healing, including osteo-
blasts, osteoclasts, chondrocytes and mesenchymal stem-
cells. The affect of LIPUS seems to be limited to cells in 
soft tissues, whereas cells in calcified bone seem not to be 
effected. In vitro cell culture studies as well as tissue cul-
ture studies have shown some effects on cell differentiation 
and protein synthesis. Even though the energy used by 
LIPUS treatment is extremely low, the effects are evident. 
The most probable source of the therapeutic benefits 
observed with LIPUS treatment involves non-thermal mech-
anisms that influence cell membrane permeability and 
increase cellular activity. Despite clinical and experimental 

studies demonstrating the enhancing effect of LIPUS on 
bone regeneration, the biophysical mechanisms involved 
in the complex fracture healing process remain unclear and 
require further research [4, 19].

Magnetic Field Induction

Regarding the indications for the treatment of the magnetic 
field induction there is no difference to Lipus.

Electric and electromagnetic fields are, collectively, one 
form of biophysical technique which regulate extracellular 
matrix synthesis and may be useful in clinically stimulating 
repair of fractures and non-unions. Pre-clinical studies 
have shown that electric and electromagnetic fields regu-
late proteoglycan and collagen synthesis in models of 
endochondral ossification, and increase bone formation 
in vivo and in vitro. A substantial number of clinical stud-
ies have been done that suggest acceleration of bone for-
mation and healing, particularly osteotomies and spine 
fusions, by electric and electromagnetic fields. Many of 
these studies have used randomized, placebo-controlled 
designs. In osteotomy trials, greater bone density, trabecu-
lar maturation, and radiographic healing were observed in 
actively-treated, compared with placebo-treated patients. 
In spine fusions, average union rates of 80–90% were 
observed in actively-treated patients across numerous stud-
ies compared with 65–75% in placebo-treated patients. 
Uncontrolled, longitudinal cohort studies of delayed and 
non-unions report mean union rates of approximately 
75–85% in fractures previously refractory to healing. The 
few randomized controlled studies in delayed and non-
unions suggest improved results with electric and electro-
magnetic fields compared with placebo treatment, and 
equivalent to bone grafts [13].

There is a consensus that electromagnetic stimulation is 
an effective adjunct to conventional therapy when used in 
the management of non-union of long bone fractures [5].

Growth Factor Treatment

Bone Morphogenetic Protein 7 (BMP 7, Osigraft™) has 
been shown in a prospective randomised human trial to be 
a cytokine which can induce bone formation in tibial non-
unions at the same rate autologous bone graft [9]. BMP’s 
are members of the Transforming Growth Factor Beta 
(TGF b) superfamily and are characterised by immense 
osteoinductive potential. They induce a sequential cascade 
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of events for chondro-osteogenesis during bone formation 
and ultimately fracture healing, including chemotaxis, pro-
liferation of mesenchymal and osteoprogenitor cells and 
their differentiation into a chondrogenic or osteogenic lin-
eage [10, 11, 26, 30, 31].

But not only BMP and TGF b are cytokines which trig-
ger and are leading the normal process of bone healing. 
Today there are over 120 cytokines, growth factors hor-
mones and other factors are known, which play a role in 
this process. Most of them are more or less involved but 
there are some key proteins like PDGF, IGF, VEGF and 
FGF which are known to have significant influence on the 
fracture healing process if they are supplemented.

Beside mechanical insufficiencies in treating fractures, 
it is obvious that also biological deficiencies can result in 
non-union.

Some clinically relevant studies can be found via Medline 
[4, 23, 25, 32, 34]. An overview is given in Table 1. In 
England, an overview of clinical BMP 7 application in all 
long hollow bones has recently been published. Of 653 
documented cases, 60.5% had the application indicated for 
pseudoarthroses. In 74%, an autologous bone graft was also 
performed. In 23%, BMP 7 had been implanted without 
autologous bone transplantation. All cases that healed 
based upon radiological and clinical analyses without 

requiring further treatment were considered successful, and 
the success rate was 82%. Details concerning location of 
the fracture, the number of previous therapies, other dis-
eases of the patients or the duration of the healing process 
are not reported [12].

For BMP 7, one prospective, randomized and partly-
blind clinical study exists, which describes 122 patients who 
had been treated over a period of 7 years in 7 different 
trauma centres in the USA. Criterion for inclusion in the 
study was tibial pseudoarthrosis of at least 9 months dura-
tion. The planned surgical techniques had to be intramedul-
lary nailing and autologous bone grafting. The control group 
also received intramedullary nailing, but BMP 7, instead of 
autologous bone, was implanted. Nine months after treat-
ment, the success was evaluated according to the clinical 
criteria of being full weight-bearing and radiological fusion. 
The success rate in the autologous bone grafting group was 
84%, and that of the BMP 7 application group was 75%. 
This difference was not statistically significant (p = 0.218). 
In a sub-group of patients, which included those with nico-
tine abuse, BMP 7 showed a markedly higher success rate 
compared to autologous bone grafting. In addition, the fre-
quency of infections was lower when BMP 7 was implanted. 
Since these were not the criteria the study was designed for, 
the results could not be interpreted as significant [9].

Table 1 Clinical not randomised studies using BMP 7

Author Study design Indication Patients BMP Union rate %

Giannoudis et al. [25] UK Retrospective, 
observational,  
non randomized

Non-union, osteotomies 
etc. various sites

653 7 82

Dimitriou et al. (2005) Retrospective, 
observational,  
non randomized

Non-union various sites 26 7 92

Ronga et al. [25] Bios study 
group Italy

Retrospective, 
observational,  
non randomized

Non-union various sites 105 7 89

Zimmermann et al. [32] Retrospective, 
observational,  
non randomized

Non-union various sites 23 7 92

Zimmermann et al. [33, 34] Prospective, matched 
pairs, controlled trial

Non-union tibiashaft 108 7 89 sign higher

Ristiniemi et al. [23] Prospective, controlled 
trial

Pilon fractures 40 7 Sign faster

Giannoudis et al. [11] Retrospective, 
observational,  
non randomized

Non-union pelvic girdle 9 7 89

Zimmermann
Moghaddam et al. (2007)

Retrospective, 
observational,  
non randomized

Non-union various sites 172 7 79
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Stem-Cell Therapy

Several investigators have focussed their attention on a 
subset of autologous non-hematopoietic stem/progenitor 
cells contained in the adult bone marrow stroma, referred 
to as stromal stem-cells (SSC), as the appropriate cells to 
be transplanted [4, 20–22, 27]. The use of autologous cells 
is facilitated by less stringent ethical and regulatory issues 
and does not require the patient to be immunologically sup-
pressed. In pre-clinical and clinical protocols of critical 
defects in which SSC are employed, two approaches are 
mainly used: in the first, SSC are derived from bone mar-
row and directly introduced at the lesion site, in the second, 
SSC are derived from several sites and are expanded ex 
vivo before being implanted. Both approaches, equally 
correct in principle, will have to demonstrate, with defini-
tive evidence of their efficacy, their capability of solving a 
critical clinical problem such as non-union.

Overall there are only a few clinical studies where expe-
rience with the application of stem cells in the treatment of 
non-unions is reported. Most of these are from Hernigou. 
He investigated the relationship between number of injected 
cells to the healing rate [14–16].

He aspirated marrow from both anterior iliac crests, 
concentrated on a cell separator, and then injected into 
sixty non-infected atrophic non-unions of the tibia. Bone 
union was obtained in fifty-three patients, and the bone 
marrow that had been injected into the non-unions of those 
patients contained >1,500 progenitors/cm3 and an average 
total of 54,962 ± 17,431 progenitors. There was a positive 
correlation between the volume of mineralized callus at 4 
months and the number (p = 0.04) and concentration 
(p = 0.01) of fibroblast colony-forming units in the graft. 
There was a negative correlation between the time needed 
to obtain union and the concentration of fibroblast colony-
forming units in the graft (p = 0.04).

Percutaneous autologous bone-marrow grafting seems 
to be an effective and safe method for the treatment of an 
atrophic tibial diaphyseal non-union. However, its efficacy 
appears to be related to the number of progenitors in the 
graft, and the number of progenitors available in bone mar-
row aspirated from the iliac crest appears to be less than 
optimal in the absence of concentration [1].
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Imaging Algorithm in the Diagnosis, Therapy, Control and Follow-Up  
of Primary Musculoskeletal Tumours and Metastases

I.M. Noebauer-Huhmann, J. Panotopolous, and R.I. Kotz

Introduction

Primary musculoskeletal (MSK) – tumours are rare. Most 
of the lesions seen in the daily routine work of Orthopaedic 
Surgeons are associated with trauma or infection [38]. It is 
crucial not to misinterpret a tumour as a haematoma or gan-
glion, and especially not to consecutively perform an acci-
dental intra-lesional operation (which has thus been named 
“whoops” operation) [1]. Any case in doubt should be 
referred to a specialized centre. Here, the therapeutic strat-
egy also depends on a thorough imaging work-up of the 
lesion.

The aim of all imaging algorithms is to detect the tumour 
early, to identify its character and extent, potentially to 
guide or perform a biopsy, to help in planning an operation 
or radiation, to assess further sites of polylocular disease 
and metastases, to detect potential complications (such as 
pathologic fractures or spinal cord compression), to moni-
tor therapy and to perform follow-up for the detection of 
recurrence.

In the following article, the diagnostic algorithm of pri-
mary MSK-tumours and of metastases, which are far more 
common, are described.

Primary Evaluation

X-Ray, CT

The first imaging modality, which should still be performed 
in all patients, is conventional projection  radiography with 

two projections. It will provide information on the status of 
the lesion in primary bone tumours and metastases, and of 
the tumour matrix [25, 33] (figure 1a, 3a). In the estimation 
of the status of a tumour, the well-established criteria like 
the destruction pattern (geographic, moth-eaten or perme-
ated), the border and transition zone and the periosteal 
reaction are still valuable. The location of the lesion (long 
or flat bone, peripheral or in the axial skeleton, epi-/meta-/ 
or diaphyseal, central or peripheral), the extent and growth 
rate, monostotic or multilocular occurrence, the age and 
gender of the patient are still important criteria to be 
considered.

Some clearly benign lesions do not require further imag-
ing for differential diagnosis, like small bone islands or 
single cartilaginous exostoses, or typical non-ossifying 
fibromas, the latter ones being followed-up with projection 
radiography.

To a limited extent plain radiography can also help in 
assessing the fracture risk in the long bones [32]. However, 
detection of osteolytic lesions requires bone mineral loss of 
at least 50% in the spine [18]. Overall, values of 30–75% 
have been reported [20].

In soft tissue tumours, calcifications of the lesion can be 
depicted (examples: ossifying fasciitis, myositis ossificans; 
liposarcoma, synovial sarcoma, extraosseous chondro-or 
osteosarcoma). In complex anatomical structures like the 
pelvic region, the spine, and the sternoclavicular region, 
cross-sectional imaging with CT is preferable. In osteoid 
osteoma, the nidus can also be visualized by the use of CT 
(Fig. 1).

Modern Multi-detector CT systems (MDCT) allow 
multi-planar reconstructions.

MDCT as a cross-sectional modality also helps in plan-
ning open biopsy of osseous lesions. Often, open biopsy 
can even be replaced by CT-guided biopsy, which is a less 
invasive diagnostic modality (Fig. 2). In some cases of 
osteoid osteoma, pre-operative percutaneous marking of 
the lesion helps to find the nidus and minimize the accom-
panying tissue violation (Fig. 1).
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a b c
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Fig. 1 Osteoid osteoma of the distal diaphysis of the femur in a 
29 year old male patient. He complained of night pain, and his 
symptoms typically declined after the application of aspirine. 
(a) projection radiograph, with extensive fusiform cortical thick-
ening. (b) MSCT of the tumor, showing a small nidus with cen-
tral calcification within the sclerosis (c) The lesion was 
preoperatively marked by CT guidance. Differential diagnosis: 

(d) Projection radiograph of the lower leg in a child with fatigue 
stress fracture, also leading to fusiform solid periosteal reaction. 
(e) The MRI reveals the fracture line and the edema in the coro-
nal STIR sequence, as well as the periosteal thickening and sig-
nal alteration of the adjacent soft tissue (p.m. dorsally, as seen in 
the sagittal T2w sequence)

Conventional staging CT (MSCT of the thorax and abdo-
men) initially performed is still considered state-of-the-art. 
However, with increasing availability of hybrid techniques, it 
can be expected that PET/CT will replace conventional MSCT 

of the thorax and abdomen (see below). Multiple projection 
radiographs covering the whole skeleton for “whole-body” 
imaging as a screening method for osseous metastases have a 
low sensitivity (see above) and are considered obsolete.
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MRI

MRI is the imaging method which provides the best tissue 
contrast.

Local MRI of the lesion is used to demonstrate the tumour 
extent with bone marrow replacement (Fig. 3), and the soft 
tissue component of osseous lesions (Figs. 4 and 5). It also 
helps in the assessment of compartmental infiltration, joint 
invasion, and the relation to  neurovascular structures. It is 
also the modality of choice for soft tissue tumours (Fig. 6).

Routine protocols include fluid-sensitive, fat-saturated 
sequences. Here, the most sensitive sequence is the inver-
sion recovery (IR) sequence. On modern MR scanners, 
proton density (PD) fat-saturated sequences are often used, 
and have replaced the T2w fat-saturated sequences. On 
both sequences, most tumours appear hyper-intense. 
Typically, tumours with a chondroid or myxoid matrix are 
especially hyper-intense. If present, surrounding oedema is 
diffusely hyper-intense. T1w sequences should also be per-
formed. Here, most tumours show a signal similar to the 
muscle. The tissue types which are typically bright on T1w 
sequences are fat, methaemoglobin, melanin and some pro-
teinaceous fluids [15]. T1w sequences serve as very 
 sensitive sequence for the assessment of bone marrow 
involvement. Especially in the fatty marrow the replace-
ment of the hyper-intense bone marrow by the hypo-intense 
tumour leads to an excellent contrast between those tissues. 
Oedema (as fluid) is also hypo-intense on T1. T1 is the 

sequence used for the evaluation of contrast enhancement 
(it has proved useful to perform a T1w sequence in the 
same plane before and after the administration of contrast 
agent, to assess the extent of enhancement, followed by at 
least one fat-saturated sequence to image the areas of con-
trast enhancement more sensitively. Here, the axial plane is 
often most useful for the depiction of the relation to the 
adjacent tissue. On conventional T2-weighted sequences, 
fat and fluid are both hyper-intense. Therefore, the contrast 
between the tumour and surrounding fat of bone marrow or 
soft tissue is very low. The sequence is useful for the 
assessment of fibrotic or sclerotic areas (to differentiate 
calcified from fibrotic areas, to date, the images have to be 
correlated with radiographs/CT. The cortex of the bone, as 
well as tendons and ligaments are also hypo-intense on 

Fig. 3 G3 Osteosarcoma of the right distal femur in a 19 year old 
female patient, non-responder after preoperative Chemotherapy. 
(a) Projection radiograph (anterior/posterior and laterlal view) 
reveals signs of a malignant tumour with matrix calcifications 
typical of osteosarcoma. (b) MRI images with coronal STIR, 
coronal T1w and axial T2w sequence before contrast agent, and 
coronal T1w, followed by axial T1w images with fat saturation 
after the application of Gadolinium-containing contrast agent 
administration. The extent of bone marrow infiltration can be 
depicted, as well as the cortical destruction and the soft tissue 
involvement. (c) (Courtesy Prof. Dr. Susanna Lang) Macroscopic 
view of the resection specimen of another patient with an osteo-
sarcoma of the distal femur shows the typical location in the 
metadiaphysis with heterogeneous appearance. The demarcation 
of the tumour against the normal fatty marrow is depicted

Fig. 2 48 year old patient with a past medical history of bronchial 
carcinoma. The conventional FDG-PET had been negative, 
MSCT had revealed multiple sclerotic lesions in the spine and 
the pelvis. The CT guided biopsy of an iliacal lesion (Courtesy 
Prof. Dr. Czerny) confirmed a sclerotic lesion without vital 
tumour cells of an osteoblastic metastasis
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Fig. 3 (continued)



27Bone Tumours: Work Up 2009 

a bFig. 4 11 year old girl with 
pain in the left tibia. (a) A 
projection radiograph of the 
lower leg reveals diffuse 
structural inhomogeneity of 
the left tibia. The cortex 
appears intact. (b) The MRI 
of the same patient (axial fat 
suppressed T1w sequence 
after the application of 
contrast agent) reveals a large 
soft tissue component. 
Typically, those highly 
malignant small round cell 
tumours show permeative 
destructiuon of the cortex, 
leading to the “wrap around” 
appearance of the soft tissue 
component in Ewing sarcoma

a b

Fig. 5 55 year old male patient with an extensive chondroid 
tumour (a) The projection radiographs and (b) The coronal 
STIR sequence both show a tumour consisting of two parts: The 
proximal area appears malignant, with cortical destruction and a 
soft tissue component, whereas the distal part only shows the 

typically hyperintense chondroid matrix of a chondroid tumour, 
and only slight scalloping like enchondroma. Histologically, in 
the proximal part a dedifferentiated chondrosarcoma G3 with 
components of an osteosarcoma was confirmed
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a bFig. 6 25 year old patient with 
a past medical history of 
aggressive fibromatosis of the 
left upper leg and the left 
lower leg, which both had 
been resected. (a) Axial 
proton density fat saturate 
MR images of the left lower 
leg show the typically 
heterogeneous tumour with 
fibrous hypointense 
components. (b) The coronal 
T1w FS images after the 
application of contrast agent 
show an adjacent fascial 
enhancement. Recurrent 
fibromatosis was confirmed 
histologically

T2w. Alterations and infiltration of those structures can be 
depicted with T2. Apart from this basic protocol, additional 
sequences like the assessment of dynamic contrast enhance-
ment (DEMRI) [47] sequences, diffusion weighted 
sequences (DWI), which show the diffusion capacity of tis-
sue [26], or spectroscopy [22] are sometimes useful for the 
planning of the operation, MR-angiography sequences or 
CT-angiography have proved useful. 

For staging in tumours like osteosarcoma, “skip lesion 
MRI”, which is MRI of the lower limbs, can be performed 
additionally. The area imaged is much bigger, and the spa-
tial resolution is lower. This problem has become less pro-
nounced by the use of modern MR systems with field 
strengths of 1.5 or 3 T, and modern coils. Still, this exami-
nation can not replace the local MRI of the tumour.

Whole-body MRI has become feasible by the use of scan-
ners of 1.5 T and surface coil arrays, which allow accelerated 
image protocols (parallel imaging). To date, the examination 
time is about 40–50 min and is thus tolerable for the patient.

A typical protocol includes T1w and STIR images, 
which are performed in the coronal plane over the shoulder 
girdle and the thorax (using a breath-hold technique with 
respiratory gating), the pelvis and the legs, and in the axial 
plane over the head, and axial STIR images over the tho-
rax, each with a slice thickness of 5.0 mm. 3.0 mm. thick 
sagittal T1w and STIR sequences over the whole spine (in 
two steps) complete the protocol (no contrast agent is 
applied) (Figs. 7 and 8) [11].

Recently, the fusion of MRI with CT has become feasi-
ble [48]. As fluoroscopy is available during the operation, 
the method might help the surgeon in theatre to better esti-
mate the soft tissue borders of an invasive tumour.

MR-guided biopsy is a less invasive method than open 
biopsy, which is possible in soft tissue tumours or tumours 
with cortical destruction and adjacent soft tissue invasion. 
It enables selection of regions which appear most aggres-
sive, or at least which enhance contrast agent and represent 
viable, non-necrotic tumour tissue (Fig. 9).

Ultrasound

To date, ultrasound plays a minor role in the imaging of 
MSK tumours. Advantages of ultrasound are the easy 
access, wide availability, and the low costs. In recent 
years, ultrasound contrast agents have been developed, 
which help to gain more information on the vasculariza-
tion of soft tissue tumours (contrast-enhanced ultrasound, 
CEUS) [31]. The major disadvantage of ultrasound in 
MSK tumours is the fact that bone and the main parts of 
the joints cannot be assessed. Moreover, the method is 
highly dependent on the experience of the investigator, 
leading to reproducibility limitations. It is an established 
method for the assessment of inguinal lymph node metas-
tases. In some centres, soft issue tumour biopsy is regu-
larly performed [16].
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Fig. 7 Whole body MRI in a 
37 year old patient with a 
myxofibrosarcoma of the 
right upper leg. (a) The 
coronal STIR, and (b) 
coronal T1w images are able 
to show the primary tumour 
together with extensive 
metastases, especially in the 
liver and lung, and lymph 
nodes
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Scintigraphy

Scintigraphy is a very well-established functional method. 
The widely available cost-effective technique allows whole 
body imaging within a reasonable examination time.

Both the most commonly used tracer, technetium-99m 
methylene diphosphonate (Tc-99m MDP), and also 
18F-fluoride, a bone targeting PET tracer, very sensitively 
reflect osteoblastic activity [12, 20]. Only 5–10% change 
in the lesion, compared to normal bone, can be detected 
[12]. Scintigraphy may be negative in an early stage of the 
 disease without osteoblastic response [19].

Purely lytic lesions may also be negative or only weakly 
positive in scintigraphy. Typically these include multiple 
myeloma, or aggressive metastatic lesions with rapid bone 
destruction without or with only minimal osteoblastic 
reaction.

Scintigraphy is widely used in the assessment of osseous 
metastases. The presence of multiple bone lesions narrows 
the differential diagnosis and has an impact on therapeutic 
options. Scintigraphy is also valuable for the detection of 
high stress area lesions (e.g. in the spine, or the hip).

It is still widely used to decide whether a biopsy is indicated 
in an osseous lesion or not. This is due to the fact that active 

Fig. 9 MR guided biopsy is regularly performed in soft tissue 
tumours, but is also possible in bone tumours with a soft tissue 
component. The biopsy approach was chosen together with 
the orthopaedic surgeons; a fast T2w sequence was used to 
control the needle. Histology revealed lymphoma

a bFig. 8 MRI of the spine 
(which is performed in 
patients with neurological 
symptoms and sagittal STIR 
and T1w sequences also 
being part of the whole body 
MR protocol) (a) Sagittal 
T2w sequence of the cervical 
spine in a 49 year old patient 
with multiple myeloma, with 
a fracture of C6 and the 
tumour tissue protruding over 
the dorsal alignement (“butter 
sign”). (b) Sagittal STIR 
sequence over the thoracic 
spine, revealing extradural 
tumour growth in a 65 year 
old patient with known 
prostate cancer and 
scintigraphyically positive 
osseous metastases. 
Both metastases lead to 
absolute central spinal canal 
stenosis
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lesions can be differentiated from inactive lesions (the latter 
including entities like fibrous dysplasia, NOF, enchondroma). 
Minimal activity indicates that a non-malignant process is 
likely [24]. This is especially helpful in chondroid tumours 
[34]. Conversion from inactive to active lesions is indicative of 
malignant transformation (but also might  represent lesions 
“burning out” or pathological fractures).

With the use of rotating detectors, it has become possi-
ble to acquire three-dimensional bone scan images, i.e. 
Single Photon Emission Computed Tomography (SPECT). 
SPECT was able to detect 20–50% more bone lesions in the 
spine than the planar scintigraphy [23]. For the detection of 
osseous metastases, the sensitivity, specificity, positive pre-
dictive value and negative predictive value of SPECT have 
been reported to be 91, 93, 78 and 98%, respectively [41].

PET, PET/CT

PET

Positron Emission Tomography (PET) represents a non-
invasive functional nuclear medical imaging technique that 
allows the assessment of tissue blood flow and metabolism. 
Biologically relevant structures are labelled with short-
lived positron-emitting radionuclides [2]. The positron  
(e+, a positively-charged electron) interacts with a nearby 
electron. The masses of these particles are converted into 
two high-energy photons of 511 KeV each (that means, 
radiation energy, called annihilation radiation), moving in 
 opposite directions. An electric circuit with two radiation 
detectors placed in opposite positions registers all events 
“simultaneously” (within 12 ns) occurring at both detectors 
(coincidence detection).

The radiolabelled tracer most commonly used for PET is 
[18F] 2-deoxy-2-fluoro-D-glucose (FDG). FDG uptake in bio-
logical tissue reflects the glucose metabolism and can be used 
as a marker for cell dysfunction. 18FDG is usually directly 
taken up into the active tumour cells. Thus, tumours are 18F-
FDG positive before secondary reactive osteoblastic changes 
occur (which are necessary for a positive scintigraphy).

In modern scanners, the system resolution for clinical 
imaging lies around 4–5 mm [8].

The most common absolute measure to quantify the 
18F-FDG avidity is the Standard Uptake Value (SUV). It is 
dependent on the parameters used. Shin et al. tried to dif-
ferentiate benign and malignant MSK-tumours and used a 
cut-off mean SUVmax 3.7 in bone tumours and 3.8 in soft 
tissue tumours [43].

A meta-analysis on the detection of sarcomas revealed 
pooled values for sensitivity, specificity and accuracy of 
0.91, 0.85 and 0.88, respectively. The mean SUV was 

statistically significantly different between benign and 
malignant mixed and soft tissue sarcomas [10], and bone 
tumours [8]. It was also different between low and high 
grade mixed sarcomas [10].

The specificity is lower, as false positive findings include 
a variety of non-neoplastic and benign lesions, such as 
rheumatoid arthritis, sarcoidosis and Langerhans cell his-
tiocytosis, osteomyelitis, Paget’s disease, fibrous dyspla-
sia, NOF, juvenile bone cyst +fracture, aneurysmal bone 
cyst, giant cell tumour, chondroblastoma, chondromyxoid 
fibroma, desmoplastic fibroma [7, 17]. On the other hand, 
in grade I osteosarcoma, grade I Ewing sarcoma, and 
neuro-ctodermal tumour, FDG PET may give false nega-
tive results. Considering all evaluation parameters for  
18F-FDG PET, the specificity for ruling out malignant 
bone tumours is high, with about 97% [17].

PET/CT

PET/CT is a hybrid modality that allows for a co-registra-
tion of the anatomical and functional information (Figs. 10 
and 11), and thus enables an exact localization of increased 
tracer uptake [13, 46]. Modern systems use MSCT for 
diagnostic CT images. Contrast-enhanced CT images are 
acquired first. PET is acquired afterwards. The patient 
remains in the same position during the examination. The 
CT images are used to generate attenuation-correction fac-
tors to correct the effect of photon attenuation of the PET 
data. Finally, coregistered CT and PET images can be eval-
uated either separately or in a fused image mode [13].

Though FDG-PET is generally considered appropriate 
for all types of metastases, osteosclerotic metastases are less 
PET avid [42], what might be due to their relative hypocel-
lularity, lesser aggressiveness and the lesser hypoxia. An 
increased 18F-FDG uptake was found in 100% of the lytic 
and 88% of the osteosclerotic metastases detected on the 
CT part of PET/CT [37]. 13% of bone metastases are diag-
nosed by CT alone, whereas PET is negative [42]. Regarding 
primary bone tumours, a dedicated interpretation of the CT 
part improves the performance of FDG-PET/CT in the dif-
ferentiation between benign and malignant bone tumours, 
increasing the sensitivity, specificity and diagnostic accu-
racy from 85, 35 and 68% with PET alone to 91, 77 and 
86% with FDG-PET/CT [45].

Comparison of the Different Methods and Summary

1. The local diagnosis should be performed with radiog-
raphy (either projection radiography or MSCT) and 
MRI (the latter also provides functional information, 



32 R.I. Kotz et al.

a

b c

d

e

f

Fig. 10 64 year old female patient with a progressive swelling of the 
right gluteal region and pain radiating to the lower leg (a) In the pre-
operative MRI, the axial fat saturated T1w sequence of the gluteal 
region shows a large soft tissue mass with peripheral contrast enhance-
ment. Myxofibrosarcoma was confirmed by biopsy. (b) The FDG-
PET/CT revealed several liver metastases. The largest one is shown 

here, together with one of several lung metastases. (c) In another slice 
of the fused images a positive right parailiac lymph node metastasis 
is found. (d) CT evaluation of the FDG-PET/CT with diagnostic spa-
tial resolution. The lymph node is surrounded by and might have been 
mistaken for the bowel. (e) Soft tissue window with the largest liver 
lesion, and (f) Lung window, with the largest lung metastasis
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when sequences like DEMRI, diffusion or spectroscopy  
are performed). For functional imaging of the lesion 
only, scintigraphy is widely used to differentiate 
between active and inactive lesions and thus to help 
the orthopaedic surgeon in his therapeutic strategy.

2. The primary staging algorithm depends on the tumour 
and, in most facilities, on the availability of the imaging 
modalities.

If only CT, MRI and scintigraphy are available, in the 
assessment of skip lesions and metastases whole body MRI 
detects bone metastases before trabecular loss or cortical 
destruction is visible on CT [3]. MRI also detects spinal 
metastases before structural or metabolic alterations are 
detectable on scintigraphy [9]. It has to be kept in mind that 
osseous metastases, especially of renal cell carcinoma or 
thyroid carcinoma, may appear cold or normal on scintig-
raphy. Regarding the different regions, MRI proved supe-
rior to scintigraphy in bone metastases of the spine, pelvis, 
and the extremities; whereas in an older study with the 
limitations of that time, scintigraphy performed better in 
bone metastases of the skull and ribs [44].

If modern hybrid modalities such as PET/CT are avail-
able, there is an on-going debate about which modality 
should be favoured.

In the detection of osseous metastases, the overall diag-
nostic accuracy was found to be higher with MRI, with 91%, 
compared to 78% with PET/CT [42]. In several studies, the 
overall sensitivity was also better with MRI, compared to 
PET/CT, with values of 94% (MRI) vs.78 % (PET/CT) [42], 
and of 85% (MRI) vs. 62% (PET/CT [5]. The difference was 
even more pronounced in lesions which were smaller than 
1 cm (88 vs. 56%) [42]. In contrast, the specificity of PET/
CT was higher with 80%, compared to 76% in MRI [42]. 
Also PET/CT was superior to whole body MRI in the 
N-staging, and the detection of lung metastases, whereas 
MRI was superior in respect to liver metastases [6]. Thus, 
the diagnostic approach depends on the tumour type. 
Comparing “conventional” FDG-PET with 99Tc-scintigraphy, 
in a study focussing on thyroid carcinoma metastases, PET/
CT was superior (the sensitivity of 18F FDG PET was 
84.7%, compared to 78% with scintigraphy, the specificities 
were 99.6 vs. 91.4%, and the overall accuracy values were 
97.8 vs. 89.8%, respectively) [28]. Though FDG-PET is 
generally considered appropriate for all types of metastases, 
osteosclerotic metastases may be negative with PET [42].

Recently, a new hybrid modality, PET/MRI, has been 
introduced. Whole-body scanners are to be expected in the 
near future. It is very likely that this modality will provide 
a more accurate TNM-stage than PET/CT or whole body 
MRI in musculoskeletal tumours [4].

Monitoring Response to Therapy

After resection the definitive histological diagnosis and 
resection margins pave the way for adjuvant therapy. If 
wide resection is not possible a neo-adjuvant therapy is 

Fig. 11 17 year old female patient with a past medical history of 
osteosarcoma, and suspected recurrence in the projection 
radiograph. The FDG-PET/CT reveals local recurrence of an 
osteosarcoma of the left femur, adjacent to the tumour prostesis. 
The glucose uptake of the FDG-PET is not influenced by metal 
artifacts
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applied. Re-staging follows and re-evaluation of the 
respectability is discussed.

The evaluation of the response to therapy for osteosar-
coma in our department is evaluated by the method 
described by Salzer-Kuntshik [40]. Total body MRI com-
bined with CT of the chest and abdomen are performed to 
complete the staging and tumour follow-up. Ideally, a 
PET-CT should be carried out, if available. The PET does 
not only reflect the internal metabolism of the tumour but 
allows monitoring the response to therapy [39].

Dynamic-enhanced MRI can be used for the assessment 
of responders in malignant musculoskeletal tumours, e.g. 
osteosarcoma [21, 29, 35].

As 18F-FDG is directly taken up by tumour cells, signs 
of response to therapy are the decrease or disappearance 
of uptake, in comparison to the baseline examination. 
This is an advantage over 99m Tc-MDP bone scintigra-
phy, where active disease cannot always be distinguished 
from repair processes [21]. Post-therapeutic lesions can 
remain present in CT, but not be 18F FDG avid. Those 
lesions may represent “burnt-out” lesions, but are also 
often sclerotic [27].

Post-therapeutic PET/CT results may be false negative 
shortly after chemotherapy (less than 2 weeks, due to a 
metabolic shutdown of the tumour cells). The uptake of 
bone exposed to a radiotherapy field may also be altered 
(either increased, or reduced) [14, 30]. GCSF therapy can 
lead to an increased tracer uptake.

In scintigraphy, healing may be indicated by a decrease 
in the tracer uptake intensity. However, the differentiation 
between ongoing disease and repair processes can be  difficult, 
both leading to increased osteoblastic activity. Osteomyelitis, 
trauma, and metabolic bone disease and other non-malignant 
conditions also lead to positive bone scans.

Menendez et al. stated that Thallium-201 Scanning 
appears to be useful in the prediction of the histological 
response of  high-grade osteosarcomas and soft tissue sar-
comas to chemotherapy.

In angiography the tumour blush or neo-vascularisation 
can disappear.

Though the mentioned methods proved to be useful to 
monitoring response to therapy, the use is limited by the 
high costs and lack of availability [36].

Follow-Up Monitoring

Thorough regular follow-up is recommended, the intervals 
being dependent on the tumour type:

Soft Tissue Sarcoma

Year 1–3 Year 4–5 After year 5

Medical history Every 4 months Every  
6 months

Once a year

CT chest Every 4 months Every  
6 months

Once a year

MR, CT, 
Ultrasound or 
CXR of the 
initial TU 
regiona

Every 4 months Every  
6 months

Once a year

Ultrasound 
abdomen

Every 4 months Once a 
year

Once a year

Adult Osteosarcoma

Year 1–3 Year 4–5 After year 5

Medical history Every 4 months Every  
6 months

Once a year

CT chest Every 4 months Every  
6 months

Once a year

MR, CT, 
Ultrasound or 
CXR of the 
initial TU regiona

Every 4 months Every  
6 months

Once a year

Ultrasound 
abdomen

Every 4 months Every  
6 months

Once a year

Bone scan Every 6 months Once a 
year

Once a year

Adult Ewing-Sarcoma (incl. PNET)

Year 1–3 Year 4–5 After year 5

Medical history Every 4 months Every  
6 months

Once a year

CT chest Every 4 months Every  
6 months

Once a year

MR, CT, 
Ultrasound or 
CXR of the 
initial TU regiona

Every 4 months Every  
6 months

Once a year

Ultrasound 
abdomen

Every 4 months Every  
6 months

Once a year

Bone scan Every 6 months Once a 
year

Once a year

aDependent on the local postoperative status of the site (e.g. 
metallic implants) and contraindications against certain 
modalities (e.g. pacemaker)
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Diagnosis and Treatment of Soft Tissue Sarcomas

Miklós Szendrői, Zoltan Sápi, Kinga Karlinger, and Zsuzsa Pápai

Introduction

Soft tissue tumours form a very heterogeneous group con-
taining more than 200 clinico-pathological sub-types [15]. 
According to the WHO classification, all tumours originat-
ing from non-epithelial tissues, all extra-skeletal bone and 
cartilage-forming tumours, tumours of the peripheral 
nerves and neuro-ectodermal tissues are discussed here 
except those that develop from the reticuloendothelial sys-
tem, the glia and parenchymal connective tissue.

Whilst the benign soft tissue tumours are relatively com-
mon, the soft tissue sarcomas (STS) are rare, their distribu-
tion being 100:1. The annual incidence of STS is around 
30/1 million inhabitants. They comprise less than 1% of all 
malignant tumours in adults but 15% of all paediatric malig-
nancies [32]. The consequence of this is that the general 
pathologist and orthopaedic surgeon may not meet these 
types of tumours for years. The rarity of the STS underlines 
that these patients should be sent to tumour centres where 
enough experience is accumulated and specialized patholo-
gists, surgeons, oncologists and radiotherapists give inter-
disciplinary treatment according to multi-modal protocols.

Clinical Features

Up to 95–99% of benign connective tissue tumours are 
superficially located and are less than 5 cm in size, 70% of 
the STS are deep-seated with a median diameter of 9 cm 
[17]. About 75% are located in the extremities (two-thirds 
in the lower, one-third in the upper limb), 10% in the head 

and neck and 15% in the retroperitoneum, abdomen or 
chest wall. STS becomes more common with increasing 
age (median age: 60–65 years). The age-related incidences 
vary and may be characteristic for some of the STS: the 
embryonal sub-type of rhabdomyosarcoma occurs almost 
exclusively in children, synovial sarcoma in young adults 
and liposarcoma in elderly patients. Ten to fifteen percent 
of the patients present with distant metastases at the first 
diagnosis.

Although there are as many as 50 sub-types of STS, 
liposarcoma, malignant fibrous histiocytoma, synovial sar-
coma, fibromyxosarcoma, leiomyosarcoma and malignant 
peripheral nerve sheath tumour are the most common types 
comprising about 70% of all STS occurring in adult 
patients. In children and adolescents, however, the distribu-
tion of STS is rather different. According to the data [25] of 
the Paediatric Tumour Registry in Kiel, STS in children 
comprise about 14% of all malignancies and the most fre-
quent tumours are: rhabdomyosarcoma (42%), pPNET 
(16%), extra-osseous Ewing’s sarcoma (9%) and synovial 
sarcoma (5%).

Most STS in the extremity present as a painless, firm 
mass which in its early stages does not influence the gen-
eral health or any vital function of the patient. The labora-
tory values are usually within the normal range. The 
patient often connects the appearence of the tumour with 
a trauma event and observes it for months before visiting 
his doctor. Additionally, some kind of tumour-like syn-
ovial sarcoma can be present for months or years like a 
nodule without changing appearently his size. The seem-
ingly innocent presentation of STS can lead to misinter-
pretation as benign condition and in a significant number 
of cases these lumps are marginally excised without previ-
ous biopsy.

Disturbance of the blood supply of the extremity or con-
tracture in a joint are late symptoms of a deep seated STS. 
Superficially-located STS are recognized at an earlier stage 
which explains their smaller size (median 5 cm).
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Diagnostic Algorithm and Imaging of the STS

It is important that the patient presenting with a firm mass 
in the soft tissues goes through a standard procedure to 
obtain a correct diagnosis and as many relevant investiga-
tions as possible to optimise planning of further treatment 
(Fig. 1). Evaluating the case history is still of outstanding 
importance; the onset and duration of the symptoms and the 
occurence of a traumatic event which can help to differenti-
ate between haemorrhage or rupture of muscle from true 
tumours. STS with necrosis is often treated for a long time 
as an abscess first or can be mis-diagnosed as thrombophle-
bitis with limb threatening anticoagulation especially in an 
elderly patient when the patient has varicosities and the 
deep-seated tumour in the lower extremity cannot be pal-
pated. The simple and cost-effective ultrasound examina-
tion is still under-utilized in clinical practice, but should be 
used as first-line examination in many situations. In proper 
clinical context it can help to differentiate between tumours 
and tumour stimulating lesions of the soft tissues, such as 
trauma-related haemorrhages, infections (abscess forma-
tion), fluid filled cystic lesions (ganglia, ruptured or intact 
Baker cysts) or a muscular tear. It is very useful as guidance 
for core-needle or aspiration biopsy for deep-seated STS.

The plain radiograph is still useful for detection of corti-
cal erosion, periosteal reaction or impending pathological 
fracture but often soft-tissue calcification, phleboliths or a 
soft tissue mass can also be demonstrated near to the adjecent 
bone especially when the tumour is of lipomatous origin.

Angiography is seldom use in the diagnostic procedure 
having lost its importance in the epoch of MRI- and 

CT-angiography. Pre-operative embolization can be useful 
in highly vascularized large STS.

The role of computer tomography (CT) is limited in the 
diagnosis of STS, though its additional use to MRI can be 
helpful in complex anatomical situations i.e. paraspinal-, 
midfoot-, carpal- and shoulder-girdle locations. CT is how-
ever superior to MR in detection of distant lung metastases.

Magnetic resonance (MR) as a multi-planar imaging 
method with excellent soft tissue contrast is superior to CT 
and should follow conventional radiography of a suspected 
soft-tissue mass [34]. The use of both ionising radiation 
sources and iodized contrast media can be avoided during 
this procedure. It can show the peri-tumoural oedema, the 
extent of soft tissue tumours and their relationship to neu-
rovascular structures and joints. The standard gadolinium-
enhanced “static” MR images give a tissue but not a 
histological differentiation. At present MRI rarely allows a 
specific diagnosis unless there are typical morphological 
features like central tissue-necrosis and infarcts with het-
erogenous signal intensity on T2-weighted images in 
malignant lesions or smooth, well-defined margins with 
homogenous signal intensities in the usually small (95% 
less than 5 cm in size) benign tumours. The growth pattern 
of STS is more invasive than infiltrative and many sub-
types respect their anatomical barrier for a while pushing 
the adjecent tissues before them.

The recently developed dynamic contrast-enhanced MR 
imaging provides information about tissue vascularity and 
perfusion, capillary permeability and composition of inter-
stitial compartments. Most malignant lesions exhibit an 
early and peripheral enhancement because of their high 
vascularity, however, there is a significant overlapping 
between certain benign and malignant tumours, e.g. hae-
mangioma and myositis ossificans may also show high 
contrast enhancement.

A new and promising diagnostic tool could be the still 
experimentally-used in vivo 1H MR spectroscopy [47]. Based 
on the cholin content of different lesions a differentiation 
between benign and malignant tumours may be possible.

The use of positron imaging with (F-18) fluorodeoxyg-
lucose (FDG-PET) is based on the detection of enhanced 
glucose metabolism of the tumours. This increases with 
increasing grade of malignancy or with de-differentiation 
of tumour cells. A further assumption is that the recurrent 
tumour and the metastasis will show the same increased 
metabolic rate (isotope uptake) than the primary lesion. 
New hybrid techniques i.e. PET-CT, which combine infor-
mation about the metabolism and morphology of the STS, 
are promising in the detection of primary (senstivity: 
93.7%) and residual or recurrent tumours and in evaluation 
of  chemotherapy-response of STS [7, 30, 35]. FDG PET/
CT is an efficient tool in detection of the STS  sub-types 

Diagnostic algorithm of extremity STS

Presentation of patient with firm soft tissue mass

Clinical examination, case history

Laboratory tests

Ultrasound (diff. Diagnostics: haemorrhage, ganglia, Baker cysts)

Local staging: Imaging
X-ray, MRI, CT (CT-angio, MR-angio)

Surgical planning

+

Biopsy histology (grading)

Staging
histology, chest-CT, abdomen-CT, Ultrasound-abdomen

(PET-CT)

Fig. 1 Diagnostic algorithm of soft tissue sarcomas
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leiomyosarcoma, Ewing’s sarcoma/PNET family, fibro-
blastic and myoblastic sarcomas, malignant fibrohistiocyte 
tumours, and also in liposarcomas and synovial sarcomas.

PET-CT has limited significance in the first round of 
diagnostics: its use being mainly in detection of distant 
metastases or local recurrences.

Biopsy should always be performed after imaging of the 
STS. Core needle to a less extent, but incisional biopsy 
always, produce reactive changes like haemorrhage and 
oedema which modifies the MR and CT pictures and will 
interfere with later staging of the tumour.

Apart from the imaging of the STS locally, searching for 
distant metastases by chest and abdominal CT, ultrasound 
examination of the lymph nodules, bone scan and PET-CT 
are important for the staging of the tumour. The stage of 
STS predicts the survival of the patient and helps in plan-
ning the therapy.

Biopsy and Histological Examination

Even in the era of modern imaging techniques where the 
newest dynamic contrast-enhanced MR imaging or 
MR-spectroscopy allow the determination of the tumour’s 
morphological attributes (size, location, vascular relations) 
and may give information about the malignancy and tissue 
origin of soft tissue tumours, the basic procedure for estab-
lishing the malignancy, assessing the histological grade 
and determination of the specific histological sub-type is 
still the histo (cyto) pathological examination of the tumour 
tissue taken by biopsy. This information is fundamental for 
the staging of the sarcoma and important additional data 
for the surgical planning.

The widely-used standard technique for harvesting tissue 
samples is the incisional biopsy. The advantage of this proce-
dure is that the surgeon can remove, under direct visual con-
trol, a large enough sample from a viable area of the tumour. 
It is important especially in the STS family where there are 
so many sub-types with different outcomes and many of the 
tumours consist of different cell types and can overlap each 
other in their histological appearence. In addition, in many 
cases the tumour contains a significant per cent of necrotic 
area which is useless for the histology. The surgeon’s routine 
and a careful evaluation of the previous MRI pictures help to 
find viable areas. An additional advantage is that the tissue 
sample can usually be divided in  different parts and saved 
for special examinations (electronmicroscopy, etc.) or for 
the tumour bank. The disadvantage of the procedure is that 
it is an operative intervention with bleeding, post-operative 
haemorrhage and infection as possible complications and 
the dissemination of tumour cells is more likely into the 

surrounding tissues. A much wider excision of the normal 
tissue (in most cases the entire compartment) is necessary to 
obtain a sufficiently radical margin at the definitive surgery.

There are some intra-operative technical factors which 
must be taken into consideration to minimize the contami-
nation of normal tissues. Incisions should be longitudinal 
so that the entire biopsy tract can be completely excised en 
bloc with the tumour at the time of definitive surgery. The 
surgeon should directly reach the tumour through the mus-
cle, contamination of other compartments, especially neu-
rovascular bundles must be avoided. Viable tissue is found 
usually near the pseudocapsule at the periphery. The 
excised chunk should contain normal tissue, reactive zone, 
pseudocapsule and peripheral tumour tissue as one block. 
Adequate haemostasis is essential and if necessary a drain 
is placed in the line of incision to avoid haematoma 
formation.

Excisional biopsy is only justified if the tumour is less 
than 2 cm. diameter and located superficially. The shelling-
out operations of larger deep-seated tumours have a high risk 
of leaving residual tumour tissue and contamination of the 
normal tissues. The surgical plane is usually through the 
pseudocapsule. It is done usually if a benign lesion like gan-
glion or lipoma is assumed by its clinical appearence, how-
ever, in a significant number of cases the malignant nature 
of the tumour is revealed only by histology. In this case a  
re-excision of the tumour bed is necessary with the removal 
of at least 1 cm normal tissue followed by local radiotherapy.

Core-needle biopsy is a safer, more accurate, economi-
cal and less-invasive procedure for diagnosing soft tissue 
sarcomas than the incisional biopsy. Enough tissue is usu-
ally obtained to differentiate between benign and malig-
nant tumours, to make a correct grading but it fails to 
predict the precise histological sub-types in one third of the 
cases. Heslin et al. [28] reported in their series a 95%, 88% 
and 75% accuracy of the core-needle biopsy correlated 
with the final resection diagnosis for malignancy, grade 
and histologic sub-type, respectively. Complications occur 
in less than 1% of patients. Most frequently 14–18-gauge 
side-cutting or tip-cutting needles are used and the proce-
dure is performed under local anaesthesia (except in chil-
dren). Careful analysis of the previous MR images, eventual 
use of CT or US guidance and a consultation between the 
surgeons, radiologist and pathologist is mandatory to avoid 
necrotic and cystic areas. If possible, multiple samples are 
taken in different parts of the lesion since STS’s. are often 
composed of more than one histologic tissue. In the absence 
of adequate tissue, open biopsy is required.

Intra-operative frozen section biopsy is not the tool 
of the diagnostic procedure. Its accuracy concerning the 
malignancy, grade or histologic sub-type of STS does 
not reach that of the core-needle or incisional biopsy.  
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The value of frozen section histology is mostly limited to 
the intra-operative evaluation of the surgical margins in 
questionable situations of contamination.

The role of fine-needle aspiration biopsy (FNAB) in the 
diagnostic procedure of STS still provokes a controver-
sional disscussion among the experts. It is widely accepted 
as a tool for confirming the clinico-radiographic diagnosis 
of a tumour with classic presentation, for detecting recur-
rences or metastatic lesions of known primary tumours and 
for identifying abscesses, ganglions, etc. However, the fre-
quent histopathological heterogeneity with overlapping 
features occurring together in the STS have discouraged 
many authors from recommendation FNAB in the diagnos-
tic procedure. The reported diagnostic accuracy of FNAB 
ranges from 55% to 90–95% in the literature depending on 
the centre [1]. This high accuracy is achieved only in those 
special centers where experienced cytopathologists and 
ancillary techniques such as immunocytochemistry, fluo-
rescence in situ hybridization (FISH) and PCR techniques 
are available.

The Scandinavian countries introduced FNAB decades 
ago. Its use is increasing as experience is gained with this 
procedure. The advantage of the FNAB is that it is quick, 
inexpensive, and minimally-invasive. It can be performed 
usually without any anesthesia using a 23- or 25-gauge 
needle and it is well tolerated by the patients. The proce-
dure is atraumatic with minimal potential for tumours spill. 
Therefore a much less extensive excision of the biopsy site 
is radical enough at the definitive surgery.

However, if tumour grading or determination of the 
exact subtype of STS is essential for treatment planning 
(i.g. justification of pre-operative neo-adjuvant chemother-
apy) FNAB has limitations. In general, the amount of mate-
rial obtained by FNAB is small, and the diagnostic accuracy 
depends on the experience and skill of the Cytopathologist. 
Even if the procedure of FNAB is guided by US or CT it 
can be that there are no identifiable malignant cells on the 
glass slide. However, a negative FNAB does not confirm 
the abscence of malignant tumour, it is only one compo-
nent of an overall diagnostic procedure.

Regardless of the cytological diagnosis surgeons usu-
ally take an excisional biopsy for histology and, what is  
sometimes more important, the oncology team usually do 
not apply pre-operative chemo- or radiotherapy based on 
cytological diagnosis. Beyond this, it is well known that the 
first surgical treatment is crucial to the fate of the patient. 
To solve this problem (and to avoid open biopsy), it is rec-
ommended to have a much more accurate  clinicopathological 
approach with the help of ancillary techniques.

Among the ancillary techniques, FISH has become a 
revolutionary technique because it makes possible the 
examination of interphase cells in large numbers. One of 

the most suitable materials for this purpose is the fresh 
material gained by FNAB. If necessary, the Pathologist is 
able to get samples from different parts of a large STS to 
avoid (or just to prove) intra-tumoural heterogeneity. With 
the help of FISH (sensitive break-apart probes), the spe-
cific translocation, which is, in many cases very specific for 
the different types of soft tissue tumour, can be demon-
strated [10].

They include the well-known synovial sarcoma t(X;18)
(p11;q11), SYT probe (18q11.2); Ewing/PNET tumour 
t(11;22)(q23;q22), Ewing probe (22q12); myxoid/round 
cell liposarcoma t(12;16)(q13;p11),CHOP (12q13) and 
FUS (16p11) probes; alveolar rhabdomyosarcoma t(2;13)
(q35;q14), FKHR (13q14) probe and rhabdoid tumour INI1 
deletion BCR probe (22q11.2). The Ewing probe is espe-
cially useful, because the Ewing gene is also involved in 
many other diseases and in this way, together with the 
proper cytomorphology and characteristic immunocy-
tochemistry, all these tumours can be accurately diagnosed. 
Such involvement can be found in clear-cell sarcoma 
t(12;22)(q13q12), extra-skeletal myxoid chondrosarcoma 
t(9;22)(q22;q11), desmoplastic small round cell tumour 
t(11;22)(p13;q12), angiomatoid fibrous histiocytoma 
t(12;22)(q13;q12)and in round-cell liposarcoma t(12;22)
(q13;q12). FISH is also useful to identify numerical altera-
tion i.e. amplification of MDM2 and CDK4 genes which is 
a great help to assess whether a lipomatous tumour is a 
simple lipoma or it should be considered as an atypical 
lipomatous tumour /well-differentiated liposarcoma.

Beside FISH there is possibility to perform PCR or 
RT-PCR using aspiration material, and practically any kind 
of chimeric fusion mRNA product can be detected allow-
ing even more specific detection of the above mentioned 
translocations (Fig. 2).

