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  Dear ESSKA-members, 

 We are gratifi ed to offer you this instructional course book that represents a 
latest update on the current knowledge on knee surgery, sports traumatology 
and arthroscopy. The book includes the contents of all the instructional course 
lectures. We acknowledge the great efforts of the authors that allowed us to 
present this book at the 2014 ESSKA congress. 

 In the light of the educational aspirations of ESSKA, it is a great pleasure 
to share this knowledge with all of you. 

    Stefano Zaffagnini 
  Roland Becker 
  Gino M.M.J. Kerkhoffs 
  C. Niek van Dijk 
  João Espregueira Mendes 
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1.1           Current Concepts on 
Shoulder Early Arthritis 

       Giuseppe     Porcellini     

 The articular cartilage of the shoulder is not 
endowed with intrinsic repair abilities; therefore 
in the presence of diseases, like instability or cuff 
injury, even minor lesions may rapidly lead to 
early glenohumeral joint arthritis. The presence of 
cartilage lesions is not unusual even in young 
patients, and often they are found during 
arthroscopic procedures in several pathologic 
conditions. Less common conditions include gle-
noid dysplasia and osteochondritis dissecans. The 
varying thicknesses of the joint cartilage and the 
different resistance properties of the subchondral 
bone result in lesions of different depths and 
widths depending on the resistance offered by the 
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articular surface. Minor cartilage lesions associ-
ated with rotator cuff or glenohumeral ligament 
damage will induce topographically different 
types of stress on the various areas of the articular 
surface. Recent and older research fi ndings 
showed in the shoulder as in the knee, a correla-
tion between cartilage wear and lesion site and 
between site and symptoms. Several conservative 
options available to manage shoulder arthritis are 
directed to alleviate pain, reduce infl ammation, 
and, especially, halt or at least slow down the evo-
lution of arthritis. Such therapies entail changes in 
lifestyle and systemic and topical drug adminis-
tration. Viscosupplementation using hyaluronic 
acid may constitute a helpful treatment option in 
patients who have shoulder osteoarthritis with an 
intact rotator cuff, while lesser satisfactory results 
have been showed in case of rotator cuff tears or 
advanced osteoarthritis. Several surgical options 
are available to manage primary shoulder arthri-
tis, including simple arthroscopic joint debride-
ment and more complex techniques such as 
resurfacing using the fascia lata or meniscus, 
osteochondral autologous transplantation, resur-
facing arthroplasty, and total arthroplasty.  

1.2    Articular Cartilage Injuries 
(Clinical Treatment Options 
and Basic Science) 

    Anthony     Miniaci      

1.2.1    Objectives 

 At the end of this presentation, the participant 
will be able to:
•    Understand the history and evolution of the 

arthroscope in the treatment of cartilage 
disorders  

•   Identify the effi ciency of the various surgical 
techniques used to treat chondral defects and 
arthrosis and indications for each  

•   Have an understanding of the “newer tech-
niques” available for the treatment of cartilage 
lesions  

•   Identify the limitations and strengths of various 
techniques used to treat chondral pathology  

•   Evaluate basic science of cartilage transplan-
tation and clinical application and determine 
the relevance to their own clinical practice     

1.2.2    Introduction 

•     Degenerative OA results in loss of function 
and motion and pain.  

•   No cure available yet.     

1.2.3    Articular Cartilage Basic 
Science 

•     Primary cell: chondrocyte  
•   Function: decreases friction, distributes load, 

and exhibits stress shielding of solid matric 
components  

•   Avascular, aneural, and alymphatic with mini-
mal reparative potential  

•   Nourished by synovial fl uid at surface and 
subchondral bone at base  

•   Composition: water > collagen > noncollagen 
protein > cells  

•   Four types of articular cartilage:
 –    Hyaline cartilage  
 –   Fibroelastic cartilage  
 –   Fibrocartilage  
 –   Elastic cartilage     

•   Zones of articular cartilage:
 –    Superfi cial zone: collagen parallel to surface  
 –   Transitional zone: random fi bers  
 –   Deep zone: collagen perpendicular to 

surface  
 –   Tidemark (subchondral bone and cancel-

lous bone)        

1.2.4    Treatment Options 

•     Nonsurgical
 –    Decreased activity  
 –   Weight loss  
 –   NSAIDs  
 –   Physiotherapy aids     
 –   Steroids, viscotherapy  
 –   Platelet-rich plasma     

R. Brzóska et al.



5

•   Surgery
 –    Realignment procedures  
 –   Replacement  
 –   Arthrodesis  
 –   Arthroscopy – growing area        

1.2.5    Arthroscopy 

•     Least invasive surgical approach  
•   As adjuvant to realignment procedure    

  Types of Procedures  
 Historical: lavage, debridement, abrasion, 

 carbon fi ber 
 Current practice

•    Microfracture  
•   Osteochondral autograft transfer system (OATS)   /

mosaicplasty  
•   Autologous chondrocyte implantation  
•   Focal resurfacing    

1.2.5.1    Lavage 
•     Benefi cial effects  
•   Removes all irritants and fl oating debris  
•   74 % good results (Sprague et al. [ 1 ])      

1.2.5.2    Debridement 
•     More aggressive than lavage.  
•   Removes loose chondral fl aps.  
•   Benefi cial    effects (Magnuson [ 2 ]).  
•   Jackson demonstrated debridement better than 

lavage alone (Jackson et al. [ 3 ]).  
•   Generally good short-term results, 75 % at 2 

years except:
 –    Poor alignment  
 –   Duration of disease  
 –   Severe X-ray changes (Salisbury et al. [ 4 ]; 

Baumgartner et al. [ 5 ])        

1.2.5.3    Abrasion Arthroplasty 
•     In conjunction to debridement  
•   Stimulates fi brocartilage repair  
•   Open    chondroplasty  
•   Arthroscopic  
•   Limited usefulness with questionable biome-

chanical integrity of fi brocartilage  
•   Perhaps no benefi t over debridement alone     

1.2.5.4    Carbon Fiber Implantation 
•     Improves    biochemical integrity of fi brocarti-

lage repair  
•   Good early clinical results     

1.2.5.5    Microfracture 
•     Used to treat small (<2 cm) symptomatic lesions.  
•   Creating a contained lesion is imperative to 

create a stable base for fi lling defect.  
•   Involves removing calcifi ed cartilage layer 

and perforation of subchondral plate to recruit 
mesenchymal stem cells into lesion; these 
cells differentiate into fi brocartilage.  

•   Procedure success is correlated with formation 
of stable blood clot that maximally fi lls defect.    

  Outcomes 
•    JKS: 103 prospective patients with 6-year 

follow-up
 –    Procedure found to be technically simple 

with minimal complications.  
 –   Defects <4 cm 2  tend to do better.     

•   Steadman et al.    [ 6 ]: 75 knees with average 
11-year follow-up
 –    80 % of patients rated themselves “improved.”  
 –   Multivariate analysis – age was a predictor 

of functional improvement.     
•   Mithoefer et al. [ 7 ]: 48 patients with 2-year 

follow-up
 –    67 % good to excellent results  
 –   Poor results correlated to:

•    BMI > 30  
•   Poor fi ll on MRI  
•   Symptoms >12 months        

•   Frank et al. [ 8 ]: 16 shoulders with average 
28-month follow-up
 –    Signifi cant relief in pain and shoulder    function 

with isolated, full-thickness chondral injuries 
(average 5.07 cm 2 ).  

 –   Three patients required subsequent 
procedures.     

•   Millett et al. [ 9 ]: 31 shoulders with average 
47-month follow-up
 –    Greatest improvement for smaller, isolated 

lesions of the humerus.
•    Worse results in patients with bipolar 

lesions     
 –   Six shoulders required additional surgery.     

1 Osteoarthritis in Young Patients and Current Treatments
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•   Goyal et al. [ 10 ]: Systematic review of 15 
level I and II studies
 –    Patients with small lesions and low post-op 

demands had good clinical outcomes.  
 –   Beyond 5 years, failure after microfracture 

could be expected regardless of lesion size.  
 –   Younger patients had better clinical 

outcomes.         

1.2.6    Osteochondritis Dissecans 

 Localized lesion characterized by separation of a 
segment of articular cartilage and its underlying 
subchondral bone. 

1.2.6.1    Incidence 
•     Poorly understood entity with no universally 

accepted etiology. True incidence unknown as 
often spontaneous resolution without presen-
tation. Multiple joints reported but knee 
accounts for 75 % [ 11 ].  

•   Male/female 2:1 [ 11 ].     

1.2.6.2    Etiology 
 Two types based around physeal closure: juvenile 
OCD (5–15 year), adult OCD (15–50 year).  

1.2.6.3    Causes 
•      Trauma 

 –     Direct   –  as the posterolateral portion of the 
medial femoral condyle is affected in 85 % 
of knees, direct trauma is unlikely [ 12 ].  

 –    Indirect   –  odd facet of the patella articulat-
ing with area [ 12 ] and/or impingement of 
tibial spine on area in internal rotation [ 13 ].     

•    Ischemia   
•    Defects of Ossifi cation: Due to MED  [ 14 ] 

 Abnormal end-artery theory of subchondral bone 
susceptible to emboli and ischemia has been sug-
gested [ 15 ]. Other studies found blood supply of 
subchondral femur rich in anastomoses and the 
histology of loose bodies and resected fragments 
to NOT    demonstrate evidence of OCD [ 16 ].  

•    Genetic  
 Suggested that OCD may represent a mild 
subgroup of epiphyseal dysplasia [ 17 ]

 –    Associations with Perthes and 
achondroplasia.  

 –   Familial relationships have been recorded.  
 –   Ossifi cation defects (juvenile OCD).        

1.2.6.4    Presentation 
 Symptoms dependent on stage of lesion:
•    Early – vague pain +/− swelling, activity related  
•   Late – if fl ap or loose body, catching and giv-

ing way  
•   Effusion, tenderness, and crepitus     

1.2.6.5    Imaging 
•     Plain X-ray.  
•   Tc-99m scan – previously described to 

identify and follow the course/recovery of 
OCD [ 18 ].  

•   MRI    now is the best modality for diagnosis 
and following progress of lesion.    

  MRI Classifi cation 
   Stage I – thickening of articular cartilage and low 

signal change  
  Stage II – articular cartilage breached and low 

signal rim behind fragment  
  Stage III – articular cartilage breached and high 

signal changes behind fragment  
  Stage IV – loose body (Dipaola)    

  Arthroscopic Classifi cation  [ 19 ]
   Grade I – depressed subchondral fracture  
  Grade II – OC fragment attached by an osseous 

bridge  
  Grade III – a detached non-displaced fragment  
  Grade IV – displaced fragment     

1.2.6.6    Management 
   Controversy and confusion in literature are pres-
ent as often works are based on small numbers, 
mix juvenile and adult cases, and few prospective 
trials have been performed.  

  Juvenile OCD  
  Lesions in knees with open physes usually heal 

with conservative treatment; those that do not 
are due to continued activity [ 18 ]. Ideal initial 
management is conservative.  

R. Brzóska et al.
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  Protected weight bearing/restriction of activities 
(90° casts), affected children often athletic and 
diffi cult to fully restrict. Try to avoid impact 
activities. Chances of success with nonoperative 
treatment decrease as time of physeal closure 
nears. 50 % of them will heal in 12 months.  

  Follow progress with serial MRI.    

  Indications for Operative Intervention 
•    Symptoms persist for 6–12 months despite 

adequate nonoperative treatment.  
•   Loose fragment.  
•   Progression of defect radiologically (MRI).  
•   Predicted physeal closure within 6–12 months.    

  Adult OCD 
•    Symptomatic lesions rarely heal with nonop-

erative measures.  
•   Lower tolerance for operative intervention 

after failure of conservative measures.     

1.2.6.7    Operative Intervention 
•     Stabilization/re-fi xation of fragment.  
•   Clanton II, III, and selected IV.  
•   Excision of fragment/reconstruction of OCD 

defect (Clanton Type II/III (IV)).
 –    Principles: rigid fi xation, enhance blood 

supply, reestablish congruency     
 –   Arthroscopic    drilling is controversial for 

most lesions, but good results have been 
reported in Juvenile Clanton II lesions [ 20 ].   

•     Internal fi xation: open or arthroscopic 
 –    Pins [ 21 ]  
 –   K-wires [ 18 ]  
 –   Herbert screws [ 22 ]  
 –   Biodegradable rods [ 23 ]  
 –   Corticocancellous bone pegs [ 24 ]     

•    Additional bone grafting under articular 
 cartilage (Anderson)     

  OCD Defect 
•    Poor results after excising lesion and leaving 

defect [ 18 ].  
•   Fibrocartilage is biomechanically less resil-

ient than articular cartilage predisposing to 
degenerative changes [ 25 ].    

  Fragment Fixation Technique  [ 26 ]
    (a)     Clanton and DeLee Type II and III Lesions 

•    Unstable plugs that fail conservative 
management  

•   Can be used in prepubertal and postpuber-
tal patients  

•   Theoretical considerations:
   1.    Stabilize fragment with K-wire, and 

remove after fi xed with one or two plugs.   
  2.    Drill holes – stimulates blood supply.   
  3.    Press fi t 3.5 or 4.5 mm plugs results in 

stable fi xation.   
  4.    Place peripheral plugs between native 

vascular bone and fragment so that 
healing of fragment can occur.   

  5.    Plug serves as a source of bone graft.   
  6.    Cartilage cap on “plug” restores articu-

lar surface so end result will have con-
tinuous articular cartilage surface.   

  7.    Central plug should be used for ulti-
mate stability. This should be long 
enough to traverse OCD fragment into 
underlying vascular bone.
   Measure depth preoperatively.  
  Ultimately provides blood supply – 

drilling, stability- interference fi xa-
tion, bone grafting of fi brous layer, 
and congruent articular cartilage 
surface.  

  Clinical results > 20 cases of OCD, 
100 % healing rates, no additional 
fi xation, return to activity and sports 
by 3–4 months, and complete heal-
ing by 6–9 months.      

  8.        Type IV lesions : where suitable for fi x-
ation- debride bed. Initial stabilization 
with K-wires is required before plug 
insertion.          

   (b)     Chronic Lesions 
  Indications for treatment 
•   Symptomatic defect (trial of debridement)  
•   Stable knee  
•   Normal biomechanical alignment  
•   Minimal degenerative changes       

   Defect Reconstruction 
•    Large osteochondral grafts  
•   Autografts [ 27 ]  
•   Mosaic autografts [ 26 ,  28 ,  29 ]  

1 Osteoarthritis in Young Patients and Current Treatments
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•   Allografts [ 30 ]  
•   Chondrocyte culture implantation – not as 

effective as a result of bone defect      

1.2.7    Filling of Defect: Mosaicplasty 
Reconstruction 

  Technique  – when fragment is lost, BE CAREFUL.
•    Aim to recreate joint curvature and congruence.  
•   Fill defect with grafts from the periphery 

inwards. This allows for assessment of joint 
curvature and for central graft support.  

•   Central pegs will need to be longer to account 
for the greater height of curvature and depth of 
crater.  

•   Need to sit central plugs higher, since you are 
reconstructing both a bone and cartilage defect.  

•   If plugs in center are not higher, then recon-
struction will be fl at.  

•   Measure center of defect on MR preopera-
tively to determine size and length of plugs.  

•   Graft harvest from edge of the patellofemoral 
joint in both knees as necessary (10–12 
4.5 mm grafts from each knee).    

  Postoperative Treatment 
•    Allow knee motion but strict non-weight bear-

ing for 6 weeks.    

  Focal Traumatic Osteochondral Lesions 
•    Similar principles to OCD.  
•   In acute lesions can use plugs to fi x osteo-

chondral lesions.  
•   Femoral condyles the easiest.  
•   Tibial lesions diffi cult, not practical.  
•   Trochlear lesions usually require arthroscopy.    

  Donor Sites 
•    Plug    harvest location is important.  
•   Keep out tibiofemoral joint.  
•   5 mm on periphery of patellofemoral joint is 

optimal (less contact) and avoids reciprocal 
arthrosis.  

•   Large plugs, >5 mm fi ll incompletely, with 
fi brosis tissue.  

•   Causes reciprocal OA in areas of weight bear-
ing contact.    

  Recipient Sites 
•    Hole preparation is crucial.  
•   Preserve bone stock, need stable construct.  
•   Drilling holes cause thermal necrosis.  
•   Dilating holes preserve bone stock and reduce 

thermal necrosis.  
•   Press fi t plug to hole for stable construct.  
•   Bottom out hole to avoid subsidence and cyst 

formation.  
•   Fill defect with as much articular cartilage as 

possible, reduces percentage    of fi brocartilage.  
•   Put plugs even with surrounding articular 

surface, too proud    causes loosening and cyst 
formation, recessed covered with 
fi brocartilage.    

  Graft Harvest and Delivery  
  Harvest : do not use power trephine for harvest, 
causes cell necrosis. Multiple small plugs allow 
for better reconstruction of curved surface. After 
harvest inspect plug integrity, fractures, and 
obliquity. Measure depth of plug. 

  Plug delivery : press fi t plugs, fl ush with sur-
rounding articular surface, and bottom out hole; 
manual or light pressure only to insert plugs; 
impaction causes cell necrosis; reconstruct curved 
surfaces (center higher than periphery); tendency 
is for fl at reconstructions. 

  Outcomes 
•    Histologically Type II collagen preserved; 

bone healing of plugs provides solid 
structure.  

•   Subchondral    cyst formation is a concern.  
•   Hangody and Fules [ 31 ]: The largest series of 

mosaicplasties (831) for grade III or IV chon-
dral lesions.  

•   Good to excellent results for 92 % femoral 
lesions, 87 % tibial lesions, and 79 % patello-
femoral lesions.  

•   80 % of second-look arthroscopies in 85 
patients showed congruent articular cartilage 
surfaces and histologic evidence of trans-
planted hyaline cartilage.  

R. Brzóska et al.
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•   Ozturk et al. [ 32 ]: 19 patients with grade IV lesions.  
•   85 % rate of good-to-excellent results at 32-month 

follow-up.  
•   MRI showed excellent fi ll and congru-

ency < 1 mm without fi ssuring or delamination 
in 84 % of cases.  

•   Miniaci and Tytherleigh-Strong [ 26 ]: 
Mosaicplasty in unstable OCD lesions.  

•   Twenty knees were studied and scored clini-
cally normal by 18 months.  

•   Serial MRI showed healing of osseous lesion 
by 6 months, continuous articular cartilage by 
9 months.  

•   Kircher et al. [ 33 ]: OATS in the shoulder, 
seven patients at 9-year follow-up.  

•   Improved mean Constant scores; Lysholm 
score remained excellent.  

•   Signifi cant progression of OA.  
•   Not related to size, number of plugs, or 

Constant score.  
•   MRI showed congruent joint surface on all 

except one shoulder.  
•   No further surgeries needed.    

  Outcomes Compared to Microfracture 
•    Krych et al. [ 34 ]: Level III, 96 patients at 

5-year follow-up
 –    Mosaicplasty and microfracture resulted in 

signifi cantly improved general health and 
knee function scores.  

 –   Higher activity level post-op with mosaic-
plasty compared to microfracture.     

•   Gudas et al. [ 35 ]: Level I, 60 patients at 10.4- 
year follow-up
 –    OATS technique allowed for higher rate of 

return to and maintenance of sports at pre-
injury level compared with microfracture.     

•   Ideal patient is a young active patient with 
full-thickness chondral defect between 2 and 
10 cm 2  that is surrounded by stable and healthy 
cartilage.
 –    Useful in treating injuries that have failed 

debridement  
 –   Best suited for unifocal femoral condyle 

lesions but may be used for multifocal 
disease     

•   2-stage procedure to implant chondrocytes to 
produce repair tissue that most closely repli-
cated the composition and function of normal 
hyaline cartilage, restoring the durability and 
function of the joint articular surface:
 –    Stage 1: arthroscopic biopsy of healthy 

 chondral tissue  
 –   In vivo culture expansion  
 –   Stage 2: chondrocyte implantation        

1.2.8    Autologous Chondrocyte 
Implantation 

•     First generation: periosteal patch utilized that 
leads to high reoperation rates.  

•   Second generation: utilizes a specialized bilayer 
collagen membrane instead of periosteal fl ap to 
cover implanted chondrocytes within the treated 
chondral defect.  

•   Third generation: three-dimensional 
scaffold acts as a carrier for implanted 
chondrocytes.    

  Outcomes 
•    Peterson et al. [ 36 ]: 61 patient at average 7.4-

year follow-up
 –    Isolated femoral condyle or patella.  
 –   After 2 years, 50 of 61 patients had good or 

excellent results.  
 –   At 5–11 years, 51 of 61 had good or excel-

lent results.  
 –   8/12 biopsies showed hyaline cartilage.     

•   Micheli et al. [ 37 ]: 32 patients at average 
4.3- year follow-up after ACI of the distal 
femur
 –    Mean changes in scale scores measuring 

overall condition, pain, and swelling were 
3.8, 4.1, and 3.4 respectively.  

 –   One patient had implantation failure.     
•    AJSM : systematic review of level I and II stud-

ies of ACI versus other restoration/repair 
techniques
 –    ACI versus MF

•    3/7 studies found better clinical out-
comes in ACI at 1–3 years.  

1 Osteoarthritis in Young Patients and Current Treatments
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•   1/7 studies had better outcomes than 
MF at 2 years.  

•   2/7 studies no difference.  
•   3/7 deterioration in MF at 18–24 months 

compared to ACI.  
•   No difference histologically.      

 –    ACI versus OC allograft
•    Two studies compared the two: quicker 

relief in OC allograft with overall simi-
lar results.      

 –    ACI versus ACI
•    Higher complication rate with open, 1st- 

generation, periosteal cover technique      
 –    Overall

•    Improved outcome in younger 
patients < 30 and shorter preoperative 
symptoms  

•   Possible worse outcome with prior 
treatment but not measured in all 
studies  

•   Defect size > 4 cm 2 , better outcome with 
ACI          

  Focal Resurfacing 
•    Treatment of localized full-thickness articular 

cartilage lesions in middle-aged patients 
remains challenging.  

•   Previous biological treatment options may 
have failed.  

•   Other articular surfaces still intact – conven-
tional joint replacement may be 
over-indicated.  

•   Nonoperative management delaying conven-
tional arthroplasty.     

1.2.9    HemiCAP® for Focal 
Full-Thickness Articular 
and Osteochondral Defects 

•     Designed to match the shape and contour of 
the patient’s individual cartilage surface.
 –    Ti fi xation screw and CoCr articular component     

•   Device is a “patch” for focal arthrosis and 
necrosis designed to provide load sharing and 
contoured new surface while protecting the 
remaining, healthy cartilage.

 –    Essentially, placement of an articular com-
ponent matching the patient’s individual 
joint surface geometry     

•   Components: fi xation component and modu-
lar articular component connected with a 
Morse taper.
 –    Fixation    uses titanium cancellous screw 

with full-length cannulation.       

  Indications 
 –    Focal full-thickness articular cartilage  
 –   Osteochondral defects  
 –   Early degenerative defects  
 –   Localized avascular necrosis    

  Operative Technique  
 Standard deltopectoral approach with tenotomy 
of subscapularis and capsule taken down off the 
lesser tuberosity. Articular cartilage lesion is 
identifi ed and measured with a guide pin placed 
at the center of the defect. The central post is 
placed before measuring the radius of curvature. 
Cartilage is scored and reamed before trial place-
ment to verify the depth of the post; the peak 
height of the cap should    be fl ushed with the 
 surrounding cartilage. Final prosthesis is secured 
by Morse taper interlock and gently impacted. 

  Outcomes 
•    Bollars et al. [ 38 ]: 18 patients treated with 

knee femoral condyle resurfacing at average 
34-month follow-up
 –    Excellent results for pain and function in 

middle- aged, well-selected patient with 
full thickness and OCD     

•   Becher et al. [ 39 ]: 21 patients at 5.3-year 
follow-up
 –    Improved KOOS pain, symptoms, return of 

activities, and quality of life.  
 –   Radiographic results demonstrated solid 

fi xation, preservation of joint space, and no 
change in osteoarthritis stage.     

•   Uribe and Botto-van Bemden [ 40 ]: 12 shoul-
ders with AVN of the humeral head at average 
30-month follow-up
 –    Improved VAS for pain as well as func-

tional range of motion  
 –   No complications         
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1.3    Arthroscopic Soft Tissue 
Interpositioning for Patients 
with Glenohumeral 
Osteoarthritis 

    Polydoor     E.     Huijsmans and      
 Catherine     van der     Straeten     

1.3.1    Introduction 

 When conservative treatment (analgesics, 
NSAIDs, corticoid injections, hyaluronic acid 
injections, physiotherapy) fails to control pain in 
glenohumeral osteoarthritis, surgical treatment 
remains the only option. However, especially in 
young and active patients, the surgical treatment 
with a total shoulder prosthesis is not always 
successful. 

 High percentages of glenoid loosening and 
disappointing subjective results in this group 
make us look for other options. 

 Arthroscopic treatment to postpone the need 
for shoulder replacements would be of enormous 
benefi t in this group of patients. 

 One of the existing arthroscopic options is soft 
tissue interpositioning. 

 In this presentation our results with this tech-
nique are presented. 

 A small randomized study between debride-
ment alone and debridement in combination with 
a human acellular skin graft showed better results 
for the patients with the interposition graft. 

 Therefore, we continued with this technique 
and have data of 45 patients with a minimum of 1 
year post-op.  

1.3.2    Technique Outline 
(Figs.  1.1 ,  1.2 ,  1.3 ,  1.4 ,  1.5  
and  1.6 ) 

•             Arthroscopy in lateral decubitus position  
•   Removal of cartilage remains  
•   Creating a bleeding surface  
•   The labrum normally in good condition  
•   Posterior sutures in position  
•   Anterior loop for sutures through the anterior 

labrum  

  Fig. 1.1    Bony bed of the lesion after removal of cartilage 
remains       

  Fig. 1.2    Measuring of the graft       

  Fig. 1.3    Graft preparation       
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•   Introduction of collagen matrix  
•   Sutures tied on the labrum     

1.3.3    Postoperative Regimen 

•     Three weeks passive mobilization, started in 
the fi rst postoperative week.  

•   After 3 weeks gradual active movements of 
the shoulder in ADL circumstances.  

•   After 6 weeks muscle strengthening exercises 
are added, and once the pain is gone, activity 
may be increased.      

1.4    Prevention of Shoulder 
Osteoarthritis in Young 
Patients 

    Roman     Brzóska     ,     Wojciech     Solecki, 
and        Adrian     Błasiak      

1.4.1    Introduction 

 The number of early recognized cartilage lesions 
of glenohumeral joint in young patients has 
increased in recent years with spread of 
arthroscopic surgery. Therefore, a research on 
fi nding methods of prevention of osteoarthritis 
development and its effective treatment is being 
conducted. 

 In our practice, we observe young patients 
developing shoulder osteoarthritis mainly as a 
result of intra-articular fractures, OCD, and met-
abolic and systemic diseases or as a consequence 
of rotator cuff tears and shoulder instability.  

1.4.2    Intra-articular Fracture 
Management 

 We adopted arthroscopic techniques as a stan-
dard procedure in the treatment of patients with 
intra- articular fractures within the shoulder 
(Fig.  1.7 ). In our practice we use anchors, screws 
(Fig.  1.8 ), and cannulated Herbert screws, 
always making sure that the obtained fusion is 
stable as possible. For patients with clinically 
signifi cant glenoid or humeral head bone loss, 
bone block grafts are used. Fracture union and 
joint congruency are evaluated in CT scan post-
operatively (Fig.  1.9 ).  Fig. 1.6    Graft grown into the treated lesion       

  Fig. 1.5    Sutures tied to the labrum       

  Fig. 1.4    Introduction of collagen matrix       
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  Fig. 1.7    Arthroscopic view of humeral head fracture       

a b

  Fig. 1.8    Stabilization of the fracture with a suture anchor ( a ) and a screw ( b )       

  Fig. 1.9    CT scan 1 year after minor tubercle fracture treatment       
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a b

  Fig. 1.10    Osteochondral defect of humeral head before ( a ) and after insertion of an iliac crest graft ( b )       

     So far we performed 11 surgeries achieving 
complete union of the fractures; in at least 1-year 
follow-up, we observed osteoarthrosis in one case.  

1.4.3    OCD and Systemic Diseases 

 In patients with osteochondral defects due to 
already diagnosed systemic or metabolic dis-
eases, method of treatment is chosen according 
to the extent and cause of the lesion. It should be 
noted that in case of large ischemic lesions, 
resurfacing or anatomic prosthesis remains as an 
alternative. 

 In patients with defects smaller than 1 cm 2 , 
with either systemic, traumatic, or OCD back-
ground, iliac crest autograft or AMIC technique 
seems to be an effective treatment.    The draw-
backs of arthroscopic technique are limited 
access to some locations of the lesion, diffi cult 
debridement of deep bony defects, and diffi cult 
matrix insertion. 

 We performed arthroscopic repair of carti-
lage lesion using collagen matrix in four 
patients and repair of osteochondral lesion 
using autologous iliac crest bone graft with 
periosteum in fi ve patients (Fig.  1.10 ). Early 
results were evaluated in Constant and VAS 
score and compared with radiological fi ndings 
(MRI) (Fig.  1.11 ).

    In both groups of patients, we observed 
improvement in range of motion and reduction of 
pain. Due to a short follow-up time, comparative 
assessment of both methods regarding subse-
quent development of shoulder osteoarthritis 
cannot be performed.  

1.4.4    Surgical Techniques 
Preserving Glenohumeral 
Joint Cartilage 

 The rotator cuff tear management is a well- 
known technique not only restoring the function 
of the shoulder but also preventing the develop-
ment or progression of osteoarthritis. Currently 
used techniques for treatment of shoulder insta-
bility are characterized by a high rate of early 
osteoarthritis (Fig.  1.12 ). According to Harris 
19–56 % of patients or as Kavaja states up to 
68 % of patients develop shoulder osteoarthritis 
subsequent to surgical treatment.

   We performed a retrospective study of 55 
patients treated for glenohumeral instability 
using Between the Glenohumeral Ligaments and 
Subscapularis Tendon (BLS) technique with 
5-year follow-up. Clinical and radiological out-
comes including recurrence of instability and 
presence of glenohumeral osteoarthritis are still 
under evaluation. 
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 Preliminary results are satisfactory and sug-
gest that the elimination of contact between the 
humeral head cartilage and sutures seems to pro-
tect the joint against cartilage damage, which 
may slow the development of osteoarthritis. 
However, long-term observations are needed to 
confi rm this hypothesis.  

   Conclusions 

 Early outcomes of biological joint-preserving 
techniques are promising; however, due to 
dynamic changes of the radiological presenta-
tions, further investigation with higher number 
of cases and longer follow-up is required. 
Benefi ts of shoulder cartilage and osteochon-
dral defect treatment using biological methods 
such as AMIC and MSC techniques and micro-
fractures and transplantation of iliac crest graft 
with periosteum need further investigation. 

a b

c d

  Fig. 1.11    Post-operative MRI ( a ,  b ) and X-ray ( c ,  d )       

  Fig. 1.12    Early osteoarthrosis 2 years post-op Latarjet 
procedure       
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 It is our duty to develop cartilage-preserv-
ing surgical techniques as well as to continue 
long- term observation of our patients based on 
multicenter studies.      
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2.1            Introduction 

 Sports injuries are on the increase, with the 
increasing interest and involvement in sports 
around the world. In Europe there is a large diver-
sity of sports, with many sports being more 
prominent in certain countries. Although injury 
pathology is similar (e.g. a labral tear), the injury 
mechanisms are often unique to that sport and the 
rehabilitation and demands are also unique to the 
sport. In this Instructional Course chapter, we 
hope to show you some examples of this and 
highlight some unique and important current 
issues in the sports shoulder in 2014.  

2.2     Shoulder Injuries 
in European Handball 

    Tom     Clement     Ludvigsen     

 European handball is a tough contact sport with 
high-energy collisions between opponents. 

 A male handball player is normally about 
190 cm tall and weighs 90–100 kg; the game is 
very fast and includes numerous cutting move-
ments, rapid direction changes, jumping and run-
ning. However, in contrast to other similar tough 
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contact sports as ice hockey, rugby and American 
football, the vast majority of collisions occur face 
to face, and tackles from behind and the side are 
less frequent. 

 Both the collisions and a very high number of 
throws and passes make the shoulder region  vulnerable 
to acute injuries as well as overuse injuries. 

 Very few studies on the epidemiology of 
shoulder injuries in handball have been published 
and most of them are focused on acute injuries. 
Gohlke et al. [ 1 ] and Seil et al. [ 2 ] reported on a 
high number of shoulder pain in mail elite hand-
ball players. In 2011 Myklebust et al. reported a 
high prevalence of shoulder pain (57 %) amongst 
elite Norwegian female handball players, and in 
2012 Moller et al. reported shoulder injuries to be 
ranked third after ankle and knee as the most 
common injuries in a mixed population of male 
and female elite Danish handball players. Clarsen 
et al. reported in 2012 that 51 % of male elite 
Norwegian handball players experienced shoul-
der problems in the dominant arm throughout the 
1-year season; 23 % of them had serious prob-
lems leading to reduced performance and/or time 
out of play. 

 Despite the high energy involved in the colli-
sions and tackles, fractures of the shoulder region 
are quite rare and soft tissue injuries are 
dominating. 

 Sprains and contusions occur as a result of the 
collisions. Sprains of the AC joint do occur, but 
AC joint dislocations are quite rare. 

 A relatively typical injury pattern in handball is 
a forced hyperextension of the arm, either in full 
extension or abducted 90°. This is the mechanism 
behind the majority of anterior shoulder disloca-
tions and also subluxations, which in turn may 
cause stretching of the anterior passive stabilisers. 

 Another acute injury frequently reported is that 
an opponent is hooking the throwing arm from 
behind in the exact moment when the throw is initi-
ated, which is when the arm is in abduction and 
maximum external rotation with the throwing mus-
cles fully activated, this leading to considerable 
stress on anterior structures and in some rare cases 
isolated avulsion of the superior glenohumeral lig-
ament from the anterosuperior glenoid rim. 

 The majority of reported shoulder injuries are, 
however, shoulder pain. Ninety-fi ve percent of 

these injuries affect the dominant throwing arm, 
of which two thirds have a gradual onset. 

 The high number of throws and passes exposes 
the handball players to the same pathogenesis as 
reported in other overhead athletic activities, 
amongst whom the baseball pitchers, and maybe 
javelin throwers, probably have been most fre-
quently studied. This pathology leads to loss of 
scapula control, internal impingement, SLAP 
lesions, weakness of internal rotators and stretch-
ing of anterior stabilising structures. In addition, 
however, the handball players may have had 
numerous minor injuries as described above, 
which increases the risk of developing these type 
of symptoms. Accordingly, Myklebust et al. 
found that 60 % of the players with current pain 
had a positive apprehension and relocation test 
indicating a shoulder instability problem. 

 In conclusion, shoulder injuries are a frequent 
fi nding in handball players. The majority of the 
injuries have a gradual onset and affect the throw-
ing (dominant) arm. Treatment of the injuries 
should be in accordance with the generally 
accepted outlines for treating overhead throwing 
athletes, and great care should be taken to avoid 
surgery not founded on strong indications. One 
should be aware of the fact that even a successful 
operation rarely can bring such an athlete back to 
pre-injury level of performance.  

2.3     Pectoralis Major Ruptures 

    Puneet     Monga     

 The pectoralis major is a large fan-shaped muscle 
having a clavicular and sternocostal origin over 
the anterior aspect of the chest wall. It inserts onto 
the lateral lip of the bicipital groove along a 5 cm 
narrow longitudinal insertion. It is innervated by 
the medial and lateral pectoral nerve and is a 
strong fl exor, adductor and internal rotator of the 
shoulder. Enthusiasts commonly use resistance 
training, typifi ed by the ‘bench press’ or ‘push-
up’ action, to build up this muscle. All types of 
swimming strokes along with rowing are other 
aerobic forms of training the pectoralis major. It is 
hardly surprising therefore that pectoralis major 
injury is commonly related to these sports. Like 
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other tendon injuries, ruptures are the most com-
mon during eccentric contraction, and the role of 
overtraining and fatigue is often debated. 

 An acute pectoralis major rupture presents typi-
cally with a sudden onset pain in the pectoral region 
during strenuous activity. The ‘bench press’ is a 
commonly reported activity. Patients commonly 
report a ‘pop’ or a ‘snap’ along with swelling and 
loss of defi nition of the anterior axillary fold. 
Bruising is commonly seen on the medial/distal 
aspect of the arm and the medial axillary wall. The 
diagnosis of pectoralis muscle ruptures is usually 
evident from the typical history and examination 
fi ndings in a specialist setting, but lack of awareness 
of such injuries in a generic casualty setting can lead 
to delayed diagnosis. The rupture most commonly 
occurs with the tendon avulsing off the humerus 
although musculotendinous junction ruptures and 
intramuscular injuries are sometimes seen. 

 Musculotendinous and intramuscular injuries 
may not be associated with the typical loss of pec-
toral contour, and an MR scan is best to confi rm 
diagnosis. MR scan is also useful to pick up associ-
ated injuries and delineate the extent of the tear. 
Surgical treatment for acute ruptures is offered to 
patients desirous of return to sports and heavy man-
ual work. Surgical repair of the tendon to the lateral 
lip of the bicipital groove is achieved using bone 
anchors with an aim of achieving a longitudinal 
area of footprint to recreate the original pectoralis 
major attachment. Such tears may extend into the 
musculotendinous junction and intramuscular part 
of the pectoralis major, and repair of these should 
be concomitantly addressed as such. Chronic pre-
sentations may require Achilles tendon allograft to 
bridge the gap generated by retraction and help 
achieve an adequately tensioned repair. 

 The key determinant of a good outcome for 
athletes with complete pectoralis major ruptures 
is early diagnosis and anatomical repair. Surgical 
repair is associated with better outcomes related 
to strength and return to sporting activity, and 
nonoperative treatment has a limited role in the 
active sporting population. Repairs for chronic 
ruptures are associated with higher risks and 
relatively inferior outcomes as compared to 
acute repairs, but may be considered in conjunc-
tion with Achilles tendon allograft for the symp-
tomatic athlete.  

2.4     The Swimmer’s Shoulder 

    Nestor     Zurita     

 Swimming is a very demanding sport, and when 
practiced at a good competition level, there is a 
high risk of injury. Due to the nature of the sport, 
the most common place of injury is the shoulder 
of the athlete. In the year 2000, Jobe stated that, 
on average, 50 % of competitive swimmers suffer 
shoulder pain severe enough to prevent them 
from swimming for 3 weeks or more at some 
point in their sporting career. 

 The great complexity of the pathological phe-
nomena that taking place in what we defi ne as 
swimmer’s shoulder creates a challenge for prac-
titioners when planning the therapeutic approach 
to these injuries. 

 Therefore, we set the objectives to defi ne the 
pathogenetic and physiopathology mechanisms 
of swimmer’s shoulder injury and the therapeutic 
approach towards treatment. We used a sample of 
50 swimmers from the national swimming team 
of the Royal Spanish Swimming Federation 
(RFEN). We developed a 4-year observational 
design, in which we collected all musculoskeletal 
injuries that were subsidiaries of treatment from 
the medical services of the Royal Spanish 
Swimming Federation, classifi ed them according 
to their location, type and length of treatment. 
The diagnosis and treatment of the injuries were 
performed according to clinical protocols estab-
lished by the medical services of the RFEN. 

 From our data, shoulder pain was the most 
common problem in RFEN swimmers, repre-
senting 94.4 % of the injuries in the upper limb 
and 57.62 % of the total incidents, coinciding 
with other series. This distribution practically 
remains the same in each of the different styles 
of swimming. However, the variations between 
them are determined by the biomechanical char-
acteristics of each of the different swimming 
strokes. 

 The factors infl uencing the presence of shoul-
der dysfunction will be those associated with 
unusually high number of revolutions, approxi-
mately 500,000 for each arm, added to the 
extreme arches needed for each revolution and 
the general state of laxity in these athletes. 
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 Other infl uences are the result of repetitive 
microtrauma to the input wave motion in the 
water.    The factors of fatigue or weakness to the 
muscles of the anterior wall and stretching of 
capsular and ligamentous structures both contrib-
ute to each other until instability occurs. 

 Thus we defi ne the swimmer’s shoulder as a 
double impingement mechanism of the rotator 
cuff with glenoid and the acromion, added to a 
base of instability due to extreme ranges of 
motion in this sport. Characteristically, impinge-
ment of the rotator cuff against the acromion 
occurs mostly during the beginning of the stroke, 
when the hand seeks entry into the water and this 
is located too low in butterfl y and front crawl. 
Another risk position is when the hand enters the 
water, at which time there is an impingement 
between the lower surface of the rotator cuff and 
the anterior glenoid rim. 

    Other points of friction include the top edge of 
the glenoid and the coracoid process, with 
increased fl exion, internal rotation and adduction 
of the arm. 

 Generally, swimmer’s shoulder injuries are 
usually due to the muscle and tendon overuse. 
Therefore, we always choose orthopaedic treat-
ment as the fi rst option. It consists of physiother-
apy, a technical study and treatment of sporting 
gesture intended to balance biomechanical mus-
cle function, so that we compensate the 
instability. 

    The surgical option is reserved for swimmers 
that are entering into the in the fi nal stages of 
their career or the presence of specifi c lesions of 
the labrum and/or ligamentous and tendon 
structures.  

2.5     Mechanics of Throwing 

    Norman     D’Hondt     

 Since the overhead athlete’s shoulder is often 
exposed to extreme movement ranges, repetitive 
motion and high peak loads, there is no doubt that 
its high demand forms a potential risk to injuries. 

 The origin of most pathology found in the ath-
lete’s shoulder (e.g. SLAP lesions, PASTA 

lesions, biceps pulley lesions) is referred to as 
internal impingement mechanisms. 

 In general it is thought that those pinching 
mechanisms are due to excessive translations of 
the humeral head to a specifi c direction, caused 
by capsular laxity or tightness and that these 
mechanisms are typically manifest in the late 
cocking phase of the throwing cycle. 

 As part of    a kinetic chain, it is also thought 
that a lack of scapular stability and retraction and 
malposition of the scapula, in popular terms 
‘scapular dyskinesia’, play a major contributing 
role in provoking the pathomechanism. As the 
kinetic chain literally extends to the tip of the toe, 
alterations elsewhere in the body are presumed to 
be of clinical importance as well. 

 From the perspective that not only the shoulder, 
but that the whole body participates in the throwing 
motion, clinical analysis and decision making are 
often based on the results of various tests that try to 
identify each of these presumed contributing 
factors. 

2.5.1     State-of-the-Art Treatment 

 Many authors recommend a full kinetic chain 
approach during a rehabilitation programme of 
injured overhead athletes. Using an ideal, sym-
metrical posture and a movement pattern accord-
ingly as a reference standard, these programmes 
include optimising hip fl exibility, training core 
stability, stretching of posterior glenohumeral 
structures, scapula setting and stabilisation exer-
cises, restoring UT/LT muscle imbalance with 
specifi c muscle exercises and muscle 
strengthening. 

 When rehabilitation does not succeed, surgi-
cal procedures are considered to be the next 
approach. In general these are mainly focussed 
on repairing the damaged structures.  

2.5.2     Future Treatment Options 

 From a classical point of view, the throwing cycle 
serves as the reference standard for evaluating 
throwing mechanics. 
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 But since performance of a throw depends on 
many variables, it is not that simple. 

 For instance, morphological properties of the 
object that is about to be thrown (e.g. a javelin, a 
dart, a handball or a baseball) and the environ-
mental circumstances (target position and dis-
tance, actual speed of the athlete, mental state, 
etc.) are not always equal. 

 As well are morphological properties of the 
musculoskeletal system and movement coordina-
tion skills individually unique and subject to 
adaptation. 

 Therefore, these are serious determining fac-
tors that have to be taken into consideration when 
interpreting a patient’s problem. 

 Unfortunately, not all clinical measurements 
are able to accurately refl ect the true nature of the 
athlete’s problem. For example, using a step test 
to investigate the core stability of a swimmer 
with shoulder complaints seems a bit awkward. 

 This puts their use and their consequences 
with respect to treatment into debate.  

2.5.3     Take Home Message 

 Hence, the existence of an ideal posture or move-
ment pattern is questionable; we believe that after 
having examined the athlete’s unique constraints 
of movement, an analysis of how the athlete uses 
these constraints, preferably in the sports context 
(e.g. video analysis or simulation of the provoca-
tive task), will result in a better understanding of 
how and why tissue damage occurs. 

 This ICL will discuss how a whip phenome-
non causes trouble in an overhead athlete’s 
shoulder.   

2.6     Shoulder Injuries in Soccer 

    Lennard     Funk     

 Shoulder injuries in football are not nearly as 
common as lower limb injuries such as the hip, 
knee or ankle. The incidence in the reported lit-
erature is approximately 2–4 % of all football 
injuries. However, shoulder injuries are generally 

more serious than many of the other more com-
mon injuries sustained and result in a longer time 
off play than other joint injuries. 

 Due to the paucity of literature, we undertook 
a study to analyse the incidence and treatment of 
shoulder injuries in professional football in the 
UK (2010). Anonymous and summarised data 
was courtesy of Health Partners Europe Limited, 
medical insurers to the PFA (Professional 
Footballers’ Association). Data was provided 
over a 3-year period from January 2007 to 
January 2010. There were 35,000 claimed inju-
ries in this period, of which 3.3 % were shoulder 
injuries. This is a total of 1,155 shoulder injuries 
or 385 serious shoulder injuries per year, which is 
still a signifi cant number of injuries. 

 The percentage of shoulder injuries per year 
over the total shoulder injuries increased from 
35 % in the 2006/2007 season to 85 % in the 
2008/2009 season. There was also a steady increase 
in the number of MRI scans, but a similar number 
of MR arthrograms were requested over the study 
period. There was a signifi cant increase in the num-
ber of surgical interventions from 12 in 2006/2007 
to over 20 in the 2009/2010 season. The vast major-
ity of the surgical procedures were arthroscopic 
stabilisations (29 %) and labral repairs (17 %) 
comprising 46 % of the surgical cases. 

 The commonest mechanism of injury is forced 
abduction external rotation injury with anterior to 
posterior applied force on the arm resulting in an 
anterior dislocation or subluxation. We have seen 
this typically occur in outfi eld players when 
jumping for the ball with an opponent and their 
arms in ABER position or when being struck by 
a ball with their arm in this position. In goalkeep-
ers diving for the ball with their arm extended 
overhead and being forced back or in contact 
with an opposing striker can lead to this mecha-
nism of injury as well. 

 Posterior injuries can occur when the fl exed 
arm is in internal rotation usually as coming down 
from a high jump or when landing after a tackle. 
We have not seen any posterior labral injuries or 
posterior dislocations in goalkeepers yet. 

 Funk and Sargent [ 20 ] looked at all the profes-
sional football players we treated over a 3-year 
period assessing the injury mechanisms and 
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pathologies. Over that period there were 25 pro-
fessional footballers of which 15 were outfi eld 
players and 10 goalkeepers. It was interesting to 
note that on MR scan the rotator cuff showed a 
chronic pathology in fi ve goalkeepers (50 %) 
compared to two outfi eld players (13 %). 
However, there were ten Bankart lesions in the 
outfi eld players (67 %) compared to one in the 
goalkeepers (10 %). Of the rotator cuff patholo-
gies, the goalkeepers had predominantly partial- 
thickness rotator cuff tears or tendonosis or 
partial-thickness rotator cuff tears and another 
three players had signifi cant tendonosis. Thus in 
total 80 % of the goalkeepers had some rotator 
cuff pathology. 

 The treatment of the rotator cuff patholo-
gies depended on the severity of the pathology 
as well as the signifi cance of the symptoms 
of the patient. Mild impingement symptoms 
with bursitis were treated with rehabilitation 
and subacromial steroid injection if required. 
Partial-thickness rotator cuff tears were treated 
with arthroscopic debridement or repair 
depending on the severity of the tear.    However, 
for early or mid-season players able to continue 
playing although with signifi cant discomfort 
used platelet-rich plasma injections. For full-
thickness rotator cuff tears, arthroscopic repair 
was undertaken. 

 Most players with a labral injury and associ-
ated pathologies require surgical repair. Some 
may be able to cope through the season and can 
be repaired at the end of the season. These are 
usually the less signifi cant injuries with lesser 
pathology on MR arthrogram. Large structural 
lesions such as bony Bankart injuries, rotator 
cuff tears and large Hill-Sachs lesion generally 
require early surgical repair. It is also better to 
perform an early repair on injuries sustained 
later in the season to avoid absence from play in 
the forthcoming season due to ongoing unre-
solved pathology. 

 Soft tissue labral capsular and rotator cuff 
repairs are generally performed arthroscopi-
cally with early return to play and excellent 
outcomes with recurrence rates to be expected 
of less than 7 %. Signifi cant bony lesions, par-
ticularly large chronic bony Bankart lesions 

with glenoid defi ciency, require bony recon-
struction procedures, and the most popular 
procedure at the moment is the Latarjet 
procedure. 

 Rehabilitation after the surgery should be 
sport specifi c, and we prefer to start the sports- 
specifi c rehabilitation immediately. A striker 
will have different rehabilitation require-
ments to a defender and signifi cantly different 
requirements to a goalkeeper. Although the 
basic principles are the same, their require-
ments and goals will be different. We prefer 
to follow a phase- or goal- based approach to 
progressing through the rehabilitation schedule 
rather than a time-based approach. A player 
should return when he is ready, fully reha-
bilitated and it is safe to do so rather than at 
a predetermined time. The rehabilitation will 
depend on a number of factors, these being 
the surgeon preference, type of pathologies 
and procedure performed, fi xation techniques 
and implants used, patient age, requirements, 
compliance, physiotherapist experience and 
availability and, most importantly, good com-
munication and co-operation between patient, 
therapist and surgical team.  

2.7     Clavicle Fracture in Sports 

    Srinath     Kamineni     

 Clavicle fractures represent a common cause of 
loss of playing and training time. Since the bone 
is subcutaneous, diagnosis and deformity are 
often straightforward. The commonest mecha-
nisms are a direct fall and contact    with the shoul-
der tip with either a downward force along the 
arm or a medially directed force along the shaft 
of the clavicle. Less commonly a direct impact 
and fall    on an outstretched hand are responsible 
for sporting fracture. 

 Whereas Allman broadly classifi ed clavicle 
fractures according to geographic location, 
medial-middle-lateral, more comprehensive clas-
sifi cations have been developed for medial, mid- 
shaft, and lateral third fractures   .
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    The majority of mid-shaft and medial third 
fractures are treated conservatively with slings 
and fi gure-of-eight braces, with restoration of 
good motion and strength. Early return to play, 
especially contact sports, is associated with a 
high refracture rate. Strapping of clavicle frac-
tures can improve fracture position. Displaced 
fractures often require operative fi xation espe-
cially if associated with comminution, shorten-
ing greater than 2 cm (which has been 
associated with longer-term weakness), other 
injuries, e.g. fl oating shoulder, and skin integ-
rity (impending or breach). 

 Plate and screw fixation (non-locking 
or locking) is the gold standard method of 

operative fixation, but is associated with 
more side effects compared to intramedullary 
fixation. Biomechanical data suggests plat-
ing strength can be optimised by locating it 
anteroinferiorly, compared to the traditional 
superior placement, additionally serving to 
decrease skin complications and improve its 
biomechanics. 

    Several recent intramedullary devices have 
gained popularity, but none (Rockwood pin, 
Sonoma nail, Hagie pin, etc.) have signifi cant 
documented complications. However, where 
rotational control is necessary, plate fi xation 
has the advantage compared to intramedullary 
devices.
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       Methodology to accelerate the bony healing 
process has already gained impetus with attempts 
with low-intensity pulsed ultrasound that has 
been trailed without signifi cant positive effect. 
Stem cell therapy also holds promise for bone 
healing acceleration. The other major directions 
for the future are more biomechanically compat-
ible implants (extra- and intramedullary), both in 
regard to modulus of elasticity vs. required 
strength, and biodegradability, circumventing the 
need to implant removal. 

 In summary, until the biology of fracture heal-
ing can be accelerated, we have to respect the 
timeline of bony union. Currently a coherent 
treatment algorithm is based on several factors, 
e.g. sport specifi c, part of season in which injury 

occurred, demands of sport, fracture pattern and 
soft tissue integrity. A cautionary message to 
remember: trying to accelerate return to full 
sporting activity may lead to a greater, potentially 
career-ending injury.  

2.8     Sports-Specifi c 
Rehabilitation 

    Jo     Gibson     

 Shoulder injuries in sport present a considerable 
challenge to the rehabilitation specialist. Evidence 
suggests that there is an increasing prevalence of 
shoulder injuries within the sporting population, 
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and signifi cantly these are associated with a high 
recurrence rate. It is of note that when comparing 
return to play data in different sports, a greater pro-
portion of shoulder injuries result in prolonged 
periods away from sports participation compared 
to lower quadrant injuries. Patterns of recovery 
post surgery differ according to specifi c sports; in 
the contact athlete there is a higher incidence of 
recurrence but a relatively quick return to play; in 
the overhead athlete authors report that return to 
play is much slower and that defi cits in shoulder 
function can persist for up to 2 years post injury. 
The functional demands of differing sports are 
therefore an essential consideration when design-
ing effective rehabilitation programmes. 

 The loads and shear stresses imposed on the 
glenohumeral joint during swimming or throw-
ing clearly differ markedly from those in a rugby 
tackle situation. Nonetheless, there are well- 
reported commonalities in terms of defi cits in the 
dynamic system. Traditionally much emphasis 
has been placed on strength ratios within the 
sporting population and are stipulated as key in 
terms of return to play criteria. Irrespective of the 
specifi c sport, inhibition or relative weakness in 
the external rotators is well reported in many 
sports-related shoulder injuries. However, 
increasingly it would seem that the stabilisation 
function of the rotator cuff and its ability to main-
tain the humeral head relatively centred within 
the glenoid during functional activity are of para-
mount importance. A loss of translational control 
and inability of the rotator cuff to stabilise pre-
movement onset are key features of many shoul-
der injuries. This initial ‘preset’ is fundamental in 
engaging the dynamic system. 

 Scapula dyskinesis has been a frequently 
described feature of upper limb dysfunction and 
has been demonstrated in up to 85 % of throwing 
athletes with shoulder pain relating to instability. 
It has been stipulated that a lack of a stable base 
potentially increases loads and stresses across the 
glenohumeral joint during upper limb activities. 
However, whilst it has been commonly assumed 
that scapula dyskinesis is a primary feature of 
shoulder pathology, current literature challenges 
this supposition. Increasingly evidence suggests 
that scapula dyskinesis is actually a secondary 

feature of shoulder pathology resulting from 
rotator cuff dysfunction, i.e. a scapula ‘lag’. 
Consequently exercises employed to rehabilitate 
dynamic control of the shoulder complex should 
work the scapula and rotator cuff in unison, not in 
isolation. 

 The role of the kinetic chain in shoulder pathol-
ogy and its impact on glenohumeral stability must 
be considered. Defi cits in the kinetic chain result-
ing in defi cient proximal activation or ineffi cient 
force transfer can result in increased load across 
the shoulder potentially presenting an injury risk 
and impaired function. Increasingly the effects of 
the kinetic chain and poor movement patterns are 
recognised as key factors in shoulder pathology 
necessitating a more holistic approach to patient 
management. However, the other advantage of 
utilising a more dynamic approach to rehabilita-
tion is its impact on the sensorimotor system. The 
sensorimotor system (SMS) encompasses the pro-
cessing and integration of both afferent and effer-
ent signals by the central nervous system, which 
is constant and dynamic. These feedforward and 
feedback mechanisms provide neuromuscular 
control and facilitate dynamic joint stability. 
However, these vital SMS functions have been 
shown to be impaired by both fatigue and injury. 
Consequently rehabilitation should aim to maxi-
mise utilisation of the SMS and enhance fatigue 
resistance. A kinetic chain approach emphasises 
SMS components whilst optimising effi ciency of 
force transfer. 

 The challenge for the rehabilitation specialist 
is to address each of these parameters in a sports- 
specifi c manner. The motor learning literature is 
clear that exercises that have functional relevance 
to the individual patient and are dynamic will 
result in quicker and more effective movement 
re-education than non-specifi c ones. Similarly 
those that enhance input to the SMS in a func-
tionally relevant manner establish transfer to 
function much more quickly therefore potentially 
improving rate of recovery and return to sport. 
Our increased understanding of the factors 
impacting dynamic stability of the shoulder com-
plex and the demands of individual sports should 
underpin the design of any sports-specifi c reha-
bilitation programme.     
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3.1            Failure of the Analysis 
at First Repair 

       Antonio     Cartucho     

 Not all recurrences after shoulder surgical stabili-
sation are due to surgical error. It is impossible to 
prevent the dislocation of a shoulder with normal 
function. Error analysis and evidence-based med-
icine turned to be one of the most powerful tools 
of scientifi c progress. 

 Shoulder instability is one of the most fre-
quent clinical entities in sports traumatology. 
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Due to advances in basic science and clinical 
investigation, there has been a constant evolution 
in concepts. At the same time, patients’ expecta-
tions evolved and the need to shoulder better 
function is higher. The assumption of these 
expectations by the surgeon is mandatory because 
the risks taken by the patient after the healing 
process will have a defi nitive infl uence on the 
results. A judgment error at this stage is as impor-
tant as a technical error at surgery. This being 
said, overhead and contact sports are a negative 
predictive factor and the chosen treatment must 
take this fact into consideration. Age is also con-
sidered a negative predictive failure [ 1 ]. This is 
due to the “normal” risk activity of the youngest. 
Although currently considered, the number of 
dislocations was not found statistically signifi -
cantly responsible for the recurrence of instabil-
ity in operated patients [ 2 ]. Hyperlaxity is also 
considered a risk for recurrence of instability 
after reconstructive surgery. 

 Complementary exams are important to deter-
mine the structural damage. Plain X-ray can 
determine a Hill-Sachs lesion and an anterior gle-
noid erosion. The presence of those lesions, age 
under 20, hyperlaxity and overhead sports were 
considered bad prognostic factors for arthroscopic 
reconstruction [ 3 ]. The ISIS score can be a valu-
able tool in order to decide the type of surgery 
[ 4 ]. Humeral head and glenoid amount of bone 
loss must be evaluated by CT scan like Sugaya 
showed us [ 5 ] or by arthro-CT scan [ 6 ]. More 
than 25 % of glenoid bone loss must be recon-
structed by bone block techniques [ 7 ], and quan-
tifi cation of humeral head bone loss may point 
the need to use soft tissue techniques or bone 
block techniques to reduce recurrence rate [ 8 ]. 
MRI and arthro-MRI can be useful to determine 
the soft tissue lesions. ALPSA and HAGL lesions 
are associated with higher recurrence rates in 
arthroscopically treated patients. 

 Prior to reoperation, the described issues must 
be determined. Sometimes this fact allied with 
surgical report is suffi cient to analyse the error 
committed at fi rst surgery in order to correct it 
with a new procedure. 

 At the time of surgery, evaluation of the labrum 
and capsule healing and/or correct repair, correct 

positioning of the anchors, correction of capsular 
redundancy and repair of bony Bankart is manda-
tory. Once this is done, the correction of the errors 
committed at the fi rst surgery can be achieved.  

3.2     What to Do After 
the Recurrence? 

       Emilio     Calvo and       Diana     Morcillo     

3.2.1     Introduction 

 Anterior shoulder instability is the more frequent 
dislocation and it is estimated to affect 1.7 % of 
the population [ 9 ]. Satisfactory results have been 
obtained with open surgical stabilisation tech-
niques, despite their risk of external rotation limi-
tation, and they have been regarded traditionally 
as the “gold standard”. However, with the advent 
of new arthroscopic techniques and the develop-
ment of new implants, arthroscopic shoulder sta-
bilisation is regarded as the ideal technique for 
this condition, with recurrence rates similar to 
those of open surgery. Despite these results, 
reported recurrence rates after open or 
arthroscopic shoulder stabilisation range between 
5 and 15 % [ 10 ,  11 ]. 

 Patients with postoperative shoulder instabil-
ity should be carefully evaluated not only to 
 diagnose the failure but also to clearly identify 
the underlying causes that determined the out-
come and to establish a successful therapeutic 
strategy. Any patient with surgical treatment fail-
ure for shoulder instability may be allocated in 
one of the following groups. The fi rst group is 
composed of patients in whom the problem was 
misdiagnosed, either because surgery was not 
indicated (i.e. voluntary instability), because the 
specifi c joint abnormalities to be corrected at sur-
gery were not precisely identifi ed, or because the 
direction of instability was not adequately defi ned 
(i.e. patients with multidirectional instability 
treated only for anterior instability). Another 
group of subjects includes properly diagnosed 
patients in whom the treatment was inadequate in 
terms of selection of the procedure or technical 
execution (Fig.  3.1 ). Obviously, there could also 

F. Battistella et al.



31

be patients composing a third group in whom 
both the diagnosis of the aetiology and problems 
associated to shoulder instability as well as the 
treatment performed were inadequate. Finally, 
the fourth group includes those patients that were 
properly diagnosed and in whom joint abnormal-
ities were recognised and corrected with the opti-
mal procedure, but that suffered a new trauma in 
the postoperative that caused a new shoulder dis-
location [ 12 ,  13 ].

3.2.2        State of the Art 

 According to the previous outline, it is manda-
tory to have a clear idea on what the reasons are 
for this new dislocation. For this purpose, we 
must be able to correctly answer the following 
questions: 

3.2.2.1     What Are the Characteristics 
of the Patient? 

    Prior to evaluating the shoulder and the potential 
reasons for postoperative shoulder instability, it 
is necessary to discard other problems different 
to shoulder instability, like stiffness, pain or 
weakness. In this setting, conditions like cervical 
problems, neurologic injuries, adhesive capsuli-
tis, osteoarthritis, subscapularis muscle injuries, 
etc., must be ruled out. 

 Once the diagnosis of postoperative recur-
rence of shoulder instability is confi rmed, several 
authors have suggested to initially conservative 
treatment including a period of immobilisation in 
external rotation followed by a progressive physi-
cal therapy centred on the rotator cuff, deltoid 
muscle and periscapular musculature [ 13 ]. 
Nonoperative treatment should be followed by an 
education about the positions and activities that 
can put the shoulder at risk. Marquardt et al. 
compared the results of surgical versus conserva-
tive treatment in 24 patients with failed anterior 
shoulder stabilisation [ 14 ]. Patients revised surgi-
cally had signifi cantly better results on the Rowe 
scale, although the number of procedures affected 
negatively the fi nal outcome and patient subjec-
tive satisfaction. 

 Other factors like age and athletic activity are 
key therapeutic decisions since young patients 
practising risky sports carry a higher risk of fail-
ure. In these patients, it is important to perform a 
surgical technique that allows the athlete to 
resume this activity [ 7 ,  15 ]. Regarding those sub-
jects who practise contact or overhead sports, 
Neyton et al. reported excellent results with the 
technique of Latarjet [ 16 ]. In elderly patients, the 
possibility of rotator cuff tear associated to shoul-
der instability should always be kept in mind.  

3.2.2.2     What Are the Shoulder 
Abnormalities to Be Repaired? 

 Rowe et al. [ 13 ] demonstrated that in more than 
85 % of the shoulders with postoperative instabil-
ity, a lesion responsible for this poor result could 
be identifi ed. Moreover, Meeham and Petersen 
[ 12 ] proved that in almost half of the cases, there 
were multiple lesions. First, to properly address 
failed surgical treatment of shoulder instability, it 
is essential to recognise the direction of the insta-
bility, as well as the abnormalities and associated 
factors responsible for the poor results. Clinical 
history and meticulous physical examination 
allow to identify the direction of the instability 
and provide evidence about the possible cause of 
failure and potential associated lesions. Whereas 
instability symptomatic in trivial situations like 
while sleeping or in daily activities suggests a 
persistent capsular laxity or a glenoid bone 

  Fig. 3.1    Inadequate procedure with bone anchor       
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defect, a posttraumatic dislocation that requires a 
reduction suggests a rupture of previous surgical 
stabilisation or large Hill-Sachs lesion. Physical 
examination should be performed compared to 
the contralateral shoulder. Subscapularis muscle 
function should always be explored, especially in 
patients with previous open surgery. Sachs et al. 
[ 17 ] found that 25 % of the patients undergoing 
open surgery had a defi cient subscapularis func-
tion and only 57 % of them obtained good or 
excellent results after revision surgery   . 

 Imaging exams are essential to identify 
articular abnormalities and to quantify possible 
bone defects. Conventional radiographs, antero-
posterior and axillary views, identify bone 
defects in the glenoid and in the humeral head, 
and numerous specifi c radiographic views have 
been proposed to assess bone defects. These 
modalities have been overtaken by other diag-
nostic methods. The computed tomography 
(CT) scan is ideal to quantify bone defects. 3D 
tomography with humeral head subtraction 
facilitates quantifi cation of glenoid bone defect 
related to the total area and depth of the defect. 
Arthro-CT and arthro-MRI can identify soft tis-
sue injuries, rotator cuff tears, HAGL lesions, 
capsulolabral lesions and laxity or rupture of 
the joint capsule [ 18 ].  

3.2.2.3     Did the Patient Have a New 
Trauma? 

 Some patients that were adequately diagnosed 
and treated sustained a postoperative episode of 
instability simply because they had a new trauma. 
This group of patients should be approached like 
primary cases searching for potential new inju-
ries and managing them accordingly.   

3.2.3     Treatment Options 

 Several authors have reported the distribution of 
anatomical changes found in open and 
arthroscopic revision surgery of shoulder insta-
bility. Capsular hyperlaxity, a persistent Bankart 
lesion or a Bankart lesion medially healed were 
the most frequent abnormalities in addition to 
bone defects [ 13 ,  19 ]. 

 It is known that the recurrence of instability is 
signifi cantly higher in patients with anterior gle-
noid bone defects [ 7 ,  15 ,  20 ]. The morphology of 
the glenoid in inverted pear is a clear risk factor, 
and we observed that a bony Bankart involving 
15 % of the articular surface can increase signifi -
cantly the risk of recurrence, and should be 
reconstructed [ 7 ]. The results of techniques based 
on the reconstruction of the glenoid joint surface 
using bone grafting have been satisfactory, but a 
correct position of the graft is critical. Whereas 
medial positioning of the graft has been associ-
ated with persistent instability, a position too lat-
eral takes a higher risk of glenohumeral 
osteoarthritis. The possibility of performing these 
techniques arthroscopically with good prelimi-
nary results has been recently published [ 21 ,  22 ]. 
Other techniques to reconstruct the bony Bankart 
using autograft from the iliac crest or allograft 
from cadaveric distal tibia or glenoid have also 
been described [ 23 ,  24 ]. 

 Bone defects in the humeral head have also 
been incriminated as a cause of failure of shoul-
der stabilisation surgery, especially in large Hill- 
Sachs lesions that engage in the anterior glenoid 
rim in external rotation [ 25 ]. On the other hand, 
the rationale of the techniques usually recom-
mended to treat engaging Hill-Sachs lesions is 
fi lling the bone defect. The technique of remplis-
sage consists of fi lling the bone defect by 
 capsulotenodesis including the posterior joint 
capsule and the infraspinatus muscle tendon to 
prevent engagement making the bone injury in 
extra- articular lesion [ 26 ]. 

 Addressing soft tissue problems is also 
extremely important in revision surgery for insta-
bility since technical errors, especially labrum 
reattachment in a medial position, are common 
(Fig.  3.2 ). In addition, it is necessary to repair the 
anteroinferior capsulolabral complex. When a 
nonanatomical repair is encountered, glenoid 
labrum dissection and reinsertion to its anatomical 
position are recommended. In other cases, a redun-
dant joint capsule, a capsule with poor quality tis-
sue or with an unbalanced asymmetric repair can 
be involved in recurrent instability. Several authors 
have recommended that surgical revision of failed 
shoulder stabilisation should be performed with 
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open surgery, but numerous studies have provided 
data on the superiority of arthroscopic revision. 
Arthroscopy permits direct visualisation of the 
pathology responsible for the recurrence, includ-
ing unexpected causes that can be corrected at the 
same procedure, like SLAP or HAGL lesions, 
loose bodies, rotator cuff tears or chondral lesions. 
Furthermore, some bony lesions on the surface 
glenoid or humeral head or severe weak capsular 
can be solved by arthroscopy [ 27 ,  28 ].

3.3         Arthroscopic Management 
of Failed Bankart Procedure 
with Bone Block Procedure 

    Ettore     Taverna,       Guido     Garavaglia,       Carlo   
  Perfetti,       Henri     Ufenast,       Ferdinando     Battistella, 
      Laura     Broffoni, and       Riccardo     D’Ambrosi      

3.3.1     Introduction 

 Eventually patients with signifi cant bone loss at the 
glenoid, given the unacceptably high rate of recur-
rent dislocation and subluxation after arthroscopic 
soft tissue repair, are candidates for open or 
arthroscopic “bony procedures” [ 21 ,  29 ,  30 ]. 

 An erosion of the glenoid is quite a common 
phenomenon in recurrent anterior shoulder insta-
bility [ 5 ]. Biomechanical studies have found an 

inverse relationship between the size of the gle-
noid defect and the stability of the shoulder. The 
stability of the shoulder progressively decreases 
as the size of the osseous defect increases [ 31 ]. 

 A large defect of the glenoid must be treated 
with bone grafting to the glenoid when a Bankart 
procedure is performed [ 32 ]. Many authors rec-
ommend coracoid transfer if the glenoid rim defi -
ciency involves 25 % of the anterior-posterior 
diameter of the glenoid. Others suggest that mea-
sures to restore the arc of glenoid concavity may 
be benefi cial, in terms of both stability and motion, 
for patients who have a glenoid defect whose 
width is at least 21 % of the glenoid length [ 30 , 
 31 ]. Only recently arthroscopic techniques, posi-
tioning a bone graft at the anterior-inferior aspect 
of the glenoid, have been described [ 21 ,  30 ].  

3.3.2     Surgical Technique: The 
Arthroscopic Bone Block 
Procedure (Fig.  3.3 ) 

    The arthroscopic anterior bone block procedure 
described by Taverna et al. [ 33 ] combines an 
arthroscopic Bankart repair with the transfer of 
the tip of the iliac crest graft that is passed through 
a cannula placed in the rotator interval and fi xed 
on the glenoid rim under the equator. The effi cacy 
of this procedure is related to the bone block 
effect provided by the tricortical bone graft that 
increases the size of the glenoid surface and the 

  Fig. 3.2    Labrum reattachment in a medial position       

  Fig. 3.3    The arthroscopic bone block procedure by 
Taverna       
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concavity recreation provided by the labral repair 
and capsular and ligaments shift and repair. The 
goal of the procedure is to restore the normal anat-
omy of the unstable shoulder with bone defects. 

 The advantages of this procedure are the associ-
ated repair of the glenoid labrum and tensioning and 
shift of capsule and ligaments. As    for the Bristow-
Latarjet procedure, the bone block is placed in an 
extra-articular position, preventing synovial fl uid 
from coming in contact with the bone graft, thus 
avoiding the potential contact between the humeral 
head and the coracoid bone block with the screw, 
which can cause pain and glenohumeral osteoarthri-
tis. This is an anatomical procedure with the resto-
ration of normal glenohumeral anatomy, increasing 
the damaged glenoid bony support and the normal 
insertion of the labrum, ligaments and capsule. 
Compared to the Bristow and Latarjet procedure, the 
damage of the subscapularis fi bres is minimal. The 
weakest point of this procedure is the impossibility 
to face the combination of an unstable shoulder with 
glenoid bone defects and capsular-labrum- ligaments 
inconsistency. In this case, the dynamic musculoten-
dinous sling effect created by the conjoint tendon 
passing over the inferior part of the subscapularis of 
the Latarjet and Bristow procedures is mandatory.  

3.3.3     Rehabilitation 

 Postoperatively, we recommend to keep the patients 
in a sling for a period of 3 weeks. After the immo-
bilisation, there is no limitation in passive motion 
and the patients are allowed to a full recovery in 
elevation and external rotation. After complete 
wound healing is obtained, swimming pool active 
exercises are recommended and resumed working 
activities are allowed. Progressive strengthening 
exercises are started after 6–8 weeks. Return to 
overhead and contact sports are generally allowed 
after 4–6 months post surgery.  

3.3.4     Conclusion 

 The effect of a glenoid defect on shoulder stability 
continues to be investigated. To date, there is no 
 consensus when and how bony procedures are 

needed to stabilise a glenohumeral joint. Further 
investigations are needed to determine the amount of 
bone loss that signifi cantly affects the recurrence 
rate of an isolated soft tissue repair in an unstable 
shoulder [ 34 ]. 

 For the future, we think that the goal of an 
arthroscopic procedure for stabilising a glenohu-
meral joint should involve restoration of the arc 
of glenoid concavity and when it is possible 
along with labrum repair and capsule and liga-
mentous tension.   

3.4     Arthroscopic Management 
of Failed Anterior Instability 
Repair with Latarjet-Lafosse 
Procedure 

    J.     Leuzinger,       Ch.     Sternberg, and       D.     Meraner     

 There is still an ongoing controversial discussion 
about how to treat failed anterior shoulder instabil-
ity repair. Open Bankart repair with refi xation of 
the labrum at the glenoid neck was the golden 
standard for decades. Since the 1990s, this proce-
dure has also been performed using the arthroscopic 
technique. Subsequent studies showed higher re-
instability rates up to 15 % [ 35 ], depending on the 
age and activity level of the patients. 

 The Latarjet procedure, a modifi cation of the 
Bristow procedure, has been indicated for the 
treatment of anterior glenohumeral instability 
with associated glenoid bone loss of up to 40 % 
as well as for patients who have undergone ante-
rior shoulder stabilisation procedures that were 
unsuccessful [ 36 ]. 

 The coracoid transfer was fi rst described in 
1954 by Latarjet [ 37 ]. The coracoid and conjoint 
tendon are transferred by a subscapularis tendon 
split and refi xed to the glenoid with screws. The 
benefi t of this so-called nonanatomical procedure 
is a stable fi xation on the glenoid and the conjoint 
tendon used as a hammock to avoid further disloca-
tion of the humeral head. This procedure has excel-
lent results described in literature [ 38 ] with low 
redislocation rates and good postoperative range of 
motion. Even if it is a nonanatomical procedure, 
there seems to be no higher osteoarthrosis rate. 
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 Since 2003, the Latarjet procedure has also been 
performed using the arthroscopic technique as 
described fi rst by Lafosse [ 22 ] (Fig.  3.4 ). The fi rst 
results of this technique seem to be promising [ 21 ,  22 ].

   We have been using the Latarjet-Lafosse pro-
cedure since 2008 and we fi nd it a very useful and 
practicable procedure for failed traumatic ante-
rior instability. In our opinion, it is also a good 
technique for treating traumatic glenohumeral 
instability, even without severe bone loss or 
previous failed surgery in young active patients 
with an ISIS score >6 [ 3 ]. The advantage of an 
arthroscopic procedure is less trauma for the soft 
tissue and a good visibility of the axillary and 
musculocutaneous nerve to avoid any damage 
to these important structures. We use the DePuy 
Mitek instruments for the standardised proce-
dure. Getting back of the coracoid after screw fi x-
ation with the pistol. New fi xation to the ventral 
glenoid after preparing the bone stock with two 
screws. Postoperatively, we allow free mobilisa-
tion depending on the patient’s pain, only using 
an arm sling in public. 

 We believe that this procedure provides a very 
good alternative to classic Bankart repair or other 
anatomical bone block procedures and might 
even be useful in cases of hyperlaxity of the gle-
nohumeral joint. Further studies will show the 
long-term effi cacy of this procedure. A very 

 shallow learning curve of this technique should 
limit its use experienced shoulder surgeons.  

3.5     Management of Failed 
Latarjet Procedure 

    Christophe     Charousset     

 Latarjet shoulder stabilisation is an effective surgical 
treatment for recurrent shoulder instability associated 
or not with glenoid bone loss. The Latarjet procedure 
guarantees a very moderate level of recurrence [ 38 , 
 39 ]. Griesser and Al made a systematic review of 
multiple medical databases which included studies 
reporting outcomes with complication and reopera-
tion rates following original or modifi ed versions of 
the Bristow or Latarjet. They found that original or 
modifi ed Bristow and Latarjet procedures have a 
30 % complication rate. Rates of recurrent disloca-
tion and reoperation were 2.9 and 7 %, respectively.
    1.       Potential complications that may even be of 

greater entity such as mobilisation or break-
age of the screws, absorption of the bone 
block (Fig.  3.5 ). These complications can be 
reoperated by the modifi ed Eden-Hybinette 
[ 40 ] operation as a salvage procedure.

  Fig. 3.4    Latarjet procedure       

  Fig. 3.5    Pseudarthrosis of Latarjet procedure and break-
age of the screw       
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   All modifi ed Eden-Hybinette operations 
were done through a deltopectoral approach, and 
the subscapularis was approached from the lat-
eral side, taking care to stay on the muscle. The 
subscapularis was split, allowing removal of pre-
existing hardware and preparation of the anterior 
glenoid neck. A wedge-shaped bicortical graft, 
typically measuring 2–3 cm, was taken from the 
outer table of the iliac crest. The graft was fi xed 
to the anterior glenoid, fl ushed or slightly over-
hanging the joint, with two malleolar screws. 

 We obtained excellent and good results, but 
some patients developed glenohumeral arthri-
tis, and rare patients may still experience a 
sensation of apprehension.   

   2.    The other potential complication is, in some 
cases, a persistent shoulder pain and/or a glob-
ally unstable joint, which would be termed a 
non-success rather than a complication in 
itself [ 41 ]. In these cases, the question that 
arises is what technique to apply, considering 
that the Latarjet procedure tends to determine 
signifi cant subversion of the shoulder anat-
omy. Arthroscopy can be benefi cial for these 
subjects and guarantees satisfactory results. 

 In our technique, labral reattachment and 
capsuloligamentous retensioning with suture 
anchors were performed in all cases (Figs.  3.6  
and  3.7 ). Boileau et al. [ 27 ] reported that 

arthroscopic revision of failed open anterior 
shoulder stabilisation provides satisfactory 
results in a selected patient population. Some 
persistent pain and osteoarthritis progression 
remain concerns. The main advantages of the 
arthroscopic approach are the avoidance of 
anterior dissection in front of the subscapu-
laris, which places the axillary nerve at risk, 
and the ability to address the various soft tis-
sue pathologies encountered.

3.6             Management 
of Multioperated Patients 

    L.     Neyton     

3.6.1     Introduction 

 The management of failed anterior instability 
repair in multioperated patients is a challenge. The 
need for multiple surgeries in a single unstable 
patient can ensue from wrong initial diagnosis, 
wrong indication, technical error or postoperative 
complication. Many times, the reason for failure of 
multiple surgeries is a combination of all these 
reasons. Therefore, a precise analysis of the 
patient’s situation is mandatory. The choice of 
the new treatment option will be conditioned by 

  Fig. 3.6    Labral reattachment and capsuloligamentous 
retensioning with suture anchors       

  Fig. 3.7    Labral reattachment and capsuloligamentous 
retensioning with suture anchors       
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the clinical presentation at the time of consultation 
but also by the unique history of each patient of 
this diffi cult-to-treat population.  

3.6.2     Analysis of Patient’s Situation 

3.6.2.1     Initial Diagnosis 
 What was the diagnosis for the fi rst opera-
tion? Recurrent dislocations, subluxations? 
Pain? Hyperlaxity? Combined instability and 
hyperlaxity? 

 Did the patient have a bone loss on the glenoid 
side? Hill-Sachs lesion? Bankart lesion? HAGL 
lesion?  

3.6.2.2     Previous Surgeries 
 How many procedures were already performed? 
It is of importance to obtain the operative notes of 
any previous surgeries. What kind of procedure 
was performed? Arthroscopic or open proce-
dure? Soft tissue repair (labrum, capsule, rem-
plissage, HAGL)? Bone block procedure? 
Coracoid transfer, iliac crest? 

 Devices used (metallic or absorbable anchors, 
screws). 

 What were the approaches? How was the sub-
scapularis managed? (Section, discission) How 
many times? 

 What was the reason for failure of the proce-
dure? Fracture, non-union, malposition of a bone 
block? Recurrence after isolated Bankart proce-
dure in a patient with bone defect? 

 What were the sequences of the multiple 
surgeries?   

3.6.3     Actual Situation 

3.6.3.1     Clinical Examination 
 Range of motion (focus on hyperlaxity in exter-
nal rotation, i.e. passive external rotation with 
elbow at side >85°), specifi c tests of instability 
and rotator cuff (focus on subscapularis). 
Neurologic tests. 

 Skin examination locates the previous scars. 
 What are the symptoms? Recurrent anterior 

instability? Pain? Weakness? 

 Oftentimes, multioperated patients will pres-
ent a combination of these symptoms.  

3.6.3.2     Imaging 
•     Plain X-rays (AP views in neutral, inter-

nal, external rotation, axillary Bernageau 
view, outlet view): Assessment of glenohu-
meral joint space, acromiohumeral distance. 
Status of the coracoid process. Previous 
surgeries (anchors, screws, bone block, gle-
noid defects, Hill-Sachs lesion) (Figs.  3.8  
and  3.9 ).

•       MRI scan is helpful in the situation of the use 
of non-metallic devices during previous 
surgeries.  

•   CT arthrogram +++ analysis of glenoid bone 
status. Size of Hill-Sachs lesion, cuff tendon 
and muscle status (subscapularis+++).    
 EMG study is required in case of clinical 

doubt.   

3.6.4     Treatment 

 First, the physician must explain to the patient his 
own situation. Why the previous operations 
failed. We recommend the physician may take 
some time to consider the case and not take a 
decision alone. Analysis of these diffi cult cases 
should be better discussed with other physicians. 
Any additional investigation should be performed 
to have a thorough analysis. 

  Fig. 3.8    Fracture and non-union of Latarjet coracoid 
bone block. Large Hill-Sachs lesion       
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 Second, the physician should ask himself if a 
new operation is required and why should a new 
operation be better than the previous ones. 

 Third, every surgical technique, arthroscopic 
or open, should be considered as an option. 

 Soft tissue procedures [ 27 ]: capsular/labral reat-
tachment, plication, Hill-Sachs remplissage [ 26 ], 
posterosuperior rotator cuff repair, subscapularis 
repair, imbrication, and pectoralis major transfer. 

 Bony procedures: coracoid transfer (Latarjet), 
iliac crest bone block (Eden-Hybinette) [ 40 ,  42 ], 
allograft of Hill-Sachs lesion, humeral derota-
tional osteotomy (Weber) and fusion.  

3.6.5     Conclusion 

 Fortunately, the vast majority of unstable patients 
will be stable after a single operation. However, 
recurrence of instability can occur after surgery. 
Management of failed multioperated patients is a 
challenge. Beyond surgical options, careful  analysis 

of the unique situation of the patient is required. 
Benefi ts/risks balance of a new surgical operation 
must be discussed and chance of success estimated. 
When a new surgery is scheduled, technical options 
should be chosen in the light of the previous surger-
ies and actual situation of the patient.      
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4.1            Introduction 

 Elbow arthroscopy has dramatically improved 
following clinical and cadaveric studies with 
understanding of portal placement and the rela-
tive positions of surrounding neurovascular 
structures. Thanks to the more precise surgical 
techniques and instrumentation (e.g., arthroscopic 
pumps, trocars, motorized instruments), elbow 
arthroscopy is nowadays a more safe and effec-
tive treatment modality for several elbow pathol-
ogies. Most of the indications for open surgery of 
the elbow could be considered to be indications 
for arthroscopic or arthroscopically assisted man-
agement. As with any procedure, there is a learn-
ing curve involved in establishing safe portals 
and avoiding neurovascular injury. 

4.1.1     Positioning 

 The ideal position for elbow arthroscopy is ulti-
mately determined by the experience and com-
fort level of the surgeon; however, several general 
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principles apply to all positions. The patient’s 
bony prominences should be well padded and the 
antecubital space of the operative arm should 
remain free of constriction to allow for distention 
of the anterior capsule. 

 The elbow should be positioned in 70–80° of 
fl exion allowing for maximal distention of the 
elbow (Fig.  4.1 ). Finally, a tourniquet should be 
placed proximal suffi cient on the arm to prevent 
constriction of the antecubital space, yet allow for 
hemostasis and visualization of the joint. Patients 
may be positioned in one of four ways for elbow 
arthroscopy: supine, supine-suspended, prone, 
and lateral decubitus. Each position has its advan-
tages and disadvantages. Prone or lateral are prob-
ably the most accepted ones at the moment.

4.1.2        Instrumentation 

 The preferred arthroscopic system used in elbow 
arthroscopy is a 4.0-mm, 30° arthroscope. On 
occasion, a 2.7-mm arthroscope can be helpful 
for navigating through smaller spaces or joints. 
Careful monitoring of fl uid pressures using grav-
ity or pump pressure control (30 mmHg) is 
required to minimize risk of fl uid extravasation 
and compartment syndrome. Retractors and 
switching sticks can be very helpful and further 

instrumentation (e.g., biters, shavers, osteotomes) 
depends on the procedure.  

4.1.3     Portals 

 The bony and ligamentous anatomy of the elbow 
joint serves to divide it into three major 
arthroscopic compartments: anterior, posterior, 
and posterolateral. The initial portal for joint visu-
alization is a matter of surgeon preference but is 
dictated to some extent by the underlying pathol-
ogy to be addressed. Multiple portal sites have 
been described in the literature; however, the most 
common portals utilized are the anterolateral, 
midlateral “soft spot portal,” anteromedial, proxi-
mal anteromedial, proximal anterolateral, straight 
posterior, and posterolateral. 

 Before trocar placement, a key facet of portal 
creation is the distention of the joint with normal 
saline (15–20 ml). This serves to increase the 
maximum distance from the articular surface to 
the neurovascular structures and, hence, decreases 
the risk of iatrogenic injury.  

4.1.4     Safety Considerations 

 Signifi cant disruption of the normal anatomy as a 
result of trauma or deforming arthritis may be a 
relative contraindication. Subluxation of the 
ulnar nerve is not longer considered as a contra-
indication. In these patients, the proximal antero-
medial portals can be established by reducing 
and holding the nerve behind the epicondyle with 
a thumb while establishing or entering the portal. 
Arthroscopy of the elbow after ulnar nerve trans-
position must be based on the degree of certainty 
with which the nerve can be localized by palpa-
tion in the region of the planned portal. 
Arthroscopy should not be done in the presence 
of local soft tissue infection in the area of the por-
tal sites. As in open procedures, a perfect knowl-
edge of the anatomy, good visualization (use of 
retractors), and a clear safety-driven strategy are 

  Fig. 4.1    Intraoperative    picture of anterior compartment 
work       
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the most important factors for increasing the 
safety of this procedure.   

4.2     State-of-the-Art Treatments 

4.2.1     Tennis Elbow 

 The name tennis elbow is derived from the 
description of “lawn tennis arm,” introduced by 
Morris in 1882. Tennis, however, contributes in 
only 5–10 % of all cases. It is rather related to 
manually intensive work, requiring forceful and 
repetitive rotation of the forearm and wrist exten-
sion or fl exion (e.g., in mechanics, butchers, con-
struction workers). The incidence of lateral 
humeral epicondylitis in general practice is esti-
mated at 4–7 per 1,000 patients per year, with a 
peak between 35 and 54 years of age. The preva-
lence ranges from 1 to 3 % in the general popula-
tion. Usually, the dominant arm is involved. Men 
and women are equally affected, according to 
most studies. The actual pathophysiology of ten-
nis elbow is still not completely understood. 
Although many researchers have proposed numer-
ous theories regarding the pathophysiology, the 
current consensus is that repetitive trauma results 
in microtears and hypoxic degeneration of the 
common extensor tendon, especially the extensor 
carpi radialis brevis (ECRB) portion. Microscopic 
evaluation of the involved tissue shows disruption 
of the normal collagen architecture with ingrowth 
of fi broblastic and granulation tissue. 

 Conservative treatment of tennis elbow will 
yield excellent results in the vast majority of 
patients. Elbow tendinosis is self-limiting within 
12 months in up to 90 % of patients. The “wait 
and see” policy has many advantages in the well- 
informed patient. Most surgeons will not con-
sider surgery before a period of 9–12 months of 
“adequate” conservative treatment has been 
offered to the patient. However, there is no con-
sensus in the literature and among surgeons on 
which means of conservative treatments has the 
best chance of success. 

 Many options have been suggested ranging 
from rest and activity modifi cation to injections 
of various substances and ESWT. Shock wave 
therapy (ESWT) is no longer considered to be 
effective. 

 The most important aspect of conservative 
therapy of tendinosis of the elbow is counseling 
the patient about the pathology. If possible, 
overuse or disuse should be identifi ed and the 
cause should be addressed. Furthermore, the 
patient should be informed about relatively 
benign character of the pathology and possible 
treatment options. 

 Some studies have shown a positive effect of 
physiotherapy. Evidence on the use of acupunc-
ture, botulinum toxin therapy, PRP, or autologous 
blood injection for treatment of lateral epicondy-
litis is still insuffi cient, and therefore no conclu-
sions can be drawn regarding its role in treating 
lateral epicondylitis. 

 Orthoses are more controversial. There are 
many designs, and marketing or commerce may 
play a role in prescribing braces in the treatment 
of elbow tendinosis. Although the basic pathol-
ogy of the tendon origin may not be infl amma-
tory, oral NSAIDs may decrease symptoms. No 
difference between different NSAIDs has been 
shown nor have NSAIDs been shown to alter the 
natural course. The long-term use of NSAIDs 
cannot be recommended in the treatment of 
elbow tendinosis due to the potentially severe 
side effects. The use of topical NSAIDs is under 
investigation and may prove to be a safer 
alternative. 

 Surgical techniques are various, including 
open, percutaneous, and arthroscopic treatment. 
Method of treatment consists mainly of tenot-
omy (tendon release) or excising pathological 
tissue. Research investigating which approach is 
superior reveals that the less-invasive approaches 
(percutaneous or arthroscopic) allow faster 
return to work than the open procedure. Although 
every surgical procedure has its advantages and 
disadvantages, no technique appears to be 
superior.  
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4.2.2     Posterolateral Rotatory 
Instability, Role of R-LCL 
and Arthroscopic Diagnosis 

 Injury to the LCL complex resulting in a postero-
lateral rotatory instability has been reported. 
Some authors have attributed the cause of PLRI 
to the U-LCL. However, anatomical studies have 
indicated that more than half of the cadavers lack 
an obvious and thick lateral ulnar collateral liga-
ment. A recent arthroscopic cadaver model series 
has shown that the U-LCL can be transected 
without inducing posterolateral rotatory instabil-
ity of the elbow and that both injuries to the 
R-LCL and the U-LCL are necessary to cause 
signifi cant PLRI. This observation is supported 
by a recent in vivo study on the isometric point of 
the lateral ligament of the elbow. The authors 
highlight that the R-LCL is essentially isometric, 
while U-LCL is not isometric in the fl exion- 
extension arc. They conclude that the R-LCL 
appears to be more important than the U-LCL in 
preventing PLRI. An arthroscopic technique is 
more accurate than an open “classic” one to eval-
uate the possible laxity of R-LCL.  

4.2.3     Associated Pathology 
in Minor Instability 

 The advantage of an arthroscopic technique is the 
detection and treatment of 69 % of the associated 
pathologies like plicae, loose bodies, or degener-
ative changes.  

4.2.4     Arthroscopic Evaluation 
of Medial Instability 

 Arthroscopy has been found as an unvaluable tool 
to evaluate medial elongation/incompetency of the 
medial collateral ligament too. At 70° of fl exion, a 
valgus stress can be applied evaluating the degree 
of medial opening. Based on this consideration, it 
becomes possible to decide for a full MCL recon-
struction versus simple plications/shaving.  

4.2.5     Posteromedial Impingement 
(Valgus Overload) 

 Posteromedial impingement is a progressive loss 
of extension and ulnar nerve symptoms. The 
starting condition is an elongation of the medial 
collateral ligament that determines a valgus open-
ing in fl exion. Progressively, a posteromedial 
osteophyte limits the extension. The treatment 
includes open ulnar nerve release, arthroscopic 
excision of posteromedial osteophyte, and evalu-
ation of medial collateral ligament elongation.  

4.2.6     Fractures 

 Arthroscopy is defi nitively gaining a role in 
understanding and treating some types of articu-
lar fractures such as median single fragmented 
radial head fractures and single fragmented coro-
noid fractures (Fig.  4.2 ).

4.2.7        Elbow OCD 

 Osteochondritis dissecans of the elbow is a 
pathology of the cartilage and subchondral 

  Fig. 4.2    MRI showing a radial head fracture       
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bone with a high incidence between 10 and 15 
years involving generally the capitulum 
humeri. It begins after the complete ossifi ca-
tion of  capitulum humeri and must be distin-
guished by Panner disease. This is an 
osteochondrosis of the capitulum in patients 
between 7 and 12 years of age, during the ossi-
fi cation phase. The initial symptom is moder-
ate pain with an extension defi cit of 5–20°. 
Pain can be greater at the lateral side of the 
elbow. Symptoms can solve spontaneously 
without sequelae. OCD symptoms include 
unlocalized pain and muscular contraction. 
   Initially, the x-ray may be negative, while MRI 
is the gold standard imaging system (Fig.  4.3 ) 
then intra- articular fragments may appear, and 
modifi cations of the shape of capitulum humeri 
are often present.

   Nonsurgical treatment is an initial option. 
Surgical treatment varies widely and includes 
arthroscopic drilling of intact lesions, securing of 
cartilage fl ap lesions with pins or screws, drilling, 
mosaicplasty, and the osteoarticular transfer sys-
tem (OATS). 

 Surgical treatment is indicated in grades 3–4 
ICRS, when the OCD plug becomes unstable. 
Arthroscopic drilling may be performed by an 
anterograde (from the front) or by a retrograde 
(from behind) approach.  

4.2.8     The Stiff and Degenerative 
Elbow and the Osteocapsular 
Arthroplasty 

 Stiff elbows can be classifi ed as intrinsic, extrin-
sic, or mixed. Posttraumatic or degenerative 
causes can also bring to, respectively, arthrofi -
brotic or arthritic elbow. A possible posttraumatic 
initial cause can determine a degenerative clini-
cal picture. Arthroscopic osteocapsular arthro-
plasty is the choice of treatment when bone 
congruency is maintained. In    case of bony ossifi -
cations of the capsule, combined retraction of 
medial and lateral collateral ligaments, and previ-
ous surgery with transposition of the nerves, open 
surgical treatment is recommended. 

 The arthroscopic technique in stiff elbow 
mainly consists of:
•    Prone/modifi ed lateral decubitus  
•   Ulnar nerve isolation (open)  
•   Three posterior portals and two anterior por-

tals (associated portals for retractors can be 
used posteriorly or anteriorly)  

•   Posterior and anterior debridement  
•   Removal of osteophytes, hypertrophic olecra-

non, and coronoid  
•   Posterior and anterior capsulectomy    

 A 5-rule progressive technique has to be kept 
in mind:
    1.    Ulnar nerve isolation.   
   2.    Enter the joint from posterolateral.   
   3.    Use two accessory portals in under tricipital 

recess.   
   4.    Start medial to lateral in the anterior compart-

ment to perform capsulectomy.   
   5.    Use retractors to avoid complications.     

 In the postoperative phase, a dedicated reha-
bilitation program is indicated:
•    Maintain axillary plexus anesthesia.  
•   Backslab in full extension and removal after 

10 days.  
•   CPM fi ve times per day for 40 min.  
•   Active assisted mobilization 1 day post-op.  
•   Fans (indomethacin).    

 Complications can concern neurological, 
vascular major complications. Synovial fi stula 

  Fig. 4.3    OCD plug detaching from the capitellum       
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and minor transient neurological defi cit are 
described.   

4.3     Future Treatment Options 

 Elbow arthroscopy is a technique in progression. 
Indications are expanding and safety rules are 
becoming more and more universally accepted 
and applied. It’s much more a reproducible tech-
nique respect to 10 years ago. In the next years, 
we’ll observe an implementation in understand-
ing minor instability problems and their 
treatment.  

4.4     Take-Home Messages 

•     Prone or modifi ed lateral decubitus are the 
most consolidated positions for complex 
elbow arthroscopy.  

•   Low    pump pressure and use of retractors 
through dedicated portals is indicated.  

•   Signifi cant disruption of the normal anatomy 
as a result of trauma or deforming arthritis may 
be a relative contraindication to arthroscopy.  

•   In contrast to what is widely thought, tennis 
contributes in only 5–10 % of all cases of ten-
nis elbow.  

•   Tennis elbow is rather degenerative than 
infl ammatory; therefore, the term “tendinosis” 
is more appropriate.  

•   When OCD plugs become unstable, the opera-
tive approach to stabilize or remove of the 
fragments is indicated.  

•   Rehabilitation and postoperative treatment 
with indomethacin is crucial after arthroscopic 
treatment of stiff and degenerative elbow.        
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5.1            Computer Functional and 
Biomechanical Consideration 
on ACL, PCL and MPFL 

5.1.1     Introduction 

 Computer-assisted surgery (CAS) has been 
extensively used over the course of the last few 
decades. At present, ligaments surgery—with 
great care to anterior cruciate ligament (ACL) 
injury—and joint arthroplasty represent the 
major fi eld of application in orthopaedics. The 
fi rst step in using CAS technology for knee sur-
gery was addressed to improve the accuracy of 
the intervention (limb alignment or isometric 
graft) and enhance surgical outcome [ 3 ,  18 ], 
using information collected pre-operatively 
via computed tomography (CT) or magnetic 
resonance imaging (MRI) scans. Indeed, CAS 
for orthopaedic purposes has entered the main-
stream only in the last 10 years, providing, in 
addition to surgical guidance for reconstructive 
surgery based on anatomical features, a valu-
able feedback for kinematic analysis [ 5 ]. In 
fact, with the aid of imageless  intra-operative 
registration, CAS systems are allowed to 
evaluate the passive range of motion and lax-
ity associated with each specifi c reconstruc-
tion, both ligamentous and prosthetic ones. 
Besides achieving the correct anatomical fea-
tures, a global and accurate functional evalua-
tion should be recommended in order to reach 
the joint parameters as close as possible to its 
normal function. 
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 At the very beginning CAS systems, even 
based on mechanical systems, provided also an 
optimal methodology to perform biomechanical 
studies, exploiting its potentialities above all 
cadaver laboratory design. The last products of 
CAS technology, i.e. the navigation systems, can 
be instead used during the surgery following an 
intra-operative approach and providing informa-
tion about the anatomy of the patient and the 
 stability and function of the joint both before and 
after the reconstruction. 

 Specifi cally this chapter aims to highlight the 
advantages given by using a CAS approach in 
analysing from both a biomechanical and a clini-
cal point of view:
•    Anterior cruciate ligament (ACL)  
•   Posterior cruciate ligament (PCL)  
•   Medial patellofemoral ligament (MPFL)    

 Hereinafter details about several biomechani-
cal and clinical studies will be therefore provided, 
including both the anatomical and functional fea-
tures (Fig.  5.1 ).

5.1.2        State of the Art 

5.1.2.1     ACL 
 Anterior cruciate ligament (ACL) anatomy and its 
biomechanics and kinematics have been widely 
investigated since the nineteenth century, due to 
its functional importance inside the knee joint. 
The information presented in literature certainly 
improved knowledge about it and  consequently the 
effi cacy of its surgical  reconstruction. As reported 
by Zaffagnini et al. [ 19 ], in general, knee liga-
ments have been studied by several approaches, 
including anatomical observation, mathematical 
modelling, force measurement and displacement 
measurement. ACL insertion areas and ligament 
isometry, elongation and orientation during normal 
and pathological conditions have also been widely 
investigated for their importance in improving 
clinical results of ACL reconstruction. 

 In 1998 Martelli et al. [ 12 ], starting from the 
acquisition of the anatomy and kinematics of the 
knee joint by means of a mechanical system 
(Fig.  5.2 ), proposed a biomechanical ACL model 
including mechanical and geometrical features 

  Fig. 5.1    Graphical representation of the data available by 
using navigation systems: bones and ligaments anatomy 
and kinematics       

  Fig. 5.2    Cadaver setup during the testing of a mechanical 
system used to assess joint kinematics in anterior cruciate 
ligament (ACL) reconstructions (Courtesy of Istituto 
Ortopedico Rizzoli, Bologna, Italy)       
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(Fig.  5.3 ), specifi cally based on viscoelastic cur-
vilinear fi bres, through a quasi-static simulation.

    In that study, the simulation of ACL defor-
mations during passive motion predicted a fi bre 
strain of less than 20 %, low insertion forces and 
an isometric behaviour of the anterior fi bres. 

This proposed model was able to clearly explain 
the actions of ACL fi bres, introducing the con-
cepts of viscoelasticity in curvilinear fi bres 
(Fig.  5.4 ).

   Furthermore, in 2004 Zaffagnini et al. [ 19 ] 
performed a quantitative analysis in a cadaver 
study, examining ACL elongation and its 3D ori-
entation. The performed analysis was based on a 
computer elaboration of anatomical and kine-
matic data obtained by an electrogoniometer, 
thus enabling a mathematical and statistical eval-
uation of the 3D behaviour of the ACL (Fig.  5.5 ).

   Their data confi rmed the isometric behaviour 
of ACL; specifi cally the ACL slope with respect 
to the tibial plateau decreases with fl exion, 
whereas its orientation with respect to the femo-
ral notch increases with fl exion. They also pro-
vided information about the importance of 
anteromedial (AM) and posterolateral (PL) bun-

  Fig. 5.3    Schematic description of the approach proposed 
by Martelli et al. [ 12 ]: from anatomy to biomechanical 
modelling       

I II III

IV V VI

  Fig. 5.4    Viscoelastic model 
for ACL fi bres, simulated for 
a fl exion movement of the knee 
joint (from position I to VI)       
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  Fig. 5.6    Navigation system details: localiser, user interface and positioned trackers (Courtesy of Orthokey LLC, 
Lewes, DE, USA)       

dle; specifi cally they have different angular vari-
ations, mainly with respect to the tibial plateau 
and mediolateral direction. 

 These biomechanical studies provided quanti-
tative and qualitative information on the ACL 
behaviour, thus increasing not only the knowl-
edge on the ACL anatomy but also developing or 
improving the surgical strategy for ACL recon-
struction. More recently with the introduction of 
intra-operative navigation system (Fig.  5.6 ), 
besides the anatomical features, the kinematic 
analysis in ACL surgery acquired also a great 

impact in the evaluation of the knee stability 
related to ligament surgery. Several analyses 
have been performed on ACL surgery using 
intra- operative navigation system, highlighting 
the advantages given by the introduction of this 
technology and the obtained clinical outcomes.

   As reported by [ 6 ,  13 – 16 ,  21 ], the 6° of free-
dom (DoF) of the knee joint can be computed 
by analysing the relative motion of the tibial 
frame with respect to the femoral one. Knee 
kinematics can be real-time evaluated for each 
performed test in ACL surgery. In particular 

  Fig. 5.5    Anterior cruciate ligament (PCL) fi bres behaviour acquired by the CAS system during a passive range of 
motion       
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the system computed varus/valgus (VV) laxity 
as the difference between maximum and mini-
mum instantaneous rotations achieved during 
VV tests at 0° (VV0) and 30° (VV30) around 
the anterior- posterior axis; internal/external 
(IE) rotational laxity as the difference between 
maximum and minimum instantaneous rotations 
achieved during IE tests at 30° (IE30) and 90° 
(IE90) around the proximo/distal axis; and the 
anterior- posterior (AP) laxity as the difference 
between maximum and minimum instantaneous 
displacements achieved during Lachman’s 
(AP30) and drawer (AP90) tests along the 
anterior-posterior axis. Since pivot-shift (PS) 
test is a complex manoeuvre, the decomposi-
tion of the kinematics corresponding to this 
test involves the analysis of both IE rotations 
and AP displacement, specifi cally of the lateral 
compartment. 

 This new approach led to the possibility of 
answering, on a quantitative basis, to different 
kinds of clinical questions, such as:
•     The infl uence of combined lesions in ACL 

injury on knee laxity : In 2007 Zaffagnini et al. 
[ 22 ] intra-operatively quantifi ed the knee lax-
ity in AP and VV directions in isolated ACL 
injury compared with combined ACL and 
medial collateral ligament (MCL) grade II 
sprain. To verify the hypothesis that some 
residual laxities may remain in patients with 
combined ACL and MCL injuries even after 

ACL reconstruction, they compared the differ-
ences in knee stability between the two groups. 
The obtained results confi rmed the hypothesis 
that in those patients with associated lesions, 
VV laxity at 30° and AP laxity at 90° of fl ex-
ion were approximately 1° and 1.3 mm greater, 
respectively, with respect to the control group.  

•    The infl uence of an extra - articular lateral 
plasty during single - bundle ACL reconstruc-
tion on knee laxity : In 2009 Bignozzi et al. [ 1 ] 
analysed the kinematic behaviour of an 
arthroscopic single-bundle ACL reconstruc-
tion performed with a hamstring tendon tech-
nique with additional extra-articular procedure 
[ 11 ]. The laxity tests were performed before 
the reconstruction, after the single-bundle 
(SB) graft insertion and after the extra- 
articular procedure. As highlighted in Fig.  5.7 , 
the analysis of medial and lateral compart-
ment during AP stress showed that, at 30° of 
fl exion, the SB graft causes a similar reduction 
of laxity in both compartments. The additional 
extra-articular procedure does not reduce the 
AP laxity in the medial compartment, while it 
controls the lateral compartment reducing AP 
displacement. On the contrary, at 90° of fl ex-
ion, the SB graft reduces AP laxity more in the 
lateral compartment than in the medial one. 
The additional extra-articular procedure 
causes a further reduction of knee laxity in 
both compartments.
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•       Knee rotational laxity in anatomical double - 
bundle   ACL reconstruction : In 2010, Lopomo 
et al. [ 7 ] evaluated the knee joint rotational 
laxity in anatomical double-bundle ACL 
reconstruction, introducing possible quantifi -
cations of the pivot-shift test, specifi cally the 
decomposition of AP translation, IE and VV 
rotations with respect to fl exion/extension 
angle. For each decomposition they evaluated 
the areas included by the curves (the ‘hyster-
esis’ of the unstable joint) and the difference 
in the coupled peaks before and after the sur-
gery at a specifi c fl exion angle. In a compari-
son with respect to single-bundle ACL 
reconstruction with external tenodesis [ 24 ], 
anatomical double bundle showed its better 
behaviour for what concerns rotational lax-
ities during pivot-shift test (Fig.  5.8 ), present-
ing lower peaks in lateral compartment 
displacement and corresponding acceleration 
reached after reduction.
      Furthermore, due to the importance that 

double- bundle ACL reconstruction has been gain-
ing in the last year [ 23 ], navigation systems are 
providing their support to identify also the correct 
position and orientation for the tunnels, starting 

from the anatomy and functional analysis of the 
joint, using also the isometry maps (Fig.  5.9 ).

5.1.2.2        PCL 
 Whereas ACL reconstructions have provided 
predictable and reliable results, reporting from 
good to excellent results in over 90 % of their 
patients, unfortunately, the treatment of PCL rup-
ture still remains unclear. As reported by 
Zaffagnini et al. [ 20 ], this is related to the lack of 
knowledge about the PCL with respect to ACL, 
regarding anatomy, biomechanics, kinematics 
and biology, and the fact that the incidence of 
PCL lesion is lower and clinical symptoms are 
fewer. Moreover, the surgical technique is techni-
cally demanding. In order to improve PCL recon-
struction, it is necessary to better understand its 
anatomy, function and behaviour. A variety of 
studies have looked at the fi bres isometry during 
range of motion (ROM), as well as their elonga-
tion under different load conditions. Zaffagnini 
et al. [ 20 ] analysed also the exact orientation of 
PCL fi bres by means of a computer method, thus 
focusing on PCL—and its anterolateral (AL) and 
posteromedial (PM) bundles—role in knee kine-
matics (Fig.  5.10 ).
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  Fig. 5.9    Isometry maps for 
tibial and femoral ACL 
insertions, with the high-
lighted position of the tunnels 
in double- bundle 
reconstruction       

   Zaffagnini et al. [ 20 ] specifi cally reported that 
the anterolateral (AL) and posteromedial (PM) 
bundles of the PCL showed an increasing angle 
with respect to the tibial plateau during fl exion 
and a statistically signifi cant difference between 
them (Fig.  5.11 ). PCL bundles showed similar 
orientation with respect to the femur and varied 
14° average during fl exion; that study also mea-
sured 84° twisting of PCL bundles during passive 
range of motion.

   Moreover they found that in each specimen, 
AL and PM fi bres behave differently for what 
concerned fi bres elongations; in fact the AL bun-
dle elongates by 25 ± 11 % average in fl exion 
with respect to its length in extension, while the 

PM bundle slackens by 4.5 ± 4 % during fl exion 
(Fig.  5.12 ).

   Summarising the data Zaffagnini et al. [ 20 ] 
acquired and analysed from a biomechanical 
point of view could provide new information for 
a better understanding of the global kinematic 
behaviour of the PCL and knee joint as well as to 
ensure a more physiologic PCL reconstruction.  

5.1.2.3     MPFL 
 Retinacular restraints have a critical role in patel-
lar tracking, limiting the movement of the patella 
in the trochlear groove. The medial patellofemo-
ral ligament (MPFL) is one of the well- recognised 
primary static stabiliser of lateral patellar dislo-

  Fig. 5.10    Posterior cruciate ligament (PCL) fi bres behaviour acquired by the CAS system during a passive range of 
motion. Anterolateral (AL) and posteromedial (PM) bundles are highlighted with different colours       
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cation and is always found to be defi cient or rup-
tured in acute and chronic cases of patellar 
dislocation [ 17 ]. At present few studies are 
focused on MPFL role on patellofemoral kine-
matics and patellar stability. 

 In a recent work, Zaffagnini et al. [ 25 ] anal-
ysed in an in vitro study the infl uence of the 
MPFL on the function of the patellofemoral joint 
and patellar stability, from a biomechanical point 

of view, using a nonimage-based navigation sys-
tem and integrating anatomical and kinematics 
data (Fig.  5.13 ).

   They specifi cally reported that the MPFL- 
intact state showed a patellar shift in medial 
direction during the fi rst degrees of knee fl ex-
ion—which disappeared in MPFL-cut condi-
tion—followed by a lateral shift, similar to that of 
MPFL-cut condition. Tilt analysis showed that 
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patella is rotated laterally until 85° of knee fl ex-
ion for intact MPFL condition and until 70° for 
MPFL-cut condition and after rotated medially. 
Static tests showed that patellar stability was sig-
nifi cantly affected by MPFL-cut condition in par-
ticular at 30° and 60°. A good simulation of the 
MPFL fi bres behaviour is reported in Fig.  5.14 .

   They concluded that MPFL has an aponeu-
rotic nature, thus it works as a restraint during 
motion, with an active role under high stress on 
lateral side, but with a small contribution during 
neutral knee fl exion. Its biomechanical behaviour 
under loading conditions should be kept into 
account when performing surgical reconstruction 
of this ligamentous structure. 

 In fact, since the importance of MPFL in 
patellar stability has been documented, several 
authors have studied also its anatomic recon-
struction, either as an isolated procedure or com-
bined with other patellofemoral surgery. 
Ntagiopoulos et al. [ 17 ] specifi cally evaluated 
the biomechanical results from the in vitro 
reconstruction of MPFL using a navigation-
assisted technique on a cadaveric model and its 
effects on patellar stability and kinematics 
(Fig.  5.15 ).

   The authors investigated the hypothesis that 
patellar kinematics after reconstruction with a 
tubular graft are not optimal when compared 
with the original fan-shaped MPFL. They found 
that there was a comparable medial to lateral 
patellar translation and tilting of the patella in the 
MPFL- intact and the MPFL-reconstructed state. 
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mean of the eight knees [ 20 ]       

  Fig. 5.13    Cadaver laboratory setup for MPFL and patel-
lofemoral kinematic analysis [ 25 ]       

 

 

5 3D Anatomy Versus Arthroscopy Versus Navigation



58

Static patellar translation in the MPFL-
reconstructed state, with and without the applica-
tion of load, was comparable to patellar 
translation in the MPFL-intact state. The dynamic 
patellofemoral shift kinematics recorded an 
under-constraint in early fl exion and over-con-
straint in late fl exion, while an opposite effect 
was recorded in patellar tilt. However, these dif-
ferences were not  statistically signifi cant. 

 This study confi rmed the major role of the MPFL 
in case of medial loading between 0° and 60°, by 
focusing on the kinematic importance of identifying 
the proper femoral point for fi xation. While the 
study demonstrates the importance of kinematic 
determination of the proper femoral point of fi xa-
tion, the anatomical insertion remains diffi cult to 
identify. Even in dissected cadavers, the authors 
recorded a slightly anterior placement than native 
MPFL. After reconstruction, patellar stability in 
terms of lateral translation and tilt was similar to the 
intact MPFL, but patellar kinematics were not opti-
mal with the use of a smaller and tubular graft than 
the native wider and fan-shaped MPFL (Fig.  5.16 ).

5.1.3         Future Treatment Options 

5.1.3.1     In Vivo Evaluation 
of Patellofemoral Kinematics 
and Stability 

 The patellofemoral joint biomechanics is still 
under analysis, above all for what concerns its 
behaviour in in vivo conditions. The navigation 
systems could contribute to better understand 
the biomechanics behind this joint using  specifi c 
trackers (Fig.  5.17 ). This knowledge should 
then be reported to active movements as well.

  Fig. 5.14    Three-dimensional elaboration of the medial patellofemoral ligament (MPFL) and medial collateral ligament 
(MCL) insertions and simulated motion of its fi bres (1, 2, 3, 4) during a tibiofemoral fl exion       

  Fig. 5.15    Close-up of the performed MPFL reconstruc-
tion [ 17 ], superimposing bony and ligamentous structures 
acquired by the navigation system; superior ( light blue 
line ) and inferior ( dark blue arrow ) bundle; the used patel-
lar tracker is evident on the  left side        
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5.1.3.2        Forces Measurements During 
Intra-operative Clinical 
Examinations 

 At present most navigation systems have intro-
duced the ability to record knee joint kinematics, 
but to move forward, this remains the next step in 
intra-operative analysis and an open challenge 
for system developers, even if some researchers 
are working on it [ 2 ].  

5.1.3.3     Non-invasive Assessment 
of Knee Stability 

 Pivot-shift test seems to be the most relevant test 
in the analysis of knee rotational laxity. In the last 
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  Fig. 5.16    Global length of MPFL bundles and corresponding two-graft MPFL reconstruction       

  Fig. 5.17    Prototypal patellar tracker ( circle ) in an intra-
operative setup       
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years several efforts have been done in order to 
use non-invasive systems based on inertial [ 8 – 10 ] 
or image analysis [ 4 ] in quantifying pivot-shift 
test, thus allowing a quantitative assessment also 
in ambulatory setup, where CAS technology still 
has a lot to give.   

5.1.4     Take-Home Message 

 The navigation systems, based on an opto-
electronic localiser and combining specifi c 
functional- dedicated acquisition  software, can 
allow to perform a set of very different analy-
sis of knee joint kinematics, thus focusing on 
ligaments behaviour. These systems have been 
characterised and their clinical reliability veri-
fi ed. The CAS approach, with the combination of 
measuring knee kinematic properties, anatomical 
features, and allowing intra-operative standard 
clinical tests, helped both to improve our knowl-
edge on the knee joint biomechanics and to dis-
tinguish between healthy and pathological knees 
in in vivo conditions, supporting the surgery. 
The development of the kinematic approach has 
showed its huge potentiality and has been con-
tributing in signifi cant manner to several research 
works in different clinical fi eld; specifi cally the 
functional methodology was successfully used in 
the analysis of the comparison between the out-
comes of different ligamentous reconstructions.   

5.2     3D Stereoscopy 
and Arthroscopic Anatomy 
of the Knee: Portal Toward 
the Future 

5.2.1     Introduction 

 ‘Why looking through a hole when you can open 
the door’. This sentence has been widely used in 
the past by sceptics referring themselves to fi rst 
steps of a new surgical technique to indirectly 
observe, magnify and operate joints: arthroscopy. 
Since the pioneers as Takagi, Bircher, Nordentoft 
and Watanabe, arthroscopy has grown and con-
quered a main role into orthopaedic surgery, 

improving our knowledge regarding anatomy, 
functional anatomy and surgical techniques. Less 
morbidity and invasivity are concepts that have 
married arthroscopic surgery since the beginning, 
reaching in the third millennium, outcomes that 
were unthinkable 20 years ago. 

 Optical and digital technology played a main 
role to support and improve the visualisation and 
magnifi cation of the anatomical structures 
observed and eventually treated by arthroscopy. 
We started watching directly on the back of the 
optic, through the analogic cameras and video to 
the modern HD systems. With a power of magni-
fi cation up to 30 times, we are able to better dis-
criminate anatomy and move with higher 
precision inside the joints. Limits of arthroscopy 
are the closed fi eld of action (inner joint), poor 
visualisation of ligaments and tendons lying on 
the outer aspect of the joint capsule and visualisa-
tion of fl at images, decreasing the perception of 
the deepness of the different layers. 

 Technology is moving fast: we are already 
able to record and view anatomy and surgical 
procedures with 3D stereoscopic technology. 
This is based on the human system of vision: two 
eyes, two optic devices. If we use two cameras or 
a camera with two lenses, we can reproduce the 
stereoscopic view recording a left and right image 
and putting it on a dedicated monitor with a par-
ticular refresh rate. These devices represent a ter-
rifi c step forward into the fi eld of teaching/
learning anatomy, surgical approaches and 
 procedures. The commercialisation of the 3D 
monitor for desktop and laptop computer will 
give us the opportunity to build e-learning plat-
forms based on this technology. 

 The question is if this technology can be 
applied to arthroscopy. We know that advanced 
projects for laparoscopy with stereoscopic optic 
devices are available on the market. Patents for 
stereoscopic arthroscopy have been registered 
but without any commercial or scientifi c use. 
Development of stereoscopic arthroscopy might 
remove the limit of two-dimensional visualisa-
tion allowing a proper discrimination of the fi eld 
deep. Surgical procedure might be executed more 
precisely and even intra-articular measuring and 
probing. 
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 We can already get 3D stereoscopic still images 
by arthroscopy. Recording a left and right still pic-
ture of a same frame is not diffi cult; dedicated soft-
ware is capable to elaborate a stereoscopic image. 
   This process is useful for arthroscopic anatomy 
comprehension and joined to 3D stereoscopic 
open anatomy pictures, representing a powerful 
tool for education and learning. 

 The aim of this section of ICL is to show the 
potentiality of this technology confronting 3D 
stereoscopic and fl at images by arthroscopy and 
open anatomy from standard and accessory por-
tals of the knee.  

5.2.2     3D Stereoscopic Imaging 

 Human beings, like most other creatures, are 
equipped with two eyes, situated close together 
and side by side. This positioning means that 
each eye has a view of the same area from a 
slightly different angle. You can check this out by 

focusing on a distant object and viewing through 
each eye alternately—see how some things seem 
to change position slightly. The brain takes the 
information from each eye and unites them into 
one picture, interpreting the slight differences 
between each view as  depth . This produces a 
three-dimensional picture: one with height, width 
and depth (Fig.  5.18 ).

   With stereoscopic vision, we see exactly 
where our surroundings are in relation to our own 
bodies, usually with considerable precision. We 
are particularly good at spotting objects that are 
moving toward or away from us, and the posi-
tioning of our eyes means we can see partially 
around solid objects without needing to move our 
heads. Anatomically, there are three levels of bin-
ocular vision required to view stereo images:
    1.    Simultaneous perception   
   2.    Fusion (binocular ‘single’ vision)   
   3.    Stereopsis     

 These functions develop in early childhood. 
Some people who have strabismus disrupt the 

Right eye viewLeft eye view

Original image

Both views are merged
in the brain to form a

single image

  Fig. 5.18    How the brain 
elaborates images from left 
and right eye       
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  Fig. 5.19    Two video cameras for recording two streams 
( left  and  right )       

a

b

  Fig. 5.20    ( a ) Dedicated camera with two optics for 
recording one multi-format streaming. ( b ) Consumer 
video and photo camera with two optics       

development of stereopsis; however, orthoptics 
treatment can be used to improve binocular 
vision. A person’s stereoacuity determines the 
minimum image disparity they can perceive as 
depth. It is believed that approximately 12 % of 
people are unable to properly see 3D images, due 
to a variety of medical conditions. According to 
another experiment up to 30 % of people have 
very weak stereoscopic vision preventing them 
from depth perception based on stereo disparity. 
This nullifi es or greatly decreases immersion 
effects of stereo to them. 

 The process of recording and reproducing the 
world with stereoscopic 3D vision starts obtain-
ing a left and a right frame like the eyes do. We 
can use two separate cameras (Fig.  5.19 ) or dedi-
cated cameras with built-in double optic system, 
usually at the same focal distance of the human 
eyes (6.5 cm) (Fig.  5.20a, b ).

    Technology is moving faster and faster to 
develop hardware that could trick human brain 
reproducing perception of 3D stereoscopic vision 
on fl at surfaces (monitor, television, cinema 
screen). The method is based on giving to eyes/
brain right and left images with a particular 
frame rate or activating right and left eye 
alternatively. 

 There are two categories of 3D viewer tech-
nology, active and passive. Active viewers have 
electronics which interact with a display. Passive 
viewers fi lter constant streams of binocular input 
to the appropriate eye. 

5.2.2.1     Active 
   Shutter Systems 
 A shutter system works by openly presenting the 
image intended for the left eye while blocking the 
right eye’s view, then presenting the right-eye 
image while blocking the left eye, and repeating 
this so rapidly that the interruptions do not interfere 
with the perceived fusion of the two images into a 
single 3D image. It generally uses liquid crystal 
shutter glasses. Each eye’s glass contains a liquid 
crystal layer which has the property of becoming 
dark when voltage is applied, being otherwise 
transparent. The glasses are controlled by a timing 
signal that allows the glasses to alternately darken 
over one eye, and then the other, in synchronisation 
with the refresh rate of the screen (Fig.  5.21 ).

5.2.2.2         Passive 
   Polarisation Systems 
 To present stereoscopic pictures, two images are 
projected superimposed onto the same screen 
through polarising fi lters or presented on a display 
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with polarised fi lters. For projection, a silver screen 
is used so that polarisation is preserved. The viewer 
wears low-cost eyeglasses which also contain a 
pair of opposite polarising fi lters. As each fi lter 
only passes light which is similarly polarised and 
blocks the opposite polarised light, each eye only 
sees one of the images, and the effect is achieved.  

   Interference Filter Systems 
 This technique uses specifi c wavelengths of red, 
green and blue for the right eye and different 
wavelengths of red, green and blue for the left 
eye. Eyeglasses which fi lter out the very specifi c 
wavelengths allow the wearer to see a full-colour 
3D image. It is also known as  spectral comb fi l-
tering or wavelength multiplex visualisation or 
super-anaglyph . Dolby 3D uses this principle.  

   Colour Anaglyph Systems 
 Anaglyph 3D is the name given to the stereo-
scopic 3D effect achieved by means of encoding 
each eye’s image using fi lters of different (usu-
ally chromatically opposite) colours, typically 
red and cyan. Anaglyph 3D images contain two 
differently fi ltered coloured images, one for each 
eye. When viewed through the ‘colour-coded 
anaglyph glasses’, each of the two images reaches 
one eye, revealing an integrated stereoscopic 
image. The visual cortex of the brain fuses this 
into perception of a three-dimensional scene or 
composition (Fig.  5.22 ).

      Chromadepth System 
   ChromaDepth Glasses with Prism-Like Film 
 The ChromaDepth procedure of American Paper 
Optics is based on the fact that with a prism, 
colours are separated by varying degrees. The 
ChromaDepth eyeglasses (Fig.  5.23 ) contain spe-
cial view foils, which consist of microscopically 
small prisms. This causes the image to be trans-
lated a certain amount that depends on its colour. 

a b

Left eye image
display

Right eye image
display

On Off Off On

  Fig. 5.21    ( a ,  b ) Mixed left and right frames ( a ) are sent alternatively to the right and left eye by glasses synchronised 
with the monitor (active glasses)       

  Fig. 5.22    Anaglyph 3D glasses       

  Fig. 5.23    ChromaDepth 3D glasses       

 

 

 

5 3D Anatomy Versus Arthroscopy Versus Navigation



64

If one uses a prism foil now with one eye but not 
on the other eye, then the two seen pictures—
depending upon colour—are more or less widely 
separated. The brain produces the spatial impres-
sion from this difference. The advantage of this 
technology consists above all of the fact that one 
can regard ChromaDepth pictures also without 
eyeglasses (thus two dimensional) problem-free 
(unlike with two-colour anaglyph). However, the 
colours are only limitedly selectable, since they 
contain the depth information of the picture. If 
one changes the colour of an object, then its 
observed distance will also be changed.

       Over/Under Format 
 Stereoscopic viewing is achieved by placing an 
image pair one above one another. Special view-
ers are made for over/under format that tilts the 
right eyesight slightly up and the left eyesight 
slightly down. The most common one with mir-
rors is the View Magic. Another with prismatic 
glasses (Fig.  5.24 ) is the KMQ viewer. A recent 
usage of this technique is the openKMQ project.

   A step beyond is represented by systems that 
do not need any glasses or ‘interface’ to trick the 
brain vision. These systems are going to  substitute 
the glasses-mediated devices into the near future.  

   Autostereoscopy 
 Autostereoscopic display technologies use optical 
components in the display, rather than worn by the 
user, to enable each eye to see a different image. 
Because headgear is not required, it is also called 

‘glasses-free 3D’. The optics split the images 
directionally into the viewer’s eyes, so the display 
viewing geometry requires limited head positions 
that will achieve the stereoscopic effect. 
Automultiscopic displays provide multiple views 
of the same scene, rather than just two. Each view 
is visible from a different range of positions in 
front of the display. This allows the viewer to 
move left to right in front of the display and see the 
correct view from any position. The technology 
includes two broad classes of displays: those that 
use head tracking to ensure that each of the view-
er’s two eyes sees a different image on the screen 
and those that display multiple views so that the 
display does not need to know where the viewer’s 
eyes are directed. Examples of autostereoscopic 
displays technology include lenticular lens, paral-
lax barrier, volumetric display, holography and 
light fi eld displays. The Nintendo 3DS uses paral-
lax barrier autostereoscopy to display a 3D image.  

   Holography 
 Laser holography, in its original ‘pure’ form of 
the photographic transmission hologram, is the 
only technology yet created which can reproduce 
an object or scene with such complete realism 
that the reproduction is visually  indistinguishable 
from the original, given the original lighting 
conditions [citation needed]. It creates a light 
fi eld identical to that which emanated from the 
original scene, with parallax about all axes and a 
very wide viewing angle. The eye differentially 
focuses objects at different distances, and sub-
ject detail is preserved down to the microscopic 
level. The effect is exactly like looking through 
a window. Unfortunately, this ‘pure’ form 
requires the subject to be laser-lit and  completely 
motionless—to within a minor fraction of the 
wavelength of light—during the photographic 
exposure, and laser light must be used to prop-
erly view the results. Most people have never 
seen a laser-lit transmission hologram. The types 
of holograms commonly encountered have seri-
ously compromised image quality so that ordi-
nary white light can be used for viewing, and 
non-holographic intermediate imaging processes 
are almost always resorted to, as an alternative 
to using powerful and hazardous pulsed lasers, 
when living subjects are photographed. 

  Fig. 5.24    KMQ stereo prismatic viewer with openKMQ 
plastics extensions       
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 Although the original photographic processes 
have proven impractical for general use, the 
combination of computer-generated holograms 
(CGH) and optoelectronic holographic displays, 
both under development for many years, has the 
potential to transform the half-century-old pipe 
dream of holographic 3D television into a reality; 
so far, however, the large amount of calculation 
required to generate just one detailed hologram 
and the huge bandwidth required to transmit 
a stream of them have confi ned this technology 
to the research laboratory.   

5.2.2.3     Laser Plasma Volumetric 
Display 

   Volumetric Displays 
 Volumetric displays use some physical mecha-
nism to display points of light within a vol-
ume. Such displays use voxels instead of pixels. 
Volumetric displays include multiplanar displays, 
which have multiple display planes stacked up, 
and rotating panel displays, where a rotating 
panel sweeps out a volume. 

 Other technologies have been developed to 
project light dots in the air above a device. An 
infrared laser is focused on the destination in 
space, generating a small bubble of plasma which 
emits visible light.  

   Integral Imaging 
 Integral imaging is an autostereoscopic or multi-
scopic 3D display, meaning that it displays a 3D 
image without the use of special glasses on the part 
of the viewer. It achieves this by placing an array of 
microlenses (similar to a lenticular lens) in front of 
the image, where each lens looks different depend-
ing on viewing angle. Thus rather than displaying a 
2D image that looks the same from every direction, 
it reproduces a 4D light fi eld, creating stereo images 
that exhibit parallax when the viewer moves.  

   Wiggle Stereography 
 Wiggle stereoscopy is an image display tech-
nique achieved by quickly alternating display of 
left and right sides of a stereogram and found in 
animated GIF format on the web. Online exam-
ples are visible in the New York Public Library 
stereogram collection. The technique is also 
known as ‘Piku-Piku’.    

5.2.3     3D Stereoscopic Imaging 
of the Knee 

 Comprehension of knee anatomy starts with 
reading books, papers and anatomic tables and 
proceeds with direct observation on cadavers and 
in vivo on patients involved in surgical proce-
dures. Working on cadavers represents the best 
learning experience, but it is not costless and in 
some country not easily accessible. Specifi c 
cadaver labs allow us to learn surgical technique 
and improve our anatomic knowledge as well as 
our handy skill with instruments and procedures. 
But if we limit our experience to the simple 
observation of the knee anatomy, 3D stereo-
scopic imaging is a promising tool for teaching/
learning anatomy and surgical procedures. This 
technology is founded on digital  electronics and, 
for this peculiarity, is available everywhere car-
ried by web, fl ash memories, optical discs or any 
digital recording device. Live and relive surgery 
could be showed by 3D stereoscopic beamers 
giving to the audience a deeper immersion and 
feedback. 

 In this paragraph we are going to meet 3D ste-
reoscopic images of the knee anatomy recorded 
at University of Barcelona and arthroscopic 
images of the knee elaborated by software and 
transformed into stereoscopic images (anaglyph 
green-cyano). 

5.2.3.1    MPFL 
 Medial patellofemoral ligament has attracted a 
lot of research for developing less invasive but 
more effi cient techniques of reconstruction. 
Anatomical studies are fundamental in defi ning 
the exact origin and insertion of this ligament 
(Figs.  5.25a, b ,  5.26a, b  and  5.27a, b ).

5.2.3.2         ACL (Figs.  5.28 ,  5.29  and  5.30 ) 

5.2.3.3           3D Stereoscopic Images 
by Arthroscopy 

    Knee joint has the biggest volume allowing us to 
create and access numerous portals for arthros-
copy. Scoping the knee with different optic 
degrees (30°, 45° and 70°) and taking advantage 
of the cone view (optic rotation) allow us to 
reach the whole inner surface of the joint. Thus, 
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a b

  Fig. 5.26    Medial aspect of the knee, fl exion 45° ( a ) and same stereoscopic frame (   b ) (anaglyph g-c)       

a b

  Fig. 5.27    Medial aspect of the knee, fl exion 90° ( a ) and same stereoscopic frame ( b ) (anaglyph g-c)       

a b

  Fig. 5.28    Front-up view of the anterior aspect of the knee, fl exion 90° ( a ) and same stereoscopic frame ( b ) (anaglyph 
g-c)       

a b

  Fig. 5.25    Medial aspect of the knee, full extension ( a ) and same stereoscopic frame ( b ) (anaglyph g-c)       
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a

c

b

  Fig. 5.29    Front view of the anterior aspect of the knee, fl exion 90° ( a ) AL and PL ( b ) band of ACL ( c )       

a b

  Fig. 5.30    Posterior aspect of the knee, full extension, showing the femoral origin of ACL ( a ) and same stereoscopic 
frame ( b ) (anaglyph g-c)       

we can see and touch directly and indirectly the 
ligamentous structures of the deepest layer of 
the knee. 

 The following images show the potential 
power as didactic and practical instrument of 3D 
stereoscopic arthroscopy (Figs.  5.31 ,  5.32 ,  5.33 , 
 5.34  and  5.35 ).

5.2.4             Portal Toward the Future 

 Even though projects and patents for a 3D optics 
for arthroscopy already exist (Fig.  5.36 ), the use 
of this new technology seems to be reserved to 
laparoscopy and surgical endoscopy in general, 
but not arthroscopy.
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  Fig. 5.32    ACL graft from AL portal and same stereoscopic frame (anaglyph g-c)       

  Fig. 5.33    ACL from AL portal and same stereoscopic frame (anaglyph g-c)       

  Fig. 5.31    ACL graft from AM portal and same stereoscopic frame (anaglyph g-c)       
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  Fig. 5.34    Popliteus tendon from high-AL portal and same stereoscopic frame (anaglyph g-c)       

  Fig. 5.35    Patella from AL portal and same stereoscopic frame (anaglyph g-c)       

   We started with a European project (Fig.  5.37 ) 
to build a complete arthroscopic set based on ste-
reoscopic technology. We hope to contribute to a 
better knowledge, comprehension and utilisation 
of arthroscopic surgery.

   3D stereoscopic imaging is not only entertain-
ment: reproducing reality in remote sites 

(cinema, TV, monitor, etc.) can really improve 
our knowledge, surgical skill and procedures’ 
precision. 

 Arthroscopy has been a terrifi c advancement 
for orthopaedic surgery in the last decades. It will 
keep this role driving and driven by new 
technologies.      
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Light source

Optics

  Fig. 5.37    Stereoscopic optics 3D for arthroscopy (Courtesy of G. Camillieri)       
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6.1            Anatomy and Biomechanics 
of the Mid-substance 
and Fan-like Extension 
Fibres of the Femoral ACL 
Attachment 

    Kazunori     Yasuda   

6.1.1         Functional Anatomy of the 
Femoral Attachment Fibres 
of the ACL [ 14 ] 

     1.    The ACL has two types of attachment margins. 
One is the relatively narrow oval attachment 
margin of the mid-substance (MS) fi bres of 
ACL, and the other is the broader attachment 
margin of the “fan-like extension(FLE)” fi bres, 
which extend from the MS fi bres and broadly 
spread out on the posterior condyle [ 10 ,  15 ].   

   2.    At the full extension position, the FLE fi bres, 
which appear to be thin and coarse, are aligned 
parallel to the intercondylar roof without 
curving. The distinct border between the MS 
and FLE fi bres cannot be identifi ed.   