According to the literature [42, 48] FNAB in conjunc-
tion with ancillary techniques can correctly identify malig-
nancy in 93–95% of the cases and histogenetic sub-typing 
of the STS can be achieved in approximately 54–83%.

If the FNAB findings are not consistent with the clinical 
and imaging findings and a malignancy is suspected a core 
biopsy or at least an open biopsy should be performed.

Immunocytochemistry also plays a crucial role in the 
differential diagnosis, to specify the lesions, and in cases of 
metastatic carcinomas and primary soft tissue lymphomas, 
to show if they appear as primary STS. Based on our expe-
rience we want to emphasize the use of fresh (not stored) 
material to avoid false negativity. This is especially true if 
we want standardise the circumstances for counting the 
Ki-67 index, which may be important to decide whether the 
tumour is highly malignant or not.

For practical reasons we divided the soft tissue tumours 
into four groups to guide the surgeon and oncologist  
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for the best choice of operation and/or pre-operative 
treatment:

(a)  High-grade malignant neoplasms (high-grade sarco-
mas, metastatic carcinomas, lymphoma).

(b) Tumours with precise histogenetic origin by cytogenetics.
(c) Benign tumours.
(d) Tumours of questionable nature.

Regarding groups a and b, pre-operative chemotherapy – for 
certain indications (see later)-can be useful. In this way 
diagnosis given by aspiration cytology provides great  
freedom for pre-operative and surgical treatment, thus pro-
viding the best chance for cure. 

Staging and Prognostic Factors

Different staging systems have been developed [14, 20, 23] 
for soft tissue sarcomas based on the most important prog-
nostic factors which influence the survival and help the 
oncologic team to decide the appropriate treatment strategy 
for the patient. The most widely used American Joint 
Committee on Cancer (AJCC) system is an extension of the 
tumour-node-metastasis (TNM) system and is based on 
tumour size, depth (superficial or deep tumours), histologic 
malignancy, grade and distant spread (presence or absence of 
lymph node or other distant metastases). It  accommodates 

Fig. 2 Left top: typical cytological picture of monomorph but 
atypical elongated tumour cells with cytokeratin positivity 
(insert). Bottom: fluorescent in situ hybridization (FISH) with 
18q11.2 break apart probe, specific for the translocation of syn-

ovial sarcoma. Right top: more than 99% of synovial sarcomas 
show either SYT-SSX1 or SYT-SSX2 chimeric RNA product. 
Abelson (ABL) is the housekeeping gene that is used for inter-
nal control
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2, 3, 4-tiered histopathological grading systems (Table 1). 
This sytem applies to all STS with the exception of 
angiosarcoma, dermatofibrosarcoma, infantile fibrosar-
coma and malignant mesenchymoma [29].

The importance of histologic grade in the staging sys-
tem is unique to STS since it is the most important factor in 
predicting the risk for distant metastasis and tumour-related 
death [16, 18, 33]. The 10-year disease-specific survival 
for high grade STS in the extremity is only 55% compeared 
with 90% for low grade lesions. High grade STS develop 
distant metastases in approximately 50–60%, the interme-
diate malignancy lesions in 25–30% and the low grade 
lesions in 5–10%, respectively [8].

The size of the tumour is defined by whether the sar-
coma is smaller (T1) or greater (T2) than 5 cm in its greater 
dimension. Large tumours have a worse outcome concern-
ing the overall survival of the patient [8, 23, 43, 49]. 
Gadgeel et al. [18] found that further stratification of the 
tumours led to more accurate prognostic information. 
Three or four groups were formed on basis of tumour size: 
<5 cm, 5 to <10 cm, 10 to <15 cm and >15 cm and each 
group was found to have a different prognosis.

The tumour size is further sub-categorized by the depth, 
as a further important prognostic factor. Superficial tumour 
is located exclusively above the superficial fascia, while 
the deep tumour is located either exclusively beneath the 
superficial fascia or superficial to the fascia with invasion 
through the fascia. Especially high grade sarcomas located 

deep to the investing fascia have been shown to have a 
worse prognosis (Stage III) [26].

Approximately 10% of patients have already evidence 
of distant metastatic disease at the first presentation. The 
most common site of metastases for extremity STS is the 
lung (34%), bone (24%) and liver (16%) and less frequently 
the lymph nodes (3%) [18]. Visceral STS metastasize 
mostly to the liver (80%), extremity STS in approximately 
equal percentages to the lung. These stage IV STS are usu-
ally considered as incurable. The 5-year survival in this 
group varies between 5 and 20% [31]. Long-term survival 
associated with lymph node metastases is similar to that 
associated with metastasis to any other site.

The most important factor influencing local recurrence 
is the status of the surgical margin [21]. Marked increase in 
local recurrence have been found in patients whose surgi-
cal margins were positive for tumour cells, even when sur-
gery was completed by postoperative chemo- and 
radiotherapy. Therefore a surgical re-revision is adviseable 
in these cases whenever it is possible to perform. Further 
negative factors for local recurrence are the initial 
 inadequate excision [45] patient’s age greater than 50 
years, high histological grade, deep location, and sub-types 
such as malignant peripheral nerve sheath tumour and 
fibrosarcoma.

Factors that predict distant metastases and survival 
which have been consistently found in different studies are 
as follows: high grade, large size, deep depth, recurrent dis-
ease at presentation, positive resection margins (?), sub-
types such as leiomyosarcoma and visceral, retroperitoneal, 
mediastinal and distal extremity-location of the lesion. 
Vascular invasion, growth pattern and tumour necrosis have 
also been found to be adverse prognostic factors [12, 23].

Local Control Rate and Survival

The effect of local recurrence on overal survival remains 
highly controversal according to the literature. Many 
authors suggested that other independent prognostic fac-
tors such as grade, size and depth of the tumour have a 
greater influence on the overall prognosis than local recur-
rence [8, 24, 38, 43, 46], while others found that local 
recurrence is an adverse significant risk factor for STS-
specific mortality [18, 33]. This contradiction could be 
solved by the hypothesis that there are two types of local 
recurrences: one is an innocent event following an inade-
quate surgery of the tumour and represents a local persis-
tence, while the other type of recurrence appear at negative 
margin and is a marker for a high grade aggressive lesion 

Table 1 TNM Classification of soft tissue sarcomas
Stage IA T1a N0,Nx M0 Low grade

T1b N0,Nx M0 Low grade
Stage IB T2a N0,Nx M0 Low grade

T2b N0,Nx M0 Low grade
Stage IIA T1a N0,Nx M0 High grade

T1b N0,Nx M0 High grade
Stage IIB T2a N0,Nx M0 High grade
Stage III T2b N0,Nx M0 High grade
Stage IV Any T N1 M0 Any grade

Any T Any N M1 Any grade

T1 tumour less or equal 5 cm in greatest dimension (a superficial, 
b deep)
T2 tumour larger than 5 cm in greatest dimension (a superficial, 
b deep)
N0 no regional lymph node metastases, N1 regional lymph node 
metastases
M0 no distant metastasis, M1 distant metastasis
Histopathological grading: Low grade: grade 1 in three grade sys-
tem, grade 1 and 2 in four grade system. High grade: grade 2 and 
3 in three grade system and grade 3 and 4 in four grade system
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[32]. This latter is supported by the result that improved 
local control did not translate into survival benefit.

Other Factors Influencing Survival

Radiation therapy is associated with reduced local recur-
rence and improved survival in extremity sarcomas, 
whereas pre-operative chemotherapy reduces the size of 
the lesion and post-operative chemotherapy the rate of 
local recurrences, however, it does not influence the overall 
survival of patients [18].

Sub-types. Although histologic grading and extent of 
tumour necrosis, vascular invasion and growth pattern were 
proved as very strong prognostic factors [12], Hashimoto 
et al. [27] showed after evaluation of 1,116 patients with 
STS that sub-types like malignant schwannoma, liposar-
coma, leiomyosarcoma and synovial sarcoma each also 
showed determinable factors of prognostic significance.

Surgery of STS

Historically, until the late Seventies successful local con-
trol of extremity STS has been obtained mainly by ablative 
surgery. Resection of the entire compartment or amputa-
tion of the involved extremity resulted in local tumour con-
trol with a recurrence rate of 5–30%. Randomized trials 
from different tumour centres, i.g. the National Cancer 
Institute (NCI) of USA (1982) found, however, that the 
local recurrence rate after limb-saving surgery and radio-
therapy was reduced to 15% only, with no difference in 
survival compared with ablative surgery [40]. With the 
introduction of multi-modality therapy (surgery plus pre- 
or post-operative radiotherapy, brachytherapy, chemother-
apy, intra-arterial perfusion, etc.) the rates of limb-saving 
surgery have reached 85–95%. Despite improvements in 
local control rates, metastasis and tumour-related death 
remain still a significant problem in patients with high risk 
STS (sarcomas larger than 5 cm, with high histologic grade, 
localized at sites other then the extremities and presented 
already with metastasis at first recognition).

Surgical resection with negative margins remains the 
principal therapeutic modality in STS. The tumours should 
be resected en bloc with the biopsy scar within the normal 
tissue. STS are surrounded by a zone of compressed reactive 
tissue that forms a pseudocapsule around the tumour. 
Microscopic extension of tumour cell colonies in and beyond 
the pseudocapsule, however, must always be considered 

at planning of the surgical excision. Contaminated margins 
have a consequence of high rate of local recurrence because 
of tumour infiltration of the pseudocapsule and reactive 
zone. Enneking [13] classified the different surgical proce-
dures according their margins and this classification is now 
widely accepted.

Surgical Margins

Intra-capsular or intra-lesional excision is the procedure if 
the tumour is curetted or excised within the lesion leaving 
micro- or macroscopic tumour tissue behind. It is only jus-
tified in case of benign, non-aggressive tumours, hence the 
local recurrence of a malignant tumour is almost certain. In 
cases of marginal local excision the surgical margin is 
between the reactive zone and the pseudocapsule of the 
tumour which contains viable tumour cells and foci. This 
“shell-out” procedure is performed at excisional biopsy 
and has a local recurrence rate of 60–80% in cases of 
malignant lesions. Wide excision or resection means that 
the tumour is excised en bloc with a swide surgical margin 
in the normal tissue but within the muscular compartment. 
In cases of high grade large STS, skip metastases may be 
present occasionally in the remaining muscle tissue but 
using multi-modality therapy e.g. post-operative radiother-
apy, the rate of local recurrence is low, varying from 10 to 
30%. Wide excision is mostly used and acceptable radical 
procedure in most cases of STS. Radical resection means 
by definition that the entire anatomical compartment with 
the tumour insite must be resected beyond the fascia 
together with the biopsy track.

Amputation is thought to be a radical intervention, 
although it is only a type of surgical procedure and should 
also be classified by its radicality as intra-capsular or  
de-bulking amputation, marginal-, wide or radical amputa-
tion/disarticulation.

These definitions mentioned above, especially the term 
“wide” is rather subjective. Most authors use the term 
“wide” if the resected tumour is surrounded by 1.5–2.5 cm 
of normal surrounding tissue [29]. Gronchi et al. [21] cat-
egorized the surgical margin as negative by: absence of 
tumour cells within 1 mm. from the linked surface. 
Obviously it is not a wide resection and it is also question-
able how precisely can the Pathologist examine the whole 
surface of the tumour mm by mm.

It is characteristic for STS that it’s extension follows the 
path of least resistance, principally along the muscle fibres 
and neurovascular bundles. On the other hand, fascial planes, 
periosteum, joint capsules or even tendon sheets, 
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perivascular or perineural sheets all form natural barriers to 
local extension of malignant tumours. The tumour tends to 
grow proximally and distally rather than crossing fascial sep-
tal planes or invading the cortical bone and joint. Therefore it 
is obvious that whenever possible a 1–2-cm thick muscle 
layer should surround the resected sarcoma. However, when 
the tumour reaches the fascia or periosteum of the adjecent 
bone, a “wide” resection is performed if the 1–2 mm thick 
fascial plane or periosteum is also excised together with the 
tumour. Furthermore, the definition of the term “wide” is also 
influenced by the biological nature, grade and aggressiveness 
of the tumour. The term “wide” also has different meaning 
for the surgical planning whether a low grade liposarcoma or 
a large high grade synovial sarcoma must be excised.

Grossly positive post-operative margins result in local 
failure rates of up to 80%, whilst marginal resection gives 
20%, [6] which decreases when wide or radical resections 
are performed to 20% and 5%, respectively. Local recur-
rences appear mostly in the first two post-operative years.

A small percentage of STS’s. arise superficial to the fas-
cia in the subcutaneous tissues. Most of these tumours are 
less than 5 cm in size and predominantly low grade 
Therefore they can be treated by surgery alone and addi-
tional radiotherapy is seldom necessary [39]. The 5-year 
overall survival reported in the literature is between 85 and 
90% [19] which is also superior to that of the remaining 
STS’s. A wide en bloc excision with a skin margin of 
2–3 cms. around the protruding tumour and with a deep 
margin (resection line beyond the underlying fascia) should 
be performed. When the tumour is attached to the fascia, 
1 cm of muscle cuff just deep to the fascia should be excised. 
If the primary closure of the skin is not possible, the usually 
excellent vascular bed should be covered by a split- thickness 
skin graft. A plastic surgeon is rarely needed.

The majority of STS’s grow deep, they invade or are 
beneath the superficial fascia and often exceed their ana-
tomical barriers, ie. they are extra-compartmental. These 
tumours are typically large, high-grade lesions in close rela-
tionship with the adjecent bone, joint capsule or neurovas-
cular structures. Wide resection is often only partly achieved, 
the histological examination of the margins reveals at least 
in some parts marginal margin, therefore post-operative 
radiotherapy and chemotherapy is mandatory to reduce the 
rate of local recurrence [6]. When the careful pre-operative 
MRI examination reveals a close attachment of the tumour 
to the neurovascular structures, for given indications 
 (high-grade chemotherapy-sensitive tumours, etc.) multi-
modality therapy should be strongly considered to achieve 
the conditions of limb-sparing surgery [29].

Re-resection of the tumour bed is necessary if the surgical 
margins are contaminated i.e. obtaining a negative margin. 

Several studies [44, 51] have also documented that in about 
one third to one half of the cases the margins are microscopi-
cally positive when STS’s. were treated with simple exci-
sion by a primary physician or subsequent “unplanned” 
excision of a sarcoma occurred. Although the re-excision of 
the tumour bed is unfortunately inadequate in about 15% of 
the cases (still microscopical tumour cells remaining on the 
cut surface), the local control was significantly improved (up 
to 82% recurrence-free survival at 10 years), as were the 
disease-free survivals. The results were inferior in those 
cases when instead of re-resection with additional radiother-
apy only post-operative radiotherapy was performed [51].

Reconstructive Surgery in Deep STS

Involvement of the vessels should be carefully examined 
before the definitive surgery by using echo-Doppler, 
CT-angio. or MRI-angio. If the vessels are compressed by 
the tumour, but a “blunt dissection”is feasible retracting the 
artery is possible and the major vein can be sacrificed (if 
the superficial veins are preserved). However, if the adven-
titia of the vessels has become part of the tumoural pseudo-
capsule, the vessels must be resected en bloc with the 
tumour to achieve adequate margins and the artery (less 
often also the vein) reconstructed either by using autograft 
(contralateral saphenous vein) or artificial prosthesis. 
Although there is a significant rate of complications (deep 
vein thrombosis, embolism, wound complications, haema-
toma and infection), reports suggest a comparable local 
tumour control and distant metastases rate [41].

Nerves can also show strong adherences to the pseudo-
capsule of the STS. If the nerve is pushed by the tumour 
only, the epineurinum (strong anatomical barrier) should 
be longitudionally split and the nerve peeled off and 
extracted. (the epineurinum remaines attached to the 
pseudocapsule). If the nerve is surrounded by the tumour, it 
should be resected and either replaced (nerve autograft) or 
not depending on the circumstances. Sometimes, even the 
sciatic nerve can be resected when the femoral nerves are 
saved. However, if the quality of life decreases significantly 
after resction of the nerve, an amputation should be consid-
ered. A below-knee amputation and prosthesis may pro-
vide better function (and radicality) than a preserved limb 
with sacrificed nerves damaged by additional radiation.

Tissue defects after tumour resection are often exten-
sive, and microvascular reconstruction using free-flaps or 
transfer of vascularized musculocutaneous flaps are fre-
quently required. These methods are performed by experi-
enced plastic surgeons to acheive best results [2].
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If the STS is adjacent to a bone, the surgeon must make 
the decision as to whether the bone or part of it should be 
removed en bloc with the tumour or not.

Clinically if the tumour reaches the periosteum it is usu-
ally not freely moveable. A very careful examination of the 
MRI images is necessary before the operation. If there is a 
close association between the pseudocapsule and perios-
teum (the pseudocapsule involves the periosteum),but the 
cortical bone and intra-medullar cavity do not show any 
changes in their signal and bone scan is negative, an en bloc 

resection of the tumour with the adjecent periosteum – 
which acts as a strong barrier is recommended. At rare indi-
cation, when an aggressive benign or low grade STS is 
attached to the periosteum and the cortical bone shows 
some reaction,is that the bony segment should be cut in half 
and the affected part should be removed together with the 
periosteum and tumour. If the tumour is highly malignant 
and surrounds the bone (Fig. 3a–c) or the intramedullary 
cavity is already invaded, a segmental resection of the bone 
is necessary [5]. Depending on the size and site of the bone 

a c

b

Fig. 3 MRI image 
(T1-weighted, saggittal 
plane) reveals a high grade 
T2b liposarcoma in the 
extensor compartment of the 
thigh surrounding the distal 
femoral metaphysis (a). Wide 
resection of the tumour 
means in that case en bloc 
excision of the distal part of 
the femur together with the 
tumour and 1 cm. muscle 
cuff (b). Modular tumour 
endoprosthesis was used for 
reconstruction of the defect 
(c). The patient died 3 years 
later from pulmonary 
metastases
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defect either bone graft or tumour endoprosthesis can be 
used by the surgeon for reconstruction. Extensive stripping 
of the periosteum and post-operative radiotherapy increases 
the risk of a pathological fracture in the operative field.

Treatment of Local Recurrent Tumour

The rate of local recurrence after initial surgical treatment 
for STS is high: 90–100% after intra-lesional and marginal 
excision and 30% after en bloc resection. Wide surgical 
margin and the introduction of radiotherapy and chemo-
therapy reduce this rate significantly to 8–20% [36, 50]. If 
the recurrent tumour is detected in its early phase, limb-
sparing surgery is still possible in most patients, although 
the probability of further recurrences are higher after surgi-
cal re-resection. Wide surgical margins are important to 
achieve and additional radiation therapy might be used 
unless it was a part of the initial treatment. A regular fol-
low-up of the patient is necessary for early detection of 
local and distant recurrences. Depending on the grade and 
stage of the primary STS, guidelines recommend chest 
imaging every 6–12 months for stage I tumours, 3–6 
months for stage II and III tumours in the first 2–3 years 
and than annually. Post-operative scar tissue and the deep 
localization makes the detection of local recurrences often 
difficult. Contrast medium enhanced MRI is superior to CT 
for establishing the right diagnosis, but simple ultrasound 
examination and PET-CT in certain type of STS are also 
useful tools in the follow-up. Absence of high signal inten-
sity excludes recurrent tumour in most cases.

Surgery of Lymph Node and Other Distant Metastases

The involvement of regional lymph nodes by STS is very 
unlikely with most sub-types. Even tumours with a predi-
lection for such behaviour, such as synovial sarcomas, 
angiosarcomas, embryonal rhabdomyosarcomas and epith-
eloid sarcomas produce regional lymph node metastases 
infrequently, ranging from 10 to 16% [4]. No studies have 
demonstrated any benefit of additional lymph node dissec-
tion associated with the routine surgical procedure. Given 
the morbidity of lymph node dissections, the rarity of its 
involvement and the lack of demonstrated efficacy, their 
excision is only recommended if the regional lymph nodes 
are suspicious, enlarged and the lymphoscintigraphy per-
formed by labeled nanocolloid or the aspiration cytology 
are positive for metastasis.

Distant metastatic disease remains the major cause of 
death among patients with STS, hence the mortality rate is 
between 20 and 40%. In the past, lung metastasis was 
regarded as a fatal condition and palliative treatment was 
recommended only. Complete pulmonary resection can, 
however, achieve long term survival in approximately 
15–40% of patients with a pre-requisite that the primary 
tumour is oncologically controlled, there are no more than 
four resectable nodules in the lung without endobronchial 
invasion, and the disease-free interval is long [9].

Patients with STS, however, who present with synchro-
nous lung metastases have a very poor prognosis. Kane et al. 
[31] reported a 15 months’ median overall survival and 
21% 2-year survival in this group and found no improved 
survival for patients treated with metastasectomy vs. those 
treated by chemotherapy alone.

Radiotherapy

Based on the evidence and positive results of different pro-
spective studies [50], the combination of conservative 
(function-preserving) surgery and adjuvant radiation therapy 
to eliminate the microscopical tumour residuum has become 
standard practice in the treatment of STS. The reported 
5-year and 10-year local control rate (but not the survival) 
increased significantly and is now between 70 and 91% [3, 
36, 39]. It should be considered after resection of high-grade 
malignant tumours, following resection of any grade STS 
when the surgical margins are inadequate and a re-resection 
of the tumour bed is not possible, and after resection of a 
recurrent tumour. Low grade STS tumours with less mitotic 
rate have a worse response and the results of local recur-
rence rate do not differ significantly from that of surgery 
alone with wide surgical margins. Small high grade tumours 
(£5 cm) removed radical or wide in normal tissue are less 
frequently associated with local recurrence, therefore radio-
therapy may not be necessary in these patients.

The delivery of radiotherapy (RT) in patients with STS 
can be performed by pre-operative RT, post-operative RT, 
intra-operative RT and brachytherapy. Highest doses are 
delivered intra-operatively as a boost (12–20 Gy), lower 
doses are given fractionated during post-operative RT 
(6,000–7,000 cGy), pre-operative RT (5,000 cGy) and 
brachytherapy (4,500 cGy over a 4–5-day period) [11]. 
Intra-operatively delivered single fraction dose is biologi-
cally more effective than would be the same dose that is 
fractionated. The disadvantage of this procedure includes 
transporting the patient during the operation to another 
room or may necessitate special equipment in the 
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operating room; in addition radiation neuritis and neuropa-
thy can occur frequently.

The optimal timing,pre-operative or intra-operative, of 
radiation therapy (RT) have yet to be defined. The decision 
is usually made according to the preference of the treating 
centre, although for some indications one treatment 
sequence may be preferable. Pre-operative RT has the 
advantage that the treatment volume is smaller, the deliv-
ered doses are also smaller and the resectability of the 
tumour may increase. However, wound complications 
(generally reversible) are seen more commonly, surgery 
delays for up to 8 weeks and also the pathological examina-
tion of the surgical margins is more difficult. In cases of 
large high grade tumours which are closely associated with 
neurovascular structures, an effective pre-operative RT and 
chemotherapy only can enable limb-sparing surgery.

In the case of post-operative RT immediate surgery is 
possible, the risk of wound healing complication decreases 
However, the late effects of radiation, in particular, tissue 
oedema, fibrosis, contractures around the joints are more 
commonly seen in patients treated with post-operative RT. 
It is mandatory, however, if a re-resection of the tumour 
bed is performed or the margins are inadequate and a re-
resection is not possible.

Interstitial brachytherapy, which involves the place-
ment of multiple catheters in the tumour resection bed, can 
be used alone or combined with post-operative high-energy 
external beam irradiation. The primary benefit of 
brachytherapy is the smaller dose, shortened treatment time 
(4–6 days) and irradiation of critical anatomical regions 
(lower arm, wrist, etc.) is minimized. Disadvantages of this 
procedure are the increased rate of complications (neuritis, 
neuropathy, infection, wound-healing problems) and the 
treatment volume is limited to tumour bed.

Finally, it is important to remark that neither the radia-
tion therapy nor chemotherapy can replace the efficiacy of 
surgery. To achieve local control after surgical resection of 
the tumour is mostly dependent on the negative margin.

Chemotherapy

The use of chemotherapy in the treatment of STS remains 
controversial. There is general agreement that adjuvant 
chemotherapy is not indicated for patients with low-grade 
STS and those with small (T1) intermediate- or high-grade 
soft tissue sarcomas. However, in case of high grade, large, 
deep located, stage IIIB and stage IV soft tissue sarcomas 
as well as recurrent, irresectable and metastatic tumours, 
the patient needs to undergo multimodality therapy, i.e. the 

surgery should be completed with neo-adjuvant or adjuvant 
chemotherapy and radiotherapy.

Treatment of locally advanced STS includes a variety  
of therapeutic approaches like radiotherapy alone, post- 
operative chemotherapy alone or in combination with 
radiotherapy, pre-operative chemotherapy and/or radio-
therapy as well as isolated limb-perfusion.

The assessment of the neo-adjuvant chemotherapy is 
still controversial, although some authors report on encour-
aging results. Pre-operative systemic chemotherapy may 
shrink the primary tumour, resulting in improved resectabil-
ity of locally advanced and otherwise irresectable tumours. 
It treats immediately the micrometastases and it may yield 
prognostic information about the chemotherapy-response 
of the tumour. A possible negative aspect can be the delay 
in surgery especially when the treatment is ineffective.

Different studies reported an improved local recurrence-
free survival when a combined pre-operative chemotherapy 
regimen consisting of mesna, Adriamycin, ifosfamide and 
dacarbazine (MAID)was used. However, no benefit in 
overall survival could be demonstrated [26].

Several phase I and phase II studies have been conducted 
to present the benefit of combined pre-operative chemo and 
radiotherapy. One of them demonstrated a 3-year-survival 
of 75% in patients with large high grade STS when neo-
adjuvant chemotherapy (three cycles MAID) was combined 
with 44 Gy radiation therapy. In addition, when adequate 
surgical margins could be achieved the rate of local recur-
rence was only 5.7% after 3 years. Combined neo-adjuvant 
chemo and radiotherapy can be recommended in patients 
with deep T2 high grade locally advanced STS, hence an 
effective treatment can result in a down-staging of the 
tumour enough to permit a limb-sparing surgery.

Recently, a highly successful treatment modality, the iso-
lated limb perfusion (ILP+ hyperthermia) was implemented 
in patients with locally advanced STS. Conventional chemo-
therapeutic drugs (mainly melphalan) are used in combina-
tion with other biologic response-modifying agents i.e. 
tumour necrosis factor-alpha and interferon.The overall 
response rate was 75% and limb salvage was achieved in 
87% of the perfused limbs [22]. Beside its high efficacy, 
severe local reactions i.e. extensive epidermolysis, local tox-
icity, motor neuropraxia was observed in up to 8%. Further 
randomized prospective studies are necessary to prove the 
benefit of this method on the overall survival of patients.

The role of adjuvant chemotherapy in the treatment pro-
tocols of STS is still an issue for debate. In different studies, 
the neo-adjuvant chemotherapy has been completed with 
the use of adjuvant treatment approaches. According to the 
results based on large meta-analysis studies the risk for 
local relapse, distant relapse and disease-free survival 
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showed a significant reduction following the use of doxoru-
bicin and ifosfamide-containing chemotherapy. However, 
there was no difference in the overall survival compaired 
with that of the control group. Systemic adjuvant chemo-
therapy (doxorubicin/ifosfamide) combined with post-
operative radiotherapy can be recommended in patients 
with high grade (G3-4), large T2 tumours especially after 
inadequate surgery. Further randomized prospective studies 
are necessary to evaluate the optimal duration time of treat-
ment and doses of the effective chemotherapeutical drugs 
in the adjuvant and neo-adjuvant chemotherapy of STS.

The palliative chemo and radiotherapy of patients with 
metastatic STS should prolong their overall survival and 
result in an improvement of the quality of life.

The Effectivity of Different Drugs in the Treatment of STS

There are only a few drugs until now which show consistant 
effectivity in the treatment of STS. Among the drugs used in 
single-agent treatment, etoposid had a response rate of 
13–15%, dacarbazin 15–17%, and cisplatin 23–25%. The 
two most extensively examined and most efficient drugs, 
doxorubicin and ifosfamide showed in mono-drug treatment 
a remission rate of 25–30% and 28–30%, respectively.

The effectivity of many drug-combination have been 
studied in the last decades. In the Eighties, with the delivery 
of cyclophosphamide-, vincristin-, doxorubicin and dacar-
bazin-based chemotherapy (CYVADIC) a 30% remission 
rate could be achieved. This was followed by the combina-
tion of doxorubicin and ifosfamid in different doses and 
application protocols. In the last decade, the most popular 
combination was the MAID (methothrexate, Adriamycin, 
ifosfamid and dacarbazin) with an response rate of 38–40%. 
The effectivity of the combination of vepesid, ifosfamid 
and cisplatin reached 45% [37]. There is extensive research 
currently to work out new and more effective chemothera-
peutic drug-combinations for the treatment of STS.

Conclusions

Soft tissue sarcomas with their more than 50 sub-types 
belong to the most challenging group of tumours in oncol-
ogy amounting to only 0.5–1% of all malignancies.

Using multi-modality therapies in dedicated centres, 
limb salvage and function-preserving surgery is the choice 
of treatment for most extremity-STS. Although the overall 
5-year survival rate in patients with STS of all stages 

remains only 50–60%, the majority of patients with local-
ized lesions can be cured. The size, grade, depth and histol-
ogy of the tumours strongly influence the development of 
metastatic disease. However, local recurrence has a minor 
adverse effect on the overall survival only. Pre- or post-
operative radiotherapy and chemotherapy reduce the rate 
of local recurrence, but have little influence on overall sur-
vival. Patients with STS are best treated in specialized cen-
tres with multi-disciplinary oncology-teams.
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Management of Lower Limb Deformities

Franz Grill, Rudolf Ganger, and Christof Radler

Introduction

Most congenital lower limb deficiencies present with short-
ening of the leg and deformities of the bones and joints. 
Regardless of severity, a limb deformity is always a handicap 
for the child with a negative functional and psychological 
impact. The goal of treatment is to achieve a well- functioning 
leg with normal alignment and stability, and a normal range 
of motion of the joints.

We face a wide spectrum of congenital conditions, like 
congenital femoral deficiency (CFD), Fibula Deficiency, 
tibial hemimelia, congenital pseudarthrosis of the tibia, and 
hemi-hyper- or hypotrophy, all with different pathologies. 
Despite great advances in the understanding of the genetics 
associated with embryological limb development and of 
genetic signalling errors in the animal model the aetiolo-
gies of these deficiencies are still unknown [4].

However, limb length inequality or axial mal-alignment 
can occur any time during infancy, childhood and adoles-
cence following infection of bones and joints or fractures 
with or without damage to the growth-plate. Additionally, 
tumors, skeletal dysplasias, Ollier’s disease, Blount’s dis-
ease, hypophosphataemic rickets, CDH and Perthes’ dis-
ease can cause leg-length discrepancy.

During the last decade, based on the revolutionary ideas 
of callus distraction and osteoneogenesis of Ilizarov [15], 
lengthening and deformity correction has become a pre-
dictable and safe surgical procedure.

Today, limb-lengthening is usually recommended for 
discrepancies greater than 2–3 cm. The biological principle 
of limb lengthening developed by Ilizarov is based on a 

percutaneous osteotomy [13]. If possible the osteotomy 
should be performed in the metaphysis as this is an area of 
the bone that has the highest metabolic turn-over and there-
fore yields the best formation of bone regenerate [3]. The 
distraction osteogenesis is ideally performed with a daily 
rate of lengthening of about 1 mm/day. A lower rate increases 
the risk of premature bone consolidation while a higher rate 
decreases intra-membranous ossification [14]. The mechan-
ical lengthening device must insure stability and protect the 
distraction area against undesirable angular or shear move-
ments [13]. The period of distraction is followed by a period 
of consolidation until corticallization of the bone regenerate 
has been achieved and the fixator can be removed.

Usually the healing index for full bone consolidation per cm. 
of lengthening is around 30 days depending on the severity 
of the pathology and the patient’s age. Especially in congeni-
tal deformity the healing index can grow up to 50 days/cm. 
The removal of the frame is indicated when the regenerated 
bone is capable of full independent weight-bearing.

Advances in Deformity Correction

The biggest advances in deformity correction have been 
achieved in deformity analysis and correction planning, 
understanding of patho-morphology, development of new 
technology and surgical techniques, prevention of compli-
cations and improvement of rehabilitation.

The basic requirement for treatment planning is the 
deformity analysis including prediction of the remaining 
growth in children. In cases of congenital defects leg-length 
discrepancy can be calculated and predicted easily because 
growth remains proportional [24]. For calculation of 
remaining growth the straight line graph introduced by 
Mosely [19], the arithmetic method by Menelaus and the 
Paley multiplier method [20] can be used.

For deformity analysis digital solutions like Trauma-
Cad (Orthocrat, Petach-Tikva, Israel) integrated into the 
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Fig. 1 (a) New planning 
software allows for fast and 
easy analysis of the 
deformity using the same 
principles and terminology 
drawn from conventional 
planning. (b) The correction 
can be simulated and the final 
alignment and joint 
orientation angles, as well as 
changes in the length of the 
mechanical axis, can be 
analyzed

a b

 PACS-system allow measurement of the standardized 
angles [22] and definition of the centre of rotation of angu-
lation (CORA) (Fig. 1a). The surgical correction can be 
simulated after choosing the osteotomy level and the loca-
tion of the angulation correction axis (ACA) (Fig. 1b).

However, advances were also achieved in the develop-
ment of new high-tech devices for lengthening and defor-
mity correction. For years the use of the Ilizarov circular 
frame was the gold standard at most centres performing 
limb-lengthening. Today there is still an indication for the 
Ilizarov system in certain cases but in the majority of cases 
the Taylor Spatial Frame (Smith and Nephew, Memphis, 
Tennessee, USA) has replaced the conventional Ilizarov 
ring fixator.

The Taylor Spatial Frame is a hexapod system consisting  
of two rings, connected with six telescopic struts at univer-
sal joints. By adjusting only strut length one ring can be 
re-positioned in relation to the other. Simple and complex 

deformities are treated using the same frame (Fig. 2a). The 
Taylor Spatial Frame fixator is capable of correcting six 
axis deformities guided by a web-based software program. 
Additionally foot deformities can be corrected with the 
same hexapod system using special foot programs and foot 
plates. The Taylor Spatial Frame is easier to handle than the 
conventional Ilizarov system, especially for correction of 
rotational and translation deformities (Fig. 2b–e). Patients 
find the system easy to use because a daily adjustment 
schedule is provided. The struts exchanges are listed and 
explained in chronological sequence.

Since 1981 a total of 806 patients were treated using the 
Ilizarov circular frame at the department for Paediatric 
Orthopaedics at the Hospital Speising in Vienna. The TSF 
was introduced at our department in 1999 and another 502 
patients have been treated using this new device since then.

Comparing the final outcome of corrections using the 
TSF vs. the Ilizarov system it was evident that the Taylor 
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Fig. 2 (a) For this 5-year-old female 
presented with severe Blount’s disease 
with varus and rotational mal-
alignment. (b) Radiographs showed  
the mal-alignment and the collapse of 
the medial plateau. (c) A bilateral TSF  
was implanted and simultaneous 
gradual correction of the multi-
directional deformity was performed. 
(d, e) Remodelling of the epiphysis  
(d) and a good clinical correction  
(e) was observed at follow-up 4 years 
after the  initial surgery

a

b

c

d

e
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Spatial Frame allowed for much higher accuracy in all 
deformity corrections [16]. The Ilizarov ring fixator showed 
major deficiencies in the treatment of multi-dimensional 
and especially rotational deformities.

Additionally, new mono-lateral devices were developed 
such as the MAC (Multi-Axial Correction) Fixation System 
(Biomet, Warsaw, Indiana, USA), which allows deformity 
correction in three dimensions. Mono-lateral fixators have 
the advantage of increased patient comfort due to the smaller 
fixator size and the lateral implantation allowing full hip and 
knee extension when lying down. However the amount of 
correction is limited, especially at the secondary hinge.

Despite all these improvements the striking disadvan-
tages of external fixators is that the patient’s activities of 
daily life are severely limited and painful pin-site infections 
occur in nearly all cases. The answer to this problem is the 
use of telescopic nails for intra-medullary lengthening 
which were developed in Russia [6], France (Albizzia Nail) 
[11], United States (ISKD) [9] and Germany (Fitbone) [5].

The ISKD nail (Orthofix Int. Curaçao Netherlands 
Antilles) is elongated mechanically by rotational move-
ments which the patient has to perform. The voluntary rota-
tional movements which are necessary to lengthen are 
sometimes very painful and may lead to an increased 
lengthening rate due to uncontrolled rotational movements 
of the patients. Another disadvantage is that in lengthening 
of the tibia the callus formation is rather poor and therefore 
we stopped using these nails. Our current preference is the 
Fitbone nail (Fitbone, Wittgenstein, Igersheim, Germany), 
a motor-driven intra-medullary distraction nail with a 
power supply through a transmitter to the receiver which is 
embedded in the subcutaneous tissue. Using this nail an 
additional single level axial deformity correction can be 
performed (Fig. 3a–d). The advantages are a low infection 
risk, an excellent range of motion during the treatment 
period, a short rehabilitation time, an excellent cosmetic 
result and high comfort for the patient. Up to now we have 
treated 20 patients using the Fitbone nail with excellent 
results. The disadvantage is the high cost of the implant 
and the limited indications.

Regarding the timing of the lengthening procedures the 
calculated leg length difference at the end of growth is an 
important factor. Today, with a staged programme of 
lengthening, cases with predicted final discrepancies of up 
to 25 cm can be corrected. To reach this goal usually three 
lengthening steps and an epiphyseodesis of the contra-lat-
eral side have to be performed. The first step of lengthening 
should be performed before school age and the final length-
ening step at an age of 14–15 years. For the last lengthening 
step – if the bone diameter is wide enough – an intra- 
medullary lengthening device can be used. During growth, 

valgus or varus mal-alignemnt can be treated with tempo-
rary hemi-epiphyseodesis using 8-hole plates (Orthofix Int. 
Curaçao Netherlands Antilles).

For patients with a discrepancy from 2 to 5 cm an epi-
physeodesis may be appropriate as a single procedure 
depending on the predicted final total height. This proce-
dure closes the growth of the opposite leg by altering the 
activity of the growth plate thereby allowing the affected 
limb to “catch up” by the end of growth. There is a choice 
of two different techniques, temporary epiphyseodesis or 
definitive epiphyseodesis. If the predicted increase in dis-
crepancy over time equals, or is more than the remaining 
growth of the longer leg a definitive epiphyseodesis can be 
performed safely. The method of choice is the mini- invasive 
Canale technique [7].

Guidelines for the Treatment  
of Congenital Deformities of the Lower Extremity

Congenital Femoral Deficiency (CFD)

There is a wide range of deformities from mild hypoplasia 
to complete absence of the femur [21, 23].The crucial indi-
cation for treatment is the patho-morphology and function 
of the hip and knee joint.

Lengthening should only be performed in the presence 
of a stable hip joint or when creating a stable hip joint with 
a pelvic osteotomy. Surgery must address the varus and ret-
roversion of the femoral neck and the dysplasia of the 
acetabulum. If there is a mobile pseudarthrosis of the femo-
ral neck or the subtrochonteric region, which is very often 
accompanied by a severe bowing of the proximal femur, a 
stable and anatomically normal situation has to be restored 
by an extensive combined soft tissue and bone reconstruc-
tion (Paley “Superhip” procedure) [20].

Manner at al. reported in 90% of CFD cases an aplasia 
of the anterior cruciate ligament and in 40% also an aplasia 
of the posterior cruciate ligament [17]. There was a clear 
correlation between severity of the deformity and aplasia 
of the cruciate. He also described a distinct hypoplasia 
within the distal lateral femoral epiphysis which is the 
cause for recurrent valgus deformity of the knee joint in 
this disease [18]. The knee therefore has to be protected 
against subluxation or dislocation by bridging the knee 
joint with an Ilizarov frame with hinges in the centre of 
rotation of the knee joint to allow physiotherapy during the 
lengthening process with the device in place (Fig. 4).

In cases presenting a severe or multi-directional instabil-
ity of the knee joint a stabilization of the knee joint has to be 
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a b

c d

Fig. 3 (a) This 20-year-old 
patient presented with a 
post-traumatic valgus and 
procurvatum deformity and a 
leg-length discrepancy of 
5.5 cm. (b) Intra-operatively 
an acute correction of the 
axial mal- alignment, with 
special consideration to 
anatomic lengthening axis, 
was performed. (c) A good 
distraction gap and early 
callus formation was seen  
8 weeks after the initial 
surgery. (d) At 6 months 
follow-up leg-length 
equalization with a full 
correction of mal-alignment 
was achieved and full bone 
 healing and beginning of 
remodeling was observed
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created by soft tissue surgery before performing a lengthen-
ing procedure (Paley “Superknee” procedure) [21].

The amount of lengthening in CFD should depend on 
age and the severity of the deformity but not exceed 5–7 cm. 
for the first stage to avoid unnecessary complications.

Fibula Deficiency

As in congenital short femur there is a range of deformity 
from hypoplasia to complete absence of the fibula [1]. The 
only remnant of the fibula may be a fibrous fibular anlage. 
Together with a shortening of the gastro-soleus complex 
this can cause a severe bow-stringing with anterior bowing 
and valgus mal-alignment of the tibia.

The tibia is shorter depending on the severity of the defor-
mity and commonly a foot deformity can be found. The foot 
on the affected site is shorter with absence of lateral rays. The 
hindfoot often presents with a talo-calcaneal coalition or a 
clubfoot type-deformity [1]. Fibular hemimelia is commonly 
combined with congenital femoral deficiency and a shorten-
ing of the femur with hypoplasia of the lateral femoral con-
dyle and instability of the knee joint are common findings.

If shortening is excessive and a single ray foot is pres-
ent, knee stabilization, alignment correction and chondrod-
esis of the ankle joint should be performed followed by an 
adequate orthoprosthetic management.

In most of the cases even with a 2-ray foot, correction of 
the deformity and lengthening with a staged treatment can 
be performed. For reconstruction the first stage of surgery 
within the first year of life consists of resection of the fibular 

anlage, and lengthening of the Achilles tendon. At an age of 
2–3 years the foot deformity and ankle varus have to be cor-
rected. The calcaneus has to be aligned to the mechanical 
axis of the tibia by an inclined osteotomy through the coali-
tion of the talus and the calcaneus. To stabilise the ankle 
joint a chondrodesis can be performed and fixed with two 
K-wires. During the same procedure the first lengthening 
step can be performed, including the correction of the val-
gus and procurvatum deformity. In case of knee instability 
to prevent knee dislocation and knee flexion contracture the 
frame is bridged to the femur with flexible hinges. As an 
alternative the knee can be braced by an orthosis which is 
connected to the Taylor Spatial Frame and includes pneu-
matic struts that push the knee into extension but allow 
active flexion against an individually set resistance (Fig. 5).

According to the calculated leg-length discrepancy at 
the end of growth a treatment plan has to be developed with 

Fig. 4 The hinge is placed at a point where a line running at the 
posterior cortex of the femur intersects with the growth-plate. The 
hinges are locked in full extension at night time and are opened 
during the day to allow knee flexion and physical therapy

Fig. 5 The orthosis with the pneumatic struts is fixed directly to 
the Taylor Spatial Frame
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several steps of lengthening and eventually an epiphysiod-
esis of the contra-lateral tibia.

Tibial Hemimelia

Tibial hememilia is another congenital hypoplasia of the 
lower limb. Especially in bilateral cases a genetic aetiology 
is common. The best classification was published by Weber 
[26]. Weber distinguished between seven different types of 
deformity. According to the different types a treatment plan 
has to be made. If for example a proximal tibial anlage is 
present and the knee can be actively stretched, the centrali-
sation of the fibula with a fusion of the fibula with the tibial 
anlage is recommended.

If there is no tibial anlage but presence of the patella, 
Weber described a technique using the patella as a tibial 
plateau and reconstructing the lower leg by a centralisation 
of the fibula underneath the patella [25, 26]. If there is no 
extensor mechanism, no tibial anlage, and no patella, a cen-
tralisation of the fibula should not be performed. In these 
cases, a better function can be achieved with new orthop-
rosthetic management.

In all cases of tibial hemimelia a chondrodesis between 
fibula and talus has to be performed with lengthening of the 
Achilles tendon and correction of the foot deformity. 
Lengthening in tibial hemimelia patients should be per-
formed only if the fibula remodels, gets wider and takes the 
form of a tibia.

Lengthening of Short Stature Patients

The indication for lengthening of short stature patients is 
under constant debate [2, 8, 10]. A height at the end of 
growth below 150 cm for a female and below 160 cm for a 
male is below the limit of normal and most likely caused by 
a genetic disorder like achondroplasia or hypochondropla-
sia [12]. This group of patients has functional, anatomic, 
ergonomic and psychosocial problems. Therefore, for this 
group of patients lengthening is indicated if they feel their 
short stature as a handicap and if activities of daily life can 
be improved. The advantage of lengthening may that they 
can drive a normal car, look proportional, are not over-
looked at the desk, can use a normal toilet, can cook in a 
normal kitchen and can buy ready-made regular clothes. 
For this group of patients the first step of lengthening should 
be performed at an age between 5 and 8 years. Usually 
achondroplastic patients develop a bi-level deformity of the 
tibia which has to be corrected and this  correction can be 
combined with a first lengthening step of about 5–7 cm.

Preferably the lengthening procedure should be per-
formed simultaneously at the same segment bilaterally. This 
offers the advantage to the patient that in case of psycho-
logical problems the treatment can be stopped at any time.

The next step of treatment is lengthening of both femora 
again with the goal to gain a length increase of about 7 cm. 
At this stage an acceptable proportion can be achieved. For 
further steps of lengthening the patient should be informed 
that also the upper extremities have to be lengthened not 
only because of cosmetic reasons but also because of ergo-
nomic reasons.

Prevention of Complications

In lengthening of congenital deformities the fracture rate 
after frame removal is about 26%.

To avoid these complications we now remove the fix-
ator and stabilize the limb by inserting an intra-medullary 
rush rod or an interlocking nail in the same session.

Another complication is joint instability or stiffness. In 
case of a dysplastic hip joint before lengthening of the 
femur a surgical correction of the dysplasia has to be per-
formed. To protect the knee joint against dislocation in 
congenital deformities with absence of the cruciate liga-
ments the knee joint has to be bridged by an Ilizarov ring. 
A perfect hinge placement in the centre of rotation of the 
knee joint is mandatory for pain free movement of the joint 
as long as the lengthening device is in situ. To keep stabil-
ity and enhance motion we developed an orthosis which is 
fixed to the Taylor Spatial Frame with hinges at knee level 
and hydrostatic tethers, available in different strengths, 
which keep the knee in a stretched position and allows 
active flexion movement altered by using different strengths 
of tethers. To avoid equinus through lengthening the lower 
leg bridging of the ankle joint is advisable especially in 
congenital deformities such as fibular hemimelia. Protection 
of the adjacent joints should be the primary concern during 
all lengthening procedures.

In Conclusion

Advances in deformity analysis, planning of surgery, and 
understanding of pathology, implant design and prevention 
and management of complications have made lengthening 
procedures much safer with a predictable outcome con-
cerning function and an increased quality of life. For the 
future new biological approaches to limb lengthening using 



60 F. Grill et al.

adequate treatment to improve and speed up bone healing 
to reduce the time in the fixator and also the further devel-
opment of new devices will make lengthening more and 
more comfortable for the patient and also the surgeon.
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Total Hip Replacement in the Congenitally 
Dislocated Hip Using the Paavilainen Technique1

19 Hips Followed for 1.5–10 Years

Bjørn Thorup, Inger Mechlenburg, and Kjeld Søballe

Total hip replacement (THR) for correction of the congeni-
tally dislocated hip (CDH) is a technical challenge and dif-
ferent approaches have been used [7, 8, 12]. At our 
department we use the cementless THR procedure described 
by Paavilainen et al. [10], whereby the cup is placed at the 
level of the true acetabulum and a shortening osteotomy of 
the proximal part of the femur is carried out. There have 
only been a few reports on the results achieved with this 
technique [1, 6, 10, 11]. We evaluated the clinical and 
radiographic results in a series of Paavilainen procedures 
performed at our hospital over a 10-year period.

Patients and Methods

From 1996 to 2006, 19 CDHs (15 patients, 10 women) were 
operated on by the senior author (KS) using the Paavilainen 
technique (Table 1). The indications for surgery were CDH 
with walking difficulties and hip pain. The average age at 
the time of surgery was 38 (16–73) years. Seven hips had 
been operated on previously with a Schanz osteotomy. The 
mean follow-up time was 4.8 (1.5–10) years.

All 15 patients were clinically evaluated preoperatively 
and at the most recent follow-up with the Harris hip score 
(HHS). The radiographs were classified as either Eftekhar 
type C (4 hips) or D (15 hips) [3, 4] and they were assessed 
for aseptic loosening using the Gruen and Charnley 
classification.

Pre-operatively, templating was performed on radiographs. 
With the patient standing, the leg-length inequality was esti-
mated by placing wooden blocks of different height (i.e. 0.5,1, 
1.5, 2, 3, 4, and 5 cm) until the position of the pelvis was bal-
anced. In young adults, almost full correction of the leg-length 

discrepancy was planned whereas in older patients with a more 
rigid spine, we tried to find the most comfortable lengthening. 
The operation was performed as described by Paavilainen [9] 
using a posterolateral approach (Figs. 1 and 2). All acetabular 
components were seated in the original acetabulum. In most 
cases, autologous cancellous bone material was placed under 
the acetabular component before inserting it. We did not need 
to re-inforce the acetabular wall with bone strut grafts in any of 
the cases. Cementless Mallory-Head cups with hydroxy-apa-
tite (HA) coating, two or three screws, and ArCom polyethyl-
ene liner were used in all but one hip (case no. 15). This patient 
had a Duraloc cup (metal-metal articulation).

The femoral shaft was reamed and a trial implant was 
inserted and trial reduction was performed before insertion 
of a straight cementless stem. In the first three hips, we 
used Biomet’s dysplasia stem (Biomet, Warsaw, IN) and in 
the following 16 hips we used S-ROM femoral stems of the 
dysplastic type (DePuy, Warsaw, IN). After reduction,  
the greater trochanter was trimmed to fit the lateral part of 
the proximal diaphysis. With the hip in abduction, the 
greater trochanter was advanced distally until the gluteus 
medius muscle was tight, and then fixed with two or three 
cortical screws with washers. A cable around the femur 
was used frequently to avoid fracture of the bone during 
insertion of the stem. Finally, the vastus lateralis muscle 
was reinserted at the greater trochanter.

Post-operatively, the patients were mobilized using two 
crutches and allowed 30 kg of weight-bearing on the oper-
ated leg for the first 6 months. Active abduction of the leg 
was not allowed in the same period. Full weight-bearing 
was allowed when healing of the osteotomy had been 
 verified radiographically.
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a b

Fig. 1 Case no. 2. Congenital dislocated hips bilaterally; grade D 
according to Efthkhar. (a) Preoperatively. (b) Posto peratively, the 
acetabular components (Mallory head) were seated in the true 
acetabulum. A straight cementless dysplasia stem (Biomet) with a 

22-mm head was used. The greater trochanter was fixed with two 
screws. A prophylactic cable was placed around the femur 
before insertion of the stem

b ca

Fig. 2 (a) CDH grade D. (b) Consistent with the preoperative 
templating, an extended trochanteric osteotomy is performed 
followed by a transverse osteotomy of the femur. The medial 
segment is removed. (c) A straight stem is inserted and the 

acetabular component is placed at the level of the true acetabu-
lum. The greater trochanter is advanced distally until the gluteus 
medius muscle is tight, and then it is fixed with two screws

Results (Table 1)

Pre-operatively, the patients had a median HHS of 44; post-
operatively, it was 86. The Trendelenburg test was positive 
in 18 hips pre-operatively and in only one post-operatively. 
One case of incomplete peroneal nerve palsy (drop foot) 
occurred and the patient recovered completely after 2 
weeks. In 14 of the 15 unilateral hips, the leg length was 

equalled within 1 cm. In one case, the operated leg was 
1–2 cm too short. There were four cases of intra- operatively 
fissures of the proximal femur. They were all secured with 
cables and none of these patients experienced 
 post-operatively complications. No deep vein thrombosis 
or early infections were observed.

The radiographic evaluation showed no aseptic loosen-
ing of the components. In three patients, radiolucency was 
observed in one Gruen zone. In one patient, radiolucency 
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was observed in two Gruen zones at the time of final 
 follow-up (case no. 9). None of these four patients had 
clinical symptoms of loosening. Three hips dislocated in 
the follow-up period; two were reduced openly and one 
had a closed reduction. One of the dislocations was due to 
malposition of the acetabular component. The acetabular 
component was repositioned and no further dislocation 
occurred. Three patients needed the liner replaced due to 
wear of the polyethylene. In one of these, deep infection 
was diagnosed 6 months post-operatively. This patient 
underwent a 2-stage revision surgery, which cured the 
infection.

Discussion

Our good results are in agreement with those of the other 
three follow-up studies on patients with C or D dislocation 
operated with the same technique [1, 6, 11].

In our series, most of the well-known complications 
were present but at an acceptable rate. The major problem 
was the need for re-operation due to wear of the polyethyl-
ene liner. Eskelinen et al. [6] concluded that wear was sec-
ondary to suboptimal design of the acetabular components 
used. We have started using hard bearings in our younger 
patients: ceramic-ceramic for females and metal-metal for 
males, which will hopefully be a better solution than poly-
ethylene. Metal bearings may be of concern in women in 
childbearing age; metal ions pass the placenta [14]. Highly 
cross-linked polyethylene has shown very low wear rates 
[2], and the use of this instead of conventional polyethyl-
ene is also a possible solution in young, active patients.

We experienced two dislocations within 2 days of sur-
gery. The first hip was reduced closed without any further 
complications. The second dislocation was due to malpo-
sition of the cup, and an open reduction was performed. In 
addition, we performed an open reduction on a chronic 
dislocation discovered at a routine check 3 months after it 
had occurred. The patient had noted pain and shortening of 
the leg, but had not found it necessary to contact a doctor. 
Both Paavilainen et al. [11] and Carlsson et al. [1] reported 
late dislocations in their series, and a plausible reason for 
the relatively high dislocation rate was the use of small 
22-mm heads.

We had one case of temporary incomplete peroneal 
palsy in a patient whose leg had been lengthened 3 cm. The 
nerve monitoring with electric-evoked potentials during 
operation did not indicate problems and the palsy disap-
peared 2 weeks post-operatively. Eggli et al. [5] found no 
correlation between lengthening of the leg and nerve palsy 

and concluded that nerve contusion was responsible in 
most cases. Eskelinen et al. [6] reported peroneal palsy in 
3 of 68 patients in their series.

One problem that occurred during operation in all 
series – our own included – was a fissure in the proximal 
femur. We stabilized the four fractures we experienced 
with Dall-Miles cable, with good results, and used a pro-
phylactic cable in several other patients. A potential com-
plication is nonunion between the greater trochanter and 
the proximal diaphysis [13] but we did not encounter this 
complication.

In conclusion, THR using the Paavilainen technique has 
provided our series of patients with a stable and functional 
hip, with a limited rate of complications. We are mainly 
concerned about the wear of the polyethylene, which is 
excessive in these mostly younger patients. This is thus a 
problem that must be considered.

BT and KS designed the study. KS performed the opera-
tions. BT gathered the data and both BT and IM analyzed 
it. IM revised the first draft of the manuscript and BT wrote 
the final draft.

No competing interests declared.
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Operative Strategy for Fracture-Dislocation  
of the Elbow

Konrad Mader

Introduction

The elbow joint is one of the most inherently stable articula-
tions of the skeleton [49]. When in addition to the disloca-
tion of the joint at least one of the osseous or articular 
component structures that contribute to the stability of the 
elbow is disrupted, the injury is termed “fracture-dislocation 
of the elbow” and the risk of recurrent or chronic instability 
and the development of post-traumtatic arthritis of the elbow 
are increased [2, 11–13, 17, 18]. Treatment of these injuries 
is challenging due to difficulties in applying accurate defini-
tions of the patterns of the injury, in evaluating the specific 
roles of the component structures that contribute to the 
instability of the elbow and the lack of a standardized ratio-
nale for the operative treatment. Soft tissue injury including 
open wounds and vascular or nerve compromise add to the 
complexity of the injury. In recent years investigative efforts 
were put into the definition of the components that contribute 
to the stability of the elbow and the concept of operative 
fixation of the osseous and ligamentous lesions (i.e., articular 
fragments of the distal humerus [7, 20, 31, 32, 35, 36], the 
radial head [33, 41], the coronoid process [3, 14, 15, 21, 34, 
59, 61–64, 72, 75], the olecranon [16, 42, 50, 51, 65, 70]  
the collateral ligaments [18, 54, 76] and combinations of 
these lesions [19, 28, 29, 37, 38, 43–45, 58, 60, 67, 68, 78] 
in order to reconstitute elbow stability. In addition to this 
more recently the development and use of the trans-articular 
external fixator with motion capacity of the elbow has 
extensively broadened the therapeutic spectrum of treating 
complex elbow trauma and partially changed therapeutic 
pathways [6, 10, 22–27, 39, 40, 46–48, 52, 55, 57, 66, 69, 

71, 77]. The purpose of this lecture is to analyse the  current 
literature and own prospective data in order to establish and 
discuss a strategy in the treatment fracture-dislocations of 
the elbow (Fig. 1).

Diagnostic Tools

Conventional Imaging

Any elbow trauma is assessed initially using standard 
antero-posterior (AP) and lateral radiographs, which gives 
an idea of the type and personality of injury involved 
(Fig. 2). The AP is taken with the elbow extended and the 
forearm supinated (when possible) with the patient seated 
or supine, the beam is directed perpendicular to the mid-
point of the elbow joint. The features demonstrated on this 
view should include the distal humerus, epicondyles, tro-
chlea, capitellum, radial head including proximal radius 
and olecranon. The lateral view is taken with the patient 
seated if possible, the shoulder abducted to 90°, so that the 
shoulder is level with the film and the elbow is flexed at 
90°. In this position the forearm is placed in supination and 
the beam is directed perpendicular to the humeral epicon-
dyles centered on the elbow joint. On this view the epicon-
dyles should be superimposed, the olecranon should be 
seen in profile, and the radial head superimposed on the 
coronoid process. Relationships that should be checked 
include the radiocapiteller line, which should bisect the 
radial head and the capitellum, and the anterior humeral 
line, which should run through the middle third of the capi-
tellum. A thorough assessment of the initial radiographs at 
this stage should include the soft tissue envelope, anterior 
and posterior fat pads, cortical continuity, joint congruency, 
and bony alignment. Coonrad et al. proposed the “drop 
sign,” which is an increase in ulno-humeral distance on the 
lateral X-ray-film. This objective and static radiographi-
cally-measurable increase in ulno-humeral distance can be 
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viewed as warning sign for the presence of ligamentous 
instability [9]. A radial head-capitellum view can be obtained 
by having the patient positioned for a lateral elbow view 
and then angling the beam 45° medial to lateral and centred 
2.5 cm. inferior to the epicondylar axis. This view gives an 

unrestricted view of the radial head. Careful analysis of 
these three conventional X-rays will give information about 
the bony lesions involved and any existing dislocation or 
subluxation of the elbow joint. Repeat AP and lateral 
X-rays after reduction and casting in a well-padded upper 
arm cast (in 100° of flexion) are required and again cau-
tiously analysed for any persisting subluxation of the joint. 
Joint incongruity or asymmetry (i.e., rotatory subluxation) 
or a “drop sign” should be cautiously evaluated.

Computed Tomography

Computed tomography is the tool of choice to evaluate the 
type and extent of bony fragmentation and presence/
absence and direction of any persistent dislocation/sublux-
ation of the elbow joint (Fig. 3a–e). Helical scanning with 
two-dimensional reconstruction can be done quickly with 
the arm rested in the cast. The “Superman” position (with 
the arms overhead) produces the best image quality, but 
scans can be done with the elbow at the side (giving some 
more volume artefacts). It is useful to start with the original 
transverse sections, followed by the analysis of the frontal 
and sagittal reconstruction images and finally the three-
dimensional reconstruction. The transverse plane is used to 
evaluate the proximal radio-ulnar joint and the distal 

Fig. 2 Antero-posterior and lateral X-ray of a fracture-dislocation 
of the left elbow in a 30-year-old male patient: note the com-
pound fracture of the proximal ulna, the ventral subluxation of 
the distal humerus, the involvement of the radial head/neck and 
the coronoid process

Fig. 1 Treatment algorithm of unstable elbow dislocation

UNSTABLE ELBOW FRACTURE DISLOCATION

Closed reduction, cast 100°

Evaluation of X-rays, CT

Radial head/ neck:
Try to refix

(on table reconstruction)
safety corridor

(plates) threaded wires
(radial head replacement)

Coronoid:
Anteriomedial facet:

refixation
Reduction in flexion:

extension limit
(ex fix)

or refixation

Olecranon:
Refix coronoid-

bearing key-
fragment(s)

Maintain COD
Angle stable plating

Ligaments, soft tissues,
instability:

Reattach bony ligament
avulsion

No direct ligament repair

HINGED ELBOW FIXATOR
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a b

c d

e

Fig. 3 CT scans of the same patient; (a) transverse scan depicting 
the involvement of the coronoid process; (b) transverse scan 
showing the ventral dislocation of the distal humerus and the com-
pound destruction of the proximal ulna; (c) sagittal  reconstruction 

showing involvement of the radial neck; (d) sagittal reconstruction 
showing the extent of the ulnar destruction; (e) sagittal reconstruc-
tion with subluxation of the humerus
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humerus, olecranon, coronoid and radial head including 
the pattern of articular fragmentation. The coronal or fron-
tal plane provides an image similar to the standard PA 
radiograph and will provide better bone detail and intra-
articular fragmentation. The sagittal plane will give a clear 
view of ventral or dorsal dislocation of the humero-ulnar 
joint and the dislodgement of fragments of the coronoid 
process and the radial head.

Evidence-Based Medicine?

For all readers with the interest in evidence-based orthope-
dics medicine, randomized trials and the meta-analysis of 
the medical literature there is sad news: randomized studies 
and a meta-analysis of treatment concepts at the elbow do 
only exist in the treatment of chronic epicondylitis. The 
digestion of 250 scientific papers on fracture-dislocation of 
the elbow was a sour tour through Level III (case-control 
studies), IV (case studies) and predominantly Level V stud-
ies (expert opinion). First prospective  protocols and a ran-
domized controlled trial comparing the outcome of patients 
treated with reduction and early physio therapy vs. hinged-
fixation in unstable elbow dislocations are underway.

Injury Mechanism

Fracture-dislocation of the elbow mainly occurs in the joints 
between the humerus and ulna and primarily is caused by 
compression, shearing, and avulsion forces. Radial head 
and neck fractures are produced by compression or shearing 
force. Olecranon and coronoid process fractures, accompa-
nied by dislocation, are also caused by compression or 
shearing force. The most common type of fracture of the 
olecranon is made by traction force or pulling of the triceps 
muscle. Concurrent fractures of both condyles are produced 
mainly by avulsion or shearing forces. Almost all disloca-
tions of the elbow are accompanied by rupture of collateral 
ligaments or avulsion fractures of the medial or lateral epi-
condyle. Because the incidence of coronoid, olecranon, and 
condyle fractures seems to increases to the amount of com-
pression force, the current biomechanical studies focussing 
on fracture-dislocations resulting from experimental com-
pression force [1, 4, 5]. Amis and Miller, in a cadaveric 
study, demonstrated a flexion-extension “arc of injury,” 
which relates fracture types to elbow position at the moment 
of impact [1]. Radial head and coronoid fractures followed 
impact along the forearm up to 80° flexion. Olecranon frac-
tures occurred by direct impact around 90° flexion. Distal 
humeral fractures mostly occurred above 110° flexion.

Fracture Fixation

During the last decade, in America and Europe standard sur-
gical protocols to treat complex elbow fracture-dislocations 
have evolved [16, 26, 28, 29, 34, 38, 39, 44, 45]. These pro-
vide guidance in reconstructing both ligamentous and bony 
components. Recent advances in fracture fixation of the 
radial head [41], olecranon [42], the introduction of angle-
stable plating systems in fractures of the distal humerus and 
olecranon [73], and the strategic use of hinged external fixa-
tion have further broadened the therapeutic spectrum.

Surgical Approaches

Surgical approaches to the elbow can be classified accord-
ing to the aspect of the joint exposed, as anterior, lateral, 
medial, posterior and global [56]. The aim of a surgical 
approach to the elbow is to provide an adequate extensile 
exposure with preservation of the neurovascular structures. 
Modern surgical approaches to the elbow began with the 
lateral approach to the elbow described as early as 1911 by 
Kocher. Subsequently, many authors have described 
approaches to the elbow with the intention of providing 
improved visualization, primarily of the anterior elbow, 
without compromising the surgical outcome [38, 56]. Henry 
described the generally followed principle of  “extensile 
exposure.” The majority of these exposure use internervous 
or intermuscular intervals. Therefore, it is a pre-requisite to 
be familiar with the surgical anatomy of the major nerves 
and their cutaneous branches, the muscles and the medial 
and lateral ligament complex [25, 56, 74]. When a dorsal 
approach is mandatory, olecranon osteotomy should be 
avoided according to McKee et al. [8, 37].

Coronoid Process

Coronoid fractures of the ulna are relatively uncommon 
yet critical injuries to recognize [59]. They definitely play 
an important role in elbow instability. Historic recommen-
dations are to fix all large coronoid fracture fragments, as 
well as small fracture fragments associated with instabil-
ity. The coronoid process acts as a bony buttress to prevent 
posterior dislocation and has three soft tissue insertions 
which lend stability as well: the anterior joint capsule of 
the elbow, the brachialis muscle and the medial ulnar col-
lateral ligament. If the elbow is unstable, management 
usually consists of a combination of bony and soft-tissue 
repairs often including coronoid process repair [3, 15, 59]. 
Loss of motion is the most common complication of these 
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injuries. The current recommendation is to repair virtually 
all coronoid fractures associated with instability [72]. 
Recent biomechanical and clinical investigations have 
emphasized the importance of the coronoid process in the 
stability of the ulno-humeral articulation. Recently, 
Doornberg and Ring indicated the importance of the 
antero-medial facet of the coronoid as a distinct type of 
coronoid fracture resulting from a varus postero-medial 
rotational injury force resulting in complex instability 
[14]. They concluded that antero-medial fractures of the 
coronoid are associated with either subluxation or com-
plete dislocation of the elbow in most patients. In order to 

detect this very unstable sub-set of coronoid fractures 
again a CT scan is mandatory [14–16]. Usually there  
are two or more fragments, which make stable re-fixation 
a demanding procedure with possible complications such 
as heterotopic ossification and secondary dislocation 
(Fig. 4a–d). Although most experts recommend open 
reduction and direct or indirect fixation of coronoid frag-
ments [14, 19, 21, 34, 61, 69, 75] there is a new concept, 
when using hinged external fixation, to limit extension to 
30° for a period of 2–3 weeks and thereby indirectly to 
create stability. The personal experience with 85 consecu-
tive cases will be discussed in the lecture.

a b c

d

Fig. 4 Fracture dislocation of the right elbow in a 35-year-old 
man: (a) lateral X-ray demonstrating a complex coronoid  fracture; 
(b) sagittal CT reconstruction showing basal  multi-fragmented 
coronoid fracture pattern. (c) 3-D CT reconstruction depicting 
two distinctive fragments, of which one is an antero-medial facet 

fragment; (d) X-ray control 3 months post-operatively after 
open reduction and internal fixation of the coronoid with help of 
an ulnar osteotomy showing severe heterotopic ossification 
(Ilahi IV) on the ulnar side leading to complete ankylosis of the 
joint [30]



74 K. Mader

Radial Head

“If in doubt, resect” was the old dogma regarding the treat-
ment of fractures of the radial head. Patients with commi-
nuted radial head fractures and those with associated 
soft-tissue injuries of the elbow have a poor outcome if the 
radial head is simply resected. Complications include subse-
quent distal radio-ulnar pain, weakness and instability of the 
elbow, cubitus valgus and ulnar neuritis [33, 41]. The role of 
the radial head as an important stabiliser of the forearm and 

elbow is now better understood [58, 62]. It should not be 
resected without careful consideration [62, 63]. The treat-
ment of Mason type-III fractures and those with associated 
ligamentous damage or dislocation (Mason type IV) is chal-
lenging. Several methods of reconstruction have been 
described and prosthetic replacement of the radial head is rec-
ommended for comminuted fractures, especially if the medial 
collateral ligament is disrupted [58, 60, 62]. There are some 
concerns about the non-anatomical shape of the prostheses 
which may cause loosening, subsequent degenerative changes 

a

c

d

b

Fig. 5 Twenty-three-year-old patient with complex fracture- 
dislocation of the right elbow with a comminuted fracture of the 
proximal radius; (a) X-rays in a cast after reduction; (b) Scout 
CT scan showing the “superman position.” (c) exemplary CT 
scans showing the extent of the radial head destruction; (d) 3-D 

reconstruction of the bony injury. (e) conventional anteroposte-
rior X-ray 5 weeks after the injury after ORIF of the radial head 
and application of an hinged external fixator; (f) higher resolu-
tion demonstrating reconstruction of the radial head with fine 
threaded screws
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and instability of the elbow. We always try to reconstruct the 
radial head, even as an “on-table” reconstruction, as it will be 
the major radial stabilizer after bony healing. If there is severe 
comminution of the radial head and neck, after reconstruction 
a hinged fixator is mandatory in order to unload the radial 
head. Next to pre-formed plates, in the so-called “safe-zone” 
headless mini-fragment screws with fine threads are useful in 
reconstructing the radial head (Fig. 5a–f) [40, 41].

The “Terrible Triad”

The “terrible triad” injury (radial head fracture, coronoid 
fracture and ulnar ligament disruption) has a history of com-
plicated outcomes as the surgeon attempts to maximize func-
tional range-of-motion goals while maintaining stability [78]. 
Several investigators have displayed standardized surgical 
protocols relying on stable reconstruction of the bony ele-
ments and extensive ligament repair [19, 34, 38, 39, 62, 63]. 
While most American colleagues rely on the protocol of 

reconstruction/replacement of the radial head with coronoid 
and ligament repair, the integrative use of hinged external 
fixation is challenging this [23, 24, 26, 57, 69].

Trans-Olecranon Dislocation

Trans-olecranon fracture-dislocation of the elbow occurs 
when a high-energy direct blow is applied to the dorsal 
aspect of the forearm with the elbow in mid-flexion and 
causes an olecranon fracture associated with an anterior 
dislocation of the forearm with respect to the distal humerus 
[50, 51]. The trochlea appears to have fractured through the 
olecranon process as the forearm is displaced anteriorly. 
The trans-olecranon fracture-dislocation is different from 
the anterior Monteggia, Bado one lesion, because in the 
former, there is a loss of stability in the ulno-humeral joint 
but the radio-ulnar relationship is preserved. The capsule-
ligamentous restraints, in particular the annular ligament, 
remain intact. Most of the failures of the ulno-humeral joint 

e

f

Fig. 5  (continued)
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are a result of the bony disruption rather than the ligamen-
tous component. The osseous injury can be a simple, non-
comminuted, transverse, or oblique fracture of the olecranon, 
but is more commonly a complex and comminuted fracture 
involving the trochlear notch and, sometimes, the coronoid 
process as well. This lesion, often caused by high-energy 
trauma, can result in a complex skeletal disruption includ-
ing an avulsion or shear fracture. It became quite clear that 
this injury represents an intrinsically-unstable bony lesion 
that requires good pre-operative planning and stable inter-
nal fixation with complete restoration of articular congru-
ence and the coronoid buttress. This allows early active 
mobilization, which is critical to obtain good long-term 
results. If there is additional soft tissue injury or severe bone 
loss, maintenance of the coronoid-olecranon tip distance 
(COD) is of utmost importance in order to avoid post-trau-
matic stiffness. Again a hinged mono-lateral fixator is a 
suitable tool to control the soft tissues and allow early mobi-
lization [50, 51, 55, 65, 66].

The Role of Hinged External Fixation

It has become very clear in recent years, that hinged external 
fixation with motion capacity is an important tool in the treat-
ment of severe fracture-dislocation of the elbow [6, 10, 22–27, 
39, 40, 46–48, 52, 55, 57, 66, 69, 71, 77]. Several biomechani-
cal and clinical studies have demonstrated, that stable move-
ment in a nearly physiologic range of motion is possible, that 
an external fixator with adequate stability minimizes varus or 
valgus load after bony stabilization and with severed liga-
ments, and that it should be used in a situation of persistent 
instability/subluxation in complex elbow fracture-dislocations 
[24, 53, 55]. In recent reviews the role of hinged external fixa-
tion has expanded from using it as a “last help” to use early in 
the treatment protocol. Now hinged fixation has become such 
an integrated part in the treatment protocol in some centres in 
Europe, that it is the advance in the treatment of these injuries. 
As shown in the treatment algorithm (Fig. 1), a structured use 
of hinged fixation will actually change common protocols of 
ligament reconstruction and the treatment of “terrible triad” 
injuries. A suitable hinged external fixator (with appropriate 
biomechanical features) as an integral part in the treatment 
protocol challenges actual treatment algorithms [24, 55, 69].
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Fractures of the Scaphoid: Diagnosis and Management

José Carlos Botelheiro

Foreword

In this written lecture we will not present the basic science 
fundamentals of scaphoid pathology – anatomy, physiologi-
cal movements and vascular supply – that may be read in a 
good textbook – or all the possibilities and the most recent 
advances in diagnosis and treatment of scaphoid fractures, 
but rather concentrate on what is considered to be good clini-
cal practice, based on the literature and our own experience.

Being a mobile link between the proximal and distal 
rows of carpal bones [21], the scaphoid is by far the most 
commonly fractured bone of the carpus – more than 80% 
[15]. Scaphoid fractures are specially frequent among 
young men and in the upper extremity are second only in 
incidence to fractures of the distal radius, that, by contrast, 
occur more commonly in older females [17].

Many scaphoid fractures are undisplaced, difficult to 
see in plain X-rays of the wrist and are commonly missed 
[21]. Being a poorly vascularised bone, especially its prox-
imal pole, scaphoid fractures are slow to heal and non-
union is frequent [17].

These are the main reasons why scaphoid fractures have 
been one of the most common topics of the Orthopaedic 
literature in the last 50 years.

Diagnosis

Scaphoid fractures are commonly caused by a fall on the 
hand, but can also occur by a direct blow [16, 22]. Stress 
fractures have been described in young athletes [8].

Generally, the patient will easily locate the pain on the 
radial side of the wrist, distal to the radial styloid, and the 
area between the long and short extensors of the thumb – 
the “anatomic snuffbox” – will frequently be swollen. 
Typically, that area and the palmar scaphoid tuberosity will 
be most painful on palpation, but the patient’s complaints 
and the clinical examination are sometimes misleading and 
some patients with a scaphoid pseudarthrosis don’t even 
remember the initial accident.

Some clinical tests have been described – painful axial 
compression of the thumb and others – but are of little prac-
tical use [22].

The initial X-rays often show the fracture if carefully 
looked for after a suspicious clinical examination – they 
should include at least the normal PA and lateral projections 
of the wrist and the so called “scaphoid projection”. This is 
a view of the scaphoid bone in all its length and is taken PA 
with some extension and cubital deviation of the wrist [14]. 
Many other special projections have been described but 
they are of little practical use, especially nowadays with 
easily available bone scans [22].

If the initial X-rays do not show a suspected scaphoid 
fracture, it is time-honoured good practice to splint the 
wrist for 2 weeks and then repeat the radiological examina-
tion – a slight bone resorption at the fracture site will then 
show it [16, 21], but not always [22]. This is why other 
ways of dealing with the suspected scaphoid fracture have 
been described, with the use of bone scans, MRI, scintigra-
phy and ecography.

These methods have in common being expensive and 
not always readily available. On the other hand, splinting a 
wrist sprain for a fortnight is a good treatment, especially 
with a removable splint that allows washing of the hand. 
But they can be useful in special situations – high-level ath-
letes for example – when ruling out a fracture is paramount. 
For this purpose, the MRI is especially useful [22] – a nor-
mal MRI will rule out a scaphoid fracture and even the 
image of a scaphoid “bone bruise” (marrow eodema – 
increased signal on T2) does not indicate a scaphoid 
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fracture, although in one published study the wrist was 
immobilised for 6 weeks [15].

So, as a rule of thumb, a suspected fractured scaphoid 
should have at least a repeat 3-projection X-ray at 2 weeks. 
If pain persists, repeat it after another fortnight or ask for a 
bone scan, MRI or scintigraphy (sensitive but not specific). 
A suspected scaphoid fracture is a fracture until proved 
otherwise!

Differential Diagnosis

Differential diagnosis should include fractures of other car-
pal bones, although rare, that can be revealed by a bone 
scan, and serious wrist sprains, especially a rupture of the 
scapho-lunate ligament. This should be searched for if a 
scaphoid fracture is ruled out and pain persists.

Classification

A diagnosed scaphoid fracture must be classified, not only 
for academic reasons but especially for correct treatment.

Many classifications have been proposed [14]. They are 
useful for clinical studies, but to decide treatment the 
important points to consider are:

The fracture location – proximal, middle or distal third, • 
tuberosity.
Undisplaced or displaced.• 
The presence of comminution?• 
The age of the fracture – fresh, or weeks old…• 
Is the fracture part of a trans-scapho-perilunate disloca-• 
tion of the wrist? (a grossly displaced scaphoid fracture 
could mean a self-reduced one).

To classify and decide the treatment of a scaphoid fracture 
a bone scan is sometimes needed, especially in doubtful 
cases [22] (Fig. 1).

Treatment

By and large, an undisplaced fracture of the scaphoid can 
still be treated by immobilisation but a displaced one should 
be fixed.

Classically, immobilisation should be with an antebra-
chial-palmar plaster including the base of the thumb but 
with its interphalangeal joint free, for up to 3 months, but 
including the elbow or leaving the thumb free have been 
advocated on anatomical and clinical grounds [22].

If the surgeon decides to treat a scaphoid fracture  
conservatively the immobilisation should last at least  
8–10 weeks [16, 21]. Then, if correct X-rays without the 
cast show bone union, the patient can start to mobilise his 
wrist but it is a sensible practice to repeat X-rays 15 days 
later to confirm bone union – if the fracture line re-appears 
it was once advised to re-apply the cast [21] but nowadays 
a surgical procedure seems advisable. Immobilisation for 
more than 3 months is considered worthless [20].

Repeating X-rays at 6 months is a useful practice that 
will disclose some painless non-unions [12].

However, even in undisplaced fractures of the proximal 
pole of the scaphoid bone, the surgeon and the patient 
should be aware of the fact that, due to the well-known poor 
vascularisation of the proximal small fragment, bone union 
can take more than 3 months with a cast and even never 
occur in up to 30% of cases [14]. For these reasons, a cor-
rect osteosynthesis may be a better alternative, to shorten 
the immobilisation time and to enhance the chances of bone 
union (Fig. 2).

Undisplaced fractures of the middle and distal thirds of 
the scapoid do not have the same tendency to pseudarthro-
sis [14], but surgical treatment, with effective osteosynthe-
sis, can be proposed confidently to the patients to shorten 
the immobilisation and off-work times, and many of them 
accept it gladly.

Distal tuberosity fractures, generally undisplaced, are said 
to unite in 6 weeks with an antebrachial palmar cast [22], 
although I have needed to operate on two delayed unions.

The acceptable displacement of a scaphoid fracture is 
questionable, but most surgeons now consider that more 
than 1 mm or any degree of angulation mean a displaced 
fracture that should be fixed surgically to shorten the immo-
bilisation time and the possibility of non-union [22].

Fig. 1 Undisplaced middle-third scaphoid fracture
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Many distal third scaphoid fractures have a typical dis-
placement with a dorsal angulation or hump. Grossly dis-
placed scaphoid fractures, of course, must be reduced and 
fixed, to avoid pseudarthrosis and mal-union, and the same 
applies to those which are part of a transcaphoid-perilunar 
dislocation or associated with distal radius fractures [22].

Many types of osteosynthesis have been proposed to 
treat scaphoid fractures in the last 40 years [11], from sim-
ple K-wires to dozens of screws and even staples or plates, 
but the following are the most used screws nowadays. 
These are the double-thread cannulated ones, much easier 
to use than the original Herbert screw, and plain mini 
screws, used in the proximal third fractures.

The headless Herbert screw and others like it compress 
the fracture by the effect of the different screw threads, 
proximal and distal, and can and should be completely 
introduced in the bone to maximize this effect [12] – an 
oversized screw that protrudes at its insertion point should 
be avoided.

In undisplaced or little-displaced fractures of the middle 
and distal thirds of the scaphoid, those cannulated screws 
can be inserted through a short palmar approach to the sca-
phoid tuberosity or even percutaneously, with the control 
of an image intensifier. The K-wire and the cannulated drill 
and screw must not be inserted directly into the tuberosity 
but just deep to it, to reach the proximal pole and give a 
better compression [3]. This is not, in fact, a straightfor-
ward procedure for untrained hands and the mentioned 
short incision makes it easier than a percutaneous proce-
dure, with no practical inconvenience. A 24-mm screw is 
most commonly used, after a correct measurement.

After surgery, immobilisation has ranged from none [11] to 
6 weeks [3] with a plaster splint, but a plaster splint for  
2 weeks – until stitch removal – and protection with a  removable 

wrist splint for another 2 or 4 weeks is better, depending on the 
X-ray appearances and the patient compliance.

Frankly-displaced middle and distal third scaphoid frac-
tures should have reduction and osteosynthesis. This means 
for most surgeons an open reduction by a classical palmar 
Russe approach (radial to the FCR tendon) to the entire 
scaphoid [22], although some advocate an indirect closed 
reduction, even with the help of arthroscopy [9]. A K-wire, 
and then the cannulated drill and the double-thread cannu-
lated screw are then inserted in the usual way, with the con-
trol of an image-intensifier. In very unstable fractures a 
K-wire can be added to control rotation during insertion of 
the screw which is then removed. As important wrist liga-
ments are severed in this approach, a plaster splint is gener-
ally used for 4 weeks at least [22].

Failure to reduce these fractures, just fixing them percu-
taneously, leads to scaphoid mal-union, with limitation of 
wrist extension, although often asymptomatic [2].

We generally do not remove these screws after bone 
union unless they protrude proximally or distally – and they 
shouldn’t! Distally-protruding screws can even cause rup-
ture of the FCR tendon [5].

Seldom, a palmar comminution of a distal fracture of the 
scaphoid will be found, leaving a gap after reduction and 
needing a bone graft [22], generally taken in these case from 
the palmar surface of the distal radius by a proximal exten-
sion of the surgical approach. One can either choose a cor-
tico-cancellous graft and use a compression screw or just 
cancellous bone – in this case with a non-compressive fixa-
tion (2 K-wires) and a longer post-operative immobilisation.

If osteosynthesis is used to treat a proximal third sca-
phoid fracture, either because of its displacement, supposed 
instability or tendency to non-union, many surgeons prefer 
to place a mini-screw, 1.5 or 2.0 mm. in diameter, by a dor-
sal oblique articular approach, between the EDC and the 
EPL tendons [1] – this should be searched for and its sheath 
opened proximally – although percutaneous osteosynthesis 
with arthroscopy has been advised by some very experi-
enced surgeons [9]. The articular capsule is opened cau-
tiously to avoid damaging the scapho-lunate ligament, 
generally on the cubital side of the ECRB tendon, until the 
fracture line is seen and not beyond it to avoid disturbing 
the important dorsal vascularisation of the scaphoid. The 
fracture is then reduced if displaced, with a small bone 
lever, and a K-wire introduced into the pole of the scaphoid, 
pointing to the thumb. This must be done with the wrist in 
complete flexion and indeed the surgery must progress in 
this rather awkward position. If the image-intensifier con-
firms the correct position of the K-wire, this is withdrawn 
and replaced by a motor-driven drill corresponding to the 
desired screw. After the image-intensifier confirms the 

Fig. 2 The same fracture after osteosynthesis with a double-
thread cannulated screw inserted by a small palmar approach
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correct position of the drill, this one is replaced by a screw, 
almost always of a 22-mm length so that we no longer mea-
sure it any more (Fig. 3).

The capsule and skin are then sutured and a plaster 
splint is put in place until the stitches are removed at  
2 weeks. It is then replaced by a removable wrist splint for 
2 or 4 weeks more, depending on stability of the fracture 
and the reliability of the patient.

Although we introduce the screw head under the cartilage 
surface, we routinely remove it in a second surgery, some 
4–5 months later, when X-rays (or scan) show a sound 
bone union – this is not generally easy, due to the fibrosis, but 
has in our experience the advantage of increasing the wrist 
mobility, apart from removing a possible cause of damage to 
the articular surface of the radius.

In some cases with a bigger proximal scaphoid frag-
ment, two screws can be inserted [16].

We do not use double-thread screws for proximal frac-
tures because even the mini-Herbert one seems to cause 
more harm to the proximal pole cartilage than a 1.5-mm nor-
mal screw (Fig. 4).

Transcaphoid-Perilunar Dislocations

In these cases, the issue is whether or not the dislocation 
was reduced in the emergency department. The fracture 
often lies in the middle third or waist of the scaphoid.

If the dislocation was not reduced it is probably better 
to operate on the patient by a dorsal mid-line approach to 
the wrist, place a retrograde k-wire in the triquetrum, 
reduce the dislocation, reintroduce this k-wire to the 
lunate – Voche’s trick [20] – and then fix the scaphoid 

fracture by the dorsal approach with K-wires or a 
screw [13]. Radio-lunate or luno-capitate K-wires are 
sometimes needed as well.

If the dislocation is already reduced, the scaphoid 
fracture can be reduced and fixed with a double-thread 
screw by a palmar approach and the luno-triquetral joint 
fixed percutaneously or with a dorsal approach by a 
K-wire.

In some rare cases, a scaphoid fracture – normally of its 
middle third – co-exists with a ruptured scapho-lunate liga-
ment, apparent on plain X-rays by comparing it to the other 
wrist. This should also be addressed surgically [14].

The rare Fenton syndrome – a scaphoid fracture with an 
associated displaced fracture of the capitate – should not be 
forgotten [14].

I once removed a proximal pole of the scaphoid, in a 
widely-displaced transcapho-perilunar dislocation, that 
was located just palmar to the distal radius and most prob-
ably devascularised, and replaced it with a rolled tendon, 
but this is a debatable [14] and exceptional procedure.

Surgical reduction and fixation of late-diagnosed tran-
scapho-perilunar dislocations is easier after a week-long 
distraction with an external fixator [18].

Scaphoid Fractures in Children

These are very rare, occurring mostly in the distal third 
before the age of 10 years and the middle third after that 
age, proximal ones being exceptional. Conservative treat-
ment is the rule and pseudarthrosis is a rarity [6, 22]. 
Congenital pseudarthrosis of the scaphoid should only be 
cautiously considered in bilateral cases [10].

Fig. 3 Proximal scaphoid fracture, 6 weeks old, not seen in 
repeated X-rays, disclosed by a CT bone scan

Fig. 4 The same fracture, after osteosynthesis with a 1.5-mm 
screw by inserted by a proximal articular approach with radius 
cancellous bone grafting
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“Old” Fractures

The bordeline between a late diagnosed fracture and a 
pseudarthrosis is hard to define, but perhaps a 3-month 
delay is acceptable [22]. The patient’s information on the 
age of the fracture is sometimes unreliable and plain X-rays 
can be misleading – a bone scan can be useful.

Although success has been claimed in treating late-
diagnosed undisplaced fractures conservatively [15] or 
with a percutaneous screw [9], I think it is wiser to approach 
most of these fractures surgically and treat them according 
to what is found.

Late-diagnosed proximal pole fractures are generally 
treated, with success, with a single screw placed by the dorsal 
approach, as described, with no bone grafting [1] – although 
this can be needed in some rare cases.

Middle and distal third fractures should be treated by a 
palmar approach – if they appear to be uniting, a double-
thread headless screw is then simply applied. If they appear 
to be developing pseudarthrosis, they should be treated 
accordingly. We use either the Diego-Fernandez technique, 
with an intercalary cortico-cancellous graft, for angulated 
distal pseudarthrosis [7]; or a Starck-modified Russe tech-
nique for less displaced middle-third pseudarthroses [19]. 
Some in-between cases can be managed with a screw and 
some cancellous bone chips in the fracture line.

Bone Union

This is notoriously difficult to evaluate in scaphoid frac-
tures, specially in the operated ones, but the absence of a 
visible gap in all X-rays projections at 3 months can be 
accepted as a good sign, but X-rays should be repeated at 6 
and probably 12 months. Before 3 months it is difficult to 
say that a scaphoid fracture is united and the so-often-used 
“time to union” is prone to error [4].

CT scans can be useful in doubtful cases. In operated 
cases, progressive lucency around part or the entire screw 
normally means non-union of the fracture.

Rehabilitation

Although formal rehabilitation of scaphoid fractures has 
been considered unnecessary [19], most surgeons begin it 
after bone union is acheived. In fact, with solid osteosyn-
thesis and experienced therapists, it can begin well before 
that. Some limitation of wrist mobility is common at least 
in the short-term [3] and the patients should be warned in 
advance.
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Treatment of Thoraco-Lumbar Fractures

Antonio A. Faundez 

Introduction

Thoraco-lumbar fractures (Th10-L2) in young adults are 
common and often associated with profound socio-economic 
consequences [20]. Most of these result from motor vehicle 
accidents and falls from heights, which involve high kinetic 
energy and affect mainly males. Very often, patients are 
 polytraumatized and present with associated thoracic and/or 
abdominal injuries. Initial in-hospital management is carried 
out following the Advanced Trauma Life Support (ATLS) 
guidelines, where priority is given to stabilization of vital 
functions and only then to neurologic functions. The trauma-
tized spine is assessed using standard radiologic imaging, as 
well as CT scan. MRI can provide valuable information about 
neural tissue and disco-ligamentous injuries. Specific treat-
ment decisions will then rely on both intrinsic (e.g., fracture 
morphology, neurologic status, mechanical instability) and 
extrinsic factors (e.g., age, occupation, level of physical activ-
ity). The main goal of surgical treatment is to protect the 
 neural tissue by mechanically stabilizing the spine and 
 additionally decompressing the spinal canal if necessary. We 
present here an overview of current treatment options  available 
to surgeons for the treatment of thoraco-lumbar fractures.

Epidemiology of Spinal Injuries

Thoraco-lumbar fractures affect mostly males between 20 
and 30 years old and are due to high energy trauma, mostly 
motor vehicle accidents (40–50%) and falls (around 20%) 

[4]. It is difficult to present exact numbers for the incidence 
of spine fractures because of inconsistent data collection 
amongst Trauma centers. In a recent epidemiological 
review, it was estimated that the incidence of adult thoraco-
lumbar fractures in the United Kingdom is around 117/105 
inhabitants/year [10]. The incidence of spinal cord injuries 
is better documented and is reported to range between 27 
and 47 per million population in North America, with an 
acute mortality rate that has dramatically decreased from 
38 to 15.8% over the past 30 years [20]. Major improve-
ments have been made in pre- and in-hospital spinal cord 
injury management, as well as in surgical implants and 
techniques, thus allowing provision of better trauma care 
today.

Initial Management of Polytrauma  
Patients with an Associated Spine Injury

Patients with spine injuries are often polytraumatized. 
Strict adherence to ATLS guidelines is required before and 
upon arrival to the trauma center [16]. Taking pictures of 
the scene of the accident can be very useful to determine 
the mechanism of trauma and is a current practice now in 
several paramedic teams. The patient should be adequately 
ventilated and oxygenated and the cervical spine immedi-
ately immobilized in a rigid collar. In the emergency room, 
after vital functions have been stabilized, a detailed physi-
cal examination and a thorough neurologic clinical assess-
ment is performed in the conscious patient. As polytrauma 
patients frequently present with altered consciousness, they 
are usually immediately screened with a total body CT 
scan that also allows detection of occult fractures of the 
spine, which are frequently overlooked in this category  
of patient [2]. If a spinal cord injury is diagnosed, neuro-
logic impairment is evaluated according to the American 
Spinal Injury Association (ASIA) classification (Fig. 1). 
Mean blood pressure should be maintained above 90 mmHg 
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to protect the cord from secondary ischaemic injury [4]. 
Until relatively recently, the administration of steroids was 
also considered as a standard of care [6]. However, various 
methodological flaws of the clinical trials conducted by the 
National Acute Spinal Cord Injury Study Group (NASCIS) 
have seriously questioned the validity of their conclusions, 
and because of possible serious adverse effects, steroids 
should no longer be administered without further clinical 
research [18, 33]. A more detailed description of the medi-
cal management of spinal cord injury is provided in the 
article by Bernhard et al. published in 2005 [4]. Once urgent 
care has been delivered, treatment strategy decisions for the 
spinal injury need to be developed, also including manage-
ment of possible fractures of the appendicular skeleton.

Thoraco-Lumbar Trauma Imaging

Polytraumatized patients are often immediately taken to the 
radiology department for a total body CT scan once vital 
functions have been stabilized. However, standard radiologic 
imaging must still be part of the initial assessment as it pro-
vides an aerial view of the osseous lesions of the spine that 

cannot be completely replaced yet by the CT scan. Several 
basic pathomorphologic signs can already be  identified on 
plain radiographs, such as the amount of height loss of the 
vertebral body, the interpedicular distance on antero-posterior 
views, interspinous distance and interruption of the posterior 
wall on lateral views, and the amount of kyphotic deformity. 
CT scan is useful to precisely analyze the bony contour of the 
spinal canal, but also the amount of vertebral body destruc-
tion, comminution and spread of fragments.

MRI is another important tool for the analysis of spinal 
cord and ligamentous injuries that cannot readily be 
detected on plain radiographs or CT scan. It often shows 
the real extent of vertebral injury by detecting changes of 
bone marrow signal intensity. It has been evaluated for the 
characterization of spine injuries since 1989 [17] and pro-
posed for inclusion in future spine trauma classification 
schemes as early as 1995 [38]. Only more recent studies 
have investigated its clinical validity in the management 
of thoraco-lumbar fractures [11, 25, 26]. However, in an 
article by Dai et al. published in 2009, the practical role of 
MRI in clinical decision-making was questioned, in par-
ticular for burst fractures [11]. The authors argued that 
although it may be a reliable instrument for the assessment 
of ligamentous injuries, it did not correlate with 

Fig. 1 The ASIA scale of neurologic impairment. The motor and sensory deficits are recorded on the data sheet left. The scale of 
impairment (A, B, C, D, E) is detailed on the right
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neurologic status or fracture severity, and as such should 
not be used routinely. Further studies are awaited to better 
define indications for MRI investigation of non-osteo-
porotic  spinal fractures.

Classification Systems

A variety of thoraco-lumbar fracture classifications have been 
described in the literature, but none has reached a consensus 
amongst Spine and Trauma surgeons. The most frequently 
cited classifications systems are the Denis classification 
(three-column theory), the load-sharing classification, and the 
AO classification (named after the founding Swiss group 
“Arbeitsgemeinschaft für Osteosynthesefragen”).

Evolution of Classification Systems

Lorenz Boehler (1885–1973) was one of the first Trauma sur-
geons in Europe, and head of the first hospital for labourers, 
based in Vienna. His seminal work on the treatment of frac-
tures was first published in 1929 [5]. Despite difficulties to 
achieve publication, the book encountered an important suc-
cess and was soon translated into English and later into other 
languages. Boehler’s book is richly illustrated with drawings 
and pictures of various thoracic and lumbar fracture types and 
their long-term deformity if not treated appropriately. He 
described five categories of thoracolumbar injuries which 
served later as a basis for the Watson-Jones’ classification in 
1938 [49]. Holdsworth was the first to use the term “burst 
fracture” [22]. He also introduced the concept of “column”, 
dividing the spine into an anterior (vertebral body and disc) 
and a posterior column (posterior facet joints and posterior 
ligamentous complex [PLC]) Some of the aspects of 
Holdsworth’s classification were later redefined by Kelly and 
Whitesides [23] and served as the basis of the more recent 
AO classification published in 1994 by Magerl et al. [30].

Denis Classification (1983)

A major stage was reached in the management of spine 
trauma with the advent of CT scan imaging in the eighties. 
Using this new radiologic tool, Denis reviewed 412 patients 
with thoraco-lumbar fractures and published in 1983 one of 
the most frequently-cited thoraco-lumbar fracture classifica-
tion systems today [13]. The results of this study and the 
concept of “middle column” originated from the observation 

that during scoliosis surgery, where he would release both 
anterior and posterior columns, he did not observe any major 
mechanical instability as defined in Holdsworth’s classifica-
tion. Denis concluded that the middle column had to be dis-
rupted to result in a clinically significant  instability. Four 
major types were defined: compression fracture, burst frac-
ture, seat belt fracture and fracture-dislocation (flexion 
injury). It is often claimed that Denis’ classification is 
incomplete, and does not describe other pathomorphologic 
fracture types, e.g., the “lumberjack” fracture type, which 
was however described by himself later in 1992 [7, 14].

The Load-Sharing Classification (1994)

In 1994, McCormack and Gaines described their load- 
sharing classification in an attempt to help the surgeon to 
predict the risk of implant failure in short-posterior seg-
ment constructs, such as the ones obtained using the AO 
internal fixation device [31] (Fig. 2). They proposed a deci-
sional algorithm to decide whether an additional recon-
struction of the anterior column was necessary in burst 
fractures based on three criteria: comminution of the verte-
bral body; apposition of fragments of the vertebral body; 
and reducibility of sagittal deformation. Although a few 
studies have reported its validity in clinical decision- 
making [12, 28, 35], the disadvantage of this algorithm is 
that it does not take into account the neurologic status of 
the patient, which is a major drawback in clinical care.

The AO Classification (1994)

In 1994, Magerl et al. proposed the AO classification of  
thoraco-lumbar fractures following a review of 1,445 cases 
[30]. Fractures are classified according to three pathomorpho-
logic types: type A (flexion-compression fractures); type B 
(distraction); and type C (rotational-shearing) (Fig. 3). In an 
attempt to design a system describing every possible fracture, 
the authors further divided each type into sub-groups, sub-
types and sub-divisions, resulting in a total of 53 patterns.

The Thoraco-Lumbar Injury Classification  
and Severity System (TLICS, 2005)

At present, none of these classifications has been adopted 
as a universal reference, mainly because of their poor intra- 
and inter-observer reliability [52]. The latest classification 
system described in the literature is the Thoraco-lumbar 
Injury Classification and Severity System (TLICS) [36, 43] 
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that results from another classification system initially 
called the Thoraco-lumbar Injury Severity Score (TLISS). 
TLICS is a spine trauma evaluation score that considers 
three parameters: (1) the fracture morphology, based on the 
main mechanisms described in the AO classification; (2) 
the neurologic status; (3) the integrity of the PLC, inferred 

by clinical and radiologic examination, including MRI 
(Table 1). A numerical value is assigned for each injury 
subcategory, depending on the severity of injury. The sum 
of each numerical value is used to guide the treatment deci-
sion: a score of 5 or more suggests a surgical treatment; a 
score of 3 or less, a conservative treatment. For a score 

Fig. 3 The AO classification of fractures. Three major traumatic 
mechanisms were described: (a) Flexion-compression fractures; 
(b) distraction injuries, either in hyperflexion or hyperextension; 
(c) rotational-shear fractures. There is a progressive scale of 

severity of the injury from type A to type C with a reported fre-
quency of neurologic deficit of 14% in type A, 32% in type B 
and 55% in type C (with permission from [1])

Comminution/Involvement

1  Little = < 30% Comminution
    on sagittal plane section CT

2  More = 30%–60%
    Comminution

3  Gross = > 60% Comminution

More
2

Little
1

Gross
3

Spread
2

More
2

Most
3

Little
1

Minimal
1

Wide
3

Apposition of Fragments

1  Minimal = Minimal
    displacement on axial CT cut.

2  Spread = At least 2mm
    displacement of < 50% cross
    section of body.

3  Wide = At least 2mm
    displacement of > 50% cross
    section of body.

Deformity Correction

1  Little = Kyphotic correction ≤ 3° on
    lateral plain films

2  More = Kyphotic correction 4°-9°.

3  Most = Kyphotic correction ≥ 10°.

Fig. 2 The load-sharing 
classification of Burst 
fractures. The classification 
was proposed in an attempt to 
predict the risk of implant 
failure in short- posterior 
segment constructs. Three 
items are considered:  
1 comminution; 2 apposition 
of fragments; 3 reducibility 
of the deformity. Each item is 
given a numerical value. 
Originally, the authors 
concluded that a score equal or 
greater than seven represented 
a high risk of failure of short 
segment fixations (adapted 
from [31, 42])
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of 4, either surgical or conservative treatment can be rec-
ommended, also based on other confounding factors, such 
as the age of the patient, amount of kyphosis, quality of 
bone, etc [36]. TLICS has shown improved intra- and inter-
rater reliability in recent studies, but only within the group 
of physicians who developed the system [37, 43], and fur-
ther studies are needed to more widely validate this prom-
ising decisional algorythm.

Non-Surgical Treatment of Thoraco-Lumbar Fractures

AO Types A1 and A2

With the advent of less-invasive surgical techniques, there 
will probably be a future shift towards surgical treatment 
for lesions that would have been classically treated conser-
vatively. Nevertheless, conservative treatment of thoraco-
lumbar fractures still has a role to play at present. It can be 
divided into functional treatment or bracing with or with-
out external reduction manoeuvres. In our institution, 
functional treatment (isometric muscular exercises) is 

applied for AO fractures of type A1 (impaction and wedge 
fractures, 5° vertebral kyphotic angulation). For most of 
type A2 (split fractures), we recommend bracing, usually a 
three-point thoraco-lumbar orthosis, for 6–12 weeks, 
depending on the radiologic follow-up. As already pointed 
out by Boehler at the beginning of the twentieth century, 
intensive and immediate physical therapy with the brace in 
place should be an integral part of the treatment plan [5]. 
In the particular case of the pincer-type fracture (A2.3), 
surgical treatment is recommended because of a high risk 
of non-union [30].

Burst Fractures (AO Type A3)

There is no consensus in the literature on the treatment  
of burst fractures [42, 51]. In our institution, mainly com-
plete burst fractures (AO A3.3) are treated surgically. 
Incomplete burst fractures with acceptable sagittal defor-
mity, up to 15° in the thoraco-lumbar junction, can be han-
dled with a custom-made brace. However, despite an 
ongoing debate for years over the amount of tolerable 
kyphotic deformity of the thoraco-lumbar junction, it is 
interesting to note that only recent studies have started to 
focus on global sagittal balance and thoraco-lumbar frac-
tures. Koller et al. published a retrospective study analyzing 
the long-term radiologic and clinical outcome for regional 
post-traumatic kyphosis of conservatively-treated thoraco-
lumbar and lumbar burst fractures according to the global 
spino-pelvic alignment of each patient [24]. They concluded 
that the patient’s global spine compensates for the post-trau-
matic regional kyphosis within the limits dictated by their 
pelvic geometry, in particular the pelvic incidence. They 
also found that clinical outcome correlated with regional 
kyphosis. Finally, the authors recommended that fractures 
with a load-sharing classification score of more than 6 
should be treated by aggressive surgical reconstruction.

AO Fractures Type B and C

Except for type B2.1, also known as “Chance fracture” [9], 
which can be successfully treated by bracing, surgical treat-
ment is recommended for most type B as well as type C 
injuries. Type B and C fractures result from very high 
energy trauma and usually include ligamentous disruptions 
that have a very poor healing potential. These fracture 
types are also associated with neurologic symptoms in 32% 
and 55% of patients, respectively [30]. As for the strategy 
of stabilization and reconstruction, the same principles of 

Category

injury morphology

1

+1

3

4

intact

injury suspected/indeterminate

injured

Points

neurological status
intact

nerve root

cord, conus medullaris

incomplete

complete

cauda equina

compression

   burst

translational/rotational

distraction

PLC

0

2

3

2

3

0

2

3

Table 1 The Thoraco-Lumbar Injury Classification and Severity 
System (TLICS adapted from [36]). The classification is based 
on three items: 1 Injury morphology; 2 Neurological status;  
3 Integrity of PLC. A numerical value is attributed to each item 
and a total score is calculated: if £3, non-surgical treatment is 
advocated; if ³5, surgical treatment is recommended; for a score 
of 4, either non-surgical or surgical treatment can be decided 
based on other confounding factors
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amount of kyphosis and vertebral body destruction apply 
(see Chap. 7). It is important to recall, however, that not all 
neurologic symptoms imply surgical treatment. In a well-
done Instruc tional Lecture course, Rechtine discusses other 
similar unfounded myths around treatment indications for 
thoraco-lumbar fractures [39, 40].