   3.    At 15° and 30° of knee fl exion, the border between 
the MS fi bres and the FLE fi bres becomes obvi-
ous. At 45° and 60° of knee fl exion, the curving of 
the ACL fi bres becomes an obvious fold. At 90° 
the whole fold becomes deeper.   

   4.    Because the FLE fi bres are adhered to the 
bone surface, the fi bre location and orienta-
tion in relation to the femoral surface do not 
change, regardless of the knee fl exion angle, 
while the orientation of the MS fi bres in rela-
tion to the femur changes during knee motion. 
These two different structures form the fold 
at the border between the MS fi bres and the 
FLE fi bres.      

6.1.2     Histologic Observation 
of the MS and FLE Fibres [ 14 ] 

     1.    At the full extension position, the thin FLE 
fi bres, which extend from the MS fi bres, are 

widely attached to the postero-proximal 
aspect of the lateral condyle.   

   2.    At 120° of knee fl exion, a fold is observed in 
the MS fi bres several millimetres from the 
bone surface. The thin FLE fi bres are adhered 
to the bone surface in the same manner as 
observed in the full extension position.   

   3.    The insertion of the MS fi bres involves a car-
tilaginous zone, which is regarded as the 
direct insertion. The FLE fi bres directly attach 
onto the bone without forming a transitional 
cartilaginous zone, which is regarded as the 
indirect insertion.      

6.1.3     Discussion 

     1.    These above-described results suggest that the 
load distribution mechanism from the ACL 
mid-substance to the femur is more complex 
than the previously thought.   

   2.    As for clinical relevance of this study, it is 
considered to be diffi cult to reconstruct the 
natural function of the FLE fi bres by creating 
a tunnel in the attachment area of the fan-like 
extension fi bres, although such tunnel cre-
ation is recommended in a few clinical papers. 
On the other hand, the MS fi bres can be recon-
structed by creating a tunnel at the femoral 
and tibial ends of the AM or PL bundle.   

   3.    Our recent biomechanical study (submitted) 
showed that, at the full extension position, a part 
of the force applied to the MS fi bres was distrib-
uted to the FLE fi bres. However, when the knee 
was fl exed, the force was not distributed to the 
FLE fi bres due to the presence of the fold. 
Therefore, it is considered to be of less value to 
reconstruct the fan-like extension fi bres.   

   4.    What should be anatomically reconstructed in 
“Anatomic ACL reconstruction”? Since 2004, 
we have emphasized that we should anatomi-
cally reconstruct the MS fi bres of the AM and 
PL bundles, which can be seen in the intercon-
dylar space [ 25 ]. The above-described facts 
suggest that to reconstruct the function of the 
MS fi bres as physiologically as possible, the 
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two femoral tunnels should be created at the 
centre of each MS fi bre attachment.       

6.2     Ribbon-like Anatomy 
of Mid-substance and Tibial 
Crescent-Shaped ACL 
Insertion 

    Robert     Śmigielski       

 Introduction: Previous publications described the 
shape of the ACL tibial insertion to be oval, 
regardless the concept of single- or double- 
bundle anatomy. The purpose of this anatomical 
study was to evaluate the macroscopic appear-
ance of the tibial ACL insertion and the ACL 
mid-substance. 

 Methods: The tibial insertion of the ACL 
and its mid-substance was dissected in 111 
human fresh frozen cadaver knees and the 
shape was described. The anatomical fi ndings 
were  documented on digital photographs as 
well as on video. Detailed anatomical mea-
surements were taken. 30 knees were sent for 
computed tomography (CT) and magnetic reso-
nance imaging (MRI). 

 Results: We observed a fl at ribbon-like struc-
ture of the ACL within its mid-substance. The 
tibial insertion was a continuation of that fl at rib-
bon appearance in the shape of a crescent. We 
observed three main types of the shape of tibial 
insertion site: C-type (67 % of knees), J-type 
(24 %) and Cc-type (9 %). The fi bres of the ACL 
tibial footprint surrounded the attachment of the 
anterior horn of the lateral meniscus. 3D CT and 
MRI examination confi rmed above fi ndings. 

 Discussion: This is a detailed anatomical 
study describing the ribbon-like structure of 
the ACL from its mid-substance to the tibial 
attachment. The shape of the ACL was found 
to be wide but thin resembling a ribbon, 
including its tibial insertion site, which was 
crescent shaped. 

 Conclusion: In our study the shape of ACL 
tibial insertion site and mid-substance differs 

from previous studies and these fi ndings may 
change the approach to anatomical ACL 
reconstruction.  

6.3     Consequences of Ribbon- like 
ACL Anatomy for ACL 
Reconstruction Using 
Hamstrings 

    Rainer     Siebold   

      There is rising evidence from anatomical studies 
that the tibial and femoral direct insertions of the 
mid-substance fi bres of the ACL are long but nar-
row. On the femoral side the mean length and 
width are reported to be 16 mm and 4–5 mm, 
respectively [ 22 ]. On the tibial side the direct 
insertion of the mid-substance fi bres is crescent 
shaped showing a similar length and width like 
on the femur (see Smigielski et al. above). The 
direct mid- substance ACL fi bres fan out into tib-
ial and femoral indirect insertion fi bres [ 15 ,  19 , 
 22 ]. The mid-substance of the ACL resembles a 
“ribbon-like” fl at structure [ 15 ,  22 ]. 

 Sasaki et al. [ 19 ] concluded from microscopic 
evaluations of the femoral ACL insertion that 
whereas the indirect insertion plays a role as a 
dynamic anchorage of soft tissue to bone  allowing 
certain shear movements, the strength of anchor-
ing is weaker than the direct insertion. Therefore 
the authors recommend to make the femoral tun-
nel on the direct insertion. Mochizuki et al. [ 15 ] 
concluded from their anatomical study that it is 
diffi cult to reconstruct the natural fan- like (indi-
rect) extension fi bres by creating a tunnel at the 
femoral and tibial ends of each fi bre bundle, 
although the mid-substance fi bres can be recon-
structed by such procedures. 

 In a previous study on ACL footprint recon-
struction, we could show that the type of ACL 
reconstruction does strongly infl uence the shape 
of the reconstructed footprint and ACL mid- 
substance [ 21 ]: The fl at confi guration of the ACL 
including its direct insertion sites cannot be ana-
tomically reconstructed by a round SB ACL 
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reconstruction with hamstrings. The recon-
structed footprint and mid-substance ligament 
will usually be too wide but not long enough. A 
fl at and long reconstruction of the mid-substance 
including its direct insertion sites may only be 
achieved a double-bundle reconstruction. In this 
case the reconstruction is less wide but longer 
[ 21 ]. A fl at but wide patella tendon or quadriceps 
tendon graft may be a good alternative too. 

 In conclusion the fi ndings of a fl at ACL liga-
ment will change our surgical approach to ACL 
reconstruction. A fl at but long reconstruction of 
both insertion sites is more anatomical. When 
using hamstrings a DB ACL reconstruction 
seems to be the better choice to achieve this goal.  

6.4     Alternatives for ACL 
Reconstruction Using Patella 
Tendon or Quadriceps 
Tendon 

       Christian     Fink        

 In the 1990s patellar tendon bone-tendon-bone 
(BTB) autograft was termed the “gold standard” 
for anterior cruciate ligament (ACL)  reconstruction 
[ 20 ]. Since 2000 hamstring grafts have become more 
popular [ 18 ]. Until today the graft choice for ACL 
reconstruction remains still a controversial matter. 
In a recent meta-analysis [ 16 ,  18 ], patellar tendon 
and hamstring grafts did not show signifi cant differ-
ences in the clinical outcome – with hamstring grafts 
associated with slightly less morbidity and patellar 
tendon grafts with slightly better results for laxity. 

 While many knee surgeons use the quadriceps 
tendon (QT) as a graft for ACL revision surgery 
[ 7 ], it has never achieved universal acceptance for 
primary ACL reconstruction. Long-term outcomes 
over 20 years are documented for BTB grafts [ 5 ,  9 , 
 12 ], whereas QT has been for a long time by far 
the least-studied autograft. However, during the 
last years QT gained increasing interest amongst 
orthopaedic surgeons, and in several studies QT 
was found to be a viable and reliable graft with 
minimal donor site morbidity [ 1 – 6 ,  8 ,  11 ,  17 ]. 

 In comparison to hamstring grafts, patellar 
tendon and QT are more predictable when it 

comes to graft dimensions. Especially the QT is 
extremely versatile with respect to length and 
diameter [ 13 ,  23 ,  24 ]. 

 The potential reason why QT has had little 
attention as a primary ACL graft source is that 
QT graft harvest is technically more demanding 
and a scar on the thigh cosmetically less favour-
able. With the use of a minimally invasive har-
vesting technique, these issues can be markedly 
reduced [ 6 ]. Adapting the geometry of the bone 
tunnel (squared tunnels versus round tunnels), 
the biomechanics of the BTB and QT reconstruc-
tion can be further improved [ 6 ]. 

 Therefore we think that QT is becoming an 
increasingly attractive graft for primary ACL 
reconstruction and BTB will continue to play its 
role as a reliable graft choice.  

6.5     Outcome of Randomized 
Controlled Trials Comparing 
Double-Bundle to  Single- 
Bundle ACL Reconstruction 

    Timo     Järvelä       

 According to the 21 prospective randomized studies 
found from the English literature and published so 
far, six studies (29 %) did not fi nd any signifi cant 
differences in the clinical results between double-
bundle and single-bundle ACL reconstructions. 
However, 15 studies (71 %) reported signifi cantly 
better results with the double- bundle technique than 
with the single- bundle technique. Nine of these tri-
als reported better rotational stability, seven trials 
noted better anterior stability, three trials showed 
better objective knee scores, three trials had better 
subjective knee scores, four trials had fewer graft 
failures, one trial less tunnel enlargement, and one 
trial was found to have less degenerative changes in 
the knee joint with double-bundle technique com-
pared to the single-bundle technique. In addition, 
none of the studies found that the single- bundle 
technique had better results in any of these evalua-
tions than the double-bundle technique. 

 All the above randomized, controlled trials 
comparing double-bundle and single-bundle ACL 
reconstruction are summarized in the Table  6.1 .
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   Table 6.1    Randomized controlled trials comparing double-bundle (DB) and single-bundle (SB) ACL reconstruction   

 Authors  Number of patients  Follow-up time  Results 

 Adachi    et al. [ 26 ]  108  2 months  No difference 
 Aglietti et al.  75  2 years  Better rotational and anterior stability in DB 

group 
 Aglietti et al.  70  2 years  Better anterior stability and subjective and 

objective knee scores in DB group 
 Järvelä  65  14 months  Better rotational stability in DB group 
 Järvelä et al.  77  2 years  Better rotational stability and fewer graft 

failures in DB group 
 Järvelä et al.  60  2 years  Less tunnel enlargement in DB group 
 Yagi et al.  60  1 year  Better rotational stability in DB group 
 Muneta et al.  68  2 years  Better rotational and anterior stability in DB 

group 
 Streich et al.  50  2 years  No difference 
 Siebold et al.  70  19 months  Better rotational and anterior stability and 

objective knee scores in DB group 
 Sastre et al.  40  2 years  No difference 
 Zaffagnini et al.  100  3 years  Better anterior stability and objective and 

subjective knee scores in DB group 
 Zaffagnini et al.  79  8 years  Better functional scores and fewer graft 

failures and less degenerative changes in DB 
group 

 Wang et al.  64  10 months  No difference 
 Ibrahim et al.  218  29 months  Better rotational and anterior stability in DB 

group 
 Suomalainen et al.  153  2 years  Fewer graft failures in DB group 
 Araki et al.  20  1 year  No difference 
 Fujita et al.  55  2 years  No difference 
 Hussein et al.  281  51 months  Better rotational and anterior stability in DB 

group 
 Lee et al.  42  2 years  Better rotational stability in DB group 
 Suomalainen et al.  90  5 years  Fewer graft failures in DB group 

         References 

          1.    Antonogiannakis E, Yiannakopoulos CK, Hiotis I, 
et al. Arthroscopic anterior cruciate ligament recon-
struction using quadriceps tendon autograft and bioab-
sorbable cross-pin fi xation. Arthroscopy. 2005;21:894.  

   2.    Barie A, Huber J, Streich NA. Implant-free replace-
ment of the anterior cruciate ligament – quadriceps 
tendon versus patellar tendon – long-term results of a 
prospective randomized clinical study. Knee Surg 
Sports Traumatol Arthrosc. 2012;20:34.  

   3.    Chen CH, Chuang TY, Wang KC, et al. Arthroscopic 
anterior cruciate ligament reconstruction with quadriceps 
tendon autograft: clinical outcome in 4–7 years. Knee 
Surg Sports Traumatol Arthrosc. 2006;14:1077–85.  

   4.    De Angelis JP, Fulkerson JP. Quadriceps tendon – a 
reliable alternative for reconstruction of the anterior 
cruciate ligament. Clin Sports Med. 2007;26:587–96.  

    5.    Eriksson E. Patellar tendon or quadriceps tendon 
grafts for ACL reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2007;15:1283.  

      6.    Fink C, Hoser C. Einzelbündeltechnik: Quadricepssehne 
in Portaltechnik. Arthroskopie. 2013;26:35–41.  

    7.    Garofalo R, Djahangiri A, Siegrist O. Revision ante-
rior cruciate ligament reconstruction with quadriceps 
tendon-patellar bone autograft. Arthroscopy. 
2006;22:205–14.  

    8.    Geib TM, Shelton WR, Phelps RA, et al. Anterior cru-
ciate ligament reconstruction using quadriceps tendon 
autograft: intermediate-term outcome. Arthroscopy. 
2009;25:1408–14.  

    9.    Gorschewsky O, Klakow A, Putz A, et al. Clinical 
comparison of the autologous quadriceps tendon 
(BQT) and the autologous patella tendon (BPTB) for 
the reconstruction of the anterior cruciate ligament. 
Knee Surg Sports Traumatol Arthrosc. 2007;15:
1284–92.  

6 ICL: Anatomy of the ACL and Reconstruction



78

    10.         Hara K, et al. Anatomy of normal human anterior cru-
ciate ligament attachments evaluated by divided small 
bundles. Am J Sports Med. 2009;37:2386.  

    11.    Hoeher J, Balke M, Albers M, et al. Anterior cruciate 
ligament (ACL) reconstruction using a quadriceps 
tendon autograft and press-fi t fi xation has equivalent 
results compared to a standard technique using semi-
tendinosus graft: a prospective matched-pair analysis 
after 1 year. Knee Surg Sports Traumatol Arthrosc. 
2012;20:147.  

    12.    Kim SJ, Kumar P, Oh KS. Anterior cruciate ligament 
reconstruction: autogenous quadriceps tendon-bone 
compared with bone-patellar tendon-bone grafts at 
2-year follow-up. Arthroscopy. 2009;25:137–44.  

    13.    Lippe J, Armstrong A, Fulkerson JP. Anatomic guide-
lines for harvesting a quadriceps free tendon autograft 
for anterior cruciate ligament reconstruction. 
Arthroscopy. 2012;28:980–4.  

     14.      Mochizuki T, Fujishiro H, Nimura A, 
Mahakkanukrauh P, Yasuda K, Muneta T, Akita K. 
Anatomic and histologic analysis of the mid-sub-
stance and fan-like extension fi bres of the ACL during 
knee motion, with special reference to the femoral attach-
ment. Knee Surg Sports Traumatol Arthrosc. 2014;22:
336–44.  

       15.    Mochizuki T, Muneta T, Nagase T, Shirasawa S, Akita 
KI, Sekiya I. Cadaveric knee observation study for 
describing anatomic femoral tunnel placement for 
two-bundle anterior cruciate ligament reconstruction. 
Arthroscopy. 2006;22(4):356–61.  

    16.      Mohtadi NG, Chan DS, Dainty KN, et al. Patellar ten-
don versus hamstring tendon autograft for anterior 
cruciate ligament rupture in adults. Cochrane 
Database Syst Rev. 2011;(9):CD005960.  

    17.    Mulford JS, Hutchinson SE, Hang JR. Outcomes for 
primary anterior cruciate reconstruction with the 
quadriceps autograft: a systematic review. Knee Surg 
Sports Traumatol Arthrosc. 2013;21:1882–8.  

     18.    Samuelsson K, Andersson D, Karlsson J. Treatment 
of anterior cruciate ligament injuries with special ref-
erence to graft type and surgical technique: an assess-
ment of randomized controlled trials. Arthroscopy. 
2009;25:1139–74.  

     19.    Sasaki N, Ishibashi Y, Tsuda E, Yamamoto Y, Maeda 
S, Mizukami H, Toh S, Yagihashi S, Tonosaki Y. The 
femoral insertion of the anterior cruciate ligament: 
discrepancy between macroscopic and histological 
observations. Arthroscopy. 2012;28(8):1135–46.  

    20.    Shelton WR, Fagan BC. Autografts commonly used 
in anterior cruciate ligament reconstruction. J Am 
Acad Orthop Surg. 2011;19:259–64.  

     21.    Siebold R, Schuhmacher P. Restoration of the tibial 
ACL footprint area and geometry using the Modifi ed 
Insertion Site Table. Knee Surg Sports Traumatol 
Arthrosc. 2012;20(9):1845–9.  

      22.      Smigielski R, et al. Ribbon concept of the anterior 
cruciate ligament. KSSTA J. 2013 (accepted for 
publication).  

    23.    Stäubli H, Schatzmann L, Brunner P, et al. Mechanical 
tensile properties of the quadriceps tendon and patel-
lar ligament in young adults. Am J Sports Med. 1999;
27:27–34.  

    24.       Xerogeanes JW, Mitchell PM, Karsev PA, et al. 
Anatomic and morphological evaluation of the quad-
riceps tendon using 3-dimensional magnetic reso-
nance imaging reconstruction: applications for 
anterior cruciate ligament autograft choice and pro-
curement. Am J Sports Med. 2013;41(10):2392–9.  

    25.   Yasuda K, et al. Anatomic reconstruction of the 
anteromedial and posterolateral bundles of the ante-
rior cruciate ligament using hamstring tendon grafts. 
Arthroscopy. 2004;20:1015.  

    26.   Adachi N, Ochi M, Uchio Y et al. Reconstruction of 
the anterior cruciate ligament. Single- versus double-
bundle multistranded hamstring tendons. J Bone Joint 
Surg Br. 2004;86:515–20.      

C. Fink et al.



79S. Zaffagnini et al. (eds.), ESSKA Instructional Course Lecture Book,
DOI 10.1007/978-3-642-53983-1_7, © ESSKA 2014

        P.   Adravanti ,  MD       
  Department of Orthopaedic Surgery, 
Clinic “Città di Parma”,    Parma,   Italy     

    B.  W.   Jakobsen       
  Orthopaedic Surgery, Aleris-Hamlet Private Hospitals,  
  Aarhus,   Denmark     

    R.  G.   Marx ,  MD     (*) 
  Orthopaedic Surgery, Hospital for Special Surgery, 
Weill Cornell Medical College,    New York,   USA  
 e-mail: marxr@hss.edu    

    D.  J.   Santone     •     D.  B.   Whelan       
  Division of Orthopaedic Surgery,  
 Department of Surgery, University of Toronto,  
  Toronto,   Canada     

    A.   Williams       
  Orthopaedics Unit, Fortius Clinic, and Chelsea 
and Westminster Hospital,    London ,  UK    

  7      How to Address Multi-ligament 
Injuries? 

              Paolo     Adravanti     ,     Bent     Wulff     Jakobsen    , 
    Robert     G.     Marx     ,     D.    J.     Santone    ,     D.    B.     Whelan,     
 and      Andy     Williams   

Contents

7.1 Initial Management 
of the Dislocated Knee ............................... 80

7.1.1 Introduction .................................................. 80
7.1.2 Classifi cation and Mechanism 

of Knee Dislocation ..................................... 80
7.1.3 Neurologic and Vascular Injuries 

Following Knee Dislocation ........................ 80
7.1.4 Emergency Evaluation and Management 

of the Dislocated Knee ................................. 81
7.1.5 Vascular Assessment .................................... 81
Conclusion ................................................................. 81

7.2 PCL Management in the 
Multi-ligament Injured Knee .................... 82

7.2.1 Introduction .................................................. 82

7.2.2 Anatomy....................................................... 83
7.2.3 Diagnosis ..................................................... 83
7.2.4 Management Strategies ................................ 83
7.2.5 Surgical Technique ....................................... 84

7.3 Instructional Course Lecture: 
Multi-ligament Knee Injuries ................... 85

7.3.1 Medial Collateral Ligament Injuries ............ 85

7.4 Managing Lateral Collateral 
Ligament and Posterolateral 
Corner Injuries .......................................... 88

7.4.1 LCL and Posterolateral 
Compartment Function ................................ 88

7.4.2 LCL and Posterolateral 
Corner Anatomy .......................................... 88

7.4.3 Evaluation of Lateral 
Compartment Injuries .................................. 89

7.4.4 Treatment Approaches ................................. 89
7.4.5 Complications .............................................. 90

7.5 Multi-ligament Injuries 
in Elite Athletes .......................................... 90

7.5.1 Background .................................................. 90
7.5.2 ‘Immediate’ Management ............................ 90
7.5.3 Early Management ....................................... 91
7.5.4 The Recovery ............................................... 92
7.5.5 Prognosis ...................................................... 92
7.5.6 Rehabilitation and Return to Sports 

after Multi-ligament Injuries ........................ 93
7.5.7 Swelling ....................................................... 93
7.5.8 Soft Tissue Stiffness ..................................... 93
7.5.9 Weight-Bearing Status ................................. 93
7.5.10 Strengthening ............................................... 93
7.5.11 Proprioceptive Control ................................. 94
7.5.12 Trunk/Pelvic Stability .................................. 94
7.5.13 Return to Sport ............................................. 94

References ................................................................. 94 

mailto:marxr@hss.edu


80

7.1           Initial Management 
of the Dislocated Knee 

    D.    B.     Whelan       and   D.    J.     Santone                        

7.1.1    Introduction 

 A knee dislocation – or disarticulation of the tib-
iofemoral articulation – is formally defi ned as an 
injury to three or more of the main stabilising 
ligaments around the knee, including both cruci-
ates [ 1 ]. This defi nition becomes necessary with 
the recognition that most knee dislocations spon-
taneously reduce prior to assessment. Although 
these injuries are rare, they can result in serious 
injury that can jeopardise the viability of the limb 
and/or the future stability of the knee. The assess-
ing physician should maintain a high suspicion 
for knee dislocation and the sequelae thereof for 
any high-energy trauma patient that presents to 
the trauma bay with an acute haemarthrosis and a 
normal x-ray [ 1 ].  

7.1.2    Classifi cation and Mechanism 
of Knee Dislocation 

 Knee dislocations can be classifi ed via several 
criteria: (1) mechanism of injury (high energy, 
low energy, ultra low energy), (2) acuity of 
presentation (acute = <3 weeks and chronic = 
>3 weeks), (3) direction of dislocation (based 
on the location of tibia relative to the femur 
– anterior, posterior, medial, lateral or rota-
tory) or (4) anatomically (based on the liga-
mentous structures torn on MRI) (Table  7.1 ) 
[ 2 ]. Traditionally the directional classifi cation 
was most popular, with anterior being the most 
commonly reported type followed by posterior. 
Anterior dislocations are usually the result of 
hyperextension injuries, whereas posterior 
dislocations are more often due to an anterior 
force on a fl exed knee driving the tibia posteri-
orly (typical ‘dashboard’ injury). Rotatory knee 
dislocations also occur and involve a combina-
tion of the aforementioned tibial displacement 
positions but were not well described by the 
directional system [ 2 ].

   More recently the anatomical classifi ca-
tion (originally proposed by Schenck and later 
 modifi ed by Wascher) has been widely adopted 
and is based on MRI-confi rmed ligamentous 
pathology [ 3 ]. This system is subdivided into fi ve 
subtypes. These are described in Table  7.2 .

7.1.3       Neurologic and Vascular 
Injuries Following Knee 
Dislocation 

 Due to the proximity of major neurovascular 
structures around the knee, dislocations can 
result in limb-threatening injury. Vascular 
injury (popliteal artery injury) occurs in 
10–40 % of knee dislocations particularly with 
anterior and posterior mechanisms [ 4 ]. The 
anatomy at the posterior aspect of the knee 
explains the predisposition to arterial injury. 
Fibrous tethering of the vessel at the adductor 
hiatus proximally and the soleal arch distally 
limits artery excursion during dislocation, caus-
ing injury with excessive anterior or posterior 
translation [ 5 ]. 

   Table 7.2    Schenck classifi cation of knee dislocations   

 Type  Description 

 KD I  Dislocation associated with multi-ligament 
injuries that do not include both cruciate 
ligaments (ACL/PCL + collateral) 

 KD II  Dislocations associated with bicruciate 
injury only (ACL + PCL, collaterals intact) 

 KD III L  ACL + PCL + LCL/PLC (MCL intact) 
 KD III M  ACL + PCL + MCL (LCL/PLC intact) 
 KD IV  Dislocations associated with tears of both 

cruciate ligaments and both posteromedial 
and posterolateral ligaments 

 KD V  Dislocation associated with a periarticular 
fracture 

   Table 7.1    Frequency of direction of knee dislocation   

 Direction of dislocation  Frequency of occurrence (%) 

 Anterior  40 
 Posterior  33 
 Lateral  18 
 Medial  4 

  Adapted from Rihn et al. [ 2 ]  
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 Neurologic injury following knee dislocation 
has been reported with frequencies of 10–35 %. 
The common peroneal is the most commonly 
injured nerve [ 6 ]. Similar to the popliteal artery, 
the peroneal nerve is tethered distally at the fi bu-
lar neck which may enhance the incidence of a 
traction injury during joint distraction [ 7 ]. The 
nerve is somewhat superfi cially positioned at the 
fi bular neck, and blunt trauma may also be a fac-
tor. The mechanism resulting in neurologic injury 
is most often a varus stress, whereas sagittal 
forces are more likely to contribute to  vascular 
injuries.  

7.1.4    Emergency Evaluation 
and Management 
of the Dislocated Knee 

 Knee dislocations are frequently the result of 
high-energy trauma, and thus patients should 
initially be managed according to the Advanced 
Trauma Life Support principles [ 8 ]. Concomitant 
life-threatening injuries to the head, chest and 
abdomen are the priority prior to the assessment 
of the dislocated joint. If a dislocation is present 
on the initial presentation in the emergency room 
and has not yet been reduced, then a thorough 
neurologic and vascular exam is completed and 
documented, followed by an urgent reduction of 
the knee under conscious sedation. Reduction 
most commonly follows the application of axial 
traction and extension of the joint. Sedation and 
anaesthetic also afford a thorough examination of 
joint laxity which can direct future treatment. 
A thorough neurovascular examination is then 
repeated and documented post reduction as is an 
assessment of the integrity of the soft tissue enve-
lope and extensor mechanism. 

 In rare circumstances, the joint may prove 
irreducible via closed manipulation. This is 
encountered with posterolateral dislocations and 
usually suggests incarceration of the medial cap-
sule and MCL within the medial compartment. In 
this case, open reduction is necessary to clear the 
entrapped tissue via a limited medial approach. 
The MCL can be repaired simultaneously and the 
medial compartment inspected [ 9 ]. 

 Following reduction of the dislocated knee, 
the limb is generally stable in an extended posi-
tion and should be immobilised in this position. 
Radiographic confi rmation of reduction is imper-
ative. Associated fractures are common and 
x-rays should be scrutinised for the same, espe-
cially of the fi bular head, femoral epicondyles 
and tibial plateau [ 10 ]. The application of an 
external fi xator may be necessary to maintain the 
reduction in a fractured or hypermobile knee or 
in the case of a vascular injury requiring repair 
but should not be routinely applied. 

 Open wounds and fractures are unfortunately 
common and can further complicate the defi ni-
tive management of multi-ligament knee injury, 
especially with respect to the timing of ligament 
repair and/or reconstruction. Open wounds 
mandate serial irrigation and debridements at a 
minimum, and potentially coverage procedures 
such as fl aps of grafts, to ensure an intact and 
aseptic soft tissue envelope. Periarticular frac-
tures may require preliminary skeletal fi xation 
prior to restoration of ligamentous stability via 
reconstructive surgery.  

7.1.5    Vascular Assessment 

 Throughout the assessment of a knee dislocation, 
serial clinical vascular examinations are critical. 
An ankle brachial index is a reasonable screening 
exam in all cases of recognised dislocation 
or high-energy multi-ligament joint injury. 
Angiography (via CT or otherwise) is recom-
mended if any vascular disturbance is appreci-
ated clinically at any point during assessment. 
Figure  7.1  depicts an algorithm for the manage-
ment of dislocated knees and diagnosis of arterial 
injury.

   The presence of distal pedal pulses and a 
reduced dislocation should not exclude the con-
cern of vascular injury, as collateral circulation in 
the lower limb can mask injuries such as occlu-
sive popliteal thrombus and intimal tears, both of 
which may progress to compartment syndrome 
and limb-threatening ischaemia and amputation 
[ 10 ]. For this reason, all confi rmed knee disloca-
tions should be admitted and monitored for 24 h, 
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with serial vascular exams [ 11 – 13 ]. An ABI is 
strongly recommended as a screening tool. An 
ABI >0.9 is considered normal and has a 100 % 
negative predictive value for a major arterial 
lesion. An ABI <0.90 requires further arterial 
screening [ 14 ].  

   Conclusion 

 Although knee dislocation is not a common 
injury, the consequences of poorly managed 
dislocations are serious. Management begins 
with identifi cation of the injury. Determination 
of vascular status is imperative. Defi nitive 
delayed management of the multi-ligament 
injured knee is controversial.   

7.2    PCL Management in the 
Multi-ligament Injured Knee 

    Paolo     Adravanti      

7.2.1    Introduction 

 Posterior cruciate ligament (PCL) injuries are rare, 
but they often require reconstruction, especially in 
the setting of combined ligamentous knee injury. 
In contrast to anterior cruciate ligament (ACL) 
tears, since PCL injuries are relatively infrequent, 
the information on the natural history and treat-
ment outcomes have been limited. In a review, it 
has been reported that over a 10-year period, ACL 

Known/suspected knee
dislocation

Reduce knee

Physical examination including
pulses and ABPI

Distal pulses asymmetric
or
Distal pulses present+
ABPI <0.9
or
Any other clinical concern

Distal pulses present
ABPI >0.9

Distal pulses absent/
signs of vascular
injury (is chaemia,
haemorrhage,
haematoma)

Admit 24 hour observation
and serial pulse
examination

Consider duplex
ultrasound or CT
angiogram prior to
ligament reconstruction

Angiogram/ 
CT angiogram

Vascular surgeon,
operating theatre, +/−
on table angiography

  Fig. 7.1    Algorithm for diagnosis of vascular injury post knee dislocation (Adapted from Howells et al. [ 10 ]).  ABPI  
ankle brachial pressure index,  CT  computerised tomography       
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injuries occurred 31 times more often than PCL 
ones [ 15 ]. Recent research has provided informa-
tions on the anatomy and biomechanics of the 
PCL, the merits and drawbacks of the transtibial 
compared with the tibial inlay technique, the use 
of single- or double- bundle reconstruction and the 
different graft options for reconstruction.  

7.2.2    Anatomy 

 The PCL is divided in anterolateral and a 
 posteromedial bundle. The anterolateral bundle is 
tight infl exion, while the posteromedial bundle is 
tight in extension. The PCL is the primary restraint 
to posterior tibial translation and a  secondary 
restraint to external tibial rotation. The menisco-
femoral ligaments act as secondary stabilisers to 
posterior translation of the tibia. With the knee at 
90° of fl exion, the meniscofemoral ligaments pro-
vide approximately 28 % of the total knee force 
resisting posterior tibial translation [ 16 ].  

7.2.3    Diagnosis 

7.2.3.1    Clinical Tests 
 There are several tests that can be used to exam-
ine for posterior instability. The posterior drawer 
test is the most accurate physical examination 
test to assess PCL injury, with a sensitivity of 
90 % and specifi city of 99 % [ 17 ]. The degree of 
posterior translation is used to determine the 
grade of injury: grade I (1–5 mm), grade II 
(6–10 mm) and grade III (>10 mm). To avoid 
incorrectly diagnosing an ACL injury in lieu of a 
PCL tear, the examiner must position the tibia in 
its natural position, with the medial femoral con-
dyle resting approximately 1 cm anterior to the 
femur before applying the posteriorly directed 
force. The posterior sag test is performed with 
the ipsilateral hip and knee both fl exed to 90°. If 
the PCL is torn, there may be an abnormal sag 
evident at the proximal anterior tibia when 
observed from a lateral view. The quadriceps 
active test is performed in supine position with 
the knee fl exed at 90°. The patient is asked to 
contract the quadriceps or slide his foot down the 

table; the tibia will then translate anteriorly from 
a posteriorly subluxated position.  

7.2.3.2    Imaging 
 MRI remains the diagnostic imaging modal-
ity of choice for the multi-ligament injured knee. 
Fluoroscopic or radiographic stress examination is 
often helpful but diffi cult to perform in the acute 
injured knee. On the other hand, in a chronic sce-
nario, it can further clarify the extent of the ligament 
injuries. Posterior stress radiographs are obtained 
at 90° of knee fl exion with an applied posterior 
force. Stress radiographs are evaluated according 
to a technique described by Jacobsen [ 18 ] using a 
bone peripheral bone  landmarks to determine the 
tibial displacement relative to the tibia [ 19 ].   

7.2.4    Management Strategies 

 Based on the current data on the natural history of 
PCL injury and the outcomes of operative treat-
ment, we currently hypothesise nonoperative 
management for isolated grade I or II PCL tears. 
Operative management is reserved for PCL avul-
sion fractures, PCL tears associated with addi-
tional knee ligament injuries and isolated grade III 
PCL tears which fail nonoperative management. 
Treatment options including single-bundle trans-
tibial, tibial inlay and double-bundle transtibial 
reconstruction should be considered in the setting 
of a multi-ligament injured knee. A systematic lit-
erature review examining transtibial versus tibial 
inlay techniques did not reveal any signifi cant dif-
ferences [ 20 ]. In the transtibial technique, the tibial 
and femoral tunnels are drilled, and the graft must 
make an acute turn as it surfaces from the tibial tun-
nel and changes direction before entering the knee 
joint. Subsequent graft abrasion and attenuation 
may result in graft rupture or laxity. This sharp turn 
has been implicated in the residual posterior knee 
laxity observed clinically after transtibial PCL 
reconstruction. The tibial inlay was developed as 
an alternative to the transtibial technique to avoid 
this problem. In the tibial inlay reconstruction, the 
graft is fi xed directly to the PCL’s native insertion 
site on the tibia. Recently a number of authors 
have also described arthroscopic tibial inlay PCL 
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reconstruction [ 21 ]. Proposed advantages of this 
technique include avoiding the open posterior 
approach to the tibia while simultaneously avoid-
ing unwanted effects of the acute angle on graft 
abrasion in tibial tunnel reconstruction. Potential 
disadvantages of the inlay tibial technique in the 
setting of the multi- ligament injured knee are the 
complexity of the technique, the risk of complica-
tion and the time consumed in a long surgical pro-
cedure. A wider debate regarding single-bundle 
versus  double- bundle PCL reconstruction exists 
in the current literature. To date, there are no clini-
cal studies proving an advantage of one technique 
over the other in the multi-ligament scenario. 
Markolf studied 13 cadaveric knees that had either 
single- or double-bundle reconstruction [ 22 ]. 
They found that the anterolateral bundle restores 
normal laxity between 45° and 90° of knee fl ex-
ion; however, between extension and 30° of fl ex-
ion, the anterolateral bundle is approximately 
2 mm lax. They concluded that this laxity in 0–30° 
range may not be worth the increased operative 
time and extra hardware. When combined with 
medial-sided reconstructions, it is necessary to 
pay attention to the second tunnel in the MFC. In 
the largest study to date comparing the two tech-
niques, Fanelli and colleagues performed a ret-
rospective comparison of 45 single-bundle PCL 
reconstructions and 45 double-bundle reconstruc-
tions using the transtibial technique in a cohort of 
PCL-based multi-ligament injured knees [ 23 ]. No 
statistically signifi cant differences were observed 
between the two techniques using stress radiogra-
phy at 90° of knee fl exion or KT-1000 measure-
ments at 90°, 70° and 30° of knee fl exion, as well 
as in Lysholm, Tegner and Hospital for Special 
Surgery Knee (HSS) scores. 

 The most appropriate graft choice for PCL 
reconstruction remains controversial because no 
ideal graft exists to replace this large ligament with 
large-footprint bony insertion-site anatomy. Hoher 
et al. [ 24 ] defi ned an ideal graft for PCL reconstruc-
tion as having the following properties: structural 
properties identical to an intact PCL; identical geo-
metric shape; no harvest-site morbidity; easy graft 
passage; secure fi xation in an anatomic position; and 
fast graft incorporation. Autografts and allografts 
have been used in PCL reconstruction, each pre-
senting advantages and disadvantages. Achilles 

tendon allograft, with its large cross-sectional area, 
is currently the most frequently used graft for acute 
(43 %) and chronic (50 %) PCL reconstructions [ 25 ]. 
Recently, Maruyama compared bone-tendon- bone 
with semitendinosus and gracilis tendon autograft in 
a single-bundle transtibial PCL reconstruction. No 
differences in improvement in functional scores or 
posterior laxity were observed [ 26 ].  

7.2.5    Surgical Technique 

 We routinely use a single-bundle transtibial tech-
nique in the setting of the multi-ligament injured 
knee. We use hamstring autograft or tibialis anterior 
or posterior allograft to reconstruct the PCL. Since 
only the anterolateral bundle of the PCL will be 
reconstructed, it is important to consider the anat-
omy of the AL bundle which inserts on the femur 
between 12 and 2 o’ clock positions (right knee). 
The PCL femoral tunnel is created from an inside-
out technique through a low lateral arthroscopic 
portal after having determined the central insertion 
of the AL bundle, which is not more than 7 mm 
away from the edge of the medial condyle carti-
lage. The placement of the tibial tunnel and iden-
tifi cation of the PCL insertion require preliminary 
debridement of the posterior joint space through a 
posteromedial portal and controlling with a mirror 
(Fig.  7.2 ). All the PCL tissue should not be resected 
as it will provide covering for the PCL graft. We cre-
ate a connection between the anterior and posterior 
joint compartments removing soft tissue behind the 
PCL scar in the high notch part. After preparation 
of the dorsal capsule, a guide pin is placed slightly 
lateral to the tibial insertion approximately 2 cm 
below the joint line. The graft is pulled through 
the bone tunnels with a passing suture. Thus, the 
passing suture must be routed through the tibial 
tunnel and then through the femoral tunnel. A PCL 
elevator is inserted through the posteromedial por-
tal, and the graft passage is greatly facilitated by a 
careful backward motion. We use a hybrid fi xation 
in the femur with a suspension device plus a bioab-
sorbable interference screw. We check the position 
of the graft in the back of the tibia and fi x the graft 
into the tibia at approximately 70° of fl exion with 
a bioabsorbable screw and backup fi xation with a 
button.
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7.3        Instructional Course Lecture: 
Multi-ligament Knee Injuries 

7.3.1    Medial Collateral Ligament 
Injuries 

    Robert     G.     Marx               

7.3.1.1    MCL Function 
 The medial collateral ligament (MCL) is the 
primary restraint to valgus stability of the knee. 
At 20–30° fl exion, it provides approximately 
80 % of the restraining force, whereas at full 
 extension, it provides approximately 60 % of the 

restraining force with the posteromedial capsule, 
posterior oblique ligament (POL) and ACL pro-
viding the remaining restraint [ 27 ]. Failure in 
recognising dysfunction of this ligament in the 
setting of concomitant ligament reconstruction 
surgery (ACL or PCL) can result in excessive 
valgus stresses applied to the reconstructed liga-
ments, subsequently leading to graft stretch-out 
and failure.  

7.3.1.2    MCL Anatomy 
 The MCL has three major components:
    1.    The superfi cial MCL which is the largest 

component, originating 3.2 mm proximal 

Algorithm for treating multi-ligament knee injuries

Injury

First Aid-diagnose; reduce; splint; angio

?REFER to specialist Revascularise / Ex-Fix
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? Brace esp MCL / minor PCL Poor ROM

Definitive Surgery - Plan: order of repair / reconstruction, graft choices, open vs arthroscopic
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Restore ROM
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PCL
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  Fig. 7.2    Algorithm for treating multi-ligament knee injuries       
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and 4.8 mm posterior to the medial epicon-
dyle and inserting on the proximal tibia, just 
anterior to the posteromedial crest of the 
tibia and posterior to the pes anserinus inser-
tion [ 28 ].   

   2.    The deep MCL which is a thickened part of 
the medial joint capsule, lying deep to the 
superfi cial part of the MCL, and has menisco-
tibial and meniscofemoral components. The 
femoral attachment is 12.6 mm distal and 
deep to the femoral attachment of the superfi -
cial MCL, and the tibial attachment lies just 
distal to the edge of the articular cartilage of 
the medial tibial plateau, 3.2 mm distal to the 
medial joint line [ 28 ].   

   3.    The POL, functioning as an additional medial 
knee restraint when the knee is extended. This 
is a fi brous extension of the distal aspect of the 
semimembranosus that blends with the pos-
teromedial joint capsule. Its major and central 
portion attaches on the femur 7.7 mm distal 
and 2.9 mm anterior to the gastrocnemius 
tubercle. This is just proximal and posterior 
to the femoral insertion of the superfi cial 
MCL [ 28 ].      

7.3.1.3    Assessment of MCL Dysfunction 
   Physical Examination 
 Physical examination should begin with assess-
ing alignment and gait. When excessive valgus 
is identifi ed in the injured limb and confi rmed 
with AP hip-to-ankle axis view, varus-directed 
osteotomy to correct the alignment should be 
thought of as a fi rst step before ligament recon-
struction is considered [ 29 ]. This may result in 
decreasing valgus moments and consequently 
may lead to the resolution of the sense of insta-
bility. Following assessment of alignment and 
gait, the knee is thoroughly examined, including 
laxity assessment of all ligaments. The uninjured 
contralateral knee is used as a baseline for com-
parison. MCL laxity should be tested and graded 
with valgus stress applied at 0° and at 20–30° 
knee fl exion. MCL laxity grade 0 corresponds to 
0–2 mm side-to-side medial opening difference, 
grade 1+ corresponds to 3–5 mm difference, 
grade 2+ corresponds to 6–10 mm difference and 
grade 3+ corresponds to more than 10 mm differ-
ence [ 30 – 32 ].  

   Imaging 
 Stress x-rays can also be used to provide further 
quantifi cation of medial laxity. However, the 
amount of medial opening on stress x-rays that 
correlates with a specifi c grade of MCL laxity 
has not been well documented in vivo. Recently, 
reference values were provided, but this was 
tested in an old-aged population cadaveric model 
which may not apply to young or middle-aged 
living humans [ 33 ].  

   Examination Under Anaesthesia 
 The operated knee should be examined under 
anaesthesia and compared with the nonoperated 
side for range of motion and ligament laxity prior 
to surgery. While in the awakened patient, physi-
cal examination of MCL laxity relies both on the 
patient’s ability to relax and the clinician’s skill 
to detect the amount of medial opening and exis-
tence or absence of an endpoint, in the anaesthe-
tised patient, the former is avoided allowing the 
clinician a more objective evaluation of ligament 
laxity without muscle guarding.  

   Arthroscopic Evaluation 
 Following an orderly arthroscopic examination of 
the knee, emphasis is applied to the medial com-
partment in cases where increased medial con-
straints laxity is suspected. Quantitative assessment 
of medial compartment opening can then be per-
formed using the tip of the arthroscopic probe as a 
scale after its length is measured and confi rmed 
outside the knee. Medial compartment opening of 
above 5 mm is suggestive of grade 2+ MCL laxity 
[ 34 ], whereas 10 mm or more medial opening is 
suggestive of grade 3+ MCL laxity [ 35 ].   

7.3.1.4    Surgical Approaches
 to Address MCL Dysfunction 

   Direct Repair 
 An absolute indication for direct repair of the 
MCL is bony avulsion with displacement of the 
femoral insertion of the ligament.  

   Medial and Posteromedial 
Plication/Reefi ng:  
 In cases where residual medial laxity at the end 
of a cruciate reconstruction remains and 
arthroscopic assessment reveals grade 2+ medial 
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laxity (medial opening >5 mm), reefi ng of the 
medial constraints should be considered, unless 
chronic distal lesions with poor-quality scarring 
exclude this alternative [ 34 ].  

   MCL Reconstruction 
 In cases where grade 3+ medial laxity is observed 
(medial opening >10 mm), reconstruction of the 
MCL should be considered. Surgical techniques 
which have been described to reconstruct the 
MCL include semitendinosus autograft with pres-
ervation of the tibial insertion [ 36 – 39 ], allograft 
tissues [ 40 ,  41 ] and double-bundle reconstructions 
[ 32 ,  38 ,  40 – 42 ]. Drawbacks related to these tech-
niques include a long incision across the medial 
aspect of the knee with up to 20° loss of knee fl ex-
ion or extension in 20 % of the operations [ 39 ], 
keeping the semitendinosus insertion distally and 
using it as an MCL graft [ 36 – 39 ] resulting in a too 
anterior tibial attachment (i.e. the tibial insertion 
of the MCL should be posterior to the pes anse-
rinus [ 28 ,  43 ]), harvesting a dynamic medial sta-
biliser that applies adduction moment during gait 
(i.e. semitendinosus) in a knee with an already 
medial instability, and the relative complexity 
of double-bundle reconstructions, compared to 
single-bundle reconstructions, corresponding to 
their need for multiple attachment sites on the 
femur as well as on the tibia, more graft tissue and 
number of fi xation devices (i.e. screws, washers, 
staples, etc.) required [ 32 ,  38 ,  40 – 42 ]. Recently, a 
new  technique to  reconstruct the MCL has been 
described that uses Achilles tendon allograft [ 35 ]. 
Benefi ts include avoiding donor site morbidity, 
secure fi xation with bone-to-bone healing on the 
femur, small skin incisions that do not cross the 
knee and isometric reconstruction.  

   Surgical Technique [ 35 ] 
 With the patient under anaesthesia, after confi rm-
ing MCL laxity that requires reconstruction as 
indicated previously by physical examination and 
arthroscopic examination, the following steps are 
carried out (after fi xing the cruciate graft on the 
femur): (1) the Achilles allograft is prepared cre-
ating a 9-mm diameter by 18-mm length bone 
plug; (2) a 3-cm longitudinal skin incision is made 
over the medial femoral epicondyle; (3) a guide 
pin is inserted 3–5 mm proximal and posterior 

to the medial femoral epicondyle, parallel to the 
joint line, and in a 15° anterior direction to avoid 
the intercondylar notch. Location of the pin is 
confi rmed with fl uoroscopy; (4) the skin is under-
mined from the femoral guide pin to the anatomic 
MCL insertion on the tibia, creating a tunnel for 
the graft under the subcutaneous fat; (5) a nonab-
sorbable suture loop is placed around the guide 
pin and brought distally under the skin through 
the tunnel just created; (6) the distal suture is held 
against the tibia at the estimated anatomic inser-
tion, just posterior to the pes anserinus insertion. 
Isometricity is tested through knee motion from 
0° to 90°. The tibial insertion point is modifi ed, 
if needed, until the loop is isometric; (7) the iso-
metric point is marked on the tibia with a Bovey; 
(8) soft tissue around the guide pin is debrided to 
allow for insertion of the Achilles bone plug into 
a socket created around this pin later; (9) a 9-mm 
diameter reaming is performed over the guide pin 
to a depth of 20 mm; (10) the Achilles bone plug 
is inserted into the femoral socket and fi xed with 
a 7-mm diameter by 20-mm length metal inter-
ference screw; (11) the Achilles tendon tissue is 
passed under the skin and distally; (12) the cruci-
ate graft is now tensioned and fi xed on the tibia; 
(13) the MCL graft is tensioned with the knee 
at 20° fl exion under varus stress and fi xed at the 
isometric point on the tibia with a 4.5-mm corti-
cal screw and a 17-mm spiked washer; and (14) 
 subcutaneous tissue and skin are closed. Tunnels 
position and hardware placement are confi rmed 
postoperatively with radiographs.  

   Outcomes After MCL Reconstruction 
 In the literature, except for this recent descrip-
tion of an MCL reconstruction technique using 
Achilles allograft [ 35 ], there are only two studies 
reporting ROM and function in patients that had 
MCL reconstruction with one similar graft tissue 
in all patients and a similar specifi cally described 
MCL reconstruction technique in a combined 
MCL and another cruciate reconstruction [ 38 , 
 39 ]. Both described a technique that uses the 
semitendinosus tendon with preservation of the 
insertion site at the pes anserinus on the tibia, cre-
ating anterior and posterior limbs to reconstruct 
the MCL. However, in both studies, the group of 
patients was heterogeneous and included isolated 
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MCL reconstructions as well as concomitant 
cruciate reconstructions, but ROM was reported 
for all patients as one group, not differentiating 
the combined reconstructions from the isolated 
MCL reconstructions. In one of these, which 
included six cases of isolated MCL reconstruc-
tion and 18 cases of MCL with another cruciate 
reconstruction, the investigators found motion 
limitation between 5° and 10º in extension or 
in fl exion in fi ve patients (21 % of the patients) 
[ 38 ], whereas in the other study, which included 
11 cases of isolated MCL reconstruction and 39 
cases of MCL with another one or both cruciate 
ligament reconstructions or posterolateral corner 
reconstruction, the investigators noticed motion 
loss of between 5° and 20º in extension or in 
fl exion in 10 patients (20 % of the patients) [ 39 ]. 
Both studies did not report ROM specifi cally 
for the combined reconstructions, and therefore 
the comparison to the technique described here, 
using the Achilles allograft, is limited. The fact 
that all MCL grafts, using the Achilles allograft 
technique [ 35 ], demonstrated grade 0–1+ valgus 
laxity on physical examination is comparable to 
previous reports after double-bundle MCL recon-
struction in a combined ligament reconstruction 
scenario that described grade 0–1+ valgus lax-
ity in more than 90 % of their cases [ 38 ,  39 ]. 
Mean IKDC- subjective and Lysholm knee scores 
 demonstrated  excellent (i.e. above 90 points) 
[ 44 – 46 ] function in patients with MCL recon-
struction and primary ACL reconstruction, using 
the Achilles allograft technique [ 35 ], and are 
comparable to the mean Lysholm score reported 
by others when creating a double-bundle MCL 
reconstruction with the semitendinosus, preserv-
ing its tibial insertion [ 38 ]. Mean KOOS sub-
scores in the Achilles allograft technique were 
between 77 and 96 for the fi ve categories of the 
score in cases with primary ACL reconstruction, 
which is comparable to another study that cre-
ated a double- bundle MCL reconstruction and 
reported mean KOOS subscores between 75 
and 89 for MCL reconstruction in a multi-liga-
ment reconstruction scenario, the vast majority 
of which were MCL with ACL reconstructions 
[ 39 ]. In patients with the Achilles allograft MCL 
reconstruction with revision ACL reconstruction, 

IKDC-subjective, Lysholm and KOOS subscores 
demonstrated inferior outcome [ 35 ]. Tegner and 
Marx activity level scores demonstrated patients 
with concomitant primary ACL reconstruction 
were able to return to pre-injury activity levels, 
which were at means of between 6 and 7 points, 
indicating that cutting and pivoting sports on a 
recreational level may be a realistic goal after 
this type of Achilles allograft MCL reconstruc-
tion, but when this technique is performed in the 
setting of revision ACL reconstruction, return to 
pre-injury activity levels may not be achieved 
despite regaining normal knee laxity.     

7.4    Managing Lateral Collateral 
Ligament and Posterolateral 
Corner Injuries 

    Bent     Wulff     Jakobsen              

7.4.1    LCL and Posterolateral 
Compartment Function 

 The lateral collateral ligament (LCL) is the pri-
mary restraint to varus stress in the knee. At 5° 
of knee fl exion, it provides 55 % of restraint, and 
at 25° it provides 69 %. The popliteus structure 
 limits posterior tibial translation, external tibial 
rotation and varus rotation. 

 Injuries to the LCL and posterolateral com-
partment result when a force is directed at the 
medial side of the knee or leg. These injuries 
occur in about 7–16 % of all knee ligament 
injuries. They are reported less commonly than 
injuries to the medial collateral ligament as 
they are less frequently recognised and are usu-
ally prevented by the presence of the opposite 
leg which can block direct blows to the knee’s 
medial side.  

7.4.2    LCL and Posterolateral Corner 
Anatomy 

 The lateral compartment of the knee contains both 
dynamic and static stabilisers. The dynamic stabi-
lisers include the biceps femoris, the iliotibial 
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band, the popliteus muscle and the lateral head of 
the gastrocnemius muscle. The lateral collateral 
ligament, the popliteo-fi bular ligament and the 
arcuate ligament make up the static ligamentous 
complex. 

 The lateral capsular complex of the lateral 
aspect is further divided into three parts. The 
anterior third is attached to the lateral meniscus 
anterior to the LCL. The middle third is attached 
proximally at the femoral epicondyle and distally 
at the proximal tibia, while the posterior third is 
found posterior to the LCL.  

7.4.3    Evaluation of Lateral 
Compartment Injuries 

7.4.3.1    History 
 A direct force applied to the weight-bearing knee 
which causes excessive varus stress, external tib-
ial rotation and/or hyperextension can cause lat-
eral ligament injury. This force commonly 
demonstrates as a posterolaterally directed force 
to the medial tibia while the knee is in an extended 
position. This frequently occurs during motor 
vehicle accidents and athletic injuries. Injury to 
the lateral and posterolateral structures often 
occurs in conjunction with cruciate injury rather 
than as isolated injuries. Patients with this injury 
present with instability of the knee near full 
extension. They may have diffi culty ascending 
and descending stairs and performing cutting or 
pivoting movements. They may also complain of 
lateral joint line pain.  

7.4.3.2    Physical 
 The injured extremity should be examined by 
performing adduction stress at both 0° and 30° of 
knee fl exion. Signs of posterolateral injury 
include footdrop, peroneal nerve injury, postero-
lateral corner tenderness and pain with posterior 
internal rotation of the tibia. If the knee demon-
strates isolated laxity at 30°, injury to the LCL is 
likely. Laxity at both 0° and 30°, however, is 
indicative of combined injury to the LCL and 
ACL, PCL or arcuate complex. 

 In chronic injuries, it is also important to eval-
uate their gait. This can help determine whether 

there is a varus or hyperextension thrust. 
Neurovascular injuries must also be assessed, as 
peroneal nerve defi cits have been reported along 
with acute posterolateral corner injuries in up to 
29 % of cases.  

7.4.3.3    Imaging 
 Plain radiographs should be taken for all patients 
suspected to have injuries to their LCL and pos-
terolateral corner. These images are used to rule 
out associated osteochondral fracture, fi bular 
head avulsion, Gerdy tubercle avulsion and frac-
ture of the tibial plateau. MRI is the preferred 
imaging tool to assess the integrity of the LCL, 
popliteus tendon and cruciate ligaments. MRI 
can be used to determine the severity and location 
of the knee injury.  

7.4.3.4    Classifi cation 
 Isolated injury to the LCL rarely results in coro-
nal plane laxity. Rotatory instability demonstrat-
ing as multiplanar laxity can be seen with 
combined injury to the LCL and other structures 
such as the ACL and mid-third capsular ligament 
or arcuate ligament, popliteus tendon and fabel-
lofi bular ligament. Chronic isolated injury to the 
LCL rarely occurs. Most patients with this type 
of injury will eventually develop injury patterns 
of the other posterolateral corner structures. 

 Grading of posterolateral corner injuries 
(grade I, II or III) is determined based on the 
degree of ligament disruption – minimal, partial 
or complete. However, a more precise method 
exists which relies on quantifi cation of lateral 
joint opening with varus stress.   

7.4.4    Treatment Approaches 

7.4.4.1    Nonsurgical 
 Nonsurgical treatment is indicated by grade I and 
II (partial) isolated injuries of the LCL. Such 
patients have little functional instability. 
Nonsurgical treatment consists of limited immo-
bilisation with protected weight bearing during the 
fi rst 2 weeks after injury. As the patient improves, 
progressive ROM, quadriceps strengthening 
and functional rehabilitation are encouraged. The 
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patient may return to sports in about 6–8 weeks. If 
associated injuries to the posterolateral structures 
fail to be identifi ed, nonsurgical treatment can, 
however, lead to progressive varus/hyperextension 
laxity.  

7.4.4.2    Surgical 
 Surgical treatment is indicated by complete inju-
ries or avulsions of the LCL, rotatory instabilities 
of the LCL and arcuate ligament, popliteus ten-
don and fabellofi bular ligament and combined 
instability patterns of the LCL/posterolateral cor-
ner and ACL or PCL. 

 Acute injuries can be treated surgically by pri-
mary repair of torn or avulsed structures or recon-
struction of the tissue. Direct repair can be 
hindered by the formation of scar tissue and dis-
tortion of the tissue planes, so it must be done 
within 2 weeks if performed. Reconstruction has 
been shown to have a lower failure rate than iso-
late repair in two comparative studies. 

 Surgical treatment of chronic LCL and pos-
terolateral corner dysfunction can be done using 
allograft tissue to form a single-stranded graft. 
Some authors advocate a separate graft to recon-
struct the popliteo-fi bular ligament from the 
femur to the tibia, but no comparative studies 
have been done. 

 Full-length upright radiographs of both lower 
extremities of patients with chronic instability 
should be taken to determine whether or not 
varus mechanical axis is present. If so, a high 
tibial osteotomy may be indicated.   

7.4.5    Complications 

 Chronic injuries can result in persistent varus or 
hyperextension laxity due to advancement of 
attenuated lateral and posterolateral structures. 
Surgical treatment may cause peroneal nerve 
injury as a result of exposure of the fi bular neck 
or during drilling or graft passage. Hardware irri-
tation at the lateral femoral condyle may also 
occur, and knee range of motion may be lost, as 
can occur after the reconstruction of multiple 
knee ligaments.   

7.5    Multi-ligament Injuries 
in Elite Athletes 

    Andy     Williams     

7.5.1    Background 

 There are multi-ligament injuries: those result-
ing from a tibiofemoral dislocation are devastat-
ing, while an ACL + MCL may effectively be no 
more than an ACL rupture. Traditionally, knee 
dislocations have had bad outcomes and for elite 
sportsmen have been career ending. Nonsurgical 
treatment results in stiffness, fi xed subluxation 
deformities and instability. My view has been 
developed after my training and with an expe-
rience of over 300 multi-ligament cases treated 
surgically in the past 13 years in my public and 
private practice. 

 I am certain that these injuries should have 
rapid referral to specialist centres for surgical 
repair/reconstruction. The vast majority should 
have this within 2–3 weeks from injury. 

 I have an unusual practice such that 70 % of 
all patients I see are professional athletes, and I 
am the primary knee surgeon for 50 % English 
Premier League Football clubs and 75 % of 
English Premiership Rugby among many other 
teams. As a result, although multi-ligament 
 injuries are relatively uncommon, I have acquired 
a series of over 40 cases in elite athletes. The 
results at minimum 2 years follow-up will be 
available at ESSKA 2014.  

7.5.2    ‘Immediate’ Management 

 Many cases receive suboptimal early manage-
ment which can affect outcome long term. While 
not ignoring other injuries if part of a multiply 
injured patient, specifi cally considering the knee 
injury, the following is suggested:
    1.    Reduce the knee   
   2.    Establish neurovascular status – arteriogram 

(Doppler US does not show intimal tears). If 
there is a signifi cant arterial injury, then vas-
cular surgeons should deal with the artery 
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fi rst, and ligament reconstruction should be 
delayed 6–12 weeks. The knee should be held 
with an external fi xator spanning the knee. 
This is the only reason for using an external 
fi xator. It is essential that the knee is perfectly 
reduced during this period. Sadly it is often 
not in my experience. As a result, contracture 
develops with a fi xed subluxation – usually 
posterior tibial subluxation from PCL insuffi -
ciency. Ideally the knee is held fully extended. 
If this is not acceptable to the vascular sur-
geon, then the period during which the knee is 
held fl exed should be minimised.   

   3.    Establish the pattern of ligament injury by 
clinical examination (later confi rmed by 
examination under anaesthetic when the 
patient goes for defi nitive surgery – EUA 
alone is rarely needed) and x-ray/MRI.   

   4.    Treat soft tissues. Compression boots, e.g. 
Flowtron, massage, ice and active move-
ments especially in the leg will reduce swell-
ing. Controlled movement is encouraged. Full 
extension must be restored as a priority. Flexion 
helps reduce swelling and post-op stiffness. 
This can be undertaken on CPM or be assisted 
by the physiotherapist. Anterior drawer move-
ments should be undertaken to prevent devel-
opment of fi xed posterior subluxation which 
frequently accompanies complete PCL dis-
ruption. The gastro-soleus complex should 
be stretched especially if there is common 
peroneal nerve palsy and a resting splint used 
to prevent contracture – it is remarkable how 
frequently this is not done, and the patient has 
irreversible equinus contracture which requires 
surgical release prior to dealing with the knee.   

   5.    Do not undertake transpatellar Steinmann pin 
fi xation to the tibia – ‘olecranonisation’.   

   6.    Brace in a hinged brace set according to mus-
cular control. If poor stability, then fi x straight 
for walking. If good, then can allow move-
ment. Weight bearing is good if possible to 
encourage neuromuscular control and stretch 
the calf.   

   7.    Plan surgery – Which structures need repair/
reconstruction? Which grafts – auto- or allograft?   

   8.    Counsel patient.      

7.5.3    Early Management 

 My philosophy for early surgery is to provide the 
joint with early congruent reduction and suffi -
cient ligamentous stability to allow early con-
trolled motion which is good for articular surface, 
prevention of contracture and limb neuromuscu-
lar function. Leaving some structures lax (e.g. 
leaving the PCL component) will lead to over-
stress of the ligaments that have been repaired/
reconstructed, and they will fail. 

 The ideal time for surgery is 10–14 days. Any 
sooner and the risk of compartment syndrome is 
very high, and later and early scarring makes ana-
tomical repairs diffi cult and puts the common 
peroneal nerve at risk in cases including PLC dis-
ruption. Three weeks after injury is the likely 
limit for repair surgery. 

 While I have always done surgery as a single 
procedure, I realise that prolonged operative 
times lead to rising complication rates and staged 
surgery can be advantageous. 

 It is important to note that I have learnt 
that NOT all cases need early surgery – some 
ACL + PCL + MCL tears (with grade 1 or even 
2 PCL injury and favourable MCL disruption) 
can be braced to allow healing of the MCL and 
 possibly PCL and therefore only require ACL 
reconstruction several weeks later. In elite sports-
men, an important concept is of doing as little as 
possible to get the result. However, if there is a 
grade 3 (and most grade 2 PCL laxity) or a sig-
nifi cant posterolateral corner injury, early surgery 
is best. In my series of 141 multi-ligament inju-
ries in the general population, only those oper-
ated upon acutely achieved high-level function. 

 In the nonathlete population, signifi cant varus/
valgus often benefi ts from a corrective osteot-
omy. However, this magnitude of surgery may 
preclude return to elite sport. I have only 
successfully returned an elite skier to competi-
tion at the same level after HTO. 

 At surgery, the following are the key points:
    1.    EUA to confi rm the ligaments which need 

addressing.   
   2.    Arthroscopy and meniscal/chondral surgery. 

Beware compartment syndrome – continually 
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check calf tension. If the calf fi lls with fl uid, 
signifi cantly defl ate the tourniquet and con-
vert to open surgery. Stopping fl uid and oper-
ating with ‘dry arthroscopy’ is useful 
safeguard when possible.   

   3.    Prepare grafts – my preference is autograft 
especially hamstrings. I only use patellar 
tendon for a third ligament, having harvested 
bilateral thighs fi rst for hamstrings, for rea-
sons of speed and morbidity. Since graft 
harvest is now rapid, I use less allograft than 
before.   

   4.    All injured ligaments are dealt with at one 
operation if possible. This should help main-
tain a congruent reduction, which helps the 
soft tissue envelope to heal with proper ten-
sion and allows early protected joint motion 
which optimises soft tissue healing, reduces 
problems of stiffness and fat pad contracture 
and helps nourish the articular cartilage.   

   5.    Cruciate ligaments – sometimes these can be 
repaired, e.g. avulsion fractures or peel-off of 
ligament from bone. If both are torn, then PCL 
is the priority; if there is only time to do one, 
do the PCL. The notion that leaving the PCL 
but reconstructing the other ligaments leaves a 
knee with ‘isolated PCL defi ciency’ is com-
pletely wrong – the PCL rupture in these cases 
is associated with much greater damage to sec-
ondary restraints such as the capsule. If the 
anterior meniscofemoral ligament is seen to be 
intact, then I now preserve it when reconstruct-
ing the PCL as the posteromedial bundle of the 
PCL is likely to be preserved. Use an intraop-
erative x-ray to optimise tunnel placement – 
ACL as well as PCL. The graft(s) is/are passed 
and fi xed in the femur. Always consider open 
surgery if fl uid extravasation occurs – it is easy 
and the morbidity minor.   

   6.    Collateral ligament injuries are repaired with 
the tourniquet defl ated. Medially repair is 
expected and helped by detailed understand-
ing of the three-layer anatomy (Warren and 
Marshall  JBJS  ( Am ) 1979). Laterally, repair 
is also undertaken. For mid-substance rup-
tures, I always add a reconstruction to pro-
tect the repair while it is healing. Exceptions 
are for repairs of avulsed ligaments back to 

bone where the repair is often suffi ciently 
robust on its own.   

   7.    Ligament tensioning and fi xation is as fol-
lows: PCL with knee at 70°, then ACL with 
knee straight and fi nally collaterals at 30°.   

   8.    Brace – fi xed straight for fi rst 24 h, then 
released according to surgery undertaken. 
With PCL reconstruction, early fl exion range 
is restricted (or knee held straight).   

   9.    IV antibiotics.   
   10.       Physiotherapy protocol.      

7.5.4    The Recovery 

 I expect to obtain normal ligament laxity at 
surgery-end. 

 Many months are required. The fi nal result 
takes about 2 years to occur.  

7.5.5    Prognosis 

 The best results are in motivated, slim, healthy, 
young, patients. Fat, older, diabetic, unathletic 
patients have poor outcomes. The presence of 
signifi cant chondral damage is very bad in terms 
of prognosis. The smaller the ligament injury, the 
 better. Previous unsuccessful surgery is problem-
atic. A persistent footdrop is a limiter of outcome 
when present and for the elite athlete career ending. 

 Effective and good early surgery produces the 
very best outcome. Bad surgery is worse than none! 

 Some patients get back to a high-level func-
tion including sports, but I have learned that this 
is not common and is perhaps ill-advised for 
those not earning their living from it. These joints 
are never normal and have permanent and signifi -
cant proprioceptive defi cit. Like a Charcot joint, 
the chondral surfaces can’t cope with compro-
mised neuromuscular control. I have had some 
patients get back to sport only to then steadily 
and depressingly rapidly deteriorate. I now try to 
stop nonathlete patients returning to running 
sports. The prognosis is also much better with an 
experienced surgeon. There is a ‘learning curve’. 
My early cases had signifi cantly less certain out-
comes than those now. 
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 I am grateful to those many early patients who 
allowed me to build experience and to those who 
kindly referred them.  