Surgical Treatment

Surgical Treatment for Fractures with Neurologic Deficit

As mentioned above, type B and C injuries usually require 
surgical treatment and are characterized by serious biome-
chanical instability and deformity, frequently accompanied 
by neural tissue damage. A treatment strategy is quite sim-
ple to define for patients with immediate and complete spi-
nal cord damage. If any intervention is to be planned, it 
should be carried out only once vital functions have been 
stabilized, keeping in mind that the primary goal of surgery 
is to enhance nursing care and rehabilitation [8, 21]. For 
incomplete or progressive lesions, it is accepted that surgi-
cal decompression and stabilization should be performed 
within 6 to a maximum of 24 h from injury [19]. Posterior 
decompression and stabilization can be recommended as a 
first emergency procedure. However, it is not mandatory 
that any residual anterior compression be relieved as an 
emergency. Even if it is now suggested that the amount  
of canal narrowing is strongly associated with severity of 
the neurologic deficit [32, 34], it does not correlate with the 
prognosis of functional recovery. In other words, the 
removal of a large intra-canalar bone fragment will not 
necessarily improve the chances of neurologic recovery.

Surgical Treatment for AO Type A  
and B Fractures Without Neurologic Deficit

The treatment decision for thoraco-lumbar fractures of AO 
types A and B (predominantly osseous injury) without 
 neurologic deficit remains very controversial and it must be 
recalled that there is a very real risk to end up with irrevers-
ible iatrogenic nerve tissue damage. However, as described 
by Boehler and others [5, 24, 42], there is a rationale to treat 
these patients surgically given the risk of mid to late onset 
deformity and its possible progressive cord compression and/
or chronic disabling pain. Indications for surgical treatment 
of fractures without neurologic deficit should be based on the 
amount of deformity and weighed against its anatomical 
location, and on the amount of mechanical instability inferred 
by the analysis of radiologic documentation, including MRI 

(fracture classification). As an example, for burst fractures 
(AO type A3) of the thoraco-lumbar junction, a maximum of 
15° of regional kyphosis (measured between the upper end-
plate of the vertebra above and the lower end-plate of the 
vertebra below) is usually tolerated for non-surgical treat-
ment. However, it will also depend on the amount of destruc-
tion of the vertebral body. For example, an incomplete burst 
fracture (AO 3.1) with 10–15° of regional kyphosis will be 
treated by external reduction and bracing in our institution. 
But if the burst is complete (AO 3.3), reaching a high level of 
instability in compression, we will treat it surgically [24, 42].

A further decision, even more controversial, has to be 
made for complete burst fractures, i.e., whether a short pos-
terior fusion will be enough or if an anterior approach and 
vertebral body reconstruction is needed, according to the 
load-sharing classification [31]. We continue to use the AO 
“fixateur interne” as a posterior stabilization implant. The 
technique is based on the principles of posterior short seg-
ment stabilization and ligamentotaxis: the indirect reduction 
of sagittal deformity and intra-canalar bone fragments of the 
posterior wall through posterior longitudinal ligament (PLL) 
retensioning [15, 27]. The success of the technique obvi-
ously relies on the integrity of the PLL. The “reverse cortical 
sign” is a radiologic sign corresponding to a 180° flip of the 
postero-superior wall fragment and a consequent rupture of 
the PLL [3]. If present, this sign normally precludes any effi-
ciency of ligamentotaxis alone for reduction of the fragment 
and an additional anterior approach for direct decompression 
should then be considered. Of note, despite previous recom-
mendations to remove intra-canalar bone fragments [48], the 
compromise of the spinal canal is not in itself an indication 
for surgical treatment in the absence of neurologic symptoms 
[39]. In a minimum 5-year follow-up study, Wessberg et al. 
have confirmed that intra-canalar fragments stemming from 
the posterior wall are subject to remodelling and that the 
cross-sectional area of the spinal canal recovers up to 87% of 
its normal value without surgery [50]. If an anterior vertebral 
reconstruction is deemed necessary, it can be done by a clas-
sic open approach, for example the extra-pleural approach of 
the thoraco-lumbar junction, or by a video-assisted, less 
invasive approach [45]. More recently, vertebral body aug-
mentation with calcium-phosphate cement has gained popu-
larity and might be an alternative to more aggressive surgery 
in fractures without neurologic injury, but the risk of intra-
canalar cement extravasation has to be assessed. In addition, 
improvements in cement resistance are required before it can 
be recommended as a routine procedure.

Some AO type B fractures can also be treated either sur-
gically or non-surgically. Figure 4 presents a typical case of 
a young male patient who suffered a bi-column fracture 
(AO type B2.1 or Chance type). The accident occurred in an 
old car with only two-point seat belts and he suffered from 
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splenic and hepatic contusions, in addition to a hyperflexion 
fracture. It is known that these types of fractures with a pre-
dominant osseous instability respond very well to external 
reduction and bracing [30]. For various reasons, bracing can 
be very impractical (hot weather, very active patient, over-
weight patient, etc.) and surgery can reasonably be pro-
posed. However, it is of the utmost importance that the 
decision is taken together with the patient, and not by the 
surgeon alone. As for any other treatment, risks and benefits 
have to be discussed and weighed against each other.

Less-Invasive and Recent Surgical Techniques

Major improvements have been made during the past decade 
in spine surgical techniques and new instruments have been 
developed to insert implants through small incisions. For 
instance, surgeons have acquired an expertise in endoscopic 
treatment of vertebral fractures and extensive exposure of 

the thoraco-lumbar junction is no longer necessary to per-
form corpectomies and vertebral reconstructions with struc-
tural allografts or cages [45]. Pedicle screws can also be 
inserted percutaneously, with the consequence of lowering 
blood loss and operative time. An example of a fracture 
treated by percutaneous pedicle screws and rod placement 
is shown in Fig. 5. A technique that has recently gained 
popularity is cement augmentation of the vertebral body. It 
has been used for treatment of osteoporotic fractures for a 
long time, but only more recently for high energy spine 
fractures [47]. A few prospective non-randomized and non-
controlled studies have been published and suggest that 
stand-alone vertebral body augmentation with calcium 
phosphate cements might become an alternative to bracing 
in non-osteoporotic AO type A1 up to A3.1 fractures [29, 
41]. Bone resorption around the calcium phosphate cement 
has been reported in type A3.2 and A3.3 fractures and, for 
this reason, it probably should not be  recommended in these 
types as a “stand-alone” technique. An additional posterior 
short segment construct could be added percutaneously to 

Fig. 4 Chance fracture of L2 
(AO type B2.1) in a young 
male patient involved in a car 
accident, without neurologic 
deficit. Decision was taken 
with the patient to surgically 
treat the fracture using a 
minimally-invasive technique 
to avoid external reduction 
and bracing. At 2 year 
follow-up, the patient was 
symptom-free and the 
fracture radiologically 
healed. (a) Pre-operative 
X-ray. (b) Post-operative 
X-ray. (c) Skin incisions at 
2 years follow-up
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Fig. 5 A two-level fracture (Chance type of Th7 with also some 
amount of height loss and compression fracture of Th8) in a 
57-year-old male patient involved in a motorcycle accident. He 
also sustained multiple rib fractures and a haemo-pneumothorax 
precluding any bracing technique. To stabilize the fractures while 
easing nursing care, we performed a multiple-level percutaneous 
pedicle screw fixation. Blood loss was minimal and the patient 
recovered from surgery uneventfully. Initially, we had planned to 
also provide a cement augmentation to the vertebral bodies, but 
for technical reasons it could not be done  simultaneously. Once 

discharged from the intensive care unit, the patient eventually 
declined to undergo the cementoplasty and at 3-month follow-up 
we did not observe further vertebral collapse on radiographs; the 
patient was also symptom-free. (a) Pre-operative CT scan re-
formatting showing the hyperflexion type of injury with fracture 
of posterior elements. (b) Intra-operative picture of percutaneous 
pedicle screw and rod insertion. The fracture was stabilized in 
situ. No additional fusion was necessary as the lesion was pre-
dominantly osseous. (c) Post-operative lateral X-ray at 3 months. 
The patient was symptom-free
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increase stability and avoid possible complications from 
cement resorption [46]. Other cement compositions are 
being currently tested, for instance, calcium phosphate 
cements with various amounts of poly-methyl-methacrylate 
(PMMA) as well as ceramic cements. However, at present, 
there are not sufficiently clear data in the literature to recom-
mend cement augmentation as a routine procedure for non-
osteoporotic thoraco-lumbar fractures.

Conclusions

Spine injuries in polytrauma patients with cord injury do 
not usually pose decisional problems for their management 
strategy. Priority should be given to cardiopulmonary 
resuscitation with adequate oxygenation and mechanical 
protection of the cervical spine to avoid additional injury. 
The treatment decision, non-surgical vs. surgical, is made 
after vital functions have been stabilized. There is still 
some controversy as to the optimal timing of surgery, but it 
is generally accepted that emergency surgical decompres-
sion and stabilization should be performed within 6–24 h 
after injury. Additional specific therapy, in particular the 
use of steroids, is not to be recommended given the current 
status of scientific evidence.

Non-surgical (conservative) treatment remains the treat-
ment of choice for the majority of thoraco-lumbar fractures 
without neurologic deficit and can be applied even in some 
cases of incomplete and complete neurologic injuries. 
Surgical treatment of thoraco-lumbar fractures without 
neurologic deficit remains a controversial issue and care 
should be taken not to overtreat patients, an upcoming 
trend to be faced given the recent advent of less invasive 
and less time-consuming surgical procedures. Precise data 
are still lacking in the literature, but it has to be recalled 
that surgical treatment still induces today probably more 
pain and higher direct medical costs than non-surgical 
treatment [44, 51]. In non-osteoporotic spine fractures, 
cement augmentation techniques seems to be a promising 
alternative to bracing or as an additional technique to a pos-
terior stabilization.
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The Rheumatoid Cervical Spine

Zdenek Klezl, Girish N. Swamy, and Jan Stulik

Introduction

Rheumatoid arthritis (RA) is a progressive, debilitating dis-
ease with serious physical, psychological and economic con-
sequences [24, 36]. RA afflicts about 1% of world population, 
more than 2.9 million Europeans and over two million 
patients in the United States. The clinical course of RA fluc-
tuates and prognosis is unpredictable [13, 14]. Seventy per-
cent of patients with recent onset of RA show evidence of 
radiographic changes within 3 years [35]. Fifty percent of 
RA patients are work-disabled within 10 years of disease 
onset [1, 30, 37].

Cervical spine involvement is common in RA (up to 
90%) with neurological involvement occurring in 7–13% of 
patients. Neurological deterioration can be irreversible and 
presence of myelopathy is an indicator of poor prognosis. 
Up to 10% of patients with RA die of unrecognised spinal 
cord or brain stem compression. Atlanto-axial instability 
occurs in up to 40% of patients.

The challenge to the physician is that pain cannot be 
equated to instability and instability to neurological symp-
toms [9]. The goals of treatment are to identify patients at risk, 
to avoid irreversible neurological deficit and alleviate pain.

Pathophysiology

Rheumatoid arthritis of the cervical spine follows the same 
pathophysiology as that of the peripheral joints; i.e. inflamma-
tion of the synovial membrane. Pannus (Fig. 1a, b),  overgrowth 

of hyaline cartilage and peri-articular inflammation result-
ing in bony erosion [9, 19] and synovial cysts causing joint 
laxity and subluxation affecting the atlanto-axial joint, 
facet joints, uncovertebral joints, retrodental bursa, the 
transverse ligament of the atlas, the anterior and poste-
rior atlanto-axial ligaments, interspinous ligament and the 
intervertebral disc if invaded by the synovium.

Conlon et al. [8] demonstrated that 50% of patients with 
cervical spine involvement had radiological signs of insta-
bility. Atlanto-axial subluxation represents two-thirds of 
rheumatoid cervical subluxations and the majority (65%) 
are anterior, 20% are lateral and 10% posterior [3, 9, 21]. 
The rheumatoid involvement of the cervical spine can be 
divided into three phases. In the early stage of the disease 
there is an isolated atlanto-axial subluxation [9]. With fur-
ther progression, destruction of the atlanto-axial joints can 
lead to vertical instability also referred to as basilar invagi-
nation or cranial settling. The involvement of middle and 
lower cervical spine can cause a sub-axial instability. Sub-
axial subluxations are found in 20–25% of patients. Basilar 
invagination with or without atlanto-axial subluxation occurs 
in approximately 20% of patients. Neurological deficit var-
ies from 11 to 58% [7, 11, 33], which is due to the difficulty 
in detecting subtle loss of strength from spinal cord com-
pression in the presence of weakness and disuse atrophy 
arising from painful peripheral joints (Figs. 2 and 3).

Natural History

The knowledge of the natural history of the rheumatoid 
cervical spine is limited by the difficulty in performing 
long-term clinical follow-up studies.

Rana and co-workers [31] reported on a prospective series 
of 41 cases of atlanto-axial subluxation followed for a 
 minimum of 10 years or until death. Radiologically, 61% 
remained unchanged, 27% showed progression of the atlanto-
axial subluxation and 12% showed decrease in the amount of 
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atlanto-axial subluxation, including one following surgery. 
During this 10-year period, 12 patients with atlanto-axial sub-
luxation died, two with evidence of neurologic  damage. The 
remaining 10 patients had died from unrelated causes. Only 
three patients underwent surgical stabilization. This study con-
cluded that the atlanto-axial subluxation is compatible with 
life, but some patients require surgical intervention.

a b

Fig. 1 Sagittal sections of the MRI showing significant pannus formation (b-arrow), causing cord compression and myelopathic 
changes (a)

Fig. 2 Bony deformities and soft tissue atrophic changes in the 
upper limbs pose a challenge for neurological assessment

Fig. 3 Bony deformities and soft tissue atrophic changes in the 
lower limbs pose a challenge for neurological assessment
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Boden et al. [2] analyzed 73 patients for rheumatoid 
involvement of the cervical spine with an average follow-up 
of 7 years. Neurological deficit did not develop in 31 patients 
(Ranawat et al. (32), Class I) but paralysis developed in the 
remaining 42 patients (58%) and 35 (48%) had operative 
stabilization. Of the seven patients with neurological deficit 
managed conservatively (due to medical or patient reasons) 
all seven (100%) had an increase in the severity of the paral-
ysis and all patients died within 4 years, with three deaths 
within 1 month of onset of paralysis. Five of the seven 
patients died of cord compression. The posterior atlanto-
dental interval (space available for the cord) and the diameter 
of the subaxial sagittal canal measured on the cervical radio-
graphs demonstrated statistically significant correlations 
with the presence and severity of paralysis. All the patients 
who had a Class-III neurological deficit had a posterior 
atlanto-dental interval or diameter of the subaxial canal that 
was less than 14 mm. In contrast, the anterior atlanto-dental 
interval, which has traditionally been reported, did not cor-
relate with paralysis. The prognosis for neurological recov-
ery following the operation was not affected by the duration 
of the paralysis but was influenced by the severity of the 
paralysis at the time of the operation. The most important 
predictor of the potential for neurological recovery after sur-
gery was the pre-operative posterior atlanto-dental interval. 
In patients who had paralysis due to atlanto-axial sublux-
ation, no recovery occurred if the posterior atlanto-dental 
interval was less than ten millimetres, whereas recovery of at 
least one neurological class always occurred when the poste-
rior atlanto-dental interval was at least ten millimetres. If 
basilar invagination was superimposed, clinically important 
neurological recovery occurred only when the posterior 
atlanto-dental interval was at least thirteen millimetres. All 
patients who had paralysis and a posterior atlanto-dental 
interval or diameter of the subaxial canal of fourteen milli-
metres had complete motor recovery after surgery.

Weissman et al. [38, 39] found that spinal cord compres-
sion was more common; in males (25% vs. 7.5%), when 
³9 mm anteroposterior subluxation is present (24% vs. 2%), 
when there was associated basilar invagination (20% vs. 
7.3%) and when there was associated lateral subluxation.

Omura et al. [29] in 2002 compared surgical treatment 
with posterior long fusion performed for the progressive, 
mutilating type cervical lesions of rheumatoid arthritis with 
patients who did not undergo surgical treatment. Out of the 
17 seropositive patients with rheumatoid arthritis with 
mutilating-type joint involvements eleven patients under-
went surgical treatments (operated group), whereas six 
patients did not (non-operative group). All patients in the 
non-operative group had worsening activities of daily living 
score and were either completely bedridden or dead by the 

time of final follow-up. In contrast, all of the 11 operated 
patients either improved or maintained the activities of daily 
living score. Those operated because of neurologic compro-
mise due to myelopathy improved at least one class in the 
activities of daily living score, and those operated because of 
severe occipito-cervical pain maintained the activities of 
daily living with relief of pain.

Matsunaga et al. [25] in 2000 compared the long-term 
results and advantages of surgical with non-surgical man-
agement in 40 patients with rheumatoid arthritis and myel-
opathy caused by irreducible atlanto-axial dislocation with 
or without upward migration of the odontoid process. 
Nineteen were treated by occipito-cervical fusion with C1 
laminectomy and 21 matched patients were treated conser-
vatively. All patients had radiological and clinical assess-
ment with follow-up until their death. In the surgical group 
the atlanto-dental interval improved immediately after 
 surgery, and this result was well maintained at the final 
follow-up assessment. Neural assessment with the Ranawat 
classification system [32] showed improvement in 68% 
patients and survival rate was 84% at 5 years after surgery. 
In the non-surgical group, atlanto-dental interval was 
aggravated. These patients showed no neural improvement, 
and aggravation was found in 76% of cases during the 
 follow-up period. All the patients were bedridden within 
3 years after the onset of myelopathy. The survival rate was 
0% in the first 8 years. They concluded that occipito-cervical 
fusion associated with C1 laminectomy for patients with 
rheumatoid arthritis was helpful in decreasing nuchal pain, 
reducing myelopathy and improving prognosis.

Clinical Presentation

The clinical presentation is variable with subtle neck and 
occipital pain, symptoms of cervical subluxation, neurological 
deficit and sudden death. The most common presentation is 
atlanto-axial subluxation (which may be asymptomatic) caus-
ing various vague neurologic symptoms and neck pain. 
Typically, patients complain of a deep ache in the upper cervi-
cal spine and occiput. Some patients complain of their “head 
falling off” on flexion of the neck. A sense of clumsiness or 
paresthesia in the hands is not uncommon. Patients may also 
find it hard to put their complaints into words. Weakness in the 
extremities, especially the intrinsic muscles of the hand may 
be present. L’Hermitte’s phenomenon, characterised by an 
electric shock sensation with flexion of the neck may occur.

Symptoms of vertebro-basilar insufficiency including 
loss of consciousness, vertigo, dysphagia, convulsions, tin-
nitus, loss of equilibrium, dysarthria, nystagmus or visual 



100 Z. Klezl et al.

disturbances are more commonly seen with basilar invagi-
nation of the cervical spine.

The morbidity and mortality associated with cervical 
rheumatoid arthritis is multifactorial [9]. Atlanto-axial sub-
luxation may result in myelopathy, syringomyelia or 
 hydrocephalus. Myelopathy may develop from a direct 
compressive effect on the spinal cord or due to ischaemia. 
Rheumatoid involvement of the cervical facet joints can 
cause vertebral artery stenosis leading to ischaemia of the 
spinal cord if the anterior spinal branch is involved.

Neurologic assessment in patients with rheumatoid 
arthritis is difficult, especially because radiographic pro-
gression does not coincide with neurologic progression 
[6, 8, 9, 17, 26, 31]. Furthermore, the weakness and disuse 
atrophy from painful involvement of peripheral joints 
(Figs. 2 and 3) can mask findings of subtle neurologic 
deficits on physical examination. Even hyperreflexia can 
be masked by the peripheral joint disease [4, 21, 22]. The 
brain stem compression symptoms from basilar invagina-
tion in rheumatoid arthritis mimic those caused by verte-
bral artery stenosis or insuffuiciency and cranial nerve 
palsies are also seen in patients with rheumatoid arthritis 
[7, 12, 18, 23].

Various classification systems have been described to 
assess the neurological status in patients with cervical spine 
involvement including the Frankel’s classification grading 

system for acute spinal cord injury (Table 1), Nurick’s clas-
sification system [27] for myelopathy on the basis of gait 
abnormalities (Table 2) and Ranawat’s classification [32] 
of neurological deficit (Table 3).

Radiologic Work-Up

Flexion–extension lateral radiographs (Figs. 4 and 5) are 
used as a screening tool to rule out atlanto-axial instability 
(Figs. 6 and 7) and are necessary prior to intubation in elec-
tive surgery with general anaesthesia. They are also more 
commonly available to general practitioners and are deemed 
cost effective [9]. Measuring the posterior atlanto-dental 
interval (SAC; Fig. 5) has been shown to be the most reliable 
way to predict patients at risk for neurological deterioration 
[2, 9, 28]. Instability is present when anterior atlanto-dental 
interval (ADI) difference on flexion/extension views is more 
than 3.5 mm. A 7-mm difference may imply disruption of the 
transverse ligaments and a difference of >9 mm is associated 
with an increase in neurologic deterioration. The posterior 
ADI is also found to be the best predictor for neurological 
recovery after surgery.

Table 1 Acute spinal cord injury: Frankel classification grading 
system
Grade A Complete neurological injury – no 

motor or sensory function clinically 
detected below the level of the injury

Grade B Preserved sensation only – no motor 
function clinically detected below the 
level of the injury; sensory function 
remains below the level of the injury but 
may include only partial function (sacral 
sparing qualifies as preserved sensation)

Grade C Preserved motor non-functional – some 
motor function observed below the level 
of the injury, but is of no practical use to 
the patient

Grade D Preserved motor function – useful motor 
function below the level of the injury; 
patient can move lower limbs and walk 
with or without aid, but does not have a 
normal gait or strength in all motor groups

Grade E Normal motor – no clinically detected 
abnormality in motor or sensory function 
with normal sphincter function; abnormal 
reflexes and subjective sensory 
abnormalities may be present

Table 2 Nurick’s classification system for myelopathy on the 
basis of gait abnormalities [31]

Grade Root 
signs

Cord 
involvement

Gait
Employment

0 Yes No Normal Possible
I Yes Yes Normal Possible
II Yes Yes Mild 

abnormality
Possible

III Yes Yes Severe 
abnormality

Impossible

IV Yes Yes Only with 
assistance

Impossible

V Yes Yes Chair bound 
or bed 
ridden

Impossible

Table 3 Ranawat classification of neurologic deficit [17]
Class I Pain, no neurologic deficit
Class II Subjective weakness, hyperreflexia, 

dyssthesias
Class III Objective weakness, long tract signs
Class IIIA Class III, ambulatory
Class IIIB Class III, nonambulatory
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Radiographic evaluation can be carried by measuring

1. McGregor’s line from hard palate to posterior occipital 
curve. The tip of the dens is >8 mm above this line in 
men and >10 mm in women.

2. Chamberlain’s line from anterior foramen to the top of 
the C1 arch. If the dens is >6 mm above this line, it is 
consistent with cranial migration.

3. Ranawat’s line from the centre of C2 pedicle to the C1 
arch. Normal is >17 mm and <13 mm is consistent with 
cranial migration.

CT scan with myelography can be used [20] but is deemed 
too invasive and not readily available.

Magnetic resonance imaging (MRI) allows for visuali-
sation of not only the bony changes but also the pannus and 
the spinal cord.

Dvorak et al. [10] found that in RA patients if the spinal 
cord diameter is less than 6 mm in flexion, they are at risk 
of neurologic deficit. Also if the space available for the spi-
nal cord is less than 13 mm, compression of the cord was 
evident. Pannus overgrowth in patients with atlanto-axial 

instability often exceeds 3 mm which is not visualised on 
radiographs and approximately 4 mm of anteroposterior 
distance is needed to encase the 9 mm cord for 13 mm of 

Fig. 4 Extension lateral radiograph of the upper cervical spine

SAC

Fig. 5 Flexion lateral radiograph of upper cervical spine of the 
same patient demonstrating C1-C2 instability and decreased 
space available for the cord (SAC) pointed to by arrow

Fig. 6 Peg view radiograph, arrow pointing at asymmetrical destruc-
tion of the left atlanto-axial joint leading to lateral subluxation
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canal diameter to avoid compression at C2. MRI can also 
be used to measure the cervico-medullary angle (Fig. 8). 
The normal angle is 135–175° and Bundschuh et al. [5] 
found a strong correlation between cervico-medullary 

angles of less than 135° and myelopathy and paralysis in 
patients with rheumatoid arthritis. Lateral subluxation is 
also a well-recognised risk factor which can be diagnosed 
using the MRI or CT scans.

Treatment of Cervical Rheumatoid Arthritis

The goals of treatment in patients with RA with cervical 
spine involvement are to prevent irreversible neurological 
deficit, to avoid sudden death attributable to unrecognised 
cord compression and also to alleviate intractable pain.

Conservative Treatment

This is reserved for patients with subtle symptoms and 
non-progressive instability. Regular follow-up is advocated 
in these patients. In indicated cases a CT-guided peridental 
steroid injection can be performed (Fig. 9).

Surgical Treatment

Indications:

1. Intractable pain.
2. Increasing neurological deficit (both somatosensory 

evoked potential and motor evoked potential).

Fig. 7 Peg view CT scan demonstrating advanced atlanto-axial 
joint destruction leading to vertical migration of the dens

Fig. 8 T1 weighted saggital MRI demonstrating the cervico-
medullary angle

Fig. 9 Axial CT scan demonstrating the trajectory for the peri-
dental steroid injection



103The Rheumatoid Cervical Spine 

3. Posterior atlanto-dental interval (SAC) less than 14 mm.
4. Cervico-medullary angle less than 135°.
5. Lateral subluxation more than 2 mm.

Pre-operative assessment should be elaborative consider-
ing the systemic nature of the illness, increased incidence 
of anaemia of chronic disease, increased risk of both 
 frequency and severity of post-surgical infections (espe-
cially associated with methotrexate and TNF blockers) 
and also the challenges of post-operative physiotherapy 
and rehabilitation. Atlanto-axial instability with subtle 
clinical myelopathy, if detected early is best treated by 
atlanto-axial immobilisation (fusion). This eliminates 
severe pain, further subluxation and progressive instabil-
ity. It also prevents progressive tissue destruction and 
 cranial settling.

Currently there are two techniques commonly used:

1. Trans-articular screw fixation (Figs. 10 and 11) as 
described by Grob and Magerl [15].

2. Lateral mass fixation described by Goel [11] and modi-
fied and popularised by Harms and Melcher [16].

Both these techniques carry the risk of injury to the verte-
bral artery and require pre-operative imaging to minimise 
the risk. Solanki and Crockard [34] recommended intra-
operative fluoroscopy to measure the vertebral groove 
depth (22% vertebral artery groove anomalies noted) and 
plotting of a safe screw trajectory to determine anatomic 
suitability. In the event of an injury to a vertebral artery, the 
procedure should be abandoned and posterior wiring 
(Figs. 12 and 13) technique (Gallie/Brooks-Jenkins fusion) 
is recommended.

In patients with significant pannus formation, the ante-
rior trans-oral approach with pannus resection is not indi-
cated as the pannus resolves within a few months of an 
atlanto-axial fusion.

The trans-oral decompression is indicated in severe 
cases of cranial migration of the dens into the foramen 
magnum.

If C1-C2 instability occurs together with cranial migra-
tion of the dens, occipito-cervical fixation is indicated. 
Unfortunately atlanto-axial instability with cranial settling 
can occur along with sub-axial instability and subluxation. 
In these cases occipito-cervical fixation is extended down 
to the upper thoracic spine (C0-T1) to avoid junctional 
instability (Figs. 14 and 15).

Anchoring individual screws is critical, especially in 
osteoporotic bones and transpedicular screws and hooks 
are used to extend the fixation to the thoracic spine.

Fig. 10 Lateral radiograph of the trans-articular screw fixation

Fig. 11 Peg view radiograph of the trans-articular screw fixation
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Fig. 13 A-P radiograph of the cervical spine demonstrating 
 posterior wiring technique

Fig. 14 Lateral radiograph demonstrating extended fixation from 
C0-T1 in a patient with combined atlanto-axial and subaxial 
instability to avoid junctional instability

Fig. 15 Same patient and A-P view

Fig. 12 Lateral radiograph of the cervical spine demonstrating 
posterior wiring technique
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Complex deformities (Figs. 16 and 17) require a multi-
disciplinary approach and a combination of both anterior and 
posterior stabilisation (Fig. 18). Recent developments in cer-
vical instrumentation, especially the posterior stabilisation 
system, facilitates effective reduction and fixation of C1-C2 
with extension both distally and proximally into the occiput.

Conclusions

Involvement of the cervical spine by the rheumatoid process 
is a serious sequel, which may significantly alter patient’s 
pain, quality of life and even survival. At present, there is an 
increasing tendency to address early stages of atlanto-axial 

instability with surgical treatment to improve pain and pre-
vent or improve neurological deficit and cranial settling.

Surgical treatment of cervical instability in RA repre-
sents one of the most challenging areas of spinal surgery 
because of frequently poor general condition of the patients, 
advanced peripheral disease, immunological compromise 
and significant osteoporosis.

Fortunately it seems that the disease is becoming less 
aggressive which may well be due to the modern disease-
modifying anti-rheumatic drug therapy.
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Partial Rotator Cuff Ruptures

Antonio Cartucho

Partial Rotator Cuff Rupture

Partial rotator cuff ruptures are not rare and occur mainly in 
the supraspinatus tendon and may extend to that of infraspi-
natus, but rarely to the tendon of subscapularis. Isolated 
lesions in the tendons of infraspinatus, teres minor or sub-
scapularis are rare. Partial ruptures usually occur before the 
sixth decade of life and can be a cause of unexplained pain 
in the shoulder giving considerable disability. We per-
formed a systematic literature review and pooled our expe-
rience in order to be able to justify the current concepts 
presented below on this difficult issue.

Anatomy of the Supraspinatus Footprint

Gross Anatomy

In order to classify and to grade partial rotator cuff ruptures 
we must be aware of the characteristics of supraspinatus 
insertion on the humerus. The mean antero-posterior 
dimension of the supraspinatus insertion is 25 mm. The 
mean superior to inferior thickness at the rotator interval is 
11.6 mm, 12.1 at mid-tendon and 12 mm at the posterior 
edge. The distance from the articular cartilage margin to 
the bony tendon insertion is 1.5–1.9 mm, with a mean of 
1.7 mm. This being said, articular partial-thickness tears 
with more than 7 mm of exposed bone lateral to the articu-
lar margin should be considered significant tears approxi-
mating to 50% of the tendon substance [44].

The superficial tendon fibres run longitudinally, while the 
deep fibres run obliquely. The supraspinatus tendon fuses 

with the infraspinatus tendon approximately 15 mm proximal 
to their insertion on the greater tuberosity. They are not visua-
lised as two individual tendons and cannot be separated by 
blunt dissection in this region [8]. In direct communication 
with the supraspinatus is the deep projection of the coraco-
humeral ligament which runs perpendicular and deep to the 
supraspinatus tendon but superficial to the joint capsule.

Microscopic Anatomy

The tendons of the rotator cuff are composed primarily of 
water (55% of net weight) and type I Collagen (85% of dry 
weight). Additional constituents include other collagens 
(III and XII), PGs and GAGs, elastin and fibroblasts. The 
collagen bundles of the cuff tendons are confluent and form 
a hood over the humeral head [33].

Near the insertions of the supraspinatus and infraspina-
tus tendons into the greater tuberosity, a five-layer complex 
has been described that describes the density and organisa-
tion of collagen and its associated elements. Layer one is the 
superficial coraco-humeral ligament. Layer two represents 
the main portion of the tendon complex with large closely-
packed fascicles. Layer three is also dense, but with smaller 
fascicles running in a less uniform direction. Layer four is 
loose connective tissue with thick collagen fibres running 
perpendicular to the primary fascicle orientation. This layer 
contains the deep coraco-umeral ligament. Layer five is  
the true joint capsule. It has been suggested that this intra-
tendinous variation of collagen fibre density and orientation 
may produce shearing forces within the layers during active 
movement and produce intra-substance tears [18, 50].

Blood Supply to the Rotator Cuff

The rotator cuff receives its blood supply from several differ-
ent branches off the axillary artery. The rotator cuff tendons 
are not encased by a true synovial sheath or paratenon [4]. 
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They are supplied by the above-named branches that send 
smaller branches through the periosteum, across the 
 musculo-tendinous junction, via the overlying bursa. A 
“critical zone” has been described in the supraspinatus ten-
don, within 1 cm of its insertion into the greater tuberosity 
[38]. Arm position has been shown to affect the tenuous 
blood flow pattern in this region with adduction causing 
compression of the supraspinatus against the humeral head, 
squeezing the vessels in this critical region [43]. The bursal 
surface blood flow in the supraspinatus tendon is more 
robust than its corresponding articular surface flow [31].

Although less robust in some areas, this vascular pattern 
may be adequate to meet the metabolic needs of a healthy 
rotator cuff, as histological evidence of hypoperfusion has 
not been demonstrated [6]. Therefore, the existence of a 
true critical zone, and its significance relative to pathologi-
cal changes occurring within the rotator cuff remains in 
question.

Histologic and immunohistochemical and intra-operative 
Doppler flowmetry analysis have shown relative hyperper-
fusion at the area of the critical zone [15, 24]. The hypervas-
cularity in such cases is thought to come from proliferation 
in the subsynovial layer in response to injury.

Local Biomechanics

Variation in fibre orientation within the cuff/capsule com-
plex from superficial to deep affects its biomechanical 
properties. The bursal side of the supraspinatus tendon has 
been demonstrated to have a lower modulus of elasticity 
with a higher ultimate strain and stress, compared with the 
articular side of the tendon. This finding suggests that the 
articular portion of the supraspinatus may be more suscep-
tible to mechanical failure in tension. Indeed, articular-
sided tears have been more commonly reported [50].

The bursal layers are composed primarily of tendon 
bundles which may elongate with a tensile load and are 
resistant to rupture, whereas the joint-side layers, a com-
plex of tendons, ligaments, and joint capsule, do not stretch 
and tear more easily. This suggest that intra-tendinous lam-
ination is caused by differential shear stress within the 
supraspinatus tendon.

In addition, with a simulated partial-thickness tear in 
one portion of the tendon, the remainder of the tendon 
demonstrates increased strain. This reflects the supraspina-
tus tendon’s interconnected five-layer complex and helps 
to explain why partial-thickness tears may propagate into 
large full-thickness tears [3]. Other studies support the con-
cept that partial thickness tears could potentially propagate 

in the transverse plane, especially with >50% thickness 
partial tears. From biomechanical data, bursal-sided tears 
of over 50% thickness should warrant more concern to the 
surgeon as the results from these studies may imply tear 
propagation in the transverse plane in the antero-posterior 
direction [46].

Rotator cuff tears disrupt the force balance in the shoul-
der and the glenohumeral joint in particular resulting in 
compromised arm elevation torques. This dynamic insta-
bility contributes to further structural damage aggravating 
the initial lesion.

Definition and Classification

A partial-thickness tear is considered to be a definite dis-
ruption of the fibres of the tendon and is not simply fraying, 
roughening or softening of the surface. The degree of tear-
ing is described more by the depth involved in the thick-
ness of the tendon than by the area of the tear. There are 
three sub-types:

1. A bursal-side tear (BT) which is confined to the bursal 
surface of the tendon.

2. An intra-tendinous tear (IT) which is found within the 
tendon.

3. A joint-side tear (JT) which is present on the side of the 
tendon adjacent to the joint.

Ellman [11] proposed a classification which included the site 
and extent of the partial tear, whether its location was adjacent 
to the articular or bursal surface or whether it was intra-tendi-
nous. The grade was defined in terms of the depth as mea-
sured arthroscopically by a probe. Grade-I tears had a depth 
of less than 3 mm, grade II of 3–6 mm and grade III, involve-
ment of more than half of the thickness of the tendon.

More recently Habermeyer [21] described a 2-dimen-
sional classification of articular-sided supraspinatus tendon 
tears in the coronal plane as well as the sagittal plane, with 
regard to the origin of articular-sided partial tears at the 
tendon insertion. The authors described three types of  
rupture in the saggital plane:

Type A tear: tear of coraco-humeral ligament continu-
ing into the medial border of the supraspinatus tendon.

Type B tear: isolated tear within the crescent zone and
Type C tear extending from thelateral border of thepul-

ley system over the medial border of supraspinatus tendon 
up to the area of crescent zone. This classification com-
bines the classifications of Snyder [48] and Ellman that 
lack anatomic landmarks with reference to the localization 
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of the tear at the insertion of the tendon, especially at the 
border of the tendon insertion, at the rotator cable, or within 
the crescent zone.

Incidence

The incidence of partial tears is difficult to access, because 
most lesions can only be identified at arthroscopy, and MRI 
may demonstrate partial tears in asymptomatic individuals 
[47]. Cadaver studies have consistently shown that partial-
thickness are more common than full-thickness tears [54]. 
Among the three sub-types of partial tear, JTs are two to three 
times more common than BTs. Intra-substance tears are less 
frequent, comprising 7.9–13.6% in the series of Fukuda et al. 
[14]. Most of the earlier reports did not include intra-tendi-
nous lesions. The apparent lack of the last in published series 
is due to the difficulty of the diagnosis [17, 27, 37, 41].

Pathogenesis

Probably, rotator cuff tendinopathy is secondary to multi-
ple factors. Combinations of intrinsic and extrinsic factors 
are responsible for the development of pathology in the 
rotator cuff. Pathological changes in tendons can lead to 
reduced tensile strength and a predisposition to rupture 
[22]. Intrinsic tendinopathy ,and/or enthesopathy due to 
changes in vascularity of the cuff or other metabolic altera-
tions associated with ageing, may lead to degenerative 
tears. Extrinsic factors produce lesions to the rotator cuff 
through compression of the tendons by bony impingement 
or direct pressure.

More recently a postero-superior impingement due to 
repetitive interaction between the undersurface of the 
supraspinatus tendon and the postero-superior glenoid was 
found responsible for JT partial tears [50].

The injured tendon has inflammatory changes.
Oxidative stress, tissue remodelling and apoptosis are 

all important parts of this pathological process [24].
The loss of dynamic, fine-tuned control, due to rotator cuff 

pathology leads to numerous adaptative changes on a regional 
and broader scale. Increase of effective moment arms through 
connections to other tendon sub-regions tend to overload the 
latter [30]. On a broader scale the alterations in the shoulder 
muscle firing patterns namely the upper trapezius lead to an 
increase of scapular contribution to arm elevation [36].

The loss of normal shoulder kinematics leads to further 
stress not only in the injured tendon but in all rotator cuff 

tendons and scapular muscles [41]. This fact may contrib-
ute to further aggravation of the structural injury, of the 
functional problem and of the clinical presentation.

All these inflammatory, degenerative and mechanical 
factors, contribute to the onset, stabilization propagation 
and aggravation of the partial rotator cuff rupture.

Natural History

Determining the natural history of partial rotator cuff rup-
tures is essential to decision-making on treatment strate-
gies. Studies of anatomic findings according to age have 
established that degenerative rotator cuff tears are exceed-
ingly rare before 40 years of age and that both their preva-
lence and their extent increase with advancing age. Thus, 
partial-thickness tears usually occur in the sixth decade of 
life, full-thickness tears in the seventh decade, and involve-
ment of multiple tendons in the oldest patients [1]. These 
data support clinical experience regarding the progression 
of degenerative rotator cuff pathology.

Not all partial tears are symptomatic but more than 50% 
of patients with partial rotator cuff tears become symptom-
atic over the years [54], especially in a context of a symp-
tomatic contra-lateral tear.

Although anatomic damage fails to correlate with clini-
cal manifestations, tear progression may be more common 
in patients with symptoms. Nevertheless, half the patients 
with symptoms experienced no progression. Pain is far 
more closely correlated to subacromial bursitis and long 
biceps tendinopathy than to tear size or site [56].

From the clinical and histological aspects, spontaneous 
healing of partial tears appears to be unlikely except on rare 
occasions. Various untoward factors are involved in the heal-
ing of the torn tendon include ageing, separation of the tear 
caused by muscular contraction and the weight of the arm, 
hypovascularity, inflammatory changes, oxidative stress, 
augmented apoptosis, shear stress within the tendon, and 
subacromial impingement. In the same way any process that 
impairs tissue healing, like smoking, will also contribute to 
cuff disease and a less effective healing response [24].

Clinical Presentation

There have been few data on the characteristics of asymptom-
atic rotator cuff tears such as their size, location, involvement 
of the biceps tendon and bursal or gleno-humeral effusion. 
Asymptomatic tears are typically limited to the supraspinatus 
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tendon and are very uncommon in subjects younger than 60 
years but the prevalence increases with age [37].

The physical signs and symptoms of rotator cuff disease 
can be separated in two categories. Firstly, the ones from 
mechanical impairment due to the structural damage with 
the adaptative response of the shoulder girdle and secondly, 
others resulting from inflammatory changes and involve-
ment of the long head of the biceps.

Pain especially at night is the most disturbing symptom. 
There is evidence that the pain is proportional to the degree 
of subacromial bursitis, not to the depth or extent of the tear 
[19]. Impingement signs, painful arc and a positive pro-
caine test are the result of tendon and bursal inflammatory 
status. The consequences of the tendon rupture are muscle 
atrophy, muscle weakness, lack of dynamic control (drop 
arm sign), crepitus, changes in muscle activation patterns 
with an early activation of the upper trapezius and changes 
in the shoulder rhythm with elevation of the scapula in the 
initial two-thirds of movement [28, 36]. Differential shoul-
der muscle firing patterns in patients with rotator cuff 
pathology may play a role in the presence or absence of 
symptoms. Asymptomatic patients have increased firing of 
the subscapularis whereas symptomatic subjects continue 
to rely on torn rotator cuff tendons and periscapular muscle 
substitution resulting in compromised function. Increased 
scapular contribution to arm elevation, may allow function 
at a higher level and can be considered a positive adapta-
tion [28]. At present it is not possible to confirm the 
 direction of these effects in order to be able to design 
 rehabilitation programs to optimize scapular mechanics.

The Neer and Hawkins (Fig. 1) tests have good sensitiv-
ity but low specificity for sub-acromial impingement syn-
drome. For diagnosing tears of the supraspinatus or 
infraspinatus, the Jobe sign and the “full can” test shows 

similar performance characteristics to the Patte test and 
resisted external rotation with the elbow at the side flexed 
at 90° [2].

Diagnostic Imaging

Although it is possible to use shoulder arthrography in the 
diagnosis of partial rotator cuff tears, MRI and ultrasonogra-
phy are the most commonly-used. Arthrography of the shoul-
der allows evaluation of the integrity of the undersurface of 
the rotator cuff. However, its value in diagnosing JTs. remains 
uncertain with an accuracy ranging from 15 to 83%.

There has been in recent years substantial improvement 
of ultrasound technology, which enables higher spatial 
resolution and superior image quality with modern, high-
frequency probes. Recent studies [52] found comparable 
accuracy for ultrasonography and MRI in the detection of 
partial tears, with MRI having slightly superior rates for 
sensitivity in intra-substance ruptures (Fig. 2).

MRI arthrography has been considered superior in 
detecting rotator cuff pathology, especially partial tears 
[12, 27]. However, ultrasound scan, unlike MRI, is a 
dynamic examination that enables the examiner to repeat 
and re-scan the suspected area. In addition; relationships 
with other tendons and the presence of secondary signs of 
impingement may aid correct diagnosis.

MRI should be reserved for doubtful cases and in patients 
with involvement of multiple anatomical structures of the 
gleno-humeral joint such as the capsule-labral complex.

Fig. 1 Hawkin’s sign Fig. 2 Intra-substance rupture
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Diagnosis at Surgery

The use of arthroscopy permits a very effective inspection 
of the cuff. Nevertheless it is essential to correlate the 
arthroscopic findings with the clinical presentation in order 
to understand if the structural change present is responsible 
for the patient’s complaints. For confirmation of the diag-
nosis a systematic inspection and palpation of the joint and 
bursal sides of the cuff should be performed. Joint side fray-
ing should be debrided , the extent of the lesion measured 
and a suture marker passed . Then an inspection of the bur-
sal side should be performed, with careful bursectomy and 
the quality of the bursal side of the tendon assessed. If an 
intra-tendinous lesion is suspected, thinning of the cuff and 
bulging and pressing the tendon with a probe on elevation 
or rotation of the arm can give the location of the lesion. 
Using the shaver can put the lesion in sight.

Treatment Options and Indications

It is important to recognise that the choice of treatment 
depends on the exact cause of the lesion. Treatment of most 
symptomatic partial tears should be directed towards a pri-
mary diagnosis such as an impingement syndrome or insta-
bility, with treatment of the partial tear itself being considered 
a part of a broader problem. Nevertheless in traumatic lesions 
the rotator cuff lesion is the cause of the dynamic impairment 
and consequently of the secondary inflammatory process 
and the repair of the structural problem is the key.

The goal is to achieve a clinical cure. If the signs and 
symptoms of inflammation are alleviated, and if those due 
to the mechanical deficiency of the torn cuff are compen-
sated for, by the residual cuff muscles and prime movers, 
the patient becomes asymptomatic and the benefits of an 
operation should be carefully assessed, taking into consid-
eration the possibility of tear progression and of recurrence 
of symptoms based on the quality of the mechanical bal-
ance achieved by conservative treatment.

Conservative Treatment

Patients with degenerative partial-thickness tears due to 
impingement are treated similarly to those with rotator cuff 
tendinopathy and sub-acromial bursitis. This involves time, 
local rest, application of cold or heat, massage, non-steroidal 
anti-inflammatory medication for a short period of time, 
modification of activities, gentle exercises for anterior and 

posterior capsular stretching , and later, muscle-strengthening 
for the rotator cuff and the peri-scapular musculature to 
restore the mechanical balance [29]. Sub-acromial or intra-
articular corticosteroid injections can also be used judiciously, 
depending on the location of the tear for those patients with 
persistent symptoms unresponsive to other means of pain 
reduction. Classically no more than two or three injections 
should be performed but there is no data to show that patients 
who do not respond to an injection and the described conser-
vative methods, will benefit from the use of more injections.

Fukuda [15] found no evidence of healing occurring in 
histologic sections obtained from partial-thickness tears. 
Yamanaka [55] followed 40 articular-sided tears treated 
non-operatively during a 2-year period and found tear pro-
gression in 80% of patients. A decrease in tear size occurred 
in only 10%, and complete disappearance of the tear occurred 
in another 10%. Therefore, tear progression is the greatest 
concern during non-operative management

Pain and loss of active elevation have been identified as 
poor prognostic factors for successful conservative treat-
ment [53]. Most BTs respond poorly to conservative treat-
ment [23]. Once the circle of sub-acromial impingement 
has been established and/or the tear is deep, conservative 
treatment is rarely helpful. Early surgical intervention 
should be considered when the severe clinical manifesta-
tions and positive imaging suggest a BT diagnosis [10].

In most cases, 3 months of conservative treatment are suf-
ficient to assess the clinical gains achievable without surgery. 
A rapid therapeutic response predicts better outcomes. Among 
the components of the clinical presentation, strength fails to 
improve [5, 25]. By contrast, conservative treatment consis-
tently alleviates the pain and improves the range of motion.

Operative Treatment

The timing of surgical intervention has to be established 
according to the age and activity of the patient, type of rup-
ture (degenerative/traumatic), the presence of associated 
pathology and the response to conservative measures.

The surgical management of partial-thickness tears 
basically involves one of three options:

1. Arthroscopic debridement of the tear.
2. Debridement with acromioplasty.
3. Rotator cuff repair with or without acromioplasty. 

Surgery may be performed open, arthroscopically-
assisted with mini-open approach, or entirely arthroscopic. 
Although, there is not sufficient data to support one 
 technique over another in the management of partial-
thickness tears, arthroscopy permits the articular and 
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bursal side cuff  evaluation which represents a major 
advantage over an open surgical procedure especially in 
articular partial tears.

Arthroscopic Assessment

Arthroscopy can be performed in a “beach chair” or lateral 
decubitus position depending on the training and prefer-
ences of the surgeon. Through a posterior portal an articular 
side inspection is performed. The quality of the cuff should 
be accessed, fraying should be debrided and the presence of 
associated lesions should be noted (Fig. 3).Very often a 
superior labral lesion is present. Normally a Snyder type 
one lesion resulting from vertical dynamic instability of the 
humeral head and only a debridment should be considered 
(Fig. 4). In other rare cases with type two or three “slap” 
lesions, the stability of the fragments and of the long head 
of the biceps should be assessed in order to decide whether 
to repair the lesion or perform a biceps tenodesis.

After debriding the lesion, the extent should be mea-
sured. Using a bent, preferably calibrated arthroscopic 
probe the amount of bone footprint uncovered should be 
measured and a monofilament suture marker should be 
passed through the tendon (Fig. 5). Care should be taken to 
access the integrity of the biceps posterior pole and biceps 
stability (Fig. 6).

Through the same posterior portal the arthroscope is 
directed to the subacromial space. A careful but complete 
bursectomy should be performed and the suture marker 

identified (Fig. 7). The quality of the tendon on the bur-
sal side should be accessed and indirect signs of impinge-
ment like fraying of the coraco-acromial arch should be 
noted (Fig. 8).

Palpation of the cuff tissue to assess tissue integrity and 
the injection of saline into the area in question can be used 
to diagnose intra-tendinous tears.

At this point the surgeon must decide according to his or 
her experience and the type of rupture, if an all arthroscopic 

Fig. 3 Fraying on the articular side

Fig. 4 Fraying of the superior labrum

Fig. 5 Suture marker on the articular side
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technique, a mini-open technique or an open procedure is 
going to be performed.

Arthroscopic Debridement Alone

Budoff [7] evaluated 79 shoulders with partial-thickness 
cuff tears treated with arthroscopic debridement alone with 
a mean follow-up of 58 months using the (UCLA) Shoulder 

Rating Scale. He found the results of debridement alone 
were good to excellent in 89% in the group of patients with 
less than 5 years of follow-up and decreased to 81% in 
those with more than 5 years.

Arthroscopic Debridement and Sub-Acromial Decompression

Release of the coraco-acromial ligament and debridement 
of the undersurface of the acromion with a high-speed burr 
to remove any acromial or acromioclavicular spurs (co-
planning) have been recommended by some authors for the 
older patient with either articular-side or bursal-side tears 
due to external cuff impingement [45].

Snyder [49] in a retrospective study of 31 patients with 
partial thickness tears treated with debridement and decom-
pression reported 84% good to excellent results. However, 
13 of the 31 patients did not undergo sub-acromial decom-
pression and no significant difference was found in the 
 outcome, regardless of whether decompression was per-
formed. This fact gives special importance to the mechani-
cal imbalance produced by the injured tendon as a major 
prognosic factor.

Another study [10] evaluated the clinical outcome of 
arthroscopic acromioplasty and debridement in 162 patients 
with normal cuffs and impingement syndrome or partial-
thickness tears of the rotator cuff. There was no difference 
in outcome between those with partial-thickness tears, less 
than 50% of tendon thickness, compared with those with-
out any tears. However, an increased failure rate in patients 

Fig. 6 Bicepcs stability assessment

Fig. 7 Identification of the suture mark on the bursal side

Fig. 8 Fraying of the coraco-acromial arch
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with grade 2B (bursal-sided tears) even affecting less than 
50% of tendon thickness was detected.

Arthroscopic debridement should be performed in rup-
tures that involve less than 50% of the tendon on the articu-
lar side. The age and level of activity of the patient should 
be taken in to account. Bursal side, Ellman type B2 rup-
tures should be repaired in an early phase. Sub-acromial 
decompression should be performed if there is evidence of 
an anterior acromial or acromio-clavicular spur.