7.5.6    Rehabilitation and Return 
to Sports after Multi-ligament 
Injuries 

 The fi rst important message for the patient is that 
the fi nal result from multi-ligament reconstruction 
will probably take 2 years as a minimum to occur. 
Furthermore, the knee will never be normal. It is 
impossible to restore normal proprioceptive func-
tion with reconstruction. For this reason, whenever 
possible, tissue should be repaired in the hope that 
proprioception is optimised. As stated above, even 
in the best cases when ligament laxity is minimal, 
the knee will have major proprioceptive defi cit and 
so is effectively a ‘Charcot joint’. This fact must be 
made clear to patients so that sports involving 
repetitive loading such as distance running are 
discouraged. 

 Rehabilitation of acute repair/reconstruction 
is much harder than rehab following surgery 
for chronic cases. The reason is the amount of 
infl ammation due to the massive soft tissue 
injury. 

 Another important principle is that the PCL 
surgery dominates the rehabilitation. Note that 
the PCL is tensioned with fl exion angles above 
60° and stressed by gravity tending to produce a 
posterior tibial translation. The PCL is also 
tensed by open-chain hamstring activity. Not sur-
prisingly, it is prone to stretching.  

7.5.7    Swelling 

 Flowtron and Game Ready ice/compression can 
be helpful.  

7.5.8    Soft Tissue Stiffness 

 Early patellar mobilisations are important to 
 prevent a fat pad contracture. Full active and pas-
sive extension should be encouraged as soon as 

 possible. Although collateral ligaments are ten-
sioned in terminal extension, surgical technique 
should be good enough to allow for this. If the 
PCL is normal, then fl exion is regained as toler-
ated. If, however, PCL reconstruction has been 
undertaken, then fl exion has to be restricted early 
on as the PCL hamstring graft will stretch. 
Currently I use the PCL Jack brace which pushes 
the tibia forward with a spring-loaded mecha-
nism during fl exion. I am therefore happy for 
cases with PCL reconstruction to fl ex up to 60° 
from the outset. In the absence of this brace, I 
would advocate bracing the knee straight for 
3/4 weeks. In cases using the PCL Jack brace 
with PCL reconstruction, I increase fl exion to 90° 
at the end of the fourth week. After 6 weeks, fl ex-
ion is steadily increased to full at between 12 and 
16 weeks. Due to the effect of gravity, if the 
patient is supine, then fl exion exercises should be 
undertaken with the therapist pulling the tibia 
forward. Alternatively fl exion exercise can be 
done with the patient prone.  

7.5.9    Weight-Bearing Status 

 If the limb has neutral alignment, then I am happy 
for the patient to partially weight-bear    for 4 weeks 
followed by full weight bearing. In chronic cases, 
of course, I wouldn’t accept malalignment and 
osteotomy would be undertaken, but in acute 
cases one has to accept it. If there is any signifi -
cant varus/valgus that would compromise a liga-
ment repair/reconstruction, then the patient 
remains touch weight bearing for 4 weeks and 
partial weight bearing for 2 weeks.  

7.5.10    Strengthening 

 If a PCL reconstruction has been undertaken with 
soft tissue, I do not allow isolated active ham-
string exercises for 12 weeks. In addition, due to 
the hamstring co-contraction that occurs with 
closed-chain quadriceps’ work, I do not allow 
loaded fl exion exercises past 60° for 12 weeks. 
Around 70° of fl exion, the net effect of the ham-
string pull and the quadriceps’ pull via the patella 
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tendon is to produce posterior tibial translation. 
This will obviously stress the PCL graft. 

 For the quadriceps, open-chain knee extensions 
are allowed if no ACL reconstruction has been 
undertaken. If the ACL is reconstructed, then 
open-chain quadriceps’ work is left until after 
3 months. Closed-chain quadriceps’ work is the 
mainstay. This is limited to 60° if PCL reconstruc-
tion is undertaken as above. Furthermore, due to 
the effect of gravity, the use of the leg press 
machine can be problematic. Closed-chain quadri-
ceps’ work therefore is largely done with the 
patient in a vertical stance.  

7.5.11    Proprioceptive Control 

 The use of balance drills is instituted as soon as 
single-leg full weight-bearing stance is allowed. 
The reason for the very slow recovery following 
surgery for these terrible injuries is largely due to 
the slowness in restoration of proprioception. 
Structures other than those reconstructed have to 
upregulate their proprioceptive function.  

7.5.12    Trunk/Pelvic Stability 

 From the early stage, it is vital to work on trunk 
and pelvic stability as this has a major effect on 
the stability and shock absorbency of the knee.  

7.5.13    Return to Sport 

 Multi-ligament reconstruction obviously encom-
passes a wide spectrum of magnitude of injury. 
Many of our skiers have combined ACL and 
MCL injury, but of course only the minority 
require surgery to the MCL. The vast majority of 
two ligament injuries will return to sport even at 
the highest level. Some three ligament injury 
cases return to sport at the highest level but only 
a few four ligament injuries. I have the largest 
single-surgeon series of multi-ligament recon-
structions and the largest series multi-ligament 
reconstructions in professional sportsmen. Data 
from these series of this ongoing study will be 
presented. 

 The incomplete results are:
   Thirty-seven (there are over 40) patients met 
our criteria; this included 9 rugby players, 22 
footballers and 6 from other sports. Thirteen 
patients played sport at international level.  
  Eight athletes required reconstruction of the 
ACL/MCL. Seventy-fi ve percent (six cases) 
returned to their pre-injury level of sport at a 
mean time of 11 months post surgery. Of the 
two who failed to return to pre-injury levels, 
one reinjured the ACL and underwent revision 
surgery, returning to professional football at a 
lower division. The second patient had associ-
ated chondral injuries treated with microfrac-
ture. At 18 months post surgery, he is yet to 
return to competitive sport. (Minimum 2 year 
data will be presented.)  
  Eleven of the 15 patients (73 %) who under-
went ACL and PLC/LCL reconstructions 
returned to their pre-injury level of sport at a 
mean time of 12.4 months post surgery. Three 
footballers returned to professional sport at a 
lower level, and one failed to return to profes-
sional sport. One professional rugby player 
had reconstructions of ACL/LCL and MCL. 
He returned to his pre-injury level in 11 months 
and improved to international level at 
18 months post surgery. A footballer with the 
same injury also made a full recovery.  
  Four out of the six patients (67 %) that sus-
tained bicruciate ligament injuries returned to 
pre- injury level sport at a mean of 14 months 
post surgery. One returned at lower level, and 
one gave up professional sport.         
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        Surgeries involving the meniscus are currently 
the most common procedures in orthopedic sur-
gery. Meniscectomy is a routine surgery affecting 
all age groups. Alongside, meniscal preservation 
has been advocated for a long time since it pre-
serves knee homeostasis and protects the carti-
lage from the detrimental effects of meniscectomy. 
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This concept has been well documented by 
numerous high-level studies. 

 The purpose of this Instructional Course 
Lecture (ICL) is to analyze the gap between the 
scientifi c publications and the daily practice and 
to demonstrate how certain guidelines or recom-
mendations may promote surgeons to preserve 
the meniscus. Two main chapters will be there-
fore covered: (1) traumatic meniscal tears where 
the repair of the meniscus could be an alternative 
to meniscectomy and (2) degenerative meniscal 
lesions where conservative treatment would be 
our fi rst choice of treatment. 

8.1    There Is a Need for Setting 
Guidelines 

8.1.1    “Scientifi c Reports” and “Daily 
Practice” 

 We all know about the considerable gap, both in 
terms of time and also of space, between the sci-
entifi c publications and the daily practice. As far 
as fi nding the “ideal treatment,” the purpose of 
scientifi c publications is to demonstrate the effi -
cacy, or sometimes the lack of it (!), of a given 
procedure. Authors who are considered as experts 
in these fi elds usually produce these data. But 
even in the case of a perfectly designed study, the 
adoption of the described technique is not always 
guaranteed. It takes a considerable amount of 
time for a newly described technique to be dif-
fused in the surgical population. This occurs pre-
dominately because of the required time for 
mastering a new procedure, the availability of 
certain tools and implants, insurance reimburse-
ment policies, etc. 

 Meniscal surgery is a perfect example of such 
a gap between what “should be done” and what is 
“actually done.” We have known since many 
years that preserving the meniscus allows to 
retain both the mechanical and structural proper-
ties and thus to avoid disrupting knee function 
and cartilage integrity. There are a lot of well- 
executed studies on both traumatic meniscal tears 
(meniscus repair versus meniscectomy) and 
degenerative meniscal lesions (conservative 

treatment versus meniscectomy). However, the 
daily practice doesn’t still correspond to the con-
clusions derived from these studies. 
Meniscectomy still remains the most frequent or 
one of the most frequent orthopedic procedures 
worldwide [ 18 ]. On the contrary, meniscus repair 
is not yet widely adopted. Table  8.1  shows the 
data provided by the French National Healthcare 
System. It demonstrates a recent yet slow increase 
of meniscus repair rate which, though, remains 
low compared to the 20 % theoretical incidence 
of repairable menisci in stable knees [ 87 ].

   The probable large abuse of meniscectomy in 
the fi eld of degenerative meniscal lesions should 
equally produce the same skepticism. The latter 
is, actually, very diffi cult to evaluate with preci-
sion, because the alternative treatment option is 
not the easy-to-trace “meniscal repair” but the 
“conservative treatment,” which is far more dif-
fi cult to record. The incidence of this “benign 
neglect” of degenerative meniscal tears is chal-
lenging to evaluate in the daily practice. The 
prevalence of self-prescription or self-treatment 
among patients, the treatment by the non- 
orthopedic surgeon (general practitioners, sports 
medicine physicians, physiotherapists, etc.), is 
truly unknown. What we know for sure is that 
conservative treatment should be the fi rst choice 
in degenerative meniscal lesions.  

8.1.2    Design of Guidelines 

 The cornerstone for setting guidelines among 
physicians is the conclusion from high-level sci-
entifi c articles (e.g., randomized controlled trials, 
RCT). In fact, we need such studies to strongly 
establish guidelines, but these studies per se can-
not be considered as guidelines or recommenda-
tions [ 60 ]. Personal studies of any expert cannot 
be considered as guidelines or recommendations. 
Guidelines are the “offi cial” text published by a 

   Table 8.1    Meniscectomy and meniscus repair in stable 
knees (ACL tears excluded) in France   

 Meniscectomy  Repair  % 

 2009  126,045  4,050  3.20 
 2012  122,517  14,781  12.06 
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public health authority [ 7 ], or by a scientifi c soci-
ety [ 13 ,  17 ,  58 ], or by a national healthcare insur-
ance system. Guidelines require setting a specifi c 
design that is usually dependent on different 
healthcare policies and ethical committees’ rules 
among countries. Two aspects must be pointed 
out: fi rst, guidelines and recommendations usu-
ally cover a large fi eld of the pathology, while an 
RCT or high-level study is usually focused on a 
specifi c point. The goal of guidelines is to assist 
the surgeon in each aspect of his/her practice. 
Second, guidelines and recommendations must 
be approved by the users. This means that their 
users must be included in the decision-making 
process. The French ACL and Meniscal 
Treatment Guidelines [ 7 ] could be taken as an 
example. The Haute Autorité de Santé (HAS; 
High Health Authority) intended to establish 
guidelines in this fi eld; two surgeons (P Beaufi ls 
et C Hulet) were asked:
•    To build questionnaires in order to cover the 

existing ACL and meniscal treatments.  
•   To review the literature (N Pujol and G 

Nourissat). More than 1,500 articles were 
reviewed.  

•   To build a group of experts consisting of sur-
geons, but that also included sports medicine 
specialists, radiologists, general practitioners, 
and rheumatologists.    
 A primary draft was written, based on the lit-

erature data. When the literature on a specifi c 
point was level 1, the recommendation was 
regarded as grade A, level 2 – grade B, and so on. 
But sometimes there were no high-level publica-
tions while the asked question was important in 
terms of daily practice. Recommendations com-
ing from level 3 or 4 publications were regarded 
as grade C, and experts opinions were considered 
as grade D. Scientifi cally speaking, grade C or 
grade D recommendations may have of course a 
lower strength, but in terms of daily practice, they 
can help the surgeon in the decision-making pro-
cess. Then the draft was submitted to 50 indepen-
dent reviewers coming from different specialties. 
Comments were analyzed and were included, if 
necessary, in the fi nal text which was approved 
by the ad hoc HAS group. Then 3 different arti-
cles were published: the whole text, including the 

methodology, and the detailed reviewed litera-
ture, another more practical second short text 
with algorithms, and last a summary. All these 
papers, and mainly the short text, can be reprinted 
in scientifi c journals.  

8.1.3    How to Share Guidelines on 
Meniscus Pathology and 
Treatment 

 Regarding the pathology of the meniscus, guide-
lines of treatment must be distinguished accord-
ing to the etiology: traumatic and degenerative 
meniscal lesions. In the setting of a traumatic 
lesion, the goal here is to evaluate the particular 
indications for meniscectomy and for meniscus 
repair. In the case of degenerative meniscal 
lesions, the goal is to promote to surgeons the 
conservative treatment instead of meniscectomy, 
whenever this is applicable. The following 
 sections will cover these two conditions.   

8.2    What Is a Traumatic Meniscal 
Lesion? 

 Menisci can be traumatically torn during sports 
activities or high-energy trauma, possibly com-
bined with fractures around the knee [ 82 ]. 
Meniscal injuries are common in young and 
active individuals, particularly those who are 
involved in contact level 1 sports that involve fre-
quent pivoting, such as soccer, rugby, or American 
football [ 74 ]. Conversely, they can also be injured 
by apparently innocuous activities such as walk-
ing or squatting [ 4 ]. The traumatic action is most 
often a twisting movement at the knee while the 
leg is bent. Acute tears can lead to pain and/or 
swelling of the knee joint. Particularly acute inju-
ries might originate displaced tears which more 
often cause mechanical symptoms such as 
 clicking, catching, or locking during motion of 
the knee joint [ 74 ]. 

 An injury mechanism of valgus impact with 
external rotation of the tibia can also lead to a 
triad of injuries involving meniscal damage with 
associated medial collateral and anterior cruciate 
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ligament disruption [ 19 ,  89 ]. Epidemiological 
studies have shown that all meniscal lesions, in 
different sports, involve the medial meniscus in 
24 % of cases, while lateral meniscus is impli-
cated in around 8 % and 20–30 % of meniscal 
lesions are associated with other ligament inju-
ries [ 34 ]. 

 The patient’s chief complaints are usually 
knee pain and swelling. These are worse when 
the knee bears higher loads (e.g., when running). 
Another typical complaint is joint locking, with 
patients referring that are unable to straighten the 
leg completely. This can be accompanied by a 
sense of “clicking.” Some patients also refer an 
impression of giving away [ 34 ]. 

 The patient can often remember a specifi c 
trauma, activity, or movement during which the 
meniscus tear was sustained. 

 Diagnosis is based on clinical examination. 
MRI is useful but should be reserved for cases in 
which an experienced clinician necessitates fur-
ther information before reaching a diagnosis 
[ 84 ]. Current indications for arthroscopy include 
mainly therapeutic actions. 

 Meniscus tears can be classifi ed in various 
ways: by anatomic location, by proximity to 
blood supply, etc. Various tear patterns and con-
fi gurations have been described [ 9 ]. These 
include:
•    Radial tears  
•   Flap or parrot beak tears  
•   Peripheral, longitudinal tears  
•   Bucket-handle tears  
•   Horizontal cleavage tears  
•   Complex, degenerative tears    

 The functional importance of these classifi ca-
tions, however, is to ultimately determine whether 
a meniscus is repairable. 

 The possibility to repair a meniscal injury is 
dependent upon a number of factors [ 9 ]. These 
include:
•    Age/strength  
•   Activity level  
•   Tear pattern  
•   Chronicity of the tear  
•   Associated injuries (anterior cruciate ligament 

injury)  
•   Healing potential    

 More recently, the ISAKOS classifi cation of 
meniscal tears has been developed for pooling 
of data from international clinical trials designed 
to evaluate the outcomes of treatment. The 
method has shown suffi cient interobserver reli-
ability [ 2 ]. 

 The literature indicates a number of risk fac-
tors leading to either degenerative or acute menis-
cal tears, with some of these factors being 
potentially modifi able [ 94 ]. 

 There is moderate evidence that weight bear-
ing during trauma is an important risk factor for 
acute meniscal tears [ 33 ]. Overall, sport seems to 
be a relevant risk factor for acute meniscal tears 
[ 4 ,  5 ,  94 ]. Some contact sports such as soccer or 
rugby have been correlated with increased risk. 
However, swimming has also been identifi ed as a 
risk factor for acute tears despite its low-contact 
profi le [ 5 ] and minimal evidence for running also 
as a risk factor [ 94 ]. Generic joint laxity is a risk 
factor for meniscal tears, which despite not being 
modifi able might be subject of pre-participation 
prevention program [ 4 ]. 

 An overall  odds ratio  of 3.50 for medial 
meniscal tears is observed when anterior cruciate 
ligament (ACL) surgery is performed more than 
12 months after the ACL injury compared to less 
than 12 months after ACL injury (Fig.  8.1 ) [ 94 ]. 
Concerning lateral meniscus tears, minimal to no 
evidence was found for the amount of time 
between ACL injury and reconstruction surgery 
as a risk factor [ 94 ]. These fi ndings should be 
understood considering the different roles of 
medial and lateral menisci within knee joint, par-
ticularly the role of medial meniscus as second-
ary restrictor of anterior tibial displacement and 
the relatively higher mobility of lateral meniscus 
[ 59 ]. Moreover, a delay in surgical treatment is 
also associated with a higher incidence of medial 
meniscal tears in pediatric and adolescent popu-
lations [ 62 ]. Pediatric patients treated >150 days 
after injury for ACL tears have a higher rate of 
MMT than those treated ≤150 days after injury. 
Increased age and weight are independently asso-
ciated with a higher rate of MMT [ 21 ].

   Symptomatic horizontal meniscal tears in 
young patients are a singular entity which often 
present isolated severe meniscus injuries. It has 
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been considered as an overuse syndrome [ 78 ]. 
Repair of complete radial meniscal tears is a key 
to restoring the mechanical integrity necessary to 
maintain hoop tension in the meniscus [ 14 ], but 
the biomechanical structural properties of differ-
ent repair techniques for complete radial menis-
cal tears remain unknown. Meniscal root tears 
(MRTs) may be traumatic or degenerative. 
Traumatic root tears are often associated with 
ACL tear, especially on the lateral meniscus. The 
disruption of collagen fi bers, which provide hoop 
strength, eventually results in extrusion of the 
menisci, altering their biomechanical properties. 
Located into the vascularized zone of the menis-
cus, management is preferentially arthroscopic, 

aimed at repairing the lesions with arthroscopic 
transosseous sutures or suture anchors [ 66 ]. 
Considering severe trauma implicated in acute 
tibial plateau fractures, joint-line depression is a 
potential predictor of specifi c meniscal (and liga-
mentous) injuries [ 95 ].  

8.3    Meniscus Repair: Guidelines 

 When an orthopedic surgeon is faced with a 
meniscal lesion that is assumed to be responsible 
for the patient’s symptoms, two fundamental 
questions need to be answered: (1) Is it necessary 
to treat this lesion surgically? Refraining from 

a b

c d

  Fig. 8.1    ( a ,  b ) Traumatic vertical lesion of the posterior segment of the medial meniscus in the red–red zone. ( c ,  d ) 
Treatment by meniscus repair       
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operative treatment must be seriously considered. 
(2) If there is a need for surgical treatment, should 
meniscectomy or meniscal repair be performed? 
The purpose of meniscus repair is to enhance 
functional outcomes and protect cartilage, with 
an acceptable rate of failure [ 6 ,  56 ,  64 ,  68 ,  75 ,  77 , 
 78 ,  79 ,  90 ]. 

 The most important guideline in the decision- 
making process is the principle of meniscal spar-
ing. Therefore, meniscectomy should only be 
contemplated when neither of the above options 
is applicable. 

8.3.1    Longitudinal Vertical Lesion 
in a Stable Knee 

 Surgical removal of the torn fragment is most 
commonly performed because in the vast major-
ity of cases, the tear is located in the avascular 
zone of the meniscus. Patients usually recover 
rapidly and uneventfully. 

 The long-term prognosis is favorable, provided 
that the meniscus has not been totally removed 
(which would mean excision of meniscal tissue as 
far as the peripheral zone) and that the resection 
has not been extended too far anteriorly or poste-
riorly. As a rule, asymptomatic lesions should be 
left alone. Meniscal repair should always be con-
sidered when the anatomical conditions are favor-
able (lesion located within the red–red or 
red–white zone), when the time from injury is less 
than 3 months, especially if the patient is young 
and also if the patient’s morphotype is disadvanta-
geous (varus knee for medial meniscectomy and 
valgus knee for lateral meniscectomy) [ 7 ,  8 ,  22 ]. 
Particular attention must be paid to the possible 
detrimental effect of lateral meniscectomy on the 
affected joint as secondary cartilage degeneration 
is common, not to mention rapid chondrolysis in a 
young and active patient. Indications for repair 
should, therefore, be widened for the lateral 
meniscus (hypermobile meniscus, true traumatic 
lesion). It is in these cases that the techniques of 
stimulating healing (fi brin clot, abrasion, synovial 
or membrane fl ap) are most applicable, particu-
larly for long- standing, more extensive lesions 
and red–white lesions.  

8.3.2    Traumatic Vertical Lesion 
in ACL-Defi cient Knee 

 Every effort should be made to avoid subse-
quent meniscectomy, which is known to com-
promise functional performance, joint stability, 
and cartilage, whether it is associated with ACL 
reconstruction or not. Let the meniscus alone or 
surgical repair be considered as the best solu-
tion, since these lesions are most often located 
in the peripheral vascularized zone of the 
meniscus and have the best chance to heal. 
These lesions fall into one of the following 
categories: 

 Symptomatic anterior laxity of the knee 
(functional instability) in an active individual 
practicing sports, in whom ACL reconstruction 
is strongly indicated. In this situation, the 
meniscal lesion is diagnosed before or during 
surgery and is treated simultaneously (Fig.  8.2 ). 
The postoperative protocol is not altered, 
regardless of the treatment of the meniscus, 
which may involve surgical repair or let the 
meniscus alone. The ACL surgery is aimed at 
optimally restoring joint function and protect-
ing the cartilage, mainly attributable to menis-
cal tissue preservation.

   Anterior laxity of the knee associated with 
minor symptoms in an active individual who is 
not engaged in high-demand sports activities. 
In this case, the indications for ACL recon-
struction are not straightforward considering 
the functional limitation of the patient. A 
diagnosis of a reparable meniscal lesion may 
be an important argument in favor of surgery. 
The goal of ACL reconstruction then is to pro-
tect the articular cartilage and to improve the 
natural history of the knee joint. A simple 
meniscectomy without ACL reconstruction 
can only be considered in case of a symptom-
atic meniscal lesion in a sedentary middle-
aged patient who does not present functional 
instability. 

 Meniscal repair or leave the meniscal tear 
alone without treatment. 

 A commonly shared opinion is that unstable 
or symptomatic meniscal tears should be surgi-
cally repaired at the time of ACL reconstruction, 
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while stable asymptomatic tears should be left 
untreated. However, lesion instability has not 
been clearly defi ned, and the problem of 
establishing proper criteria (e.g., size of lesion 
and abnormal mobility of the meniscus) remains 
unsolved. At most, Pujol and Beaufi ls [ 76 ] can 
assume that the indications for surgical repair 
can be widened for the medial meniscus 
(increased risk of secondary meniscectomy if 
left alone), even for small stable lesions whereas 
for the lateral meniscus let the meniscus alone 
can be the preferred approach (low risk of sub-
sequent meniscectomy), again for such small 
stable lesions.  

8.3.3    Horizontal Cleavage of the 
Meniscus in the Young Athlete 

 It may be considered as an overuse lesion and 
should be differentiated from the well-known 
degenerate lesion in older patients. It appears as 
an intra-meniscal (grade 2) or extra-meniscal 
(grade 3) horizontal cleavage sometimes associ-
ated with a peripheral meniscal cyst [ 12 ]. Rather 
than an arthroscopic repair, Pujol et al. [ 78 ,  79 ] 
perform an open technique (Fig.  8.3 ) which 
allows the debridement of the intra-meniscal 
lesion close to the horizontal cleavage, and they 
insert vertical strong bioabsorbable stitches. In a 

a

c

b

  Fig. 8.2    ( a ) Bucket handle of the medial meniscus associated with ACL tear. ( b ) Meniscus repair and ( c ) ACL 
reconstruction       
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review of 30 knees with 40 months FU, Pujol 
et al. [ 78 ,  79 ] demonstrate the meniscus is pre-
served in 80 %; functional results deteriorate in 
patients older than 30. The rate of secondary 
meniscectomy is low (12 %).

8.3.4       Radial Tears 

 Radial tears in young patients could be consid-
ered for repair when extended to the periphery, 
specially on the lateral meniscus. It could be 
done with horizontal hybrid suture devices or 
with a suture hook and a knot pusher.  

8.3.5    Meniscal Root Tears 

 Root tears have been recently described. Frequent 
degenerate root tears must be differentiated from 

true traumatic root tears which are rare. These 
traumatic root tears are often associated with an 
ACL tear especially on the posterior horn of the 
lateral meniscus. They have been ignored for a 
long time and should be systematically assessed 
during an ACL reconstruction. They can be 
treated by tibial refi xation, using a transtibial 
tunnel [ 1 ].  

8.3.6    Far Posterior Meniscal Tears 

 These lesions can be suspected by MRI and ante-
rior arthroscopy during an anterior cruciate liga-
ment reconstruction. But it is often misdiagnosed. 
These lesions are located in the meniscocapsular 
junction and can be diagnosed by a posterior 
arthroscopic approach. It is now recommended to 
repair such meniscal tears in order to support 
additional stability after ACL reconstruction. 

a

c

b

  Fig. 8.3    Open meniscus repair of the medial meniscus 
(post segment) in young athletes. ( a ) After posterior 
arthrotomy and meniscosynovial junction release, the 
horizontal cleavage is clearly visible on the peripheral 

wall of the meniscus. ( b ) vertical bioabsorbable stitches 
(PDS). ( c ) After closure of the capsule on the meniscus. 
Knots are intra-articular       
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There are several methods of repairing the menis-
cus: inside-out, outside-in, and all-inside. For far 
posterior medial meniscal tears, vertical sutures 
are placed through a posteromedial portal with a 
suture hook.  

8.3.7    In Summary 

 According to these rules, we can assume the rate 
of meniscectomies should decrease, and the rate 
of repair or conservative treatment should 
increase in the future. Techniques evolved, and 
indications are more and more accurate; this con-
tributes to current good clinical outcomes of 
meniscal repairs. Several options to enhance 
meniscus repair are currently under intense inves-
tigation [ 70 ] based in growing knowledge related 
to meniscus tissue [ 69 ]. Enhancement of suture 
techniques includes the use of hydrogels, scaf-
folds, growth factors, cells, and nanotechnology 
in an attempt to control the release or activity of 
the former [ 69 – 72 ].   

8.4    Etiology of Degenerative 
Meniscus Tear and Its 
Consequences 

8.4.1    Epidemiology and Etiology 
of Degenerative Meniscal 
Lesions 

 About every third knee of middle-aged and 
elderly persons has a meniscus with a degenera-
tive meniscal tear [ 25 ] (Fig.  8.4 ). Typical confi g-
urations of these are horizontal cleavages and/or 
fl ap tears/oblique tears involving medial menis-
cal body and or the posterior horn. Most meniscal 
tears exist in persons without knee symptoms. 
Hence, meniscal tears are an extremely common 
incidental fi nding on magnetic resonance imag-
ing of the knee [ 25 ].

   Risk factors associated with the development 
of such degenerative lesions besides self-reported 
knee injury are malalignment of the knee (the 
more loaded compartment) and the presence of 
signs of hand osteoarthritis suggesting systemic 

or potentially a common environmental factor 
[ 29 ]. Further, in cross-sectional studies, fl oor lay-
ers have been found to have a higher prevalence 
than graphic designers suggesting occupational 
load also may contribute [ 83 ]. 

    When a meniscus is damaged, degenerative 
processes and the risk of knee osteoarthritis dra-
matically increase, probably due to loss of menis-
cal function in load distribution and shock 
absorption. In middle-aged and elderly patients, 
the meniscal tear may often be considered a sig-
nifying feature of incipient osteoarthritis. 

 The prevalence of meniscal tears increased 
with increasing age, ranging from 16 % in the 
knees in 50- to 59-year-old women to over 50 % 
in the knees of men aged 70–90 years [ 25 ]. In 
addition, in this population-based sample, 10 % 
had partial destruction or complete absence of 
normal meniscal tissue, which is not classifi ed as 
meniscal tear but is a fi nding typically associated 
with radiographic evidence of osteoarthritis. A 
prevalence of meniscal pathology of about 
70–90 % has been reported in knees of patients 
with symptomatic knee osteoarthritis [ 11 ,  24 ,  50 , 
 54 ]. These results are important in a couple of 
aspects. First, the studies demonstrate the very 
high prevalence of meniscal damage in the gen-
eral population. Second, most of meniscal tears 
do not cause knee symptoms as over 60 % of 
tears were seen in knees of subjects without knee 
pain, aching, or stiffness [ 25 ]. Hence, a meniscal 
tear is a common incidental fi nding when per-
forming MR imaging of the knee (Fig.  8.5 ). 
These tears may further act as key factors in the 
early-stage development of knee osteoarthritis, 
although often not directly linked to knee pain 
[ 24 ]. Having such meniscal damage on MRI is, 
for example, associated with an almost sixfold 
increased odds ratio for development of radio-
graphic knee osteoarthritis over 30 months [ 26 ].

   Another critical aspect of the meniscus in 
addition to its morphologic integrity is its posi-
tioning within the knee joint. Meniscal tears, for 
example, are often accompanied by varying 
degree of meniscal extrusion, i.e., radial 
 displacement of the meniscus outside the joint 
margin [ 53 ]. Several investigators have reported 
of more frequent meniscal extrusion of the 
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 meniscal body in the osteoarthritic knee [ 36 ,  47 , 
 96 ]. Also, meniscal extrusion and low coverage 
of the tibial surface have been reported to be a 
potent risk factor for cartilage loss [ 42 ,  43 ,  88 ]. 
Further, medial meniscal body extrusion is a 
strong risk factor for the development of bone 

marrow lesions [ 28 ]. Importantly, meniscal extru-
sion is also a contributing factor to joint space 
narrowing seen on conventional tibiofemoral 
radiographs [ 42 – 44 ], making it an integral part of 
knee osteoarthritis as the disease is often clini-
cally defi ned by the combination of symptoms 
and radiographic evidence of knee osteoarthritis.  

8.4.2    A Causal Chain of Events 
to Knee Osteoarthritis 

 Knee osteoarthritis is often a result of increased 
biomechanical loading in susceptible individuals 
and the pathological response of joint tissues to 
such abnormal biomechanical stress [ 27 ]. Knee 
malalignment, obesity, and occupational hazards 
could result in chronic overloading. Such over-
loading, coupled with degenerative meniscal 
matrix changes possibly related to early-stage 
osteoarthritis, could lead to meniscal fatigue, 
rupture, and extrusion [ 25 ,  67 ,  83 ]. Once the 
meniscus loses its critical function in the knee 
joint, the increased biomechanical loading pat-
terns on joint cartilage may result in cartilage loss 
[ 10 ,  42 ,  43 ], bone alterations including trabecular 
bone changes [ 51 ,  73 ,  99 ], increased bone 

  Fig. 8.5    Grade 3 hypersignal of the posterior horn 
(medial meniscus) associated with a parameniscal cyst       
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 mineral density [ 55 ], development of subchon-
dral bone marrow lesions [ 24 ,  26 ,  27 ], and 
increasing malalignment. The vicious cycle of 
knee osteoarthritis is in motion. 

 The biomechanical effect of loss of meniscal 
function is well documented in multiple biome-
chanical studies [ 35 ,  52 ,  85 ,  86 ,  91 ,  97 ]. Cartilage 
loss predominantly occurs in the vicinity of 
where the meniscal damage is located suggesting 
a fi rm cause and effect relationship between the 
meniscal damage and structural disease progres-
sion [ 15 ].  

8.4.3    Symptoms and Degenerative 
Meniscal Pathologies 

 The association between meniscal tears and knee 
symptoms is complex in knees with osteoarthritis 
as well as in knees without osteoarthritis [ 11 ,  25 , 
 65 ]. Healthcare professionals also need to be 
aware of the fact that meniscal tears may also be 
asymptomatic per se in a patient with knee pain. 
Just because there is a tear, visible on knee MRI 
or at arthroscopy, it does not necessarily mean 
surgical resection of torn meniscal tissue will 
resolve the patient’s pain or aid the patient in the 
long term [ 39 ,  49 ,  63 ]. This is particularly true in 
patients’ with preexisting knee osteoarthritis 
where the pain, for example, may be a result of 
the compromised meniscal function leading to 
increased stress on joint cartilage and subchon-
dral bone, which may result in bone marrow 
lesions [ 28 ]. Bone marrow lesions have been 
found to be highly associated with knee pain and 
fl uctuations in knee pain [ 32 ,  101 ]. Meniscus 
tears are also often associated with synovitis 
which may be painful [ 80 ]. Recently, increased 
vascular penetration and nerve growth have also 
been reported of the menisci obtained from 
osteoarthritic knees [ 3 ]. Although a cross- 
sectional study indicated meniscal extrusion to 
be more frequent in painful knees than the con-
tralateral non-painful knee of similar radio-
graphic osteoarthritis stage, it is still largely 
unknown if meniscal extrusion may be directly 
associated with pain due to, for example, stretch-
ing/irritation of the synovial capsule [ 98 ].   

8.5    Treatment of Degenerative 
Meniscus Tear: Current 
Concepts and Evidence 

 Arthroscopic partial meniscectomy (APM) is the 
most common orthopedic procedure [ 18 ]. The 
aim of APM is to relieve symptoms attributed to 
meniscus lesion by removing torn meniscus frag-
ments and trimming the meniscus back to a stable 
rim. However, there is a dire lack of evidence on 
its effi cacy [ 30 ]. Most treated meniscus lesions 
are degenerative in nature and associated with 
various degrees of degenerative knee disease – 
anything from mild chondral changes not visible 
in normal x-rays to established knee osteoarthri-
tis (OA) [ 61 ]. The number of knee arthroscopies 
to treat established knee OA, without or with a 
concomitant meniscus lesion, has decreased dra-
matically in the past 15 years [ 41 ,  48 ]. This trend 
has been attributed to the fi ndings of two con-
trolled trials [ 49 ,  63 ] demonstrating lack of effi -
cacy of arthroscopic surgery. However, the 
number of APMs has concurrently increased by 
50 % [ 48 ]. At approximately 700,000 per year in 
the USA alone [ 18 ] and costing over $6,000 per 
case, the estimated annual direct medical costs of 
these APMs amount to about $4 billion. 

8.5.1    Existing Evidence 

 One randomized, placebo surgery controlled trial 
in the arthroscopic treatment of degenerative knee 
disease exists [ 63 ]. In this seminal trial, Moseley 
et al. compared the effi cacy of arthroscopic lavage, 
debridement, and placebo surgery (skin incisions 
only) in patients with established knee osteoarthri-
tis. The outcomes after arthroscopic lavage or 
debridement were no better than those after a pla-
cebo procedure. However, concerns regarding the 
methodological choices and patient selection of 
this trial prompted Kirkley et al. [ 49 ] to reassess 
the role of arthroscopic surgery in patients with 
knee OA. A comparison of arthroscopic surgery 
coupled with optimized physical and medical ther-
apy showed no additional benefi t to optimized 
physical and medical therapy alone. In the three 
previous trials specifi cally assessing the benefi t of 
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APM in the treatment of degenerative meniscus 
tear [ 40 ,  46 ,  100 ], arthroscopic surgery and exer-
cise therapy were not superior to exercise therapy 
alone in patients with varying degrees of knee OA. 
The elementary problem regarding the abovemen-
tioned randomized controlled trials (RCTs) assess-
ing the outcome of APM in patients with 
degenerative meniscus tear is that all these studies 
have been effectiveness trials in design – address-
ing whether arthroscopic surgery works in ordi-
nary healthcare settings – including typical 
degenerative knee disease patients with varying 
degrees of knee OA. Considering the fact that the 
existing literature actually provides no (effi cacy) 
evidence in support of the current practice of per-
forming APM for patients with a degenerative 
meniscus tear, a study using a sham surgery con-
trolled design and enrolling a sample with optimal 
anticipated response to APM – patients with a 
degenerative medial meniscus tear [ 16 ,  38 ] and no 
concomitant advanced knee degeneration [ 31 ] – 
are urgently needed. A detailed elaboration of the 
strengths and limitations of such trial, including 
ethical and feasibility analysis on the use of the 
sham surgery design, has been published previ-
ously [ 93 ], and at least another such trial is cur-
rently under way [ 37 ]. 

 The scientifi c validity of the entire clinical 
scheme for diagnosing and treating patients with 
a suspected degenerative meniscus tear is under 
scrutiny. Medial joint line symptoms are cur-
rently commonly attributed to meniscus tears. If 
the clinical diagnosis is “confi rmed” in MRI, 
APM is typically advocated, particularly for 
patients without concomitant knee OA [ 57 ]. 
However, this may be too simplistic a strategy: 
Englund et al. [ 24 ] showed no association 
between the presence of meniscal damage and 
the development of frequent knee pain in 
middle- aged and older adults. The authors con-
cluded that the association seems to be present 
because both meniscal damage and knee pain 
are related to OA and not because of a direct link 
between the two. This fi nding, along with other 
similar evidence, has led numerous authors to 
propose that degenerative meniscus tear is an 
early sign of knee OA rather than a separate 
clinical entity [ 11 ,  20 ,  25 ,  26 ]. On a closely 

related issue, there is mounting evidence that 
indicates that the occurrence of mechanical 
symptoms preoperatively predicts poor patient 
satisfaction and functional outcome and APM/
arthroscopic surgery provides poor relief from 
these symptoms [ 92 ]. 

 A counterargument to fi ndings challenging the 
justifi cation of any medical intervention is that 
previous studies – albeit often using trial designs 
with higher risk of bias – have consistently shown 
the intervention to be benefi cial. In this respect, it 
should be noted that all randomized trials address-
ing APM showed a marked (and statistically sig-
nifi cant) improvement on all outcome measures, 
but no benefi t of APM over conservative treat-
ment has been shown. It should also be noted that 
beyond the question of symptomatic relief, there 
is also concern – based on evidence from cohort 
studies – that arthroscopic partial meniscectomy 
may actually accelerate, rather than prevent, the 
progression of OA [ 23 ,  81 ]. However, as the 
respective effects of surgery (APM) and tear can-
not be disentangled in such study designs [ 45 ], 
only the long-term follow-ups of ongoing sham 
surgery controlled RCTs [ 37 ,  93 ] will eventually 
resolve this most important issue.  

8.5.2    In Summary 

 In summary, the results of existing high-quality 
evidence (from randomized, controlled trials) 
have failed to provide evidence to support the 
current practice of performing arthroscopic par-
tial medial meniscectomy for patients with a 
degenerative meniscus tear. Currently millions of 
people worldwide are annually being exposed to 
APM without evidence of benefi ts while there 
are risks and substantial costs inherent in 
surgery.      
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9.1           Introduction 

    The medial patellofemoral complex, consisting 
of the medial patellofemoral ligament (MPFL) 
and the medial patellotibial ligament, is the main 
passive stabiliser of the patellofemoral joint. 
Since it has been shown that rupture of the MPFL 
is the main pathological consequence of patellar 
dislocation and biomechanical studies have dem-
onstrated that the MPFL is the main restraint 
against lateral patellar displacement, reconstruc-
tion of the MPFL has become a widespread tech-
nique for restoration of patellofemoral stability. 

 Different authors have reported on the results 
of different surgical techniques. The techniques 
and outcomes vary widely. This ICL aims to pro-
vide an overview of the indication for isolated 
MPFL reconstruction, advantages, and disadvan-
tages of surgical technique and reasons for 
failure.  

9.2    State-of-the-Art Treatment 

9.2.1    Biomechanical 
Considerations: The Normal 
Anatomy and Biomechanics 
of the MPFL and of MPFL 
Reconstruction 

    Joanna     Stephen    ,     Punyawan     Lumpaopong    ,     David   
  Deehan    ,     Deiary     Kader    , and     Andrew     Amis     

 The most important anatomical factor is the fem-
oral attachment, which was shown to be midway 
between the medal epicondyle and the adductor 
tubercle. If the attachment is too proximal, then it 
leads to elongation when the knee fl exes, and a 
too distal attachment leads to elongation when 
the knee extends. In a normal knee, the femoral 
attachment of the MPFL can be defi ned by X-ray: 
if the anterior–posterior size of the femoral con-
dyle is 100 %, then the MPFL attachment is 40 % 
from the posterior limit, 50 % from the distal 
limit, and 60 % from the anterior limit [ 1 ]. 

 The MPFL is known to be the principal pas-
sive soft tissue restraint to patellar lateral dis-
placement. If the MPFL was transacted, it caused 
signifi cant changes in patellar kinematics, with 

increased lateral tilt and translation. This change 
was matched by signifi cant increases in lateral 
trochlear articular contact stresses and reduction 
of the medial facet contact stresses. These 
changes make a case for the desirability to restore 
MPFL function [ 2 ]. 

 When MPFL reconstruction was studied, 
using a 2-strand gracilis tendon graft from a sin-
gle femoral tunnel to a groove along the medial 
edge of the patella, it was found that the best graft 
tension was only 2 N, that is, only just take out 
the slackness from the graft, and do not pull the 
patella medially. Any higher graft tension led to 
elevated cartilage contact pressures on the medial 
facet of the PF joint. If a central, anatomical graft 
tunnel position was found on the femur, the 
MPFL graft was close to isometry    across the 
range of knee fl exion–extension, with approxi-
mately 2 mm elongation in the last 15° of knee 
extension. So the angle where the graft was ten-
sioned did not matter, in the range from 30° to 
60° knee fl exion, to restore the articular contact 
pressures to normal across the medial and lateral 
facets of the PF joint. If the femoral graft tunnel 
was placed 5 mm proximal or 5 mm distal from 
the anatomical site, it caused signifi cant joint 
contact pressure elevation, in line with the length 
changes of the natural MPFL. That is, 5 mm 
proximal attachment led to elevated pressures on 
the medial facet of the PF joint in the fl exed knee, 
and 5 mm distal attachment led to elevated pres-
sures in the extended knee [ 3 ].  

9.2.2    Indications for Isolated MPFL 
Reconstruction and the 
Infl uence of the Soft Tissue 
Anatomy on the Diagnosis 
and Treatment: When Is a Soft 
Tissue Procedure Suffi cient 
for Patella Stabilisation? 

    Elizabeth     A.     Arendt      

 To describe the ideal patient who would benefi t 
from an MPFL reconstruction to guard against 
recurrent lateral patella dislocation (LPD) is 
not a diffi cult task on paper. What makes this a 
diffi cult task in practice is that in the patello-
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femoral joint, there is not a black and a white 
answer, but rather numerous shades of grey. 
This is due to the varied soft tissue and bony 
dysplasias of the patellofemoral joint that are 
associated with lateral patella dislocations. 
Alteration of anatomy, of both soft tissue and 
bone, can make any one patient a blend of nor-
mal, near normal, slightly dysplastic, and 
highly dysplastic features. 

 Although we have many measurement 
schemes to help to objectify our decisions, the 
type of surgical decision will involve a blend of 
imaging and physical exam features, combined 
with patient expectation and surgeon’s experi-
ence and judgement. 

 This handout will discuss evidence (Level V) 
of when a soft tissue procedure suffi cient for 
patella stabilisation against recurrent lateral dis-
locations. In addition it will assess if current lit-
erature helps the clinician in this clinical 
dilemma. 

 An ideal candidate for an isolated MPFL 
reconstruction (without bony work, e.g. tibial 
tubercle osteotomies/trochleoplasties) might 
have the following profi le of risk factors [ 4 – 6 ]:
•    A normal trochlea and a low-grade dysplasia. 

Low-grade dysplasia can be described as type 
A (D. Dejour classifi cation) or those patients 
with normal tracking of the patella through an 
active arc of motion (no signifi cant J sign or 
excessive quadriceps pull sign).  

•   No ‘excessive’ lateral vector. Though the role 
of tibial tubercle medialisation as a necessary 
component of patella stabilisation is being 
challenged by our current surgical indications, 
an excessive lateral vector force usually 
implies a more dysplastic joint. 

 A tubercle sulcus angle of 0–5° valgus on 
physical exam and TT-TG <20 mm (no sig-
nifi cant malalignment of the patellofemoral 
joint) are good candidates for ‘isolated’ 
MPFL. 

 These patients usually have a reduced 
patella on axial imaging in early fl exion in a 
non- effused knee.  

•   No ‘excessive’ patella height. Though our 
most common measurement schemes are tib-
ial based, for me it comes down to ‘reason-
able’ overlap of the patella and trochlea 

surfaces on sagittal MR (functional patella 
engagement with the trochlea). 

 In regard to lateral lengthening, the author 
reviews the following preoperative factors to 
aid in the decision of how to manage the lat-
eral soft tissue structures.  

•   Lateral patella tilt less than 20° utilising axial 
image with posterior femoral condyles as a ref-
erence, measured on an image without notable 
knee effusion (in a non-acute injury setting), 
usually does not need lateral lengthening.  

•   If the non-acute axial image in full extension 
shows increased lateral patella tilt but the tilt 
corrects in early fl exion (20° Laurin’s view or 
a 30° Merchant’s view), the patella rarely 
needs lateral structures lengthened.  

•   Axial radiographs taken in early fl exion reveal 
excessive lateral tilt on both sides, with no 
injury to the opposite (non-injured) knee; this 
is a strong sign that lateral-sided deforming 
forces are present.  

•   Patella tilt that has no lateral tightness on phys-
ical exam after the patella is relocated does not 
need lateral side lengthening (This may be 
necessary to evaluate intra-operatively.)     

9.2.3    Surgical Technique 

9.2.3.1    MPFL Reconstruction Using the 
Superfi cial Quad Technique 

    Deepak     Goyal     and     Christian     Fink     

   Introduction 
 MPFL reconstruction using hamstring grafts is 
quite popular but carries an important inherent risk 
of complications associated with patellar bony pro-
cedure. Patella fracture, violation of anterior cortex 
or chondral surface of patella, irritation due to 
hardware, gradually rising stress- riser effect, etc. 
are commonly reported problems [ 7 – 13 ]. Improper 
point of isometry at the femur and failure to keep 
optimum length of the graft are other important 
reasons for development of complications like 
patellofemoral overload [ 14 ], medial patellofemo-
ral arthritis [ 15 ], persistent lateral instability [ 16 ], 
and loss of postoperative movement [ 11 ]. 
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 Superfi cial slip of quadriceps tendon is a 
broad and thin graft similar to native MPFL and 
has biomechanical properties similar to MPFL. 
Its use eliminates hardware fi xation at the patella. 
Steensen et al. [ 17 ] had used a partial thickness 
graft from quadriceps tendon. Goyal presented a 
modifi cation called ‘the superfi cial quad tech-
nique’ during 14th ESSKA congress, Oslo, 2010, 
and later reported midterm results of his series in 
2013 [ 18 ]. The modifi cations involved providing 
anatomical fi xation points at the patella without 
use of any hardware, passage of graft through 
anatomical subvastus space, and isometric 
 fi xation at femur and keeping optimum length of 
the graft instead of tensioning it. As there was no 
patellar bony procedure required with the super-
fi cial quad technique, there were no patellar com-
plications. Fink developed a further modifi cation 
by developing a technique for the close harvest of 
the graft.  

   Surgical Technique 
 MPFL reconstruction should always be preceded 
by arthroscopic joint assessment and manage-
ment of intra-articular pathologies. The superfi -
cial slip of quadriceps tendon is actually the 
anterior most lamina of the three-layered quadri-
ceps tendon structure. It is best dissected few 
centimetres above the upper pole of patella. A 
surgical plane of separation exists a few centime-
tres above the upper pole of patella, from where a 
broad strip of tendon, around 10 mm wide, can be 
dissected as far as tendino-muscular junction 
proximally. Distally one must take care to avoid 
the penetration of the joint, and thin/broad ante-
rior lamina dissection is carried as an oblique 
 dissection on the anterior surface of patella. 
The lateral subperiosteal dissection is carried out 
till midpoint of supero-inferior length of patella 
on lateral side, while medial dissection ends at 
the level of superomedial corner of patella. Now 
the graft is rotated medially and is passed through 
subvastus space. While Steensen et al. [ 17 ] leaves 
the graft attached on anterior surface of patella, 
Goyal [ 18 ] fi xes the graft at superior half of 
medial border of patella at its anatomical attach-
ment. Fink recommends forming a subperiosteal 
sleeve of tissue on the medial part of anterior 

 surface and passing the graft underneath the 
sleeve to have more secured fi xation. 

 There are various methods of fi xation of 
superfi cial slip of the graft on femoral side. While 
Goyal uses Farr and Schepsis technique to fi x the 
graft on isometric point, others use Redfern’s 
technique [ 19 ] or Schoettle’s technique [ 20 ]. The 
superfi cial quad technique described by Goyal 
stresses importance of keeping optimum length 
of the graft instead of tensioning the graft. Any 
undue tension can lead to immediate postopera-
tive stiffness, pain, loss of motion, and late onset 
of medial patellofemoral arthritis. 

 As there are secure fi xations on both the sides 
using the superfi cial quad technique, there is no 
need to immobilise the joint. A simple brace for 
comfort of the patient is enough. Patient is 
encouraged to start ROM exercises on the same 
day or as soon as pain is under control. Walking 
is also allowed once patient regains a good quad-
riceps control.  

   Discussion and Anatomical Considerations 
 Literature confi rms that MPFL is a thin, broad, 
sheetlike ligament with length varying from 45 to 
65 mm and width varying from 10 to 32 mm 
(Smirk and Morris [ 21 ], Nomura et al. [ 22 ], Tuxøe 
et al. [ 13 ]). Average length of semitendinosus and 
gracilis is 250 and 220 mm, respectively, and 
these are cordlike grafts. According to Andrikoula 
et al. [ 23 ], the mean length of superfi cial slip of 
quadriceps tendon is 68 mm (range, 50–85) with 
knee fl exed and distance measured from superior 
border of patella to myoaponeurotic junction of 
rectus femoris. The average width is 41 mm at 
superior aspect of patella and 22 mm at middle of 
tendon. Hence superfi cial slip of quadriceps ten-
don is more anatomical match of native MPFL. 

 Wide area of attachment at patella will have 
better rotational control on the patella, during 
fl exion–extension movement. Also, it will avoid 
abnormal biomechanical stresses at the graft–
patella junction. Hamstrings tendons, being cord-
like structures, can only provide a single-point 
(or two point) fi xation, while superfi cial slip of 
quadriceps tendon, being broad in structure, can 
provide continuous attachment on the medial 
border of the patella.  
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   Biomechanical Considerations 
 Mountney et al. [ 24 ] studied strength of various 
fi xation methods in MPFL reconstruction along 
with strength of native MPFL itself. While 
strength of sutures alone was average 37 N, that 
of bone anchors combined with sutures was 
142 N. Both were remarkably less than strength 
of MPFL itself that is mean 208 N. When using 
blind-tunnel tendon graft, it was 126 N, and with 
through-tunnel graft, it was mean 195 N. The 
strength of various fi xation methods in MPFL 
reconstructions is remarkably less than the 
strength of MPFL itself. That means a graft that 
is fi xed at patella using any means is more likely 
to fail at the patella fi xation point rather than at 
mid-substance, even if its strength and stiffness is 
similar to native MPFL. On the other hand, a 
reconstruct which is stronger and stiffer than 
original MPFL will put more loads on patella 
when subjected to a severe stress. The loads will 
be much higher in presence of other persistent 
anatomical abnormalities like trochlea dysplasia, 
patella alta, abnormal TTTG distance, etc. To 
avoid such overload and overstress at patella, 
stiffness and strength of an ideal graft should be 
as near to the native MPFL as possible. 

 Mean strength of the MPFL is 208 N with a 
mean stiffness of 24 N/mm. Hamner et al. [ 25 ] 
found that the mean strength and stiffness of 
single- strand gracilis was 402 and 666 % higher, 
respectively, than the native MPFL. Similarly 
mean strength and stiffness of double-strand grac-
ilis was 745 and 1,400 % higher, respectively, 
than the native MPFL. On the similar consider-
ations, it was found that mean strength and stiff-
ness of single-strand semitendinosus was 509 and 
887 % higher, respectively, than native MPFL. 
Similarly mean strength and stiffness of double-
strand semitendinosus was 1,120 and 1,954 % 
higher, respectively, than native MPFL. Herbort 
et al. [ 26 ] found out the mean strength of superfi -
cial slip of quadriceps is 204 N, compared to that 
of MPFL being 190 in his study. The mean stiff-
ness value for the superfi cial slip of quadriceps 
was 33 N, compared to that of MPFL being 29 in 
his study. Studies of Hamner and Herbort confi rm 
that superfi cial slip of quadriceps tendon is much 
better biomechanical match of native MPFL.  

   Patellar Complications Due to Bony 
Fixation 
 Patella fracture is the most devastating complica-
tion reported after MPFL reconstruction with a 
hamstring graft. According to one study, up to 
90 % strength reduction in the bone can occur 
depending on the geometry and the size of the 
bony defects [ 27 ]. A weak medial patellar ridge 
has a potential for late patella fracture. 
As  discussed previously, a stronger and a stiffer 
graft puts more load on patellofemoral joint as 
against a native MPFL. The extra load put on the 
graft–patella junction by a stronger graft will have 
further deteriorating effect on weak medial patel-
lar ridge. This continuous load over a period can 
cause stress-riser effect and lead to late patella 
fractures after many years [ 12 ]. Patella fracture is 
a complication that cannot be accepted from a sur-
gery that was aimed to treat patella instability. 

 Other complications can be accidental dam-
age of the anterior or the chondral surface while 
creating the bone tunnels. Fixation devices such 
as suture anchors or buttons may lead to foreign- 
body reaction or other hardware-related intra- 
operative or postoperative problems [ 11 ]. This 
can lead to poor postoperative result and early 
onset of patellofemoral arthritis. A graft that can 
eliminate bony fi xation at patella indirectly elim-
inates all associated complications.  

   Conclusion 

 The superfi .cial slip of quadriceps tendon is a 
better anatomical and biomechanical match to 
the native MPFL. It provides anatomical patel-
lar fi xation without any requirement of patel-
lar hardware and thus avoids hardware/bony 
procedure related to patellar complications.   

9.2.3.2    Surgical Technique: MPFL 
Reconstruction Using a Double- 
Bundle Gracilis Tendon with 
Swivel Lock Fixation 

    Philip     Schoetlle     

 Reconstruction of the MPFL has become a wide-
spread technique for restoration of patellofemo-
ral stability. The main reason that MPFL 
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reconstruction became popular is the fact that 
distal realignment procedures such as transfer of 
the tibial tuberosity or release at the lateral patel-
lar retinaculum/capsule have provided inade-
quate restoration of patellofemoral stability in 
every patient, frequently leading to increased 
mediolateral instability, increased patellofemoral 
pressure, or arthritic degeneration. 

 Therefore, numerous techniques for recon-
struction of the medial patellofemoral complex 
have been described with promising clinical 
results. However, since it is known that a nonana-
tomical reconstruction of the MPFL can lead to 
non-physiological patellofemoral loads and kine-
matics, the goal of a surgical intervention must be 
an anatomical reconstruction. Since the femoral 
insertion of the MPFL has been evaluated ana-
tomically, biomechanically, and radiologically, 
the complications of increased patellofemoral 
pressure in fl exion associated with nonanatomical 
femoral graft fi xation that is too anterior/proximal 
can be avoided. Upon careful observation of the 
anatomical shape of the original MPFL, it is 
apparent that the patellar insertion is much wider 
than the femoral one. Additionally, Amis et al. 
have proven double-bundle structure provides a 
more stable proximal and distal ligamentous 
structure. Respecting this anatomical condition, a 
double-bundle reconstruction at the patellar side 
is reasonable to restore native ligamentous mor-
phologic and biomechanical properties; more-
over, this method lessens the patellar rotation 
during fl exion–extension movement that may 
occur during single-bundle reconstruction. Under 
these conditions, the double-bundle reconstruc-
tion, described earlier shows very satisfying clini-
cal results. As we know from ACL reconstruction, 
direct anatomical/aperture fi xation provides the 
highest time-zero fi xation by avoiding elongation 
of the graft or ‘bungee’ effect, resulting in the 
possibility of early rehabilitation with a full range 
of motion. In a similar manner, these concepts 
may be applied to MPFL reconstruction. 

 Although most of the actual surgical tech-
niques utilise a free tendon graft to reconstruct 
the MPFL as the only method for anatomical 
double-bundle graft fi xation, an all aperture fi xa-
tion has not yet been described. 

 Recent studies have described an anatomical 
double-bundle reconstruction, using an aperture 
fi xation at the femoral insertion, while the patel-
lar fi xation remains relatively indirect resulting in 
the eventual risk of postoperative micromotion 
and subsequent loosening. Patellar graft fi xation 
has been described either with an anchor system, 
attaching the graft into a bony rim, or by tying the 
attached graft sutures to each other at the lateral 
patellar edge; however, this method may poten-
tially result in graft slippage by degloving. 

 Until today, only one technique described ana-
tomical patellar fi xation by looping graft through 
bone tunnels without any additional fi xation 
device. This technique appears to produce stable 
fi xation at the patella. However, in soft bone, a 
widening of the tunnel could occur in the long 
term; moreover, in patients with a short gracilis 
graft, the tendon length may not be long enough 
to reach the anatomical femoral insertion. 

 The double-bundle technique described here 
offers an aperture fi xation at the patella and the 
femur, providing a high initial stability on both 
insertions, resulting in improved bony ingrowth 
and, consequently, an earlier return to full range 
of motion. 

   Harvesting and Preparing of the Gracilis 
Tendon 
 After completion of the arthroscopy, a 2 cm long 
oblique incision is performed at the pes anserinus. 
After incising the sartorius aponeurosis, the gracilis 
tendon is harvested and used as an autograft. The 
load to failure force of the Gracilis graft – even as a 
single bundle – exceeds the failure to load of the 
MPFL (208 N.) The usable part of the tendon 
should be at least 18 cm long. After harvesting the 
tendon with the stripper and removing the muscle 
tissue, the doubled tendon diameter is determined, 
and both ends are whipstitched with an absorbable 
braided suture over a length of 15 mm.  

   Preparing the Soft Tissue Layer 
 A 2 cm skin incision is performed from the 
superomedial corner to the end of the medial 
margin of the patella, where the patellar MPFL 
insertion is located. As the MPFL is situated cen-
tral to the vastus medialis obliquus (VMO) in the 
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second layer of the medial patellofemoral com-
plex, the central part of the VMO is identifi ed, 
and a scissor is brought along to the medial femo-
ral epicondyle in between the VMO and the joint 
capsule, cautiously avoiding any injury to the 
joint. After the opened scissors are removed, a 
right-angle clamp is brought into the separated 
layer, and the tip is directed towards the skin in 
the area of the adductor tubercle, where the fem-
oral MPFL insertion is located. Then a small lon-
gitudinal skin incision is performed over the tip 
in 30° knee fl exion, the position where the graft 
will be fi nally fi xed. Finally, in preparation for 
passing the fi nal graft, a suture loop is inserted in 
between the second and the third layer using the 
right-angle clamp.  

   Preparing the Femoral Insertion Site 
 To avoid non-physiological patellofemoral forces, 
the femoral MPFL insertion has to be very accu-
rate. Therefore, a guide wire with an eyelet is 
placed slightly posterior to the midpoint of the 
medial epicondyle and the adductor tubercle, and 
the entering point into the bone is marked with a 
clamp. Then the guide wire placement is controlled 
by a picture intensifi er on a straight lateral view to 
obtain the correct anatomical femoral insertion; if 
the graft is placed too anterior or proximal, abnor-
mal graft tensioning will lead to increased patello-
femoral pressures during fl exion. Therefore, we 
use the radiographic landmark of the anatomical 
MPFL insertion which has been shown to be 
located slightly anterior to an elongation of the pos-
terior femoral cortex in between the proximal ori-
gin of the medial condyle and the most posterior 
point of Blumensaat’s line. If necessary, the guide 
wire entry point is corrected before overdrilling to 
the contralateral cortex with a drill diameter 1 mm 
larger than that of the graft loop.  

   Preparing the Patellar Tendon 
Insertion Site 
 To achieve aperture fi xation at the patellar side, 
the free graft ends have to be fi xated directly to 
the patella. Therefore, the medial patellar margin 
is prepared, and two guide wires are drilled tan-
gentially into the patella at the proximal and dis-
tal end of the medial edge. The guide wires are 

subsequently overdrilled with a cannulated 4 mm 
drill to a depth of 20 mm.  

   Graft Fixation 
 The two free-sutured graft ends are fi xed into 
the patellar holes one after each other, using 
a 4.75 × 15 mm Swivel Lock (Fa. Arthrex), 
 achieving a direct anatomical graft fi xation. 
To accomplish this, the graft sutures are pulled 
through the PEEK eyelet of the Swivel Lock and 
pushed into the drill holes. Keeping the suture 
under tension, the graft ends are fi xed with the 
4.75 × 15 mm Swivel Lock screw. In this way, 
a double-bundle aperture fi xation at the patellar 
side is achieved, leaving the graft loop free. 

 The suture loop is then used to pull the graft 
in between layer 2 and 3 to the femoral inser-
tion. Next, a nitinol wire is inserted into the 
femoral drill hole, and the suture loop of the 
graft is pulled laterally using the guide wire. 
Finally, while maintaining equal tension on both 
bundles, the graft is pulled into the femoral 
socket. Since biomechanical studies have shown 
that the MPFL has its maximal length and 
restraint against patella lateralisation in 30° of 
fl exion, femoral fi xation is performed in 30° of 
fl exion with the lateral patellar edge positioned 
in line with the lateral trochlear border using a 
bioresorbable interference screw. An anatomical 
femoral insertion avoids an overcorrection, 
since an overtension of the graft can only occur 
if the femoral tunnel is placed too far anterior or 
proximal. In this case, the insertion point would 
move towards posterior in fl exion, leading to a 
lengthening of the distance between patellar and 
femoral insertion, increasing the load onto the 
graft and, consequently, onto the patellofemoral 
joint. 

 If adequate medial restraint has been restored, 
lateral patellar dislocation should no longer be pos-
sible, and routine skin closure is performed after 
reattaching the aponeurosis of the VMO back to the 
medial edge of the patella with resorbable sutures.  

   Postoperative Treatment 
 Compared to other techniques, this aperture fi xa-
tion with a biotenodesis screw at the patellar 
insertion provides an immediate stable tendon to 
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bone fi xation with an ultimate load to failure 
force at the patellar side higher than the 208 N 
needed to rupture an intact MPFL. Weight bear-
ing is allowed, however, no more than 20 kg until 
wound healing, while leg raising and quadriceps 
setting exercises can be started immediately with 
a free range of motion as tolerated. 

 Low-impact activities such as running or 
cycling are allowed at 6 weeks post-op; full activ-
ity is permitted at 3 months.   

9.2.3.3    Surgical Technique Using a 
Double-Bundle Dynamic MPFL 
Reconstruction with a Free 
Gracilis Tendon Autograft 

    A.     Rood    ,     K.     Groenen    ,     A.     Lentinga    ,  
   N.     Verdonschot    ,     A.    V.     Kampen    , and     Sander     Koëter       

   Why Reconstruct the MPFL? 
 The medial patellofemoral ligament (MPFL) is 
the most frequently injured soft tissue structure 
following acute lateral patellar dislocation. 
MPFL reconstruction has become a popular 
option to restore patellar stability following lat-
eral patellar dislocation. The goal is to recon-
struct the MPFL in a way that mimics the 
pre-traumatic condition of the patellofemoral 
joint in safe and reproducible way with minimal 
change of complications. In some papers compli-
cation rate can be as high a 25 %, with stiffness of 
the knee and patellofemoral pain being the most 
common. Some complications are infl uenced by 
the operative technique chosen.  

   Why Use the Gracilis Tendon? 
 Graft choice depends on graft length, graft stiff-
ness, graft strength, and graft fi xation possibili-
ties. The ideal graft has qualities that resemble 
the native MPFL in strength, elasticity, and 
length. An advantage of using the gracilis is that 
the mechanical properties resemble the native 
MPFL more than those of the quadriceps. The 
tensile strength of the MPFL is 208 N (SD 90) at 
26 mm (SD 7) of displacement. The gracilis has 
a tensile strength of 800 N, while the quadriceps 
tendon graft has a thicker cross-sectional area 
and a much higher tensile strength of 2,352 N to 

failure. The stiffness of the native MPFL is 8 N/
mm, the stiffness of the gracilis is 171 N/mm and 
that of the quadriceps is even greater. Another 
advantage of gracilis tendon harvest is that the 
extensor mechanism is not violated with a ham-
string harvest which causes less initial quadri-
ceps atrophy. This advantage may not be 
clinically relevant, since extensor mechanism 
wasting is usually more caused by the postopera-
tive treatment.  

   Which Fixation Technique? 
 Fixation of the graft can be with bone anchors, 
interference screws, or sutures. The optimal fi xa-
tion is rigid enough to prevent dislocation but 
allows full range of motion and does not infl u-
ence the patellofemoral pressure. 

 To evaluate which fi xation technique of the 
MPFL approaches the original situation best in 
terms of patellofemoral pressure, we performed a 
biomechanical in vitro study. We measured the 
patellofemoral pressure at different angles of knee 
fl exion in normal, undamaged cadaveric knees 
and compared this to the pressure after cutting the 
MPFL and after three reconstructive techniques 
of the MPFL (a fully dynamic reconstruction, a 
partial dynamic fi xation through bone tunnels in 
the patella, and a static fi xation on both the femo-
ral and patellar side). Seven fresh frozen knee 
specimens were tested in an in vitro simulation 
using a knee joint motion and loading apparatus. 
We harvested a gracilis tendon to use as a graft for 
reconstruction of the MPFL later on. We divided 
the quadriceps muscles into three groups. A total 
load of 50 N was applied to the three muscle 
groups. We created a constant 20 N force on the 
hamstrings. The knee joint was opened by a small 
medial arthrotomy. A pressure-sensitive fi lm was 
fi xed to the retropatellar cartilage with skin glue, 
covering the whole surface of the patella, where 
after the knee joint was closed using sutures to 
restore intact conditions. The knee was inserted 
into the knee loading and motion apparatus. We 
started the pressure and orientation measurements 
in fi xed fl exion angles from 0 to 110 in the follow-
ing fi ve conditions: A, normal knee condition; B, 
transected MPFL; C, complete dynamic MPFL 
reconstruction where we attached the graft only to 
soft tissues on both femoral and patellar side; D, 

A. Amis et al.



121

partial dynamic reconstruction where the patellar 
attachment was altered by fi xing the graft through 
bony tunnels; and E, static MPFL reconstruction, 
stapling the graft onto the femur at the location of 
the isometric point. As primary outcome mea-
surement we looked at patellofemoral mean pres-
sure and peak pressure. As secondary outcome 
measurements we evaluated centre of force (COF) 
and contact area. We compared all different 
reconstructions and the situation where the MPFL 
was cut (group B–E) to baseline conditions (group 
A). Mean patellofemoral pressure increased 
slightly with deeper fl exion in all conditions, but 
it was highest after static reconstruction (E). The 
pressures in condition B and C looked most simi-
lar to baseline condition (A). The peak pressure 
also differed the most in condition E. In this static 
reconstruction the peak pressure in deep fl exion 
was much higher than in the other situations. The 
dynamic reconstruction (C) showed the most sim-
ilar peak pressure compared to the original situa-
tion. In all conditions the contact area increased 
when the knees were more fl exed. There were no 
signifi cant differences between the groups. 

 This study shows that after a dynamic recon-
struction patellofemoral pressures return to the 
normal situation. Rigid fi xation causes higher 
peak and mean pressures. This could suggest that 
after a dynamical method, the risk of pressure- 
related complications is lowest.  

   Which Operative Technique? 
 We use a gracilis tendon through bone tunnel in 
patella. The bone tunnels do not completely 
transverse the patella to minimise the risk of frac-
ture. The MPFL is not a genuine ligament (like 
the ACL) but rather a thicker part of the medial 
retinaculum. Please see Fig.  9.1   for more details.  

   What Are the Results? 
 We retrospectively evaluated the results. 
Between 2009 and 2013, 117 patients were 
operated. Redislocation was seen in two 
patients; in both cases patients were treated with 
a trochlea osteotomy. No clinical signifi cant 
decrease in ROM was noted. A patella fracture 
was seen in two cases, in both cases after a fall 
(during fi eld hockey at 8 weeks post-op and dur-
ing physical therapy at 3 months post-op). One 

patient was treated conservatively; the other was 
operated.  

   Conclusion 

 This is one of the many techniques for recon-
structing the MPFL. Advantages of this tech-
nique include its biomechanical advantages; it 
is not technically demanding and seems rela-
tively safe.   

9.2.3.4    Surgical Technique for MPFL 
Reconstruction After TKA 

    S.     van     Gennip     ,     J.    J.     Schimmel    ,  
   G.    G.     van     Hellemondt    ,     K.    C.     Defoort    , 
and     A.    B.     Wymenga     

 Maltracking of the patella after total knee arthro-
plasty (TKA) remains a well-recognised problem. 
The medial patellofemoral ligament (MPFL) has 
shown to be important for patellar stabilisation, 
and reconstructions of the MPFL have already 
shown excellent functional outcomes for patellar 
instability of the native knee. Nevertheless, there 
is only limited literature on using an MPFL recon-
struction for correction of patellar maltracking 
after TKA. In this retrospective study, a consecu-
tive case series was evaluated. 

 Between 2007 and 2010, nine patients (nine 
knees) with anterior knee pain and symptomatic 
(sub)luxations of the patella after primary or 
revision TKA were treated by reconstruction of 
the MPFL in combination with a lateral release. 
In two cases, an additional tibial tuberosity 
transfer was performed, due to insuffi cient pre-
operative correction. Preoperative workup 
included a CT scan to rule out component mal-
rotation and disorders in limb alignment. Pre- 
and postoperative patellar displacement and 
lateral patellar tilt were measured on axial 
radiographs. Clinical outcome was evaluated 
using the visual analogue scale (VAS) satisfac-
tion, VAS pain, dislocation rate, and Bartlett 
patella score. 

 Median patellar displacement improved from 
29 mm (0–44) to 0 mm (0–9) postoperatively. 
Median lateral patellar tilt was 45° (23–62) pre-
operative and changed to a median 15° (−3 to 21) 
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  Fig. 9.1    Anatomic double bundle MPFL reconstruction. 
The MPFL is a thicker part of the retinaculum and its 
attachment is close to the adductor insertion (at the scis-
sors). A gracilis tendon is prepared. A separate incision is 

made at the patella and at the medial epicondyle. If neces-
sary avulsion fragments can be removed. The adductor 
tubercle is prepared. Two patellar tunnels are made. The 
graft is fi xed using resorbable sutures       
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postoperative. Median VAS satisfaction was 8 
(5–9), and only one patient reported a subluxing 
feeling afterwards. The Bartlett patella score dis-
played a diverse picture. 

 Patellar maltracking after primary or revi-
sion TKA without malrotation can effectively 
be treated by MPFL reconstruction in combina-
tion with a lateral release. Only in limited cases, 
an additional tibial tuberosity transfer is needed.   

9.2.4    The Failed MPFL 

    D.     Dejour     

 There are various reasons for failure of the recon-
structed MPFL. Before revision procedures you 
should evaluate the reason for failure. Reasons 
can be underlying bony pathology and technical 
problems. This session will address management 
of the failed MPFL.   

9.3    Future Directions for 
Research and Clinical 
Decision-Making Based on 
Literature Review 

    Elizabeth     A.     Arendt      

 In regard to understanding in what clinical setting 
is an isolated MPFL reconstruction of value, one 
would hope to be able to turn to the literature for 
some answer. A recent systematic review of 
PubMed on MPFL reconstructions was per-
formed at the University of Minnesota. 

 Inclusion criteria were ‘isolated’ MPFL 
reconstructions without any bony procedure, at 
least ten patients in the cohort and in a journal 
with an impact factor >2. 

 We found 24 articles that fi t these criteria. The 
main points of the systematic review are outlined 
below. 

 What kind of outcomes were reported?  n  = 24
•    Rate of redislocation – nearly all  
•   Kujala score (pain scale) – nearly all  
•   VAS (pain) – few  

•   Return to activity – most commented on this 
but without a metric  

•   QOL scale – few (KOS, IKDC, Cincin.)  
•   PF instability scale – none    

 What kind of preoperative variables were 
reported?  n  = 24
•    # of patients in study (range 12–193) 5 > 45 

patients  
•   Age M 23, range 10–52  
•   ‘Children’: variably reported as either open 

physis or <18 y/o    
 Preoperative variables recorded in M & M (% 

of all studies,  n  = 24)

 Mechanism of injury (A vs T)  71 % 
 Cartilage status  71 % 
 Activity level (1° Tegner)  50 % 
 Prior procedures  71 % 

   Preoperative variables recorded in M & M

 Physical exam 
 (+) Apprehension sign and/or quad. translation  56 % 
 Hyper laxity syndrome  21 % 
 Version  25 % 

   Preoperative variables recorded in M & M 
 Imaging measurements

 Patella height 
 72 % C/D and/or I/S 
methods 

 Trochlear dysplasia (TD)  80 % 
 Most studies used sulcus angle 
to determine TD 
 TT-TG  80 % 
 Tilt (variably measured)  54 % 

   MPFL Reconstruction: In what population 
was ‘isolated’ procedures performed? 

 Were anatomical instability factors accounted 
for in the patient selection? 

 Increased Q Angle: patients were excluded if 
TT-TG was elevated:

 Wang et al. [ 28 ]  >15 mm 
 Howell et al. [ 29 ]  >18 mm 
 Kang et al. [ 30 ]  >20 mm 
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   Patella alta and selection criteria were 
discussed:
•    Steiner et al. [ 31 ]

 –    ‘Signifi cant alta’ excluded  
 –   M I/S 1.16     

•   Nomura et al. [ 32 ]
 –    I/S: M 1.08  
 –   Range (.98–1.23)     

•   Thaunat/Erasmus [ 33 ]
 –    ‘Severe’ patella alta with extensor lag     

•   Patella alta: excluded if >1.2 (I/S)
 –    Ronga et al. [ 34 ]  
 –   Kang et al. [ 30 ]  
 –   Goyal [ 18 ]  
 –   Wang et al. [ 35 ]       

9.3.1    Gaps of Knowledge in Current 
Literature and Possible 
Recommendations for Future 
Research 

•     Current literature on MPFL reconstruction 
contains variable selection bias in the patients 
that they are reporting on that infl uences the 
results.  

•   Current literature on MPFL reconstructions 
contains non-uniform methods of reporting 
preoperative variables and outcomes.  

•   More clarity in reporting methodology is 
needed to be useful for the treating 
clinician.      

9.4    Take-Home Message 

•     The MPFL is nearly always damaged after 
patellar dislocation.  

•   MPFL reconstruction seems a valuable tech-
nique in case of recurrent dislocation.  

•   There is no consensus regarding the exact 
indication for isolated MPFL reconstruction 
in literature.  

•   There are various operative techniques avail-
able, all with their different advantages and 
disadvantages (with regard to stability, ease of 
conduct, specifi c complications, and costs).        
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        Patellar cartilage lesions are one of the most fre-
quent articular cartilage defects seen in knee 
arthroscopic procedures [ 1 ]. Today, the under-
standing of articular cartilage structure, biochem-
istry, and biomechanics has signifi cantly 
improved, and most problems of the patellofemo-
ral joint have been clarifi ed. However, lesions of 
the articular cartilage of the patellofemoral joint 
still pose a clinical and therapeutical problem. 

 The present chapter resumes the presentations 
of the Instructional Course Lectures at the 2014 
ESSKA Congress on the evaluation and manage-
ment of cartilage injuries affecting the patello-
femoral joint. 

10.1    Anatomy and Biomechanics 
of the Patellofemoral Joint 

 The patella is the largest sesamoid bone in the 
body. It is a fl at triangular bone and functions to 
direct forces of the quadriceps, protect the deeper 
knee joint anatomy, and protect the quadriceps 
tendon from frictional forces [ 2 ,  3 ]. The patella 
has a rounded base, proximally to which the 
quadriceps tendon is attached. Distally, the 
patella narrows to a pointed end, which attaches 
to the patellar ligament. Anteriorly, the patella is 

        A.   Gigante     (*)   
  Department of Orthopaedics,   Polytechnic University 
of Marche,    Ancona,   Italy   
 e-mail: a.gigante@univpm.it  

    A.  A.   Amis   
  Department of Mechanical Engineering,   Imperial 
College,    London,   UK    

    M.   Berruto   
  Istituto Ortopedico Gaetano Pini,      Milan,   Italy     

    M.  N.   Doral   
  Department of Orthopaedics and Traumatology,  
 Hacettepe University,    Ankara,   Turkey     

    K.  F.   Almqvist   
  Department of Orthopaedic Surgery, Physical 
Medicine and Rehabilitation,   Ghent University 
Hospital,    Ghent,   Belgium    

  10      ICL-15 Cartilage Lesion and 
the Patellofemoral Joint 

                 Antonio     Gigante    ,     A.    A.     Amis    ,     M.     Berruto    ,     M.    N.     Doral,     
and     K.     Frederic     Almqvist   

Contents

10.1 Anatomy and Biomechanics of the 
Patellofemoral Joint ................................... 127

10.2 Physiopathology of Patellar Chondral 
Lesions......................................................... 128

10.3 Epidemiology .............................................. 129

10.4 Presentation and Physical Exam .............. 130

10.5 Imaging ....................................................... 130
10.5.1 X-rays........................................................... 130
10.5.2 Computed Tomography (CT) ....................... 130
10.5.3 Magnetic Resonance Imaging (MRI) .......... 130
10.5.4 Arthroscopy ................................................. 131

10.6 Conservative Management ........................ 131

10.7 Surgical Treatment .................................... 132
10.7.1 Surgery for Maltracking ............................... 132
10.7.2 Chondral Surgery ......................................... 132

10.7.3 Biomechanical Surgery ................................ 135
10.7.4 Patellofemoral Arthroplasty ......................... 135
10.7.5 Ablative Surgery .......................................... 136

10.8 Take-Home Messages ................................. 136

 References ................................................................. 136

mailto:a.gigante@univpm.it


128

convex, with a roughened surface for tendinous 
attachments. Posteriorly, the patella is covered by 
thick hyaline cartilage. This articular surface also 
has a midline ridge that is congruous with the 
trochlear groove. The distal 25 % of the patella’s 
undersurface is non-articulating. 

 The articular surface of the patella is divided 
into two large facets, medial and lateral. Facet 
morphology can be classifi ed into one of the 
three groups on the basis of the Wiberg classifi ca-
tion scheme. Type 1, patellae have concave 
medial and lateral facets and are equal in size. 
This makes up 10 % of patella morphology. Type 
2, patellae have a fl at or convex medial facet that 
is much smaller in size than the lateral facet. This 
makes up 65 % of patella morphology. Type 3, 
patellae have a convex medial facet that is slightly 
smaller than the lateral facet. This is seen in 25 % 
of patellae [ 2 ,  4 ]. 

 The femoral trochlea is a 5.5-mm-deep groove 
in the distal aspect of the femur that intimately 
articulates with the patella. The lateral facet is 
larger and extends more proximally and anteri-
orly than the medial facet. The trochlear groove 
is covered by a 2- to 3-mm-thick cartilage cap, 
which tends to be thinner medially. Functionally, 
the trochlea provides a lateral buttress to lateral 
subluxation of the patella, starting at approxi-
mately 15–20° of knee fl exion [ 2 – 4 ]. Patellar 
contact area changes with increasing knee fl ex-
ion. In general, the contact area reaches a maxi-
mum at 90° of knee fl exion and moves proximally 
on the patella from extension to 90° fl exion. At 
90° fl exion, the proximal aspect of the patella is 
in contact with the femoral trochlea. As the knee 
fl exes beyond 90°, the patellofemoral contact 
area decreases, and the tendo-femoral contact 
area increases. Contact pressure is the ratio of the 
contact area and the patellofemoral joint reaction 
force. Force increases from extension to 90° of 
fl exion at a greater rate than contact area 
increases. The maximum compressive pressures 
occur at 60–90° of fl exion [ 5 ,  6 ]. 

 In the frontal plane, the angle between the 
quadriceps and patellar tendons has been defi ned 
as the Q angle. Its normal range is between 10° 
and 15° with the knee in full extension. With the 
knee in fl exion, the Q angle decreases because of 
internal rotation of the tibia relative to the femur. 

Contraction of the quadriceps creates a bowstring 
effect, which displaces the patella in a lateral 
direction, producing a contact force against the 
lateral margin of the femoral trochlear groove. 

 Abnormal tracking of the patella, which 
allows lateral subluxation of only a few millime-
ters, decreases the contact area and increases the 
stress on the lateral margin of the trochlear 
groove and the lateral facet of the patella [ 7 ]. 
Medial patellofemoral ligament (MPFL) disrup-
tion may alter patellofemoral joint kinematics 
and contact pressures, potentially causing pain 
and articular cartilage degeneration [ 6 ].  

10.2    Physiopathology of Patellar 
Chondral Lesions 

 Patellofemoral cartilage lesions are due to differ-
ent causes including sport trauma, traffi c acci-
dents, osteochondritis dissecans, patellofemoral 
malalignment, and idiopathic chondromalacia. 

 Patellofemoral malalignment or maltracking 
encompasses a number of conditions, isolated or 
variously associated, such as increased Q angle, 
high-riding patella (patella alta), trochlear dys-
plasia, increased femoral anteversion, excessive 
tension of lateral retinaculum, absence of medial 
patellofemoral ligament, and vastus medialis 
obliquus hypotrophy [ 8 – 13 ]. Such disorders lead 
to altered articular congruence between patella 
and femoral trochlea. This leads to excess over-
load with sheer forces being applied to the articu-
lar cartilage in some areas, while underloading 
may occur in others. Both hyperpression and 
hypopression may be detrimental to nutrition of 
the cartilage progressing to osteoarthritis. 

 The term “chondromalacia patellae” describes 
a pathological alteration of articular cartilage of 
the patellofemoral joint which, when mild, may 
be reversible but when severe can lead ultimately 
to osteoarthritis. However, since it is most often 
seen on the medial facet of the patella and osteo-
arthritis on the lateral facet, it can be argued that 
the one does not necessarily lead to the other 
[ 14 ]. 

 Chondromalacia is classifi ed in four grades 
according to Outerbridge [ 15 ] by arthroscopic 
evaluation:
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    Grade 1 . Closed disease. The articular carti-
lage surface looks normal, but the probe 
reveals a soft spongy feel or pitting edema. 
The surface is intact and the softening proba-
bly reversible.  
   Grade 2 . Open disease. The probe reveals fi s-
sures which may be unrecognized at fi rst 
sight.  
   Grade 3 . Exuberant fi brillation appearance of 
the articular surface.  
   Grade 4 . Full-thickness fi brillation and the 
erosion of the articular cartilage extend down 
to the bone which may be exposed. This is one 
of the typical features of osteoarthritis.    
 There is confl icting evidence as to the 

true pathological nature of chondromalacia. 
Goodfellow et al. [ 16 ] described primary 
changes in the deep and intermediate layers of 
the articular cartilage and referred to the pro-
cess as “basal degeneration.” This seems to fi t 
well with the appearance at arthroscopy in 
grade l disease. Bentley [ 17 ], however, has 
biopsied chondromalacic areas on the medial 
facet and provided evidence of surface fi brilla-
tion and loss of superfi cial matrix that could be 
the initial chondromalacic change. About the 
pathogenesis, from a biomechanical point of 
view, cartilage can be considered as a com-
pressed matrix: the type II collagen fi bers 
tightly bind together the proteoglycans which 
carry a very high negative charge and are 
strongly hydrophilic. If the collagen breaks 
down, the unconstrained proteoglycans will 
inevitably draw more water into the hydrated 
matrix causing boggy swelling. Fissuring is the 
next step in this destructive process, followed 
by fragmentation and ulceration. 

 Ficat et al. [ 14 ] provided a description of 
chondral alterations associated with known patel-
lofemoral disorders, such as a lateral patellar tilt 
around the central ridge secondary to retraction 
of the lateral retinaculum. The critical zone is 
that situated around the central ridge of the 
patella with a certain extension to the lateral 
facet. Insall et al. [ 18 ] found that the most fre-
quent location of chondromalacia had an ellipti-
cal area with the major axis lying transverse, 
bridging over the central part of the patella, with 
the upper and lower third of the articular surface 

almost always spared (Fig.  10.1 ). A topographic 
study of 105 patients with anterior knee pain or 
simple malalignment documented that the most 
frequent site of cartilage lesion (71 %) is a 
roughly elliptical area with the major diameter 
parallel to the transverse axis of the patella, not 
affecting the upper and lower thirds of the patella, 
i.e., a diffuse lesion (type IV). The lateral and 
medial facets are affected in 7 and 21 % of cases, 
respectively [ 18 ].

10.3       Epidemiology 

 In a study of 31,000 consecutive knee arthrosco-
pies, Curl et al. reported that 63 % of patients 
had a chondral defect [ 19 ]. In a similar study of 
1,000 consecutive knee arthroscopies, Hjelle 
et al. found that 61 % of their patients had chon-
dral or osteochondral lesions present [ 20 ]. The 
majority of these lesions were found on the 
medial femoral condyle (58 %), but chondral 
lesions affecting the patella were the second 
most common, present in 11 % of cases [ 7 ,  20 ]. 
Most of the patients (95 %) with acute lateral 
patellar dislocations treated surgically were 
found to have chondral or osteochondral lesions 
affecting the patella [ 21 ].  

  Fig. 10.1    Elliptical area of chondromalacia with the 
major axis lying transverse, bridging over the central part 
of the patella, with the upper and lower third of the articu-
lar surface almost always spared       
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10.4    Presentation and 
Physical Exam 

 Patients with patellofemoral cartilage injuries 
typically present with activity-related anterior 
knee pain and intermittent swelling and may 
report mechanical symptoms, including catching 
with knee fl exion. A pain in the anterior knee is 
often described, especially after sitting for pro-
longed periods of time (“movie theater sign”). 
Activity-related pain is associated with knee fl ex-
ion, including ascending or descending stairs 
[ 22 ]. Occasionally, patients will present with 
patellar acute instability and a history of trau-
matic subluxation or dislocation [ 23 ]. 

 Clinical examination should include standing 
assessment of the alignment of the lower limb, 
the presence of varus or valgus deformity and 
observation of the patella during movement of 
the knee, and restriction of fl exion by tight struc-
tures or shortening of the rectus muscle. 
Examination of the patellar position should be 
made from the front while the patient is seated, in 
order to understand whether it is in a high or lat-
eral position and whether there is lateral patellar 
tilt as the knee is extended from a fl exed position 
of 90° to full extension. 

 In the supine position, the patella should be 
examined by palpation along the undersurface of 
the medial facet and medial retinacula. The 
examiner should carry out a hypermobility test 
with the knee fl exed to 30°. Firm pressure is 
exerted along the medial patella to push it over 
the lateral femoral condyle. The test is positive if 
the patient experiences apprehension and 
discomfort. 

 Examination of the hip should be made for 
rotation and to determine femoral anteversion.  

10.5    Imaging 

10.5.1    X-rays 

 At least ten different radiological views of this 
joint have been described. Standing anteroposte-
rior (AP) views offer little information about 
chondromalacia; however, they are useful to 

assess for the presence of osteoarthritis, frac-
tures, or other lesions. Tunnel views give insight 
into femoral condylar disease, including osteo-
chondritis dissecans, and a clearer assessment for 
the presence of osteoarthritis. The lateral view 
gives useful information of a high or low patella 
in adults and children. 

 In the axial projection the measurement of the 
sulcus angle (SA) is 142° in mean in normal sub-
jects. Merchant [ 24 ] described the measurement 
of the congruence angle (CA) for patellar sublux-
ation. This is the relationship of the patella to its 
intercondylar sulcus. 

 Dejour et al. [ 25 ] described a view of the knee in 
30° of fl exion, with perfect superimposition of the 
condyles posteriorly which permitted to distinguish 
three types of trochlear dysplasia important in the 
evaluation and management of patellar instability. 

 However, the traditional x-ray views provide 
static images from which it is diffi cult to under-
stand fully the dynamics of patellar tracking.  

10.5.2    Computed Tomography (CT) 

 The main advantage of CT when compared with 
axial radiography is its ability to image the knee 
in greater degrees of extension. Schutzer et al. 
[ 26 ] identifi ed three patterns of malalignment. 
Type I is characterized by subluxation without 
patellar tilt, type II by both subluxation and tilt, 
and type lll by tilt without subluxation. 

 CT can also be used to measure the distance 
between the trochlear groove and tibial tuberosity 
(TGTT) in millimeters and rotational deformities 
of the lower limb [ 27 ]. 

 CT can be performed in static and dynamic 
(maximal voluntary contraction of the quadri-
ceps) conditions in order to better visualize 
dynamic malalignment [ 28 ].  

10.5.3    Magnetic Resonance 
Imaging (MRI)  

 Studies similar to those made with CT can be 
done using MRI, without exposure to radiation. 
Various MRI sequences have been developed to 
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provide important information regarding the 
presence of articular cartilage injuries and the 
calculation of trochlear depth, sulcus angle, later-
alization, and inclination of the patella. 
Additionally, T2 images can evaluate defect- 
associated bone marrow edema lesions. In addi-
tion, meniscal injuries, synovial plicae, and 
patellar tendinitis can be visualized [ 29 ,  30 ].  

10.5.4    Arthroscopy 

 This is the most valuable method for evaluating a 
diagnosis of chondromalacia patellae. The 
cartilage on the patella and trochlea should be 
assessed according to Outerbridge classifi cation. 
Arthroscopic assessment of patellar tracking is 
undertaken through an anterolateral or superolat-
eral portal. It is possible to also observe overhang 
of the lateral facet.   

10.6    Conservative Management 

 Basic nonsurgical management is used as an ini-
tial treatment modality to treat chondral lesions 
of the patellofemoral joint for at least 6 months 
[ 31 ]. It is usually best for patients without sig-
nifi cant pain and those without mechanical 
symptoms related to a loose chondral or osteo-
chondral fragment [ 32 ]. Nonsteroidal anti-
infl ammatory medications, intra-articular 
corticosteroid injections, hyaluronic acid visco-
supplementation, and platelet-rich plasma injec-
tion can be used as needed to relieve infl ammation 
and pain. 

 Activity modifi cation to avoid exacerbating 
symptoms and weight loss may also help [ 33 ]. In 
addition, strengthening of muscles crossing the 
knee through formal physical therapy helps 
absorb physiologic loads and may improve 
patient symptoms. In a study by Chiu et al., patel-
lofemoral pain improved with isometric and iso-
kinetic weight training focusing on quadriceps 
strengthening [ 34 ]. Quadriceps exercise is con-
sidered the cornerstone intervention for the man-
agement of patellofemoral pathologies given the 
intimate relationship between the patella within 

the quadriceps complex [ 35 ]. A variety of exer-
cises have been advocated to address imbalances 
in the recruitment, timing, or general strength of 
the vastus medialis obliquus over the vastus late-
ralis [ 36 ]. 

 Rest is also used to decrease knee pain symp-
toms. The goal is to eliminate activities that 
aggravate the patellofemoral joint. 

 Patellar taping during exercise has been 
reported to promote vastus medialis function 
through enhanced proprioceptive feedback and to 
decrease pain [ 37 ]. However, Gigante et al. sug-
gested that taping does not medialize the patella 
and that a biomechanical mechanism for any 
change in symptoms is unclear [ 38 ]. A recent 
Cochrane review concluded that there was lim-
ited evidence to suggest that taping can signifi -
cantly improve outcomes compared to other 
exercise-based interventions not incorporating 
taping [ 39 ]. 

 Use of electric biofeedback systems in col-
laboration with VMO-specifi c training regimes 
has been introduced fi rstly to improve clinical 
outcome. After that, a large number of other 
electrotherapy modalities such as ultrasound, 
laser, interferential, and transcutaneous nerve 
stimulation have been described in the litera-
ture. Based on the current evidence, there 
remains inconclusive evidence that such elec-
trotherapy modalities provide benefi t when used 
in isolation [ 40 ]. 

 There is limited evidence to support the use 
of immobilization or restriction of range of 
motion with knee orthoses or casting tech-
niques, compared to permitting range of motion 
without a brace, on clinical outcomes or recur-
rent dislocation events [ 41 ]. Barton et al.’s sys-
tematic review [ 42 ] has reported limited pain, 
better outcome, and signifi cantly improved 
function with the use of foot orthoses in addi-
tion to exercise. 

 Heintjes et al.’s Cochrane review [ 43 ] con-
cluded that only nonsteroidal anti-infl ammatory 
drugs (NSAIDs) demonstrated the effectiveness 
in the pharmacological management of short- 
term symptoms. Simple analgesics such as aspi-
rin produced no signifi cant differences in clinical 
symptoms and signs compared to a placebo.  
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10.7    Surgical Treatment 

 Surgical treatment is entertained when a patient 
has persistent and functionally limiting symp-
toms despite an adequate trial of nonoperative 
treatment. Surgical options depend on the lesion 
size, depth, location, and status of the underlying 
subchondral bone. 

 General indications for surgery include young 
and active patients with severe discomfort related 
to a deep focal chondral or osteochondral lesion. 
Lesions appropriate for surgical management are 
typically larger than 0.5 cm 2 . Contraindications 
to surgery are obesity and chronic infl ammatory 
diseases. Malalignment and instability can be 
treated at the time the chondral defect is 
addressed [ 44 ]. 

 When operation is indicated, the choice lies 
between the correction of maltracking if this has 
been demonstrated, a local procedure to repair or 
improve the articular surface, and a biomechani-
cal maneuver to reduce load on the patellofemo-
ral joint. A combination of approaches may be 
appropriate [ 45 ]. 

10.7.1    Surgery for Maltracking 

 Several surgical techniques have been proposed 
in the treatment of patellar maltracking. They 
should be selected on the basis of his type and 
severity of malalignment [ 46 ]. Lateral sublux-
ation of the patella can be treated with proximal 
or distal realignment. 

  In proximal realignment , quadriceps plasty 
described by Insall et al. [ 47 ] combines advance-
ment of vastus medialis with a lateral release. 

  Medialization of the tibial tuberosity  in the 
form of an Elmslie–Trillat procedure is used in 
patellar lateralization if the distance between the 
tibial tuberosity and the trochlear groove is more 
than 20 mm. Excessive medial transposition 
should be avoided since this can cause increased 
medial facet patellofemoral contact pressures in 
fl exion. 

  Fulkerson ’ s technique  is a modifi cation of the 
Maquet procedure and consists of an anteromedi-
alization of the tuberosity. 

 Pure patellar tilt is a particular type of patel-
lofemoral incongruence and is comparable to 
excessive lateral pressure syndrome fi rst recog-
nized by Ficat et al. [ 14 ]. In these cases a tight 
retinaculum places the lateral patellar facet under 
increased load leading to a patellar tilting without 
lateral subluxation or maltracking. The subchon-
dral bone under the lateral facet is sclerotic, while 
the medial third of the patella is osteoporotic, 
leading to the so-named “one facet patella.” This 
is one of the few indications for lateral release 
alone. 

 Surgical procedures in the presence of an 
immature skeleton should involve the soft tissues 
only because of the risk of premature fusion and 
genu recurvatum. ln the Roux–Goldthwait opera-
tion, the patellar tendon is divided longitudinally; 
the lateral half is detached from the tibial tuber-
osity and transplanted medially. In the Galeazzi 
technique, the semitendinosus tendon is fi xed to 
the patella to act as a tenodesis. In many cases 
these procedures cannot offer a permanent solu-
tion, and after growth is complete, further  surgery 
is required.  

10.7.2    Chondral Surgery 

 Patellar shaving has not been found to be a 
rewarding procedure. Nevertheless, when there is 
severe fi brillation with effusion and small frag-
ments of articular cartilage in the joint, it does 
seem reasonable to try to tidy up the articular 
surface. 

 Treatment approaches to repair patellar carti-
lage lesions have received less attention, proba-
bly due to the poor range of cartilage repair 
options available until not long ago. In particular, 
few studies have addressed the effectiveness of 
combined distal realignment associated with 
autologous chondrocyte implantation (ACI) in 
repairing isolated patellar cartilage lesions. 

 Different operative procedures are currently 
applied for articular cartilage repair, including 
microfractures, subchondral drilling, periosteal 
transplantation, mosaicplasty, and ACI [ 48 – 53 ]. 
First introduced in 1994 by Brittberg et al. [ 54 ], 
who used a periosteal fl ap, the ACI technique has 
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evolved to include the utilization of chondrocytes 
grown on synthetic scaffolds, thus obviating the 
need for harvesting periosteum and affording a 
less invasive surgical wound. Some recent studies 
have failed to document signifi cant differences 
between the clinical outcomes of fi rst-generation 
ACI versus its variant using a collagen membrane 
as a scaffold (MACI) (Fig.  10.2 ) [ 55 ,  56 ].

   Despite the good long-term clinical outcomes 
[ 57 ], both techniques involve two surgical steps, 

the high cost of cell culture and, for MACI, the 
cost of the membrane itself (Fig.  10.2 ). Their 
actual cost-effectiveness compared with more 
traditional techniques is therefore still unclear 
[ 52 ]. Bentley et al. have shown that ACI is far 
superior to mosaicplasty in repairing patellar car-
tilage lesions [ 25 ], while Knutsen et al. have 
found no signifi cant differences in cartilage lesion 
repair between ACI and microfractures at 5 years 
[ 52 ]. However, none of the existing cartilage 

a b

c d

  Fig. 10.2    Elliptical area of patellar chondromalacia ( a ) treated with curettage of the lesion ( b ), templating ( c ), and 
autologous chondrocyte implantation seeded on collagen membrane (MACI) ( d )       
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repair techniques have proved to be superior to 
the others in the long term, although there are no 
works comparing different techniques for the 
patella. Some studies [ 36 ,  45 ,  57 – 60 ] have 
considered the clinical outcomes of combined 
distal realignment and ACI/MACI. 

 A small number of recent studies have 
addressed the effectiveness of the ACI or similar 
techniques in treating patellofemoral joint carti-
lage defects, documenting variable and heteroge-
neous outcomes. Brittberg et al.’s early results 
achieved only 29 % good to excellent outcomes 
[ 54 ]. Lorentzon et al. reported 96 % good to 
excellent results in isolated patellar cartilage 
defects treated by periosteal transplantation, 
using a particular periosteal suture, associated 
with continuous passive motion in the immediate 
postoperative period. They did not use chondro-
cyte cultures and did not perform realignment 
[ 61 ]. Peterson and co-workers [ 57 ,  62 ] obtained 
76 % good to excellent results at 10 years by 
associating, where necessary, an operative 
realignment of the extensor mechanism. Minas 
et al. [ 60 ]. described 71 % good to excellent 
results in a fairly heterogeneous population. 
Gobbi et al. [ 59 ], using a hyaluronic acid syn-
thetic scaffold instead of the periosteal fl ap, 
obtained 90 % A and B results according to the 
IKDC knee ligament standard evaluation at 2 
years. In a retrospective cohort study, Niemeyer 
et al. compared the outcomes of periosteal patch- 
covered conventional ACI, collagen membrane- 
covered ACI, and matrix-associated ACI in 
treating 70 patients with retropatellar cartilage 
defects. Patients with patellofemoral malalign-
ment (assessed on axial knee x-rays) were 
excluded in order to obtain a homogeneous sam-
ple. The authors reported good to excellent result 
in approximately 70 % of patients and found 
larger lesions, lesions on the medial patellar facet 
and diffuse lesions to have a poorer prognosis 
than smaller lesions and lesions on the lateral 
patellar facet. The clinical outcomes of the three 
surgical techniques used were not signifi cantly 
different [ 56 ]. In a recent study, Henderson et al. 
[ 63 ] compared two groups of 22 patients, one 
with patellofemoral malalignment and patellar 
cartilage defects and the other with patellar carti-

lage defects only. The two groups were treated 
with ACI combined with distal or proximal 
realignment or with ACI alone, respectively. The 
authors reported 86 % good to excellent out-
comes in the fi rst group versus 55 % in the sec-
ond. They ascribed the difference to unloading 
due to the distal osteotomy or to incorrect preop-
erative evaluation of the extent of malalignment 
in the patients of the second group and concluded 
that patellofemoral joint unloading with a realign-
ment procedure is desirable to maximize the clin-
ical outcome of ACI, even when no tracking 
anomalies are identifi ed clinically. Their reopera-
tion rate was 52 % (10/22 and 13/22 patients, 
respectively). Farr [ 58 ] considered 38 patients 
with patellar and/or trochlear cartilage lesions, of 
whom 28 underwent distal realignment prior to 
or simultaneously with ACI. Thirteen of the 28 
patients had isolated patellar cartilage lesions, 
but no data were provided as to the type of 
malalignment treated, and patellofemoral con-
gruence was assessed only by a lateral radiograph 
and a Merchant axial view, without specifi cation 
of the amount of subluxation. The two patients 
with a tilted and subluxated patella and those 
with no clear subluxation received patellar 
realignment followed by a rehabilitation program 
permitting earlier range of motion recovery com-
pared with our patients; our rehabilitation proto-
col was more aggressive in allowing earlier full 
weight bearing. Overall, 25 of Farr’s 38 patients 
required additional surgery, 18 for procedures 
other than screw removal. Nonetheless, their 
median modifi ed Cincinnati scores ranged from 3 
to 6 and the Lysholm score from 56 to 86. 

 The relative effectiveness of realignment and 
ACI in treating malalignment associated with 
patellar cartilage lesions is at present diffi cult to 
assess, due to the fact that the outcomes of ACI 
alone and of ACI with an extensor mechanism 
correction have often been reported together. In 
addition, the lack of a control group does not 
allow to establish whether one or the other proce-
dure alone can 

 provide both pain relief and functional 
improvement, but ethical reasons suggest that 
both conditions should be treated. Gigante et al. 
focused on a small subgroup of patients with ante-
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rior knee pain and tilted and subluxated patella 
with TT–TS (20 mm on preoperative CT scans 
associated with large, isolated patellar  cartilage 
lesions). In such cases the surgical approach 
should address both conditions, because transfer 
of the tibial tuberosity alone cannot solve the car-
tilage problem and could thus fail to provide pain 
relief [ 64 ]. On the other hand, it is disputed 
whether cartilage defects should be repaired with-
out addressing the biomechanical imbalance [ 63 ]. 
A combination of MACI and transfer of the tibial 
tuberosity achieved good results in this selected 
group of patients, with signifi cant increases in all 
outcome scales (Fig.  10.2 ). 

 AMIC plus autologous matrix-induced chon-
drogenesis (AMIC) combined with platelet-rich 
plasma gel is feasible for the treatment of symp-
tomatic patellar cartilage defects and resulted in a 
clinical improvement in all patients [ 65 ].  

10.7.3    Biomechanical Surgery 

 Maquet [ 66 ] described how anterior displacement 
of the tibial tubercle reduces the forces acting 

across the patellofemoral joint. Extreme advance-
ment is no longer recommended, but elements of 
the principle of Maquet are incorporated into the 
Fulkerson anteromedial realignment as well as the 
Elmslie–Trillat procedure which invariably leaves 
a slightly elevated tubercle.  

10.7.4    Patellofemoral Arthroplasty 

 Some authors showed that among symptomatic 
knees, isolated radiographic patellofemoral 
arthritis was present in 21 % of patients older 
than 60 years. Therefore, isolated symptomatic 
patellofemoral arthritis, which was considered 
rare in the past, is probably frequent in elderly 
patients (Fig.  10.3 ). However, the number of 
cases in which isolated patellofemoral arthro-
plasty is indicated remains small, probably about 
10 % of the cases that come to any form of knee 
replacement.

   Patellofemoral arthroplasty is a treatment option 
for isolated arthritis in the patellofemoral joint, 
and, compared to total knee arthroplasty, it has a 
number of advantages. Patellofemoral arthroplasty 

  Fig. 10.3    Isolated    symptomatic patellofemoral arthritis       
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preserves the structural integrity of the tibiofemoral 
joint by sparing the condylar surfaces, menisci, and 
cruciate ligaments. It is assumed to be a limited 
procedure with less dissection, less blood loss, and 
more rapid recovery after surgery. However, the 
procedure did not gain widespread use because of 
initial design limitations [ 67 ]. 

 Over the past decade, second-generation PFAs 
incorporated changes in implant design and 
instrumentation and have shown promising results 
when used in the properly selected patient popula-
tion. Despite the successful, durable results, con-
cern remains for using TKA in patients with 
isolated PF OA, as TKA requires a more exten-
sive surgical exposure and bone resection, a lon-
ger recovery time, and a potentially more complex 
revision than that required for a patient with a 
failed PFA. It is controversial as to whether PFA 
or TKA should be used to treat patients with iso-
lated PF OA [ 68 ]. The quality of evidence sup-
porting both procedures has been objectively 
classifi ed in a recent systematic review as low 
quality. Most of the published studies are retro-
spective, non-comparative, or nonrandomized and 
report on a small number of patients.  

10.7.5    Ablative Surgery 

 Patellectomy is indicated when the articular sur-
face of the patella is severely damaged over a 
wide area and the rest of the knee looks normal. 
After patellectomy, patients can expect little 
problem in day-to-day living, but sporting activi-
ties will likely be curtailed. Even with vigorous 
rehabilitation, some wasting of the quadriceps 
will remain, and various authors have estimated 
that extensor power will never be better than 
70 % of normal. The complications include rup-
ture or persistent subluxation of the quadriceps 
mechanism and pain after the procedure.   

10.8    Take-Home Messages 

     1.    Chondral lesions of the patellofemoral joint 
are frequent and are often related to patello-
femoral maltracking.   

   2.    CT and MRI can well defi ne, respectively, 
malalignment and chondral lesions.   

   3.    Conservative treatment should be considered 
in the management of pain and function in 
early cartilage lesions and not severe 
maltracking.   

   4.    Surgical options should be selected on the 
type and severity of malalignment.   

   5.    Surgical treatments should correct patellar 
maltracking and at the same time repair carti-
lage defects.         
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11.1           Introduction 

 The subchondral bone plays a key role in the 
integrity and repair of the entire osteochondral 
unit. Its unique anatomical structure is well suited 
to support the articular cartilage, even providing 
nutrition for its basal layers. The subchondral 
bone becomes a problem in reconstructive carti-
lage surgery when violated, for example, follow-
ing osteochondral fractures or in osteochondritis 
dissecans (OCD), thus leading to an osteochon-
dral lesion. Such osteochondral defects are diffi -
cult to treat because the subchondral bone and the 
articular cartilage have very dissimilar intrinsic 
healing capacities [ 35 – 37 ]. Recent clinical evi-
dence also pointed to the role of the subchondral 
bone alterations in the course of spontaneous and 
surgical cartilage repair [ 24 ]. In the treatment of 
cartilage defects, it is imperative to establish the 
etiology of the subchondral bone lesion and then 
address the specifi c pathology accordingly. This 
chapter will focus on the subchondral bone and 
its relevance for reconstructive cartilage surgery. 
It is based on individual presentations from the 
Instructional Course Lecture “Subchondral bone 
and reason for surgery” (Table  11.1 ).

11.2       Pathological Alterations 
of the Subchondral Bone 
in Cartilage Repair 

 The osteochondral unit is composed of the artic-
ular cartilage and the underlying subchondral 
bone [ 56 ]. The subchondral bone is formed by 
the subchondral bone plate and the subarticular 
spongiosa (Fig.  11.1 ). The line separating the 
hyaline articular cartilage from the calcifi ed car-

tilage is called the tidemark, while the cement 
line divides the calcifi ed cartilage from the sub-
chondral bone plate [ 56 ]. This connection is of 
major importance for maintaining the osteo-
chondral integration. Here, no collagen fi brils 
extend from the calcifi ed cartilage (which con-
tains mainly type II and X collagen) into the sub-
chondral bone plate (which contains mainly type 
I collagen). From a clinical standpoint, Drobnic 
et al. have shown that when the hyaline articular 
cartilage and calcifi ed cartilage layer are surgi-
cally removed—as mandatory prior to applying 
marrow stimulation techniques and autologous 
chondrocyte implantation—these small canals 
are opened, at least to some extent, allowing the 
infl ux of marrow elements from the subchondral 
bone into the cartilage defect [ 19 ]. This junc-
tion is also a site of active remodeling. A high 
number of arteries, veins, and nerves send small 
branches through canals in the subchondral bone 
plate into the calcifi ed cartilage [ 56 ]. This plexus 
follows the undulations of the subchondral–car-
tilage border and reaches the calcifi ed cartilage, 
eventually perforating it. Nutrients can therefore 
reach chondrocytes in the calcifi ed and hyaline 
articular cartilage [ 72 ]. Of note, the anatomy of 
the subchondral region is highly variable and 
depends on the location within a joint surface and 
therefore on the local mechanical environment. 
Studies of subchondral bone mineralization have 
also shown that changes in stress distribution are 
followed by changes in morphology [ 21 ]. Thus, 
the osteochondral connection is not imperme-
able, but a structural and functional unit that is an 
active site of remodeling allowing both mechani-
cal and biochemical interactions [ 56 ].

   The integrity of the subchondral bone can be 
disrupted in traumatic osteochondral defects, 

   Table 11.1    Presentations from the Instructional Course Lecture “Subchondral bone and reason for surgery” included 
in this book chapter   

 Speaker  City  Country  Title of presentation 

 Deepak Goyal  Ahmedabad  India  Subchondral bone: healthy soil for the healthy plant 
 Henning Madry  Homburg/Saar  Germany  Pathological alterations of the subchondral bone in cartilage 

repair 
 Jacques Menetrey  Geneva  Switzerland  Epidemiology and imaging of the subchondral bone 
 Elisaveta Kon  Bologna  Italy  Biomimetic scaffolds for osteochondral regeneration in the 

knee joint    
 C. Niek van Dijk  Amsterdam  The Netherlands  How to treat subchondral bone pathologies in the ankle joint 
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OCD, ON, and OA. Osteochondral defects 
 primarily arise from the subchondral bone in the 
case of OCD and osteonecrosis (ON). They sec-
ondarily extend into the subchondral bone as a 
result of osteochondral fracture and large degen-
erative osteoarthritic (OA) cartilage lesions. Even 
focal chondral defects have been shown to 
increase the mechanical stress on the edge of the 
lesion and grow in size over time, producing con-
comitant changes of the underlying subchondral 
bone structure [ 73 ]. The healing of an osteochon-
dral defect in terms of subchondral bone plate 
restoration is only incompletely understood [ 31 , 
 56 ,  70 ,  73 ]. Besides constituting the new carti-
laginous repair tissue in the surface layer, mesen-
chymal cells coming from the bone marrow can 
also differentiate into osteocytes in the deeper 
area of the lesion [ 39 ,  86 ]. 

11.2.1    Pathological Alterations 
of the Subchondral Bone 

 Very recently, complex structural changes of the 
subchondral bone have been found to be associ-

ated either with spontaneous osteochondral repair 
or with the use of different cartilage repair proce-
dures. In general, they can be categorized as four 
different pathological alterations (Fig.  11.2 ) [ 70 ]. 
Such subchondral bone changes include (1) the 
upward migration of the subchondral bone plate, 
(2) the formation of intralesional osteophytes, 
(3) the appearance of subchondral bone cysts, 
and (4) the generalized impairment of the sub-
chondral bone microarchitecture below an articu-
lar cartilage defect (Table  11.2 ).

    The upward migration of the subchondral 
bone plate (Fig.  11.3 ) is defi ned as the expansion 
of the osteochondral junction above its original 
level with the elevation of the subchondral bone 
plate into the cartilaginous repair tissue as a result 
[ 69 ]. Henderson and La Valette found an upward 
migration of the subchondral bone plate in 34 % 
of chondral defects at 3 years after ACI. 
Interestingly, there was a signifi cant association 
between upward migration of the subchondral 
bone plate and a larger defect size [ 103 ].

   Intralesional osteophytes are defi ned as focal, 
newly formed bone located apical to the original 
cement line and projected into the cartilaginous 

Calcified cartilage

Cement line

Subchondral bone plate

Subarticular spongiosa

Tidemark

Articular cartilage

  Fig. 11.1    Schematic drawing of the calcifi ed cartilage 
layer and the subchondral bone plate with articular vascu-
lar plexus vessels (From Madry et al. [ 56 ], with permis-
sion). The tidemark is crossed by collagen fi brils that 
extend from the hyaline articular cartilage into the 

 calcifi ed cartilage. No collagen fi brils connect the calci-
fi ed cartilage to the subchondral bone plate. Blood ves-
sels from the subchondral region can extend into the 
overlying calcifi ed cartilage through canals in the sub-
chondral bone plate       
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repair tissue layer [ 11 ,  71 ]. Cole et al. observed 
intralesional osteophytes in 75 % at 2 years after 
microfracture. Intralesional osteophytes were 
also detected at a mean follow-up of 13 years 
after ACI in 64 % of cartilage defects [ 96 ]. 

 Subchondral bone cysts, an entity usually 
related to late-stage OA [ 104 ], have been reported 
in conjunction with marrow stimulation proce-
dures. Following microfracture subchondral 

cysts were seen by MRI in 38 % of defects at 2 
years postoperatively [ 11 ] and in 39 % of defects 
a mean follow-up of 13 years after ACI [ 96 ]. 

 Signifi cant alterations of the microarchitecture 
of the subchondral bone have been discovered in 
preclinical large animal models [ 71 ]. Here, sig-
nifi cantly reduced bone volume, trabecular thick-
ness, and bone mineral density—consistent with 
patterns observed in osteoporosis and OA—were 

   Table 11.2    Clinical evidence of subchondral bone alterations following the use of cartilage repair procedures   

 Pathology 
 Surgical index 
procedure 

 Detection 
method 

 Follow-up 
(months) 

 Number of 
patients 

 Incidence per 
defect (%)  Reference 

  Upward 
migration  

 Microfracture  MRI  12  24  25.0  [ 66 ] 
 Microfracture  MRI  36  44  52.0  [ 82 ] 
 ACI  MRI  36  41  25.0  [ 82 ] 
 ACI  MRI  36  179  33.5  [ 33 ] 

  Intralesional 
osteophyte  

 Drilling (type I/type III 
collagen, PRP gel) 

 MRI  24  5  60.0  [ 17 ,  18 ] 

 Microfracture  MRI  36  70  27.1  [ 52 ] 
 Microfracture  MRI  15  80  48.8  [ 8 ] 
 Microfracture  MRI  0.8  13  0.0  [ 11 ] 

 6  13  53.8 
 12  13  69.2 
 24  8  75.0 

 ACI  MRI  13  34  23.3  [ 8 ] 
 ACI  MRI  155  31  63.9  [ 96 ] 

  Cyst   Microfracture  MRI  0.8  13  0.0  [ 11 ] 
 6  13  15.4 
 12  13  38.5 
 24  8  37.5 

 ACI  MRI  155  31  38.8  [ 96 ] 

   MRI  magnetic resonance imaging,  ACI  autologous chondrocyte implantation,  PRP  platelet-rich plasma  

  Fig. 11.2    Summary of the complex alterations of the 
subchondral bone in the course of osteochondral repair 
(repair tissue can be identifi ed by its less intense color). 
These alterations occur sporadically and are not inevitable 
consequences of subchondral bone plate perforation. 
They can be categorized as ( 1 ) generalized upward migra-
tion of the subchondral bone plate, ( 2 ) formation of focal 
intralesional osteophytes, ( 3 ) emergence of subchondral 
bone cysts, and ( 4 ) impairment of the microarchitecture of 
the subchondral bone. The upward migration of the sub-
chondral bone plate ( 1 ) leads to a consecutive thinning 
of the articular cartilage layer and to an extension of the 

subchondral bone plate volume into the cartilaginous 
repair tissue. Intralesional osteophytes ( 2 ) are defi ned as 
focal newly formed bone located apical to the original 
cement line. An intralesional osteophyte can be either 
located in a central or peripheral location within the artic-
ular cartilage defect. The subchondral bone cyst ( 3 ) has its 
largest expansion within the subarticular spongiosa and is 
surrounded by a sclerotic rim. Changes occur also in the 
entire microarchitecture of the subchondral bone ( 4 ), for 
example, a generalized thinning of the subchondral bone 
plate, a reduced trabecular thickness, and an overall 
decreased subchondral bone volume       
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reported after 6 months. No clinical investigation 
has examined the microarchitecture of the sub-
chondral bone below articular cartilage defects 
so far.   

11.3    Epidemiology and Imaging 
of the Subchondral Bone 

 Few epidemiological data exists regarding the 
epidemiology of defects extending into the sub-
chondral bone, in particular as they relate to dis-
eases such as traumatic osteochondral defects, 
OCD, ON, and OA. Imaging of the subchondral 
bone needs to fi t into the concept of the func-
tional cartilage–subchondral bone unit as articu-
lar cartilage, and bone health appears to be tightly 
associated [ 38 ]. Ample evidence is found for 
bone changes during progression of OA, includ-
ing, but not limited to, increased turnover in the 
subchondral bone; thinning of the trabecular 
structure, osteophytes, and bone marrow lesions; 
and sclerosis of the subchondral bone plate. 

Imaging methods that are accurate for the study 
of cartilage lesions and cartilage loss also need to 
provide information on the subchondral bone and 
marrow changes. 

11.3.1    Location of Osteochondral 
Lesions 

 The preferential site for focal chondral or osteo-
chondral lesions was the medial femoral condyle 
(58 %) in a study encompassing 1,000 knee 
arthroscopies [ 34 ]. The remaining lesions were 
situated on the patella (11 %), the lateral tibia 
(11 %), the lateral femoral condyle (9 %), the 
trochlea (6 %), and the medial tibia (5 %). Those 
fi ndings are consistent with the observations 
made by Curl et al. [ 14 ], who showed that the 
most common locations for full-thickness chon-
dral lesions with exposed bone (grade IV lesions 
based on a modifi ed Outerbridge scale) were the 
medial femoral condyle (about 32 % of patients), 
the patella (about 21 % of patients), and the 

  Fig. 11.3    An upward migration of the subchondral bone 
plate leads to an extension of the subchondral bone plate 
volume into the cartilaginous repair tissue and to a con-
secutive thinning of the articular cartilage layer. Note the 
relative decreased thickness of the repair cartilage ( R ) in 
relation to the original adjacent articular cartilage ( O ). 

The  two arrows  show the vertical cartilaginous integration 
zone, the subchondral bone plate advancement is denoted 
with an  asterisk , the bone above the  dotted line  is the sub-
chondral bone plate, and the bone below is the subarticu-
lar spongiosa. Sheep trochlea, anti-type-I-collagen 
immunohistochemistry. Magnifi cation ×4       
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lateral femoral condyle (about 20 % of patients). 
Less than 5 % of all patients had grade IV lesions 
in the medial and lateral tibial plateau.  

11.3.2    Size and Numbers 
of the Lesions 

 Regarding the size of the lesion, the mean chon-
dral or osteochondral defect area was 2.1 cm 2  
(range, 0.5–12; SD, 1.5) [ 34 ]. Of all chondral or 
osteochondral defects, 88 % were less than 4 cm 2  
(19 % of the defects were less than 1 cm 2 ; 26 % 
ranged from 1 to 2 cm 2 ; 42 % ranged from 2 to 
4 cm 2 ; and 12 % were more than 4 cm 2 ). An aver-
age of 2.7 lesions per knee was reported by Curl 
et al. [ 14 ]. According to Hjelle et al. [ 34 ], when 
narrowing down those lesions to focal chondral 
lesions only (as opposed to OA, chondromalacia 
patella OCD), 80 % of the injuries were unique, 
12 % were double, and 8 % were triple.  

11.3.3    Prevalence 

 It is diffi cult, if not impossible, to establish who, 
in the general population, suffers from chondral 
lesions of the knee. An unknown number of peo-
ple who sustain articular surface injuries will 
never develop symptoms or seek medical treat-
ment [ 63 ]. 

 In a study of 200 arthroscopies performed on 
symptomatic patients, Zamber et al. [ 101 ] found 
that 62 % of them presented with at least one 
cartilage lesion. The retrospective study by Curl 
et al. [ 14 ] reviewed 31,516 knee arthroscopies. 
Chondral lesions were found in 63 % arthrosco-
pies. The prospective study of 1,000 arthrosco-
pies of the knee conducted by Hjelle et al. [ 34 ] 
has also considerably contributed to mapping 
the chondral pathology of the knee. In the col-
lective of 1,000 patients requiring knee arthros-
copy for various reasons, 61 % of them revealed 
chondral or osteochondral lesions, of which 
44 % were OA, 28 % focal chondral lesions, 
23 % chondromalacia patellae, 2 % OCD, and 
3 % others. Curl et al. [ 14 ] identifi ed 1 % lesions 
caused by OCD, 1 % by articular fractures, 10 % 

by grade I chondromalacia, 28 % by grade II 
chondromalacia, 41 % by grade III chondroma-
lacia, and 19 % by full-thickness defects with 
the exposed subchondral bone. Grade III lesions 
(partial-thickness chondral lesions with deep fi s-
sures) were the most common lesions in patients 
over 30 years of age. Focal chondral or osteo-
chondral lesions were found in 19 % of the 
arthroscopies.  

11.3.4    Patient Age 

 Zamber et al. reported that 76 % of patients suf-
fering from chondral lesions were older than 30 
years [ 67 ,  101 ]. According to Curl et al. [ 14 ], the 
average age of the patients with lesions was 43 
years, predominantly in male patients (62 vs. 
38 % for female patients). Overall, the majority 
(72 %) of grade IV lesions was found in patients 
over 40 years of age. Patients under 40 years of 
age with grade IV lesions accounted for 5 % of 
all arthroscopies.  

11.3.5    Clinical Imaging of the 
Subchondral Bone 

 The subchondral bone cannot readily be evalu-
ated during arthroscopy. Different imaging tech-
niques are available, and MRI is actually 
considered the most accurate method for the 
evaluation of the cartilage and underlying sub-
chondral bone. 

 Radiography still is the golden standard for 
imaging features of OA. Objective assessment, 
however, of osteoarthritis features such as joint 
space narrowing, subchondral sclerosis, and 
osteophyte formation is highly important. 
Therefore, radiographic acquisition needs to be 
standardized: apart from a standard lateral knee 
view, a posteroanterior, weight-bearing, fi xed 
fl exion radiography with 10° caudal beam angu-
lation needs to be acquired [ 23 ,  51 ]. 

 Bone scintigraphy using diphosphonate deriv-
atives radiolabeled with Tc-99m targets the bone 
response that results from the abnormal biome-
chanics of joint motion when the articular 
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cartilage is damaged and has therefore a high 
sensitivity in detecting bone reaction to the 
pathology of OA [ 64 ]. 

 Both computed tomography (CT) and CT 
arthrography can show subchondral bone 
changes, such as subchondral bone sclerosis and 
osteophytes. Both techniques can show central 
osteophytes, associated with more severe changes 
of OA than marginal osteophytes [ 61 ]. CT 
arthrography, performed after direct intra- 
articular injection of iodine contrast, is the most 
accurate method for the evaluation of cartilage 
thickness and cartilage defects, thanks to its high 
spatial resolution and high contrast ratio [ 22 ]. 
However, purely intrachondral lesions, without 
communication with the surface, cannot be 
detected [ 78 ]. CT scan is a valuable technique to 
evaluate suspected spontaneous ON about the 
knee (differentiation with adult onset OCD; 
eventual depression of the subchondral bone 
plate and appearance of intra-articular loose bod-
ies). CT arthrography is highly accurate to evalu-
ate the stability of the osteochondral fragment in 
OCD. Major drawback for CT is the exposition 
of the patient to ionizing radiation and the need 
for invasive intra-articular punction to perform a 
CT arthrography examination. 

 Magnetic resonance imaging is actually con-
sidered the most accurate method for the evalua-
tion of the cartilage and subchondral bone. 
Cartilage-specifi c sequences, such as intermediate- 
weighted FSE and especially T2-weighted FSE 
with fat saturation, are ideal to detect non-cystic 
bone marrow lesions (BML) in their maximum 
extent [ 105 ]. Gradient-recalled echo-type 
sequences with robust water excitation are insensi-
tive to diffuse marrow abnormalities because of 
trabecular magnetic susceptibility, but are very 
sensitive in delineating subchondral cysts [ 20 ]. 
Additionally, for correct assessment of sclerotic 
lesions, a non-fat- saturated T1-weighted sequence 
is required. It is important to have these 4 basic 
sequences as they serve for optimal cartilage and 
subchondral bone scoring [ 81 ]. Additional in vivo 
biochemical imaging such as dGEMRIC, T2 map-
ping, and diffusion-weighted imaging makes func-
tional analysis of cartilage possible [ 4 ,  92 ]. For 
example, Krusche-Mandl et al. described that T2 

mapping correlated with the modifi ed Lysholm 
score in patients with autologous osteochondral 
transplantation [ 53 ]. A baseline MRI examination 
in a patient with clinical suspicion of a cartilage or 
osteochondral defect should be able to give—apart 
from an overall knee joint evaluation—a detailed 
description of the cartilage or osteochondral defect 
(Fig.  11.4 ).

   The adequate assessment of cartilage repair 
tissue on MRI has led to the defi nition of perti-
nent variables for the description of articular car-
tilage repair tissue after different repair techniques 
(MOCART: magnetic resonance observation of 
cartilage repair tissue) as described by Marlovits 
et al. [ 59 ]. Additional modifi cations regarding 
the subchondral bone marrow and the subchon-
dral bone plate evaluation are needed. The origi-
nal MOCART scoring system evaluates the 
subchondral bone either as intact (attributed 
score = 1) or not intact (attributed score = 0) 
meaning edema, granulation tissue, cysts, or scle-
rosis. It seems appropriate to differentiate pure 
bone marrow edema-like signal from associated 
subchondral cysts since emerging evidence 
shows that subchondral cysts develop in preexist-
ing regions of subchondral bone marrow edema- 
like signal [ 10 ,  12 ,  13 ]. 

 In the recent literature, novelties have been 
described regarding imaging of the cartilage and 
subchondral bone. Welsch et al. showed that 3D 
PD SPACE is the best MRI sequence in terms of 
acquisition time and cartilage repair assessment 
[ 100 ]. Bousson et al. have developed a new inte-
grated 3D segmentation and analysis tool for 
quantitative CT of the knee (Medical Image 
Analysis Framework (MIAF)-Knee) to determine 
the subchondral bone mineral density (BMD) and 
bone texture. Bone marrow lesions (BMLs) in 
MRI have been associated with pain and progres-
sion of knee OA, and in their study (population 
with Kellgren–Lawrence 2 and 3) there was a sig-
nifi cant association between the occurrences of 
BMLs and increased local BMD [ 5 ]. Liukkonen 
et al. reported that arthroscopic ultrasound was 
feasible and that could assess the quantity of car-
tilage and the stiffness of the subchondral bone in 
vivo. This technique used the ultrasound refl ec-
tion to determine the trabecular thickness [ 54 ].   
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a b

c d

  Fig. 11.4    Radiographs of a 19-year-old woman suffering from OCD of her right knee. ( a ,  b ) AP and lateral radiographs 
show an OCD. ( c ,  d ) MRI of the lesion with dissection within the subchondral bone       
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11.4    Biomimetic Scaffolds for 
Osteochondral Regeneration 
in the Knee Joint 

 The rationale to provide a temporary three- 
dimensional structure for the growth of living 
cells, able to guide tissue formation, led to the 
development of specifi c biopolymers, assembled 
in form of scaffolds for the regeneration of the 
damaged articular surface. The leading idea is 
that scaffolds should mimic biology, architec-
ture, and functional properties of the native tis-
sue, with the aim to facilitate cell infi ltration, 
attachment, proliferation, and differentiation. 
Moreover, optimal biocompatibility and biode-
gradability through safe biochemical pathways 
at suitable time intervals are key: in fact, the 
scaffold should support the early phases of tis-
sue formation and then be gradually replaced by 
regenerating tissue [ 49 ]. The ideal graft in clini-
cal use should be an off-the-shelf product, thus 
avoiding the limits related to cell manipulation. 
In fact, despite overall satisfactory clinical results 
up to a medium- to long-term follow-up [ 27 ,  29 ] 
have been reported for cell-seeded scaffolds, the 
most recent trend is moving toward one-step 
products, possibly cell-free. 

 This emerging strategy, which involves the 
implant of various biomaterials for “in situ” car-
tilage repair, relies on the differentiation of bone 
marrow stem cells thanks to the scaffold proper-
ties [ 49 ]. These implants may be “smart” enough 
to be implanted cell-free directly into the defect 
site, providing the joint with the appropriate 
stimuli to induce orderly and durable tissue 
regeneration by the host resident cells. Among 
these cell-free techniques, Autologous Matrix- 
Induced Chondrogenesis (AMIC®) combines 
microfractures with the implantation of a porcine 
collagen type I/type III bilayer matrix as a 1-step 
procedure for the treatment of cartilage defects: 
satisfactory results were reported in 87 % of 
patients at mean 37 months’ follow-up, in asso-
ciation with positive MRI fi ndings in most cases 
[ 30 ]. A different kind of augmentation to micro-
fractures involves an absorbable nonwoven poly-
glycolic acid textile treated with hyaluronic acid 
(BioTissue AG, Zurich, Switzerland) [ 75 ] that 

was applied to hold the progenitor cells into the 
blood clot in a 6 cm 2  posttraumatic medial femo-
ral condyle defect, with good results at 2 years. 
Finally, several other surgical options are being 
tested to increase the healing potential, such deep 
subchondral perforations (to provide a greater 
number of MSCs to the membrane), or the addi-
tion of platelet-derived growth factors to further 
enhance the healing processes [ 17 ,  47 ,  74 ,  84 ]. 
However, despite some promising preliminary 
results and the increasing clinical application of 
such procedures, the results are still preliminary, 
and indications remain currently limited to small 
focal defects, whereas the real benefi t in different 
conditions is yet not demonstrated. 

 Techniques traditionally used for osteochon-
dral repair mainly originate from procedures ini-
tially developed for the cartilage layer: besides 
marrow stimulation procedures and modifi ed 
ACI [ 26 ], involving the use of autologous bone to 
fi ll the bone defect, the transplantation of an 
entire osteochondral unit, either autologous or 
allogeneic, offers an immediate one-step alterna-
tive able to provide a viable bone and cartilage 
tissue directly into the lesions [ 3 ]. These tech-
niques can potentially produce good clinical 
results, but several limitations emerged when 
addressing large lesions. This led surgeons and 
researchers to take advantage by the most recent 
achievements in biomaterial technology in order 
to develop a new treatment strategy focusing pre-
cisely on both bone and cartilage tissues. The 
development of new products with a bilayer 
structure allowed the entire osteochondral unit to 
be treated by reproducing the different biological 
and functional requirements in order to guide the 
growth of both bone and cartilage tissues, 
respectively. 

 Many scaffolds have been proposed, integrat-
ing distinct layers to address both cartilage and 
bone tissues [ 60 ]. The aim of such devices is to 
provide the right stimuli to regenerate the entire 
osteochondral unit, by the in situ presence of 
materials able to support and guide cell differen-
tiation toward bone and cartilage. First, inte-
grated bilayered osteochondral scaffolds have 
been proposed combining a ceramic component 
(i.e., hydroxyapatite, tricalcium phosphate) with 
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a-hydroxy acid polymers (i.e., polylactic acid, 
polylactic-coglycolic acid); then biphasic but 
monolithic materials were formed by freeze- 
drying and chemical cross-linking collagen- 
based materials (i.e., mineralized or coupled with 
hyaluronic acid), as well as by ionotropic gela-
tion of alginate-based materials (i.e., containing 
or not hydroxyapatite ceramic particles), allow-
ing to achieve specifi c mechanical properties 
(i.e., elasticity or compression strength) [ 31 ,  83 , 
 88 ]. Among the different scaffolds commercial-
ized for clinical application and specifi cally 
developed to reproduce the different biological 
and functional requirements of bone and carti-
lage, the use of just two of them has been cur-
rently reported in literature. 

 The fi rst osteochondral scaffold is a bilayer 
scaffold made of a porous PLGA–calcium sulfate 
biopolymer (TruFit, Smith & Nephew, Andover, 
MA) in form of cylinders, thus giving a surgical 
alternative to the mosaic-like osteochondral auto-
graft transplantation (OAT). This technique 
showed to produce controversial clinical results 
and currently lacks of long-term follow-up 
 studies, paired with unsatisfactory MRI fi ndings 
[ 2 ,  9 ,  18 ,  42 ,  62 ]. 

 The second osteochondral scaffold is a three- 
layer nanostructured implant consisting of colla-
gen and hydroxyapatite, specifi cally designed to 
mimic the structure of cartilage and subchondral 
bone tissue, respectively. This composite mate-
rial resembles the composition of the extracellu-
lar matrices of cartilage and bone tissue, and it is 
based on nucleation of hydroxyapatite (HA) 
nanocrystals onto self-assembled collagen fi bers 
[ 91 ] to generate a chemically and morphologi-
cally graded hybrid biomaterial. Equine type I 
collagen acts as an organic matrix for the miner-
alization process, due to its good physicochemi-
cal stability and processability and high safety 
and biocompatibility profi le, related to the 
removal of all potentially immunogenic telopep-
tides. The mineral phase is represented by mag-
nesium–hydroxyapatite (Mg–HA). Magnesium 
ions were introduced to increase the physico-
chemical, structural, and morphological affi nities 
of the composite with newly formed natural bone 
[ 85 ]. The cartilaginous layer surface is smooth, 

and it entirely consists of type I collagen. The 
intermediate layer is made of a combination of 
type I collagen and Mg–HA in 60 and 40 % 
weight ratio, whereas the lower layer consists of 
a mineralized blend of type I collagen and Mg–
HA in 30 and 70 % weight ratio. Each layer is 
separately synthesized, and then the layers are 
physically combined on top of a Mylar sheet and 
fi nally freeze-dried and gamma-sterilized at 25 
Kgray [ 91 ]. In vitro and animal studies [ 45 ,  50 ] 
tested this biomaterial, showing good results with 
cartilage and bone tissue formation. Similar mac-
roscopic, histological, and radiographic results 
have been obtained by implanting scaffolds 
loaded with autologous chondrocytes or scaf-
folds alone, thus concluding that in the animal 
model the scaffold is able to induce an in situ 
regeneration through progenitor cells coming 
from the surrounding bone marrow. Following 
the results of these preclinical studies, this scaf-
fold has been introduced in the clinical practice 
as a cell-free approach. 