Cuff Repair

The critical decision is to know which patients will benefit 
from a repair and the ones that should be treated otherwise. 
Once a repair has been decided upon, another decision to be 
made is whether to do a trans-tendon repair or to remove the 
remaining tissue and treat the rupture as a complete rupture. 
Some authors believe that the cuff material that remains in 
the immediate area is of poor quality witch increases the 
possibility of post-operative pain and re-rupture [42]. 
Besides a 5-mm anchor should pass the remnant tissue and 
the correct positioning can be difficult to achieve. The pro-
cedure implies an articular vision and working through the 
subacromial space to pass the sutures in the cuff (Fig. 9). 
After this step the previously “cleaned” subacromial space 
is accessed in order to collect and tie the sutures (Fig. 10).

In recent work in cadavers by Lomas [32] in-situ trans-
tendon repair was biomechanically superior to tear comple-
tion in articular-sided supraspinatus tears. If a completion 
of the rupture is decided the configuration of the fixation 

should be designed according with the extent of the rup-
ture, the tissue quality and elasticity. If a single row tech-
nique is used, the sutures of a double-loaded anchor can be 
passed using a mattress or a modified Matsen-Allen stitch. 
If more stability and footprint coverage is necessary, a dou-
ble-row or a suture bridge configuration should be consid-
ered. The former can be useful especially with poor quality 
tendons that won’t support the outer stitch. For a double-
row repair, medial anchors are placed at the medial margin 
of the rotator cuff footprint just lateral to the articular sur-
face, and the lateral anchors are placed at the lateral margin 
of the footprint.

With bursal-side ruptures if maintenance of the articular 
tissue is decided a fairly external position of the suture 
anchor is a good solution to achieve a good position of the 
tendon on the footprint (Fig. 11).

If an intra-tendinous tear is identified, it should be opened 
on the bursal surface, while viewing from the sub-acromial 
space. All non-viable tissue is debrided, with care taken not 
to disrupt the articular surface attachment of the cuff. 
Through an accessory anterior working portal multiple ver-
tical mattress No. 2 non-absorbable sutures are passed from 
anterior to posterior along the entire length of the tear.

The results of surgical treatment of partial thickness rota-
tor cuff ruptures have been presented by several authors  
[9, 40, 42, 50, 52]. Park compared the results of arthroscopic 
repair of patients who had partial-thickness rotator cuff tears 
with those of patients who had full-thickness tears. Evaluation 
showed that 93% of all patients had good or excellent results, 
and 95% demonstrated satisfactory outcome with regard 
to pain reduction and functional outcome. A pre-operative Fig. 9 Passing the sutures

Fig. 10 Passed sutures on the bursal side
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assessment of the acromioclavicular joint as a potential 
source of pain was recommended in patients with arthritic 
changes of this joint. Porat in a retrospective study of 51 
patients with a minimum follow-up of 2 year presents 83% of 
excellent/good results and recommends completion to full-
thickness tears with an all arthroscopic repair technique.

Conclusions

Degenerative partial-thickness tears are an important part 
of pathology of the rotator cuff with an unknown incidence. 
This condition occurs more often in the population aged 
over 40 years. Traumatic ruptures occur in a younger and 
more active population.

Functionally they produce mechanical imbalance res-
ponsible for an impingement syndrome. Morphologically, 
they can be placed between subacromial bursitis/tendini-
tis, and the full-thickness tear.

Symptoms arise from mechanical impairment with adap-
tive response of the shoulder girdle and from inflammatory 
changes and involvement of the long head of the biceps.

The diagnosis is difficult even with MRI and ultra-
sonography.

With progression of the tear, clinical cure by conserva-
tive measures may be impossible to obtain. Surgical treat-
ment with the correct indications has consistent results. 
The choice of the surgical treatment depends on the type of 

rupture, the age and level of activity of the patient and of 
the degree of pain and functional impairment.

In the future, better understanding of injury mechanism, 
natural history and risk of tear progression, the fine-tuning 
of indications for operative intervention, based on prospec-
tive, randomized clinical trials and finally the use of growth 
factors to stimulate healing [20], as have been applied to 
other areas of Sports Medicine, may contribute to optimize 
the treatment of this condition.
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Massive Tears of the Rotator Cuff

Fernando Marco and Carlos García-Fernández

Introduction

Even though it may seem simple to classify rotator cuff tears 
only by size, clinical studies tend to confirm that treatment 
outcomes are directly related to it. Tear size was identified as 
the single most important factor determining final active 
motion, strength, satisfaction and need for revision in a series 
of 105 patients who underwent open rotator cuff repair [11]. 
When comparing repairs performed in groups of large and 
massive tears with groups including small and medium sized 
ones there is a definite tendency to poorer outcomes in those 
with the bigger defects independent of the surgical technique 
used [22]. In this unfavourable scenario treatment protocols 
should be well-established. The surgeon finds himself facing 
a wide range of options with confusing data supporting each 
one. There are reports of successful non-operative manage-
ment; débridement and decompression has been shown to 
help others; structurally-failed repairs are not unheard of 
with good clinical outcomes; and partial repairs can restore 
function [4, 27]. It is only by reviewing pertinent information 
and matching it with personal experience that the surgeon 
can make appropriate treatment decisions.

Anatomy and Biomechanics

The primary function of the cuff is contributing to joint sta-
bility in the intermediate positions of range of motion. This is 
achieved by joint compression and resistance to translation 
both in the medio-lateral and supero-inferior planes. Massive 
cuff tears imply dysfunction and loss of humerus head cen-

tering by uncoupling of primary stabilizing and motion 
forces about the glenohumeral joint. On this principle is 
based the understanding of why some tears represent disabil-
ity for patients while others do not, independent of the rela-
tive size of the defect. These “functional tears” have been 
characterized in different clinical series and quoted as a ratio-
nale for conservative surgical treatment restricted to débride-
ment as a means of controlling pain [8, 33]. The anatomical 
corollary of these tears would be lesions disrupting partially 
the infraspinatus and/or subscapularis tendons without exten-
sion below the equator of the humeral head. In these patients 
the cuff would still provide a fixed fulcrum to counterbalance 
the eccentric force of the deltoid when it acts to move the 
shoulder. When the tears exceed this critical anatomical and 
biomechanical turning point the humeral head begins its 
upward migration and functional deficits appear (Fig. 1). 
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Fig. 1 Arthroscopic view from a posterior standard portal of a rota-
tor cuff massive rotator cuff (RC) tear extending below the equator 
of humerus head (HH) and exposing also the glenoid (GL)
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This concept of “functional tears” also supports partial repair 
of massive lesions when full closure of the defect is not fea-
sible [10] and could help explaining why partially structur-
ally-failed repairs preserve good function [15, 25].

Evaluation and Classification

Patients and tears should be carefully evaluated as a pre- 
requisite for successful treatment. Sizing the defect is a good 
starting point taking the 5 cm mark as a minimum requirement 
for “massive” lesions [32]. However, more parameters need to 
be established. Location of the tear is one of them and two 
types can be frequently described: antero-superior and postero-
superior [38]. The majority of lesions would be  postero-superior 
including at least supraspinatus and infraspinatus tendons and 
extending or not into the teres minor tendon. The antero-supe-
rior lesions involve supraspinatus and subscapularis tendons 
with frequently-associated pathology of the biceps tendon and 
an increased risk of the feared antero-superior escape of the 
humeral head especially after iatrogenic damage to the cora-
coacromial arch (Fig. 2). It is also important to ascertain the 
stability of the humeral head in its static position.

Hamada et al. [20] established a classification based on 
radiographic changes after rotator cuff lesions (Table 1). 
This system considers six grades related to the superior 
migration of the head. The first three of them imply tears 
without arthropathy and the last two represent stages 

showing degenerative changes. In grades II and III the 
shoulder has lost the balance of forces and this is currently 
an expression of chronic evolution.

Muscle changes would be the last item to review regarding 
the cuff. There are two items which need to be reviewed: mus-
cle atrophy and fatty infiltration. Goutallier et al. [19] estab-  
lished five stages of fatty muscle degeneration (Table 2) 
with the aid of CT scans. Today, MRI has taken the place of 
CT to evaluate in a reproducible manner atrophy and fatty 
infiltration of the cuff [14] (Fig. 3). These two changes 
in muscle appearance have been shown in clinical and 
 imaging studies to correlate with poorer tendon healing, 
and poorer healing with worse outcomes [5, 17].

Patient-specific factors as medical co-morbidities should 
be taken in account in their capability to enhance shoulder 
dysfunction but paradoxically a recent publication reported 
greater improvement in shoulder scores for patients with 
worse pre-operative medical status [35]. It is important how-
ever to try to determine the “age” of the tear. Patients can 
associate significant trauma with the acute onset of pain and 
dysfunction in an otherwise previously normal shoulder. 
This modality of massive tear is more common in the 
younger population. Far more common are the other two 

LHB 

RC

HH
GL

Fig. 2 Arthroscopic view from a posterior standard portal of an 
antero-superior massive rotator cuff (RC) tear with exposure of the 
humeral head (HH), glenoid (GL) and long head of biceps (LHB)

Table 1 Hamada classification of radiographic changes in the 
shoulder after rotator cuff tearing

Grade Acromiohumeral 
distance (mm)

Characteristics

I >6
II <5
III <5 Acetabularization of the 

glenoid and undersurface of 
the acromion

IV <5 Grade III changes, with 
narrowing of the 
glenohumeral joint space

V <5 Grade IV changes, with 
collapse of the humeral head

Table 2 Goutallier staging for fatty degeneration of cuff  musculature 
by CT evaluation

Grade Muscle appearance

0 No fatty deposits
1 Some fatty streaks
2 More muscle than fat
3 As much muscle as fat
4 Less muscle than fat
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clinical presentations, chronic or acute-on-chronic usually 
occurring in the older population. Patients with a chronic 
massive tear may have been compensating for the functional 
deficits or tolerating the lesion by balanced force couples 
when a minor event puts them into a symptomatic scenario. 
Acute-on-chronic patients have often been experiencing 
minor symptoms from a degenerated and torn cuff when an 
identifiable traumatic event produces a massive defect. It 
has been observed from experimental and clinical data, 
comparing acute vs. delayed repair, that results favour the 
former [4, 27].

Treatment

Establishing a clear-cut treatment protocol for patients with 
massive tears involves two issues. In the first place there are 
many options open ranging from non-surgical management 
to reconstruction procedures for both partial or complete 
repairs. But this wide choice cannot always be related directly 
to individuals due to the variability in results reported [4]. 
We can observe certain paradoxes such as patients satisfied 
after an image-proved failure of their repair or good and 
painless function with just conservative treatment. It is true 

that treatment selection needs a careful evaluation both of the 
patient and the lesion characteristics but a brief although sys-
tematic review of choices may help the surgeon to select the 
most appropriate one for their patients.

Conservative Management

A combination of medication, physical therapy and activity 
modification can render a shoulder pain-free and allow for 
function which is good enough for the patient [1]. This 
clinical improvement can be sustained over a 4-year period 
as demonstrated by Zingg et al. [42]. It is true however that 
the success of this form of management seems to be related 
to the previous duration of symptoms. Bokor et al. [7] 
observed significant improvement in pain in patients with 
symptoms up to 3 months compared with patients whose 
symptoms had been present for more than 6 months. The 
last consideration we have to make concerning conserva-
tive treatment is when to decide to call it a failure. 
Oftentimes it is determined by a demand from the patient 
who seeks a quick recovery through surgery. We believe 
that, as long as the clinical situation is manageable, a 
3-month period of non-surgical treatment can be allowed 
once it has been started.

Isolated Débridement and Decompression

The classic paper by Rockwood et al. [33] reported 83% 
good to excellent results at 6.5 years follow-up in 53 shoul-
ders with massive tears where open débridement with 
aggressive acromioplasty and complete release of the cora-
coacromial ligament had been performed. Over the years 
current techniques and opinion favour an arthoscopic 
approach for this procedure together with a more conserva-
tive surgical approach. The objective is to remove all pain 
sources while preserving the coracoacromial arch through 
a limited acromioplasty. Some surgeons exchange acromi-
oplasty for remodelling of the greater tuberosity [13]. This 
tuberoplasty in combination with débridement provides 
also a high degree of patient satisfaction and hopefully 
avoids the devastating complication of antero-superior 
escape of the humeral head. One other issue in pain reduc-
tion is the management of the long head of the biceps. 
Recent clinical evidence shows that tenodesis or  tenotomy 
can contribute significantly to pain relief without compro-
mising the stability of the humeral head [6]. Altogether 
these procedures which do not imply attempts at cuff repair 
can obtain satisfactory results especially in old and low-
demand patients. Pre-requisites should include relative 

SE

Fig. 3 MRI T1 image of a shoulder in the coronal plane showing 
atrophy and fatty infiltration of the supraspinatus (SE)
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preservation of shoulder function implying balanced force 
couples. In fact, irreparable ruptures of the subscapularis or 
teres minor or both have been identified as negative prog-
nostic factors for this treatment [16]. Probably, the main 
issue to take into account when deciding this treatment 
over repair is the durability of results. Improvement appears 
to diminish over time especially when compared with a 
group of patients who have undergone repair [30].

Direct Cuff Repair

In view of the excellent results achieved by successful repair 
of the cuff defects [17], this technique should be the 
 surgeon’s preference. There are however reasons that make 
this objective difficult if not sometimes impossible. Recent 
pathology studies of torn tendons establish differences in 
oedema, degeneration, chondroid metaplasia and inflamma-
tory response which reduce healing possibilities in bigger 
defects [28]. Of course a retracted cuff is difficult to mobi-
lize to its original position safely. Not only will excessive 
tension of the repair compromise the result but there are also 
limits to the distance that the suprascapular nerve can be 
stretched without neurological damage, thus compromising 
the outcome [40].

There are technical tips and tricks to increase the suc-
cess of the repair. Careful release of bursal and articular 
adhesions around the cuff is the first step. If this proves 
insufficient, interval slides or margin convergence can be 
performed. Interval slides release the supraspinatus from 
the subscapularis anteriorly or the supraspinatus from the 
infraspinatus posteriorly. These intervals are closed after 
cuff repair to bone [3]. Margin convergence as proposed 
by Burkhart [9] decreases the strain at the tendon-bone 
interface of the repair. The U-shaped tears are converted 
to crescent-shaped by side-to-side suturing beginning at 
the apex of the defect and progressing from medial to 
lateral.

Due to the inherent mechanical and biological prob-
lems which threaten the repair there are other techniques 
to increase the quality of it. All elements of the repair have 
to be taken into account: stronger sutures in combination 
with better traction sutures; improved suture anchors or 
suture plate re-inforcement; and recently a current trend 
favouring double-row fixation. This last technique places 
a second, more lateral, row of anchors with the intention 
both of fixation re-inforcement and also of mimicking the 
natural wide footprint of tendon attachment to bone. 
Biomechanical and clinical studies seem to support this 
approach [26].

Two important and related issues should be addressed 
at this point: tear recurrence and the discrepancy in the cor-
relation between anatomical integrity of the repair and clini-
cal results. An analysis of recent series which have 
documented re-tear rate give percentages of failure ranging 
from 34 to 94% [15, 17, 25]. Galatz et al. [15] followed 
18 patients with arthroscopically-repaired large and massive 
tears. After a minimum of 1 year, 17 out of them had a recur-
rent tear documented by ultrasound. This fact did not pre-
clude clinical improvement in 16 of them although these 
results deteriorated over time with an average ASES Shoulder 
Index score which decreased at 2 years follow-up from 84.6 
to 79.9%. Jost et al. [25] singled out twenty patients with 
structural failure of their repair after 3.2 years of follow-up. 
This group of patients was re-examined at an average of 
7.6 years and 19 of them continued to be  satisfied. Their 
Constant scores were equivalent in both clinical exams and 
no progression of the re-tear size was documented by MRI. 
From these examples we can appreciate both the inherent dif-
ficulties of performing a durable repair but also the rewarding 
result of setting our surgical goals on it. Even in the groups 
with a recurrent tears the final configuration of the cuff after 
surgery can render a functional cuff for the patient.

Partial Cuff Repair

Although it could be considered a poor objective, lessons 
learned from the clinical setting support it in situations 
where a complete repair is not possible. Not only structur-
ally partially-failed repairs show good results as we have 
seen above [15, 25] but also series of patients where pri-
marily full repair was not achieved. A partial repair was 
performed in a group of 24 patients and the retrospective 
review showed a 92% of patient satisfaction, 83% of 
them with good pain relief and average active elevation, 
improved from 114 to 154° [12]. Burkhart has led in the 
support of the biomechanical rationale of this procedure 
with his “suspension bridge” biomechanical model [10]. 
In this model the integrity of the anterior and posterior por-
tions of the cuff are be sufficient to balance forces across 
the gleno-humeral joint. With this balance recovered the 
resultant residual defect becomes functionally less impor-
tant. Technically, mobilization of the cuff to obtain secure 
fixation of the anterior and posterior portions of the cuff 
above the equator of the humeral head is the minimum req-
uisite. In Burkhart’s cited series of partial repairs 93% of 
patients were subjectively satisfied and the UCLA score 
improved from an average of 9.8 pre-operatively to 27.6 
post-operatively. Prospectively followed series with partial 
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repairs such as the one by Bennett [2], where only 78% of 
patients the humeral heads were primarily covered, con-
firm the benefits of attempts at surgical repair.

Combination of Cuff Repair  
and Tissue Substitution or Augmentation

Cuff repair has not been free of the temptation to solve the 
problem of mobilization and fixation by bridging the defect 
with different synthetic or biological substitutes. Concep tually 
however there are theoretical limtations to these techniques. 
The durability of the material is one, taking into account prob-
lems of graft incorporation and wear. The host’s potential 
undesired local reaction to the substitute is another. But third 
and most important is the fact that the graft leaves the patient’s 
cuff in its retracted and non-functional situation. Even though 
the scientific literature historically favourable reports we can 
use Moore et al. [31] more recent series of 32 patients recon-
structed with tendon allograft (patellar, Achilles or quadri-
ceps) to illustrate this point. Two sets of data emerge from it. 
One hundred percent of the grafts evaluated by MRI arthro-
gram showed structural failure. Although clinical improve-
ment was experienced by 23 out of 28 patients at 31 month 
follow-up, the results were comparable to that obtained from 
isolated débridement and subacromial decompression.

A different approach is the re-inforcement of the repair 
with different biomaterials. This could offer biological and 
mechanical advantages in combining partial bearing of 
loads with the repair and providing a scaffold and enhance-
ment of the repair process. Once again these ideas are not 
yet proved by clinical practice. Porcine small intestininal 
submucosa is a well-known bio-absorbable tissue scaffold 
biomaterial commercially promoted on a sound scientific 
basis and with previous experience in other body sites. Two 
studies show failures when used for augmentation of repairs 
of the rotator cuff. The first one [34] evaluated with MRI 
eleven patients with augmented repairs of massive tears at 
6 months follow-up. Ten out of the eleven patients showed 
failure of the repairs and furthermore their clinical status 
had not improved after surgery. The second study of this 
biomaterial has been carried out in a randomized prospec-
tive fashion assigning patients with massive tears to the 
repair with augmentation or to repair without augmentation 
[21]. No difference in clinical outcome was found for the 
two groups and at 1 year follow-up four of the 15 patients 
with augmentation had healed repairs while nine out of the 
15 patients repair without augmentation had healed.

However and although it is not a clinical reality yet, we 
believe in biological stimulus to the repair site and propose 

it as a line of work to be sustained exploiting every path 
from scaffolds, through cytokines, to cells.

Cuff Reconstruction with Tendon Transfers

Tendon transfers can be used as a primary reconstruction 
procedure of irreparable tears or as a secondary salvage 
technique. It seems that these two different clinical settings 
yield different results for the same technique. Miniaci and 
MacLeod [29] recommended latissimus dorsi transfer as a 
revision procedure only after their series of 17 patients 
with this procedure yielded an 82% satisfaction rate using 
limited functional goals criteria. In contrast, Warner and 
Parsons [39] compared the same transfer when used as a 
primary or salvage operation and concluded that this last 
indication gives more limited improvement. In their group 
of primary procedures the average Constant post-operative 
score reached 70% but in the revision group only 55%.

Tendon transfers are not free of complications. Some come 
from their anatomical relationships as in the latissimus dorsi 
technique. The proximity of the radial and axillary nerves to 
the tendon insertion places theses two structures at risk with 
rates of neurapraxia reported as high as 5% [18]. Other com-
plications are secondary to the reconstruction itself with late 
rupture of the transfer evaluated by Warner [37] reaching 
20–30% of patients, They recommended the augmentation of 
the latissimus dorsi tendon with fascia lata autograft.

Overall, tendon transfers remain techniques to be reserved 
for young patients with irreparable tears and functional defi-
cits. The results will be subjected to many variables although 
biomechanical reasoning can guide us in initial selection of 
the most suitable one for each type of cuff rupture.

Postero-superior defects are amenable to treatment using 
a latissimus dorsi tendon transfer (Fig. 4). Although there are 
other alternatives like teres major transfer this one presents 
technical problems such as a small tendon and short excur-
sion. Gerber et al. [18] have followed a series of 67 cases for 
an average of 53 months. Function improved with increase in 
average flexion from 104 to 123° and pain relief was satisfac-
tory. Some constraints to the technique were stated, mainly 
those patients with associated subscapularis deficits where 
the transfer is incapable of restoring balanced biomechanics.

An antero-superior irreparable tear is suitable for pecto-
ralis major transfer as probably the best option nowadays. 
Biomechanically the subcoracoid re-directioning of the 
tendon appears to be superior providing improved line of 
action for the tendon rather than just sliding it over the con-
joined tendon (Fig. 5). We favour an anatomical split of the 
tendon insertion as proposed by Jennings et al. [23]. Instead 
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Fig. 4 (a) Harvesting of the latissimus dorsi tendon (LD) from a 
dorsal approach. (b) Sizing of the latissimus dorsi tagged ten-
don. (c) View of the sutured latissimus dorsi (LD) transfer from 
a superior approach with the patient in a lateral decubitus posi-
tion (AC Acromion)
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Fig. 5 (a) Harvesting of the posterior lamina of the pectoralis 
major tendon (pPM) with preservation of the anterior lamina 
(aPM) performed in a right shoulder in a lateral decubitus posi-
tion. (b) Re-direction of the pectoralis major (pPM) under the 
conjoined tendon (CT). (c) Pectoralis Major tendon (pPM) sutured 
into place after its passage under the conjoined tendon (CT)
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of dividing the tendon in superior and inferior portions the 
pectoralis major insertion is identified in its anterior and 
posterior laminae. The transference of the posterior lamina 
carrying the sternal portion of the muscle provides a better 
force vector to counterbalance the deltoid eccentric action. 

Jost et al. [24] have documented clinical results of this 
transfer with 82% of patient satisfaction. Better results can 
be expected if the defect is restricted only to the subscapu-
laris although differences with combined supraspinatus-
subscapularis deficiency were not statistically significant.

Arthrodesis and Arthroplasty

These two techniques should be considered end-stage pro-
cedures but while arthrodesis indications are receding, 
arthroplasty is increasing. Arthrodesis could be considered 
in informed young patients with a very deficient shoulder 
which includes loss of deltoid function and whose daily 
requirements include physical labour.

We will discuss arthoplasty indications for a clinical 
picture of cuff deficiency in the absence of cuff tear arthrop-
athy. Although this would seem to suggest that the surgeon 
selects the easy way out, the scientific literature keeps pro-
viding papers where results support the use of prostheses 
(Fig. 6). Of course we will restrict our discussion to reverse 
shoulder arthroplasties which are able through their unique 
semi-constrained design to offer a stable fulcrum for del-
toid action and consequent arm elevation. Motion with this 
type of arthroplasty gains in elevation but lacks in external 
rotation if other surgical procedures such as tendon trans-
fers are not added. Wall et al. [36] have retrospectively 
reviewed 186 cases with different indications for reverse 
prostheses. Analysis of results by etiology showed that 
patients older than 70 years with massive, irreparable cuff 
tears without arthritis were ones with better outcomes. It is 
true that this prostheses can produce a significant number 
of complications which can reach the 50% mark [41] and 
that their long-term survival is questioned. But surgeons 
are finding out through personal experience that this is a 
reproducible procedure that offers selected patients pain 
relief and functional improvement.

Personal indications include massive cuff defects in 
elderly patients with intractable pain or pseu doparalysis 
that does not improve after a period of conservative 
management.
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Hip Resurfacing

Derek McMinn, Joseph Daniel, Hena Ziaee, and Chandra Pradhan

Introduction

Hip arthritis, whether primary or secondary, manifests itself 
through the final common pathway of articular surface loss. 
Being essentially a surface problem it has always attracted 
surgeons to apply a surface solution. Sir John Charnley [4] 
himself developed the first generation resurfacings made of 
polytetrafluoroethylene. However the early failures experi-
enced by him and the failures with different other materials 
used in the various second generation hip resurfacings, led 
to hip resurfacings being rejected as a bad concept alto-
gether in the late 1980s. Early results suggested that the fail-
ures occurred as a result of femoral head avascular necrosis 
[2, 15] or stress-shielding [12, 16]. However, careful analy-
sis showed that this was a failure of materials rather than a 
failure of the procedure itself. Metal-on-metal resurfacings 
are not totally new either [14, 30]. Maurice Muller gave up 
using metal-on-metal hip resurfacings in the 1960s when 
polyethylene had become a favoured material. Gerard also 
performed a small series of metal-on-metal resurfacings 
during the same period but he too stopped using them.

Charnley knew that the high activity levels in young 
patients would jeopardize long-term success of total hip 
replacements, and suggested that they should not be offered 
to young patients unless there were other physical restrain-
ing factors [3]. The Swedish National Hip Arthroplasty 
Register [24], on the strength of the available evidence, 
considered young patients with hip arthritis to be the 
“supreme challenge” for hip replacement.

It was for this specific group of young and active patients 
who perform poorly with a conventional THR that modern 
M-M hip resurfacing was developed and it is in this group 
that a hip resurfacing works best.

The Birmingham Hip Resurfacing

The pioneering work of Derek McMinn on metal-on-metal 
bearing hip resurfacings at Birmingham UK, in 1991 sig-
nalled the beginning of the new era of modern metal-on-
metal hip resurfacings [28]. The initial phase included pilot 
studies [29] to determine the best method of fixation. These 
studies showed that cemented femoral and uncemented 
acetabular components gave the best results. The lessons 
learnt from the first 6 years of implantation during which 
the results of 500 hip resurfacings were evaluated led even-
tually to the development of the Birmingham hip resurfac-
ing [27] in July 1997.

Alongside this development, advances were also made 
by McMinn in the realm of the optimal surgical technique 
[26] to implant a resurfacing. It had always been obvious 
that the resurfacing procedure would be technically more 
challenging than a regular total hip replacement. The 
retained femoral head would impede good acetabular 
exposure unless adequate capsular releases were performed 
and a pocket was created into which the femoral head 
could escape while the socket was being prepared. A resur-
facing procedure also meant that all this had to be achieved 
without rendering the femoral head and neck avascular. 
Some of these steps, which are specific to resurfacing 
include avoidance of femoral neck notching, preservation 
of femoral neck soft tissues in order to prevent proximal 
femoral devascularization and negative pressure venting 
of the metaphysis to prevent systemic fat embolism and 
femoral neck vessel embolization. Time has proven that 
these measures are critical to the success of resurfacing.

The Birmingham Hip Resurfacing has a hydroxyapatite-
on-porous metal uncemented cup and a cemented femoral 
component. The porous surface consists of unique cast-in 
beads which are integral with the substance of the cup and 
therefore are not easily dislodgeable. The beads also pro-
vide an excellent surface for bony in-growth and enduring 
fixation of the cup.
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Results, Problems and Solutions

Our series of 3,014 consecutive hip resurfacings performed 
between July 1997 and December 2008 provide the single-
 surgeon (DJWM) cohort from which we have analyzed the 
overall results of Birmingham Hip Resurfacings (BHRs) 
(Table 1).

In addition to our own documentation and follow-up, our 
patients are independently followed up by two other 
Outcomes Centres in the UK, and this leads us to believe that 
we have as far as humanly possible, captured all our revi-
sions. Seventy-four percent of these patients had a diagnosis 
of primary osteoarthritis. Other diagnoses include avascular 
necrosis, inflammatory arthritis, sequelae of childhood hip 
disorders, traumatic and post-septic arthritis. Age at opera-
tion ranged from 13 to 86 years. In this series which includes 
all ages and all diagnoses, with revision of either component 
for any reason as the end-point, the failure rate is 1.9% and 

the survivorship is 99% at 5 years, 97% at ten years and 
96% at 12 years (Fig. 1). Among patients with osteoarthritis 
as the primary diagnosis the survivorship in all ages is better 
than those with other primary diagnoses which include fem-
oral head AVN, hip dysplasia, old Perthes disease, old SCFE 
and inflammatory arthritis (Fig. 2).

Out of 58 revisions in the entire cohort, 47 were non-
bearing-related (1.6%) and include either femoral failures 
(fractures or femoral head collapse) or infections and one 
technical failure. The rest include: one failure with osteoly-
sis, one cup loosening, two due to unexplained groin pain 
and seven pseudotumors.

Previously we published our results [6] in 403 consecutive 
Birmingham Hip Resurfacings performed between 1997 and 
2001 in patients with primary osteoarthritis under the age of 
55 years. We have continued to follow these patients up over 
the years (Fig. 3). There are currently three failures in this 
group giving a 12-year survivorship of 98.9% (Fig. 4). 
Furthermore most of these patients report that they have for-
gotten about their hips and carry on with life as normal. None 
of these patients had to change their occupation or life style. 
Nine out of ten men with unilateral hip resurfacings continue 
to participate in sporting activity and six out of ten continue 
to participate in impact sports or are involved in heavy or 
moderately heavy activity at their workplace.

Femoral Failures

As opposed to a conventional THR, the femoral head and 
neck are retained in a hip resurfacing procedure. This adds the 

Table 1 Patient demographics in the cohort studied
Number of hips 3,014
Max follow-up 12
Min follow-up 0.5
Mean follow-up (years) 7.1
Component years 21,372
Men 72%
Primary osteoarthritis 2,233 (74%)
Mean age at operation (years) 53.6
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Kaplan-Meier Survival Analysis, 3014 consecutive BHRs
Single surgeon series (Derek McMinn) All ages and all diagnoses

End-point: Revision of either component for any reason
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risks of femoral neck fracture in the early months after a resur-
facing, and of a femoral head collapse in the early or later years. 
In our own series mentioned earlier, the incidence of femoral 
neck fractures is (12/3014) 0.4%. All our fractures occurred in 
the first 6 months after operation. An Australian multi-centre 
series [34] reported 50 femoral neck fractures out of 3497 
BHRs (1.4%) inserted between 1999 and 2004, by 89 surgeons, 
most of whom were new to the procedure. Technical errors in 
positioning the femoral component or intra-operative notch-
ing of the femoral neck were responsible for the fracture in 
85% of their fractured cases. Peri-prosthetic fractures also 
occur following a THR. In a large series [35] of 30,000 THRs, 
there was a prevalence of 1.1% post-operative femoral frac-
tures after primary THRs and 4% after revision THRs.

Femoral neck fracture following hip resurfacing is an 
easy matter to deal with compared to treatment of a peri-
prosthetic fracture around a THR. Furthermore, retention 
of the head and neck in a resurfacing offers the long-term 
benefit of more natural load-bearing and therefore better 
bone density preservation. This is seen clearly from a 
DEXA scan study [21] of bone mineral density of the prox-
imal femur. An increase in bone density of around 11% was 
demonstrated in the critical calcar region after a hip resur-
facing as compared to a 17% loss of bone density following 
an uncemented THR 2 years after the operation in age, 
 disease and gender-matched patients.

Femoral head collapse is another failure pattern with hip 
resurfacing and occurs as a result of the collapse of a previ-
ously avascular, osteopenic or cystic segment. Femoral 
head collapse can be a slowly progressive process leading 
to a tilt of the femoral component into varus. In a varus 
position the resurfacing component is rendered mechani-
cally disadvantaged and leads to progressively increasing 

deformity until at some point it fails with or without a pre-
cipitating factor such as a trivial injury. This can happen a 
few weeks after the initial collapse or several years later. 
Although it is possible that collapse may also occur as a 
result of operative devascularisation of the femoral head, it 
has been shown through several studies that if the correct 
operative precautions are adhered to femoral head devas-
cularization is an extremely rare event [25, 36].

The Birmingham Mid-Head Resection

The femoral component of a resurfacing depends on the 
integrity and quality of the femoral head bone for long-term 
success. In cases with a pre-existent avascular or osteopenic 
bone, or cystic segment in the femoral head, a resurfacing 
can be performed with supplementary bone grafting or 
cement build-up of the defect. Experience has shown us that 
even though in some cases that strategy is successful, it does 
not always give a reproducible result, since there is a high 
risk of fracture or further collapse of the weakened segment. 
For young patients who present with such a situation a total 
hip replacement with a medullary stem was the only option 
in the past. The Birmingham Mid-Head Resection (BMHR) 
[Smith and Nephew Orthopaedics, Warwick, UK] offers the 
prospect of circumventing the need for a more invasive pro-
cedure like hip replacement in precisely such young patients 
who would greatly benefit from a conservative arthroplasty, 
but lack good femoral head bone quality, which is a pre-
requisite for a successful hip resurfacing. Furthermore in 
patients with proximal femoral dysmorphism such as in old 
Perthes disease or old SCFE (slipped capital femoral 
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Fig. 3 The 10-year 
 radiographic series of a 
45- year-old patient with 
primary osteoarthritis treated 
with a Birmingham hip 
resurfacing
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 epiphysis) deformity, there is insufficient peripheral support 
for the femoral component and therefore a tendency to 
accept a sub-optimal component implantation, such as in 
varus. The BMHR stem however does not need the periph-
eral support that a BHR component demands and therefore 
can be reliably placed in an optimum position even in these 
conditions. A third area of need for the BMHR includes 
cases where there is scope for significant leg-length equal-
ization or offset enhancement in order to restore symmetri-
cal biomechanics of the hip.

The BMHR consists of an uncemented short stem made 
of titanium alloy and a large diameter cobalt-chrome metal-
on-metal bearing which is identical to the BHR bearing 
(Figs. 5 and 6). This short-stemmed device does not violate 
the medullary canal of the femoral shaft and makes future 
revisions easier. A unique osteotomy line which passes 
through the middle of the femoral head exploits the natural 
internal shape of the femoral head and neck to create a per-
fect cone for robust stem fixation. This resection level also 
ensures removal of poor quality bone in the proximal femo-
ral head, while retaining the distal part of the femoral head 
which contributes to load transfer from the stem. Continued 
load-bearing through this segment prevents stress-shielding 
deterioration of the neck which has been a regular feature 
with other neck-preserving total hip replacements.

The excellent early clinical and radiographic results 
relating to the BMHR, the absence of stress-shielding on 
plain radiographs and the absence of significant stem migra-
tion as seen from an RSA (Roentgen Stereophotogrammetry 
Analysis) study offer good reasons to be optimistic that the 
BMHR device will prove to be a strategic tool in the mod-
ern management of end-stage hip arthritis in the young, 
especially when the femoral head anatomy or bone quality 
is sub-optimal or suspect. We are seeing a reduction in fem-
oral failures in conservative hip arthroplasty following the 
judicious usage of the BMHR in selected patients.

Metal Ion Elevation

Systemic metal ion elevation invariably follows MM 
(metal-on-metal) bearing usage [5, 7, 8] and there have been 
concerns relating to the possibility of nephrotoxicity, car-
cinogenesis and mutagenesis as a sequel to metal ion eleva-
tion. Epidemiological studies have not upheld these concerns 
[38]. Other studies have demonstrated that there are biologi-
cal regulatory systems [33] and mechanisms that maintain 
the internal milieu within reasonable limits [10, 41] thereby 
mitigating some of the effects of clinically-relevant eleva-
tions of metal ions. Furthermore some of the biological 
changes demonstrated in patients with MM bearings have 
also been found in association with other bearings including 
metal-on- polyethylene [11, 13] and ceramic bearings [22].

In addition to the long-standing concern relating to the 
systemic effects of elevated metal ion levels in metal-on-
metal (MM) hip resurfacings, there have been recent reports 
of peri-prosthetic local adverse tissue responses including 
effusions and what have come to be known as “pseudotu-
mours”. Pseudotumours are not unique to resurfacings or to 
MM bearings. They have been described in relation to 
metal-on-polethylene resurfacings [18] and replacements 
[1, 17, 37], knee replacements [19], viscosupplementation 
[20] and even in the absence [40] of any device.

Pseudotumours

Recent reports from two centres with respect to pseudotu-
mours following the use of metal-on-metal bearings have 
caused concern. In the Norfolk and Norwich Hospital in 
England 643 MM THAs (Total hip arthroplasties) (DePuy 
Ultima TPS femoral component in combination with Ultima 
metal-on-metal bearing, Depuy Johnson and Johnson, Leeds 
UK) were implanted. Sixty of these (9.3%) failed with 
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 effusions [31] containing thick pus-like fluid, extensive soft 
tissue and bony necrosis, peri-prosthetic fractures and recur-
rent dislocations reportedly due to corrosion from the stem 
(i.e. Implant-related). Before the introduction of the BHR we 
too have had a high incidence of implant-related failures 
(14% failure at 10 years) with double heat-treated  resurfacings 
implanted  during 1996 (Corin Medical Ltd, Cirencester, 
Gloucs, UK) [9]. Although we have found metallosis and 
osteolysis in most of those failures we did not investigate 

these patients specifically with imaging techniques aimed at 
identifying pseudotumours, because this had not been recog-
nized as a specific pattern of failure then.

In Oxford [32] three different types of metal-on-metal 
resurfacings were employed with a 1% incidence of cystic 
or solid masses and in some cases semi-liquid pus-like con-
tents, necrosis, pathological fractures and dislocations. 
Patients who were revised for pseudotumours in Oxford 
were reported to have had major complications including 

Fig. 6 The pre-operative and 
follow-up radiographs of a 
31-year-old-male with 
steroid-induced AVN of the 
femoral head treated with a 
Birmingham mid-head 
resection device

Fig. 5 A Birmingham hip resurfacing 
femoral and acetabular components 
and a Birmingham mid-head resection 
device stem and modular head
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nerve palsies, pathological fractures, recurrent dislocations 
and a high incidence of re-revisions. We compare our 
results with those reported from Oxford.

In our series of 3,014 consecutive BHRs we have had 
eight symptomatic pseudotumours so far (0.27%), three of 
which have been revised to a non-MM bearing THR at our 
Centre, four revised at other Centres and another is awaiting 
revision. In the three patients that were revised at our Centre 
we found no muscle necrosis, no nerve palsies, no pathologi-
cal fractures or dislocations. There was straw-coloured fluid 
in two and metal staining in one. On the basis of patient feed-
back and hip outcome scoring, none of the other four revised 
in other centres had major complications, such as pathological 
fractures, dislocations, nerve palsies or femoral artery steno-
sis. There were no re-revisions in any of the seven. Current 
hip function in all the revised hips is good with a mean Oxford 
hip score of 18 (range 12–25) which is not worse than the 
score in revisions for all other reasons (18, range 14–22) in 
our series nor different from the score in the control group in 
the Oxford series for primary total hip replacements (18).

It is possible that some of the revisions at Oxford were 
due to edge-loading from sub-optimal cup inclination. Data 
relating to cup anteversion is not available for those revi-
sions. Although the cup inclination in our failures is accept-
able, the combined anteversion of cup and femoral neck are 
beyond the safe limit of 45° in a majority. It is possible that 
this has also led to edge-loading and excess wear. With a 
10-year survivorship of 99.6% with revision for pseudotu-
mors as the end-point, these are rare events. However 
periprosthetic pseudotumours remain a big concern and we 
are currently investigating this issue with a thorough clinico-
radiological (including multi-slice CT scanning) and metal 
ion study of our consecutive series of patients with BHRs 
who have completed 10-year follow-up. Preliminary findings 
suggest that component malposition leading to edge loading 
and excess wear is the primary reason for this phenomenon.

Many of the reported painful failures with or without 
pseudotumors have been found to display characteristic his-
tomorphological features [39] in the peri-prosthetic tissues 
suggesting the development of an immunological response 
to wear debris. Whether the prime mover in the whole pro-
cess is excess wear leading on to sensitization of the patient 
to debris from metal wear/corrosion, or an innate hypersen-
sitivity to expected levels of wear/corrosion, is debatable.

Apart from the complex problem of metal hypersensi-
tivity which is not fully understood at this stage, prelimi-
nary findings suggest that these wear-debris-related local 
responses and failures are due to three different factors:

(a)  Implant factors as seen in our 1996 series and also 
reported from Norfolk.

(b)  Surgeon factors such as sub-optimal orientation of 
components as seen from the evidence of edge-loading 
in some of the retrieved explants.

(c)  Patient factors – dysplasia with socket deficiency  
and femoral torsion deformities creating difficulty in 
implant positioning both in terms of cup inclination 
and version of cup and femoral neck. Meticulous atten-
tion to both component inclination and version and 
good implant and patient selection are critical to obtain-
ing good results in the long-term. Every implant is dif-
ferent in its micro-structure, design and geometry. The 
techniques, results, risks and benefits of the different 
implants are not mutually transferable. Careful assess-
ment of women with premature arthritis to exclude 
unrecognized femoral neck anteversion is essential in 
order to minimize this mode of failure in resurfacing.

These biological concerns should serve as an impetus to 
surgeons to strive for more precise implantation technique, 
and to engineers and designers to continue their pursuit of 
bearings with reduced wear characteristics. We have been 
exploring the possibility of developing some potential 
alternative bearing concepts into workable solutions.

Bearings Other than Metal-On-Metal for Resurfacing

There are several potential alternatives to metal-on-metal 
bearings worth considering. These include surface modifi-
cations, compliant bearings, ceramics and composites and 
newer polyethylenes.

Surface coatings including ceramic and diamond-like car-
bon (DLC) coatings have been shown to enhance the scratch 
resistance of a bearing surface in the laboratory. When they 
were used clinically however, delamination of the coating 
led to early failures and therefore they were abandoned. 
Improvements are constantly being made to the processes 
involved in applying these coatings with the expectation that 
they would be prove more resilient but none has reached the 
stage at which they could be re-introduced clinically.

In contrast to coatings, surface modifications have proved 
more durable. Oxinium, a surface-modified Zirconium has 
been successfully developed into hip and knee replacement 
components although this too has been having teething 
problems. Plasma carburization which is a surface modifica-
tion process has been successfully used in the manufacture 
of racing car components for many years. During this 
 process the alloy is heated in the presence of a compound 
which liberates carbon as it breaks down, thereby enriching 
the carbon content of the outer layers of the metal and 
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hardening it, while the core retains its original properties. 
Since this is not a type of surface coating, the problem of 
delamination does not arise with this material. Furthermore 
if the hardened layer is worn through, it only exposes the 
original metal substrate rather than a completely new 
surface.

Laboratory tests have shown low temperature plasma car-
burization substantially increases the carbon content up to a 
depth of 10 mm from the bearing surface and more than 
 doubles the hardness of the material. Furthermore surface 
profiling of the carburized cobalt-chrome shows a lower sur-
face-roughness than untreated cobalt-chrome material and is 
equivalent to the finish obtainable with alumina ceramic. The 
dual benefits of improved scratch resistance combined with a 
smoother surface finish potentially result in less metal ion 
release. Hip simulator results of plasma carburized head 
BHRs show less wear rates compared to regular BHRs out to 
three million cycles and the differences are statistically sig-
nificant through run-in and steady-state phases.

Polyurethane is a compliant bearing which has undergone 
extensive laboratory testing for possible use in hip arthro-
plasty devices. This is a material which functions in an elasto-
hydrodynamic mode through squeeze film lubrication when it 
is coupled against a metallic femoral head construct. Friction 
testing of the material against a metal shows significantly 
lower friction factors compared to a metal-on-polyethylene 
bearing. The problem with polyurethane is that it is an elasto-
mer and deforms under load, and therefore requires an 
extremely large clearance between the polyurethane liner and 
femoral head. Furthermore fixation of the cup requires a metal 
shell thereby increasing the thickness of the combined metal-
polymer construct. In the past this material has been used as a 
bearing couple with metal by Charles Townley in his resur-
facing device. When a cohort of 26 patients with these resur-
facings were subsequently reviewed, they showed a 100% 
failure rate through polyurethane wear at 24 years.

Carbon-fibre re-inforced composites have the added 
advantage of being materials which are almost iso-elastic to 
bone. The Cambridge cup has a carbon-fibre-re-inforced 
polybutyleneterephthalate (CFR-PBT) backing for its poly-
ethylene bearing surface. The stiffness of the PBT layer 
approximates to that of the subchondral bony plate allowing 
it to deform in concert with the surrounding acetabular bone 
so that micromotion at the fixation interface is minimized 
and stress shielding is reduced. CFR PEEK  (Carbon-fibre 
re-inforced poly ether-ether ketone) is a carbon-fibre  
re-inforced composite having superior wear characteristics 
and can be produced as thin-walled components needed for 
resurfacing.

Although ceramic components are not suitable for use as 
thin-walled resurfacing components, ceramic-polyurethane 

composites lend themselves to solutions in resurfacing. This 
material has been used for over a decade in total hip arthro-
plasty components in Europe and demonstrates excellent wear 
resistance and strength in clinical usage. It holds promise for 
usage as resurfacing components, especially in those patients 
who are hypersensitive to nickel and therefore unsuitable for 
MM resurfacing, but are still young and therefore would 
potentially benefit from a conservative hip procedure. We 
have used these ceramic-composite resurfacings in a small 
number of such patients and have seen good early results.

Ceramic-on-metal is another bearing which has demon-
strated potential in hip simulator testing. Large diameter 
ceramic-on-metal bearings when tested in the laboratory 
have shown significant reduction in wear compared to a 
metal-on-metal bearing of identical design. Early results 
with this bearing mounted on a Birmingham Mid-head 
Resection stem in a small number of patients also shows 
promising outcomes.

The problem with some of the above bearings is that 
they are new materials and do not have a long history of 
clinical usage. One material that has almost as long a his-
tory of clinical usage as MM is polyethylene. Conventional 
polyethylenes especially those that had been gamma irradi-
ated in air were subject to oxidation and deterioration lead-
ing to early and excessive wear. In order to combat that 
problem, several improvements have been progressively 
made to this material. Highly cross-linked polyethylene 
was developed which improved wear resistance but dimin-
ished the mechanical properties of the material resulting in 
cracking, fissuring and breakage. Furthermore, although 
hip simulator studies demonstrated almost no wear even 
after 40 million cycles of testing, in vivo clinical experi-
ence using RSA (roentgen stereo-photogrammetric analy-
sis) has shown that wear in these bearings starts increasing 
after 5 years [23]. The wear plot then starts to run roughly 
parallel to the wear in conventional polyethylene.

It has been shown that the deterioration in mechanical 
properties of the polyethylene are due to the presence  
of residual free radicals created during cross-linkage. 
Furthermore in vivo oxidation of the material from exposure 
to oxidizing agents present in the tissues and joint fluid con-
tinues to occur after implantation leading to creation of fresh 
free radicals. In order to eliminate or quench the continuing 
oxidation and in order to further improve its wear resistance 
and strength, third generation polyethylenes have been 
introduced. One of these, E-poly uses vitamin-E doping. We 
are on the threshold of a further advance in polyethylene in 
the form of surface modification similar to the modifications 
described above whereby the surface of polyethylene would 
be made wear-resistant while the core retains the excellent 
mechanical properties of untreated polyethylene. The 
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development of a suitable fixation interface will then allow 
this material to be used as a thin potential resurfacing cup 
component for articulation against an advanced metal bear-
ing surface with the potential for low wear.

The increasing use of metal-on-metal bearings was ini-
tiated as a solution to the debris induced osteolysis second-
ary to polyethylene wear. It is ironic that in our attempt to 
find a solution to MM bearing wear we have gone full cir-
cle to look for solutions again in polyethylene or in one of 
its improved forms.

Conclusion

Hip resurfacing is not a panacea for all hip arthritis. As 
noted above it works best in young patients with good qual-
ity femoral head bone and a reasonable proximal femoral 
anatomy which does not need extensive re-adjustment of 
leg length, offset and hip centre. The Birmingham Hip 
Resurfacing, when performed well in properly selected 
patients, continues to demonstrate excellent outcomes. The 
results however leave room for better patient selection and 
more precise surgery. There is also a scope for alternative 
bearing materials especially for those patients who are 
potentially intolerant to metal-on-metal bearings.
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Total Knee Arthroplasty in Extra-Articular 
Deformities

José A. Hernández-Hermoso

Introduction

Total knee arthroplasty (TKA) in extra-articular deformity is 
uncommon, 1 per 1,000 TKA procedures [23], but when it is 
present it can be challenging to achieve correct alignment. At 
TKA the surgeon usually confronts deformities due to intra-
articular bone erosion or ligamentous laxity, with the centre 
of the deformity located at the knee. In contrast, with extra-
articular deformity the centre of the deformity is outside the 
knee adding complexity to the basic principles of TKA.

Such a deformity can be located in the femur, in the tibia 
or in both bones and may be secondary to a mal-united or 
non-united fracture, a previous osteotomy, physeal trauma, 
os teo mylitis, metabolic bone disease (rickets, osteomala-
cia), Paget’s disease or congenital bowing [15, 19, 23]. 
Extra-articular deformity can be uni-planar, bi-planar or tri-
planar [14, 27] depending on isolated or combined af fectation 
of the coronal (varus-valgus), sagittal (flexion-extension) or 
transverse (rotational) plane by the deformity and may or 
may not be associated with intra-articular instability.

There are no large clinical series of TKA in patients 
with associated extra-articular deformities. Therefore, 
review of the literature does not reveal which is the most 
appropriate method of performing TKA in this situation. 
The primary goal of the surgeon will be to obtain a well-
aligned and stable TKA, without pain and with a good 
range of motion. To correct the extra-articular deformity 
the surgeon has two choices. It can be corrected by an 
extra-articular osteotomy performed before or simultane-
ously with the TKA and located at the site of the deformity 

or at a distance from it. An alternative is to correct the 
extra-articular bone deformity by an off-setting intra- 
articular femoral or tibial bone resection and soft-tissue bal-
ancing of the resultant instability. Intra-articular correction 
of an extra-articular deformity is limited by the magnitude, 
location and multi-planar orientation of the deformity.

Extra-Articular Correction

Correction of the deformity by osteotomy allows bony resec-
tions more similar to those routinely performed at the time of 
arthroplasty and less complex soft-tissue releases [14]. Only 
an osteotomy at the site of the deformity will correct com-
pletely all the aspects of the deformity [7, 15, 16, 19]. 
Bi-planar and tri-planar deformities are more likely to require 
extra-articular correction than uni-planar ones. A femoral 
extra-articular deformity is more likely to require extra-artic-
ular correction than a tibial one of the same magnitude, 
because soft-tissue imbalance created after intra-articular 
correction of tibial extra-articular deformity is easier to com-
pensate than femoral [15]. An angular extra-articular defor-
mity close to the joint-line is more likely to require 
extra-articular correction because it requires compensating 
the deformity by more off-setting of the intra-articular cut 
than distant ones of the same magnitude [9, 10].

Osteotomy at the site of the deformity can be performed 
simultaneously [11, 14, 24] with TKA or in a staged fash-
ion [28, 29]. The use of a retrograde intra-medullary nail 
for fixation involves less tissue dissection than a plate or 
blade-plate fixation, and rehabilitation may be facilitated 
[11, 14]. In a staged procedure, the retrograde nail can be 
removed through the same incision when the TKA is per-
formed, although with navigation techniques it may not be 
necessary. Stemmed implants have some disadvantages; 
they force the use of a revision-TKA design component, 
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compromising future hip arthroplastic surgery and if a non-
union develops it is easier to handle with a nail exchange 
than with a stemmed component in place. The decision on 
cement or cementless fixation of the extended stem is 
unclear because cement will provide a rigid fixation but has 
the danger of cement extrusion at the osteotomy site which 
could lead to a non-union.

Although rare, prior osteotomy correction at the site of 
the deformity may yield satisfactory results avoiding the 
need of subsequent TKA [28]. Performing sequential cor-
rection of the deformity may have the potential advantage 
of avoiding or delaying the TKA procedure. TKA after 
prior osteotomy at the site of the deformity, has given good 
results [5, 14, 19, 23, 24, 28] but complication rates increase 
[5, 14, 19] and can be as high as 55% [23].