11.4.1    Clinical Investigations in 
Osteochondral Regeneration 

 The fi rst clinical investigation (Table  11.3 ) in 
osteochondral regeneration regarding surgical 
technique and the intrinsic mechanical stability 
of the biomimetic construct was conducted in 13 
patients [ 46 ], documenting with high-resolution 
MRI the graft adherence at 5–8 weeks after 
implantation and then further graft stability and 
maturation at 6 months. The pilot clinical study 
[ 44 ] involved 30 consecutive patients with lesion 
size within 6.0 cm 2 , and a signifi cant improve-
ment was reported at 24 months of follow-up. 
The same results but a slower recovery was 
observed in patients who presented adverse 
events, older ones, patients with previous sur-
gery, and for lesions located in the patella. 
A faster recovery was associated to higher pre- 
injury activity level. Most of the evaluated MRIs 
showed complete fi lling of the cartilage and com-
plete integration of the graft. Twenty-seven 
patients of the same series [ 48 ] were recently 
evaluated at 5 years’ follow-up, showing that the 

11 ICL 16: Subchondral Bone and Reason for Surgery
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good results obtained at 24 months were stable 
over time. However, even though MRI fi ndings 
(analyzed in 18 patients who had both 24 months 
and fi nal follow-up) improve over time, some 
abnormalities persisted, but no correlation was 
found between imaging and clinical results.

   This procedure has been reported to be suc-
cessful also for OCD lesions at short-term fol-
low- up [ 26 ]; this articular disease primary 
involves the subchondral bone, often resulting in 
separation and instability of the overlying articu-
lar cartilage; thus, an osteochondral approach is 
mandatory. The MRI evaluations in this peculiar 
group of patients were positive in terms both of 
defect fi lling and implant integration, whereas 
most patients presented inhomogeneity of the 
regenerating tissue and the presence of subchon-
dral bone changes. Also in this study a correla-
tion between MOCART (magnetic resonance 
observation of cartilage repair tissue) score and 
clinical outcome was not found. A recent study 
by Delcogliano et al. evaluated 19 patients suc-
cessfully treated with the same biomimetic scaf-
fold for big size articular defects, confi rming its 
potential also in large osteochondral lesions at 24 
months of follow-up [ 16 ]. The potential of the 
biomimetic osteochondral approach has even 
been demonstrated in a group of patients affected 
by complex lesions, where the subchondral bone 
is clearly involved in the etiopathogenetic pro-
cess. Among them, the fi rst report was published 
on a former athlete, a 46-year-old patient [ 43 ], 
reporting good clinical results 12 months after 
the implantation in multifocal osteochondral 
lesions of the medial femoral condyle, trochlea, 
and patella and concurrently by restoring the cor-
rect alignment of the varus knee through a 
closing- wedge high tibial osteotomy. The MRI 
performed 6 and 12 months after surgery showed 
a hyaline-like signal and anatomical restoration 
of the articular surface, together with a progres-
sive decrease of subchondral edema over time. 
Similar fi ndings were reported up to 4 years post-
operatively in a 50-year-old woman affected by 
an osteochondral defect at the tibial plateau fol-
lowing a Schatzker type II fracture [ 24 ]. Besides 
fi lling the bone and cartilage defect with this 
three-layered implant, the tibial plateau was 

 elevated by an opening-wedge osteotomy and 
fi lled with homologous bone graft, and fi nally a 
dynamic external distractor was applied to allow 
early mobilization. Twelve months later the 
patient was pain-free and returned to a satisfac-
tory activity level maintained stable until the 
medium-term follow-up. Finally, the implanta-
tion of this scaffold as part of a complex treat-
ment to address multifocal degenerative knee 
lesions of an Olympic-level athlete, concurrently 
with patellar realignment, meniscal allograft 
transplantation, and the use of an autologous 
osteochondral graft, allowed the patient to return 
to high-level competitions within 24 months 
postoperatively [ 76 ]. This combined approach 
aims at restoring the previous anatomical fea-
tures with both mechanical and biological treat-
ments, and these promising cases suggested a 
more extensive application for the treatment of 
complex osteochondral lesions. Following this 
rationale, a study was performed, specifi cally 
focusing on 33 patients affected by challenging 
knee lesions [ 28 ] defi ned as “complex” accord-
ing to defi ned criteria, where concurrent proce-
dures were necessary to address axial 
misalignment and meniscal resection sequelae. 
This approach produced a good clinical outcome 
at 24 months, and the fi nal clinical results were 
higher than those of a homogeneous group of 23 
patients previously treated with a similar proto-
col but with the implantation of a chondral scaf-
fold. Finally, the biomimetic scaffold was tested 
as an alternative to metal resurfacing for unicom-
partmental OA in young patients [ 58 ]. This popu-
lation is maybe the most challenging in the fi eld 
of joint reconstructive surgery, due to a combina-
tion of high functional demands and great expec-
tations regarding their recovery, but a limited 
choice of treatment options on the other hand. At 
present day, the main surgical indication in a 
young and active population affected by unicom-
partmental OA consists in unloading osteotomies 
or unicompartmental metal resurfacing, depend-
ing on the age of the patient and stage of the dis-
ease [ 32 ]; however, the high functional requests 
and the young age of this kind of patient increase 
the risk of prosthetic revision. Therefore, a solu-
tion to delay or even avoid metal resurfacing is 
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highly desirable. The osteochondral scaffold was 
implanted in a group of 43 unicompartmental OA 
patients (Kellgren–Lawrence 3) with full- 
thickness focal cartilage lesions in stable knees, 
and concurrent procedures were performed when 
requested (15 osteotomies, 11 meniscal scaf-
folds, and 9 meniscal allograft implantation), 
leading to a signifi cant clinical improvement 
from pre-op to the 3-year follow-up. Best bene-
fi ts were obtained in patients younger than 40 
years, showing the promising results of this sur-
gical approach as new treatment option even in 
young OA patients. 

 Taken together, several procedures aiming to 
regenerate articular tissues are being tested, show-
ing good results at short- and medium-term fol-
low-up. However, they are mainly indicated for 
the treatment of focal and traumatic cartilage 
defects. The damage of the articular surface often 
involves the subchondral bone, and there is a need 
for treatment strategies providing its correct resto-
ration. Thus, different osteochondral scaffolds 
have been created. Among these, a biomimetic 
nanostructured osteochondral scaffold, reproduc-
ing the requirements of both bone and cartilage, 
has been reported to potentially offer good clini-
cal results at midterm follow-up. Findings were 
promising even for complex knee lesions, so that 
it can be considered as a valid option for both 
large chondral and osteochondral lesions. On the 
other hand, imaging evaluation showed some con-
troversial fi ndings, with the persistence of an 
altered signal and a slow maturation process of 
the osteochondral structure. Thus, even if satisfac-
tory clinical outcomes have been already shown 
by the literature, some elements might be further 
improved in order to obtain a faster and more 
effective healing process.   

11.5    How to Treat Subchondral 
Bone Pathologies in the 
Ankle Joint 

 The development of a symptomatic osteochon-
dral defect in the ankle joint depends on various 
factors, including the damage and insuffi cient 
repair of the subchondral bone Plate. A defect 

may heal, remain asymptomatic, or progress to 
deep ankle pain on weight bearing, prolonged 
joint swelling, and formation of subchondral 
bone cysts. The ankle joint has a high congru-
ency. During loading, compressed cartilage 
forces its water into the microfractured subchon-
dral bone, leading to a localized high increased 
fl ow and pressure of fl uid into the subchondral 
bone. This will result in local osteolysis and can 
explain the slow development of a subchondral 
cyst. The pain does not arise from the cartilage 
lesion, but is caused by repetitive high fl uid pres-
sure during walking, which results in stimulation 
of the highly innervated subchondral bone under-
neath the cartilage defect. Malalignment of the 
hindfoot plays an important role in the develop-
ment of further degeneration. Plain radiographs 
may disclose the lesion. Modern imaging tech-
nology has enhanced the ability to fully evaluate 
and accurately determine the size and extent of 
the lesion, which are important for proper treat-
ment. Concerning diagnosis, CT scan and MRI 
have similar accuracy. CT scan however is better 
for preoperative planning. 

 Treatment options for osteochondral ankle 
defects are diverse, and up to the present there is 
no consensus. The following guidelines, guided 
by the size of the lesion, are based on the current 
literature. Asymptomatic or low-symptomatic 
lesions are treated nonoperatively. The primary 
surgical treatment of defects up to 15 mm in 
diameter consists of arthroscopic debridement 
and bone marrow stimulation. For large cystic 
talar lesions, retrograde drilling combined with a 
bone graft is an alternative. In adolescents or in 
(sub)acute situations in which the fragment is 
15 mm or larger, fi xation of the fragment is pre-
ferred. Osteochondral autograft transfer and 
autologous chondrocyte implantation, with or 
without a cancellous bone graft, are recom-
mended for treatment of secondary cases as well 
as large lesions. Resurfacing implants are a 
promising novel technique for medial defects. 
Although these are often successful, malalign-
ment may be the cause of persistent symptoms. 
Correction osteotomy may be suitable for osteo-
chondral defects in selected cases. Of note, 
Cochrane Review did not fi nd evidence for 
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 superiority of any of the techniques for cartilage 
repair, and it was concluded that the majority of 
studies on cartilage have a low methodological 
quality repair [ 99 ]. A systematic review [ 57 ] on 
treatment of focal cartilage defects identifi ed fi ve 
randomized controlled trials, and it was con-
cluded that no technique consistently had supe-
rior results compared to other techniques. No 
technique available today has been able in clini-
cal studies to prove the regeneration of normal 
hyaline cartilage. Tissue engineering has a great 
potential and probably in the future could have 
superior results compared to bone marrow stimu-
lation techniques. For the moment, all tissue 
engineering techniques and introduction of new 
scaffolds should be carefully evaluated in ran-
domized clinical trials before they can be gener-
ally adopted [ 55 ]. 

11.5.1    Relationship Between 
Cartilage Thickness 
and Joint Congruency 

 The thickness of the cartilage differs between 
joints. When compared to other joints, the ankle 
joint has the thinnest cartilage. The average carti-
lage thickness of the talar dome is 1.11 mm 
(±0.28 mm) in women and 1.33 mm (±0.22 mm) 
in men [ 87 ,  90 ]. It has been demonstrated that 
there is a linear relationship between cartilage 
thickness and joint congruency [ 6 ]. Joints with a 
high congruency have thin cartilage, whereas 
incongruent joints have the thickest cartilage 
coverage. A thick layer of cartilage can more eas-
ily deform thereby increasing the load-bearing 
area and decrease the stress per unit area.  

11.5.2    Mechanism of Repair in 
Traumatic Osteochondral 
Defects 

 By defi nition osteochondral defects involve both 
the articular cartilage and the underlying sub-
chondral bone, while chondral defects are 
restricted to the articular cartilage. In both situa-
tions the MRI can show bone bruising. Bone 

bruises are seen as decreased signal intensity on 
T1-weighted MRI studies and an elevated inten-
sity on T2-weighted MRI. Bone bruises can be 
classifi ed as reticular lesions or geographic 
lesions. The reticular bone bruise is not continu-
ous with the articular service [ 7 ,  68 ,  97 ]. This 
type of bone bruise heals from the periphery to 
the center [ 15 ]. The geographic bone bruises are 
continuous with the articular service. Spontaneous 
healing is impaired or can be absent [ 68 ,  80 ,  97 ]. 

 The bone marrow edema will resolve when 
the subchondral bone plate heals. In cases where 
the subchondral bone plate did not heal, the ini-
tial traumatic defect will lead to a symptomatic 
osteochondral defect with cyst formation. The 
mechanism is as follows. Cracks or other local 
defects in the subchondral bone remain, and the 
water content of the cartilage is forced into the 
subchondral spongiosa with every step. 
Intermittent fl uid pressure of 150 mmHg exe-
cuted on the bone has demonstrated to cause 
bone resorption [ 1 ,  93 ]. The formation of symp-
tomatic subchondral bone cysts thus can be 
explained [ 94 ,  95 ]. 

 In cases of traumatic osteochondral defects of 
larger size, healing will depend on whether the 
osteochondral fragment stays in situ or not. If the 
defect remains in situ, it might heal. In case it 
leaves its donor site, then spontaneous repair of 
the osteochondral defect will usually take place. 
This depends on the size of the lesion. Smaller 
defects are more likely to be completely repaired 
compared to larger defects. Alignment plays a 
role. Progression of an osteochondral lesion 
depends on the type of the lesion. A superfi cial 
defect with sheared-off fl akes with intact sub-
chondral bone plate has a good prognosis in a 
congruent joint. Since the bone plate is intact, 
these lesions have a very limited chance of 
becoming symptomatic. An osteochondral defect 
is spontaneously fi lled with a blood clot that 
forms by cells entering the defect from the bone 
marrow. Differentiation of mesenchymal cells 
takes place. Part of the mesenchymal cells trans-
form to osteoblasts forming immature bone start-
ing from the edges of the bone defect. This new 
bone formation can restore part of the subchon-
dral bone injury. The mesenchymal cells will 

E. Kon et al.



155

 differentiate to chondrocytes, and the rest of the 
defect will be fi lled with fi brocartilage. 
Restoration of the subchondral bone is crucial in 
order to allow for this new articular cartilage 
formation.  

11.5.3    Therapy of Chronic Lesions 

 Arthroscopic techniques aiming to preserve joint 
function include debridement of the defect with 
removal of unstable articular cartilage fl aps. The 
penetration of the subchondral bone plate to grant 
access of cells from the bone marrow to the artic-
ular cartilage defect is an important step for many 
clinical procedures in articular cartilage repair 
[ 40 ,  77 ,  89 ]. Correct restoration of large defects 
in the subchondral bone probably plays a crucial 
role in achieving satisfactory articular cartilage 
repair. Techniques for inducing a fi brocartilagi-
nous repair include marrow stimulation tech-
niques as abrasion arthroplasty, microfracturing, 
or Pridie drilling. All these methods rely on a 
perforation of the subchondral bone plate in order 
to grant access of the bone marrow to the defect. 
Other treatment options are retrograde drilling, 
fi xation of fragment, osteochondral autograft 
fragmentation, autologous chondrocyte implan-
tation (ACI), or limited prosthetic replacement 
(HemiCAP). The goal of all treatments is to 
resolve the symptoms and ideally to prevent the 
development of osteoarthritis on the long term. 
However, there are no long-term follow-up stud-
ies of untreated osteochondral defects that dem-
onstrate progress or deterioration of the ankle 
joint. Reports of patients that are undergoing an 
ankle replacement or ankle arthrodesis following 
an OCD are rare. The natural history of talar 
OCD lesions is mostly benign. Treatment of a 
symptomatic osteochondral defect therefore has 
to concentrate on relief of symptoms. The main 
symptom is pain. The cause of pain in an osteo-
chondral defect arises from the subchondral bone 
[ 94 ,  95 ]. Treatment strategies therefore need to 
concentrate on the subchondral bone rather than 
on the cartilage. Detection of the bone lesion is 
likewise as important as detecting of the cartilage 
lesion itself. For detection of a talar osteochondral 

defect, CT scan and MRI have shown similar 
accuracy [ 98 ]. A CT scan is the diagnostic strat-
egy of choice. For preoperative planning, CT scan 
is preferred since it demonstrates the exact size 
and location of the subchondral bone lesion. It is 
the subchondral bone lesion that has to be treated 
in order to treat the pain. Overview of the litera-
ture has demonstrated that excision, curettage, 
and bone marrow stimulation are the current treat-
ment strategies of choice [ 102 ]. The overall suc-
cess rate has reported to be 85 %.   

11.6    Philosophical Remarks 
on the Subchondral Bone: 
Healthy Soil for the Healthy 
Cartilage 

 Relationship between cartilage and subchondral 
bone is very much similar to a relation between 
plant and the soil underneath. A healthy plant 
cannot be imagined without the healthy soil. Soil 
provides base for the plant and scaffold for its 
roots, supplies nutrition to it, and gives ability to 
withstand strong winds (shear forces) to avoid 
being uprooted out. On the other side, plants pro-
vide necessary coverage to the soil so that soil 
erosion is prevented from direct stresses of harsh 
weather and keep soil bound together with its 
roots [ 79 ]. Soil is actually made up of four layers: 
topsoil, subsoil, regolith, and the rock bed. Above 
all these four layers is the covering by a layer 
called organic layer and by plantations. An osteo-
chondral unit also consists of calcifi ed cartilage, 
cement line, subchondral bone plate, and subar-
ticular spongiosa, all four layers having a superfi -
cial covering of articular cartilage. The purpose 
of comparison of subchondral bone–cartilage 
relationship with soil–plant relationship is to fi nd 
out if the subchondral bone is as important to the 
healthy cartilage as the soil is for the healthy 
plant. An established relation can help surgeons 
to give more importance to subchondral bone 
while dealing with cartilage pathologies. 
Following incidences were studied to scrutinize 
the relationship. 

 Certain diseases of the cartilage are actually 
diseases of the subchondral bone rather than a 
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disease of the cartilage  per se . It is akin to a bad 
soil causing loss of healthy plantation on it. 
OCD is one such disease where the pathological 
process starts in the subchondral bone, gradu-
ally causing separation of the affected bone 
from the surrounding healthy subchondral bone. 
An unstable and probably unviable subchondral 
bone causes overlying cartilage to stop func-
tioning in its normal capacity. Gradually the 
whole osteochondral unit separates with overly-
ing cartilage. A similar disease process might be 
affecting the cases with osteonecrosis. Compare 
it with a condition in the backyard garden, 
where a disease affects soil fi rst. For example, 
an area of soil gets desiccated (state of extreme 
dryness due to lack of water) and that will lead 
to loss of the entire healthy plantation on it. Any 
attempt to salvage the dying plant is useless 
unless a proper treatment for the ailing soil is 
done. If the process continues, then after some 
time desiccated soil separates from the sur-
rounding soil. A dried-up piece of soil that was 
devoid of water actually becomes useless and 
needs to be replaced by fresh soil. This is simply 
because of the reason that a soil deprived of 
water has also lost many nutrients and thus has 
also lost its regenerating capacity. It not only 
becomes hard but also develops cracks. It is 
similar to OCD in that when the piece becomes 
sclerotic and fragmented, the defect needs to be 
reconstructed using bone graft and cartilage 
repair surgery. 

 The cartilage has a protective role for the 
underlying bone from the joint stresses, and on 
the other side, the subchondral bone has a sup-
portive role to play for the cartilage. This is a syn-
ergistic role where both work in a perfect 
homeostatic balance and neutralize abnormal 
stresses on each other. For example, an isolated 
chondral injury can alter the homeostatic balance 
of the joint leading to progression of surrounding 
cartilage damage. It also makes the area more 
vulnerable to the shear forces, ultimately leading 
to increase in the size of focal chondral defect 
and changes in the otherwise normal underlying 
subchondral bone plate in form of overgrowth or 
bone loss. Here, the protective role of the carti-
lage is lost, leading to damage to the underlying 

bone. On the other hand, a subchondral bone 
fracture also leads to changes in homeostatic bal-
ance of the joint and leads to unsupported carti-
lage over it. The supportive role of the subchondral 
bone is lost leading to the damage to the overly-
ing cartilage. There are similar incidences when 
the soil is normal, but there is loss of overlying 
plantation, thus exposing the soil to harsh weather 
conditions. An exposed superfi cial area of land 
gradually gets eroded due to shear forces of the 
strong winds. Gradually roots of dead plants fail 
to keep the soil intact and cause loss of soil crust. 
On the other side, a healthy and integrated soil is 
a must for a healthy plant. It provides a structured 
support for the plant to grow. Any break in soil 
crust can result in loss of support of the overlying 
plant. 

 It has been shown that blood vessels from the 
subchondral region can extend into the overly-
ing calcifi ed cartilage, and nutrients reach chon-
drocytes in the calcifi ed zone. Their diffusion 
can occur in a similar way that can occur 
between synovial fl uid and the superfi cial carti-
lage layers [ 56 ]. Roots of the plant in the soil 
also serve the same purpose of bringing nutri-
tion to the plant, however, to the greater extent 
in plants than in cartilage. Plants however also 
take its nutrition from photosynthesis, some-
thing similar to cartilage taking its nutrition 
from synovial fl uid. 

 Though collagen fi bers cross between calci-
fi ed and uncalcifi ed cartilage, there is no crossing 
of collagen fi bers between calcifi ed cartilage and 
subchondral bone plate. In addition, there is a 
considerable change in the biomechanical prop-
erties of calcifi ed and uncalcifi ed articular carti-
lage in adults due to mineralization, making this 
area weak. This is the reason for a high incidence 
of isolated chondral separation occurring due to 
shear forces in adults [ 41 ]. A shear force and 
pullout force applied to a plant lead to its uproot-
ing with or without soil mass surrounding the 
roots. This difference depends on the weak inter-
face that might exist between roots and soil and 
between nearby soil and far soil. 

 The regenerative tissues in the repaired carti-
lage need support from the healthy subchondral 
bone; otherwise, the overlying cartilage repair 
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will fail [ 56 ]. A new plant grows well only if 
sown into a healthy soil. Soil not only supports in 
form of scaffolding of its roots but also by 
 constant supply of essential nutrients. 
Occasionally an outside support in form of a 
small stick is needed to the plantation, till its 
roots are mature enough to support the plant. In 
the regenerating cartilage, collagen fi bers must 
also develop cross- links so as to provide a similar 
scaffolding support till a weak chondral or osteo-
chondral construct gains maturity. An external 
brace support and limited weight bearing are 
needed till the time collagen fi bers make the scaf-
fold strong. 

 A lesson on soil–plant relationship thus helps 
in understanding the relation that the cartilage 
has with the subchondral bone. A proper atten-
tion to the subchondral bone is important to 
maintain a healthy cartilaginous tissue and to 
regenerate a healthy cartilage in case of cartilage 
loss, as both tissues work as one unit.  

   Conclusion 

 The treatment of osteochondral lesion contin-
ues to remain a challenge. Epidemiological 
studies need to provide more data on osteo-
chondral defects that are caused by trauma, 
OCD, ON, and OA. In the diagnostic workup 
of patients with clinical suspicion for a carti-
lage or osteochondral defect, apart from stan-
dard radiographs, an MRI examination should 
be performed. Understanding and respecting 
the natural history of each type of subchondral 
bone lesion is a key to select the optimal surgi-
cal therapy. Further clinical investigations at 
longer follow-up with a higher number of 
patients are required to confi rm the effi cacy 
and durability of the clinical outcome of 
osteochondral biomimetic scaffolds over time 
and to understand which indication is the most 
appropriate for their use. Altogether, a better 
understanding of the basic science and patho-
physiology of the osteochondral unit, together 
with additional investigations in animal mod-
els and patients, will translate into improved 
strategies for the repair of cartilage defects 
arising from or extending into the subchondral 
bone.     
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12.1           Get into the Joint: 3 Ways 
to Manage the Capsule 

12.1.1       How to Make an Easy 
Extracapsular Approach 

    Frédéric     Laude      

 Deep and complex anatomic situation of the hip 
joint makes the establishment of arthroscopic 
portals more diffi cult and risky than in other 
joints. We describe a new technique to improve 
the effi ciency and the safety of establishing stan-
dard hip arthroscopy portals (anterolateral, ante-
rior +/− posterolateral portals): the extra-articular 
approach. Although special techniques and spe-
cialized instruments have been developed to make 
the hip arthroscopic procedure safer and easier, 
surgeons still need to use an image intensifi er to 
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guide the approach. However, this procedure has 
several disadvantages, including exposure to radi-
ation (surgeon and patients). In addition, fl uoros-
copy provides only 2- dimensional images for the 
surgeon, especially because it is not convenient 
to change the C-arm machine position during the 
operation which can lead to potential damage to 
nerves, vessels, or cartilage during the approach. 

12.1.1.1    Technique 
 Patients were positioned supine on the traction table 
under general anesthesia. The affected limb was in 
a slight fl exion without any traction on the limb at 
the beginning. The surface projections of anatomic 
structures around the hip joint were marked. The 
anterolateral portal was fi rst placed at the level of 
the trochanter. The arthroscopic trocar was intro-
duced under the fascia lata until the contact with the 
femoral neck. Keeping the contact with the anterior 
femoral neck, a 70° scope was introduced. The 
anterior portal, which was at least 5 cm away from 
the fi rst one (anterior to the fascia lata and more dis-
tal), was then established. A fad-pat area (muscle-
free zone) was then identifi ed and removed by 
placing a shaver in the anterior portal. The fad-pat 
was removed; the capsule was exposed and incised 
with an electrocoagulation device. The capsulot-
omy was performed in a “T” shape, and the labrum 
and cartilage surfaces were identifi ed before trac-
tion on the hip. If necessary, the posterolateral portal 
was established by the same procedure.  

12.1.1.2    Results 
 From September 2010 to May 2011, we routinely 
performed this arthroscopic approach for hip 
impingement treatment in 80 patients (47 males 
and 33 females). The mean age was 30 years 
(12–52). We never had to use fl uoroscopy to 
establish the different portals. The mean duration 
of the surgery was 57 min (30–105 min), and the 
time during which we applied traction to the hip 
was restricted to an average of 18 min (maximum 
50 min – minimum 5 min). The mean time to 
access to the capsule and to enter the joint was 
12 min (3–25 min). No nerve or vessel complica-
tion occurred in any of our 80 cases. Labral and 
chondral injury do not occur, because of the 
direct arthroscopic visualization of the joint 
before traction and entrance in the joint. Because 

of the short duration of the traction, no perineal 
soft tissue complication occurred.  

   Conclusion 

 We believe that extra-articular arthroscopic 
approach without fl uoroscopy is a safe and repro-
ducible method to establish hip arthroscopy por-
tals. For surgeons this procedure can reduce the 
risk of potential complications mainly due to trac-
tion time and is easy to incorporate into practice.   

12.1.2    How to Make an Easy 
Peripheral Compartment 
Approach 

    Hatem     Said      

 Peripheral compartment hip arthroscopy was 
described by Klapper et al. [ 1 ], Dorfmann and 
Boyer [ 2 ] and later popularized by Dienst et al. [ 3 ]. 

 It has many advantages, as you are entering 
into a wider space, which makes it technically 
easier and reduces the steep learning curve asso-
ciated with learning hip arthroscopy. It does not 
use traction [ 3 ], thus avoiding most of the 
 complications of hip arthroscopy like neurovas-
cular problems [ 4 ] and perineal injuries. After 
completion of peripheral compartment proce-
dures like cam osteoplasty, synovectomy, or 
loose body removal, you can then apply traction 
and enter the central compartment under vision, 
thus reducing the risk of labral or chondral injury. 

12.1.2.1    Technique 
 Peripheral access mostly uses the position of hip 
fl exion to relax the anterior capsule; thus to estab-
lish the portals, the hip is fl exed to 30°. The main 
working portals are the PAL (proximal anterolat-
eral portal) and the mid-anterior or DAL (distal 
anterolateral portals). The PAL lies 1/3 of the dis-
tance on a line from ASIS to the greater trochan-
ter. The direction is towards the intersection of 
line A from ASIS distally and B from the greater 
trochanter anteriorly. Capsular resistance is 
encountered, and then the neck is felt, which is 
then slid on the anterior surface of the neck. The 
DAL is performed about the same distance from 
the greater trochanter but in a more distal manner. 
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The direction of entry is almost perpendicular to 
the skin or directed slightly proximal. Once the 
femur is felt, the needle is directed just anterior to 
the neck to enter the capsule, which is thinner 
than in the PAL and provides less resistance. 

 The easiness of this technique allows that we 
do it with or without C-Arm guidance, by using 
the anatomic surface landmarks [ 5 ]. To gain 
access to all parts of the peripheral compartment, 
the leg position varies from extension to fl exion 
70°. to visualize different parts of the head and 
neck, while abduction and adduction aims at 
relaxing the lateral or medial capsule. Capsular 
thinning by the shaver and radio frequency is 
done to ease visualization and maneuvering, 
while capsulotomy is avoided at this stage to 
maintain fl uid distention. The diagnostic round 
trip is then performed to visualize all parts of the 
head and neck    [ 6 ]. After completion, the leg is 
extended, traction is applied, and the central 
compartment is accessed under direct vision. 

 In this presentation, we present the technique 
of gaining easy access to the peripheral compart-
ment of the hip.   

12.1.3    How to Make an Easy Central 
Compartment Approach 

    Marc     Philippon      

 The key to making an easy central compartment 
approach is following a number of steps that will 
ensure proper muscle relaxation, patient posi-
tioning, adequate pelvis stabilization, suffi cient 
joint distraction, and precise portal placement. 

12.1.3.1    Muscle Relaxation 
 Full muscle relaxation is of paramount impor-
tance. To obtain this, the anesthesiologist may 
choose to do a general anesthesia with intubation 
plus an intravenous muscle relaxant (neuromuscu-
lar blocker). Another option is to use a spinal, with 
or without a combined epidural, which allows the 
patient to remain awake with mild sedation.  

12.1.3.2    Patient Positioning 
 We typically perform hip arthroscopy in a modi-
fi ed supine position. The effected leg is placed in 

10° of fl exion, 30° of internal rotation, 10° of lat-
eral tilt, and neutral abduction. Internal rotation 
makes the femoral neck parallel to the fl oor, and 
a slight lateral tilt will help to prevent the patient 
from sliding laterally when traction is applied. 
Both feet must be padded and wrapped in a tight 
and secure manner, while avoiding excessive 
pressure that may compromise blood circulation. 
Foot slippage is a common cause for distraction 
loss, so the foot wrapping must be adequate.  

12.1.3.3    Pelvis Stabilization 
 To keep the pelvis in place, it is necessary to 
have a properly sized and padded perineal post. 
Proper padding is important to prevent puden-
dal nerve neuraraxia as well as skin injuries. 
Countertraction is applied to the non-affected 
side, to prevent the pelvis from tilting sideways. 
This leg will typically be placed at about 45° of 
abduction and neutral rotation.  

12.1.3.4    Joint Distraction 
 The next step is to apply proper joint distraction. 
First, limb positioning must be rechecked – if 
traction is applied under adduction or abduction, 
proper distraction is more diffi cult to obtain. 
Then, traction is applied progressively, up to 
around 30 lb of force. A pop may be felt; a joint 
separation is confi rmed under fl uoroscopy. 
Adduction is applied under traction, to add a lat-
eral force vector that will ensure the joint to be 
distracted properly. Initially, about 1 cm of dis-
traction is suffi cient.  

12.1.3.5    Portal Placement 
 The fi rst portal is the anterolateral one. This portal 
is made 1 cm proximal and 1 cm anterior to the tip 
of the greater trochanter. Careful palpation is nec-
essary to assure the skin incision is made at the 
right point. A spinal needle is inserted and should 
pierce the capsule as close as possible to the fem-
oral neck. By keeping it away from the acetabular 
rim, labrum perforation can be avoided. If in 
doubt, a C-arm can be used at this step to ensure 
the spinal needle is at the correct position. A niti-
nol guide wire is passed and a trocar is inserted, 
followed by the arthroscopic camera. 

 The camera should then be turned anterosu-
periorly and a “V” should be visualized: the 

12 Hip Arthroscopy: Basis From Access to Repair in Femoroacetabular Impingement



166

proximal border is formed by the anterior labrum 
and the distal border by the femoral head. 
Between them, the anterior capsule should be 
visible, and this is where the mid-anterior portal 
should be made. 

 Attention is turned to the skin: the correct 
position for the mid-anterior portal is around 
4 cm distal and 4 cm medial to the anterolateral 
portal, at a 45° angle from a longitudinal line 
passing through the anterolateral portal. The mid- 
anterior portal is made halfway between a longi-
tudinal line passing through the ASIS and a 
longitudinal line passing through the anterolat-
eral portal. 

 The spinal needle is then inserted, and the 
point where it touches the capsule is visible with 
the scope from within the joint. At this point, one 
can carefully choose the exact point where to 
pierce the capsule. The next step is to use an 
arthroscopic blade to cut the capsule between 
these portals (interportal capsulotomy). This will 
allow for ample access to the central compart-
ment, from the two portals.    

12.2    How to Manage the Cam 

    Nicolas     Bonin      

 Cam impingement generally results from 
excessive bone (bump) at the anterosuperior 
femoral head–neck junction or when there is a 
fl attening and loss of the normal anterior offset 
concavity between the femoral head and neck 
[ 7 – 9 ] (Fig.  12.1 ). With a better understanding 
of FAI, we now know that cam can be at the 
superior or the inferior part of the neck 
(Fig.  12.2 ). The aim of the cam management is 
to restore the normal sphericity of the femoral 
head that is perturbed.

12.2.1       Cam Assessment 

 The fi rst step is an adequate assessment of the 
cam deformity. Radiographic methods for defi n-
ing cam impingement have advanced in the last 
few years. Cam lesion is well quantifi ed by the 

alpha angle measurement [ 8 ] on MRI and fl atten-
ing of the normal anterior offset by the head–neck 
anterior offset measurement. You must evaluate 
the limits of the cam deformity from the postero-
superior to the anteroinferior part of the neck but 
also from proximal to distal in order to make a 
complete resection. Radial CT or MR imaging 
(around the femoral neck) is of great help. Prior to 
surgery, you should have a perfect planning in 
mind to know exactly what to take down.  

  Fig. 12.1    Anterosuperior cam deformity ( arrow ) visible 
on Ducroquet view       

  Fig. 12.2    Superior cam deformity ( arrow ) visible on AP 
view       
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12.2.2    Technique 

 You can either start with the peripheral compart-
ment to do the cam or start with the central com-
partment to treat acetabular chondrolabral lesions 
before performing cam Resection. 

 I start my cam resection looking at the pos-
terosuperior aspect of the head under traction, so 
I can detect the beginning of the fl at part of the 
head, which can be sometimes under the labrum. 
At this moment, the 70° scope is in the mid- 
anterior portal, looking posteriorly, and the burr 
is in the anterolateral portal. The burr is placed at 
the beginning of the fl at aspect of the head in 
order to make the proximal landmark, and then it 
can slowly go distally to join the normal neck. 
There is almost always a step you can fi nd 
between the cam and the normal neck that tells 
you when to stop proximally and deeply. As soon 
as posterosuperior cam is done, traction can be 
released and the hip fl exed to 30°. Again, the 
nonspherical aspect of the head is searched and 
burred to join the normal neck. Step by step the 
hip is fl exed at 50° and then 70° to use the capsu-
lotomy as a mobile window to go down to the 
neck, avoiding to make it larger. Once you cannot 
go farther, portals are switched to have the best 
vision and access to the anteroinferior part of the 
neck. You should stop searching for cam only 
once you have reached the inferior part of the 
neck located by the medial synovial fold. With 
the scope in the anterolateral portal, you come 
back to extension, step by step, to control head 
sphericity from another view and to complete 
resection if needed. 

 At the end of procedure, when you are back to 
extension, the hip is tested under direct scope 
vision, in fl exion and internal rotation and in 
abduction, internal, and external rotation, to con-
fi rm your resection is adequate. In case of any 
doubts, you should use    fl uoroscopy (Fig.  12.3 ).

      Conclusion 

 Residual cam is one of the most common 
causes of failed hip arthroscopy [ 10 ]. 
Visualizing abnormal head sphericity limits 
under arthroscopy is not effortless, and preop-
erative landmarks must be well known prior to 

surgery. Fluoroscopy should be used during 
the procedure in case of any doubts during the 
Resection.   

12.3    How to Manage the Pincer 

    Ali     S.     Bajwa      

 Pincer lesion or over-coverage of the acetabulum 
can lead to femoroacetabular impingement (FAI) 
on its own or in combination with a cam lesion. 
The exact defi nition of pincer is controversial; 
however, a center-edge (CE) angle of >39° is 
generally considered as a pincer lesion [ 11 ]. This 
should not distract the surgeon from the fact that 
pincer is a 3-dimensional phenomenon. Pincer 
lesion can be due to global over-coverage such as 
in coxa-profunda and protrusio acetabuli. There 
can indeed be focal anterior or posterior over- 
coverage, the former present in a classic acetabu-
lar retroversion. 

12.3.1    Pincer Assessment 

 The fi rst step is an adequate assessment of the 
pincer deformity. This starts with careful history 
and clinical examination. It is imperative to fi nd 
out how the structural deformity of the hip is 

  Fig. 12.3    Arthroscopic fi nal view of the cam resection       
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affecting the patient. This takes into account 
patient’s sports and daily activities. The radio-
logical assessment includes a plain radiograph 
of the pelvis in anteroposterior (AP) and a cross- 
table lateral planes, MR arthrogram, and CT 
scan in selected cases. Often there is an associ-
ated cam lesion, giving rise to the mixed 
picture.  

12.3.2    Origin of Symptoms 

 Symptoms may result purely from the impinge-
ment phenomenon or an underlying labral tear or 
chondral damage. There is often a mixed picture 
with chondrolabral damage circumferentially in a 
global pincer.  

12.3.3    Technique 

 The arthroscopic treatment plan includes gaining 
access in a rather snug joint, assessment of dam-
age, correction of bony structural over-coverage, 
repair or reconstruction of the labrum, and 
addressing the chondral damage with a suitable 
chondral regeneration technique. A fi nal dynamic 
assessment is essential and is best seen from the 
peripheral compartment. I undertake arthroscopy 
in the lateral position with a dedicated hip dis-
tractor system using distal anterolateral, postero-
lateral, and superolateral portals for pincer lesion. 
For mild to moderate pincer lesion, I generally 
start from the central compartment. However, for 
severe and some moderate pincer with varus fem-
oral neck, I start from the peripheral compart-
ment. Occasionally the hip is not distractable; 
however, the acetabular overhang is such that the 
central compartment can be diffi cult to access 
safely. In this instance, again a peripheral fi rst 
approach is used. Most of mild to moderate pin-
cers can be treated without formal labral take-
down while starting the rim trimming from the 
retro-labral sulcus. However, for severe global 
pincer, labral takedown may be required but only 
if the labrum is not ossifi ed! In many global pin-
cer lesions, the labrum is rudimentary or ossifi ed, 
and the resection directly starts with the burr. It is 

important to keep checking under image intensi-
fi er to avoid iatrogenic dysplasia. 

 Labrum is assessed and if needed stabilized 
with suture anchors 8 mm apart. The cartilage 
regeneration procedures are undertaken at the 
end as they may require a dry fi eld.   

12.4    How to Manage the Labrum 

    Michael     Dienst      

 In pincer FAI, the technique of trimming the ace-
tabular rim depends on the condition of the ace-
tabular labrum (Fig.  12.4 ). In many cases, the 
labrum can be saved but needs to be temporarily 
detached because of an unstable chondrolabral 
separation and refi xed after the acetabular rim is 
trimmed. If the chondrolabral junction is intact, 
the labrum bruised, and the width of the labrum 
suffi cient, the labrum can be recessed. By doing 
this, the labrum may be destabilized, thus addi-
tional refi xation is needed. If the labrum is of bad 
quality, small, or ossifi ed, the labrum needs to be 
removed before the rim is reduced. Usually, 
where suffi cient acetabular coverage and overall 
hip stability is achieved, the result will be good 
without the need of additional procedures. 
However, there may be cases where the hip is 
destabilized by removing the labrum and/or rim. 
In those cases, subsequent, staged procedures 
such as labral reconstruction or a bony reorienta-
tion of the acetabulum may be necessary.

12.5       Arthroscopic Treatment 
of Cartilage Lesions in the Hip 

    Hassan     Sadri      

12.5.1    Rational of Arthroscopic 
Treatments of Chondral 
Lesions of the Hip 

 Fully arthroscopic treatment of chondral lesions 
of the hip is feasible. Most chondral lesions of 
the hip are focal lesions and associated with 
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femoroacetabular impingement. These lesions 
are most often located in the anterosuperior ace-
tabulum but can be located on the head. The goal 
of the treatment is to fi ll the chondral defect by 
the best available fi ller, i.e., the best quality 
fi brocartilage or cartilage. Some studies have 
however shown that after a period of 2 years, 
the fi brocartilage transforms into cartilage in the 
AMIC technique. By fi lling the defect, the 
increase of pressure on the adjacent living carti-
lage is reduced by 200 %, thus protecting it. 
When chondral fl aps are present, some authors 
have suggested that these contain living chon-
drocytes and have suggested that these be 
“glued” in with collagen glue. This would again 
be the best defect fi ller available in these cases. 
In cases of stage IV lesions, the treatment is 
divided in function of the size of the lesion after 

debridement to stable margins (see fl ow chart 
below). After debridement, it is essential to 
remove the calcifi ed subchondral bone layer. As 
in other joints mechanical abnormalities have to 
be treated (i.e., correction of femoroacetabular 
impingement) and if possible the labrum repaired 
or reconstructed. In these cases, the simultane-
ous arthroscopic femoroacetabular correction, 
labral repair/reconstruction and cartilage repair 
(AMIC and ACT) can be challenging and should 
be performed by very experienced arthroscopic 
hip surgeons. Standard portals are used (antero-
lateral, posterolateral, and anterior). The neces-
sary time of traction is usually longer than 2 h, 
and complications related with traction have to 
be neutralized. It is also essential to proceed to a 
structured rehabilitation protocol as this has 
been shown to produce better healing.

Approach to rim

< 10 % > 70 %10−20 %

Complex labral rupture
Labral degeneration

Ossified labrum
Labral width < 3−4 mm

Labral resection/debridement

Labrum bruised
Intact chondrolbral junction

Stable labrum

Chondrolabral separation
Good labral tissue
Width > 3−4 mm

Labral detachment

Labral refixation

Labral recession

Rim trimming

Stable labrum

Stable hip
CE > 30°

PAO
CE < 25°

Labral reconstruction
CE 25−29°

Labral deficiency

Unstable hip

?

?

  Fig. 12.4    Management of the acetabular labrum in pincer FAI       
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Acetabular Chondral Defects
I

Evaluate weight/ activities/ age
I

Correction of Biomechanical Abnormalities (ie Impingement)
I

Evaluate Labrum : repair (ideally) or resect +reconstruct
I

Size of defect

II I
<2cm2 2-4cm2 >  4cm2
I I

I

I
I I                                        I I
Microfractures AMIC                    AMIC ACT  

12.5.2        Rehabilitation 

 The postoperative management following abra-
sion, microfracture, AMIC, and ACT is as critical 
as the respective surgical procedure. Postoperative 
weight bearing consists of 5–10 kg (toe touch) 
for 6–8 weeks. Additionally, they are provided 
with continuous passive motion (CPM) set at one 
cycle per minute using the largest range of motion 
tolerated for 8 weeks during 8 h per day. If CPM 
is unavailable, patients are instructed to perform 
full hip active assisted range of motion 300 (30 
times every hour) times daily, for example, by 
keeping their heels on a bed in the supine posi-
tion and fl exing their hips from 0° to 90° as 
tolerated. 

 Following the 6- to 8-week period of protected 
weight bearing, patients are instructed to begin 
active ROM exercises and progress to full weight 
bearing. No cutting, twisting, or jumping sports are 
allowed until at least 6 months postoperatively. 

 Up to 8 weeks of non-weight bearing is required 
to promote early fi brous tissue maturation. 

 The benefi cial effect of motion on the healing 
of articular injuries is well documented. The 
principles of CPM include enhanced nutrition 
and metabolic activity of articular cartilage, the 
stimulation of pluripotent mesenchymal cells to 
differentiate into articular cartilage rather than 
fi brous tissue or bone, and the acceleration of 
healing of both articular cartilage and periarticu-
lar tissues. A slower rate of motion is superior to 
a faster rate. 

 Other studies demonstrate that in animals, 
CPM promotes early and more complete carti-
lage metaplasia and that pressure-dependent 
matrix fl ow from the surrounding articular sur-
faces may positively infl uence this metaplasia. 
Additionally, defects exposed to CPM rather than 
immobilization or intermittent motion exhibit 
greater defect fi ll. 

 Synovial fl uid is a source of nutrition for car-
tilage proliferation and may contain chondrotro-
phic properties. The pumping action of CPM 
improves cartilage nutrition and helps to clear 
hemarthrosis. Moreover, physiologic exercise 
increases the volume of synovial fl uid and immo-
bilization is associated with reduced synovial 
fl uid.      

   References 

    1.    Klapper R, Dorfmann H, Boyer T. Hip arthroscopy 
without traction. In: Byrd JWT, editor. Operative hip 
arthroscopy. New York: Thieme; 1998. p. 139–52.  

    2.    Dorfmann H, Boyer T. Arthroscopy of the hip: 12 
years of experience. Arthroscopy. 1999;15(1):67–72.  

     3.    Dienst M, Seil R, Kohn DM. Safe arthroscopic access 
to the central compartment of the hip. Arthroscopy. 
2005;21(12):1510–4.  

    4.    Said HG, Steimer O, Kohn D, et al. Vascular obstruc-
tion at the level of the ankle joint as a complication of 
hip arthroscopy. Arthroscopy. 2011;27(11):1594–6.  

    5.    Masoud MA, Said HG. Intra-articular hip injection 
using anatomic surface landmarks. Arthrosc Tech. 
2013;2(2):e147–9.  

    6.   Dienst M, Gödde S, Seil R, Hammer D, Kohn D. 
Hip arthroscopy without traction: In vivo anatomy of 

A.S. Bajwa et al.



171

the peripheral hip joint cavity. Arthroscopy. 
2001;17(9):924–31.  

    7.    Siebenrock KA, Schoeniger R, Ganz R. Anterior 
femoro- acetabular impingement due to acetabular 
 retroversion. Treatment with periacetabular osteot-
omy. J Bone Joint Surg Am. 2003;85-A(2):278–86.  

   8.    Ito K, Minka 2nd MA, Leunig M, et al. Femoroacetabular 
impingement and the cam-effect. A MRI-based quanti-
tative anatomical study of the femoral head-neck offset. 
J Bone Joint Surg Br. 2001;83(2):171–6.  

     9.    Notzli HP, Wyss TF, Stoecklin CH, et al. The contour 
of the femoral head-neck junction as a predictor for 
the risk of anterior impingement. J Bone Joint Surg 
Br. 2002;84(4):556–60.  

    10.    Bogunovic L, Gottlieb M, Pashos G, et al. Why do hip 
arthroscopy procedures fail? Clin Orthop Relat Res. 
2013;471(8):2523–9.  

    11.    Tonnis D, Heinecke A. Acetabular and femoral ante-
version: relationship with osteoarthritis of the hip. 
J Bone Joint Surg Am. 1999;81(12):1747–70.      

12 Hip Arthroscopy: Basis From Access to Repair in Femoroacetabular Impingement



173S. Zaffagnini et al. (eds.), ESSKA Instructional Course Lecture Book, 
DOI 10.1007/978-3-642-53983-1_13, © ESSKA 2014

13.1            Introduction 

 The Achilles tendon (AT), the largest and stron-
gest human tendon, is also the most frequently 
ruptured [ 8 ]. The incidence of AT ruptures has 
increased in the last decade and usually occurs 
in sedentary population playing sport occasion-
ally, especially in their third or fourth decade 
of life. Most of AT ruptures occur during sport 
activities, and biomechanical and biochemical 
changes related to ageing may play a signifi cant 
role [ 7 ]. Even though many theories have been 
developed to explain the aetiology of AT rup-
ture, no agreement was found in the literature. 
Gastrocnemius- soleus dysfunction, gender, age, 
changes in training pattern, poor technique, pre-
vious injuries, footwear, poor tendon vascularity, 
and degeneration are frequently attributed to AT 
ruptures. Infective diseases, hyperthyroidism, 
neurological conditions, renal insuffi ciency, arte-
riosclerosis, infl ammatory and autoimmune con-
ditions, hyperuricaemia, genetically determined 
collagen abnormalities, and high serum lipid con-
centration can be associated with AT ruptures [ 9 ]. 

 Two main theories have been proposed to 
clarify the aetiology of the AT ruptures: the 
 “degenerative theory” and the “mechanical 
theory”. The fi rst theory states that the chronic 
degeneration of the tendon leads to a rupture with-
out excessive loads being applied. The second 
theory states that degeneration of the tendon may 
be caused by factors such as chronic overloading 
or microtrauma, physiological alterations in the 
tendon, and pharmacological treatments [ 1 ]. 

        U.  G.   Longo ,  MD, MSc, PhD      (*) 
  Department of Orthopaedic and Trauma Surgery , 
 Campus Bio-Medico University , 
  Via Alvaro del Portillo, 200, Trigoria , 
 Rome   00128 ,  Italy    

  Centro Integrato di Ricerca (CIR) 
Campus Bio- Medico University , 
  Via Alvaro del Portillo, 21 ,  Rome   00128 ,  Italy   
 e-mail: g.longo@unicampus.it   

    J.   Calder ,  MD, FRCS (Orth)    
  Fortius Clinic ,   London ,  UK    

  13      Achilles Tendon Rupture 
Treatment: Still a Weak Spot? 

              Umile     Giuseppe     Longo       and     James     Calder    

Contents

13.1  Introduction .................................................  173

13.2  State-of-the-Art Treatment ........................  174

13.3  Conservative Management .........................  174

13.4  Minimally Invasive Operative Treatment .  174

13.5  Open Surgery ..............................................  175

13.6  Future Treatment Options .........................  175

13.7  Take-Home Message ...................................  175

References ................................................................  175

mailto:g.longo@unicampus.it


174

 The diagnosis of AT ruptures starts with a col-
lection of the history followed by physical exam. 
Nevertheless, the 20–25 % of AT ruptures are not 
diagnosed by the fi rst examining doctor [ 9 ]. 

 Patient with ruptured AT usually report a his-
tory of pain in the affected leg and the feeling 
that, at the time of injury, they had been kicked in 
the posterior aspect of the lower leg. The inability 
to weight bear and the weakness or stiffness of 
the affected ankle is common. 

 On clinical examination, diffuse oedema and 
bruising are usually present, and, unless the 
swelling is severe, a palpable gap may be felt 
along the course of the tendon, most frequently 
2–6 cm proximal to the insertion of the tendon. 
Inspection and palpation should be followed by 
other tests to confi rm the diagnosis, such as 
Simmonds and Matles test and O’Brien and 
Copeland tests. Ultrasonography is largely con-
sidered the primary imaging method for the diag-
nosis of AT ruptures.  

13.2     State-of-the-Art Treatment 

 The management of a patient with an acute rup-
ture of the AT can be classifi ed into operative and 
conservative and usually depends on the prefer-
ence of the surgeon and the patient. The surgical 
management consist on minimally invasive or 
open while the conservative management consist 
on immobilisation or functional bracing [ 12 ,  14 ]. 
More evidence is available for percutaneous 
techniques instead of open surgery and also for 
the use of early mobilisation [ 9 – 11 ]. 

 Surgery has been the method of choice in the 
last two decades especially in athletes and young 
people or in case of delayed ruptures, while con-
servative management in nonathletic patients. 
Open operative management of acute AT rup-
tures signifi cantly reduces the risk of re-rupture 
compared with nonoperative treatment, while is 
associated with a signifi cantly higher risk of 
wound healing problems that can be reduced by 
performing surgery percutaneously [ 8 ]. 

 The objective of management of AT rupture 
is to minimise the morbidity of the injury, opti-
mise rapid return to full function, and prevent 
complications.  

13.3     Conservative Management 

 The immobilisation in a below-knee plaster cast 
in gravity equinus position for 4 weeks followed 
by a more neutral position for a further 4 weeks is 
considered the most common nonoperative pro-
tocol of management of AT rupture. The reports 
on early functional treatment suggest good func-
tional outcome and low re-rupture rates. 

 Following immobilisation, a profound altera-
tion of muscle morphology and physiology 
occurs. Despite the gastrocnemius muscle, which 
is a bi-articular muscle able to move when a short 
leg cast is used, the soleus muscle is particularly 
susceptible to immobilisation. Given the pres-
ence of a high proportion of type I muscle fi bres 
in human soleus, this is particularly susceptible 
to atrophy if immobilised.  

13.4     Minimally Invasive 
Operative Treatment 

 Minimally invasive repair of acute traumatic rup-
tures of the Achilles tendon may produce lower 
complications compared to open repair [ 3 ,  4 ]. In 
1977, Ma and Griffi th were the fi rst that proposed 
the percutaneous repair for the management of 
AT ruptures, in order to fi nd a compromise 
between the open surgical and nonsurgical man-
agements. By producing six small stab incisions 
across the medial and lateral borders of the ten-
don, they passed a suture through the tendon 
using these incisions. In their series, there were 
not re-rupture while two minor, non-infectious 
skin complications occur. 

 Carmont and Maffulli described a technique 
in which three transverse incisions are used, min-
imising the chance of sural nerve injury, allowing 
an even less invasive approach to the tendon that 
permits the accurate apposition of the tendon 
ends. Ismail et al. [ 5 ] compared the mechanical 
properties of the Achillon mini-incision tech-
nique with the long established Kessler method, 
concluding that the strength of the repair was 
related to tendon diameter and that there were no 
differences between the two techniques. 

 The primary stability of two minimally 
invasive procedures of Achilles tendon (AT) 
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repair, namely, a modifi ed percutaneous repair 
of ruptured AT and the Achillon suture confi g-
uration, provided similar biomechanical per-
formance [ 6 ].  

13.5     Open Surgery 

 In the last years, open surgical repair was consid-
ered the gold standard for the management of AT 
ruptures in young fi t individuals. Moreover, the 
numerous advances in surgical techniques, such 
as in postoperative rehabilitation protocols have 
encouraged many surgeons to favour direct ten-
don repair [ 13 ]. Besides, the excellent results of 
surgical repair concerning re-rupture rate and 
tendon strength, such as calf trophism, may help 
many athletes to return to pre-injury physical 
activities [ 2 ]. 

 Different kinds of operative techniques can be 
performed to repair ruptured ATs, ranging from 
simple end-to-end suturing by Bunnell- or 
Kessler-type sutures to more complex repairs 
using fascial reinforcement or tendon grafts, arti-
fi cial tendon implants, using materials such as 
absorbable polymer-carbon fi bre composites, 
xenograft ECM scaffolds, Marlex® mesh, and 
collagen tendon prostheses. Primary augmenta-
tion of the repair with the plantaris tendon, a sin-
gle central or two (one medial, one lateral) 
gastrocnemius fascial turndown fl aps, the pero-
neus brevis tendon, the gracilis tendon, the bone- 
patellar tendon, the bone-quadriceps tendon, the 
semitendinosus tendon, and the free hamstring 
tendon transfer was also performed. However, 
there is no evidence that, in acute AT ruptures, 
this is better than a non-augmented end-to-end 
repair. Recently, platelet-rich plasma (PRP) was 
also used alone for the management of chronic 
AT tendinopathy or in association with open 
repair in case of acute AT ruptures. The ran-
domised control trials that evaluated the role of 
PRP in acutely ruptured AT or in chronic AT ten-
dinopathy concluded that PRP is not useful for 
the management of these pathologies. In our 
opinion, the use of augmentation should be pre-
ferred only when dealing with delayed repairs 
and chronic tears and in the management of 
re-ruptures.  

13.6     Future Treatment Options 

 In the last few decades, several emerging strat-
egies including tissue engineering with mes-
enchymal stem cells have been proposed to 
enhance tendon healing. They hold the prom-
ise to yield more successful outcomes for the 
management of patients with tendon pathology. 
Current in vitro studies support the application 
of these cell-based therapies for the regenera-
tion of tendon tissues. However, these cell-based 
strategies have been investigated only in preclin-
ical studies, and the role of stem cells needs to 
be confi rmed.  

13.7     Take-Home Message 

 In the last decades, the incidence of AT ruptures 
is increased while the evidence for best manage-
ment is still debated. Conservative treatment and 
early mobilisation achieves excellent results in 
elderly or selected patients, but the re-rupture 
rate which is associated is not acceptable in 
young individuals. Open surgery is frequently 
associated with higher risk of superfi cial skin 
breakdown and wound problems, which can be 
prevented by performing percutaneous repair. 
The percutaneous repairs, performed under local 
anaesthesia and followed by early functional 
rehabilitation, are becoming increasingly com-
mon and must be taken into account in some 
selected patients.     
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14.1            Introduction 

 Unicompartmental arthroplasty (UKA) is a well- 
established treatment option for unicompartmen-
tal osteoarthritis of the knee. There are many 
advantages of UKA over total knee arthroplasty 
(TKA). In particular UKA has as good pain relief 
if not better, there is a better “feel,” the range of 
motion is greater, UKA has normal kinematics, 
and the complications are fewer with UKA and 
less severe when compared to TKA. 

 There is, however, one major disadvantage of 
UKA. In all national registries, there is a higher 
revision rate with UKA. This factor, and others, 
has limited the use of UKA to about 5–8 % of knee 
replacements. Despite this major disincentive, 
there are many who wish to pursue UKA and wish 
to optimize it as a procedure in their practices. 

 This course will provide a review of how to 
optimize the treatment of patients who require 
UKA by addressing many of the important issues 
confronting the UKA surgeon.  
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14.2     Tips for Preoperative 
Assessment Before 
Unicompartmental Knee 
Replacement 

    David     Murray              

 In order to optimize preoperative assessment, it is 
necessary to have a clear understanding of the 
principles underlying selection of patients for 
UKA. Traditionally the decision about whether 
to do a UKA or a TKA depended on the balance 
of indications and contraindications, the indica-
tion being damage to a single compartment of the 
knee, with pain localized to that part of the knee. 
Contraindications are not well defi ned and vary 
between authors but tend to relate to the knee and 
the patient in general. Knee-related contraindica-
tion includes damage to the lateral compartment, 
the patellofemoral joint, and the ligaments. These 
may be identifi ed in many ways such as the pres-
ence of pain or radiographic changes related to 
these compartments, lateral thrust or subluxation, 
and large (>10°) or non-correctable deformities. 
Patient-related contraindications include being 
young, very old, active, or obese. With this 
approach about 5 % of knees needing replace-
ment are considered ideal for UKR, and it is 
believed that if the rate is increased, the revision 
rate will also increase. 

 Thirty years ago John Goodfellow proposed a 
fundamentally different approach for the mobile- 
bearing Oxford UKR. His view was that if 
patients had signifi cant symptoms related to the 
knee and a specifi c disease entity, anteromedial 
osteoarthritis (AMOA), then these patients should 
have UKA and there should be no contraindica-
tions. The features of AMOA are well defi ned 
and include bone-on-bone medial osteoarthritis, 
functionally intact ligaments, and full- thickness 
cartilage laterally. It has subsequently been shown 
that with this approach, none of the contradictions 
described above compromise the outcome so 
they can all safely be ignored (except for severe 
damage to the lateral part of the patellofemoral 

joint with bone loss and subluxation). With this 
approach about 50 % of knees needing replace-
ment are appropriate for UKA. 

 The diagnosis of AMOA is made radiographi-
cally. On a well-aligned lateral radiograph (femo-
ral condyles overlapping), if the tibial defect does 
not reach the back or cannot be seen, then there is 
a 95 % chance that the ACL is functionally intact. 
Medial bone on bone must be identifi ed: this can 
be done using an AP weight bearing, a Rosenberg, 
or a varus stress radiograph; if bone on bone is 
not seen radiographically, then a UKA should not 
be done unless bone on bone is demonstrated 
arthroscopically. A valgus stress radiographs (in 
20° fl exion) should be used to determine if there 
is full-thickness cartilage laterally and a func-
tionally intact MCL (correctable intra-articular 
deformity). Although it has not been proven, the 
two most important features are likely to be a 
functionally intact ACL and bone on bone 
medially. 

 Recently, data from the England and Wales 
National Joint Registry has been analyzed to 
identify the optimal usage of UKA [ 1 ]. The 
majority of surgeons use UKR for 5 % or less of 
their knee replacements (ratio UKA:TKA is 
5 %:95 %), in other words they appear to be using 
the traditional approach to UKA. When the UKA 
usage is 5 % or less, the 5-year survival of UKA 
is 90 %. With increasing usage up to 20 %, the 
results improve dramatically. Therefore, sur-
geons using the traditional approach to UKR 
should either stop doing UKR or increase their 
usage to 20 %. It is however not clear, with fi xed- 
bearing UKR, what the optimal indications and 
contraindications are to achieve 20 % usage. 
With the Oxford knee, the results continue to 
improve with increased usage reaching a maxi-
mum at about 50 %, at which stage the 5-year 
survival is 96 %. This would suggest that, for the 
Oxford knee, Goodfellow’s approach was correct 
and that all patients with AMOA should have a 
UKR. These patients will then benefi t from all 
the advantages of UKA without the disadvantage 
of a high revision rate.  
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14.3     Tips for Fixed UKA 

    Sebastian     Parratte     

14.3.1     Patient Selection 
and Indications 

 Preoperative physical exam should ensure a 
range of knee fl exion >100°, full knee extension, 
and a stable knee in the anteroposterior (AP) and 
sagittal planes. The patellofemoral joint should 
be clinically asymptomatic. 

 The radiological analysis should include full- 
length x-rays, AP and ML view of the knee, sky-
line views, and stress radiographs. The 
radiographic analysis should ensure that there is 
no patellofemoral loss of joint space on skyline 
views at 45° of fl exion and the presence of full- 
thickness articular cartilage in the uninvolved 
compartment, with full correction of the defor-
mity to neutral on stress radiographs. 

 On the lateral view of the tibia, the tibial slope 
should be calculated to try to reproduce the same 
angle during the procedure or not. The height of 
the patella analyzed as a patella baja will limit the 
exposure during MIS procedures.  

14.3.2     Implant Selection 

 A cemented pegged metal-backed implant is rec-
ommended to ensure the stability of the tibial tray. 

 To limit wear over time, which can be a prob-
lem with fi xed-bearing implants in young patients, 
cross-linked polyethylene is recommended. 

 High-fl exion femoral implant with round 
design limits the risk of overloading the tibial 
component.  

14.3.3     Technique 

 Limited incisions are now currently used but the 
size should be large enough to ensure proper 

intraoperative visualization to optimize implant 
positioning. 

 Osteophytes should be properly removed 
including those in the notch to avoid any impinge-
ment against the ACL over the time. 

 Linked distal and proximal cuts can be used to 
ensure proper alignment in extension. 

 Tibial frontal cut should be done around 
2–4 mm below the lowest point of the tibial pla-
teau to preserve the strength of the subchondral 
bone. Too distal a tibial cut will lead to pain. 

 The slope should be controlled. If there is any 
doubt concerning the ACL, less slope should be 
applied into the implant. 

 The sagittal tibial cut should preserve 
the ACL. 

 Rotation of the femur should be checked in 
fl exion and in extension to obtain at the end of the 
procedure the middle of the femur in the middle 
of the tibia both in fl exion and in extension. 

 Trials are crucial and range of motion and stabil-
ity must be evaluated with fl oating implants trials. 
A 2 mm laxity in the frontal plane is mandatory. 

 The knee should be at 45° of fl exion during 
the curing of the cement to avoid any posterior 
liftoff that can be observed with the knee hyper-
extended [ 2 – 4 ].  

    Conclusions 

 Indication, implant selection, and surgical 
technique are the three steps to obtain good 
and long- lasting objective and subjective 
results in fi xed-bearing UKA.   

14.4     Tips and Tricks in UKA 

    John     Bellemans     

 Unlike TKA, UKA is an anatomic and therefore 
more physiologic procedure. During UKA the 
cruciate ligaments, collateral soft tissues, patel-
lofemoral mechanism, and joint line orientation 
are basically preserved or restored to its pre- 
diseased status. 
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 This requires a fundamentally different tech-
nical approach by the surgeon, when compared to 
performing a TKA. 

 In UKA the primary objective is therefore to 
restore the joint to its anatomic, physiologic, and 
kinematic conditions as was the case before the 
degeneration or damage occurred. 

 Three key factors are thereby fundamental: (1) 
the restoration of joint line position, (2) the resto-
ration of natural soft tissue interaction, and (3) 
the restoration of the patient’s constitutional leg 
alignment. These three factors are at the same 
time interrelated as well as synergistic towards 
the fi nal outcome. 

 Restoration of the joint line starts with the 
tibial cut. It should be low enough to compensate 
for the loss of cartilage with at least the thinnest 
polyethylene thickness available, but at the same 
time high enough to provide suffi cient bone 
strength for supporting the component (tibial 
bone strength decreases distally). Together with 
proximodistal restoration, correct orientation of 
sagittal tibial slope is important, since it deter-
mines correct restoration of the sagittal anatomy, 
stability, as well as fl exion kinematics. 

 Restoration of the femoral joint line is techni-
cally simpler than on the tibial side and aims at 
replacing the summation of resected and eroded 
bone plus cartilage. 

 Once both of these are achieved, the interpros-
thetic gap needs to be fi lled with the appropriate 
insert thickness to restore natural soft tissue tight-
ness (or laxity), which in its turn automatically 
restores natural (constitutional) alignment of the 
patient, provided that no iatrogenic soft tissue 
damage has occurred. 

 All of the above can be obtained through differ-
ent methodologies or strategies. Whether one uses 
a tibia-fi rst or femur-fi rst technique, dependent or 
independent femorotibial cuts, conventional or 
patient-specifi c guides, or even navigated or robotic 
cuts, these three general principles stay the same. 

 Some generic tips may further help obtaining 
the optimal result. First, an adequate judgment of 
preoperative tibial bone loss, femoral bone loss, 
alignment, and soft tissue status should be 
obtained. These will teach you how the joint is 
just prior to the procedure and will also give you 

an estimate on how it was in its pre-diseased 
state. The latter will then serve as your goal dur-
ing UKA surgery. 

 Second, adequate visualization of the different 
steps during surgery is mandatory. An incision of 
suffi cient length and an arthrotomy approach and 
patient positioning that allows adequate visual-
ization of the operative fi eld and the different sur-
gical steps are extremely important. The surgeon 
should therefore explore which of the several 
methodologies he/she can familiarize in order to 
achieve this. Additionally, adequate intraopera-
tive assessment tools are key to judge joint line 
level, ligament status, and alignment objectives. 
Certainly for the beginner UKA surgeon, these 
are critical. When experience however grows, 
they become less critical since each of the above 
reported key factors (joint line/soft tissue status/
alignment) is interrelated and errors in one of 
them will infl uence the others, which will become 
rapidly apparent even during the surgery. It is one 
of the reasons why experience is of so much ben-
efi t during knee replacement surgery.  

14.5     Tips on Assessment 
of Failed UKA 

    Nikolay     Kornilov              

 UKA not always leads to expected outcome. 
Systemic approach to the patient helps to fi nd the 
reasons of UKA failure and it is based on fi ve 
steps: complaints, history, physical examination, 
imaging studies, and laboratory tests. 

14.5.1     Complaints 

 Listen to the patient attentively and defi ne the 
main problem: pain, instability, stiffness, swell-
ing, or combination of symptoms. Knee pain 
after UKA has a broad spectrum of etiologies that 
can be divided into two categories: intra-articular 
and extra-articular. Pain characteristics such as 
localization, irradiation, intensity, nature, dura-
tion, and relation to activity should always be 
taken into consideration.  
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14.5.2     History 

 Time of symptoms onset and their change after 
primary surgery are very important. If they 
appeared immediately after surgery, remember 
the so-called four i rule:
•    Wrong  indication  (extra-articular etiology, 

especially if the same nature)  
•   Early  infection   
•    Instability  due to inadequate soft tissue 

balancing  
•    Impingement  of soft tissue or mobile bearing    

 If there was some period of asymptomatic 
function, it is necessary exclude late infection or 
aseptic loosening. Some of somatic comorbidi-
ties (vascular, neurologic, etc.) and psychiatric 
disorders, especially depression, may also have 
infl uence on knee function. General symptoms 
like fever, rigors, lethargy, or disturbed sleep 
often accompany surgical infection. Often, 
patients already used some medications so their 
effi ciency should be evaluated.  