When an osteotomy away from the deformity site is 
planned, it should be a supracondylar osteotomy [14, 15, 26]. 
The angle of correction of the supracondylar osteotomy 
will be a function of the magnitude of the deformity and the 
distance of the osteotomy from the deformity. The objec-
tive is to obtain a joint line perpendicular in relation to the 
mechanical axis. The disadvantage of this type of osteot-
omy is that it will create a Z-form of the bone making the 
use of a stemmed prosthesis difficult, but when possible, 
the advantage is that it can be done simultaneously through 
the same incision of the TKA and fixed with the stem or 
with a plate.

Intra-Articular Correction

It is technically demanding to correct an extra-articular defor-
mity by means of intra-articular resection of bone and soft-
tissue balancing. Technical difficulties increase when the 
surgeon tries to correct a bi-planar or tri-planar deformity 
affecting the femur or tibia or when a combined femoral and 
tibial deformity is addressed at the same time (Figs. 1 and 2).

Intra-articular correction of a uni-planar deformity of 
the femur or tibia has different effects depending on if it 
corrects the coronal, sagittal or transverse plane. It is 
important to know what will be affected in order to perform 
the TKA procedure properly. The same basic principles are 
applied to correct a multi-planar deformity or a combined 
femoral and tibial deformity.

Severe extra-articular femoral and tibial deformities 
have been treated with this technique, up to 22° in the 
coronal and 38° in the sagittal plane with 10° external and 
20° internal rotation in the femur and 30° in the coronal 
plane in the tibia [16, 27]. The major advantage of intra-
articular correction of the deformity is the avoidance of an 

additional surgical procedure for the osteotomy and also 
there are no concerns or complications with healing of the 
osteotomy site such as non-union, infection or arthrofibro-
sis [20, 27].

Satisfactory short-term clinical results have been 
ob tained after intra-articular correction of extra-articular 
deformity in TKA with no complications [15, 19, 23, 27]. 
However the deformity is not always fully corrected and 
non-progressive radiolucent lines can be observed [15] and 
further follow-up is needed to evaluate the long-term effec-
tiveness. The mayor concern of this technique is that 

Fig. 1 Full-length standing anteroposterior radiograph of the 
lower extremity of a 74-year-old woman demonstrated signifi-
cant post-osteotomy varus deformity of the right distal femur and 
valgus deformity of the tibia, in a patient with hip arthrodesis, 
corrective abduction proximal femur osteotomy and lower limb 
shortening
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ligament releases can lead to instability in flexion [19, 25], 
although this instability is probably not a problem unless 
the flexion gap is big enough to create prosthesis disloca-
tion [25]. Extra-articular deformity due to prior supracon-
dylar varus femoral osteotomy does not affect the result of 
a primary TKA, although the distal femur is off-set medi-
ally on the femoral diaphysis [4].

Effects of Intra-Articular Femoral Correction

Effects in the Coronal Plane

Intra-articular correction of extra-articular femoral mal-
alignment will require an off-set and compensatory distal 
femoral cut, perpendicular to the mechanical axis (centre of 
the knee to the centre of the hip). The magnitude of the off-
set will depend on the magnitude of the angular deformity 
and the distance of the angular deformity to the centre of the 

knee [9, 10]. An angular deformity closer to the joint-line 
will require greater off-set than distant ones. The off-set of 
the distal femoral cut to correct a varus or valgus extra-
articular deformity will affect the extension gap creating an 
asymmetric gap with a more or less lateral or medial laxity, 
respectively. Minor degrees of lateral laxity are better toler-
ated than medial laxity due to dynamic stabilization by the 
ilio-tibial tract, the biceps tendon, the popliteus, and the lat-
eral head of the gastrocnemius muscle. Therefore, valgus 
deformities are more likely to require extra-articular correc-
tion than varus ones of similar magnitude.

Extensive medial or lateral release in extension to bal-
ance the extension gap will affect the flexion gap [22], 
increasing relative external or internal rotation of the femur 
when tensing the ligaments to balance the flexion gap. If a 
posterior femoral cut parallel to the proximal tibial cut is 
performed to compensate the asymmetry of the flexion 
gap, while maintaining tension in the ligaments it will pro-
duce internal or external rotation of the femoral compo-
nent, respectively (Figs. 3 and 4). The rotational alignment 

a b

Fig. 2 (a) Anteroposterior radiograph of a right osteoarthritic knee 
with severe (25°) angular varus deformity of the distal femur sec-
ondary to supracondylar osteotomy and valgus deformity of the 

proximal tibia secondary to proximal osteotomy. (b) Lateral 
radiograph showing flexion deformity of the distal femur
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of the femoral component affects the balance of the collat-
eral ligaments in flexion and the tracking of the patella.

Effects in the Sagittal Plane

Femoral flexion or extension deformity can be attenuated 
increasing the extension or flexion of distal femoral cut. 
Anterior or posterior femoral cortex notching limits the 
degree of flexion or extension of the distal femoral cut. 
Increasing the flexion or extension of distal femoral cut 
may produce difficulty in the use of a stemmed prosthesis, 
so that a short cemented stem may be neccessary.

Effects in the Transverse Plane

Intra-articular correction of internal or external rotational 
femoral deformity is limited because it means increasing 
the external or internal rotation of the femoral component 
and that may produce patellar mal-tracking and imbalance 
of the flexion gap. Changes in component rotation mean 
changes in the posterior femoral cut orientation that may 
cause asymmetry of the flexion gap. When there is an asso-
ciated femoral deformity in the coronal and in the trans-
verse plane, the change in femoral component rotation may 
be useful to correct the flexion gap asymmetry produced by 
the soft tissue releases performed to compensate the exten-
sion soft-tissue imbalance created by the off-set distal fem-
oral cut, as has been mentioned.

Effects of Intra-Articular Tibial Correction

Effects in the Coronal Plane

The option of intra-articular correction of a varus or valgus 
extra-articular deformity in the coronal plane will depend 
on the amount of offset and compensatory proximal tibial 
cut that will be required to compensate the extra-articular 
mal-alignment. The proximal tibial cut will affect the 
extension and flexion gap in contrast with the femoral dis-
tal compensatory intra-articular cut that only will affect the 
extension gap.

Hungerford [9] established that the magnitude of this 
compensatory cut will be influenced by two factors: the 
absolute magnitude of the axial deformity and the distance 
of the deformity from the centre of the knee. A distal tibial 
metaphyseal deformity may have little influence on the ori-
entation of the proximal tibial cut compared to a proximal 
tibial metaphyseal angular deformity.

Fig. 3 Extensive medial release in extension to balance the exten-
sion gap will produce asymmetry of the flexion gap due to 
increasing relative external rotation of the femur. If the proximal 
tibial cut and the balanced flexion gap method is use to compen-
sate the asymmetry, the posterior femoral cut will produce inter-
nal rotation of the femoral component

Fig. 4 Extensive lateral release in extension to balance the exten-
sion gap will produce asymmetry of the flexion gap due to 
increasing relative internal rotation of the femur. If the proximal 
tibial cut and the balanced flexion gap method is use to compen-
sate the asymmetry, the posterior femoral cut will produce exter-
nal rotation of the femoral component
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The compensatory off-set of the proximal tibial cut to 
compensate an extra-articular deformity in varus or valgus 
will create a more or less severe lateral or medial laxity, 
respectively. A contra-lateral ligamentous release to com-
pensate this laxity will affect the flexion and extension gaps 
and will balance the offset of the proximal tibial cut both in 
flexion and extension. The proximal tibial cut and the bal-
anced flexion gap method can be used to establish the femo-
ral component rotation. Extensive releases will alter joint 
line position, increase tension on the posterior cruciate liga-
ment and change patello-femoral contact stress. A posterior 
stabilized (PS) or condylar constrained (CCK) TKA design 
is recommended to increase constraint after ligamentous 
releases, but if mayor instability persist a more constrained 
hinge prosthesis is needed.

In theory, ligament advancement to compensate the lax-
ity created after a proximal tibial offset cut is more straight-
forward than after a distal femoral offset cut, because in the 
latter, the femoral centre of rotation may be altered; other-
wise in the tibial deformity the isokinetic point for the 
femur is unchanged [9]. To my knowledge there are no 
reports of the results obtained after the use of this technique 
in TKA in extra-articular deformities.

A tibial deformity produces alterations at the knee and 
the ankle, requiring varus or valgus hind-foot alignment to 
compensate them. An intra-articular tibial osteotomy will 
correct the alignment at the knee but may leave alignment 
at the ankle incompletely corrected.

Effects in the Sagittal Plane

The flexion or extension deformity can be corrected by an 
intra-articular proximal tibial cut performed in the opposite 
direction of the deformity. The limit of flexion or extension 
of the proximal tibial cut is established by the length of the 
tibial stem that can contact the posterior or anterior cortices 
of the tibia.

Effects in the Transverse Plane

When the level of the rotational deformity is proximal to the 
anterior tibial tubercle, internal and external rotational defor-
mities can be simply corrected by the alignment of the tibial 
implant with the anterior tibial tubercle. Nevertheless, when 
the centre of the rotational deformity is distal to the anterior 
tibial tubercle complete correction with an intra-articular 
procedure can cause mal-alignment of the extensor appara-
tus. In both circumstances, it is probably better to let the trial 
tibial component self-align to the femoral component rota-
tion after flexing and extending the knee several times.

Pre-Operative Planning

Individual evaluation of each case is necessary because of 
several factors affecting the type of treatment such as age, 
activity level, underlying diagnosis, other joint disease, 
quality of the skin, range of motion, and neurovascular 
status [20].

To plan the correction of the deformity in the coronal 
plane, the mechanical axis of the knee is measured on a full 
weight-bearing radiograph from the hip to the ankle in neu-
tral rotation of the affected limb pre-operatively (Fig. 1). To 
determine the level of the corrective osteotomy at the knee 
associated with extra-articular deformity of the femur a line 
is drawn from the centre of the femoral head to the centre of 
the knee and a second line is drawn perpendicular to the first 
line through the femoral condyle on the pre-operative full-
length weight-bearing radiograph. The level of resection is 
moved further distally to avoid the origin of the collateral 
ligaments but if the anticipated femoral condylar resection 
violates the integrity of the insertion of either the medial or 
the lateral collateral ligament an extra-articular corrective 
osteotomy is planned.

Drawings, cut-outs (Fig. 5) and templating is done to 
ensure proper alignment and to ensure that the femoral 
component will sit securely, especially the position of the 
intercondylar box of constrained condylar prosthesis (CCK) 
and the position of the stem extension when it is needed, 
because the box or the stem may impinge with the femoral 
cortex. In this situation an offset stem may have some value 
or a custom femoral component is needed with the appro-
priate stem angle.

The level of the offset proximal tibial cut to correct a 
tibial coronal extra-articular deformity is determined by 
drawing a line from the centre of the knee to the center of 
the ankle and a second line perpendicular to the first line is 
drawn through the tibial plateau. The level of resection can 
be moved distal to the joint line no more than 1 cm and 
depending on the medial or lateral resultant bone defect 
and the amount of soft tissue release needed to compensate 
the extension and flexion gap, the surgeon must decide if 
an extra-articular corrective osteotomy is planned.

The limit of extra-articular tibial deformity that can be 
corrected by an intra-articular procedure can be established 
by the Wang method [27]. In this method a line is drawn 
from mid-point of the distal part of the medullary canal of 
the tibia to the knee joint. If the line passes within the tibial 
condyle an intra-articular procedure can be planned but if 
not, an extra-articular osteotomy is planned. Templating 
helps to ensure that the tibial component and the stem sit 
properly. When a stem is needed in a severe deformity, an 
offset stem or a custom tibial stem may play a role.
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To plan the correction of the deformity in the sagittal 
plane, a non-weight-bearing lateral radiograph of the femur 
or tibia is done. A line is drawn in the mid-point of the 
medullary canal of the proximal and distal segment of the 
femur or tibia and the angle between these lines is mea-
sured. To determine the level of the corrective osteotomy, a 
line perpendicular to the line of the medullary canal is 
drawn through the knee joint surface and a second line is 
drawn, reproducing with the latter the extension or flexion 
deformity angle measured before in opposite directions. 
The flexion-extension limit of the distal femoral cut, is 
established by femoral template to avoid excessive anterior 
or posterior cortical notching and to assure perfect setting 
of the inter-condylar box and stem. The flexion-extension 

limit of the proximal tibial cut is established by the tibial 
stem to avoid contact with the anterior or posterior tibial 
cortices.

The rotational deformity is measured on a computerized 
tomography scan [17]. The femoral torsion is determined 
by the angle formed between lines drawn in the middle of 
the neck of the femur with another drawn in the clinical 
epicondylar axis of the distal femur. The tibial torsion is 
determined by the angle formed by a line parallel to the 
posterior tibial cortex at the joint surface with a line drawn 
through the medial and lateral malleoli. The femoral and 
tibial torsion is compared with the values of the contr- 
alateral extremity whenever possible to establish the rota-
tional deformity.

Surgical Technique

The Surgical approach is performed through a standard 
mid-line incision or through a previous surgical scar close to 
it. Limited soft tissue flaps are developed and a medial para-
patellar arthrotomy is performed to allow patellar sublux-
ation. When subluxation is difficult proximal extension of 
quadriceps tendon arthrotomy combined or not with an 
oblique snip helps to obtain subluxation in most cases. Soft 
tissue balance is performed after distal femoral and proxi-
mal tibial cuts.

Extra-Articular Correction

Corrective extra-articular osteotomy is performed prior to 
TKA, depending on the location of the osteotomy site.  
A separate, small lateral or anterior approach to the femoral 
or tibial diaphysis respectively will be necessary. When a 
supracondylar femoral or proximal metaphyseal tibial 
os teotomy is planned, exposure of this region is obtained 
by extending the knee arthrotomy proximally or distally. 
When a plate or a blade-plate is preferred to fix the supra-
condylar femoral osteotomy, frequently a lateral-based 
approach is necessary [14]. Bone grafting of the osteotomy 
should be considered [19].

Fluoroscopic assistance helps to ensure proper location 
and correction at the osteotomy site. Also, guided intro-
duction and reaming of an intra-medullary nail. An intra-
mudullary nail or a plate, are preferred to a blade-plate or 
stemmed implant to fix the diaphyseal or supracondylar 
femoral osteotomy [14], but a plate or stemmed implant 
are preferred for the tibia [20, 24]. A small plate will pro-
vide additional rotational control when a stemmed implant 

Fig. 5 Pre-operative planning of the different options to correct 
the femoral deformity by an extra-articular supracondylar 
osteotomy at the site of the angular deformity or intra-articular 
off-setting distal femoral cut
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fixes the osteotomy [26]. If a plate is used, initial fixation 
is obtained with  uni-cortical screws to allow the introduc-
tion of the  intra-medullary jig. Otherwise, an extra- 
medullary alignment system is needed [14]. With a 
retrograde nail the intra-medullary alignment jig is intro-
duced into the nail or a specially threaded alignment rod 
can be connected to the nail [11].

Intra-Articular Correction

Extra-Articular Deformity of the Femur

To perform the distal femoral cut, an intra-medullary 
guided system is preferred and can be used when the intra-
medullary rod passes through the angular deformity. If this 
fails an extra-medullary guided system or computer-guided 
navigation system may be used. Passing the rod through 
the angular deformity is more easily accomplished when 
the deformity is close to the joint. The entry point of the 
intra-medullary guide is placed in the lateral femoral con-
dyle for a varus deformity (Figs. 6–8) and in the medial 

femoral condyle for a valgus deformity. The distal femoral 
cut is done perpendicular to the mechanical axis.

When using an extra-medullary guided system the 
external alignment rod is attached to the distal femoral cut-
ting bloc and the proximal part of the guide is positioned 
2 cm medial to the anterior superior iliac spine crest. It 
should correspond to the centre of the femoral head. A skin 
marker positioned previously in the centre of the femoral 
head under radiographic control can also be used as a 
reference.

Extra-Articular Deformity of the Tibia

The intra-medullary guided system can be used when the 
intra-medullary rod passes the angular deformity, this is 
more easily accomplished when the angular deformity is 
closer to the joint line; if not an extra-medullary guide or 
navigation system may be used. The intra-medullary rod is 
inserted into the lateral tibial condyle for a varus deformity 
and into the medial tibial condyle for a valgus deformity. 
The proximal tibial cut is done perpendicular to the 

a b

Fig. 6 Intra-operative image showing autograft used to fill the bone defect created by the intramedullary guide introduced through 
the lateral femoral condyle (a) and the medial offset position of the femoral component (b)
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mechanical axis and the level of resection is limited to 1 cm 
below the joint line (Figs. 9–11).

The remaining defect of the medial or lateral plateau is 
filled with a cortico-cancellous autograft from the femoral 
or tibial condyle or a metal augment when it is bigger than 
5 mm, or with morsellized autograft. The use of a stem 
extension with modular tibial augments may not be possi-
ble because of the tibial deformity. If there are difficulties 
with the short stem of the tibial tray an all-polyethylene 
tibial component allows shaving of the stem to fit the tibial 
canal [15].

Reverse tibial flip autograft technique [18] has been 
described to correct the extra-articular valgus knee second-
ary to overcorrected high tibial osteotomy by an intra-articu-
lar technique. It increases the lateral compartment with a 
wedge of bone resected from the medial tibia and then 
flipped. The flipped bone wedge is fixed provisionally with 
K-wires during the TKA and finally, the tibial plate and the 
cement provide a strong fixation for the wedge autograft. 
The lateral soft tissue tightens after wedge transplantation 

hence lateral release is performed to balance soft tissue. This 
technique is only indicated for knees in which the angle of 
the tibial shaft to the tibial plateau is more than 15° because 
harvesting a small bone wedge of less than 8 mm thick is 
technically very difficult.

Soft-Tissue Balancing

The offsetting of the distal femoral cut creates soft-tissue 
imbalance only in the extension gap, in contrast to the off-
setting proximal tibial cut that creates extension and flex-
ion gap imbalance. Extensive releases required to 
compensate the imbalance will affect extension and flex-
ion gaps [22]. In extra-articular femoral deformity medial 
or lateral releases performed to compensate the extension 
gap, cause asymmetry in the flexion gap when the liga-
ments are tensed, increasing femoral external or internal 
rotation, respectively. If the epicondylar axis or antero-
posterior troclear line is used for determining femoral 

a b

Fig. 7 Anteroposterior (a), lateral (b) radiograph after total knee 
arthroplasty at the latest follow-up, showing medial offset of the 
femoral component. Opposite intra-articular off-setting cut of 

the femur and tibia compensate each other creating less soft tis-
sue imbalance
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component  rotation,  asymmetry of the flexion gap is 
maintained causing flexion instability. If the long axis of 
the tibia or the proximal tibial cut are used to determine 
the femoral component rotation while tensing the flexion 
gap, a symmetric flexion gap will be obtained but exces-
sive and abnormal femoral component rotation may result. 
Careful evaluation of femoral component rotation is nec-
essary to avoid patellar mal-tracking and to equalize the 
flexion gap. Depending on the magnitude and complexity 
of the soft-tissue imbalance the surgeon must decide 
whether to solve it by soft tissue reconstruction or by a 
constrained prosthesis.

In extra-articular deformity of the tibia the offsetting 
proximal tibial cut affects the flexion and extension gap 
and soft tissue releases will compensate both gaps without 
the necessity to change femoral component rotation.

In a varus deformity where more lateral femoral or tibial 
condyle would have to be removed, it will result in a rela-
tive lengthening of the lateral soft-tissue structures. To 
compensate this, an extensive medial release will be 
required that includes meticulous sub-periosteal release of 

the deep and superficial medial collateral ligament and pes 
anserinus tendons from their tibial insertions. The semi-
membranosis and posterior capsule may be also released 
from the postero-medial corner [7].

In a valgus deformity the resection of more medial femo-
ral or tibial condyle produces a relative lengthening of the 
medial structures that will require extensive lateral release 
to balance the extension gap. Lateral release includes 
sequential lengthening of the postero-lateral aspect of the 
capsule and fascia lata, lateral collateral ligament and popli-
teus tendon [7].

Femoral chamfer cuts are made once correct align-
ment and soft-tissue balance have been obtained and trial 

Fig. 8 Full-length standing radiograph after total knee arthro-
plasty demonstrating improvement of the alignment of the lower 
extremity

Fig. 9 Full-length standing radiograph of the lower extremity of 
a 63-year-old man with a left valgus deformity post tibial frac-
ture mal-union



154 J.A. Hernández-Hermoso

components are inserted. If augmentation or increased 
constraint is necessary, it is preferable to use a stemmed 
component. This may not be possible with a severe defor-
mity unless a custom stem has been made pre-operatively. 
If it is not available, you may choose to cement the com-
ponent without a stem extension or with a shorter stem 
extension.

Wound closure can be difficult after correcting a severe 
deformity and to avoid skin tension pre-operative plastic 
surgery advice will be useful, especially in the multi-
scarred knee. It may be necessary to consider using a pre-
operative tissue expander or gastrocnemius rotational flap.

The Role of Navigation

Navigated TKA has demonstrated better alignment than 
does the conventional technique in coronal and sagittal 
planes [1]. The computer-assisted navigation system 
directly measures the mechanical axis irrespective of local 
bone morphology or deformity and allows the performance 
of an accurate offset femoral or tibial cut perpendicular to 
the mechanical axis (Figs. 12 and 13). A navigation system 
permits better adjustment of the desired flexion or exten-
sion in the distal femoral or proximal tibial cut than the 

a

b

c

Fig. 10 Anteroposterior (a), lateral (b) and axial (c) radiograph showing a well aligned total knee arthroplasty without radiolucencies 
after 2 year follow-up
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conventional technique. No better accuracy has been 
proven in rotational alignment with navigation compared 
to conventional technique, and some authors [2, 6] prefer 
to base the femoral rotation on balancing the flexion gap to 
the tibial cut surface instead of the epicondylar or troclear 
antero-posterior axis that can be altered due to rotational 
mal-alignment. Navigation can also be used in second 
stage, after corrective osteotomy at the site of the defor-
mity, avoiding the need for intra-medullary nail or plate 
extraction.

Comparable accuracy in coronal alignment can be 
obtained with navigation compared with osteotomy at the 
site of the deformity and in intra-articular bone resection 
with a standard guide approach [2, 6, 8, 13, 21]. Navigation 
is a feasible and less-invasive alternative method for TKA 
surgery in extra-articular deformities that obtains good and 
reproducible clinical results without increasing complica-
tions and with the potential advantage of less blood loss 
[12] and decreased risk of fat embolism [3].

Fig. 11 Improvement of the mechanical axis after total knee 
arthroplasty. The mechanical axis of the lower extremity passes 
3 mm from the centre of the knee

a b

Fig. 12 (a) Anteroposterior radiograph of a 58-year-old women with a failed high tibial osteotomy and important lateral shift of the 
tibial plateau. (b) Lateral radiograph showing inversion of the proximal tibial tilt
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Conclusions

Extra-articular femoral or tibial deformity increases techni-
cal difficulties in TKA and may adversely affects the results. 
This deformity can be addressed with an extra-articular cor-
rectional osteotomy performed prior to or at the time of pri-
mary TKA or with an intra-articular offset bone resection 
and soft-tissue balance. Careful pre-operative planning is 
mandatory on an individual basis and will obviate potential 
problems. Intra-articular correction may be appropriate 
when the insertion of the collateral ligament is not be vio-
lated by the intra-articular bone resection and when the 
resultant bone defect and soft tissue imbalance may be 
solved. Most complex deformities of great magnitude or 
those located close to the joint line or mult-planar, may 
require an extra-articular corrective osteotomy.

Femoral intra-articular offset cuts affect the extension 
gap whilst, in contrast, tibial offset cuts affect the extension 
and flexion gap. Ligament releases performed to balance the 
extension gap after a femoral intra-articular offset cut pro-
duce asymmetry in the flexion gap; if it is balanced with the 

posterior femoral cut; it may produce abnormal femoral 
component rotation. Nevertheless, ligament releases per-
formed after the offsetting proximal tibial cut balance the 
flexion and extension gap. Navigation systems directly 
measure the mechanical axis irrespective of local bone mor-
phology and are less invasive.

Satisfactory short-term clinical results have been 
obtained after intra-articular and extra-articular correction 
of extra-articular deformity in TKA, but complication rates 
increase with extra-articular correction. However, by an 
intra-articular technique further follow-up is needed to 
evaluate the long-term effectiveness of both methods.
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Unicompartmental Knee Arthroplasty

Simon Thomas Donell

Articular Cartilage

All biological tissues contain matrix, cells, and water. In 
 articular cartilage the matrix is a complex structure within 
which the chondrocytes are distributed in a recognisable 
pattern. The matrix contains principally type II collagen 
bundles with attached and unattached proteoglycan com-
plexes. The latter contain aggrecan (proteoglycan) and gly-
cosaminoglycan (GAG). Aggrecan comprises a hyaluronan 
molecule which is linked through keratin and chondroitin 
sulphate molecules to form a series of “bottle-brushes” on 
either side of the hyaluronan chain. Aggrecan is extremely 
hydrophilic, attracting water. This increases tissue tension 
and the water is contained by the large-diameter collagen 
bundles. The arrangement of the bundles is shown sche-
matically in Fig. 1 [8].

Because articular cartilage is under continuous load it 
has neither a nerve supply nor blood supply. The lack of 
these means that there is no perception of injury, and lim-
ited capacity for repair. Nutrients are gained from the syn-
ovial fluid and enter through the fluid fluxes that occur 
under load. As a result the chondrocytes can be viable even 
after death. The cells make up 5% of the volume, 70% is 
water, and 25% organic matrix. The cells are interspersed 
in the matrix and have territorial areas around within which 
they react chemically. Because they are sparse there are 
interterritorial areas between the cells that are independent 
of direct cellular control.

Cartilage homeostasis depends on the balance between 
synthesis of the protein molecules stimulated by growth 
factors, and the degradation by cytokines by the production 
of enzymes such as collagenases. Homeostasis also depends 

on the synovial membrane and the properties of synovial 
fluid.

The main functions of articular cartilage are to distribute 
loads evenly across the joint to reduce stress, and to allow 
movement between the opposing surfaces with the mini-
mum of friction and wear. The complex structure and the 
way that water moves in and through it means that articular 
cartilage is viscoelastic, like a water-soaked sponge. The 
water moves when a pressure gradient under load is applied. 
It behaves differently depending on the loading conditions; 
known as anisotropy. Since the loads differ throughout the 
articular cartilage (see Fig. 2) the resulting mechanical 
behaviour varies depending on the depth. When normal, 
articular cartilage can withstand loads of 10, 000 N. But this 
diminishes when there is proteoglycan loss and even more 
so when the collagen network is damaged.

When a biomechanical insult is applied to a chondro-
cyte it releases degrading enzymes that remove aggrecans 
and collagen II. This results in fragments forming that 
leach into the synovial fluid. This in turn mounts an 
inflammatory response from the synovial fibroblasts that 
includes metalloproteinases. These further destroy the 
articular cartilage. Wear debris also has a direct effect 
through wear.

The articular cartilage damaged may be classified as:

Partial thickness• 
Full thickness (Focal)• 

Chondral –
Osteochondral –

Degenerate• 
Ageing –

Arthritis• 
Only if there is bleeding through the subchondral bone 
plate can fibroblasts and therefore scar tissue form. It fol-
lows from this that lost bearing surface is not naturally 
replaced. This loss can alter the mechanical alignment 
adversely leading to further loss. The problem then is that 
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Superficial zone

Intermediate zone

Deep zone

Calcified cartilage

Subchondral bone

Fig. 1 Schematic of the 
structure of articular cartilage

Superficial zone

•       High flow In/Out

•       Fluid pressure/tension

•        Large compressive strains

•        Tensile surface strains

•         No fluid flow

•         Fluid pressure

•         No compressive strains

•         Interface shear strains

•         Low fluid flow

•         Mainly fluid pressure

•         Moderate compressive strains

•         Little fluid flow

•         Fluid pressure

•         Small compressive strains

Intermediate zone

Deep zone

Calcified cartilage

Fig. 2 Schematic of the in vivo 
mechanical behaviour of 
articular cartilage

both the mechanical and biological environments may need 
correcting in symptomatic patients.

The Knee

The knee is composed of three compartments; medial and 
lateral tibiofemoral, and patellofemoral. Focal or isolated 
unicompartmental articular cartilage loss can occur from:

Direct trauma (chondral or osteochondral damage)• 
Osteochondritis dissecans• 
Osteonecrosis• 
Meniscectomy• 
Malalignment• 
Dysplasia (e.g. trochlear dysplasia in the patellofemoral • 
joint)

Where there is an inflammatory arthropathy, or the primary 
problem is biological rather than mechanical, then the 
articular cartilage loss is likely to extend beyond one 
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 compartment to all three. Progression of osteoarthritis is 
well-recognised where there is instability secondary to 
ligament rupture, most notable with the ACL.

Loss of the bearing surface in the knee can be replaced 
by biological material such as osteochondral grafts, or 
autologous chondrocyte implantation, or with artificial 
materials (metal and plastic). Total knee replacement is the 
treatment of choice where the loss is beyond one compart-
ment or likely to progress in the future. Where the loss is 
focal then unicompartmental knee replacement (UKR) can 
be undertaken provided one assumes that:

The ligaments and soft tissues are intact.• 
The UKR replaces only the missing bearing surface so • 
that the tissue tensions are restored to normal.
The remaining articular cartilage behaves normally bio-• 
logically because the mechanical environment has been 
restored to normal.

Unicompartmental Knee Replacement

Tibiofemoral

History

Initial pioneers of UKR were Marmor in the USA and 
Cartier in France in the 1970s and 1980s [4]. Marmor 
defined the minimum thickness of polyethylene at 6 mm. 
Initially the results were very variable with poor results 
from wrong patient selection and imperfect surgical tech-
nique, although these were not specifically recognised ini-
tially. For instance, Insall overcorrected the medial UKRs 
and undercorrected the lateral ones [7]. More recently a dis-
tinction has been made between early and late failures with 
the late failures (over 10 years) being due to polyethylene 
wear. Many series published in the literature have reported 
survivorship of over 90% [1–3, 5, 9, 13, 14, 16, 17].

Indications

UKR should be considered in the younger active and older 
sedentary patients with osteoarthritis confined to one tibiofem-
oral compartment. The ligaments must be intact. In these con-
ditions the deformity will be correctable on stressing, there 
will be no excessive fixed flexion deformity, and the patient 
will flex beyond 90°. There is some debate about how active 
the patient can be, and how heavy, although most are reluctant 
to perform a UKR on someone with a BMI above 35.

Introduction

Tibiofemoral UKRs may have a number of different designs. 
They may be fixed-bearing or mobile-bearing. The fixed-
bearing may be metal-backed or all polyethylene. The fem-
oral component may be resurfacing or resection. The tibial 
component may be different for a lateral UKR compared to 
a medial UKR. UKR is an attractive technique for manag-
ing unicompartmental arthritis of the knee since it can be 
performed through a minimal access approach which allows 
for a shorter inpatient stay. The recovery is quicker and the 
complications rates lower than a total knee replacement 
(TKR). However two points need to be considered:

Does the UKR have the same functional results and sur-• 
vival rates as a TKR?
Is the UKR selected as an alternative to a TKR or to an • 
osteotomy (upper tibial or distal femoral)?

If the latter then the outcomes in terms of function and lon-
gevity are less strict than those for a TKR. However a UKR 
runs the risk of disease progression in the other compart-
ments that does not occur with a TKR. A recent systematic 
review recommended that the short- and long-term func-
tion and longevity of all these treatments need to be 
assessed in order to evaluate the success of UKA in com-
parison to HTO and TKA for the treatment of unicompart-
mental OA [10].

As with TKR, UKR also runs the risk of long-term poly-
ethylene wear. This is well-recognised if the polyethylene is 
point- or line-loaded due to incongruity between the femoral 
metal component and the upper surface of the tibial insert. 
In the 1980s, Goodfellow and O’Connor addressed this 
problem by developing the Oxford UKR (Biomet, Swindon, 
UK) with a spherical femoral surface and a flat tibial surface 
a mobile polyethylene bearing was designed for perfect con-
gruence. Not only should this minimise wear it also should 
allow normal kinematics. This is because the bearing can 
behave like the meniscus by moving forward and backwards 
during knee motion. The Oxford UKR is the most popular in 
the UK with reported excellent long-term results of 95% 
survivorship rates at 15 years [1, 12, 15] without significant 
polyethylene wear and component loosening. These results 
support Goodfellow & O’Connor’s concept of perfect con-
gruence minimising wear of the polyethylene (Fig. 3).

However, the Oxford UKR’s results, particularly early 
failure rates, depend on surgical experience. This has been 
borne out by auditing the results from our own unit. 
Although in experienced hands the results can be remark-
able, it is not the implant of choice for the occasional UKR 
surgeon. The most notable failure is bearing dislocation. 
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This is typically due to an imbalance between the flexion 
and extension gaps. Early failure is almost always due to 
surgical error. In addition, on the lateral side, the tibiofem-
oral joint is much more mobile naturally. Lateral mobile 
UKR is especially prone to bearing dislocation. It also 
requires a different technique to achieve balance since wear 
of the posterior condyle means that it cannot be used to 
define the flexion gap joint line. Fixed bearing designs 
therefore can be easier to insert. However they run a greater 
risk of bearing failure in the medium- to long-term.

The fixed bearing design with which I am familiar is the 
HLS (Tornier, Grenoble, France) UKR. This is a resurfac-
ing design where there is no milling of the femoral exten-
sion surface as only the missing articular cartilage is 
replaced. It also has an all-polyethylene tibial component 
(Fig. 4). The 10-year survivorship outcome has been 
reported as 94%. The femoral component is polycentric 
and the tibial component is flat. Partially-congruent designs 
fail from early wear and it is surprising that a flat design is 
better. The reason for this is that the point of contact of the 
femoral component on the tibial surface is impossible to 
predict intra-operatively. After implantation of the compo-
nents, the femur rests on the flat tibia as the soft tissues 
allow. Subsequent mobilisation results in creep of the plas-
tic in the contact area of the polyethylene. This is turn 
leads to congruence and thus, theoretically, minimises 

wear. Survivorship analysis based on component loosen-
ing and revision showed a 99% survival for the meniscal-
bearing implant and 93% survival for the fixed-bearing 
implant at 11 years [6, 13]. However although the 10-year 
outcomes are similar for the Oxford UKR and the HLS 
Tornier, this may not be the case at 20-years when polyeth-
ylene wear may become apparent in the fixed-bearing 
design. Despite this, since a fixed-bearing cannot dislo-
cate, this design may have advantages for surgeons with a 
lower volume practice.

Principles

Soft Tissues

There is no intrinsic stability in any UKR design. Therefore 
everything depends on the knee ligaments being intact,  
notably the anterior cruciate ligament. Therefore any intra-
articular deformity secondary to ligament insufficiency, such 

Fig. 3 The Oxford mobile-bearing UKR

Fig. 4 Uni-HLS Evolution® prosthesis, Tornier
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as lateral translation in genu varum, is a contra- indication to 
UKR. This is assessed by screening radiographs.

Bony Alignment

In addition the UKR cannot be used to correct an extra-
articular malalignment, unlike a TKR. Its purpose is only 
to replace the missing bearing surface and restore the 
patient to their original structural alignment, whether that 
is varus, valgus, or neutral. This means that a patient with a 
pre-existing extra-articular varus is corrected back to that 
original varus. This is not an “undercorrection”, which is a 
misnomer and comes from considering the principles of 
TKR. Using this term leads to confusion and should be 
avoided when discussing UKR. The problem is usually 
“over-correction” in an attempt to correct alignment as for 
a TKR. This results in overload of the opposite compart-
ment which leads to progression of the osteoarthritis.

The axial alignment is varus for medial UKAs and val-
gus for lateral UKAs; although patients with no structural 
bone deformity may have final alignment of 180° without 
this being overcorrection. Conversely, a post-operative 
mechanical femorotibial angle of 178° in a patient whose 
structural alignment was originally 172° (before wear) is a 
case of overcorrection by 6°. To avoid this type of error, the 
ligaments on the concave side must never be released. 
These ligaments are the sole reference for defining the 
thickness of the bearing. The purpose of UKR is to achieve 
proper ligament balance without excessive tension (or even 
with 2 or 3 mm residual laxity as a safety margin). This 
reference ensures proper correction for the wear in relation 
to the patient’s own anatomy. The need to keep a safety 
margin of 2 or 3 mm laxity is to avoid any overcorrection.

Restoration of the Joint Line

Although the implant is a filler in the tibio-femoral joint 
space, it is important to restore the prosthetic joint line to 
that of the original in both flexion and extension, and to keep 
its correct orientation (slight varus and posteriorly-sloped). 
This requires knowledge of the thicknesses of the implant 
being used, and an understanding of what is the reference 
point when deciding on the bony cuts. At least 6 mm of 
polyethylene is needed (less for the fully congruent Oxford) 
plus the thicknesses of the metal. To obtain the correct joint 
level in extension the distal femur must be replaced by metal 
of the same thickness as any cartilage and/or bone loss. The 
depth of the tibial resection depends on the total implant 
thickness (plus 1–2 mm. to allow for some ligament laxity).

Medial Tibiofemoral UKR

The tibia is usually cut first. Since the arthritis has an antero-
medial pattern of wear the posterior tibial articular cartilage is 
intact. This can then act as the reference for the joint line. In 
flexion the posterior femoral condylar cartilage is also intact 
and so removing the amount of posterior condyle to match the 
thickness of the metal on the posterior condyle of the femoral 
component defines the joint level accurately. However intra-
operatively it can be difficult to define the posterior tibial slope 
because of the anterior wear. The slope should follow the line 
of the medial meniscal rim. If the flexion gap is first defined 
then balance of the extension gap is referenced from the tibia, 
and equals the pre-determined flexion space with implants 
plus some residual laxity. The distal femoral cut can be made.

Alternatively the distal femur can be used as a refer-
ence, when there has been cartilage but not bony loss. The 
distal femur is the reference in extension, with valgus cor-
rection. From this the amount of tibia to be cut is defined by 
the total implant thickness plus 1–2 mm. for laxity. The 
tibia is then cut, and the flexion gap defined from this.

The danger is overcutting the tibia. The surface area 
diminishes as the cut is made more distal. This significantly 
affects the load and increases the risk of tibial implant failure. 
This can occur when residual articular cartilage is present on 
the femur, and has not been removed before referencing.

The femoral component needs to be aligned with the 
femoral condyles and the anatomical axis of the femur. In 
fixed-bearing designs malrotation can lead to edge loading 
on the polyethylene and therefore increased wear. The 
spherical design of the Oxford avoids this problem. 
Malrotation can also cause an overhang and lead to soft 
tissue impingement and subsequent pain. The tibial com-
ponent needs to rest on the posterior and medial cortex of 
the tibial plateau otherwise it is liable to sink under load.

Lateral Tibiofemoral UKR

The lateral UKR is different from the medial in a number 
of respects. The lateral plateau is smaller and domed. In 
flexion the femur naturally glides off the back. The flexion 
gap is normally larger than the extension gap opening up  
in flexion and valgus (as in the figure-four position). The 
patella is difficult to retract in a minimal access approach. 
The sagittal alignment of the femoral component when 
lined up with the centre of the hip in flexion appears malro-
tated, and the tibial component sagittal alignment is best 
achieved by a cut made through the patella ligament.

Because of the laxity in flexion there is a much greater risk 
of overstuffing the space. However there is also the problem 
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of lateral condylar hypoplasia and that lateral tibiofemoral 
osteoarthritis is a disease in flexion with the wear occurring in 
the posterior condyles. It is therefore very difficult to define 
the flexion gap properly at operation, and therefore restore the 
joint line correctly. Mobile-bearings are at particular risk of 
dislocating. However the results of lateral UKR are often bet-
ter than medial UKR provided there are no technical errors.

Conclusion

Tibiofemoral UKR can be an extremely satisfying proce-
dure with very happy patients. When it fails it tends to be 
within the first 2 years. Early failure is usually due to surgi-
cal error i.e. poor patient selection, or poor surgical tech-
nique. The best results occur with surgeons who perform 
UKR regularly. Failures at around 5 years tend to be 
because of disease progression. By 10 years the survival 
rates match those of TKR. The complication rates are much 
lower in UKR than TKR. Revision is also easier.

Patellofemoral Joint

The patellofemoral joint needs to be considered when 
undertaking tibiofemoral UKR. It may be replaced in its 
own right, and is technically another UKR. However here 
we are considering only whether disease in this compart-
ment precludes UKR in the tibiofemoral joint. Most authors 
consider patellofemoral arthritis as a contra-indication to 
UKR. In medial tibiofemoral osteoarthritis with anterior 
wear, patellofemoral chondral lesions are common and 
include exposed bone. If they involve the medial patell-
ofemoral compartment, then re-alignment by a medial UKR 
can be expected to alter the patellofemoral joint alignment 
and offload the affected area. The lesions can even affect 
the medial ridge of the patella and the trochlear groove 
without affecting the clinical result [9]. In the Swedish 
Arthroplasty registry only one patient out of 50 revised was 
for patellofemoral disease [11]. In patients with severe 
changes including bone loss and overhanging osteophytes 
then almost all would agree that this would be a contra-
indication, but mild changes can probably be ignored.

Concluding Remarks

Unicompartmental knee replacement is a worthwhile pro-
cedure in selected patients. It replaces the missing bearing 
surface only, and in the tibiofemoral joint should not be 

used to correct extra-articular alignment. When successful 
it can allow patients to return to a near-normal existence for 
their age. Caution needs to be taken though as a number 
have early failures and some (particularly the patellofemo-
ral replacements) have persistent pain. Revising when there 
is no obvious reason to a TKR frequently does not improve 
the symptoms. In my experience beware the overweight 
female in her fifties as they have a much higher dissatisfac-
tion rate than any other group. My strategy then is to insist 
on loss of weight before considering UKR (or even TKR). 
The principle is that, by replacing the missing bearing and 
keeping the correct alignment of the knee, the mechanical 
environment for the remaining articular cartilage is 
restored, thus preserving its normal homeostasis.
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Isolated Patellofemoral Osteoarthritis

Ferran Montserrat

The patellofemoral joint is a complex articulation that 
remains a relatively uncommon subject in the Orthopaedic 
literature. This lack of interest is surprising given the fact 
that patellofemoral symptoms are relatively common and 
can be extremely debilitating. Currently, “Isolated 
PatelloFemoral OsteoArthritis” (IPFOA) is recognized to 
be more common than previously thought. However, the 
evidence-base for managing patellofemoral osteoarthritis 
is behind that for the tibiofemoral joint. The prevalence of 
this pathology has been shown by different authors. Davies 
et al. [32] found in a series of 206 knees 9.2% of IPFOA. In 
this series IPFOA was found in 13.4% of women and 
15.4% of men older than 60 years. McAlindon et al. [84], 
in a series of 273 symptomatic patients older than 55 years, 
documented that 11% of men and 24% of women showed 
evidence of isolated patellofemoral osteoarthritis. In 
asymptomatic patients this figure was 4%. The prevalence 
of IPFOA was 8% in women and 2% in men.

In a cadaver study of 100 individuals who were more 
than 65 years-old at the time of death, 79% had evidence 
of patellofemoral osteoarthritis, although it was not in 
 isolation [96].

The incidence of cartilage lesions of the patella is sur-
prisingly high. Authors have shown some degree of carti-
lage wear in 40–60% of patients at autopsy [21] and in 
20–50% of patients at the time of knee arthrotomy for other 
diagnoses [123]. In a review of 31,516 arthroscopies of the 
knee, 4% of knees had Grade IV lesions, within this 4%, 
21% had patellar chondral wear, and 15% had wear in the 
trochlear groove [31].

Biomechanics

The flexion-extension pathway of the patellofemoral joint 
is a complex and dynamic cycle.

Most studies have been of cadavers, and there have been 
very few in vivo or clinical measurements [5]. Patellar 
motion can be described in terms of six-degrees-of- freedom, 
commonly described as three mutually perpendicular trans-
lations, plus three mutually perpendicular rotations. The 
method described by Grood and Suntay [55] has been used 
widely to describe knee motion and may be the most useful 
system [17]. This is a three cylindric open-chain system in 
which the patellar co-ordinate system is tethered to the fem-
oral mediolateral axis by a floating axis which also serves as 
the axis about which patellar rotation takes place.

The movements of the patellofemoral joint are complex 
and have been reported by Goodfellow et al. [51]. In full 
extension, the patella does not come into contact with the 
trochlear groove. As knee flexion is initiated, the inferior 
pole of articular surface of the patella comes into contact 
with the trochlea. As knee flexion continues from 0 to 90°, 
the area of patellofemoral contact moves proximally on the 
patella, from the inferior pole toward the central portion, 
and finally toward the superior pole. At 90° of flexion, only 
the superior region of the patella is in contact with the dis-
tal aspect of the trochlear groove [4]. After 120° of flexion, 
only the most medial and lateral aspects of the patella come 
into contact with the femoral condyles. The articular carti-
lage of the patella is the thickest of any in the body, an 
adaptation to the great pressures throughout the patell-
ofemoral joint during knee flexion [54].

Aetiology

The causes of patellofemoral osteoarthritis are not always 
known. In the majority of cases we can find extensor mech-
anism disorders. Other documented causes are trauma and 
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obesity and recently there are some studies on the relation-
ship between genetics and cartilage degeneration.

Abnormal mechanics of the patellofemoral articulation 
lead to abnormal pressures on the articular surface, cartilage 
breakdown, and severe functional limitations secondary to 
anterior knee pain. Patellar tracking is defined as the motion 
of the patella relative to the femur and femoral groove on 
knee flexion and extension. Abnormalities of tracking (mal-
tracking) are thought to relate to many disorders of the 
patellofemoral joint [44, 48]. In a study of 72 patellofemoral 
arthroplasties, 61 of the 72 knees (75%) needed some form 
of re-alignment procedure [19]. Other series of patellofemo-
ral arthroplasty have found that patellofemoral arthritis 
associated with patella malpositioning was the most com-
mon clinical presentation in these patients groups [6, 14].

There are a lot of terms used in the patellofemoral disor-
ders. In the literature we can find different words trying to 
define similar concepts. Extensor mechanism includes 
quadriceps muscle and tendon, patella, patellar tendon with 
its tibial insertion and patellofemoral joint (PFJ). PFJ 
includes articular surface of patella with its specific carti-
lage and the trochlea of femur which is probably the most 
important part of this issue. Malalignment represents dif-
ferent anatomical disorders in the extensor mechanism well 
documented by clinical and radiological explorations but 
not necessarily associated with a subjective clinical insta-
bility. Malalignment represents an objective description of 
the anatomical extensor mechanism situation. This concept 
can be present with or without clinical symptoms of insta-
bility. Patellofemoral instability is the condition in which 
there are some subjective symptoms such as giving way, 
dislocation, pain and reduction of Activities of Daily Living 
(ADL) or sport practice. In some cases there is a long his-
tory of subjective symptoms (many times it starts in child-
hood) with or without previous patellar dislocation. PF 
instability implies some malalignment or anatomical alter-
ation that leads the patella maltracking and, in some cases, 
patella dislocation. Nevertheless, we can find different 
clinical forms of presentation. In both malalignment with-
out instability and true PF instability, the PFJ evolution is 
to the degenerative disease as an isolated form. Because the 
main cause of IPFOA is an extensor mechanism disorder, 
especially dysplasia of trochea, the diagnosis of the differ-
ent causes is critical to choose the treatment form.

It is generally agreed that Extensor mechanism disor-
ders cause IPFOA. These include: Patella alta, Patellar tilt 
and Patellar shift, TT-GT distance, Dysplasia of patella and 
Trochlear dysplasia.

Post et al. [102] defined patellofemoral malalignment as 
“when bony alignment, joint geometry, soft tissue restraints, 
neuromuscular control, and functional demands combine to 

produce symptoms as a result of abnormally directed loads 
which (sic) exceed the physiological threshold of the tissues.”

Extensor Mechanism Causes

Patella Alta

Patella alta represents a stress between the lower and pos-
terior part of patella and the proximal edge of trochlea 
(some cases with bump form). This is not a common pathol-
ogy but it is present in some cases. Nevertheless, patella 
alta as an isolated cause was not found to lead to PF 
 osteoarthritis [34].

Patellar Tilt and Patellar Shift

Ficat et al. [42] and Merchant et al. [87] were the first to 
postulate that the increased patellar tilt associated with a 
tight lateral retinaculum would lead to excessive pressures 
at the lateral facet of the patellofemoral compartment. Iwano 
et al. [64] in isolated patellofemoral arthrosis series have 
reported lateral changes in 92% of cases (59 of 64 knees).

Patellar tilt was previously considered a direct conse-
quence of a vastus medialis dysplasia [61, 97]. More 
recently, however, it has been shown that there is a high 
statistical correlation between the type of trochlear dyspla-
sia and the patellar tilt: the greater the trochlear dysplasia, 
the higher the patella tilt [119].

Nevertheless, Galtier et al. [49] have studied the vastus 
medialis in 44 knees of cadavers, finding two types of nerve 
pedicles from the femoral nerve. In cases with few or no 
patellar cartilage injury they found two nerve pedicles, 
while the knees with severe cartilage lesions in the lateral 
facet of the patella had a single nerve pedicle for the vastus 
medialis. This fact would support the opinion that the patel-
lar tilt and the vastus medialis dysplasia not only are inter-
related, but that may be a cause of IPFOA.

In a study of 31 patients, Cohen et al. [27] reported the 
average cartilage thickness distribution in 33 patellofemo-
ral joints in patients with arthrosis and compared them with 
the normal templates. The resulting “difference” maps pro-
vided an intuitive visual assessment of the distribution of 
cartilage loss across the articular surfaces of the patell-
ofemoral joint. These results confirmed that, on average, 
cartilage loss in patellofemoral joint arthritis occurs pre-
dominantly on the lateral facet of the patella, and to a lesser 
extent, on the lateral trochlea.

Iwano et al. [64] found in a series of PFA that in cases 
with a history of dislocation or subluxation of the patella, 
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the patella tends to tilt laterally but in cases without dislo-
cation, the patella tends to shift laterally (Fig. 1).

The medial patellofemoral ligament is the primary pas-
sive soft-tissue restraint to lateral patellar displacement. It 
provides 50–60% of lateral restraint from 0 to 30° of knee 
flexion [39]. A study of cadavers showed that cutting the 
medial structures results in a 50% decrease in the force 
required to move the patella 10 mm laterally [110]. After 
patellar dislocation, the most important factor causing 
patellar tilt and lateral instability is the torn medial patell-
ofemoral ligament. We must keep in mind that the lesion of 
MPFL is a consequence of PF joint dislocation, but it is not 
the cause of the first dislocation.

TT-TG Distance/Q Angle (Extensor Mechanism Alignment)

In order to quantify the extensor mechanism alignment 
Goutalier and Bernageau described the distance between the 
Tibial Tubercle and the Trochlear groove (TT-TG) [53].

The extensor mechanism alignment is usually analyzed 
with the CT scan [119] which is more reliable than the Q 
angle. The CT scan protocol superimposes two cuts, the first 
through the more proximal point on the trochlea (reference 
cut, where the notch is like a Roman arch) and the second 
cut through the more proximal point on the tibial tubercle. 
The two points are projected on the posterior bicondylar 
line; the distance between them is the tibial tubercle-

trochlear groove (TT-TG). This measurement allows the 
surgeon to propose a perfect correction and prevent a hypo-
correction or hypercorrection. The normal value in full 
extension is between 10 and 20 mm [37] (Fig. 2).

There are many publications concerning the relationship 
between the TT-TG distance and patellofemoral instability 
but no studies on this parameter in patellofemoral arthrosis.

A greatly increased (or decreased) Q angle could be 
expected to lead to increased pressures between the patella 
and the lateral (or medial) wall of the trochlea. Indeed, 
Goutallier and Bernageau [52] have found increased pain 
in patients whose normally-positioned tibial tuberosity is 
transposed medially. They also have introduced the con-
cept of the Q angle as it relates to the trochlea. A patient 
who has a steep trochlea is more susceptible to increased 
patellar-trochlear pressures if the Q angle is significantly 
high or low. In their study the patients who experienced the 
greatest pain following tibial tuberosity transfers were 
those who had a steep trochlea (<140°) and low Q angles.

In most of the literature related to PFOA the parameter 
more commonly-used has been the Q angle, but it is an 
imprecise measure. The normal Q angle ranges from 10 to 
20°, [62] but a number of variations have been described. 
Freeman [45] described a normal Q angle of 10–20° in 
females and 8–10° in males. Aglietti et al. [2] described a 
normal Q angle of 17° in females and 14° in males. 
Hughston [59] believed that a Q angle of >10° in either 
gender was abnormal and should be corrected. We believe 

a b

Fig. 1 In cases with a history of dislocation or subluxation the patella tends to tilt laterally (a) but in cases without dislocation, the 
patella tends to shift laterally (b)
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that TT-TG is a more reproducible measure than Q angle 
and we propose its routine use.

Dysplasia of the Patella

There are a few works that studied specifically the relation-
ship between the patellar dysplasia and IPFOA. Dejour and 
Allain found that 42% of patients with IPFOA had a patel-
lar dysplasia Wiberg type II (p < 0.001) [34].

Trochlear Dysplasia

Trochlear dysplasia is defined by a sulcus angle of more than 
145° [80] and it is well defined on the true lateral view by the 
“crossing sign” [37] (Fig. 3a). In this view we can find a line 
representing the deepest part of the trochlear groove. When 
this line is in the same plane of the anterior border of both 
condyles the groove is flat in this point. In the same way, 
when the sulcus line is ahead of anterior condylar borders the 
trochlea becomes convex (Fig. 3). So, the trochlear groove 
may become flat or convex. Trochlear dysplasia has been 

classified by David Dejour into four categories based on the 
sulcus line in the lateral X-ray view [35, 120] (Fig. 4).

Trochlear dysplasia is strongly linked with patellofemoral 
arthritis (Fig. 3b, c). In a study of 367 patients who had 
IPFOA, Dejour and Allain [34] noted that 78% of patients 
had a positive “crossing sign” on the lateral radiograph. In the 
same work the authors found a direct correlation (p = 0.0046) 
between the Iwano’s stage of PF arthrosis and the severity of 
dysplasia according to Dejour’s classification. The trochlear 
dysplasia represents the most common predisposing factor in 
the IPFOA. The patients with IPFOA secondary to the tro-
chlear dysplasia start the clinical symptoms earlier than in 
other cases because of other causes (54 year-old vs. 56 year-
old). In this series the high grade dysplasia is more prevalent 
in the instability-arthrosis category (66%) than in the no 
instability category (38%). Even trochlear dysplasia is the 
most important cause of patellofemoral instability, including 
true PF dislocation; also it is one of more frequent causes of 
IPFA in patients without PF history of instability.

PF Dislocation

In the group of patients with IPFA secondary to the extensor 
mechanism disorders there is a sub-group which, because 
the severity of the anatomical alteration or because com-
bined number of disorders, presents with patellofemoral dis-
location. This sub-group has a specific behaviour and only 
few studies have been dedicated to analyze the relationship 
between PF dislocation and IPFOA [77, 78, 95]. Mäempää 
and Lehto [78] studied a series of 85 patients (52 females) 
treated conservatively for a PF acute dislocation. Seventeen 
patients were treated with late surgery because of different 
clinical symptoms (pain, swelling, instability). The series 
was divided in two groups: Group I include 56 patients 
(66%) with predisposing dislocation factors and Group II 
with 29 patients (34%) without predisposing factors. The 
incidence of osteoarthritic changes in the patellofemoral 
joint in the whole study population was 22% in the affected 
knee and 11% in the unaffected knee. This study shows that 
the results after conservative treatment are comparable in the 
long-term with those of operative treatment. Patients suffer-
ing from recurrence had a lower incidence of degenerative 
changes in the patellofemoral joint than did those without 
occurrence (14% vs. 29%). It seems that degeneration of the 
joint is due much more to the abnormal tracking of the 
patella than to the occasional single recurrence of patellar 
dislocation. In this study the authors found a higher rate of 
arthrosis in the series of 17 patients who had undergone late 
surgical treatment than in 68 patients without late surgery. 
However, it must be noted that the surgical  techniques 

Fig. 2 TT-GT distance: The CT scan protocol superimposes two 
cuts, the first through the more proximal point on the trochlea (ref-
erence cut, where the notch is like a roman arch) and the second 
cut through the more proximal point on the tibial tubercle. The two 
points are projected on the posterior bicondylar line; the distance 
between them is the tibial tubercle-trochlear groove (TT-TG)
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 performed in this series are not used currently [78]. Iwano 
et al. [64] used the same criteria in their assessment and 
found that lesions in the patellofemoral joint have a history 
of patellar dislocation or subluxation in 28% of cases.

Two factors are important in PF dislocation. Trochlear 
dysplasia, as a cause of instability, that was noted in 96% of 

patients who had a history of one or more documented dis-
locations but was present in only 3% of a control popula-
tion [36, 37]. Secondly,the clinical importance of the 
medial patellofemoral ligament in the stability of the patel-
lofemoral joint against lateral patellofemoral dislocation 
has been well established [7].

a b c

Fig. 3 (a) Trochlea dysplasia is well defined on the true lateral 
view by the “crossing sign” (black arrow). In dysplasia type D we 
can see the “supratrochlear spur” (white arrow). (b) Patellofemoral 

arthrosis in dysplasia type B. (c) Patellofemoral arthrosis in 
 dysplasia type C

Dysplasia type A

Dysplasia type C Dysplasia type D

Dysplasia type B

Fig. 4 Dejour’s classification of 
trochlear dysplasia 
classification. Type A: 
crossing sign (flat or convex 
trochlea). Type B: crossing 
sign and supratrochlear spur. 
Type C: crossing sign and 
double contour. Type D: 
crossing sign, supratrochlear 
spur, double contour, and 
sharp step-off of the trochlea 
(With permission [35])
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No Extensor Mechanism Causes

The IPFOA can be the result of a lot of causes, some of 
them are outside the knee.Thus we can find this pathology 
with normal anatomy and patellar alignment. All series in 
the literature present about 70–85% of extensor mechanism 
disorders but none presents 100% of malalignment.

Trauma

There are two types of PF trauma that can be the cause of 
PFOA. The blunt closed trauma with silent lesions of PF car-
tilage that progress slowly with cracking and knee pain. And 
the patella fracture with surgical or conservative treatment. 
Argenson et al. [8] found, in a series of 66 patients whom 
were performed PF arthroplasty, that 20 knees had a patella 
fracture as cause of IPFOA. Dejour and Allain [34] found 9% 
of articular fractures as the cause of patellofemoral arthrosis.

Obesity

Obesity has been well known as a main cause of mono-, bi- 
or tri-compartmental knee osteoarthritis [25, 33, 85]. The 
IPFA is also linked with obesity in some series [29, 85].

Gender

There are no prospective trials about the relationship 
between gender and patellofemoral arthrosis, but many 
series in the literature have shown a large number of women 
involved in this pathology.

Felson et al. [40] found that gender is a major risk factor 
for knee osteoarthritis (OA), with women being affected 
more than aged-matched men. Hanna et al. [57] in a recent 
study of 271 participants (169 women) aged between 50 
and 79 years with no clinical history of knee pain or pathol-
ogy were examined using magnetic resonance imaging at 
baseline and 2.3 years later. The authors found that at the 
patella, the average annual percentage loss of cartilage vol-
ume was significantly greater in women (2.3% [95% CI, 
1.7–2.8]) than in men (0.8% [95% CI, 0.1–1.6]) (p = 0.02).

McAlindon et al. [84], in a series of 273 symptomatic 
patients older than 55 years, found IPFA in 11% of men 
and 24% in women. They found that, in the female series, 
IPFA is more common and tending to increase in frequency 
with age. Iwano et al. [64] reviewed 66 patients with patel-
lofemoral osteoarthritis of whom 61 were women. Dejour 
and Allain [34] found in their series of 367 patients 72% of 
women.

Genetic

A classic twin study undertaken in the UK has estimated 
the heritability of knee OA – that is, the proportion of the 
variance in occurrence of knee OA that may be explained 
by genetic factors, to be 39% [114].

Some patients may have a genetic predisposition to dete-
rioration of the articular cartilage. Spector and MacGregor 
[115], for example, have noted that the ability of collagen to 
withstand high stresses has a genetic component. Neame 
et al. [94]studied a series of 490 knee OA index cases listed 
for total knee replacement and 737 of their siblings aged 
>40 years and 1,729 community subjects aged >40 years. 
The age, sex, and knee pain-adjusted odds ratios in siblings 
were 2.9 (95% confidence interval 2.3–3.7) for tibiofemoral 
OA and 1.7 (1.4–2.2) for patellofemoral OA. This differ-
ence remained after adjustment for important environmen-
tal risk factors. The heritability estimate for knee OA was 
0.62. The authors concluded that siblings are at increased 
risk of knee OA in comparison with the general population. 
This is likely to be due to genetic factors.

Clinical Presentation

Pain is the primary symptom that should be addressed but, 
in the patellofemoral joint, pain is a common sign in a large 
number of conditions such as: Anterior knee pain syn-
drome, Patellofemoral instability with or without disloca-
tion, tendinitis, focal osteochondral lesions, complex 
regional pain syndrome and patellofemoral OA. Other 
exceptional causes can be associated with a patellar tumour, 
infection, or stress fracture. Consequently, the surgeon 
must first correctly identify the source of this pain. It is 
tempting to attribute pain to physical changes that are 
clearly visible on a radiograph, on a magnetic resonance 
imaging scan, or to the naked eye. However, the major 
source of a patient’s pain may in fact be abnormal 
intraosseous pressures, abnormal levels of biochemical 
mediators such as pro-inflammatory cytokines or substance 
P19, posterior chains syndrome or other factors that are not 
readily apparent. All of them are many times included in 
the so-called anterior knee pain syndrome.

A patient with isolated patellofemoral arthritis typically 
describes anterior knee pain when rising from a seated position 
and/or ascending stairs. However the patients typically state 
that going downstairs is more difficult than going upstairs. The 
pain is diminished or absent when the subject walks on level 
ground. This is typically worse with exercise, kneeling and 
squatting. It is associated with a grinding or crackling sensation 
(crepitus). The knee may be stiff. There may be pseudolocking 
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due to “kissing” lesions between the patella and trochlear 
groove, when exposed bone rubs on exposed bone.

Examination of the knee includes assessing lower limb 
alignment noting femoral version and tibial torsion. 
Quadriceps power should be documented with special ref-
erence to the vastus medialis obliquus. There may be an 
effusion (patellofemoral OA may produce hemarthrosis). 
The patella may be tight with little medial-to-lateral play 
(due to tightness of the lateral retinaculum), tracking abnor-
mally with crepitus, and it may be large from formation of 
osteophytes. Palpating the undersurface may elicit tender-
ness. Hip and spine pathology should be excluded, as well 
as polyarthropathies.

There is not a key sign of patellofemoral arthritis on the 
physical examination because tenderness and pain at the 
lateral or occasionally medial facet of the patella are com-
mon signs in the majority of knee conditions. We must be 
remembered that when applying pressure to the facet, the 
examiner is simultaneously applying pressure to all of the 
soft tissues between the skin and bone, including the reti-
naculum and the synovium. The specific source of the pain 
can therefore be debated.

Iwano et al. [64] reviewed 66 patients with patellofemoral 
osteoarthritis of whom 42 were bilateral and 61 were women. 
The study group was 108 knees of which 64 had IPFOA (PF 
alone group) and the other 44 knees had tibiofemoral osteoar-
thritis associated (combined group). In this study they looked at 
seven clinical features and recorded seven activities of daily liv-
ing (ADL) (Table 1). Each activity scored two points if per-
formed easily, one point if there was some difficulty, and zero 
points if with great difficulty, giving a maximum ADL score of 
14 points. All knees displayed crepitation by movement or 
grinding, 45% had peripatellar pain, abnormalities of the other 
activities were positive in only a few cases. In the isolated patel-
lofemoral arthritis group the mean ADL score was 9.4 com-
pared to 4.1 if the tibiofemoral joint was involved as well. In the 
isolated group zero scores were found on squatting, running 
with short steps, and sitting with a fully flexed knee. No patients 
had problems getting up from a low chair. More patients had 
some difficulty going downstairs than upstairs. The ADL score 
did not correlate with the severity of arthritis on X-ray.

Evaluating the Outcome of Patellofemoral Disorders

Few outcome instruments were designed specifically for the 
assessment of the patellofemoral joint [104]. The develop-
ment of such an instrument is difficult because of the poten-
tially different expectations for the function of this joint 
among patients in different age groups. An outcome instru-
ment that targets older patients with arthritis, such as 
WOMAC instrument, may be favourable to patients with 

patellofemoral arthritis, but many patients with PF disorders 
are younger. Two instruments that measures sports activity 
and instability, such as the Lysholm and Kujala scores [69], 
may be excessively unfavourable to such older patients with 
evolved disease. The Knee Society Score (KSS) Clinical 
Rating System has been used for evaluating patients with 
knee arthroplasty and its Knee score includes tibiofemoral 
joint evaluation. The International Knee Documentation 
Committee (IKDC) [63] instrument has shown good valid-
ity and reliability in the evaluation of patellofemoral disor-
ders, but it has not been assessed in the context of arthritis 
[63, 128]. The Short Form-36 (SF-36) has been validated 
for evaluation of quality of life [11, 128] but it requires com-
puterized analysis. The Knee Injury and Osteoarthritis 
Outcome Score (KOOS) [105] is a 42-question tool consist-
ing of the reliable WOMAC instrument with the addition of 
items pertaining to younger, active patients, but it has not 
yet been utilized with any degree of frequency.

Paxton and Fithian [99] recently published a review of 
general health instruments (Medical Outcomes Study (MOS) 
SF-36 and SF-12), knee scales (KSS, Knee Outcome Survey, 
IKDC, KOOS) and a disease specific scale (WOMAC) for 
patellofemoral arthroplasty outcome assessment. Based on 
this review of the literature, they recommend the SF-36 and 
KOOS for evaluation of patellofemoral arthroplasty out-
comes and provide recommendations for implementation of 
these instruments in a clinical setting.

Table 1 Iwano et al. [65] studied the series with two groups 
of features
Seven clinical features
  Pain on grinding the patella (medio-laterally and infero-
superiorly)

 Crepitation on grinding the patella
 Crepitation during knee movement
 Peripatellar tenderness
 Pain on compression of the patella
 Limitation of patellar mobility
 Clarke’s test
Seven activities of daily living (ADL)
 Sitting with full knee flexion in the Japanese manner
 Standing up from a low chair
 Running with short steps
 Squatting down
 Going upstairs
 Going downstairs
 Standing on one leg with the knee semi-flexed

Clarke’s test is positive when patients complained of pain  during 
knee extension with patella compression
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Unfortunately, none of these instruments has been uni-
formly accepted by surgeons experienced in the treatment 
of patellofemoral disease

Radiology and Imaging

Because the clinical signs and symptoms of IPFOA are 
common with other clinical syndromes in the knee, as we 
commented previously, the Surgeon must look for the 
imaging information that shows most exactly the extensor 
mechanism anatomy. The conventional X-ray, the CT scan 
and MRN are good tools for this task.

X-Ray

The conventional X-ray is the first examination which  should 
be used for PF pathology. The set of radiographs we recom-
mend is: AP weight-bearing plain radiograph, Rosenberg 
view, true  lateral view at 30° and skyline PF view.

The weight-bearing plain X-ray is necessary due to the 
different treatment neccessary if the TF joint is involved 
(bi- or tri-compartmental disease). It is critical to know 
accurately what the tibiofemoral axis and morphotype the 
leg has. The Rosenberg view (named Schuss view in EU) 
[106] is also imperative to know the narrowing of TF joint 
line (Fig. 5). In order to know if the TF joint is involved in 
the knee arthrosis these two projections are imperative.

The true lateral view has been used for many authors to 
evaluate the grade of OA in PF joint [16, 23, 79, 84, 117]. 
The true lateral view is necessary to know the trochlea type 
[37] and measure the patellar height [22].

There are two classical radiological classifications of 
osteoarthrosis [3, 65] but only the Ahlbäck’s study includes 
a specific PF joint study with lateral and axial views. In this 
work the author comments “Radiographic examination of 
the patellar articulation should actually include both lateral 
and axial projections. During this investigation it was found 
that a diagnosis of narrowing was not definitive from lateral 
projections alone”. Although the original article by Merchant 
et al. [88] described a knee flexion angle of 45°, lesser angles, 
such as 30°, are more desirable as they allow imaging of a 

a b

Fig. 5 In the IPFA is imperative to know the narrowing of TF joint line. (a) Patellofemoral osteoarthritis secondary to trochlear dys-
plasia type A in true lateral view. (b) Indemnity of tibiofemoral joint in Rosenberg view
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more proximal portion of the patellofemoral joint. Since tro-
chlear dysplasia is most commonly proximal, it is imperative 
that this portion of the compartment be visualized. In the 
same way, Lanyon et al. [70] studied 108 osteoarthritic knees 
to compare two plain radiographic methods for sensitivity to 
detect progression of patellofemoral osteoarthritis. The 
authors concluded that it is possible to detect significant joint 
space loss with time on the skyline view that is not apparent 
on the lateral view and that the skyline view should be the 
method of choice to detect progression of patellofemoral 
osteoarthritis. Cicuttini et al. [24] agreed in a study in 504 
knees. We believe that it is necessary to perform a skyline 
view to see clearly what the situation of the patella is.

However, some authors do not agree with this opinion. 
Bhattacharya et al. [13], recently, comparing the sensitivity 
and specificity of both lateral and skyline views found sim-
ilar results and they did not recommend the routine use of 
the radiological skyline view.

There is no discussion about both, plain weight-bearing 
and Schuss views, but there are different points of view 
regarding the other two exams. We believe that true profile 
is imperative to know the trochlear type but also to know 
the grade of osteoarthritis and the skyline view is very use-
ful to know exactly the extent of narrowing of PF joint.

Iwano et al. [64] showed four different stages of PFOA 
using the Merchant’s view. Currently, this classification is 
the most frequently used in the IPFOA.

CT Scan

Cross-sectional imaging with transverse computed tomog-
raphy slices at different positions along the lower limb can 
provide a three-dimensional view of the patellofemoral 
joint and be used to assess the lateral offset of the tibial 
tuberosity from the deepest point in the trochlear groove. A 
distance between the tibial tuberosity and the trochlear 
groove (TT-TG) exceeding 20 mm is nearly always associ-
ated with patellar instability [37].

Also, CT scan is the best investigation to measure the 
patellar tilt and patellar shift. The patellar tilt is measured 
on the CT scan superimposing two cuts, the first through 
the centre of the patella and the second through the refer-
ence trochlear cut. Two lines are drawn, the first going 
through the patellar axis and the second line going through 
the posterior bicondylar line. The tilt is the angle between 
those two lines (Fig. 6). The tilt is measured with and with-
out quadriceps contraction. Eighty-three percent of patell-
ofemoral instabilities with dislocation have a patellar tilt 
higher than 20° [36, 37]. The patellar shift can be mea-
sured in CT-scan with the distance between the trochlear 
groove and patella apex. However, because the cartilage 
and bone apex are not coincident in 85% of knees [116], 
we believe that the congruence angle of Merchant [89] is a 
good option to know if the patella is medial-, centrally- or 
laterally-placed.

Fig. 6 (a) Patella tilt in dysplasia type D. (b) Patellar tilt in normal trochlea
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MRI

MRI is useful, especially in PF instability with patellar dislo-
cation because it is a good tool to evaluate the medial-side soft 
tissue and osteochondral lesions that are present usually in 
patellar dislocation. When operative findings were correlated 
with magnetic resonance imaging findings, MRI was found to 
be 85% sensitive and 70% accurate in detecting disruption of 
the medial patellofemoral ligament [108]. MRI in the major-
ity of cases is not useful because in later isolated patellofemo-
ral osteoarthritis it has a very low rate of cost-effectiveness.

Treatment

General Considerations

If the aetiology, clinical presentation and diagnosis of IPFOA 
are very complex, the treatment of this pathology represents 
one of the most important challenges in knee surgery.

In the literature patellofemoral arthrosis has been treated 
for a long time by many techniques with different results. 
The challenge is that we are treating a complex pathology 
that shows different presentations over time. We find PF 
OA in knees with and without extensor mechanism disor-
der, with instability and patellar dislocation, and in knees 
without dislocation but with extensor mechanism disor-
ders. We are treating PF instability early in the disease in 
young patients, but in the later degenerative period, we 
must treat a true arthrosis. Thus we believe there should be 
different treatment for different IPFOA presentation.

There are two main groups: The first one includes young 
patients with predominance of clinical instability and the 
second group has evolved degenerative disease predomi-
nantly. The first group should be treated with surgical tech-
niques for PF instability and the second group should be 
treated with specific techniques for degenerative joint dis-
ease. The surgeon is the person who should decide in which 
group each patient belongs.

Non-Operative Management of Patellofemoral Arthritis

Although PFOA is one of the most prevalent degenerative 
diseases of the knee we only have found two Randomized 
Clinical Trials (RCT), with different results, related to 
physiotherapy treatment.

Quilty et al. [103] published a study in which 87 patients 
(44 in the control group, 43 in the experimental group) were 
included in a RCT to evaluate physiotherapy treatment for 

PF OA. The authors concluded that the treatment package 
produced small improvements in knee pain scores and 
quadriceps muscle strength 10 weeks after the end of the 
treatment period. And there was no difference between the 
two groups at 1 year.

Crossley et al. [30] evaluated, in a series of ninety peo-
ple with lateral PFJ OA, whether a physiotherapy treat-
ment, targeted to the PFJ, resulted in greater improvements 
in pain and physical function than a physiotherapy educa-
tion intervention in people with symptomatic and radio-
graphic PFJ OA. They concluded that “The project’s 
outcome will influence PFJ OA rehabilitation, with the 
potential to reduce the personal and societal burden of this 
increasing public health problem”.

The classical challenge of physical therapy is to 
strengthen and stretch the structures about the knee without 
eliciting pain. But currently the physical therapy ideal is 
centred on limb control and body positioning. In that 
respect, so-called core-strengthening is an excellent 
approach to the treatment of a patient with patellofemoral 
arthritis. Core-strengthening focusses on abdominal muscle 
control, trunk balance, and limb control. Exercises designed 
to improve limb balance focus on the hip and the knee to 
maximize the efficiency of the limb. One key benefit of 
using core-strengthening principles during rehabilitation is 
the avoidance of excessive repetitive strengthening exer-
cises about the knee, which may exacerbate symptoms.

Taping has been shown to increase quadriceps muscle 
torque and to activate the vastus medialis obliquus earlier 
than the vastus lateralis during stair ascent and descent. 
There is increasing evidence that weight-bearing or closed-
chain training is more efficacious than open-chain exer-
cises. Closed kinetic training allows training of the vastus 
muscles simultaneously with gluteal and trunk-muscle 
strengthening to control limb position.

Surgical Procedures

Role of Arthroscopy

Arthroscopic debridement includes loose body and instable 
cartilage lesion removal but the surgeon must realize that these 
measures may have only temporary effects on symptoms. In 
general there is no place for the arthroscopy in the IPFOA.

Soft-Tissue Re-Alignment of the Extensor Mechanism

Soft-tissue re-alignment surgery has been described in the 
literature on patellar instability but the outcome of 
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 soft-tissue patellar re-alignment for the treatment of patel-
lofemoral pain in the absence of instability is largely 
unknown. More than 150 variations of patellar re-align-
ment have been reported. Most reports are retrospective 
and typically involve mixed groups that have both pain and 
instability. Few have utilized a valid pain scale or a vali-
dated functional scale.

Isolated Lateral Retinacular Release

Studies have shown that the lateral retinacular release 
relieves anterior knee pain when there is radiographic doc-
umentation of pathologic lateral patellar tilt in the absence 
of patellar instability [1, 111]. One study revealed that cut-
ting the lateral retinaculum resulted in a 10% decrease in 
the lateral restraining force [39]. Other authors [107] 
believe that the isolated lateral retinacular release in the 
treatment of patellofemoral arthritis may have some appli-
cability when the following factors are present: (1) lateral 
patellofemoral arthritis on one or both sides of the patell-
ofemoral joint, (2) radiographic evidence of tilt without 
subluxation, and (3) no clinical history of instability. 
Combining this release with a partial lateral facetectomy 
when there is a large osteophyte may increase its clinical 
effectiveness. However, there is no evidence that isolated 
lateral release provides long-term benefit for patients with 
patellofemoral arthritis [28].

Lateral Patellar Facetectomy

In cases with evolved patellofemoral disease, excessive lat-
eral tilt and/or shift may lead to the formation of a large 
lateral osteophyte visible on the skyline view. Some authors 
[83] advocate excision of the lateral facet overgrowth (a 
so-called “partial lateral patellar facetectomy”) and re-ten-
sioning of the lateral tissues. Lateral patellar facetectomy 
may provide pain relief and decrease the lateral overload in 
the patellofemoral compartment. Yercan et al. [126] fol-
lowed eleven patients for an average of 8 years after such a 
procedure and noted a significant increase in the average 
pain score (p = 0.04) and in the average KSS (p = 0.02) 
(based on the findings of a physical examination). The 
average KSS functional score (based on walking and stair-
climbing) also improved. Partial lateral patellar facetec-
tomy may provide pain relief and decrease the lateral 
overload in the patellofemoral compartment, and it leave 
the bone stock necessary for future replacement.

More recently, Becker et al. [12] have published a series 
of 51 knees in 50 patients with isolated patellofemoral 

osteoarthritis treated by partial lateral facetectomy, lateral 
release, and medialization of the tibial tubercle. The mean 
follow-up was 20.2 months (range, 7–32 months). The 
majority of these patients experienced improvement in 
their patellofemoral symptoms. However, the clinical out-
come was no better than other surgical procedures. After 
the short follow-up, they did not recommend combined lat-
eral facetectomy, lateral release, and medialization of the 
tibial tubercle until longer-term results are available.

The author reported a series of 83 knees (77 female) 
with IPFOA that never suffered dislocation, which under-
went lateral facetectomy, lateral release and proximal re-
alignment by Insall’s technique [61], in the period 
1992–2001. In 2009, 56 knees were revised (74% of origi-
nal series) 26 knees were lost and six had died. The suc-
cessful series (63% of 2009 revised series) has a follow-up 
of 12 years with no other treatment. The rest of knees (37% 
of 2009 revised series) were considered failures and needed 
TKA at a mean follow-up of 8.6 years. These results 
showed that the lateral partial facetectomy plus Insall’s 
proximal re-alignment is a safe and stable procedure for a 
long period [92] (Fig. 7).

Proximal Soft-Tissue Re-Alignment

Classically, these procedures are focussed on arthritis 
affecting the lateral facet. Also, they have been used in the 
PF instability [60, 61]. Other authors have emphasized that 
this procedure is specially indicated when the patellar tilt is 
increased (>20°) [37]. The mature patient with a high con-
gruence angle and minimal or moderate arthrosis may ben-
efit from proximal soft-tissue re-alignment if other 
therapeutic measures have failed. A Q-angle of <10° has 
also been associated with better outcomes [61].

This technique, described by Insall et al. [61], starts 
with a medial parapatellar incision from just above the 
superior pole of the patella to the medial aspect of the tibial 
tubercle involving the medial capsular tissue that includes 
MPFL. A release of the lateral patellofemoral ligament and 
a retinacular release are performed. On both medial and 
lateral sides it should leave the synovial tissue intact to iso-
late the joint and the capsular tissue release is carried down 
to the level of the tubercle. The incision must respect the 
most lateral fibres of vastus medialis and distally it remains 
in continuity with the medial capsule tissue. Medially, the 
vastus medialis is elevated from the underlying synovium 
about 10 cm from its insertion. It is then advanced to the 
middle free edge of the patella, creating a sleeve around the 
patella. Passive knee motion and weight-bearing are begun 
at 24 h after the surgery. Insall et al. [61] reported 91% of 
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satisfactory results at 4 years after this procedure. Other 
techniques involving a lateral release with a medial imbri-
cation have also been described [109]. They involve a simi-
lar lateral retinacular release with imbrication of the medial 
retinacular tissue from the medial aspect of the quadriceps 
tendon to the proximal aspect of the tibial tubercle. Scuderi 
et al. [109] reported an 81% rate of good or excellent results 
after 3.5 years of.

It is also not known how far medial displacement must 
be for the operation to be successful.

The patella is innervated by multiple superficial sensory 
nerves [38] and this procedure could denervate the patella 
to a certain extent. It is not known to what extent the den-
ervation contributes to the success of the operation when it 
works. To our knowledge, no formal study of surgical den-
ervation has been carried out in the specific setting of patel-
lofemoral arthritis.

Surgery to the Patella

Patellar Thinning

In order to diminish the stresses on the patellofemoral joint, 
Vaquero and Arriaza [122] used a double saw to remove 
7 mm of bone from the centre of the patella and noted a 
diminution of patellofemoral stresses when they applied 
Fuji film to the patellofemoral joint. The authors measured 
the patellar thickness before surgery and found that the 
remaining bone was enough to place a patellar component 
if one is needed at a later time.

Patellar Osteotomy

In order to improve the congruence of the patello-trochear 
joint, Morscher [93] described an anterior closing-wedge 
osteotomy fixed with trans-osseous sutures, designed to 
make a second facet in the patella with dysplasia type 
Wiberg III [125]. The procedure is technically demanding, 
because the patella is a small, poorly-vascularized structure 
with a high proportion of cortical bone. Also, it is difficult 
to determine the amount of articulation for each facet and 
exactly where the ridge is to be placed. There is a major 
risk of necrosis and non-union. This Patellar osteotomy is 
indicated in patellar dysplasia in which the articular surface 
of patella is flat. If there is also a flat trochela, this patellar 
re-shaping is complementary to trochleoplasty. This is a 
demanding surgery and we recommend its use only by 
experienced surgeons in few selected cases.

Patellectomy

Patellectomy is an old procedure and its effect on knee 
function has been a matter of controversy. Although indi-
cations for a patellectomy have been narrowed, patellec-
tomy still is recommended as the last choice of treatment 
and almost all authors advise patellectomy in severe cases 
in which all other treatment options are not suitable, such 
as comminuted fractures, advanced osteoarthritis, infec-
tions and tumoural conditions[66].

Patellectomy was indicated because it can be reasoned that 
removal of the patellar half of a painful patellofemoral joint 

a b

Fig. 7 Lateral patellar facetectomy plus Insall procedure. Preoperative (a) and postoperative (b) CT-scan views. The patellar tilt and 
tracking were corrected
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will cause the pain to disappear. However, the pain from an 
arthritic trochlea cannot be relieved by a patellectomy, and 
removal of the patella greatly diminishes the lever arm of the 
extensor mechanism [46]. This can lead to extensor weakness 
or a so-called extensor lag, whereby the patient is incapable of 
completely straightening the knee. Also, excision of the 
patella results in alteration of the forces acting on the tibiofem-
oral joint and the instant centre of motion, limitation of range 
of motion, anterior instability, loss of protection of the tro-
chlea from injury, and poor cosmesis. Several techniques 
have been described to re-inforce the defect produced by the 
absence of the excised patella. In these techniques, after clo-
sure of the defect transversely [124, 127] or longitudinally 
[56] or with a strip of proximally-attached quadriceps tendon 
[10], some parts of the quadriceps muscle are advanced over 
the site of the excised patella. The technique basically involves 
a midline incision with a sharp dissection of the patella. Care 
should be taken to repair the retinaculum to prevent an exten-
sor lag after surgery, and tracking of the quadriceps tendon 
should be checked to make sure that a proximal re-alignment 
procedure is not necessary. The patient then is allowed early 
continuous passive motion and weight-bearing after surgery. 
Baker and Hughston [10] reported long-term (mean, 13.8 
years) results using the Miyakawa technique of pallectomy. 
In this technique, a strip of quadriceps tendon is pulled dis-
tally to fill the void that was left by the removal of the patella; 
the vastus medialis and lateralis then are advanced over the 
site of the excised patella. Eighteen of 20 patients were rated 
as having good or excellent results by objective criteria [10].

Lennox et al. [73] found the poorest results in their 
patients who underwent a patellectomy for arthritis (Not all 
of their patients underwent the patellectomy for that indica-
tion). They reported a good result in only 54% (21) of 22 
patients with arthritis, with 27% (6) of the 22 patients report-
ing that they felt worse than they had pre-operatively.

Günal et al. [56] did patellectomy by combining it with 
the vastus medialis obliquus advancement technique. In 
this technique, the defect is closed longitudinally and the 
vastus medialis obliquus is advanced distally and laterally 
and is plicated to increase the angle of insertion in the sag-
ittal plane. The main advantage of this technique is the use 
of the vastus medialis obliquus muscle, the only part of the 
quadriceps that has no function in knee extension. However, 
this technique only has been compared with simple longi-
tudinal repair in a prospective randomized trial.

However, in the majority of these studies it is not clear 
what percentage of knees had arthritis limited to the patella 
or how often arthritis was present on both the patella and 
the trochlea, a point which has not been studied, to our 
knowledge. The Surgeon must bear in mind that the major 
drawback of a patellectomy is that it is irreversible.

Autologous Chondrocyte Implantation

Autologous chondrocyte implantation was first described in 
1994 [15]. Initially, in PF arthrosis results were poor [15]. 
However, in later reports [100, 101], in which patellar track-
ing was also addressed with re-alignment of the extensor 
mechanism at the time of transplantation, eleven of seven-
teen patients had a good or excellent result at 2 years [101] 
and this improved to thirteen of the seventeen patients at 10 
years [100]. The importance of correcting the underlying 
cause of the chondral injury cannot be underestimated.

Minas and Bryant [90] investigated a group of 45 patients 
who had patellofemoral arthritis, with or without femoro-
tibial arthritis. Eight patients had isolated patellar arthritis, 
nine had trochlear arthritis, four demonstrated patellar and 
trochlear arthritis, and the remainder exhibited arthritis in 
two or more compartments. The authors noted that, at an 
average of 2 years post-operatively, the patients with patel-
lar arthritis, trochlear arthritis, and “patella plus trochlea 
plus weight-bearing condyles” (involvement of both the 
patellar and the trochlear side of the patellofemoral articula-
tion as well as of the weight-bearing portion of one or both 
femoral condyles) “all had marked improvement in pain 
relief and function.” There were eight graft failures in the 
patellofemoral compartment. In this series osteotomy was 
added in 64% of knees and also proximal alignment and 
trochleoplasty were performed in some cases. In a recent 
study, Gobbi et al. [50] investigated a group of 34 patients 
treated for full-thickness patellofemoral chondral lesions 
with second-generation ACI with final follow-up at 5 years. 
Results were evaluated using the International IKDC 2000 
subjective and objective scores, EuroQol visual analogue 
scale (VAS), and Tegner score. All the scores used demon-
strated a statistically significant improvement (p < 0.0005) 
at 2 and 5 years follow-up. In this series, 15 (44%) patients, 
associated procedures were performed during cartilage har-
vest or implantation, including patellar re-alignment (10), 
meniscectomy (5), and ACL reconstruction (1).

Most series are not prospective randomized trials and do 
not have a comparative series control. Clar et al. [26] com-
pared the cost-effectiveness of autologous chondrocyte 
implantation procedures in the knee with microfracture and 
mosaicplasty operations, and they found the results to be 
inconclusive because of a lack of sufficient long-term data. 
Also there are a lot of procedures performed at the same 
time as cartilage transplantation. This makes it difficult to 
find reliable outcome data. Longer follow-up and clinical 
trials comparing autologous chondrocyte implantation with 
other options for treatment of patellofemoral arthritis are 
needed before this option can be recommended as a stan-
dard procedure.
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Osteotomies of the Tibial Tubercle

There are basically three different procedures involving the 
TT: Anterior tibial tubercle transfer, Medial tibial tubercle 
transfer and Distal tibial tubercle transfer. These proce-
dures are contra-indicated for patients with an open proxi-
mal tibial physis.

Anterior Tibial Tubercle Transfer

This technique was first described by Maquet [82] develop-
ing a procedure that moves the tibial tuberosity anteriorly 
2.5 cm. The theory is that to re-locate the tibial tuberosity 
to a more anterior position allows a diminution of those 
loads which could lead to pain relief. However, the size of 
the contact area on which these loads are applied has to be 
considered when judging subchondral stresses. Indeed, as 
noted by Lewallen et al. [74], a diminution of forces may 
not necessarily lead to a reduction of the stresses. Therefore, 
studies that only evaluate forces [112] may not provide 
clinically relevant data. Ferrandez et al. [41] noted that 

elevation of the tibial tuberosity can paradoxically increase 
stresses on the proximal portion of the patella, particularly 
when it is elevated >1 cm (Fig. 8).

Surgical technique: a central longitudinal incision is car-
ried out which is extended below the tubercle. The osteotomy 
can be performed with an osteotome or a thin oscillating 
saw-blade from the superior aspect of the tubercle distally in 
the coronal plane leaving a distal bony hinge. Once mobi-
lized, the proximal segment is displaced anteriorly, allowing 
plastic deformation of the bone at the distal attachment. An 
iliac crest graft is then fashioned and placed to allow 1.5–2 cm 
of anteriorization at the tubercle. More than 1.5 cm of anteri-
orization, however, is associated with a higher prevalence of 
skin problems post-operatively. A screw can be utilized for 
supplemental fixation through the tubercle and the graft, into 
the metaphyseal aspect of the tibia. Post-operative care 
involves use of crutches and partial weight-bearing and pas-
sive motion. Full weight-bearing is allowed at 6 weeks, when 
the osteotomy site is usually healed. Because Maquet’s pro-
cedure has been indicated for different varieties of patell-
ofemoral conditions and its results have not always been 
correlated with the etiology of patellofemoral pain or arthri-
tis, the clinical outcome can be difficult to evaluate. The 
Maquet’s operation presented a number of complications, 
most notably skin necrosis, cracking of the osteotomy frag-
ment, patellar tendinitis, and the development of a painful 
prominence at the level of the tibial tuberosity. Over the last 
20 years, Maquet’s operation has diminished in popularity in 
Europe. Therefore, this technique is not recommended.

The antero-medial tibial tuberosity osteotomy described 
by Fulkerson et al. [47], is a modification of the Maquet 
operation. The procedure is carried out with an oblique 
osteotomy of the tibial tuberosity and the tibial tuberosity 
is transferred both medially and anteriorly, with the relative 
proportion of each transfer being determined by the slope 
of the cut. A 45° cut leads to equal medial and vertical dis-
placements. If the tibial tuberosity were displaced 11 mm 
along a 45° plane, this would lead to 8 mm of medial dis-
placement and 8 mm of anterior displacement. Ateshian 
and Hung [9] calculated that this would result in only a 
10% reduction in stress. This operation has the disadvan-
tage of not allowing the same amount of anterior displace-
ment as Maquet’s procedure and it displaces the tibial 
tuberosity medially even in patients in whom the need for 
such medialization is unclear. Also, it requires two cuts: 
The first cut involves all but the most proximal portion of 
the tibial tuberosity. That cut is angled in an anteromedial-
to-posterolateral direction, with care taken to protect both 
the anterior tibial artery and the deep peroneal nerve poste-
riorly. The second cut begins at the most proximal and lat-
eral aspect of the first cut and is oriented toward the most 

Fig. 8 The elevation of the tibial tuberosity can paradoxically 
increase stresses on the proximal portion of the patella
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proximal portion of the tibial tuberosity. If the surgeon fails 
to carry out this second cut and chooses instead to carry the 
first cut all of the way to the top of the tuberosity, the cut 
will involve a large part of the proximal tibial metaphysis. 
Complications associated with this operation include post-
operative fracture of the tibial shaft and non-union of the 
osteotomy site. It is recommended that patients remain 
none weight-bearing for 8 weeks.

Medial Tibial Tubercle Transfer

This operation, known as the Elmslie-Trillat procedure 
[121], is a direct medial tibial tuberority transfer. It is 

 effective for controlling instability and lateral tracking. 
The operation is mainly indicated for patients with an 
excessive TT-TG distance in a context of PF instability.

Surgical technique: The tibial tubercle is fully detached 
leaving a distal bony hinge as in Maquet’s procedure. The 
block must be trimmed to ensure that it can be medialized 
with sufficient ease and that it will not sit proud of the tibia. 
The proximal portion of the tubercle is medialized check-
ing the position with a ruler. Finally it is fixed with a single 
screw (Fig. 9). The post-operative care is the same as for 
the Maquet’s procedure.

The goal of tibial tubercle transfer is to reduce the 
TT-TG to between 10 and 15 mm. However, Goutallier and 

a

c d

b

Fig. 9 Elmslie procedure: (a) Medialization of Tibial tuberosity. (b) Fixation with one screw. (c) X-ray Lateral view. (d) CT scan 
view with the TT-TG distance corrected
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Bernageau [52] stressed that the shape of the trochlea must 
also be taken into account in the correction of the TT-TG: 
the deeper the trochlea, the greater the risk of overmedial-
ization, which would result in patellar impingement on the 
medial facet of the trochlea, and pain.

Distal Tibial Tubercle Transfer

This technique is indicated only in cases of patella alta and 
consists of transfering distally the tibial tuberosity whith a 
bone block 5 cm long. This block is fixed with two com-
pression screws. The post-operative care is the same as in 
the Maquet’s and Elmslie’s procedures.

To avoid the risk of creating an iatrogenic patella infera, 
pre-operatively, the surgeon must calculate the patellar 
height by the Insall-Salvati or Caton-Deschamps index. 
This procedure is not useful in evolved cases of patell-
ofemoral arthrosis.

Currently, the anterior transfer of tibial tuberosity is not 
recommended for patellofemoral arthrosis. And the distal 
and medial transfer of tibial tuberosity are mainly indicates 
for PF instability, but not for PF osteoarthritis.

Patellofemoral Arthroplasty

McKeever, in 1955 [86], was the first to report such an 
operation when he described fixing a metallic implant 
(Vitallium) to the undersurface of the patella by way of a 
transverse screw. In 1979, Lubinus [76] and Blazina et al. 
[14] introduced separately the concept of a patellofemoral 
replacement whereby both the patella and the trochlea were 
re-surfaced. At this moment, patellofemoral replacement 
surgery is not been widely accepted. The original descrip-
tions of the procedure did not include strict criteria, techni-
cal pitfalls were not fully appreciated, and little emphasis 
was placed on re-alignment of the extensor mechanism of 
the knee. The Lubinus prosthesis was reported to have a 
50% failure rate at 8 years in a study of 76 cases [118]. 
Recently, the literature has shown more encouraging results. 
In 1995, Argenson et al. [8] reported the results of 66 
replacements reviewed at an average of 5.5 years. Dividing 
their results by etiology, they noted a good result in 20 of 22 
patients with mal-alignment and dysplasia, 19 of 20 patients 
with post-traumatic arthritis, and 17 of 24 patients with 
arthritis of unknown aetiology. They recommend the use of 
PF arthroplasty especially in arthrosis secondary to patellar 
fracture. In 1996, Krajca-Radcliffe and Coker [68] in a 
series of 16 patellofemoral replacements, followed for an 
average of 5.8 years, reported good-to excellent results in 

fifteen cases. Kooijman et al. [67] followed 45 patients for 
10–21 years after patellofemoral arthroplasty. Two-thirds of 
the 45 patients still had the patellofemoral replacement at 
the time of final follow-up (average of 17 years). However, 
fifteen patients required another operation (most commonly 
a soft-tissue operation such as a lateral retinacular release) 
soon after the index procedure, and 12 underwent either a 
tibial osteotomy or a total knee replacement at an average of 
15 years. In a study of 72 patellofemoral arthroplasties, 61 
of these 72 knees (75%) needed some form of re-alignment 
procedure [19]. Other series of patellofemoral arthroplasty 
have found that patellofemoral arthritis associated with 
patella mal-positioning was the most common clinical pre-
sentation in these patient groups [6, 14].

Recently, Cartier et al. [20] retrospectively reviewed 79 
patellofemoral arthroplasties carried out between 1975 and 
1991. The author found that 75% of the prostheses were 
still functioning at a minimum of six and average follow-up 
of 10 years after implantation and the most frequent cause 
of failure was secondary femorotibial osteoarthritis (eight 
knees). They concluded that “the main indication for this 
type of implant is advanced patellofemoral osteoarthritis 
secondary to a constitutional trochlear dysplasia occurring 
in a correctly-aligned knee for which no other therapeutic 
procedure allows the same type of result to be achieved”.

In 2005, Leadbetter et al. [72] presented a study based in 
a complete Medline review of all published articles of 
patellofemoral arthroplasty between 1979 and 2005. They 
found 12 articles in which were analyzed the indications, 
contra-indications, and poor results. They found six con-
sensus criteria indications to perform PF arthroplasty that 
Sisto and Sarin [113] refined as:

Degenerative or post-traumatic osteoarthritis limited to • 
the patellofemoral joint.
Severe symptoms affecting daily activity referable to • 
patellofemoral joint degeneration and unresponsive to 6 
months of non-operative treatment and failed prior con-
servative procedures.
Failure of a previous surgical procedure to unload the • 
extensor.
Patellofemoral malalignment or dysplasia-induced • 
degeneration with or without instability.

In this study [72], the most important contra-indications 
found in the literature were:

No attempt at non-operative care or exclusion of other • 
sources of pain.
Arthritis involving the tibiofemoral articulation greater • 
than Kellgren Grade I.
Systemic inflammatory arthropathy.• 
Patella infera.• 
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Uncorrected patellofemoral instability/mal-alignment; • 
Uncorrected tibiofemoral mechanical mal-alignment 
(valgus >8°; varus >5°).
Active infection.• 
Evidence of chronic regional pain syndrome and fixed • 
loss of knee range of motion (−10° extension −110° 
flexion minimum).

The authors added some additional factors that may 
adversely affect patellofemoral arthroplasty outcome:

Multiple antecedent procedures or extensive soft tissue • 
trauma associated with residual quadriceps atrophy.
History of previous arthrofibrosis in the same joint.• 
Ligamentous tibiofemoral instability.• 
Post-meniscectomy situation.• 
Chondrocalcinosis.• 
High patient activity.• 
Age younger than 40 years.• 
Obesity.• 
Patella alta.• 
Primary osteoarthritis.• 
Male gender.• 

Also, they included unrealistic patient expectations and a 
surgeon with lack of experience in arthroplasty or extensor 
mechanism re-alignment.

The poor results reported after patellofemoral replace-
ment have two common themes: failure to appreciate pres-
ent or incipient femorotibial arthritis and extensor 
mechanism disorders not diagnosed before or corrected at 
thetime of arthroplasty surgery.

Total Knee Arthroplasty

The use of total knee arthroplasty for the treatment of iso-
lated patellofemoral arthritis has been confirmed as an effec-
tive method of managing this condition in the older patients 
[71, 91]. The exact age at which total knee arthroplasty 
becomes a viable option for the treatment of patellofemoral 
arthritis is debatable and case-dependent, but certainly an 
age younger than 55 years should be considered a relative 
contra-indication [91]. Probably, it can be properly used with 
reliable results in patients in their eighth decade of life.

In a study of 53 patients who had been followed for an 
average of 7.4 years after total knee replacement with re-
surfacing of the patella to treat isolated patellofemoral 
arthritis, Laskin and van Steijn [71] noted an average range 
of motion of 122°, compared with 117° in a separate cohort 
of patients with tricompartmental disease, with 81% (43) of 
the 53 patients having a good-to-excellent result.

Mont et al. [91] in a series of 33 replacements for pri-
mary patellofemoral arthritis reported 28 excellent results, 
one good result, and one poor result at a mean of 81 months 
post-operatively. The mean Knee Society objective score 
increased from 50 points pre-operatively to 93 points post-
operatively.

If the complications involving the extensor mechanism 
and the patellofemoral joint remain the primary non-infec-
tious indications for revision total knee arthroplasty, in 
these patients the particular attention directed toward the 
correction of extensor mechanism is mandatory. This is 
evidenced by the reported rates of retinacular release in 
these patients, which are as high as 68% [71, 75, 81], a 
threefold increase compared with the rates associated with 
standard total knee arthroplasty. Parvizi et al. [98] evalu-
ated the results of 31 knee replacements in 24 patients at an 
average of 5 years. They noted that 21 patients required a 
lateral retinacular release and three more required a more 
extensive realignment.

There are some critical points in the TKA procedure in 
which surgeon must pay attention to avoid extensor mecha-
nism problems in the post-operative results:

Avoid an internal position of Tibial insert that will mean • 
an external position of the tibial tubercle.
Avoid internal rotation of femoral insert that may result • 
a hyperpression between the patella component and the 
lateral condyle. Internal rotation of the femoral compo-
nent with respect to the femur will rotate the trochlear 
groove medially, increase tension on the lateral retinac-
ulum, and cause lateral patellar mal-tracking.
Avoid medialization of the femoral insert that may pro-• 
duce a conflict between the lateral flange of the femoral 
component and the lateral border of the patellar compo-
nent, resulting in patellar subluxation.
Avoid lateral release that can produce damage to the • 
vascular supply and consequent patellar necrosis and 
fractures.
Avoid laterally-placed patellar component that will • 
increase the tension in the lateral retinaculum and cause 
lateral patellar mal-tracking. The central position 
requires more lateral release than the medial position.
Avoid “overstuffing” of the patellofemoral joint. This • 
can occur by use of femoral component that is too large 
(in the anteroposterior dimension) or by resecting an 
inadequate amount of the patella increasing tension on 
the lateral retinaculum

Re-surfacing of the patella in total knee replacement is a 
controversial issue, even when the patella is arthritic. The 
current literature seems to favour patellar re-surfacing. 



184 F. Montserrat

Multiple studies have demonstrated success with patellar 
re-surfacing, with good relief of pain and good overall out-
comes [43, 58]. However, other studies have shown suc-
cess without insertion of a patellar component. Burnett 
et al. [18] showed in a RCT the same results with re-surfac-
ing/no re-surfacing patella in a series of 64 knees after 10 
years of follow-up. Ideally, a patient treated without patel-
lar re-surfacing should have no patellar arthritis, and a 
femoral component that was designed to accommodate the 
native patella should be utilized. In PF arthrosis, where fre-
quently there is a severe deformity on the articular side of 
patella, the use of patellar component has an advantage 
because it allows improvement the PF tracking, placing the 
patellar insert medially.

Three reports on this issue have noted a high rate of 
residual post-operative patellar tilt, asymmetrically re-sur-
faced patellae, and residual subluxation [72, 91, 97] reflect-
ing the technical complexity inherent in these cases.

Despite the success of total knee arthroplasty, many sur-
geons consider it to be excessive sacrifice of healthy tissue 
and too great a surgical dissection for a patient with disease 
involving mainly one compartment. However, total knee 
arthroplasty currently remains the most proven and pre-
dictable single procedure for this specific population of 
older patients with patellofemoral disease.

Total Knee arthroplasty is also the best procedure to res-
cue patellofemoral surgery performed previously. Basically, 
there are two situations in which TKA must be performed as 
a revision: Failure of previous surgical treatment which 
could not achieve the expected results with permanence of 
pain and discomfort in the PF joint, and cases in which the 
degenerative disease involves the tibiofemoral joint. In both 
cases, the previous procedure may make the surgery of TKA 
difficult. The surgeon must plan carefully the revision sur-
gery in order to avoid pitfalls that may increases the risk of a 
new failure. This is important in two situations: previous PF 
arthroplasty and previous Osteotomy of Tibial tuberosity.

Overview

The surgeon must make an accurate diagnosis of Isolated 
Pattellofemoral Osteoartrhitis and its cause extensor mech-
anisms mal-alignment, Patellofemoral joint trauma or no 
articular cause.

Assess the extent of Tibiofemoral degenerative disease. 
Reject global OA with inflammatory synovium.

In Patellofemoral Instability with moderate degenera-
tive disease treat the patellar instability through proximal 
and/or distal re-alignment.

In later Patellofemoral evolved disease with a collapsed 
joint, patellofemoral arthroplasty may play a useful role in 
selected cases.