14.5.3     Physical Examination 

 During examination pay attention to walking, 
limp, alignment, internal/external rotation of 
foot, joint swelling, erythema, and sinus with/
without discharge. Palpate joint line, patella 
edges, and tendon and ligament insertions. Check 
joint stability (medial/lateral and sagittal laxity) 
and active/passive range of motion (fl exion/
extension contracture, hyperextension, extension 
lag). Investigate general patella mobility, track-
ing (lateralization, subluxation, dislocation), 
crepitation or clunks, and pain after compression 
or percussion. Briefl y examine other joints: lum-
bar spine, hip, ankle, and foot deformity.  

14.5.4     Imaging Studies 

 Radiography is the fi rst imaging study that 
includes whole leg weight-bearing x-rays, stan-
dard AP and lateral view, and axial patella view 
and allows analysis of component size (over-
stuffi ng, medial/lateral overhang), component 

positioning (varus/valgus, fl exion/extension) or 
migration, joint line and patella level, lucencies, 
osteolysis, component fracture, poly wear, and 
periprosthetic fractures. Signs of implant loosen-
ing are radiolucent line progression on implant/
bone interface (>2 mm), zones of osteolysis, 
migration of components, cement mantle frac-
tures, and reaction around the tip of stemmed 
component. 

 Fluoroscopy is useful in the diagnosis of early 
osteolytic changes. Besides that, knee stability 
could be evaluated under fl uoroscopic control. 

 Computed tomography demonstrates rotation 
of femoral and tibial components, extent of 
osteolytic areas, and overall leg alignment but in 
non-weight-bearing conditions. 

 MRI after artifact suppression allows estab-
lishing soft tissues state (meniscus, cartilage, 
ligaments) in non-replaced knee compartments. 
Radionuclide bone scans with technetium, 
indium-labeled white blood cells and sulfur- 
colloid marrow may also be useful, especially 
when combined together.  

14.5.5     Laboratory Tests 

 For infection exclusion synovial fl uid aspiration 
for cytology and culturing as well as hematologic 
tests (leucocytes, erythrocyte sedimentation rate, 
C-reactive protein, interleukin-6) must be rou-
tinely performed. 

 For differentiation of pain origins, intra- 
articular injection of local anesthetic or combina-
tion anesthetic with corticosteroids may be also 
performed. Arthroscopy is the last but not least 
diagnostic tool that can also be helpful for the 
treatment of meniscus or cartilage damage and 
loose body removal [ 5 ].  

14.5.6     Take Home Message 

•     Systemic approach.  
•   Remember extra-articular sources of pain.  
•   Always exclude infection fi rst.  
•   Revision without defi nitive diagnosis leads to 

poor results: >60 % of patients      
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14.6     Tips on Revision UKA 

    Pawel     Skowronek   and     Julian     Dutka     

14.6.1     Introduction 

 The key issues concerning UKA conversion to 
TKA consist of the proper implantation including 
implant sizing, rotation, level of cuts, and joint 
line restoration. Exposure, implant removal, and 
bone loss are usually minor problems. It is impor-
tant to identify the reason for UKA failure and 
also have good knowledge of the principles of 
knee arthroplasty. The idea of UKA revision is to 
convert revision surgery into primary total knee 
arthroplasty. UKA should not be revised to UKA.  

14.6.2     Seven Steps for Successful 
Revision 

     1.     Planning:  Find the reason for failure – con-
sider previous surgery, previous scars, infec-
tion, instability, stiffness, fractures, and bone 
defects.   

   2.     Implant selection:  The idea of UKA revision 
is to convert revision surgery into primary 
total knee arthroplasty. The aim of the revi-
sion is to use a less constrained implant to 
achieve good knee stability. In most cases pri-
mary knee implants can be used.   

   3.     Exposure:  Appropriate exposure is needed for 
UKA revision. Use an old incision, lengthen 
it, and avoid additional skin incisions to pre-
vent problems with the skin healing.   

   4.     Implant removal:  Techniques for component 
removal are the same as in revision knee 
arthroplasty. Be patient; preserve as much 
bone as possible. In the fi rst step of the oper-
ation, it is recommended to leave compo-
nents in place if they are not loose. It is 
helpful to determine the size and position of 
the implant. Thorough debridement is also 
needed to remove all unhealthy tissue and 
cement.   

   5.     Bone loss:  Types of bone stock restoration 
include augments and bone grafts. It is impor-
tant to achieve a good initial stability of the 
implant.   

   6.     Proper implant position:  Follow the principles 
of total knee arthroplasty (sizing, rotation, liga-
ment balancing, joint line). It is necessary to use 
bone landmarks for proper implant position. 

  Femoral  cuts should be assessed with the 
implant left in place. After the distal cut, the 
implant can be removed. The use of 
Whiteside’s and epicondylar lines as a refer-
ence and the augmentation of the posterior 
condyle resection are needed for the proper 
rotational axis of the femoral implant. 

  A tibial  bone resection should be based on 
the lateral condyle level using an extramedul-
lary cutting device as with primary TKA. The 
next step is assessing bone loss in the medial 
compartment and preparing for augmentation 
if needed.   

   7.     Balancing the knee:  Flexion/extension gap 
assessment. 

  Results:  The revision of failed UKA to 
TKA is technically easier than revision of 
failed TKA. Most series show survivorship 
similar to that of primary TKA but the patient- 
reported outcome measures are not as good as 
the primary TKA [ 6 – 17 ].      

14.6.3     Take Home Message 

    Identify the reason for UKA failure.  
  Convert revision surgery into primary total knee 

arthroplasty.  
  Use the least constrained implant to achieve good 

knee stability.  
  Do not revise UKA to UKA   .         

   References 

       1.      Liddle AD, et al. Optimal usage of unicompartmental 
knee replacement: an analysis of 41,986 cases from 
the National Joint Registry for England and Wales. 
International Congress of Arthroplasty Registries, 2013.  

J.-N. Argenson et al.



183

    2.    Argenson JN, Parratte S, Flecher X, Aubaniac JM. 
Unicompartmental knee arthroplasty: technique through 
a mini-incision. Clin Orthop Relat Res. 2007;464:32–6.  

   3.    Parratte S, Pauly V, Aubaniac JM, Argenson JN. No 
long-term difference between fi xed and mobile medial 
unicompartmental arthroplasty. Clin Orthop Relat 
Res. 2012;470:61–8.  

    4.    Parratte S, Argenson JN, Pearce O, Pauly V, Auquier 
P, Aubaniac JM. Medial unicompartmental knee 
replacement in the under-50s. J Bone Joint Surg Br. 
2009;91:351–6.  

    5.       Goodfellow JW, et al. Unicompartmental arthroplasty 
with the Oxford knee. Oxford: Goodfellow Publishers; 
2011. 194 p.  

    6.      Berend KR, George J, Lombardi Jr AV. 
Unicompartmental knee arthroplasty to total knee 
arthroplasty conversion: assuring a primary outcome. 
Orthopedics. 2009;32(9).  

   7.    McAuley JP, Engh GA, Ammeen DJ. Revision of 
failed unicompartmental knee arthroplasty. Clin 
Orthop Relat Res. 2001;392:279–82.  

   8.    Levine WN, Ozuna R, Scott RD, Thornhill TS. 
Conversion of failed modern unicompartmental 
arthroplasty to total knee arthroplasty. J Arthroplasty. 
1996;11(7):797–801.  

   9.    Springer BD, Scott RD, Thornhill TS. Conversion of 
failed unicompartmental knee arthroplasty to TKA. 
Clin Orthop Relat Res. 2006;446:214–20.  

   10.    Saragaglia D, Estour G, Nemer C, Colle PE. Revision 
of 33 unicompartmental knee prostheses using total 

knee arthroplasty: strategy and results. Int Orthop. 
2009;33(4):969–74. Epub 2008 Jun 18.  

   11.    Saldanha KA, Keys GW, Svard UC, White SH, Rao 
C. Revision of Oxford medial unicompartmental knee 
arthroplasty to total knee arthroplasty-results of a 
multicentre study. Knee. 2007;14(4):275–9.  

   12.    Parvizi J. Unicompartmental knee replacement did 
not differ from total knee replacement with regard to 
clinical outcomes at 15 years. J Bone Joint Surg Am. 
2009;91(8):2012.  

   13.    Baker PN, Petheram T, Avery PJ, Gregg PJ, Deehan 
DJ. Revision for unexplained pain following unicom-
partmental and total knee replacement. J Bone Joint 
Surg Am. 2012;94(17):e126.  

   14.    Bohm I, Landsiedl F. Revision surgery after failed 
unicompartmental knee arthroplasty: a study of 35 
cases. J Arthroplasty. 2000;15(8):982–9.  

   15.    Johnson S, Jones P, Newman JH. The survivorship 
and results of total knee replacements converted from 
unicompartmental knee replacements. Knee. 
2007;14(2):154–7.  

   16.       Sierra RJ, Kassel CA, Wetters NG, Berend KR, Della 
Valle CJ, Lombardi AV. Revision of unicompartmen-
tal arthroplasty to total knee arthroplasty: not always a 
slam dunk! J Arthroplasty. 2013;28(8 Suppl):128–32. 
pii: S0883–5403(13)00474–9.  

    17.    Hang JR, Stanford TE, Graves SE, Davidson DC, de 
Steiger RN, Miller LN. Outcome of revision of uni-
compartmental knee replacement. Acta Orthop. 
2010;81(1):95–8.      

14 Tips and Pitfalls in Unicompartmental Knee Arthroplasty (UKA)



   Part III 

   Instructional Courses: Education        



187S. Zaffagnini et al. (eds.), ESSKA Instructional Course Lecture Book, 
DOI 10.1007/978-3-642-53983-1_15, © ESSKA 2014

15.1            How to Ask, Plan and Apply 

 Proper research follows the “cycle of surgical 
research” described by Robert Salter (Fig.  15.1 ) 
[ 1 ]. The fi rst step in a research project is recog-
nizing an unsolved clinical problem. This 
requires researchers to work closely together 
with clinicians or have expertise in both fi elds. 
Nowadays, most universities offer MD/PhD pro-
grams to train so-called clinician scientists. This 
provides medical students from an early point in 
their career both the clinical and research meth-
odological tools required to be successful in sur-
gical research.

   Before a review of the scientifi c literature is 
undertaken, one should think about possible 
problems and their solutions. For example, if 
desired to study unstable knees following injury 
and occurrence of hemarthrosis, the thought 
should be about patient-related factors and objec-
tive outcome tools that will be helpful in analyz-
ing the natural history of knee instability. 

 The art of asking intelligent questions is best 
learned in the conference room. Preliminary 
thoughts and speculations should be presented in 
a lab meeting. Questions will occur both 
ways, from mentor to student and equally 
 importantly from student to mentor. Questions 
will also occur from peer to peer, whereby a 
diverse background of the audience, with respect 
to educational level and expertise, is helpful and 
will enhance feedback for the presenter. 

 A scientifi c hypothesis needs to be carefully 
formulated to refl ect both a question of scientifi c 
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merit and a question that is statistically testable. It 
is important that a hypothesis be formulated 
before the research protocol is being planned. The 
alternative hypothesis is used, which states that 
there will be a difference or relation between two 
expected outcomes. For example, patella tendon 
anterior cruciate ligament (ACL) ACL recon-
struction will lead to fewer graft ruptures com-
pared to hamstring ACL reconstruction. Statistical 
tests are used to determine how likely it is that the 
overall effect would be observed if no real rela-
tion as hypothesized exists. If the likelihood is 
suffi ciently small, i.e., less than 5 % ( p  < 0.05), it 

may be assumed that the relation exists and the 
alternative hypothesis can be accepted. 

 The research protocol needs to be planned 
in as much detail as possible. This will start 
with the location and personnel required to 
perform the test. The strength of the research 
team will be their experience and diversity. 
One should utilize methods that have been well 
established and can be compared to. A power 
analysis should be performed as well. Data 
analysis and employing of statistical tests is 
best done by independent observers to avoid 
observer bias. 

Recognize an unsolved
clinical problem 

Conduct investigation
To test validity of the

hypothesis 

Apply new knowledge
To the clinical problem

Think
Contemplate

Speculate

Publish scientific paper
Peer review

Review scientific
literature

Historical background

Ask intelligent
questions

Why? How? What?
Which?

Formulate an
hypothesis

A provisional supposition 

Present results at a 
meeting

For scientific discussion

Answer original 
question

Why? How? What? 
Which?

Plan research protocol
Strategy of the

investigation including
methods and controls 

Seek collaboration
Multidisciplinary research

Apply for funding
Clear statement of

proposal peer review

Draw valid conclusions
Based on factual data
logic and reasoning 

Interpret data
Theory must fit the facts

Collect and analyze data
Statistical significance

serendipity 

Clinical
(humans)

Experimental
(animals)

One good research
cycle begets another

  Fig. 15.1    Dr. Robert Salter’s Cycle of medical research. To fi nd the solution to an unsolved clinical problem       
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 The application for funding of a research 
study should start well in advance of conducting 
investigations. The most important piece of the 
application is a well-thought thorough research 
plan including a paragraph on the pertinent 
knowledge of the subject to be tested, e.g., ACL 
reconstruction. There should be one paragraph 
outlining how this research study is going to 
impact the fi eld, followed by a paragraph that 
explains the expertise of this research team and 
unique tools available to accomplish the planned 
study. The lack of available data on an unsolved 
clinical problem should then lead to a scientifi c 
objective and hypothesis. The fi nal part of the 
one-page research plan is a summary statement 
explaining clinical signifi cance of this research. 
The following pages (usually 10–20) include all 
the necessary details, such as background and 
signifi cance, preliminary data, methods, ethics 
approval, literature list, biographical sketches, 
and a budget with justifi cation. 

 In summary, a good researcher has to be a 
meticulous planner and has open collabora-
tion that should be both intra- and extramural. 
A diverse research team will enrich the knowl-
edge to be gained from answers addressing the 
original question of an unsolved clinical prob-
lem. Plan for every possible outcome, and you 
will not be surprised!  

15.2     Evidence-Based Medicine 

 Modern medicine, both in the clinical setting and 
in the fi eld of research, is characterized by a need 
for well-founded information on diagnosis, treat-
ment, prevention, and prognosis for numerous 
patients with countless conditions and diseases. 
This has formed the basis of a shift in the general 
conception of the nature of scientifi c endeavor. 

 Sackett et al. proposed a system in 1986 for 
grading different levels of medical evidence and 
introduced the concept of evidence-based medicine 
(EBM) [ 2 ]. It was described as “the conscientious, 
explicit, and judicious use of the current best evi-
dence in making decisions about the care of indi-
vidual patients.” Historically, the philosophical 

origin of EBM extends back to mid-nineteenth- 
century Paris and earlier [ 3 ]. 

 As a concept and practice, EBM has woven 
its way into the fabric of most if not all fi elds 
of medicine today and orthopedic surgery is no 
exception. Two fundamental principles exist that 
form the backbone of presumed sound evidence: 
internal and external validity. Internal validity 
describes the contingent relationship between two 
variables; in the case of medicine, these variables 
are intervention/exposure and the resultant out-
come. The presence of internal validity is in turn 
quantifi ed by three main factors: the power of a 
study, subject allocation, and blinding. External 
validity refers to the consistency or replicability 
of results within a given population or setting. 

 There are multiple versions of the hierarchy 
for level of evidence and none that is unani-
mously used. However, there is a consensus on 
the strength from different study types relative to 
each other. One of the most common grading sys-
tem can be found at the Oxford Centre for 
Evidence-Based Medicine website,   www.cebm.
net     (Table  15.1 ). The system categorizes a study 
from one to fi ve on the basis of its design and as 
one of four different types on the basis of its con-
tent. Based on this, the paradigm of EBM has 
proposed a hierarchy of study designs in ascend-
ing order of bias control whereby the presence of 
three vital features, each in itself contributing to 
such bias control, raises the strength of the stud-
ies within the hierarchy and thereby its level of 
evidence. These features are randomization, pro-
spective follow-up, and, fi nally, replication of 
evidence. The scale is built according to a hierar-
chy in which Level I is the highest level of evi-
dence, which includes high-quality randomized 
clinical trials, and Level V, which is the lowest 
level of evidence, includes so-called expert opin-
ions (Fig.  15.2 ). The higher the level of evidence, 
the more reproducibility and applicability to the 
general patient there is. Levels of evidence are 
important not only in determining whether one 
study is of higher quality than another, they also 
give the reader an immediate sense of how much 
weight the results of the study should be given. 
Thus, it is more likely to fi nd a fi nal answer to a 
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   Table 15.1    Levels of evidence for primary research question. A complete assessment of quality of individual studies 
requires critical appraisal of all aspects of the study design   

 Types of studies 

 Therapeutic studies  Prognostic studies  Diagnostic studies 
 Economic and 
decision analyses 

 Investigating the results 
of treatment 

 Investigating the effect of a 
patient characteristic on the 
outcome of disease 

 Investigating a diagnostic 
test 

 Developing an 
economic or decision 
model 

 Level I  High-quality randomized 
clinical trial (RCT) with 
statistically signifi cant 
difference or no 
statistically signifi cant 
difference but narrow 
confi dence intervals 

 High-quality prospective 
study c  (all patients were 
enrolled at the same point 
in their disease with ≥80 % 
follow-up of enrolled 
patients) 

 Testing of previously 
developed diagnostic 
criteria on consecutive 
patients (with universally 
applied reference “gold” 
standard) 

 Sensible costs and 
alternatives; values 
obtained from many 
studies; with 
multiway sensitivity 
analyses 

 Systematic review a  of 
Level I RCTs (and study 
results were 
homogenous b ) 

 Systematic review a  of 
Level I studies 

 Systematic review a  of 
Level I studies 

 Systematic review a  
of Level I studies 

 Level II  Lesser quality RCT (e.g., 
<80 % follow-up, no 
blinding, or improper 
randomization) 

 Retrospective f  study  Development of 
diagnostic criteria on 
consecutive patients 
(with universally applied 
reference “gold” 
standard) 

 Sensible costs and 
alternatives; values 
obtained from 
limited studies; with 
multiway sensitivity 
analyses 

 Prospective c  comparative 
study d  

 Untreated controls from an 
RCT 

 Systematic review a  of 
Level II studies 

 Systematic review a  
of Level II studies 

 Systematic review a  of 
Level II studies or Level 
I studies with 
inconsistent results 

 Lesser quality prospective 
study (e.g., patients 
enrolled at different points 
in their disease or <80 % 
follow-up) 
 Systematic review a  of 
Level II studies 

 Level III  Case–control study e   Case–control study e   Study of nonconsecutive 
patients; without 
consistently applied 
reference “gold” standard 

 Analyses based on 
limited alternatives 
and costs; and poor 
estimates 

 Retrospective f  
comparative study d  

 Systematic review a  of 
Level III studies 

 Systematic review a  
of Level III studies 

 Systematic review a  of 
Level III studies 

 Level IV  Case series g   Case series  Case–control study  Analyses with no 
sensitivity analyses  Poor reference standard 

 Level V  Expert opinion  Expert opinion  Expert opinion  Expert opinion 

   a A combination of results from two or more prior studies 
  b Studies provided consistent results 
  c Study was started before the fi rst patient enrolled 
  d Patients treated one way (e.g., cemented hip arthroplasty) compared with a group of patients treated in another way 
(e.g., uncemented hip arthroplasty) at the same institution 
  e Patients identifi ed for the study based on their outcome, called “cases” (e.g., failed total arthroplasty), are compared to 
those who did not have that outcome, called “controls” (e.g., successful total hip arthroplasty) 
  f The study was started after the fi rst patient enrolled 
  g Patients treated one way with no comparison group of patients treated in another way  
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research question the higher you move up the 
hierarchy. The grading system is widely accepted 
and utilized by most orthopedic journals as it 
ensures that the best available evidence is used in 
patient care. It has become the foundation of evi-
dence-based medicine.

    There is no doubt that evidence-based medi-
cine has forever changed modern medicine both 
in the clinical setting and in the fi eld of research. 
In an international survey from the British 
Medical Journal to the global medical commu-
nity, the EBM concept was voted as one of the 
top 15 medical breakthroughs in the last 160 years 
[ 4 ]. This places a perspective on the importance 
and the geniality of EBM.  

15.3     How to Do a Proper 
Biomechanical Study 

 A well-conducted biomechanical study can 
deliver valuable information about orthopedic 
surgical techniques, implant performance, and 
treatment options that in vivo or in silico work 
cannot provide alone. 

 There are three broad types of biomechanical 
studies that can be carried out in the laboratory 
using cadaver specimens: (1) testing of the intrin-
sic mechanical properties of a material; (2) 
assessment of implant, graft, or fracture fi xation; 
and (3) examination of joint biomechanics. 

Within each of these categories is a raft of exist-
ing tests that could be conducted as well as the 
scope for planning bespoke work. 

 Proper planning of a biomechanical study is 
critical, made even more so when using donated 
cadaver specimens. Ethical approval must be 
sought to use cadavers and legislation regarding 
the storage and management of cadaveric tissue 
varies with country and is tightly regulated; 
therefore, individuals should check this with 
local authorities before planning a study. 

 There are a number of key questions that must 
be considered before embarking on a biomechan-
ical study, to ensure that it is well planned:
•    What is the research hypothesis?  
•   What are the independent and dependent 

variables?  
•   What kind of controls will be used?  
•   How many specimens are required for the 

study to be adequately powered?  
•   What kind of statistical analysis will be made?  
•   Can it be a repeated measures design?  
•   Is there an existing test method?  
•   Is materials testing machine required?  
•   Is a testing rig or fi xture needed?  
•   Is another hardware or software required?  
•   How long will each test take to complete?  
•   What are the limitations?    

 Preliminary testing, using plastic bone or ani-
mal cadaver substitutes, is recommended in order 
to fi nalize the testing procedure and ensure that 

Meta-analyses of randomized clinical trials

Randomized clinical trial

Propective comparative study

Retrospective comparative study

Case series

Expert opinion
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  Fig. 15.2    The hierarchy of 
evidence       
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every donated human specimen is fully utilized. 
In some cases, animal specimens can be used for 
the actual testing, but care must be taken to ensure 
the validity of such a model. In particular, it 
should be considered that animals are put down 
at a young age, meaning that their soft tissue 
material properties may differ signifi cantly from 
human tissue. 

 A key consideration of most biomechanical 
studies is loading. Joint forces result mainly from 
muscles; the directions and magnitudes of these 
tensions must be derived from the literature prior 
to fi nalizing the test method. In order not to dam-
age cadaver specimens, the loading magnitudes 
may well have to be scaled down from the 
physiological. 

 Specimen management during testing is criti-
cal. The use of fresh-frozen cadavers is preferable 
to embalmed ones, as formalin-fi xed specimens are 
stiffer and the mechanical properties are altered, 
making them unrepresentative of in vivo condi-
tions. Specimens must be kept moist throughout 
testing; particular care should be taken of water-
rich structures such as cartilage and menisci, 
which can permanently dehydrate rapidly. 

 Biomechanical studies can be powerful tools 
when in vivo measurements are not possible. 
However, care must be taken to properly plan the 
study, to make the experiments as realistic as pos-
sible, and to be aware of the limitations of work-
ing with cadaver specimens (Fig.  15.3 ).

15.4        How to Conduct a 
Clinical Trial  

 Conducting a clinical trial starts with an interest-
ing, worthwhile research question that has not 
been answered or that needs to be double-checked 
as well as improves patient outcome. The hypoth-
esis should be defi ned. One of the utmost impor-
tant steps is a meticulously performed literature 
search including old papers and occasionally 
books before the time of PubMed. To further 
design the study, ideally a statistician should be 
involved in deciding about the important details of 
the study design, e.g., controlled, prospective vs. 

retrospective, case–control or case series, and cor-
rect randomization. The aim is to choose the best 
level of evidence for the study design to assure a 
high impact of its fi ndings. A crucial step is the 
calculation of a sample size. Appropriate outcome 
tools that show a holistic picture of the evaluated 
study objective, e.g., evaluating a new surgical 
method in ACL reconstruction, include not only 
knee-specifi c questionnaires but also functional 
tests and general health questionnaires and evalu-
ate the rate of osteoarthritis onset. Before starting 
the clinical trial, the ethical committee must 
approve the study. Patient information and 
informed consents are important for prospective 
studies. Furthermore, fi nancing of the entire study 
should be secured. A pilot study might be intro-
duced to gain data for calculating the sample size 
and expose possible sources of error. The study 

  Fig. 15.3     Top : a cadaver knee being prepared for testing 
in a knee extension rig, with the heads of the quadriceps 
divided for loading and LVDTs for ligament length 
change measurements.  Below : a model of the experimen-
tal setup. This kind of rig can also be used in conjunction 
with optical tracking equipment for 6 Degrees of freedom 
(DoF) kinematic measurements and pressure-sensitive 
fi lm for contact pressure and area measurements       
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should be conducted based on the Good Clinical 
Practice Guideline (  http://www.ich.org/fi leadmin/
Public_Web_Site/ICH_Products/Guidelines/
Efficacy/E6_R1/Step4/E6_R1__Guideline.pdf    ). 
Data collection should be anonymized or pseud-
onymized. The statistical analysis should be done 
with appropriate statistical methods, ideally by a 
statistician, e.g., checking the data for their distri-
bution, using appropriate tests, and presenting the 
data accordingly in the paper (e.g., normal distri-
bution with mean or 95 % confi dence interval vs. 
median with range or interquartile range). The 
hypothesis should be confi rmed or declined and 
investigators should be aware of the fact that statis-
tical differences do not have to be clinically sig-
nifi cant. In order to have a meaningful message of 
the paper, a high rate (above 90 %) is recom-
mended. The authorship should be clarifi ed, and 
the fi rst author should write the manuscript and is 
generally responsible for submitting. Declaring 
the authorship before starting the trial helps to 
avoid confusion later.  

15.5     How to Prepare a Systematic 
Review 

 The available information in medical literature 
is huge and unmanageable in most of their fi elds. 
Therefore, health-care providers, patients, 
researchers, and any other potential reader may 
not have the time, skills, and resources to fi nd, 
appraise, interpret, and incorporate this infor-
mation for decision-making [ 5 ]. Review articles 
are especially useful for clinicians and research-
ers to keep up-to-date in their fi elds (continuing 
medical education), develop practice guide-
lines, and develop ideas for future research [ 6 ]. 
These articles may be nonsystematic (narrative) 
or systematic reviews. Systematic reviews are 
reviews “of a clearly formulated question that 
uses systematic and explicit methods to iden-
tify, select, and critically appraise relevant 
research, and to collect and analyze data from 
the studies that are included in the review” [ 6 ]. 
The use of statistical methods (meta-analysis) 
is common in  systematic reviews to analyze and 

summarize the results of the included studies. 
Meta-analyses provide more precise estimates 
of the effects of health care and facilitate inves-
tigation of consistency of evidence and explora-
tion of differences across studies [ 5 ]. The use 
of statistics to report the results of included 
studies is not mandatory in systematic reviews. 
Systematic reviews provide more reliable con-
clusions than “narrative” reviews due to its 
inherent characteristics [ 5 ]:
•    Clearly stated set of objectives with predefi ned 

eligibility criteria for studies  
•   Explicit and reproducible methodology  
•   Systematic literature search that attempts to 

identify all studies that would meet the eligi-
bility criteria  

•   Assessment of the validity of the fi ndings of 
the included studies  

•   Systematic presentation and synthesis of the 
characteristics and fi ndings of the included 
studies    
 In 2005, a meeting of experts was held in 

Canada to revise and expand the Quality of 
Reporting of Meta-analyses (QUOROM) check-
list and fl ow diagram [ 6 ]. The results of this 
meeting were renamed Preferred Reporting Items 
for Systematic Reviews (PRISMA) statement 
[ 6 ]. This statement provides an essential check-
list with recommended information in each of the 
following items to prepare systematic reviews 
and meta-analyses [ 6 ]:
•    Title  
•   Abstract  
•   Introduction: rationale and objectives  
•   Methods: protocol and registration, eligibility 

criteria, information sources, search, study 
selection, data collection process, data items, 
risk of bias in individual studies, summary 
measures, synthesis of results, risk of bias 
across studies, and additional analyses  

•   Results: study selection, study characteristics, 
risk of bias within studies, results of individ-
ual studies, synthesis of results, risk of bias 
across studies, and additional analysis  

•   Discussion: summary of evidence, limitations, 
and conclusions  

•   Funding    
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 A complete explanation with useful examples 
for each of these items can be found in another 
publication by the same group [ 7 ]. A fl ow of 
information through the different phases (identi-
fi cation, screening, eligibility, and inclusion of 
studies) of a systematic review should be pre-
sented as a fi gure in the article [ 6 ] (Fig.  15.4 ). 
Following these guidelines and recommenda-
tions will homogenize the existing literature and 
may increase the quality of systematic reviews. 
This may in turn result in an improvement in 
medical decision-making, with a consequent 
improvement in the patient’s care.
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16.1            Introduction 

 Arthroscopic surgery has become the leading 
operative therapy for a growing number of inju-
ries [ 1 ,  2 ]. Obtaining arthroscopic skills is quite 
challenging, due to reduced visibility and dexter-
ity of instruments, disturbed eye-hand coordina-
tion and loss of force and tactile feedback [ 3 – 5 ]. 
That is why learning arthroscopic skills takes 
considerable time and implicates an increased 
risk of surgical errors during the early stages of 
the learning curve when operating on patients [ 6 –
 8 ]. As patient safety and competence in surgery 
are of utmost importance to fulfi l requirements 
of high-quality healthcare [ 9 ], there is a need for 
effi cient and effective training. 

 It is known that training of psychomotor 
skills, such as arthroscopic skills, can be opti-
mally performed by actual instrument handling 
[ 10 ,  11 ]. This is based on the theory which states 
that skilled motor behaviour relies on accurate 
predictive models of our own body and the envi-
ronment we interact with (e.g. instruments) [ 10 , 
 11 ] (Fig.  16.1 ). These models are stored in our 
central nervous system. For execution of a certain 
task, the best available internal model is selected. 
A key feature in this theory is that these internal 
models are tuned, updated and learned by provid-
ing feedback from our sensory organs (vision and 
proprioception) (Fig.  16.1 ).

   This is why arthroscopic training traditionally 
is performed in the operating room in a one-to- 
one apprentice model [ 6 ,  9 ,  12 ]. The arthroscopic 
skills are learned by observing skilled surgeons 
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in the operating room initially, which gradually 
expands to instrument handling whilst the resi-
dent’s profi ciency improves [ 6 ]. However, at the 
start of residents’ training process, the operating 
room is no optimal learning environment. The 
resident is not allowed to make errors and learn 
from them, because those errors would compro-
mise patient safety [ 12 – 14 ]. 

 Today, simulation training for surgical proce-
dures is increasingly seen as an essential compo-
nent of the curriculum. For example, in the UK, 
compulsory simulation training is for the fi rst 
time being introduced into the curriculum by the 
regulator, the General Medical Council. It is 
almost certain that this trend will continue and 
expand also towards arthroscopic skills. This 
chapter presents the state of the art of training 
modalities based on an educational framework 
for well-designed training programmes.  

16.2     State of the Art in Training 
Arthroscopy 

 From an educational point of view, a key feature 
for a well-designed training programme is that 
the three training elements are formulated 
 explicitly and are aligned [ 15 ]: learning objec-
tives (what should be trained?), means (how 
should it be trained?) and assessment (is the 
objective achieved?). 

16.2.1     What Should Be Trained? 

 The fi rst step is addressing the learning objec-
tives. The opinion of faculty was documented on 
how many repetitions an average resident needs 
in the operating room to become profi cient in 
arthroscopic procedures [ 8 ]. The results were as 
follows: on average, 50 (standard deviation (SD) 
46) repetitions for partial medial meniscectomy, 
61 (SD 53) for anterior cruciate ligament (ACL) 
reconstruction, 48 (SD 44) for diagnostic shoul-
der scope, and 58 (SD 56) for subacromial 
decompression [ 8 ]. An interesting result was that 
the absolute minimum number of repetitions 
needed to achieve profi ciency was indicated to be 
5–8 for any arthroscopic procedure [ 8 ]. Thus, at 
least up to eight patients are at risk at the start of 
each resident training programme. An ideal situ-
ation is that before residents continue their train-
ing in the operating room, they should have 
achieved a competency level that guarantees safe 
arthroscopic treatment on their fi rst patient. 
Logically, this should be one of the primary 
learning objectives for training arthroscopic 
skills in a simulated environment. 

 Next, this question needs to be answered: 
‘What skills are crucial for a resident to possess 
before continuing safe training in the operating 
room?’ [ 16 ]. Safi r and co-workers [ 16 ] consulted 
a group of experienced orthopaedic surgeons 
from the Canadian Orthopaedic Association. 

Selection
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  Fig. 16.1    Illustration of the 
theory on motor learning. 
The internal model is chosen 
that is most likely to predict 
the smallest estimation error. 
An internal model predicts 
both the spatial state of your 
body and the sensory signals. 
The latter combined with the 
actual sensory signals are 
used to correct the initial 
estimate       
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Supported by the Dutch Arthroscopy Society 
(NVA), a similar questionnaire was conducted 
in The Netherlands amongst the experienced 
arthroscopists and residents to determine the 
presence of cultural differences. To this end, an 
online survey was set up consisting of questions 
regarding (a) fi ve general skills (Table  16.1 ) 
and (b) detailed skills such as placement of 
the tourniquet, creation of a portal, removal of 
loose fragments, specifi c anatomic knowledge 
and navigation. Surgeons were asked to indi-
cate the importance of each arthroscopic task 
on a fi ve- point Likert scale ranging from ‘not 
important at all’ (score 1) to ‘very important’ 
(score 5).

   The preliminary results of the Dutch survey 
are presented together with the results from Safi r 
and co-workers [ 16 ] and Hui and co-workers [ 17 ] 
(Table  16.1 ). These results cannot give a conclu-
sive interpretation on cultural differences. 

 In all three surveys, knowledge on anatomy of 
the knee joint is ranked as priority number one 
(Table  16.1 ). As the term ‘knowledge’ already 
indicates, this skill does not require actual instru-
ment handling during training. As performing 
arthroscopy is largely dependent on visual cues 
received from the monitor, arthroscopic anatomy 
is suited to be taught outside the operating room, 
for example, using interactive e-learning modules 
that incorporate arthroscopic movies, pictures and 
animated joint structures or using virtual reality 
simulators which also provide movies and some-
times specifi c exercises focused on anatomy in 
combination with spatial perception [ 14 ,  18 ]. One 
other solution being explored is to use online sim-
ulators, where the programme is held on a central 
server and where the simulator addresses those 
aspects of a surgical task that do not require a 
complex end-user controller that is expensive and 
fi xed in one geographical location [ 19 ]. The other 

skills do require instrument handling [ 20 ]. In gen-
eral, the top fi ve of specifi c skills to be trained 
refl ects the basic steps required to gain access and 
navigate into the joint. This seems straightforward 
as knowing your way in the joint will contribute to 
safe performance of the therapy.  

16.2.2     How Can Arthroscopic Skills 
Be Assessed? 

 The second step is to set up an assessment method 
that is capable to discriminate the proposed com-
petency level. Some evidence now highlights that 
not all individuals are able to reach competence 
in some basic arthroscopic skills despite training 
and practice [ 21 ]. Therefore, it is sensible and 
necessary we ensure that objective, validated and 
reliable assessment methods are employed  during 
arthroscopic skills training. So far, the develop-
ment of a skills assessment method that can be 
used for examination or credentialing has not 
been achieved [ 22 ]. Psychomotor skills are com-
plex and it is diffi cult to translate the execution of 
skills into a set of measurable parameters that 
also make sense when providing feedback. On 
the other hand, the available methods of skills 
assessment can be used to monitor trainee’s per-
formance and provide feedback. Trainee’s per-
formance consists roughly of three categories: 
psychomotor skills inherently present in each 
person, ability of effective and effi cient task com-
pletion and ability to guarantee patient safety [ 11 , 
 23 ,  24 ]. Each will be discussed. 

 First, the training of basis motor skills in rela-
tion with arthroscopy will be illustrated by pre-
senting a 2-day arthroscopy course consisting of 
six steps [ 25 ]. The fi rst step includes interactive 
presentations about arthroscopic technology and 
basic knee pathologies. The second step shows 

     Table 16.1    Ranking of importance for trainee to possess ability prior to performing in the operating room   

 Rank  Surgeons [ 16 ]  n  = 101 
 Score 
(1–5)  Residents [ 17 ]  n  = 67 

 Score 
(1–5) 

 Surgeons-residents 
NVA  n  = 20 

 Score 
(1–5) 

 1  Anatomic knowledge  3.86*  Anatomic knowledge  4.4  Anatomic knowledge  4.70 
 2  Triangulation/depth perception  3.34*  Spatial perception  4.3  Spatial perception  4.15 
 3  Spatial perception  2.77*  Triangulation/depth perception  4.2  Tactile sensation  4.15 
 4  Manual dexterity  2.86*  Manual dexterity  4.2  Manual dexterity  4.00 
 5  Tactile sensation  2.05*  Tactile sensation  3.7  Triangulation  3.75 

  *Signifi cantly different ( p  < 0.001) [ 16 ]  
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video presentations of basic arthroscopic proce-
dures. The third step consists of basic motor skill 
exercises. The search to meet today’s educational 
needs has required the combination of motor skill 
training, kinesiology and the science of learning 
[ 26 ]. Basic motor skill acquisition can be applied 
to teach surgical skills [ 27 ,  28 ]. Some of the basic 
motor skills that constitute arthroscopic skills is 
listed in Table  16.2  and some instruments that 
simulate or evoke these skills are shown in 
Fig.  16.2  [ 24 ]. In a previous study, instruments to 

practise and perform basic motor skills were used 
to compare the differences between experienced 
and inexperienced orthopaedic surgeons [ 24 ]. 
The conclusion was that experienced surgeons 
react faster and more judiciously compared to 
novices, which provides evidence that a correla-
tion is present between competency in basic psy-
chomotor skills and competency in arthroscopic 
skills. The fourth step consists of triangulation on 
dry knee joint models. The fi fth step is the wet 
lab that is mainly designed to mimic a real 
arthroscopic procedure with the use of a cow 
knee (Fig.  16.3 ). In this wet lab, basic arthroscopic 
procedures such as diagnosis, synovectomy, 
loose body extraction, meniscectomy, microfrac-
ture, etc. can be completed by the guidance of an 
instructor (Fig.  16.3 ). The fi nal step is the knot 
station, in which all participants can train surgi-
cal knot tying. This basic arthroscopy course 
focused on (basic) motor skill training and 
arthroscopic procedures on cow knees is an effec-
tive, reproducible, safe and inexpensive method 
that improves the performance of trainees.

   Table 16.2    Basic motor skills presented in the task anal-
ysis of arthroscopy   

 Skills  Task analysis of arthroscopy 
 Triangulation  Procedures performed by two hands 
 Depth 
perception 

 Ability to differentiate the position of 
objects in two- dimensional images 

 Response 
orientation 

 Ability to rapidly select a response from 
a number of alternatives 

 Reaction time  Ability to rapidly initiate a response to 
a stimulus 

 Grip strength  Strength of hand muscles 

32020

32532

32022

3202332026

32521

32011

58024a

  Fig. 16.2    Examples of basic 
motor skill exercising 
instruments, Lafayette 
Instrument Company, IN       
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     Second, measures are discussed that refl ect the 
ability of effective and effi cient task completion. 
This category is by far the most widely used set of 
measures to refl ect performance with the time to 
complete a task being the strongest objective dis-
criminator between novice and expert levels [ 1 , 
 12 ,  20 ,  29 ,  30 ]. This has been proven in many 
studies and for many endoscopic disciplines [ 22 ]. 
Task time registration is widely used, easy to 
measure and easy to interpret during feedback, 
but task time does not necessarily refl ect the qual-
ity of the executed task. Other parameters that 
were proposed are path length which has a high 
correlation with task time [ 31 ,  32 ]; a Likert scale 
to indicate task (in)completion, for example, in 
knot tying [ 33 ]; and the number of identifi ed ana-
tomic landmarks [ 34 ]. Motion analysis is a com-
mon method for assessing arthroscopic skill in the 
simulation laboratory. It has been validated and 
subsequently used to demonstrate the construct 
validity of arthroscopic tasks on benchtop simula-
tors [ 35 ]. Furthermore, it has proved useful in 
monitoring the learning curves of trainees during 

simulated arthroscopic tasks [ 36 – 38 ]. 
Arthroscopists with higher technical skill are able 
to perform a task with fewer hand movements and 
shorter path length and in a shorter time. It does 
not rely on an assessor to evaluate skill and so is 
entirely objective. However, it does not provide 
specifi c feedback on performance to the trainee 
and cannot be used in the real operating theatre. 
Another type of instrument to monitor task com-
pletion in a more holistic approach is a global rat-
ing scale (GRS). This instrument has been 
developed for structured, objective feedback dur-
ing training and may potentially contribute to 
steeper learning curves [ 33 ,  39 ]. For arthroscopy, 
two GRS have been proposed: Basic Arthroscopic 
Knee Skill Scoring System (BAKSSS) [ 40 ] and 
Objective Structured Assessment of Technical 
Skills Global Rating Scale (OSATS) [ 30 ]. Both 
GRS have been validated during arthroscopic 
benchtop model simulator training [ 30 ,  40 ]. By 
recording arthroscopic video and anonymising 
the subject, scoring can be performed remotely 
by raters, making these assessment tools more 

  Fig. 16.3    Right cow knee prepared for wet lab and cow knee arthroscopy setup       
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fl exible and economical. In addition to these for-
mal scoring systems, some other novel parameters 
have also been identifi ed and used to objectively 
assess arthroscopic skill [ 41 ]. 

 Third, measures are discussed that refl ect 
patient safety. Patient safety can be defi ned as the 
prevention of damaging healthy tissues in the 
intra-articular joint space and tissues surrounding 
the access portals when performing surgical 
treatment [ 23 ]. Especially delicate tissues that 
have little to no healing potential (meniscal and 
cartilage tissue) need to be monitored as they are 
frequently probed even outside the arthroscopic 
camera view. Measures that were introduced that 
refl ect safe tissue manipulation are motion 
smoothness [ 13 ], number of instrument-tissue 
collisions [ 12 ,  29 ,  42 ,  43 ] and the applied force 
on tissues [ 20 ,  23 ,  44 ]. It is essential that the 
safety measures are measured in real time during 
task execution and immediately feedback is given 
to the trainee when safe tissue manipulation lev-
els are crossed. The feedback can be performed 
by auditive cues but also by tactile or visual cues 
such as colouring red the entire screen [ 45 ] or an 
colored arrow that represents the force direction 
[ 46 ].  

16.2.3     How Can Arthroscopic Skills 
Be Trained in a Safe 
Environment? 

 The third step is to select or to design an adequate 
environment that allows training to achieve the 
learning objectives and monitoring of trainees’ 
progress. When you consider the broadest defi ni-
tion of medical simulation, it has been practised 
in primitive forms for centuries [ 47 ]. Three main 
types of simulation environments for training 
arthroscopic skills are available: hands-on 
cadaver courses, anatomic benchtop models and 
virtual reality simulators. The main reasons to 
use a simulated environment instead of tradi-
tional training in the operating room are patient 
safety [ 1 ,  6 ,  7 ,  16 ,  30 ,  48 – 50 ], improved 
 educational experience caused by easy access 
and better availability [ 51 ], cost-effi ciency [ 51 ] 
and lastly simulators offer the opportunity to 

measure performance and training progress 
objectively [ 23 ,  31 ,  40 ,  51 ]. 

 Questioning experts and residents what train-
ing means they prefer, cadaver courses are ranked 
number one, followed by high-fi delity simulators 
(e.g. synthetic knee), virtual reality simulators 
and box trainers [ 16 ]. So far, ESSKA has accred-
ited 67 training centres in Europe, which pre-
dominantly focus on cadaver training (  www.
esska.org    ). Some companies have invested major 
sources (fi nancial and intellectual) in human 
cadaver labs. They are offi cially run by profes-
sionals appointed by the company itself and aca-
demic curriculum is set by company related 
surgeons. Time slots are booked in far advance 
which shows that education in these facilities is 
highly popular. Despite its high reputation and 
acceptance, their role in training has not been 
academically evaluated. ‘industry, education, 
arthroscopy’ keywords did not retrieve any 
results. In order to receive the highest benefi t 
from these facilities, a high level of academic 
relationship is required between academics and 
the industry. The largest asset of cadaveric speci-
mens is that they offer the most realistic simula-
tion environment in terms of tissue appearance 
and sensory feedback. Per specimen natural clini-
cal variation is present, and tissue can be cut or 
sutured similarly as in the patient. Drawbacks of 
cadaver specimen are that they offer limited pos-
sibilities to provide feedback on performance and 
unpredictability of the natural variation [ 52 ]. 
Furthermore, human cadaver teaching is 
restricted because of limits on availability due to 
local regulations. Although animal cadavers are 
more readily available, their usage is limited 
mostly due to indifference. 

 Various anatomic models of joints are avail-
able. These models provide a consistent training 
environment for all participants, allow training of 
tissue manipulation (e.g. probing and cutting) 
and can be widely available due to their relatively 
low cost. Drawbacks are that these models lack 
realism and as a consequence are considered not 
challenging enough for training. Besides, they 
are not equipped with registration devices to 
track performance. To overcome these draw-
backs, several research groups demonstrated that 
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anatomic models can be very well used in combi-
nation with tracking equipment and their realism 
can be improved [ 1 ,  44 ]. Of course this comes at 
extra costs. The main asset of anatomic models is 
that they do offer haptic feedback, which is con-
sidered crucial in arthroscopic training [ 29 ,  50 ]. 

 The last category is virtual reality systems 
(VR), which are inspired by the airline and, more 
recently, the gaming industry [ 3 ,  13 ,  29 ,  31 ]. The 
VR offer the ability of providing direct feedback 
on performance based on computer-generated out-
come measures and can combine computer- based 
learning with part-task training. In theory, they 
also allow a wide range of natural clinical varia-
tion both in terms of pathology and joint shape 
and appearance, but only the former is offered in 
commercial systems [ 13 ]. A huge challenge for 
VR simulation of arthroscopy is still the imple-
mentation of realistic instrument-tissue behaviour, 
which is considered essential especially when 
training cutting, suturing and drilling [ 29 ]. 

 To determine the potential of arthroscopic 
simulators, their educational value and user- 
friendliness have been evaluated and validated 
for different types of validity (internal, face, con-
struct and content validity) [ 1 ,  2 ,  7 ,  13 ,  14 ,  29 –
 31 ]. Modi and co-workers [ 2 ] indicated a range 
of limitations on the methodology used in these 
evaluation studies: the use of poorly validated 
outcome measures. In an effort to overcome a 
number of these limitations, we have set up a 
general protocol to assess face and construct 
validity of arthroscopic simulators [ 14 ]. This pro-
tocol enables evaluation and relative comparison 
of any type of simulator (virtual or benchtop 
model). At this stage, we have evaluated ToLTech 
Knee Arthroscopy Simulator TM  (Touch of Life 
Technologies, Aurora, CO, USA: Simulator A), 
ArthroMentor TM  (Simbionix, Cleveland, Ohio 
USA, previously known as the InsightArthroVR1 
Arthroscopy Simulator (GMV, Madrid, Spain): 
Simulator B), VirtaMed ArthroS TM  (VirtaMed 
AG, Zurich, Switzerland: Simulator D) and our 
own development the PASSPORT simulator 
(Delft University of Technology and Academic 
Medical Centre, The Netherlands: Simulator C). 
Participants were recruited and grouped in differ-
ent experience levels; we only present the results 

of novices who had never performed an 
arthroscopic procedure and experts who had per-
formed more than 60 arthroscopies [ 8 ]. Between 
6 and 11 participants were present in each experi-
ence group for each simulator. All participants 
were scheduled a maximum period of 30 min. 

 Construct validity was assessed based on a 
single predefi ned navigation task. Nine anatomic 
landmarks had to be probed sequentially: medial 
femoral condyle, medial tibial plateau, posterior 
horn of the medial meniscus, midsection of the 
medial meniscus, ACL, lateral femoral condyle, 
lateral tibial plateau, posterior horn of the lateral 
meniscus and midsection of the lateral meniscus 
[ 1 ]. The task trial times were recorded by sepa-
rate digital video recording equipment to guaran-
tee uniformity in data processing. All participants 
performed the navigation task fi ve times. 
Construct validity was determined with the 
Kruskal-Wallis test by calculation of overall sig-
nifi cant differences in task time between the three 
groups for each of the fi ve task trials. The signifi -
cance level was adjusted for multiple compari-
sons with the Bonferroni-Holm procedure 
(alpha = 0.05) [ 53 ]. Mann–Whitney U tests were 
used for pairwise comparisons to highlight sig-
nifi cant differences. Construct validity was 
shown for Simulators C and D, as the novices 
were signifi cantly slower than the experts in 
completing all fi ve trials (Fig.  16.4 ). For 
Simulator A, only 2 out of 11 novices could com-
plete all task trials within the set time limit. This 
indicates a clear distinction between novices and 
experts, which unfortunately cannot be supported 
by actual measurements. Simulator B partly dem-
onstrated construct validity as the experts were 
faster in the second and third trials compared to 
the novices.

   Face validity (realism), educational value and 
user-friendliness of the simulators were deter-
mined by giving the participants a second task in 
which up to three exercises had to be performed 
that were characteristic for that particular simula-
tor and by asking them to fi ll out a questionnaire 
afterwards [ 14 ]. Questions were answered using 
a 10-point numerical rating scale (NRS) (e.g. 
0 = completely unrealistic and 10 = completely 
realistic). Only the answers of the intermediates 
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and experts regarding face validity and educa-
tional value were included. A value of 7 or greater 
was considered suffi cient. Face validity of the 
outer appearance was demonstrated for all simu-
lators, but only Simulator C demonstrated face 
validity for intra-articular joint realism and 
instrument realism (Fig.  16.5 ). This result was 
signifi cantly different from Simulator B for intra- 
articular joint realism and signifi cantly different 
between all simulators for instrument realism 
( p  < 0.05). The explanation is that Simulator C is 
the only system that uses real instruments and a 
knee benchtop model to mimic sense of touch, 
which was considered the biggest asset by the 
participants. Simulators B and D have good user- 
friendliness, with the difference between 
Simulator A and B being signifi cant ( p  < 0.05). 
All virtual reality simulators needed improve-
ment of the sense of touch. All simulators could 
benefi t from more realistic structures but were 

considered as valuable training tool in the begin-
ning of the residency curriculum.

   Deaneries in the UK have spent varying 
amounts of money developing simulation cen-
tres, but problems remain with the cost of buying 
and maintaining highly sophisticated simulators 
and the diffi culty of ensuring geographical access 
to such simulators by all trainees. The skills 
involved can be divided into ‘cognitive’ and 
‘haptic’. The cognitive aspects could be trained 
with an online simulator. The concept of a ‘cog-
nitive trainer’ for arthroscopy of the knee was 
explored in a joint project between the Royal 
College of Surgeons of England and Primal 
Pictures. This pilot study showed that it is feasi-
ble to develop a tutorial-based simulator that uses 
a simple and cheap interface to address the cogni-
tive (‘non-haptic’) components of arthroscopic 
knee surgery [ 19 ]. The pilot VATMAS simulator, 
building on earlier work on the VE-KATS 
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 simulator (Fig.  16.6 ) [ 31 ], showed that it is pos-
sible to reproduce arthroscopic optics, with indi-
vidual rotation of the camera and arthroscope. 
The arthroscope and probe can be independently 
manipulated, with indication of contact with hard 
and soft surfaces. An ‘overview’ can be provided 
if the trainee became disorientated (Fig.  16.6 ). 
Such a simulator can take the trainee through a 
series of tutorials whilst providing automated 
feedback based on time, accuracy and effi ciency. 
From any point, images or videos from real 
arthroscopies can be called up. Focus group eval-
uation gave directions for further development.

16.3         Industry Involvement 

 Arthroscopic skills education is one of the most 
sophisticated zones of orthopaedic training which 
require compound efforts and resources. Despite 
extensive programming and detailed education 
environment, return may be low [ 54 ]. Teaching 
tools and environments should be categorised 
primarily on their fi delity, availability, accept-
ability and cost. Basic skills instruments, dry 

models, animal cadaver models, human cadaver 
models, virtual reality simulators and hands-on 
teaching in increasing order of fi delity are the 
teaching tools that are currently in use. Their 
utilisation differs from institution to institution 
based on the institution’s education strategy, type 
of the hospital setting (whether it is a primarily 
teaching institution or not), motivation of the 
teaching staff and most importantly resources. 

 Industry involvement in orthopaedic practice is 
an approved manner under strict regulations [ 55 ]. 
Commercial companies supporting orthopaedic 
research, supply in patient care and education 
is highly welcome in the orthopaedic communi-
ties with academic hesitance. Companies provide 
educational support to the practising surgeon 
through company employee, peer to peer, printed 
matter (booklets, books), online materials (edu-
cation platforms, surgical technique archives), 
company meetings (live surgery based), reserved 
sessions in society meetings and time in company 
running cadaver labs. 

 Visits to the clinics and accompanying surger-
ies by company employees are a well-established 
mode of educational support. Educational  activity 
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performed by a surgeon who has disclosed rela-
tionship with a certain company is probably one 
of the most enjoyable educational setting for a 
young surgeon. The young surgeon has a per-
sonal relationship with the experienced surgeon. 

Company printed matters are usually neglected 
by the surgeons, and their use is limited to sup-
port of the verbal encounter that is taking place at 
the time. Online material is on the increasing 
edge for a long while and it is expected to increase 

  Fig. 16.6    Screenshot of VATMAS online simulator and screenshot of Epicardio simulator       
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further. Obvious reasons of having immediate 
access at all times to any need for information are 
indispensable at our digital age. Company meet-
ings that promote an exceptional surgeon in a live 
surgery setting to a high number of attendants are 
also an attractive educational environment. 
Academic quality is expected to increase one 
notch if a similar setting takes place in a society 
meeting.  

16.4     Take-Home Messages 

 Knowledge on anatomy, portal placement and 
identifi cation of both condylar compartments are 
skills residents should have mastered before con-
tinuing training in the OR. 

 Suffi cient measures are available to monitor 
training performance. However, some of these 
still have some subjectivity to them and are time 
consuming. Any development of future auto-
mated objective measures for the OR will prove 
useful and popular. 

 Thresholds for task completion and safety 
parameters should be determined with experts to 
provide validated training curricula. 

 Arthroscopic simulators are suited to train 
eye-hand coordination tasks such as navigation 
with arthroscope and probe, which is best trained 
in the beginning of the residency curriculum. 

 For all simulators, improvement is desired, 
especially the realism of joint space and sense of 
touch and the possibility to train portal 
placement. 

 Validation studies need to focus on concurrent 
and transfer validity to provide evidence that sim-
ulated training provides the required competency 
level when continuing training in the OR. 

 Online surgical simulators offer much poten-
tial in cost saving and accessibility, but further 
work needs to be done to demonstrate construct 
validity and predictive validity and to establish 
the optimal fi delity required for learning. 

 It must also be remembered that non-technical 
skills also need assessing, and the development 
of objective assessment methods for these non- 
technical skills is also required.     
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17.1            Introduction 

 Upper    extremity injuries usually occur in the 
shoulder, elbow, or wrist of the athletic popula-
tion, especially in overhead disciplines. Traumas, 
biomechanical imbalance due to improper tech-
nique, and overuse cover the majority of the epi-
demiological factors in this population.    Common 
types of injury include tendon problems, bone 
fractures, sprains, and dislocations. 
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 In this instructional course chapter, we try to 
summarize the most relevant pathologies that a 
sport physician can encounter in his/her daily 
practice.
   Shoulder Injuries

    Rotator Cuff Injuries   
   SLAP Lesions and Biceps Pathology   
   Glenohumeral Instability   
   Acromioclavicular Joint Injuries   
   Clavicle Fractures   
   Humeral Head Fractures      

  Elbow Injuries  
  Triangular Fibrocartilage Complex Injuries 

(Wrist)     

17.2     Shoulder Injuries 

17.2.1     Rotator Cuff Injuries 

 There are numerous lesions to rotator cuff that 
can occur in athletes. The classifi cation of rotator 
cuff injury is based on the knowledge of the 
pathophysiology of events leading to rotator cuff 
failure. 

 Primary subacromial impingement is caused 
by violation of the rotator cuff between the 
greater tuberosity and the coracoacromial arch. 
Abnormal acromial morphology, acromial spurs, 
and acromioclavicular joint arthritis are identi-
fi ed as predisposing factors. 

 The compression of the rotator cuff between 
the coracoacromial arch and the humeral head 
may lead to infl ammation and tears of the rotator 
cuff tendons. 

 Neer classifi ed three stages of the impinge-
ment syndrome as (1) edema and hemorrhage in 
the subacromial space and supraspinatus tendon, 
(2) thickening and fi brosis in the distal tendon 
insertion, and (3) full-thickness rotator cuff tears. 
Primary impingement is typically diagnosed in 
older overhead athletes with a stable shoulder, 
whereas it is rare in young throwers. The spec-
trum of cuff pathology ranges from tendinopathy 
to partial- or full-thickness tears. 

 Secondary impingement is a very common 
cause of pain in the young overhead athlete 
(swimmers, throwers, tennis players) and often 
results from preexisting ligamentous laxity or 

acquired traumatic capsular laxity. Because of 
this pathologic laxity, the humeral head translates 
anteriorly, producing impingement of the supra-
spinatus tendon against the coracoacromial arch. 

 Internal impingement is characterized by con-
tact of the articular surface of the rotator cuff 
with the posterior and superior glenoid rim and 
labrum in the extremes of shoulder abduction and 
external rotation. 

 In normal throwers there is no signifi cant con-
tact between the posterior cuff and the adjacent 
glenoid. However, a mild instability that results 
from chronic stretching of the anterior capsular 
allows repetitive impactions to occur. 

 Tears of the rotator cuff are common in over-
head athletes mostly due to overuse and rarely 
because of trauma. The cause is often multifacto-
rial; tensile overload, outlet impingement, and 
internal impingement are common causes of cuff 
pathologic conditions in this population [ 1 ]. 

 The physical examination shows weakness 
and pain related to the tendon involved, mostly 
again resistance. A positive painful arc test result 
and a positive external rotation resistance test 
result were the most accurate fi ndings for detect-
ing rotator cuff tears, whereas the presence of a 
positive lag test (external or internal rotation) 
result was most accurate for the diagnosis of a 
full-thickness rotator cuff tear [ 2 ]. Of course ER 
against resistance, Jobe test, Whipple test, and 
lift-off test offers great help in order to locate the 
damage among the different tendons. 

 The most reliable imaging is actually MRI- 
arthrogram, but due to its cost and invasivity, a 
standard MRI is mostly used. Standard X-rays are 
valuable especially in differential diagnosis among 
glenohumeral arthritis and calcifi c tendonitis. 

 The management of cuff problems is initially 
conservative with a personalized physical ther-
apy program of at least 3 months. Injections are 
not indicated in this population especially with 
steroids. 

 Surgical    intervention is considered if nonop-
erative management fails or if a full-thickness 
tear is observed that should lead to an immediate 
(nonurgent) operation. 

 Partial-thickness rotator cuff tears of less than 
50 % may benefi t from surgical debridement. 
Partial-thickness tears greater than 50 % or full- 
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thickness tears should be repaired. In patients 
with mild instability and secondary  impingement, 
a glenohumeral stabilization procedure should be 
considered as a crucial component of the surgical 
management. In patients without instability, an 
arthroscopic subacromial decompression can be 
performed. 

 A PubMed search assessed treatment options 
providing expedited recovery time and return to 
competition. Twelve of 231 articles fi t the objec-
tive criteria; 90.5 % of professional contact ath-
letes, 40 % of professional overhead athletes, and 
83.3 % of recreational athletes fully recovered 
following rotator cuff tear surgical repair [ 3 ]. 

 Prompt surgical treatment for full-thickness 
rotator cuff tears may be appropriate for contact 
athletes and recreational overhead athletes. 
Although professional overhead athletes have 
low recovery rates, surgical repair of full- 
thickness rotator cuff tears may still be 
indicated. 

17.2.1.1     Cuff Repair: Conservative 
Versus Arthroscopic 
and Open Treatment 

 The clinical results of reconstructions of rotator 
cuff tears are described as good to excellent in the 
literature. In order to further improve the out-
come, minimally invasive technique like the 
mini-open approach or all arthroscopic repairs of 
the rotator cuff were introduced. 

 Minimally invasive techniques may have the 
potential to reduce postoperative pain, postopera-
tive stiffness, and damage of the deltoid muscle. 
Especially in large and massive tears, a more 
controlled release of the retracted tendon might 
be achieved. Moreover, the decision if a tear is 
repairable can be decided without damaging the 
deltoid muscle which might have a potential 
impact on following procedures like a reverse 
shoulder arthroplasty. Finally, there is a clear 
improvement for the minimally invasive approach 
concerning the cosmetic appearance compared to 
traditional open approaches. 

 A critical review of the literature, however, 
questions the superiority in the clinical results of 
minimally invasive techniques compared to open 
rotator cuff repairs and even to conservative 
treatment. 

 Conservative treatment of rotator cuff 
tears also leads to acceptable midterm results in 
the literature. However, there is an increase of 
fatty muscle infi ltration and decrease of the 
 acromiohumeral distance. Moreover, some 
repairable rotator cuff tears become irrepairable 
over time. 

 Randomized controlled trials are necessary in 
order to critically analyze potential benefi ts of 
minimally invasive techniques to traditional 
approaches as well as conservative treatment, 
especially as minimally invasive techniques 
increase the overall cost by increased surgical 
time and higher implant costs and are technically 
more demanding. Moreover, a critical analysis is 
necessary, which tears need to be repaired and 
which tears might be treated conservatively.   

17.2.2     SLAP Lesions and Biceps 
Pathology 

 Several disorders involving the biceps tendon 
have been identifi ed as common sources of shoul-
der pain in the overhead athlete. 

 Patients with biceps tendonitis have anterior 
shoulder pain intensifi ed with overhead activi-
ties. The most common cause is subacromial 
impingement. 

 Subluxation or dislocation of the biceps ten-
don from its groove can occur in conjunction 
with a subscapularis tendon disruption. 

 Tendon debridement   , release, or tenodesis is 
indicated if conservative treatments fail in the 
patients with an associated subscapularis tear. 

 Injuries to the superior labrum at the biceps–
labral anchor are common in athletes. This lesion 
can result from repetitive microtrauma as in a 
throwing athlete or direct trauma. 

 SLAP lesions can be classifi ed into four types: 
type 1, fraying of the superior labrum; type 2, the 
biceps anchor that is disrupted; type 3, bucket- 
handle tear of the labrum; and type 4, bucket- 
handle labral tear that extends into the biceps 
tendon [ 4 ]. 

 If conservative treatment fails, type I and III 
lesions are treated with debridement and careful 
evaluation for glenohumeral instability. Type II 
lesions can be treated with arthroscopic fi xation 
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of the biceps anchor with good results. Good out-
comes and full return to their pre-injury level of 
sport participation have been observed in athletes 
who have received a surgical stabilization of their 
SLAP II lesions.  

17.2.3     Glenohumeral Instability 

 Primary acute shoulder dislocation is a common 
orthopedic injury, with an incidence rate of 1.7 % 
in the general population [ 5 ]. Recurrence of 
instability, defi ned as a single dislocation or sub-
luxation event, and pain preventing the return to 
sport activities are the most common reasons for 
concern [ 6 ]. There is growing interest in identify-
ing the best treatment in patients with primary 
dislocation of the shoulder, especially in popula-
tions at higher risk of recurrence, such as young 
physically active adults [ 7 ]. 

 In case of primary acute dislocation of the 
shoulder, one of the approaches most widely used 
is the reduction of the glenohumeral joint and 
immobilization followed by a variable period of 
rehabilitation to restore shoulder range of motion 
and strength [ 8 ]. Immobilization has been per-
formed in either internal or external rotation, 
with discordant results. Despite enthusiastic 
results proposed with the use of external rotation 
bracing [ 9 ], it has been proposed that it may not 
be as effective as claimed in preventing recurrent 
anterior dislocation of the shoulder. 

 Surgery has generally been used for chronic 
recurrence/instability. However, whether surgical 
management of primary dislocation is warranted 
for a fi rst-time traumatic anterior dislocation of 
the shoulder is still debated. 

 Although, once a dislocation has occurred, the 
shoulder is less stable and more susceptible to 
redislocation [ 10 ], the risk of recurrent instability 
(defi ned as a single dislocation or subluxation 
event) after any type of treatment is higher in 
males and young people [ 11 – 13 ]. 

 Several studies demonstrated the youth have a 
major risk to develop two or more recurrent dis-
locations [ 14 ,  15 ]. Patients who are from 23 to 
29 years old at the time of the original injury have 
a risk of 0.5 in comparison with the patients who 
had been 12–22 years old. Instead the risk was 

reduced to 0.15 when patients were 30–40 years 
old at the time of the injury compared with those 
who had been 12–22 years old [ 16 ]. On the other 
hand, the role of sport activities is controversial. 
Some authors suggested that sport participation 
can improve the risk of recurrence, whereas oth-
ers did not confi rm this correlation by using the 
age-adjustment logistic regression analysis [ 17 ]. 

 Finally, dislocation of the shoulder can be 
associated with frequent injury patterns, such as 
the classical Bankart lesion and the Hill–Sachs 
lesion. In terms of soft tissue injuries, the Bankart 
lesion can be found in 35 % of the shoulders and 
the rotator cuff tear in 10 % [ 8 ,  18 – 37 ]. Less fre-
quent injuries include labral, humeral avulsion 
glenohumeral ligament (HAGL), superior labral 
tear from anterior to posterior (SLAP), and ante-
rior labral periosteal sleeve avulsion (ALPSA) 
lesions. In terms of bony lesions, the glenoid 
defect can be found in 18 % of the shoulders, the 
humeral head defect in 30 %, and the combina-
tion of these in 22 % [ 8 ,  16 ,  18 – 21 ,  23 – 35 ,  37 –
 40 ]. This fi nding could affect the clinical 
outcomes of patients and the rate of recurrence 
[ 18 ,  19 ,  21 ]. 

 The best management of the primary acute 
shoulder dislocation has not been clarifi ed yet. 
Both conservative and surgical managements 
have been proposed; however, the current litera-
ture fails to provide a defi nitive recommendation 
to treat these patients. 

 Conservative management usually consists of 
immobilization in internal rotation (IR) for a 
period of time raging from 3 to 6 weeks. However, 
several authors proposed shorter periods or no 
immobilization at all [ 41 ]. Paterson et al. [ 42 ] 
showed that the immobilization in conventional 
sling for more than 1 week does not provide ben-
efi t in younger patients with primary anterior 
shoulder dislocation. The recurrence rate is 
strictly related with the age of the patient, and 
people less than 30 years at the time of injury 
have a very high risk of recurrence. 

 Some authors proposed an immobilization 
with 10° of external rotation and abduction [ 9 , 
 43 ,  44 ], whereas others used an immobilization 
up to 15–20° of external rotation [ 45 ]. 

 In patients who underwent a conservative 
treatment, the risk of recurrent instability 
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 including subluxation and dislocation has been 
estimated from 25 % up to more than 90 % [ 8 ,  9 , 
 16 ,  19 ,  21 ,  22 ,  25 ,  28 ,  29 ,  34 – 37 ,  39 ,  40 ,  43 – 50 ]. 
The great variability in the recurrence rate is 
likely related to different patients enrolled and 
follow- up length through the studies. Patients 
such as top-level athletes and military cadets 
have the highest risk to develop a recurrent insta-
bility [ 49 ,  50 ]. 