In cases with global inflammatory synovium, Tibio-
femoral joint involvement or older patients the Total Knee 
Arthroplasty is probably the most effective treatment.
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Achilles Tendinopathy

Nicola Maffulli and Francesco Oliva

Introduction

Achilles tendinopathy mainly arises from overuse, but is 
often present in middle-aged overweight patients with no 
history of increased physical activity [71]. Its natural his-
tory in patients who try and continue to exercise is of gradu-
ally increasing load-related localized pain coinciding with 
increased activity. Examination should include thorough 
inspection to assess for swelling and asymmetry of the 
involved tendons, range of motion testing, palpation for ten-
derness, and examination manoeuvres that simulate tendon 
loading and reproduce pain [125].

In the past three decades, the incidence of overuse injury 
in sports has risen enormously [107], with more people 
undertaking recreational and competitive sports, but train-
ing for longer and more intensely [55, 93]. Excessive repet-
itive overload of the Achilles tendon is regarded as the 
main pathological stimulus that leads to tendinopathy [6]. 
Achilles tendinopathy is also common among athletes par-
ticipating in racquet sports, track and field, volleyball and 
soccer [42, 126]. Achilles tendinopathy is not always asso-
ciated with excessive physical activity, and in a series of 58 
Achilles tendinopathy patients, 31% did not participate in 
sports or vigorous physical activity [101].

Also, the use of quinolone antibiotics is associated with 
Achilles tendinopathy and rupture [17, 103]. The manage-
ment of Achilles tendinopathy lacks evidence-based sup-
port, and tendinopathy sufferers are at risk of long-term 
morbidity with unpredictable clinical outcome [45].

Anatomy

The confluence of the gastrocnemius and soleus muscles 
forms the Achilles tendon. The gastrocnemius is more 
superficial and originates from two heads above the knee. 
The soleus is anterior to the gastrocnemius, and originates 
below the knee [96]. The plantaris muscle, present in 
approximately 90% of the population, has a short muscle 
belly of 7–10 cm, arises just below the lateral head of gas-
trocnemius, and has a long slender tendon that runs medial 
to the Achilles tendon [67]. The Achilles tendon inserts into 
the middle part of the posterior surface of the calcaneus, a 
bursa being interposed between the tendon and the upper 
part of this surface. The tendon spreads out somewhat at its 
lower end, so that its narrowest part is about 4 cm above its 
insertion. It is covered by the fascia, and stands out promi-
nently behind the bone; the gap between the anterior aspect 
of the tendon and the fascia covering the muscle belly of 
the flexor hallucis longus is filled with areolar and adipose 
tissue, Kager’s triangle. Along its lateral aspect, but super-
ficial to it, is the small saphenous vein [28]. The Achilles 
tendon derives its sensory nerve supply from the nerves of 
the attaching muscles and cutaneous nerves, in particular 
the sural nerve [44, 45, 112].

Histology

Healthy tendons are brilliant white with a fibroelastic texture. 
Tendons demonstrate marked variation in form; they can be 
rounded cords, straplike bands, or flattened ribbons [12]. 
Within the extracellular matrix network, tenoblast and teno-
cytes constitute about 90–95% of the cellular elements of 
tendons. Tenoblasts are immature tendon cells. They are 
spindle-shaped and have numerous cytoplasmic organelles, 
reflecting their high metabolic activity. As they mature, teno-
blasts become elongated and transform into tenocytes. 
Tenocytes have a lower nucleus-to-cytoplasm ratio than 
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 tenoblasts, with decreased metabolic activity [47]. The remain-
ing 5–10% of the cellular elements of tendons consists of 
chondrocytes at the bone attachment and insertion sites, syn-
ovial cells of the tendon sheath, and vascular cells, including 
capillary endothelial cells and smooth muscle cells of arteri-
oles. Tenocytes are active in energy generation through the 
aerobic Krebs cycle, anaerobic glycolysis, and the pentose 
phosphate shunt, and they synthesize collagen and all com-
ponents of the extracellular matrix network [56, 86]. Collagen 
constitutes about 90% of tendon protein, or approximately 
70% of the dry weight of a tendon [44]. Collagen type I 
accounts for 65–80% and elastin accounts for approximately 
2% of the dry mass of tendons [39, 86, 116]. Tenocytes and 
tenoblasts lie between the collagen fibres along the long axis 
of the tendon [51]. Collagen is arranged in hierarchical levels 
of increasing complexity, beginning with tropocollagen, a 
triple-helix polypeptide chain, which unites into fibrils; fibers 
(primary bundles); fascicles (secondary bundles); tertiary 
bundles; and the tendon itself [6, 85]. Aging significantly 
decreases tendon glycosaminoglycans and increases collagen 
concentration [118]. Acute exercise increases type I collagen 
formation in peritendinous tissue [58]. The essence of tendi-
nopathy is a failed healing response, with haphazard prolif-
eration of tenocytes, some evidence of degeneration in tendon 
cells and disruption of collagen fibres, and subsequent 
increase in non-collagenous matrix [44, 61, 63, 71, 84]. 
Tendinopathic lesions affect both collagen matrix and teno-
cytes [43, 62]. Normally, collagen fibres in tendons are tightly 
bundled in a parallel fashion. In tendinopathic samples, there 
is unequal and irregular crimping, loosening and increased 
waviness of collagen fibres, with an increase in Type III 
(reparative) collagen [38, 43, 69, 70, 122].

At electron microscopy, various types of degeneration 
have been described, namely (a) hypoxic degeneration, (b) 
hyaline degeneration, (c) mucoid or myxoid degeneration, 
(d) fibrinoid degeneration, (e) lipoid degeneration, (f) cal-
cification, (g) fibrocartilaginous and bony metaplasia  
[44, 64, 94]. All can co-exist, depending on the anatomical 
site and the nature of their causal insult. Therefore, tendi-
nopathy can be considered the end result of a number of 
etiologic processes with a relatively narrow spectrum  
of histopathological features [71–73].

Physiopathology

The aetiology of Achilles tendinopathy is still unclear  
[6, 55]. Tendinopathies have been linked to overuse, poor 
vascularity, lack of flexibility, genetic make up, sex, and 
endocrine or metabolic factors [50]. Excessive loading of 

the tendon during vigorous training activities is regarded as 
the main pathological stimulus [42]. The Achilles tendon 
may respond to repetitive overload beyond physiological 
threshold by either inflammation of its sheath or degenera-
tion of its body, or by a combination of the two [11]. 
Damage to the tendon can occur even if it is stressed within 
its physiological limits when the cumulative microtrauma 
applied to it do not leave enough time for repair [107]. 
Microtraumas can result from non-uniform stress within 
the Achilles tendon from different individual force contri-
butions of the gastrocnemius and soleus, producing abnor-
mal load concentrations within the tendon and frictional 
forces between the fibrils, with localised fibre damage [5]. 
Tendinopathy has been attributed to a variety of intrinsic 
and extrinsic factors, which, alone or in combination, has 
been put forward to try and explain overuse injuries [65]. 
Extrinsic factors such as increased frequency and duration 
of training has been associated with Achilles tendinopathy 
[29]. However, a retrospective study of partially ruptured 
Achilles tendons demonstrated that tendinopathy was not 
necessarily associated with the level of physical activity 
[7]. Poor technique, footwear, hard, slippery or uneven sur-
faces can predispose to Achilles tendinopathy [42]. Intrinsic 
factors can be further classified into alteration in lower 
limb function, biomechanics, gender, age and genetics. 
Weakness of the gastrocnemius and quadriceps muscles 
can alter the coordination of movements of the hip, knee 
and ankle joints during the kinetic chain, and not surprising 
are found in patients with tendinopathy, although it is 
unclear whether this is the cause or effect [54]. Higher 
ground-reaction forces are incurred with decreased ankle 
dorsiflexion, and have been associated with both Achilles 
and patellar tendinopathies [48, 77]. In a prospective study, 
decreased strength of the plantar flexors but increased dor-
siflexion of the ankle was associated with greater risk of 
developing Achilles tendon overuse injury in male officer 
cadets [76]. A higher dorsiflexion range may subject the 
Achilles to greater strain. The over-pronated hindfoot and 
varus forefoot have been classically linked to Achilles ten-
dinopathy [42, 48], but there is no modern evidence of a 
cause-effect relationship, and only an association relation-
ship has been demonstrated. These studies are however 
dated, and have marked methodological flaws.

Gender and genetics have a role in tendinopathies. Large 
cohort studies of patellar tendinopathy demonstrated that 
more males than females had asymptomatic tendon pathol-
ogy [22]. Oestrogen may have a protective effect on tendon 
pathology [21]. Polymorphism of the guanine-thymine 
dinucleotide repeat in the tenescin-C (an elastic extracel-
lular matrix protein) gene is associated with Achilles tendi-
nopathy [82]. Changes in the expression of genes such as 
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the down-regulation of metalloprotease 3 mRNA has been 
found in tendinopathic Achilles tendons with a resultant 
increase in the levels of type I and III collagens [40].

Metalloproteases

Degradation of collagen and other ECM compounds is ini-
tiated by MMPs [97]. These are zinc- and calcium-depen-
dent endopeptidases that are secreted from cells in 
pro-enzyme form [14]. MMPs are the major enzymes that 
are involved in remodelling of ECM because of their effi-
cacy at neutral pH and their broad proteolytic capability 
against the ECM. The MMP family contains 23 members 
that have some characteristics in common [87]. MMPs are 
subdivided into four main classes: collagenases, gelatinases, 
stromelysins, and membrane-type MMPs (MT-MMPs) [18]. 
MMPs are involved in many physiologic remodelling pro-
cesses, including wound healing, menstruation, uterine 
involution, bone growth and development, and angiogene-
sis [104, 123]. Also, MMPs play a role in pathologic pro-
cesses, such as tumor invasion and metastasis [34, 117], 
multiple sclerosis [20], periodontal disease [13, 80], hyper-
tension [99], and arthritis [16, 128]. The activity of MMPs 
is inhibited by tissue inhibitors of metalloproteases (TIMPs) 
[35, 36]. The balance between the activities of MMPs and 
TIMPs regulates tendon remodelling. An imbalance in 
MMPs and TIMPs is associated with collagen disturbances 
in tendons [26]. Cytokines, such as interleukin (IL)-1 and 
tumor necrosis factor (TNF)-a enhance the production of 
MMPs [27, 78], whereas transforming growth factor 
(TGF)-b and IL-6 enhance the production of TIMP-1[66, 
127]. Physical exercise can influence local MMP and TIMP 
activities in the human Achilles tendon [52], with a pro-
nounced increase in local levels of pro–MMP-9 after exer-
cise. This study suggests that MMP-9 has a role in a 
potential inflammation reaction in human Achilles tendon 
that is induced by intensive exercise. Also, exercise causes 
a rapid increase in serum MMP-9 [53], probably as a result 
of increased leukocytes in the circulation [79]. Koskinen 
et al. [52] also observed that the MMP-2 inhibitory activity 
of TIMP-1 and TIMP-2 increased in response to exercise.

Clinical Examination

Pain is the main symptom of Achilles tendinopathy. 
However, it should be understood that, even though patients 
may present acutely, it is likely that the histopathology, 
even in these instances, is already of a failed healing 

response nature, bearing witness to the long standing pro-
cess which eventually causes clinically relevant symptoms. 
Generally, pain occurs at the beginning and end of a train-
ing session, with a period of diminished discomfort in 
between. As the pathological process progresses, pain may 
occur during exercise, and, in severe cases, it may interfere 
with activities of daily living. In the acute phase, the tendon 
is diffusely swollen and oedematous, and on palpation ten-
derness is usually greatest 2–6 cm proximal to the tendon 
insertion. Sometimes, fibrin precipitated from the fibrino-
gen-rich fluid around the tendon can cause palpable crepi-
tation. In chronic cases, exercise-induced pain is still the 
cardinal symptom, but crepitation and effusion diminish.  
A tender, nodular swelling is usually present in chronic 
cases, and is believed to signify tendinopathy.

The diagnosis of Achilles tendinopathy is mainly based 
on a careful history and detailed clinical examination. 
Diagnostic imaging may be required to verify a clinical sus-
picion or to exclude other musculoskeletal disorders, such 
as os trigonum syndrome, tenosynovitis or dislocation of 
the peroneal tendons, tenosynovitis of the plantar flexors, 
an accessory soleus muscle, tumours of the Achilles tendon 
(xanthomas), and neuroma of the sural nerve [124].

Clinical examination is the best diagnostic tool. Both 
legs are exposed from above the knees and the patient 
examined while standing and prone. The foot and the heel 
should be inspected for any malalignment, deformity, obvi-
ous asymmetry in the tendon size, localized thickening, 
Haglund heel and any previous scars. The Achilles tendon 
should be palpated for tenderness, heat, thickening, nodule 
and crepitation63. The tendon excursion is estimated to 
determine any tightness. The “painful arc” sign helps to 
distinguish between tendon and paratenon lesions. In para-
tendinopathy, the area of maximum thickening and tender-
ness remains fixed in relation to the malleoli from full 
dorsi- to plantar-flexion, whereas lesions within the tendon 
move with ankle motion. There is often a discrete nodule, 
whose tenderness significantly decreases or disappears 
when the tendon is put under tension [10].

VISA-A

The VISA – A is a questionnaire based instrument to mea-
sure the severity of Achilles tendinopathy [100]. To develop 
the questionnaire, we performed item generation, item 
reduction, item scaling, and pretesting. We then tested its 
validity and reliability in clinical and control populations. 
The VISA-A questionnaire contained eight questions that 
covered the three domains of pain (questions 1–3),  function 
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(questions 4–6), and activity (questions 7 and 8.) Questions 
1–7 are scored out of 10, and question 8 carries a maximum 
of 30. Scores are summed to give a total out of 100. An 
asymptomatic person would score 100. For question 8, par-
ticipants must answer only part A, B, or C. If the participant 
has pain when undertaking sport, he or she automatically 
loses at least 10, and possibly 20, points.

The VISA-A questionnaire provides a valid, reliable, 
and user friendly index of the severity of Achilles tendi-
nopathy. Although the limited time for consultation in rou-
tine clinical practice means that the main role of this tool is 
likely to be as an outcome measure in treatment studies, the 
VISA-A scale can be easily administered in clinical prac-
tice. The VISA- A has been cross-cultural adapted to 
Swedish [108] and Italian [60].

Management

Conservative

Following the “overuse” theory, a first step can be to encour-
age a sensible training programme. The aim of rehabilita-
tion is to abolish pain and restore function.  Anti-inflammatory 
medications have been used with mixed results although 
usually with adjunctive physiotherapy. A randomized con-
trolled study where the treatment group was given piroxi-
cam and control group given placebo, both in combination 
with stretching and strengthening exercises, produced simi-
lar results [8]. Orthotics have been used to alter the biome-
chanics of the foot and ankle [81]. Cryotherapy has an 
analgesic effect, probably reduces the metabolic rate of ten-
dons and decreases the extravasations of blood and proteins 
from neo-vessels [98]. The mean VISA score (normal score 
is 100) in the treatment group rose from 42 to 92 in the 
treatment group compared to 39–41 in the control group. 
The authors also demonstrated a decrease in tendon thick-
ness and increased vascularity on ultrasound [121]. Eccentric 
loading has produced promising results for Achilles tendi-
nopathy [120]. Fifteen recreational athletes with chronic 
Achilles tendinopathy on a 12-week programme of heavy-
load. After a 12-week painful eccentric muscle training pro-
gramme for chronic Achilles tendinopathy, there was a 
significant decrease in tendon thickness, normalization of 
tendon structure [90] and even decrease in neo-vascularity 
shown on Doppler ultrasound [89]. A randomized con-
trolled trial comparing conventional surgical treatment to a 
12-week eccentric training programme in patients with 
chronic patellar tendinopathy produced similar results for 
both groups at 12-month follow-up [9].

Non-steroidal anti-inflammatory drugs (NSAIDs) effec-
tively relieve tendinopathy pain and may offer additional 
benefit in acute inflammatory tendinopathy because of their 
anti-inflammatory properties. Topical NSAIDs also reduce 
tendon pain and eliminate the increased risk of gastrointes-
tinal hemorrhage associated with systemic NSAIDs [83]. 
However, because the majority of chronic tendinopathies are 
not inflammatory, few data exist to support the use of NSAIDs 
over analgesics without anti-inflammatory effects [4]. One 
systematic review [37] found insufficient evidence to rec-
ommend or discourage the use of oral NSAIDs in the short-
term treatment of tendinopathies.

NSAIDs inhibit tissue inflammation by repressing 
cyclooxygenase (COX) activity, with a reduction in the syn-
thesis of proinflammatory prostaglandins [119].  Management 
of an anatomically defined medical condition is ideally 
based on an understanding of its pathophysiology. Although, 
as noted earlier, tendinopathy has a non-inflammatory basis, 
NSAIDs are widely used in attempts at treatment [59]. 
Ironically, the analgesic effect of NSAIDs [3] allows patients 
to ignore early symptoms, possibly imposing further dam-
age on the affected tendon and delaying definitive healing.

Cryotherapy is effective for short-term pain relief. Icing 
may slow the release of blood and proteins from the sur-
rounding vasculature by reducing tissue metabolism. Ice may 
be effective for reducing swelling and pain in cases of acute 
inflammatory tendinopathies by blunting the inflammatory 
response. Although specifics about cryotherapy are not well 
studied, a recent systematic review of cryotherapy for soft-
tissue injuries concluded that applications of ice through a 
wet towel for 10-min periods are most effective [15].

Eccentric muscle training for treatment of Achilles tendi-
nopathy has been recommended since the mid-1980s [111]. 
Regardless of the mechanism, significant improvement in 
patient satisfaction and decreased pain were seen in 60–90% 
of patients, and it has been demonstrated to be superior to 
controls [2, 75]. Eccentric training was first advocated in the 
management of tendinopathy a quarter of a century ago by 
Stanish et al. [111] Their program involves three sets of 10 
repetitions performed once per day, and is progressed by 
adding load and speed. In their protocol, Stanish and Curwin 
[110] first recommend that patients should perform the 
eccentric exercises with no pain. Almost a decade ago, 
Alfredson et al. [2] introduced another eccentric training 
program for the Achilles tendon. The Alfredson et al. [2] 
programme involves three sets of 15 repetitions performed 
twice a day. In contrast to the Stanish and Curwin program, 
the Alfredson program involves a greater number of repeti-
tions, isolation of the eccentric muscle contraction, more 
pain during training, and progression with load and not 
speed so exercise remains slow; this model consists of two 
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types of eccentric exercises: (1) with the knee straight, to 
maximise the activation of the gastrocnemius muscle, and 
(2) with the knee bent, to maximise the activation of the 
soleus muscle. Alfredson et al. [2] emphasize the need for 
patients to complete the exercise protocol despite pain in the 
tendon. If patients experience no tendon pain doing this pro-
gramme, the load should be increased until the exercises 
provoke pain. Although the literature is limited, there is 
some evidence for the use of painful eccentric training in 
Achilles [46]. In other two investigations, Sayana et al. [105] 
and Maffulli et al. [75] used an even more gradual approach 
than the one advocated by Roos et al. [102] and explained to 
their patients that eccentric exercises may result in increase 
in pain in first few weeks. To reduce the impact of this initial 
inconvenience and to ensure compliance with the exercise 
regimen, suggested the use of analgesic. To monitor clinical 
progress of Achilles Tendinopthy has been successfully used 
the VISA-A Questionnaire [100, 108]. The optimum exer-
cise “dose” is unknown, both in terms of numbers of repeti-
tions and also the speed of movement; neither is the optimum 
duration of treatment known. Even though the relevance of 
eccentric training to the conservative management of 
Achilles tendinopathy is understood, studies regarding its 
mechanism are needed as a first step to understand and 
improve the current management regimens [33].

Low dose heparin has been used in the management of 
peritendinous and intratendinous pathology but an 
 experimental study showed increased tendon degeneration 
in rats given intratendinous injection of heparin [114]. 
Peritendinous injection of corticosteroids remains contro-
versial. A randomized controlled trial found that peritendi-
nous injection of methyl prednisolone did not improve the 
cure rate or shorten the healing time in patients with Achilles 
tendinopathy [24]. Intratendinous injection of corticoster-
oid can adversely affect tendon integrity and decrease the 
amount of load that can be taken before failure [109]. 
Although intratendinous injection of steroid is discouraged, 
Read found that the treatment group with peritendinous 
injection of hydrocortisone in his cohort (n¼ 64) with achil-
lodynia did not have a higher rupture rate than the control 
group [95]. Blind peritendinous injections without the use 
of imaging guidance may inadvertently be delivered intra-
tendinously. A randomized placebo-controlled double-blind 
study in patients with Achilles and patellar tendinopathy, 
using ultrasound for the diagnosis and guided peritendinous 
injection of triamcinolone, found that the treatment group 
had reduced pain and tendon thickness [31]. Ultrasound 
guided injection of a sclerosing agent, polidocanol, to the 
neovessels in ten patients with Achilles tendinopathy 
showed reduced pain in eight patients with a corresponding 
reduction in neovascularity on colour Doppler [88]. The 

same authors have also published their results using this 
procedure in patellar tendinopathy [1]. Several new tech-
niques have been described, including ultrasound guided 
dry needling and autologous blood injection into the patella 
tendon [41] with good preliminary results in a small series. 
The procedure is performed on two occasions, 4 weeks 
apart. High volume image guided injection (HVIGI) com-
bined with a strict eccentric rehabilitation program has been 
performed in both chronic recalcitrant Achilles and patella 
tendinopathy [19, 24] with extremely promising results. 
Under ultrasound guidance, a needle is inserted just deep in 
to the affected tendon, and a large volume of fluid  
(40–60 mL) is injected at the site of maximum neovascu-
larisation. The technique aims to disrupt the neovessels and 
their accompanying nerve supply. The patients then follow 
a very strict rehabilitation programme, and return to full 
activity within 2 weeks of the injection, thus making it very 
attractive to professional sportsmen.

Surgical Procedures

Some 24–45.5% of patients with chronic Achilles tendi-
nopathy who fail a 6-month trial of conservative therapy 
proceed to surgery [57, 68, 106]. It is beyond the scope of 
this paper to review individual surgical techniques, but the 
procedures can be categorized as open tenotomy, removal 
of abnormal tissue without stripping of the paratenon; open 
tenotomy, removal of abnormal tissue with stripping of the 
paratenon; open tenotomy with longitudinal tenotomy with 
or without stripping of the paratenon; percutaneous lon-
gitudinal tenotomy; and procedures aiming at interfering 
with or disrupting neo-vascularity and neo-innervation [57, 
68, 106]. Percutaneous longitudinal tenotomy can be used 
when there is no peritendinous involvement and when the 
intratendinous lesion is less than 2.5 cm long. Ultrasound 
guided percutaneous longitudinal tenotomy is able to con-
firm the precise location of intratendinous lesions and pro-
duced similar results to open tenotomy [30, 115]. The aim 
of surgery is to divide adhesions, excise degenerate nodules 
and stimulate neo-angiogenes [32] and the healing response 
[113]. Over 70% success rates have been reported for 
operative management for Achilles tendinopathy [32, 68, 
92, 106, 115]. Paavola followed 432 consecutive patients 
for 5 months after surgery and reported 46 complications 
with 14 of these requiring re operation [91]. Compli cations 
include wound breakdown, damage to the sural nerve and 
deep vein thrombosis [74].

We have recently developed a novel management modal-
ity whereby a minimal invasive technique of stripping of 
neo-vessels from the Kager’s triangle of the AT is performed. 
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This achieves safe and secure breaking of neo-vessels and 
the accompanying nerve supply. Four longitudinal skin inci-
sions each 0.5 cm long are made. Two incisions are made 
just medial and lateral to the origin of the tendon; the other 
two incisions are made just medial and lateral to the distal 
end of the tendon close to its insertion. A mosquito is inserted 
in the incisions, and the proximal and distal portions of 
Achilles tendon are freed of all the peritendinous adhesions. 
A Number 1 unmounted Ethibond (Ethicon, Somerville, NJ) 
suture thread is inserted proximally, passing through the two 
proximal incisions over the anterior aspect of the Achilles 
tendon. The Ethibond is retrieved from the distal incisions, 
over the anterior aspect of the Achilles tendon. The Ethibond 
is slid on the tendon, which in this way is stripped and freed 
from adhesions. The procedure is repeated for the posterior 
aspect of the Achilles tendon. Classically, open surgery for 
mid-substance tendinopathy of the Achilles tendon, though 
providing acceptable clinical results [93], has been associ-
ated with a relatively high rate of wound complications [93]. 
This minimally invasive technique reduces the risks of infec-
tion, is technically easy to master, and inexpensive. It may 
provide greater potential for the management of recalcitrant 
Achilles tendon by breaking neo-vessels and the accompa-
nying nerve supply to the tendon. It can be associated with 
other minimally invasive procedures to optimize results.

Conclusions

Achilles tendinopathy may produce marked morbidity, but 
only limited scientifically-proven management modalities 
exist. Its management remains a challenge, especially in 
athletes, in whom physicians may try to be innovative. 
Many interesting techniques are being pioneered [13, 14, 
61, 72]. Although these emerging technologies may develop 
into substantial clinical management options, their full 
impact needs to be evaluated critically in a scientific fash-
ion. Future trials should use validated functional and clini-
cal outcomes, adequate methodology, and be sufficiently 
powered. Clearly, studies of high levels of evidence, for 
instance large randomized trials, should be conducted to 
help answer many of the unsolved questions in this field.
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The Painful Flatfoot 

Victor Valderrabano and Martin Wiewiorski

Introduction

Increased awareness of the acquired adult flatfoot defor-
mity over the past decade has resulted in intensive study of 
the basic science and pathophysiology behind this common 
entity. Posterior tibial tendon insufficiency (PTTI), though 
accepted as the most common aetiology, is frequently 
missed. This slowly progressive disease requires prompt 
diagnosis to allow treatment to be started at an earlier, more 
easily-managed stage. The hallmarks of PTTI are a valgus 
hindfoot, flattening of the midfoot (longitudinal arch), 
abduction and supination of the forefoot [36]. This occurs 
most commonly in women older than 40 years of age. Since 
the first description of a tendon rupture by Key et al. in 
1953 [15], methods of treatment have evolved and the 
pathology and function of the tendon have been extensively 
investigated. This article will review the current concepts 
with regard to the patho-mechanism, clinical evaluation, 
and treatment of this progressive, debilitating condition.

Anatomy and Biomechanics  
of the Tibialis Posterior Muscle

The tibialis posterior muscle arises from the posterior sur-
face of the interosseous membrane, the lateral portion of the 
posterior surface of the shaft of the tibia, and from the upper 
medial surface of the fibula. It is the most deeply-seated 
muscle of the deep posterior compartment of the leg. In the 
lower fourth of the leg its tendon passes in front of that of 
the flexor digitorum longus and lies with it in a groove 
behind the medial malleolus in a separate tendon sheath.  

It then passes under the flexor retinaculum, over the deltoid 
ligament into the foot, and then beneath the spring ligament 
(calcaneo-navicular ligament) inserting into the tuberosity 
of the navicular bone. Finally, it inserts with multiple expan-
sions spreading out across the plantar aspect of the hind- and 
mid-foot (sustentaculum tali of the calcaneus, forward to the 
medial cuneiform and first metatarsal bone, and laterally to 
the other cuneiform bones and the bases of the second, third, 
and fourth metatarsal bones). Since it lies posterior to the 
axis of the ankle and medial to the axis of the subtalar joint, 
its function is to plantarflex the ankle, while it inverts the 
subtalar and oblique axis of the mid-tarsal joints [2]. Due to 
its anatomical location it provides dynamic support along 
the plantar aspect of the foot. By passing underneath the 
spring ligament it stabilizes the osseous configuration at the 
talonavicular joint und prevents collapsing of the medial 
longitudinal arch. Loss of the medial longitudinal arch 
results in dorsiflexion of the first metatarsal. Insufficiency of 
the first ray may be found in early stages of PTTI [16].

The foot is a complex mechanism acting as a mobile 
adapter during weight acceptance and a rigid lever arm 
during propulsion [4]. The talonavicular and  calcaneocuboid 
joints (the midtarsal joint) seem to play an important role in 
this transition [20]. Blackwood et al. demonstrated signifi-
cantly less range of motion in the mid-tarsal joint when the 
calcaneus was maximally inverted compared to when the 
calcaneus was maximally everted [4]. During normal gait, 
contraction of posterior tibial muscle limits sub-talar ever-
sion caused by the gastrocsoleus complex. Without the 
inverting force of the posterior tibial muscle in the stance 
phase there is less intrinsic osseus stability at the mid-tarsal 
joint and the forward propulsive force of the complex of 
gastrocsoleus acts at the mid-foot instead of at the metatar-
sal heads (push-off phase) [30].

Due to its large cross-sectional area the relative strength 
of posterior tibial muscle is more than twice that of per-
oneus brevis, its primary antagonist [21]. With loss of an 
antagonist force due to PTTI, the unopposed pull from the 
peroneal tendons forces the heel into eversion.
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Epidemiology

The prevalence of PTTI and posterior tibial tendon rupture 
parallel the degenerative processes of ageing. Hypertension, 
diabetes mellitus, seronegative arthropathies and obesity 
have all been identified as risk factors for PTTI [18]. 
Additionally, the effects of corticosteroids and local surgi-
cal procedures may further be associated with local vascu-
lar impairment and eventual rupture [13].

Patho-Mechanism of the Adult Flatfoot

A posterior tibial tendon dysfunction evolves from degen-
eration of the tendon due to repetitive micro-trauma or 
chronic overuse [22].

The posterior tibial tendon is acutely angled where it 
passes posterior to the medial malleolus. This area of increased 
stress on the tendon is the most common site of degeneration 
of the posterior tibial tendon. The blood supply of the tendon 
can be divided into the proximal and distal areas. The proxi-
mal tendon is supplied by branches of the posterior tibial 
artery and the distal, which is at the bone-tendon interface, by 
branches of the posterior tibial and dorsalis pedis arteries 
[10]. Whether degeneration of the PTTI is due to physiologi-
cal hypovascularity of the tendon at the degeneration site 
remains controversial. Frey et al. showed that there is an area 
of hypovascularity in the tendon about 1 cm distal to the 
medial malleolus [10]. Contrary to these findings Prado et al. 
did not find decreased vascularization in the mid-portion of 
the tendon [26]. Histological examinations of surgical poste-
rior tibial tendons from patients with PTTI revealed a degen-
erative tendinosis characterized by increased mucin content, 
fibroblast hypercellularity, chondroid metaplasia, and neo-
vascularization. Those result in disruption of the linear orien-
tation of the collagen bundles [9, 22]. Although PTTI is 
widely accepted as a significant contributor to this deformity, 
the pathology and deformity involve more than the tendon 
itself. Basmajian and Stecko concluded from their electro-
myographic measurement that the ligaments and osseous 
configuration of the foot form the primary stabilizers of the 
foot arch [3]. Muscular involvement in stabilization is merely 
called upon during increased load (take-off phase in walking). 
MRI studies confirmed the association of spring ligament 
failure with PTTI [29, 35]. The superomedial calcaneonavic-
ular ligament is most commonly involved, followed by the 
inferomedial calcaneonavicular and talocalcaneal interosseous 
ligaments. In patients with surgically proven spring ligament 
tear. Toye et al. demonstrated an abnormal spring ligament 

thickening, a full-thickness gap and an abnormal increased 
signal on pre-operative T2-weighted MRI images [29].

The involvement of the deltoid ligament is being dis-
cussed (for clinical differentiation see Diagnostics). 
Hintermann found PTTI in 22% of patients with medial 
ankle instability [11]. However, it remains unclear if medial 
ankle instability may cause a secondary PTTI with elonga-
tion and/or rupture of the tendon, or vice versa [11]. Patients 
with a pre-existing flatfoot deformity show increased glid-
ing resistance at the tendon-sheath interface of the poste-
rior tibial tendon. The findings indicate a possible vicious 
circle of deformity and tendon dysfunction [31].

Clinical Examination

The diagnosis of PTTI is essentially clinical. Systematic 
examination of the soft tissues needs to consider the poten-
tially unaffected contra-lateral side. Both feet are inspected 
in a standing position with parallel feet, shoulder width 
apart. Inspection includes hindfoot alignment, deformity, 
and swelling. The medial longitudinal arch is inspected for 
the presence of flattening (Fig. 1b). Hindfoot alignment is 
best inspected from behind the patient. Valgus mal-aligne-
ment presents as an asymmetrical planus and pronation 
deformity of the affected hindfoot [11]. Valgus angulation 
of more than 10° (or valgus in bilateral comparison) is typi-
cally found in PTTI in stage II and above (Fig. 1a). Forefoot 
abduction is indicated by the “too-many-toes sign” (Fig. 1a). 
The test is positive when more of the toes are visible lateral 
to the ankle joint of the involved side then on the contra-
lateral side, when viewed from behind [14]. The dynamic 
function of the posterior tibial tendon is determined by the 
single-limb heel-rise test. The patient is asked to rise onto 
the ball of one foot while the other foot is suspended in the 
air. As the patient rises off the floor, the posterior tibial ten-
don inverts and stabilizes the hindfoot (Fig. 2a). In patients 
with PTTI the heel fails to invert and remains in valgus 
(Fig. 2b). If unable to achieve the tiptoe position on one 
foot the patient should perform a bilateral heel-rise. In late 
stage PTTI patients often will not be able to perform either 
test. This test is also helpful to differentiate PTTI from 
elongation or rupture of the deltoid ligament (medial ankle 
ligament instability). In cases of isolated medial ankle 
instability without involvement of the posterior tibial ten-
don, the hindfoot valgus deformity is corrected by activity 
of the posterior tibial muscle when in tiptoe position. Ankle 
joint stability must be assessed (drawer test and talar tilt 
test). Still, clinical differentiation between PTTI and medial 
ankle instability is challenging and diagnosis frequently 
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needs to be further clarified by MRI or arthroscopy [12]. 
Progressing PTTI is often associated with an abduction and 
supination deformity of the forefoot. In a patient standing 
fully weight-bearing on both feet, external rotation of the 
tibia is applied to provoke varus movement of the hindfoot. 
In a patient with supination deformity, the first metatarsal 
will rise off the floor (first metatarsal rise sign).

In flexible stage I and II of PTTI the patients show pain 
and tenderness in the course of the posterior tibial tendon, 
especially at the medial malleolar groove, the spring  ligament 
and the tarsal insertion. In later stages, with fixed deformity 
and frequently found chronic rupture of the  posterior tibial 
tendon, the pain maximum may shift to the lateral ankle due 
to fibulo-calcaneal impingement.  Retro-malleolar pain can 

be a sign of posterior ankle joint impingement. Other dif-
ferential diagnoses include: tarsal coalition, osteoarthritis, 
and other post-traumatic, neurologic, diabetogenic or iatro-
genic pathologies [19].

Imaging

Posterior tibial tendon dysfunction is essentially a clinical 
diagnosis. Plain radiography helps to confirm the extent of 
the deformity and presence of osteoarthritis. Conventional 
radiological imaging consists of anteroposterior and lateral 
weight-bearing radiographs of the whole foot and an 

a b

Fig. 1 PTTI Stage IV. A patient with stage IV posterior tibial 
 tendon insufficiency. Viewed from behind, a distinct valgus of 
the hindfoot with a positive “too-many-toes”-sign (arrows) is 

revealed (a). The side view shows a collapse of the medial lon-
gitudinal arch and a protruding talus head due to subluxation at 
the talonavicular joint (b)

a b

Fig. 2 Heel-rise test. Physiological inversion of the hindfoot in tip-toe position (a). In patients with posterior tibial tendon insufficiency, 
the hindfoot fails to invert and remains in eversion (b). Patients with late stage PTTI often will not be able to perform this test
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 anteroposterior radiograph of the ankle joint. If the deformity 
is present, the anteroposterior radiograph shows a pathologi-
cal a.p. talar-first metatarsal angle (normal angle, 0–10°) with 
an abduction of the forefoot at the transverse tarsal joint, with 
the navicular sliding laterally on the talar head (Fig. 3a). In 
patients who have an advanced deformity, subluxation or dis-
location of the talonavicular joint may occur in association 
with degenerative osteoarthritis of the posterior facet of the 
subtalar joint. The lateral radiograph shows a decrease in the 
lateral talar-first metatarsal angle (normal angle, 0–10°) and 
flattening of the longitudinal arch (Fig. 3b). The anteroposte-
rior radiograph of the ankle joint reveals potential deformity 
and narrowing of the fibulo-calcaneal space (Fig. 3c). Several 
authors emphasize that magnetic resonance imaging (MRI) is 
not required to make the diagnosis and does not assist in the 
planning of treatment. Some authors have suggested MRI to 
be useful in the evaluation of PTTI [27, 28]. By contrast other 
authors state that it is used too frequently in clinical practice 
and that its clinical usefulness is questionable [13, 23].

Classification

There is a continuum of PTTI ranging from tenosynovitis to 
fixed deformity. In 1989 Johnson and Strom described three 
clinical stages of dysfunction [14]. Myerson et al. added a 
fourth to describe the most severe deformity with valgus 

 collapse of the talus within the ankle [23] (Table 1). Stage I 
incorporates tenosynovitis. In this stage, the tendon is of nor-
mal length and symptoms are usually mild to moderate. Pain 
and swelling are present on the medial aspect of the foot. 
Mild weakness and minimal deformity are present. In stage II 
there is elongation or tearing of the tendon. The limb is weak 
and the patient is unable to stand on tiptoe on the affected 
side. There is secondary deformity as the midfoot pronates 
and the forefoot abducts at the transverse tarsal joint. The 
subtalar joint remains mobile. Stage III is characterized by a 
more severe deformity and a fixed hindfoot. Stage IV involves 
a valgus deformity and degeneration of the ankle joint.

Treatment

Treatment of PTTI is aimed to stop progression of the tendon 
dysfunction and to protect the longitudinal arch-stabilizing 
soft tissues (e.g. spring ligament, deltoid). This can be 
achieved by reconstruction of the anatomical alignment 
and recovery of physiological biomechanics. PTTI with no 
or beginning deformity characterized by a flexible hindfoot 
foot can be treated in a joint-preserving way by conserva-
tive and tendon reconstructive methods. Treatment of rigid 
hindfoot deformities in later stage III and IV intends to 
reconstruct the painful deformity. Osseous reposition and 
subsequent arthrodesis are often inevitable.

a b c

Fig. 3 Conventional radiographs of stage IV posterior tibial 
tendon insufficiency. The anteroposterior view shows abduc-
tion of the forefoot at the transverse tarsal joint, with the 
navicular sliding laterally on the talar head (a). The lateral 

radiograph shows a decrease in the talometatarsal angle (b). 
Pain at the lateral ankle is often due to fibulo-calcaneal  
impingement (circle). Additional valgus tilt of the ankle joint 
is present (dashed lines) (c)



205The Painful Flatfoot  

Ta
bl

e 
1 

C
la

ss
ifi

ca
tio

n 
an

d 
tre

at
m

en
t r

ec
om

m
en

da
tio

n 
fo

r p
os

te
rio

r t
ib

ia
l t

en
do

n 
in

su
ffi

ci
en

cy

St
ag

e
Te

nd
on

D
ef

or
m

ity
Pa

in
Si

ng
le

 li
m

b 
he

el
 ri

se
To

o 
m

an
y 

to
es

 si
gn

Th
er

ap
y

I
Pe

rit
en

di
ni

tis
 a

nd
/o

r 
te

nd
on

 d
eg

en
er

at
io

n
M

ob
ile

 h
in

df
oo

t, 
 

no
rm

al
 a

lig
nm

en
t

M
ed

ia
l: 

fo
ca

l, 
m

ild
 to

 
m

od
er

at
e

N
or

m
al

 in
ve

rs
io

n 
 

of
 h

in
df

oo
t

–
C

on
se

rv
at

iv
e:

 R
IC

E,
 

N
SA

R
, o

rth
es

is
, 

te
nd

os
yn

ov
ec

to
m

y 
in

 
ad

va
nc

ed
 c

as
es

II
El

on
ga

tio
n 

an
d 

m
ar

ke
d 

te
nd

on
 d

eg
en

er
at

io
n

M
ob

ile
 h

in
df

oo
t, 

 
va

lg
us

 a
lig

nm
en

t
M

ed
ia

l: 
al

on
g 

TP
T,

 
m

od
er

at
e

N
o 

or
 re

du
ce

d 
in

ve
rs

io
n 

 
of

 h
in

df
oo

t
+

Te
nd

on
 re

co
ns

tru
ct

io
n 

an
d 

os
te

ot
om

y 
of

 th
e 

ca
lc

an
eu

s
II

I
El

on
ga

tio
n 

an
d 

m
ar

ke
d 

te
nd

on
 d

eg
en

er
at

io
n

Fi
xe

d 
de

fo
rm

ity
,  

va
lg

us
 p

os
iti

on
M

ed
ia

l: 
po

ss
ib

ly
 la

te
ra

l, 
m

od
er

at
e

U
na

bl
e 

to
 p

er
fo

rm
 te

st
,  

no
 in

ve
rs

io
n

+
Va

ris
at

in
g 

su
bt

al
ar

 a
rth

ro
de

si
s 

or
 tr

ip
le

 a
rth

ro
de

si
s

IV
M

ar
ke

d 
te

nd
on

 
de

ge
ne

ra
tio

n
A

dd
iti

on
al

 a
ng

ul
at

io
n 

 
of

 th
e 

ta
lu

s a
nd

 e
ar

ly
 

de
ge

ne
ra

tio
n 

of
 th

e 
 

an
kl

e 
jo

in
t

M
ed

ia
l a

nd
 la

te
ra

l, 
di

st
in

ct
 p

ai
n

U
na

bl
e 

to
 p

er
fo

rm
 te

st
,  

no
 in

ve
rs

io
n

+
Tr

ip
le

 a
rth

ro
de

si
s w

ith
 

su
pr

am
al

le
ol

ar
 o

st
eo

to
m

y 
Tr

ip
le

 a
rth

ro
de

si
s w

ith
 to

ta
l 

an
kl

e 
re

pl
ac

em
en

t
Pa

nt
al

ar
 a

rth
ro

de
si

s

RI
C

E 
re

st
, i

ce
, c

om
pr

es
si

on
, e

le
va

tio
n;

 N
SA

R 
no

n-
st

er
oi

da
l a

nt
i-i

nfl
am

m
at

or
y 

dr
ug

s



206 V. Valderrabano and M. Wiewiorski

Stages I and II: The Flexible Foot

Stage I

A period of 4–8 weeks of immobilisation in a plaster cast below 
the knee or a walking boot may be required to control accom-
panying inflammation. Complemental measures are RICE 
(rest, ice, compression, and elevation) and  anti-inflammatory 
drugs. Footwear plays an important role, and patients should 
be encouraged to wear flat lace-up shoes, or even lace-up 
boots, which accommodate orthoses. Stage I patients may be 
able to manage with an casted insoles. The various casted, 
semi-rigid insoles support the medial longitudinal arch of the 
foot and either hold the heel in a neutral alignment (stage I) or 
correct the outward bent heel to a neutral alignment (stage II). 
This approach is meant to serve several functions: to allevi-
ate stress on the posterior tibial tendon and muscle; to make 
gait more efficient by holding the hindfoot fixed; and 
thirdly, to prevent progression of deformity. When this 
approach has been used, two thirds of patients have good to 
excellent results [18]. However, from our experience, con-
servative therapy shows poor results in the long-term. 
Some authors propose tenosynovectomy for patients who 
have advanced stage I disfunction. Good results have been 
reported for either open or tendoscopic techniques [5, 33].

Stage II

No soft-tissue reconstructive surgical technique by itself can 
sufficiently contain the forces of a mal-aligned hindfoot. 
Therefore, consensus is growing that surgical treatment of 
stage II PTTI should include a tendon transfer in combina-
tion with corrective osteotomy [23, 25]. The rationale behind 
this approach is that the osteotomy is required to correct the 
bony architecture of the foot in order to optimize the biome-
chanics of the reconstructed posterior tibial tendon and pro-
tect other foot-stabilizing ligaments and tendons [11]. 
According to Valderrabano et al., only about 60% of force 
regeneration can be expected after surgical reconstruction of 
a dysfunctional or ruptured posterior tibial tendon. The 
magnitude of regained strength is primarily dependent on 
the duration of the dysfunction and amount of atrophy [32]. 
Therefore PTTI needs to be surgically addressed at an early 
stage after failure of conservative treatment.

The two recommended tendon reconstruction tech-
niques are flexor digitorum longus (FDL) tendon transfer 
and transfer of a split anterior tibial tendon (Cobb proce-
dure). Re-routing a part of the anterior tibial tendon to the 
plantar aspect of the cuneiform allows the posterior tibial 

tendon to pull at its physiological insertion site. Additionally 
the Cobb procedure decreases the tension of the anterior 
tibial tendon [16], thus preventing occasionally anterior 
tibial tendon ruptures. This may add to correct the defor-
mity, by reduction of the pull of the anterior tibial tendon, 
which is usually increased in PTTI. This dynamic correc-
tion may allow the patient to adapt the forefoot to the 
ground as required. Additionally, this procedure does not 
sacrifice the FDL tendon.

Another method is the transfer of flexor digitorum lon-
gus. The FDL tendon is detached proximal to the juncture 
with the flexor hallucis longus (Henry’s knot). The perios-
teum over the navicular is then dissected and a drill-hole is 
made in the tuberosity from the dorsal to plantar aspects. 
The tendon is sutured side-to-side to the posterior tibial 
tendon and passed through the drill hole from plantar to 
dorsal. The use of the flexor hallucis longus tendon is not 
recommended due to its important role in the push-off phase 
off the foot [30]. Intra-operative exploration of the spring 
ligament in PTTI is mandatory, because of its frequent con-
comitant degeneration or rupture [35]. If found ruptured, 
reconstruction has to consider both components of the 
spring ligament complex [7]. The authors suggest that if a 
accompanying medial ankle instability is suspected upon 
clinical examination, an initial ankle arthroscopy needs to 
be performed to rule out deltoid ligament  involvement. If 
ligament instability is found, it needs to be addressed dur-
ing the following surgery.

Various osteotomies of the calcaneus can correct the 
pathological bony alignment. During surgery, these osteot-
omies should be performed prior to finalizing the medial 
soft tissue reconstruction. In PTTI with pronounced hind-
foot valgus and no or minimal foot abduction a medial slid-
ing osteotomy is recommended [23]. The lateral hindfoot 
incision extends from the superior border of the calcaneal 
tuberosity anterior to the retrocalcaneal space to the infe-
rior border of the calcaneus superficial to the plantar fascia. 
An oblique transverse osteotomy is made in the calcaneus 
in line with the incision in the skin by use of an oscillating 
saw. The cut is made at a right angle to the lateral border of 
the calcaneus and is inclined posteriorly at an angle of 
approximately 45° to the plane of the sole of the foot. The 
posterior fragment of the calcaneal tuberosity is translated 
medially ten or more millimeters and is secured with a can-
nulated headless compression screw.

In PTTI with pronounced hindfoot valgus and distinct 
forefoot abduction a lateral calcaneus-lengthening osteot-
omy is recommended. By lengthening the lateral column, 
the medial longitudinal arch is restored secondarily to the 
induced adduction movement of the forefoot that supinates 
the foot at the subtalar and talonavicular joint. An osteotomy 
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of the anterior calcaneus was originally described by Evans 
et al. [8]. Here an osteotomy of the neck of the calcaneus is 
performed and a tri-cortical bone graft impacted. Several 
authors have reported good results with this procedure  
[1, 24]. Myerson et al. proposed a lengthening through the 
calcaneocuboid joint itself, with use of a tri-cortical bone 
graft for arthrodesis of the joint [23]. We favour an alterna-
tive method proposed by Hintermann et al. [12]. Here an 
osteotomy is performed from the lateral hindfoot approxi-
mately 12–20 mm. proximal to the calcaneocuboid joint at 
the “floor” of the sinus tarsi. The oscillating saw passes 
between the posterior and middle facet of the subtalar joint. 
The medial cortex is kept intact. The gap is widened with a 
Casper spreader and a tri-cortical graft or alternatively 
allograft bone is inserted. The amount of widening can be 
adjusted until the medial arch is restored sufficiently. The 
graft is fixed with one 3.5 mm cortical screw. Preservation 
of the subtalar and calcaneocuboideal joint offers certain 
advantage. One has to keep in mind that fusing the calca-
neocuboid joint significantly reduces hindfoot motion [6]. 
Maintaining hindfoot motion prevents overload on adja-
cent joints which may lead to osteoarthritis. Additionally, 
according to Knupp et al. it is easier to reduce the abducted 
foot if the lateral column is not further shortened by arthro-
desis of the calcaneocuboid joint [17].

A recently-presented surgical method for stage II PTTI 
is the subtalar arthroereisis. Here, the sinus tarsi is emptied 
and a expanding endorthesis is inserted following prior 
correction of the deformity and tendon repair. Good results 
were shown for the subtalar arthroereisis, especially in 
younger patients [34]. However, one has to keep in mind 
that the fatty tissue in the sinus tarsi contains abundant 
nerve cell which are essential for proprioception of the 
hindfoot (“cerebellum pedis”) and therefore should be dis-
sected carefully and not removed.

Stages III and IV: The Rigid Foot

Stage III

The goal of surgical treatment of stage III PTTI is  correction 
the deformity and pain relief. Because at this stage hindfoot 
deformity cannot be passively reduced, joint-preserving 
surgery frequently fails. Depending on the extent of the 
deformity, correction can be achieved through a varisating 
subtalar arthrodesis or triple arthrodesis of the subtalar, cal-
caneocuboid, and talonavicular articulations. In our opin-
ion, calcanecuboidal arthrodesis can be omitted to  sustain 
residual motion of the lateral column.

Stage IV

Stage IV PTTI has been reached when additional degenera-
tive changes are present in the ankle joint. In such cases, 
a varisating triple arthrodesis together with a medial clos-
ing wedge supramalleoloar osteotomy and deltoid liga-
ment reconstruction may solidly address the deformity. 
In very selected cases a varisating triple arthrodesis may 
be combined with total ankle replacement. However, the 
salvage treatment at this stage is usually a pantalar arthro-
desis (ankle, subtalar, calcaneocuboid, and talonavicular 
articulations).

Rehabilitation

Bradytrophic tendon tissue requires sufficient healing time. 
To reach adequate stability, approximately 12 weeks for the 
tendon and 8–12 weeks for the bone are required. In the 
initial 6 weeks immobilization in a pneumatic walking 
brace with partial weight-bearing (heel-to-toe pattern 
15–20 kg with crutches) is mandatory. The load can be than 
increased gradually until full weight-bearing is reached 
after 12 weeks post-operatively. Physiotherapeutic care 
needs to address postural hindfoot stability. From our own 
experience it takes 3–6 months until the rehabilitation is 
finished. This time span is needed to adapt the cerebellar 
control of balance and locomotion to the new anatomic 
configuration of the hindfoot.

Conclusion

The tibialis posterior muscle is the key dynamic support of 
the medial longitudinal arch of the foot. When it fails – 
typically in women older than 40 years of age-progressively, 
the arch slowly collapses, the heel drifts into valgus, the 
midfoot flattens, and the forefoot gradually abducts and 
supinates, resulting in painful acquired pes planovalgus 
abductus and supinatus. Posterior tibial tendon insuffi-
ciency (PTTI) is often misdiagnosed as a chronic ankle 
sprain, osteoarthritis, or collapsed arch as a result of aging 
or obesity, and it leaves the patient debilitated. Prompt 
diagnosis prevents frustration for the patient and allows 
treatment to be started at an earlier, more easily managed 
stage. The diagnosis of PTTI is largely a clinical one. An 
increased awareness of the existence of PTTI should serve 
to help patients with earlier referral and treatment and by 
limiting the amount of disability.
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Take Home Pearls

Posterior tibial tendon insufficiency (PTTI) is a  ›
progressive entity leading to painful pes planovalgus 
abductus and supinatus.
If conservative treatment fails, early surgical  ›
intervention slows further progression of the 
disease.
Reconstruction of the posterior tibial tendon and  ›
concomitant medial ligamentous lesions need to be 
accompanied by a corrective calcaneal osteotomy:
– Distinct forefoot abduction → lateral calcaneus 

lengthening osteotomy
– No or minimal forefoot abduction → calcaneus 

medial sliding osteotomy
If additional medial ankle instability is suspected  ›
upon clinical examination, an ankle arthroscopy 
needs to rule out deltoid ligament involvement. 
If accompanying ligament instability is verified, 
an additional medial ligamentoplasty is necessary.
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