 The position of the shoulder during the immo-
bilization period signifi cantly affects the recur-
rence rate. The internal rotated position    is 
associated with a risk ranging from 30 % [ 9 ] to 
70 % [ 28 ], while the external rotated position 
with a risk ranging from 0 % [ 9 ] to 37 % [ 45 ]. In 
the systematic review by Paterson et al. [ 42 ], 
clinically important benefi ts for the bracing in 
external rotation over the traditional sling immo-
bilization have been found, despite no statisti-
cally signifi cant difference in recurrence rates 
reported. 

 The    superiority of external rotation over inter-
nal rotation is also confi rmed by radiological 
studies [ 20 ,  32 ] that show the external rotation of 
arm is associated with a decrease of hemarthro-
sis, reduction of anterior capsule detachment, and 
labral lesions. 

 Finally, a cadaveric study showed that there is 
no glenolabral contact when the shoulder is held 
with 60° of internal rotation in the shoulder 
affected by a Bankart lesion. The labrum–gle-
noid contact force increases when the arm passes 
from internal rotation to neutral rotation, reach-
ing a maximum contact at 45° of external rota-
tion [ 51 ]. Although these data support the use of 
an externally rotated immobilization    to provide 
an anatomic healing, the compliance of the 
patients can be diffi cult with high degrees of 
external rotation [ 9 ]. No recommendations about 
the degree of external rotation to immobilize the 
arm with the best clinical outcome can be drawn; 
however, protocols with immobilization in a 
slight external rotated position can be more 
successful. 

 Several authors investigated the arthroscopic 
shoulder stabilization for the management of 
fi rst-time acute dislocation [ 19 ,  21 ,  25 ,  46 ]. The 
soft tissue stabilization aims to restore the native 
capsulolabral anatomy and is performed as a 

unique treatment when no or mild bone defects 
can be found. The recurrence of instability with 
this procedure has been estimated around 10 % 
[ 19 ,  25 ]. Some authors also evaluated the role of 
arthroscopic lavage reporting different results in 
terms of the recurrence rate that ranged from 
20 % [ 35 ] to 55 % [ 27 ]. 

 Robinson et al. [ 27 ] performed a prospective 
double-blind randomized clinical trial comparing 
arthroscopic washout alone with arthroscopic 
stabilization in patients with ages between 15 and 
35 years old. At 2-year follow-up time, the 
authors reported a signifi cantly lower recurrence 
rate in patients managed with surgical stabiliza-
tion (7 % vs. 38 %). 

 The management of the bone loss in traumatic 
anterior glenohumeral instability is extremely 
challenging. Some authors provided algorithms 
to choose the appropriate surgical treatment 
according to the size and the location of the 
defect [ 52 – 54 ]. The glenoid bone loss less than 
25 % is most frequently managed with 
arthroscopic osseous Bankart repair or capsulo-
labral repair. On the other hand, the glenoid bone 
loss more than 25 % is mainly managed by open 
reconstruction with bone graft, Bristow, or 
Latarjet procedure [ 38 ]. Recently, arthroscopic 
coracoid transfer has been described [ 55 ]. If the 
coracoid is no longer available, such as in revi-
sion cases, iliac crest bone autograft or allograft 
bone can be used for the bony augmentation [ 56 ]. 
Arthroscopic bone block procedures have also 
described [ 57 ,  58 ]. Finally, the remplissage tech-
nique has been proposed to manage the engaging 
Hill–Sachs lesions by performing a capsuloteno-
desis of the posterior infraspinatus tendon and 
posterior capsule to fi ll the Hill–Sachs defect. 
The aim is to prevent humeral defect from engag-
ing with the anterior glenoid [ 59 ,  60 ]. 

 Burkhart and De Beer [ 61 ] in a landmark 
study found a recurrence rate of 67 % in patients 
with signifi cant bone defects in whom a soft tis-
sue repair was performed. The management of 
bone defects allows to reduce the recurrence rate 
with a risk of 7 % associated with glenoid bony 
defect, 13 % with humeral bony defect, and 6 % 
with both glenoid and humeral involvement [ 38 ]. 

 A Cochrane review [ 10 ] comparing surgical 
versus nonsurgical management found limited 
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evidence supporting primary surgery for young 
adults, usually male, participating in highly 
demanding physical activities who had sustained 
their fi rst acute traumatic shoulder dislocation. 

 In case of primary acute dislocation of the 
shoulder, the conservative management still 
remains the most widely performed consisting in 
the reduction and immobilization of the glenohu-
meral joint. Although the shoulder can be 
immobilized in both internal and external rotated 
positions, the external rotation provides lower 
rates of recurrence. To increase the compliance 
of the patients for the external rotated 
immobilization, protocols with immobilization in 
a slight external rotated position should be 
recommended. 

 The available evidence from RCTs supports 
primary surgery for the management of primary 
acute traumatic shoulder dislocation in young 
adults participating in highly demanding sport or 
work activities. However, no recommendation 
can be drawn on the best surgical approach in 
terms of clinical outcomes and recurrence rate. 

 Finally, there is no evidence available to deter-
mine the superiority of surgery over conservative 
management in patients at lower risk of redislo-
cation. Recurrence rates are age related and may 
be associated with male gender, bone defects, 
and sport activities. Therefore, future studies 
have to consider patients for gender, type of 
occupation or sports, and type of bone defects to 
provide the actual relationship between these fac-
tors and the increase of the rate of recurrence.  

17.2.4     Acromioclavicular 
Joint Injuries 

 Injuries to the acromioclavicular (AC) joint 
are common in sports and may lead to instability 
or degenerative changes requiring surgical 
intervention. 

 The AC articulation is an arthrodial joint 
between the acromial end of the clavicle and the 
medial margin of the acromion of the scapula. 
Articular joint capsule with superior and anterior 
AC ligaments provides AC joint horizontal 
(anteroposterior) stability. Vertical stability and 

compression resistance across the AC joint are 
achieved by the coracoclavicular (CC) liga-
ments—trapezoid and conoid. The deltoid and 
trapezius muscles are dynamic stabilizers of AC 
joint movements that consist of gliding motion of 
the articular end of the clavicle on the acromion 
and rotation of the scapula forward and backward 
upon the clavicle. The articular disk is rarely pre-
sented in AC joint (Fig.  17.1 ).

   The characteristic history for an AC joint 
injury is a direct blow to the lateral shoulder. This 
frequently occurs from a fall with an adducted 
arm and rarely from a fall on an outstretched arm 
or fl exed elbow that may cause a superiorly 
directed force through the humeral head to the 
acromion resulting in an AC injury. The most 
common sports associated with AC joint injuries 
include cycling, skiing, hockey, rugby, and foot-
ball. The severity of injury is based on the direc-
tion and degree of forces across the joint. The    
spectrum of injury ranges from sprain to disrup-
tion of the AC ligaments—typically injured 
fi rst—and CC ligaments, being disrupted with 
more signifi cant force [ 59 ,  60 ]. 

 The physical examination is notable for local-
ized tenderness over the AC joint, with or without 
an obvious deformity and the prominence of the 

  Fig. 17.1    Shoulder anatomy       
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AC joint that is due to the shoulder complex 
being displaced inferiorly. Although glenohu-
meral motion is preserved, it is frequently 
decreased secondary to pain, and it is most nota-
ble with cross-body adduction or resisted abduc-
tion. Also, the horizontal component of AC joint 
instability is indicated by increased distal clavicle 
posterior translation with the acromion fi xed by 
the other hand [ 62 ]. 

 Diagnostics include imaging studies: AP 
(panorama) stress view of both AC joints, axil-
lary dynamic radiological evaluation in patient’s 
supine position, Alexander modifi ed scapular lat-
eral view to demonstrate the horizontal instabil-
ity, and Zanca view with the X-ray beam tilted at 
10° in caudo-cranial dislocation. MRI    should not 
be the imaging modality of fi rst choice, but it 
could be useful in assessing clinically low-grade 
injuries that have not settled, thus excluding 
higher-grade injury, or if associated glenohu-
meral soft tissue injuries are assumed [ 63 ]. 

 Instead of the obsolete Tossy–Allman classifi -
cation, nowadays the Rockwood classifi cation 
system is almost universally used and is based on 
the degree and direction of disrupted anatomy 
(Fig.  17.2 ).

   Type I AC joint injury is a strain to the AC 
ligament without presenting    signifi cant instabil-
ity. Type II reveals a complete tear of the AC liga-
ments with intact CC ligaments and includes a 
slight vertical separation of the AC joint. In type 
III, IV, and V AC joint separations, both sets of 
ligaments are disrupted. A type III injury occurs 
when the distal clavicle is completely displaced, 
while in a type IV injury there is posterior dis-
placement of the clavicle through the trapezius 
muscle. In type III–VI injuries, the deltoid and 
trapezius muscles are detached from the distal 
clavicle. In type V AC joint separation gross dis-
placement, often between 100 and 300 % of the 
width of the clavicle, is present. In a type VI 
injury, the distal clavicle is inferiorly displaced, 
to be either subacromial or subcoracoid [ 60 ,  64 ]. 

 The type of injury dictates the treatment 
modality. 

 Nonoperative treatment should be symptom-
atic in the acute phase and functional in the sub-
acute/chronic phase. For all acute type I and 

most type II injuries, nonoperative treatment 
with rest, immobilization in cast or sling 
(1–2 weeks), cryotherapy, and early motion are 
recommended. A key pillar of physical rehabili-
tation programs represents the strengthening of 
the spino-scapulo- humeral function chain. Main 
focus should be kept on the periscapular mus-
cles to stabilize the scapula actively due to the 
lack of passive ligamentous suspension to the 
clavicle. 

 Although there is a possibility for skin and 
soft tissue-related pitfalls of nonoperative treat-
ment with external immobilization, the most 
common complication of conservative therapy is 
a chronic pain that increases    under physical activ-
ity. It is presented in certain numbers of conser-
vatively treated type II and III AC joint 
dislocations as mainly a result of primarily mis-
diagnosed persistent horizontal instability. The 
reason for chronic pain could be also lesion of 
articular disk or posttraumatic osteoarthritis due 
to chondropathy, subchondral bone marrow 
edema, and cysts. Today, a biologic treatment 
with stem cells, cytokines, and growth factors 
from serum/plasma injections improves the sta-
tus of a posttraumatic arthritic AC joint [ 65 ]. 

 Operative treatment consists of early surgical 
AC joint stabilization or chronic AC joint dislo-
cation therapy. 

 It is mostly indicated for acute type IV–VI 
injuries within a time frame of 2–3 weeks after 
injury. The operative treatment of type III AC 
injuries remains controversial. It    varies on a case-
by- case basis, and if it is not operated, most com-
monly it is initially treated nonoperatively with 
reserve for surgical stabilization in chronically 
symptomatic injuries. A recent meta-analysis 
indicates that operative treatment in such cases 
results in better cosmetic outcome but longer 
duration of sick leave compared to nonoperative 
treatment. No difference regarding the strength, 
pain, throwing ability, and incidence of AC joint 
osteoarthritis has been observed between both 
treatment groups [ 66 ]. 

 Multiple open stabilization procedures for the 
AC joint have been described. Many of these 
techniques, including AC joint transfi xation (with 
Kirschner wires, Steinman pins, or screws) and 
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dynamic muscle transfers, have fallen out of 
favor due to high complication rates (K wires 
migration, AC joint redislocation, infection, etc.). 

 Lately, anatomic as well as minimally invasive 
repair techniques with major focus on restoration 
of the CC ligaments have been described for AC 
joint reconstruction. 

 Operative treatment of acute AC dislocation 
includes CC stabilization with different tech-
niques of fi xations: Bosworth screw, hook plate, 
PDS sling, and TightRope (Arthrex, USA) or 
MINAR (Karl Storz, Germany) system, with 
repair or reconstruction of the CC ligaments. 
Those techniques could be utilized to assist 
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  Fig. 17.2    The Rockwood 
classifi cation system       
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stabilization in chronic injuries, but should not be 
used alone. Possible disadvantages and compli-
cations of these procedures are as follows:
•    Malpositioning, screw breakage, damage of 

the CC repair, and necessity to remove a 
screw represent disadvantages of Bosworth 
implant.  

•   Possible loss of reduction, acromion osteoly-
sis or fractures, and the need for plate removal 
after 3 months are the handicaps of transartic-
ular hook plate [ 67 ].  

•   Requirement    a large exposure with soft tissue 
damage and redislocation rate upon it is very 
high in technique of PDS sling around the 
coracoid and clavicle [ 60 ].    
 The TightRope or MINAR system presents 

the mostly popular method of CC fi xation per-
formed with mini-open procedure. It includes 
replacing the conoid and trapezoid ligaments 
separately with nonabsorbable sutures and tita-
nium buttons on the superior clavicular side and 
inferior coracoid side (Fig.  17.3 ).

   Nowadays, arthroscopically assisted tech-
niques improve anatomic AC joint reconstruction 
by providing initial static and dynamic stability 
in both the vertical as well as the horizontal plane, 
superior to the native CC ligaments. Lately, due 
to frequent episodes of recurrent AC joint dislo-
cation, two TightRope systems of new generation 
with drill holes directed in the anatomic course of 
CC ligament are recommended. Finally, in types 
IV and V, repair and suture of the superior AC 
joint ligament and delto-trapezoidal fascia are 
performed [ 60 ]. 

 While the arthroscopic procedure allows for 
contemporaneous diagnostic and therapeutic 
treatment of intra-articular glenohumeral lesions, 
mini-open procedure gives a better overview on 
coracoid drill holes and the possibility of delto- 
trapezoidal fascia, which is ignored in all 
arthroscopic techniques [ 68 ]. 

 The modifi ed Weaver–Dunn procedure is the 
most common reconstruction technique of 
chronic AC joint dislocation. The procedure is 
done to essentially replace the CC ligament with 
the CA ligament. It includes clavicle resection 
(optionally), detaching the acromial end of the 
CC ligament, and possibly shortening it, and 
attaching the remaining ligament to the remain-
ing clavicle with sutures. Distal clavicle removal 
at the time of CC ligament reconstruction is gen-
erally favored because of higher rates of AC joint 
arthrosis with distal clavicle preservation. This 
procedure is not indicated for acute cases when 
CC and AC ligaments are likely to heal spontane-
ously after repair (Fig.  17.4 ).

   Other methods for stabilization of chronic AC 
joint dislocation are CC ligament reconstruction 
with HS tendon grafts or artifi cial ligaments and 
bone grafting between the clavicle and coracoid 
(Gene-Wolf procedure   ). 

 However, biomechanical and clinical data 
proved anatomic CC ligament reconstruction 
using autologous semitendinosus tendon to be 
superior to the Weaver–Dunn procedure for 
chronic cases [ 60 ]. 

 Following surgery, exceptional protection of 
the AC joint repair has to be guaranteed in the 
immediate postoperative period, which mini-
mizes the risk of redislocation. It is crucial to 

  Fig. 17.3    TightRope fi xation       

  Fig. 17.4    Modifi ed Weaver–Dunn procedure       
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 provide a suffi cient support to the forearm and 
elbow to neutralize CC gravity distraction forces. 
The patient is placed into a sling with a waist 
 support in an adducted and internally rotated 
position for 4–6 weeks. A limited range of 
 movements (rotations) is allowed out of the sling 
by physiotherapeutic instruction only. Upon 
achievement of full, pain-free passive and active 
range of motions, the patient could start with 
strengthening exercises, but not until 8 weeks 
after surgery. Carrying of weight on the hanging 
arm is still not allowed during this time. High 
compliance of the patient is imperative to the 
rehabilitation process. Return to contact sports is 
avoided for approximately 5–6 months [ 69 ].  

17.2.5     Clavicle Fractures 

 The clavicle is an S-shaped, membrane bone that 
connects the sternum and scapula/glenohumeral 
joint. It is subcutaneous and can be easily seen 
and palpated. It is connected to the sternum 
through the sternoclavicular joint and with the 
acromion at the acromioclavicular joint. The lat-
eral third is fl attened, which is the optimal shape 
for the attachment of ligaments, muscles, and 
aponeurosis, and the medial two-thirds are tubu-
lar, a shape that provides optimal axial-load bear-
ing. Many ligaments attached to the clavicle 
provide stability of the articulations. At the ster-
nal side there are anterior and posterior capsules 
like primary stabilizers and interclavicular and 
costoclavicular ligament. On the acromial side, at 
the AC joint, stability is provided by the AC liga-
ment and coracoclavicular ligament. The coraco-
clavicular ligament is actually formed from two 
separate ligaments, the conoid and the trapezoid 
that are attached from the coracoid to the inferior 
surface of the lateral clavicle. The conoid liga-
ment predominantly restrains superior and ante-
rior loads to the AC joint, and the main role of the 
trapezoid ligament is posterior load restrain. The 
AC ligament is attached to the superior-lateral 
side of the clavicle and overlies the AC joint. 

 Three    muscles originate from the clavicle: the 
sternohyoid, the pectoralis major, and the deltoid. 
As well, three muscles insert into the clavicle: the 

sternocleidomastoid, the subclavius, and the 
 trapezius. The forces of the muscles may be the 
reasons for bone fracture, by deforming forces 
applied to the bone, and fragment displacement 
depends on the muscular and ligamentous attach-
ments. The middle third is the weakest part of the 
bone, and several of the fractures occur at that 
part. The    clavicle is in close contact with many 
other important structures that can be injured 
with the fracture: the subclavian artery and vein, 
the brachial plexus, and the apices of the lung. 

 The minimum force that leads    to clavicle frac-
ture during axial loading is two to three times the 
average body weight, and the clavicle is weakest 
in the middle third. 

 Clavicle fractures are common injuries, repre-
senting about 4–10 % of all adult fractures and 
35–45 % of all fractures that occur in the upper 
limb girdle. The most frequent site of injury is at 
the middle third (group I fractures), accounting 
for approximately 72–80 % of all fractures of the 
clavicle. Approximately 25–30 % of clavicle 
fractures occur at the lateral clavicle (group II). 
Fractures of the medial clavicle are quite rare, 
accounting for 2 % of all clavicle fractures. 
Fractures are commonest in males under 30 years, 
and incidence increases    in the very elderly where 
it is almost equal in males and females. The    most 
common cause of fracture is falls; actually, the 
most common mechanism for clavicle fractures is 
a fall directly onto the shoulder; and in the young 
age group, the causes of clavicle fractures are 
sports, falls from the high   , and road traffi c acci-
dents. For    sport injury, male to female ratio is 7:1. 

 Plenty of classifi cation schemes have been 
presented. However, the Allman classifi cation 
scheme with the Neer modifi cation is the most 
commonly used and is listed in detail below 
[ 70 ,  71 ]:
   Group I—Fracture of the middle third  
  Group II—Fracture of the distal third

   Type I—Minimally displaced/interligamentous  
  Type II—Displaced due to fracture medial to 

the coracoclavicular ligaments
   IIA—Both the conoid and trapezoid remain 

attached to the distal fragment  
  IIB—Either the conoid is torn or both the 

conoid and trapezoid are torn     
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  Type III—Fractures involving articular surface  
  Type IV—Ligaments intact to the periosteum 

with displacement of the  
  proximal fragment  
  Type V—Comminuted     

  Group III—Fracture of the proximal third
   Type I—Minimal displacement  
  Type II—Displaced  
  Type III—Intra-articular  
  Type IV—Epiphyseal separation (observed in 

patients aged 25 years and younger)  
  Type V—Comminuted       
 A new classifi cation was developed by 

Robinson based on radiological review of the 
anatomic site and the extent of displacement, 
comminution, and articular extension [ 72 ]. 
Fractures of the medial fi fth (type 1), undisplaced 
diaphyseal fractures (type 2A), and fractures of 
the outer fi fth (type 3A) usually had a benign 
prognosis. The incidence of complications of 
union was higher in displaced diaphyseal (type 
2B) and displaced outer fi fth (type 3B) fractures. 
In addition to displacement, the extent of com-
minution in type 2B fractures was a risk factor for 
delayed nonunion of fractures (Figs.  17.5 ,  17.6 , 
 17.7 ,  17.8 ,  17.9 , and  17.10 ).

        When    the patient with a fractured clavicle 
presents at the ER, usually steps to determine 
diagnosis are anamnesis, clinical examination, 
and diagnostic imaging. 

 The fi rst thing is to fi nd out about the injury 
and how it occurred. The clavicle is subcutane-
ous, and there is usually visible deformity at the 

  Fig. 17.5    Midshaft right clavicle fracture with disloca-
tion (2B)       

  Fig. 17.6    Lateral third clavicle fracture minimally dis-
placed (3A)       

  Fig. 17.7    Comminution of lateral end right clavicle (3B)       

 

 

 

17 Upper Limb Injuries in Athletes



222

initial observation. The mechanism of injury is 
usually direct blow to the shoulder, by falling 
onto the shoulder, or in a traffi c accident. Clavicle    
fractures can be very painful and may make it 
hard for the patient to move his/her arm. 
Additional symptoms include sagging shoulder 
(down and forward), inability to lift the arm 
because of pain, a grinding sensation if an attempt 
is made to raise the arm, a deformity or “bump” 
over the break, bruising, swelling, and/or tender-
ness over the clavicle. There is usually an obvi-
ous deformity, or “bump,” at the fracture site. 
Gentle pressure over the break will bring about 
pain. Although a fragment of the bone rarely 
breaks through the skin, it may push the skin into 
a “tent” formation. We must be careful of the 
presence of nerve or blood vessel injuries. The 
shoulder is internally rotated, protracted, and 
inferiorly displaced. 

 Diagnostic imaging includes two plain radio-
graphs of the entire shoulder: anteroposterior 
and 45° cephalic tilt anteroposterior views. Also 

  Fig. 17.9    Midshaft right clavicle fracture minimally dis-
placed (2A)       

  Fig. 17.10    Lateral end left clavicle fracture, no displace-
ment (3A)       

  Fig. 17.8    Severe displacement of middle third, right 
clavicle fracture       
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it is useful to make the whole chest radiographs 
while standing, to compare the relative positions 
of the scapulae and clavicle shortening. CT scan 
   is used in the evaluation of nonunion and mal-
union and in the medial third fractures when 
standard radiographs make it hard to determine 
the medial part. 

 The    goal of clavicle fracture treatment is to 
restore the anatomic position of the fractured 
fragments to gain stability of the shoulder girdle. 

 Treatment    of midshaft displaced clavicular 
fractures traditionally was nonoperatively. For 
almost all clavicle fractures, the best treatment 
option is the one that is used nowadays: to sup-
port the arm while achieving acceptable fragment 
alignment and to avoid complication. A satisfac-
tory function and united fracture were the goals, 
despite some cosmetic deformity, shortening, and 
a lump. The    perfect method for nonoperative 
treatment is still not clear. A simple sling and 
fi gure-of-eight bandage are most common. In    a 
study by Andersen et al. [ 73 ], the functional and 
cosmetic results were identical, and the initial 
displacement of the fragments remains unchanged 
after the fracture has healed. Less discomfort and 
fewer complications were seen with a simple 
sling. In a randomized controlled trial Hoofwijk 
and van der Werken [ 74 ] found limited evidence 
that there is no difference in pain between the two 
methods after 2 weeks and 6 months. 

 However   , not all the fractures healed, and in 
some cases clavicular nonunion occurred. There 
was increasing interest in identifying the types of 
fractures that might lead to potential nonunion. 
The    current stance is that the lateral third frac-
ture, a more lateral multifragmentation, and more 
than 15 mm displacement are more common in 
nonunion cases. 

 Previous opinion was that some operative 
management of fresh fracture increased the pos-
sibility of nonunion. Early operative manage-
ment of certain clavicular fractures was taken 
into consideration, and internal fi xation tech-
niques were developed. Several operative treat-
ments are used to stabilize clavicle fractures. Two 
of the most commonly used are intramedullary 
pin fi xation and internal plate fi xation. For plate 
fi xation different types of plates are available: 

dynamic compression plates (DCP) and tubular 
or reconstruction plates. The Kirschner wires, 
Knowles pin, Rockwood pin, elastic stable intra-
medullary nailing (ESIN), and titanium elastic 
nailing (TEN) are vailable to performe a intra-
medullary fi xation. 

 Plate    fi xation and intramedullary fi xation both 
have advantages and disadvantages. According to 
recently published prospective randomized trials 
[ 75 ], functional results after operative treatment 
seem to be better than conservative for displaced 
clavicular fractures. Plate fi xation provides more 
rigid fi xation, allows earlier exercise and reha-
bilitation, and is technically easy to perform. 
Disadvantages of use of plate fi xation include: 
implant failure (breakage of the implant), deep 
infections, implant prominence, poor cosmetics 
(hypertrophic scars), nonunion and refracture 
because of removal of the plate, symptomatic 
malunion, angulation, and refracture after plate 
removal. Minor complications are superfi cial 
wound infection and neurovascular problems 
(brachial plexus symptoms and regional pain 
syndromes) that seem to pass over time by 
reinnervation. 

 Compared to plate fi xation, intramedullary 
fi xation is technically more demanding; in 
approximately 50 % of the patients, open reduc-
tion was necessary to reduce the fracture. The 
main complications are migration and perfora-
tion of the device and brachial plexus injury (it is 
described only as iatrogenic   ). 

 Searching in literature, implant-related prob-
lems after plate fi xation of clavicular fractures 
occur frequently. Infection rates have been 
reported from 5 to 22 %. Nonunion rates diverge 
from 3 to 13 %, and signifi cant rates of implant- 
related problems with irritation or failures of the 
plate requiring plate    debridement or removal/revi-
sion surgery are reported in almost every study, on 
average ranging from 9 to 64 %. A second opera-
tion with plate debridement or removal/revision 
surgery was required at best in one out of every ten 
patients treated, in some studies even up to one out 
of two patients. There is a relatively small risk of 
refracture after plate removal, between 1 and 5 %. 

 Wijdicks et al. point out in their systematic 
review that based on the overall low numbers of 
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reported nonunion and symptomatic malunion, 
plate fi xation is a safe treatment option for dis-
placed clavicular fractures. In three studies, there 
is no difference in functional outcome and com-
plications after plate fi xation or intramedullary 
fi xation for DMCF [ 76 ]. 

 In general, the disadvantage of clavicular sur-
gery is the need for implant removal and a second 
operation. The    number of plate removal cases 
differs between studies from 0 up to 74 % [ 77 ]. 

 Concerning two operating treatments, there is 
very limited evidence of postoperative pain, 
function after 1 year, the need for reoperation 
after initial treatment with locking plate or non-
locking plate, and the difference in complications 
in treatment with pin or plate fracture fi xation 
and moderate evidence that the method of osteo-
synthesis has no effect on the incidence of 
delayed union or nonunion. 

 When comparing operative versus nonopera-
tive treatment according to literature, there is lim-
ited evidence that surgery has substantial effect in 
pain relief after 1–5 months and low effect at 
6–7 months. Using function, the effect of surgery 
is better at 6 weeks, but after a 6-month follow-
 up, there is no major difference. Disability was 
greater in nonoperative treatment after 6 weeks, 
but after 6 months, no relevant difference was 
found. Both methods have similar risk of mild 
complication. There was moderate quality of evi-
dence found that after nonoperative treatment, 
there was an increase in risk of delayed union and 
nonunion. 

 Virtanen et al. in their paper in 2012 [ 78 ] con-
cluded that there is moderate-quality evidence 
that operative treatment of middle third clavicu-
lar fractures has slightly better functional results 
after short-term follow-up. The benefi ts of opera-
tive treatment after 6 months were very small. 
Patients treated nonoperatively also recovered 
after the same period with good functional 
results, pain relief, and union rates. Fracture 
union was better after surgery. Operative treat-
ment should be considered for young, active 
patients who need to restore their    previous level 
of activity as quick as possible. 

 The best method of treatment of fractures of 
the clavicle is still unclear   . There is a need for 

randomized controlled studies comparing plate 
fi xation, intramedullary nailing, and nonopera-
tive treatment. In addition, there is a need for ran-
domized controlled studies of lateral and medial 
clavicle fractures. The shape and type of plates 
need to be determined. There is still an open 
question on the impact of fracture union or non-
union on functional results. 

 Do we have to operate only on patients with 
symptomatic nonunion of the clavicle? 

 Moreover, the old question in the new manner 
is to operate or not to operate.  

17.2.6     Humeral Head Fractures 

 Proximal humeral fractures are most common 
between the ages of 11 and 17 years, and 20 % of 
these injuries occur as a result of a traumatic 
event during athletic participation. 

 Because    of the probable remodeling of the 
proximal humerus, many authors do not recom-
mend closed reduction or surgery for proximal 
humerus fractures. However, older patients with 
less growth potential may need a closed reduc-
tion with signifi cant displacement or angulation. 

 A stress fracture of the proximal humeral phy-
sis or osteochondritis is common in the athlete 
with an immature skeleton. Repetitive stress 
caused by torque during the acceleration phase of 
throwing may lead to tendinitis in adults and 
stress fractures in youths. Young athletes with 
stress fractures usually present with pain pro-
duced by throwing. There may be focal pain over 
the deltoid insertion and perhaps the general rota-
tor cuff without any instability or impingement 
signs. The    radiographic fi nding is a widening of 
the proximal humeral physis compared to the 
normal shoulder. Treatment should consist of 
possibly limited immobilization, ice, and physi-
cal therapy.   

17.3     Elbow Injuries 

 The elbow is a hinge joint consisting of three 
articulations: the ulnohumeral, the radiocapitel-
lar, and the proximal radioulnar joints. Except the 
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bony anatomy, stability of the elbow is provided 
by soft tissue restraints, like the joint capsule, and 
surrounding muscles and ligaments. The two 
main ligamentous structures which are essential 
for elbow stability are the medial collateral liga-
ment (MCL) complex and the lateral collateral 
ligament (LCL) complex. 

 The number of participants in overhead and 
throwing sports, like baseball, volleyball, tennis, 
javelin, and discus throw, has increased dramati-
cally in the last years. Similarly, the number of 
elbow injuries related to these activities has 
increased also. The most common elbow injuries 
in athletes include (1) lateral epicondylitis (tennis 
elbow), (2) medial (ulnar) collateral ligament 
tears, (3) fl exor pronator muscle injuries, (4) val-
gus extension overload syndrome, (5) ulnar neu-
ritis, (6) medial epicondyle apophysitis, (7) 
olecranon stress fractures, and (8) osteochondri-
tis dissecans. 

 During throwing motion the ligament 
restraints provide the majority of elbow stability. 
The    combination of large valgus loads with 
elbow extension produces tensile stress along the 
medial compartment structures, shear forces in 
the posterior compartment, and compression 
forces on the lateral aspect of the elbow. The 
combination of these forces known as “valgus 
extension overload syndrome” produces the vast 
majority of injuries around the elbow in athletes. 
Repetitive valgus forces in sports like baseball, 
tennis, javelin, and discus throw result in micro-
trauma and infl ammation to the MCL complex 
which may lead to ligament attenuation and fail-
ure, injuries to the fl exor–pronator muscle, trac-
tion neuropathy of the ulnar nerve, and medial 
epicondyle apophysitis. Extension and compres-
sion forces in the posterior and lateral compart-
ment, respectively, will produce osteophyte 
formation at the fossa or olecranon tip, loose 
bodies, and olecranon stress fractures. Shear 
stress from wrist extension at the extensor radia-
lis brevis in sports such as tennis, racket sports, or 
archery is responsible for lateral epicondylitis. 

 A thorough history including type of sports, 
duration and onset of symptoms, and location 
and severity of pain is mandatory to guide further 
investigation. Active and passive range of motion 

of both elbows should be assessed. Pain in the 
medial side of the elbow can indicate MCL or 
fl exor–pronator—fl exor carpi radialis—injury   . 
The ulnar nerve must be evaluated at the medial 
side of the elbow. Numbness or tingling in the 
hand or fi ngertips may be early signs of ulnar 
neuropathy. In the lateral part, tenderness just 
anterior and distal to the lateral epicondyle is 
indicative of lateral epicondylitis, while palpa-
tion of the radiocapitellar joint and LCL will 
reveal/exclude pathology of these structures. 
Posteriorly, olecranon tenderness and loss of full 
extension are indicative of valgus extension over-
load syndrome and osteophyte formation. Finally 
palpation of the distal biceps tendon anteriorly 
should be performed to evaluate its integrity. 
Specifi c tests for MCL (valgus stress test, milk-
ing maneuver) and pivot shift test for posterolat-
eral instability are part of the physical 
examination. 

 Plain radiographs providing an overview of 
the osseous structures and of course injuries to 
the soft tissues are not visualized. Standard views 
include AP and lateral projections and two 
oblique views if necessary. Stress views should 
be obtained if ligament disruption is suspected. 
Radiographs could reveal olecranon osteophytes, 
loose bodies, or osteochondritis dissecans of the 
capitellum (Fig.  17.11 ). Ultrasound is limited in 
its ability to evaluate the articular surfaces of the 

  Fig. 17.11    Osteochondritis dissecans of the capitellum 
( arrows ) in a 22-year-old male athlete       

 

17 Upper Limb Injuries in Athletes



226

elbow, but it may be used for the evaluation of 
elbow effusion or imaging of superfi cial muscle 
and tendon tears. Computed tomography pro-
vides excellent osseous detail and can be very 
helpful to determine stress fractures or osteo-
chondral defects and loose bodies. Finally, MRI 
is the modality of choice to evaluate soft tissue 
structures, such as ligaments (Fig.  17.12 ), ten-
dons and muscles, or intra-articular abnormali-
ties (Fig.  17.13 ) such as chondral defects 
(Fig.  17.14 ).

      Treatment of elbow injuries depends on the 
type and chronicity of the injury, level and age 
of the athlete, as well as imaging studies. 
Nonoperative treatment of ulnar collateral liga-
ments is generally indicated in non-throwing 
athletes. After pain and infl ammation are con-
trolled,    a period of active rest (2–6 weeks) with 
functional exercises and strengthening of the 
shoulder and scapula stabilizers should be fol-
lowed. Return to throwing is allowed when the 
athlete is free of pain. However, high-demand 
athletes do not respond well to nonoperative 
treatment, and operative treatment is warranted 
when a tear of the MCL is determined by his-
tory, clinical examination, and imaging studies. 

  Fig. 17.13    FS PD TSE coronal MR image demonstrat-
ing avulsion fracture of the medial humeral epicondyle 
(little leaguer’s elbow)       

  Fig. 17.14    FS T1-w SE coronal MR arthrography image 
demonstrating cartilage lesion of the capitellum       

  Fig. 17.12    FS PD TSE coronal MR image demonstrat-
ing a partial tear of the MCL       
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Reconstruction of the MCL is performed with 
the palmaris longus tendon as a graft which is 
then placed in the ulna and medial epicondyle 
through bone tunnels. Similarly, ulnar neuritis 
can be managed conservatively with anti-
infl ammatory medication and gradual return to 
throwing. If nonoperative treatment fails, surgi-
cal transposition of the ulnar nerve is indicated. 
Subcutaneous instead of submuscular transfer 
of the nerve is preferred since it provides better 
results. Flexor–pronator injuries generally 
respond well to conservative treatment, and 
gradual return to throwing is expected after 
2–3 weeks. Valgus extension overload syn-
drome usually requires operative treatment 
especially when posteromedial osteophyte for-
mation and loss of full extension are present. 
Arthroscopic osteophyte debridement with cap-
sular release results in restoration of extension 
with excellent clinical results. Operative    inter-
vention and osteosynthesis with a 6.5 or 7.2 mm 
cannulated screw are the treatments of choice 
for olecranon stress fractures. Treatment of 
osteochondral lesions and osteochondritis dis-
secans of the capitellum is based on the stability 
of the osteochondral lesion. Operative treat-
ment consists of arthroscopic debridement, 
abrasion chondroplasty, and mosaicplasty. In 
cases of failed nonoperative treatment of lateral 
epicondylitis, arthroscopic debridement of the 
anterolateral capsule and extensor carpi radialis 
brevis insertion are the preferred treatments in 
our days. 

 A thorough understanding of the elbow anat-
omy and biomechanics is essential to understand 
the spectrum of its pathology. The combination 
of large valgus loads, shear forces in the posterior 
compartment, and compression forces on the lat-
eral aspect of the elbow is responsible for the 
underlying pathology in the throwing athlete. 
Operative treatment is indicated when conserva-
tive treatment fails. Elbow arthroscopic surgery 
has expanded its indications in the last years, and 
treatment of lateral epicondylitis, osteochondritis 
dissecans, valgus extension overload syndrome, 
and elbow contracture can be performed with 
minimal morbidity.  

17.4     Triangular Fibrocartilage 
Complex Injuries 

 TFCC means triangular fi brocartilage complex. 
The TFC (triangular fi brocartilage) is an articular 
structure that lies over the distal ulna. The term 
“complex” indicates the relationship between the 
central disk and the ligaments that surround it. 
The central portion consists of chondroid fi bro-
cartilage; the peripheral portion of the TFCC is 
well vascularized, while the central portion has 
no blood supply. There is a strong attachment to 
the base of the ulnar styloid. The radioulnar    liga-
ments, palmar and dorsal, are the principal stabi-
lizers of the distal. These ligaments arise from 
the distal radius sigmoid facet and insert at the 
ulna styloid and the fovea. Ulnocarpal ligaments 
prevent dorsal migration of the distal ulna. 

 The TFCC is important in load transmission 
across the ulnar aspect of the wrist and stabiliza-
tion of the ulnar head. The ulnar variance infl u-
ences the amount of load that is transmitted 
through the distal ulna. The load transmission is 
directly proportional to this ulnar variance. With 
positive ulnar variance the load is increased. This 
variance occurs in pronation. 

 Patients with a TFCC injury usually experi-
ence pain or discomfort located at the ulnar side 
of the wrist, often just above the ulnar styloid. 
However, there are also some patients who report 
diffuse pain throughout the entire wrist. Extension 
and ulnar deviation usually enhance the symp-
toms (Fig.  17.15 ).

   The application of an extension–pronation 
force to an axial-load wrist, such as in a fall on an 
outstretched hand, causes most of the traumatic 
injuries of the TFCC. Perforations and defects in 
the TFCC are not all traumatic. There is an age- 
related correlation with lesions in the TFCC, but 
many of these defects are asymptomatic. These 
lesions commonly occur in patients with positive 
ulnar variance. Chronic and excessive loading 
through the ulnocarpal joint causes degenerative 
TFCC tears. These tears are a component of ulnar 
impaction syndrome. In cadaveric examinations, 
30–70 % of the cases had TFCC perforations and 
chondromalacia of the ulnar head, lunate, and 
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triquetrum. Palmer classifi cation is the most rec-
ognized classifi cation; it divides TFCC lesions 
into these two categories: traumatic and    degen-
erative (Table  17.1 ).

   MRI is, together with physical examination, a 
helpful diagnostic tool to assess the condition of 
the TFCC. Nevertheless the incidence of false- 
positive and false-negative MRI results is high. 
Arthroscopy is an invasive diagnostic tool, but 
still it remains to this day the most accurate way 
to identify TFCC lesions. 

 The initial treatment for both traumatic and 
degenerative TFCC lesions, with a stable DRUJ, 
is conservative. Patients may wear a temporary 
splint to immobilize the wrist and forearm for 
4–6 weeks. Oral NSAIDs and corticosteroid joint 
injections can be prescribed for pain relief. TFCC 

surgery is indicated when conservative treatment 
fails, usually after 8–12 weeks. 

 The central part of the TFCC has no blood 
supply and therefore has no healing capacity. 
Removing the damaged tissue (debridement) is 
then indicated. Arthroscopic debridement is at 
the moment the treatment of choice. In case of 
degenerative scenarios, a wafer resection, short-
ening the most distal 4 mm of the ulnar head, is 
indicated. 

 Suturing TFCC ligaments can also be per-
formed arthroscopically, either with simple cap-
sular knots or, in case of a complete detachment 
from the fovea, with an anchor-based technique. 
This is at the moment the standard of care. 

 More complex techniques most of the time 
rely on open surgery including reconstruction of 
the ligament component with a free palmaris 
graft. 

 Return to sports: 64 % of high-level    athletes 
return to the previous level (even racket sports) in 
the major series. 

    Conclusion 

 TFCC has two components: a central disk and 
a peripheral ligament structure. 

 Lesion diagnosis is mainly formulated with 
clinical assessment rather than imaging. 

 Arthroscopic treatment is, at the moment, 
the standard of care.      
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18.1            Introduction 

 Lower limb injuries are most common in ath-
letes and involve fractures and ligament or ten-
don injuries. Running, jumping and throwing 
produce tremendous ground reactive forces that 
can create various musculoskeletal injuries and 
dysfunction. 

 In this chapter, we will discuss the different 
types of common lower limb injuries. In particu-
lar, we will focus on:
   Hip/groin/thigh injuries:

    Hip pathology   
   Groin pain and muscle tears   
   Symphysis pubis pathology   
   Pelvic fractures   
   Soft tissue pathology   
   Pelvic complex syndrome   
   Femoroacetabular impingement   
   Hamstring muscle injuries      

  Knee injuries:
    ACL   rupture   
   MCL injury   
   Osteochondral defects      

  Ankle and foot injuries:
    Ankle sprain   
   Syndesmosis injury   
   Talar dome chondral and osteochondral 

lesions   
   Achilles tendon injuries   
   Midfoot soft tissue injury   
   First metatarsophalangeal joint injury   
   Fifth metatarsal base fracture   
   Distal metatarsal shaft fractures   
   Plantar fasciitis         

18.2     Hip and Groin Pain 

 The athlete presenting with hip and groin pain is 
a challenge. The assessment of the hip region is 
complex. Presentation can be diverse for the 
same pathology and be similar for different 
pathologies. The history and exam are important 
especially as pathologies can coexist. This is cer-
tainly true of hip and lumbar spine disease and in 
>35 year age group. As one region fails, the ath-
lete loses ability to compensate so symptoms and 
treatment may change over time. A hip joint dis-
order can therefore go undetected for several 
months before it is recognised. Often, injuries 
take time to heal which frustrates the patient and 
the doctor. It is diffi cult to rest the pelvis. 

 Identifying the pathological area within the 
pelvis is often a problem, and we should be 
aware of pain referred from sacroiliac joint or 
lumbar spine. Chronic pain raises possibility of 
systemic cause for loss of homeostasis and pel-
vic organ pathology. Care needs to be taken with 
image interpretation as existing or degenerative 
pathology may be asymptomatic. In the absence 
of trauma, the diagnostic possibilities are 
endless. 

 The patient does not know it is the hip and may 
describe groin or thigh pain. Acute injury particu-
larly if associated with bruising usually radiating 
to inner thigh signifi es muscle distraction tear 
(Fig.  18.1 ). Enquiry about pain associated with 
certain motion limits may point to relevant mus-
cle groups such as internal or external hip rotators 
or short hip fl exors but beware that muscles acting 
on pathological bone will be weak and painful. 
Immediate disability such as diffi culty weight-
bearing may point to a fracture or hip distraction. 
With chronic injury, there is variable disability 
and symptoms over time which may lead to dif-
ferent diagnoses. Sportspeople often present late 
and struggle through pain with impaired perfor-
mance. Pain exacerbated by straining may point 
to potential hernia. The most vulnerable patients 
are those who participate in sports that involve 
excess hip motion. We should distinguish between 
active daily living and sport ability.

   Acute groin injuries are more common in 
sports with acceleration, hip rotation and pivot-
ing and include soccer, hockey, hurdling, skiing 
and dancing. Young athletes are susceptible to 
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bone trauma and avulsions. Slipped capital femo-
ral epiphysis should be suspected and excluded in 
10–15 year age group when presenting with pain 
and disability. Older athletes tend to have muscle 
injuries and symphysis pubis stress. 

 Initial exam requires observation and ability to 
perform certain tasks. A signifi cant defi cit can be 
acknowledged without touching the patient and 
alerting the examiner to a gentle exam approach. 
The focus of pain may be an indicator such as the 
Byrd C-sign. Passive hip motion and presence of 
femoral anteversion should be assessed. Pain on log 
roll test is a reliable pointer to active hip joint dis-
ease. Leunig–Ganz test for potential cam femoroac-
etabular impingement [FAI] and reverse test for 
potential pincer FAI are always included (Figs.  18.2  
and  18.3 ). Assess pelvic muscle actions in supine 
position and watch for contralateral signs. Tenderness 
of the symphysis pubis and those muscles inserting 
onto it may point to pathology. Superfi cial inguinal 
rings are checked for disruption and hernia. The 
lumbar spine and sacroiliac joint is part of the rou-
tine exam, and the genital region, abdomen and 
lower limb neurological exam may be indicated.

    X-ray AP erect pelvis is the fi rst-line investiga-
tion and can highlight degenerative joint disease. 
Note is made on the bone contours and alignment 
with documentation of cross-over, posterior wall 
and prominent iliac spine signs which are prog-
nostic indicators for hip joint disease. Flamingo 
views for symphysis instability and modifi ed 
Dunn view can further clarify joint pathology. 

 Discrete pathology can be missed on standard 
MRT sequences and often we require MRT 
arthrography with intra-articular local anaes-
thetic for potential hip joint pathology. SPECT-CT 
is now preferred for clarifying pain generator in 
the pelvis especially where we suspect several 
pathologies. 

  Fig. 18.1    Adductor bruising       

  Fig. 18.2    Femoral anteversion       

  Fig. 18.3    Leunig–Ganz test       
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 US scanning and dynamic mode are use-
ful for enthesopathy and identifying bursae. 
In non- trauma patients, it is wise to check labs 
with general profi les and infl ammatory mark-
ers. Neurophysiology studies help to defi ne an 
associated radiculopathy. Lumbar spine and 
pelvic organ imaging may supplement our 
investigations. 

18.2.1     Hip Pathology 

18.2.1.1     Acute Hip Fractures 
 These occur in collision and high-velocity sports. 
Acetabular stress fractures present with chronic 
pain, increasing disability and positive hip 
impingement signs. A case of a soccer player 
with groin pain for 1 year is discussed and treated 
conservatively.  

18.2.1.2     Femoral Neck Stress Fractures 
 These are important to diagnose and can have 
intrinsic, extrinsic and endocrine factors. Groin 
and thigh pain with disability and possible knee 
pain is a common presentation, and we have high 
suspicion index in runners. These are occult frac-
tures and initial x-rays may appear normal, but 
look for discrete periosteal reaction on the infe-
rior neck. Early diagnosis is paramount with 
careful treatment to prevent complications 
(Fig.  18.4 ). Signifi cant symptoms and signs and 

stress fracture line through the neck confi rmed on 
MRT in patients may be indicator for surgery 
(Figs.  18.5  and  18.6 ). Less disabled patients with 
observed weak pelvic muscle actions and more 
diffuse bone oedema on MRT can be treated con-
servatively (Fig.  18.7 ).

      Patients at risk should take oral mineral sup-
plementation over 3 months with dietary advice 
on increasing calcium and protein intake. Patients 

  Fig. 18.4    XR femoral neck stress fracture         Fig. 18.5    XR femoral neck fracture       

  Fig. 18.6    MRT femoral neck fracture       
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are warned of those products which can impair 
bone healing.  

18.2.1.3     Slipped Femoral Capital 
Epiphysis 

 There is a well-recognised aetiology with pre-
ponderance of 11–15 year age group, M–F 2:1, 
95th centile for weight and African heritage. The 
presentation of groin/hip pain and disability in 
this age group should raise awareness. It is a 
cause of knee pain. XR and urgent orthopaedic 
referral for decision on operative care are manda-
tory in this group of patients (Fig.  18.8 ).

18.2.1.4        Acetabular Labral Tears 
 An isolated labral tear is rare. Fifty-fi ve percent 
have associated articular damage and all may 
have FAI. Cam impingement is more common 
and associated with anterior superolateral labral 
tears. History is variable and patient may not 
complain of hip pain, but clinical signs point to 
the likely pathology and may be more reliable 
than imaging. Unhappy patients tend to have 
chondropathy. Arthroscopy for these lesions has 
around 80 % success, but 5 % can be made worse 
(Figs.  18.9  and  18.10 ).

18.2.1.5         Ligamentum Teres Tear 
 The ligament is strong, bundled and intra- 
articular [cf ACL]. Injury may be more common 
than we realise (4–15 % incidence at arthros-
copy). The ligament is an important hip stabiliser, 
and most injuries occur in forced abduction 
(Fig.  18.11 ).

18.2.1.6        Other Hip Pathology 
 Developmental hip dysplasia and degenerative 
hip joint disease present with chronic hip pain 

  Fig. 18.7    MRT femoral neck oedema       

  Fig. 18.8    XR AP pelvis SCFE       
  Fig. 18.9    XR pelvis cam lesion       

  Fig. 18.10    MRTA hip labral tear       
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and increasing disability, and young athletes 
sometimes fall into these groups. X-ray AP erect 
should clarify the diagnosis (Figs.  18.12  and 
 18.13 ). Avascular necrosis presents with hip pain 
when symptomatic, and the history may point to 
diagnosis. Serious pathology such as tumours 
may be found when one is suspecting a more 
benign cause for hip pain.

18.2.2          Groin Pain and Muscle Tears 

 Most muscle tears are distraction injuries such as 
in soccer and rugby. Adductor strains are the 
most common and acute injuries easy to defi ne. 
Obturator tears occur when there is hip rotation. 
Aetiology includes intrinsic factors and hip joint 
disease and may coexist with symphysis pubis 
stress. Most resolve with conservative care and 
active physical training, but warn patients that 
24 % resolve <4 weeks and that 41 % may still be 
symptomatic >20 weeks (Table  18.1 ).

   We can defi ne individual muscle tears on 
MRT including adductors, obturators, rectus 
abdominis, pectineus, quadratus femoris and 
gemelli. Apophyseal injury to rectus femoris 
insertion at anterior inferior iliac spine normally 
presents acutely, and most of these injuries 
resolve with conservative care and settle 
(Figs.  18.14 ,  18.15  and  18.16 ).

18.2.3          Symphysis Pubis Pathology 

 Stress injuries occur in many sports with rotation 
and sustained impact such as soccer and running. 
Chronic groin pain is often associated with low 
abdominal and/or adductor pain with gradual 
deterioration in function and performance, lead-
ing to a complex of symptoms and signs. Is it a 
primary disorder or secondary to other pathology 
such as hip disease? 

 Four clinical types of ‘symphysis syndrome’ 
or ‘pubalgie du sportif’ are recognised:
    1.    Pubic osteoarthropathy – symphysitis   
   2.    Inguinal canal pain – superfi cial inguinal ring 

and conjoint tendon   
   3.    Rectus abdominis tendinopathy   
   4.    Adductor tendinopathy     

  Fig. 18.11    MRTA hip–ligamentum teres tear       

  Fig. 18.12    XR developmental dysplasia       

  Fig. 18.13    OA hip       

   Table 18.1    Adductor healing times   

 Weeks from injury  % add tears heal 

 < 4  24 % 
 5–12  29 % 
 13–20  6 % 
 20+  41 % 
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 Frequently, there is recurrent pain in pubic 
zone that is sport related. We exclude multidisci-
plinary causes and aim for conservative treat-
ment. Surgery may involve Nesovic-type 
procedure, insertion of mesh, laparoscopy and 
neurolysis of genitofemoral nerve. Whom to 
operate on and timing of surgery is debatable 
(Figs.  18.17 ,  18.18 ,  18.19 , and  18.20 ).

18.2.4           Pelvic Fractures 

 Acute avulsion fractures are seen in adolescents, 
and stress fractures may occur from inappropri-
ate training and cumulative exercise. 

18.2.4.1     Inferior Pubic Ramus 
 This can present with acute groin pain with diffi -
culty weight-bearing in activity but also in 

chronic case with gradual increasing groin pain 
and disability. They are common in slim female 
runners and dancers. Grade IV stress fractures 
are associated with pelvic muscle oedema and 
most can take several months to resolve 
(Fig.  18.21 ).

18.2.4.2        Superior Pubic Ramus 
 These stress fractures tend to present 3–4 months 
with pain, hip stiffness and increasing disability. 
Symphysis pubis and adductor cleft signs may be 
seen on MRT. Functional defi cit is often present, 
and these injuries can take up to 1 year to resolve 
depending on sport level and participation 
(Fig.  18.22 ).

18.2.5         Soft Tissue Pathology 

 Bursitis is diagnosed on exclusion of more seri-
ous pathology. There may be history of contu-
sion, and most bursal cysts are amenable to 
aspiration under US guidance. Bursal distension 

  Fig. 18.14    MRT adductor tear       

  Fig. 18.15    MRT obturator tear       

  Fig. 18.16    MRT rectus femoris apophyseal tear       
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along the iliopectineal line is usually more symp-
tomatic and impairs hip fl exion (Fig.  18.23 ).

18.2.6        Pelvic Complex Syndrome 

 Athletes presenting with groin/hip pain may have a 
variety of pathologies, often in combination. We 
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  Fig. 18.17    Inguinal canal 
region       

  Fig. 18.18    XR symphysis pubis instability       

  Fig. 18.19    XR symphysis osteoarthropathy       

  Fig. 18.20    MRT pelvis bone stress       

  Fig. 18.21    MRT inferior pubic ramus fracture       

  Fig. 18.22    MRT superior pubic ramus fracture       
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have learned about hip impingement over the last 
decade, but does primary hip pathology, with loss of 
motion and function, lead to other symptoms? We 
should use the term ‘pelvic complex syndrome.’ 

 Acute injuries are succinct but beware of the 
‘3-month’ presentation of symptoms. There 
should always be a high suspicion of stress frac-
ture and occasional serious pathology. There is 
no such thing as a ‘groin strain’ (Fig.  18.24 ).

18.2.7        Femoroacetabular 
Impingement 

 Femoroacetabular impingement (FAI) has been 
described initially in the 1990s. FAI was extensively 
evaluated and demonstrated that it is caused by 

recurring compression of a morphologically abnor-
mal proximal femur and/or acetabulum during ter-
minal range of motion of the hip. Depending on the 
osseous abnormality, FAI results in typical damage 
to the labrum and acetabular cartilage. The osse-
ous abnormality may be due to loss of the normal 
femoral head–neck offset resulting in cam impinge-
ment or may be due to loss of acetabular coverage 
resulting in pincer impingement. The third type is 
referred to as mixed or combined impingement. 

 Most FAI patients are young, athletically 
active and usually present with unilateral symp-
toms. Anterior groin or hip pain most often 
accompanies limitation of hip fl exion and inter-
nal rotation. The pain may be described in the 
greater trochanter area and lateral thigh or may 
be referred to the knee. Plain x-rays are used to 
diagnose abnormalities with FAI and assess the 
hips to rule out osteoarthritis, avascular necrosis 
and other articular conditions. A true AP pelvic 
view and a cross-table lateral view of the proxi-
mal femur and hip x-ray in 45° of hip fl exion are 
also used. MR imaging is essential in the assess-
ment of the labrum and articular cartilage, espe-
cially when performed with gadolinium injection. 
Femoral torsion can be estimated from axial 
computed tomography (CT) or axial MRI images 
performed through the proximal and distal femur. 

 Conservative management provides limited 
relief. Conservative treatment includes activity 
modifi cation, core muscle strengthening, anti- 
infl ammatory medication and intra-articular local 
anaesthetic and corticosteroid injections. 

 FAI was initially addressed by open disloca-
tion technique with varying success. Mini-open 
method with concomitant arthroscopic surgery 
was popularised to resolve the morbidities asso-
ciated with the open technique. Arthroscopic 
management of the FAI has proven to be effective 
in elimination of the symptoms. The technique 
addresses the impingement by removing the mor-
phologic abnormalities involving the acetabulum 
and/or the femoral head–neck junction. Tears of 
the labrum may either be repaired or debrided if 
there is extensive damage. Articular cartilage 
lesions on both sides may be addressed by 
debridement and microfracture. Earlier interven-
tion before the occurrence of irreversible joint 
damage results in optimum long-term outcome. 

  Fig. 18.23    MRT iliopsoas bursitis       

  Fig. 18.24    XR pelvic complex syndrome.  Arrows  show 
the combination of a variety of pathologies associated with 
groin/hip pain. The  circle  indicates the symphysis pubis       
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 Complications of surgery for correction of 
FAI include minor ectopic calcifi cation, non- 
union of the greater trochanteric osteotomy, frac-
ture, nerve damage, adhesions, avascular necrosis 
and persisting pain [ 1 – 3 ].  

18.2.8     Hamstring Muscle Injuries 

 The diagnosis of a hamstring injury is rather 
straightforward and mainly based on history tak-
ing and physical examination. The key require-
ments in diagnosing an acute hamstring injury 
are (1) a history of acute onset of posterior thigh 
pain, (2) localised pain on manual palpation, (3) 
increased pain on muscle contraction and (4) 
pain on muscle stretch [ 4 ]. The initial clinical 
evaluation is preferably performed within 
2–5 days after the injury, as symptoms may rap-
idly decline over time. 

 Complementary imaging with ultrasound or 
MRI is usually not required for the diagnosis. 
There is an exception in case of a suspected com-
plete rupture (grade III), as these severe injuries 
have a different management strategy, including 
possible indication for a surgical treatment. 
Nonetheless, ultrasound and MRI are increas-
ingly used to confi rm the diagnosis and provide a 
prognosis on the recovery time, especially in the 
elite athlete [ 5 ]. 

 There are several clinical and imaging mea-
sures suggested as indicators for the recovery 
time, but the large variation from days up to 
months challenges estimating a prognosis. 

 There is only limited evidence for the prog-
nostic value of measures from clinical evaluation. 
Factors shown to be associated with an increased 
recovery time are the inability to walk pain free 
>1 day after injury [ 6 ] and proximity of the maxi-
mal pain on palpation to the ischial tuberosity 
[ 4 ]. Confl icting evidence is reported for defi cits 
in hamstring fl exibility and strength as a prognos-
tic factor. 

 A substantial amount of studies have been 
performed on the prognostic value of imaging, 
especially MRI. The key MRI feature is the pres-
ence of intramuscular increased signal on fl uid 
sensitive sequences (often referred as ‘oedema’). 

A MRI classifi cation commonly used in clinical 
practice discriminates four grades of injury 
(Table  18.2 ) [ 7 ]. As grades I and II injuries in this 
classifi cation do not differ in prognosis and man-
agement, a clinically relevant classifi cation is 
limited to three levels of injury severity: (1) no 
MRI abnormalities, (2) increased signal without 
total rupture and (3) total rupture.

   The strongest prognostic factor is the absence of 
increased signal, often denominated as MRI nega-
tive or grade 0 injuries, which is associated with a 
reduced injury time. On the other end of the spec-
trum are the less common total muscle ruptures, 
which can take up to years to recover and may 
result in lasting functional impairment. Another 
MRI feature associated with a prolonged recovery 
is the involvement of tendinous structures [ 4 ,  8 ]. 
Confl icting evidence is reported for the extent of 
the increased signal as a prognostic factor. 

 We would emphasise that an accurate predic-
tion of the recovery time in the individual athlete 
cannot be established with the current scientifi c 
knowledge. We therefore suggest refraining from 
such a prediction, as it gives rise to unrealistic 
expectations. 

 Treatment of acute muscle injuries is mainly 
an expert practice, as it has a very limited research 
base. In the times ahead, the current practice will 
probably be challenged and changed, as on-going 
and future research will provide necessary evi-
dence for a better understanding of the treatment 
of hamstring injuries. 

 There is general consensus among experts that 
a thorough progressive rehabilitation program is 
the basis of the treatment of acute hamstring inju-
ries, in which progression should be based on 
functional criteria rather than based on a specifi c 
time frame. 

   Table 18.2    MRI grading   

 Injury 
grade  MRI features  Prognosis 

 Grade 0  Clinical diagnosis, no MRI 
abnormalities 

 Days–weeks 

 Grade I  Oedema, no fi bre rupture 
visible 

 Days–months 

 Grade II  Partial rupture 
 Grade III  Complete muscle rupture  Months–years 
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 The best available evidence indicates that the 
rehabilitation should focus on trunk stabilisation 
exercises, lengthening exercises, eccentric train-
ing, agility exercises and sport-specifi c training 
[ 9 – 11 ]. We recommend to guide progression 
through rehabilitation by both symptoms (pain 
free) and functional performance criteria. 

 In recent years, numerous medical treatment 
modalities have been suggested, including 
NSAIDs, losartan, hyperbaric oxygen therapy 
and injections with platelet-rich plasma, cortico-
steroids, Actovegin and Traumeel. Given the lim-
ited research base and the lack of evidence on 
their effi cacy in muscle injuries, we cannot rec-
ommend the use of these medical treatment 
modalities and believe that it should remain 
restricted to experimental settings [ 12 ]. 

 Indication for surgical intervention is lim-
ited to total hamstring ruptures. Besides injury-
related factors, such as the number of muscles/
tendons ruptured and the amount of muscle 
retraction, patient and sport-related factors, such 
as the level of sports and the desired activity 
level, should be considered in the decision for 
surgical intervention.   

18.3     Knee Injuries 

18.3.1     ACL Rupture 

18.3.1.1     Immediate Versus Delayed 
Reconstruction 

 There has been considerable debate regarding 
both the earliest time for anterior cruciate liga-
ment (ACL) reconstruction performed with 
safety and the time that surgery can be delayed 
without increasing the risk of developing second-
ary knee lesions. 

 When ACL reconstruction is performed 
within the fi rst weeks after injury, knee effusion, 
ROM defi cits and rehabilitation protocols more 
strongly affect the clinical outcomes. Mayr et al. 
[ 13 ] retrospectively reviewed a large cohort of 
156 ACL- reconstructed patients with postopera-
tive arthrofi brosis. They found that knee irritation, 
effusion and swelling following the acute injury 
signifi cantly correlated with the development of 

arthrofi brosis. Similarly, Cosgarea et al. [ 14 ] sug-
gested that arthrofi brosis was signifi cantly more 
likely in patients with a preoperative motion defi -
cit of 10° or greater compared to those without. 

 Accumulated evidence from the existing body 
of literature suggests a signifi cant relationship 
between the duration of ACL defi ciency and the 
incidence of secondary chondral and medial 
meniscal injuries. Many studies have shown that 
the incidence of medial meniscal injuries and the 
number and grade of cartilage lesions increase 
with time after ACL rupture [ 15 – 18 ]. The medial 
femoral condyle is the most commonly affected. 

 Although prospective comparisons are lack-
ing, most authors suggest that to avoid the risk 
of additional damage, ACL reconstruction 
should preferably be performed within 6 months 
from injury. In a national survey among UK 
orthopaedic surgeons in the early 2000s [ 19 ], 
81 % advocated that surgery should ideally be 
performed between 1 and 6 months post injury. 
However, it was acknowledged that only 35 % 
of ACL reconstructions are performed within 
this time frame in National Health Service 
(NHS) hospitals. 

 Additional concerns have been raised in the 
paediatric and adolescent population where the 
risk of damaging open physes should be weighed 
against that of secondary meniscal and chondral 
injury. It is clear that establishing the optimal 
timing for ACL reconstruction is particularly 
important for both the treating surgeons and the 
patients.  

18.3.1.2     Single- or Double- Bundle 
ACL Reconstruction 

 Conventional ACL reconstruction is carried out 
with a single-bundle method, in which only the 
anteromedial bundle is reconstructed. It has been 
reported in the literature that there is still residual 
rotational laxity after the operation. Moreover, 
longer follow-up studies have shown that the con-
ventional method does not prevent osteoarthritis 
of the knee (OA), partly because the OA develops 
as a result of the primary trauma [ 20 ]. The 
double- bundle technique with anteromedial and 
posterolateral bundle reconstruction was devel-
oped to overcome these disadvantages. 
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 So far, 14 level I prospective randomised stud-
ies have been presented on single-bundle versus 
double-bundle ACL reconstructions. They report 
rather short-term (1–8 years) results comparing 
these two reconstruction methods (Table  18.3 ).

   The main fi nding in some of these studies is 
the superior stability in the double-bundle group 
especially in the rotational plane [ 21 – 29 ], but 
other studies have not confi rmed this conclusion 
[ 30 – 32 ]. 

 Another important fi nding in favour for the 
double-bundle group is the better graft durability. 
There were seven graft failures in the SB Group 
(9 %) and only one in the DB Group (1 %) lead-
ing to ACL revision surgery during the 2-year 
follow-up ( p  = 0.04). This was still signifi cant 
after 5 years follow-up [ 33 ,  34 ].  

18.3.1.3     Hamstrings or Patellar 
Tendon in Sport Population 

 There are 16 RCTs comparing hamstring grafts 
with BTB grafts. Seven studies (12–120 months 
of follow-up) reported no statistical differences 
between these two graft materials in any of the 
measurements [ 35 – 41 ]. 

 Eight studies (4–96 months of follow-up) 
reported more donor site morbidity in the BTB 
graft group [ 42 – 49 ], and one, with follow-up of 
132 months, reported more OA in the BTB group 
[ 50 ]. On the other hand, Aune et al. [ 42 ] and 
Maletis et al. [ 48 ] found that their hamstring ten-
don group had more hamstring muscle weakness. 
Complications using the BTB include patellar 
fractures, quadriceps weakness and patellar ten-
don infl ammation or rupture [ 51 ].   

18.3.2     MCL Injury 

 MCL is the most commonly injured ligament 
about the knee. Isolated injuries often exist, but 
MCL tears can also be associated with other liga-
mentous or intra-articular pathology [ 52 ]. The 
Fetto and Marshall [ 53 ] classifi cation divides 
medial side knee injuries in grade I (no valgus 
laxity), grade II (valgus laxity at 30° of fl ex-
ion) and grade III (valgus laxity at 0° and 30°). 
According to the amount of medial joint opening, 
the American Medical Association classifi cation 
divides the grade II injuries according to Fetto 

   Table 18.3    Level I randomised controlled studies on single-bundle versus double-bundle ACL reconstruction   

 Study  Year  Patients 
 Follow-up 
(months)  Results 

 Adachi et al. [ 30 ]  2004  108  33  SB had more notchplasties than DB group 
 Aglietti et al. [ 21 ]  2010  70  24  DB had better VAS, anterior stability and fi nal 

objective IKDC score 
 Hussein et al. [ 22 ]  2012  281  51  DB had the best anterior and rotational stability, the 

DB group also had better IKDC and Lysholm scores 
 Ibrahim et al. [ 23 ]  2009  200  29  DB had the best anterior and rotational stability 
 Jarvela [ 25 ]  2007  65  14  DB had better rotational stability 
 Jarvela et al. [ 24 ]  2008  77  24  DB had better rotational stability than either of the 

SB procedures 
 Muneta et al. [ 26 ]  2007  68  24  DB had better anterior and rotational stability 
 Sastre et al. [ 31 ]  2010  40  24  No difference 
 Siebold et al. [ 27 ]  2008  70  19  DB had better anterior and rotational stability 

and better objective IKDC score 
 Streich et al. [ 32 ]  2008  49  24  No difference 
 Suomalainen et al. [ 33 ]  2011  152  24  DB had fewer revisions 
 Suomalainen et al. [ 34 ]  2012  90  60  DB had fewer revisions 
 Zaffagnini et al. [ 28 ]  2008  72  36  DB had better anterior stability and better subjective, 

objective and functional evaluations 
 Zaffagnini et al. [ 29 ]  2011  79  96  DB had better rotational stability, ROM and 

functional scores, fewer degenerative changes 
and fewer reoperations 
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and Marshall in (1) type I sprains (1–4 mm), (2) 
type II (5–9 mm) and (3) type III (10–15 mm). 
Valgus laxity in full extension is highly indica-
tive of other ligamentous lesions associated with 
MCL injury (mostly the posteromedial corner and 
the ACL). The chronicity of the lesion is another 
essential factor to consider in MCL laxity. MCL 
tears can be classifi ed in acute (<3 weeks), sub-
acute (3–6 weeks) and chronic (>6 weeks). 

 In general, grades I and II tears of the MCL 
are managed conservatively with good results 
[ 52 ]. Management of grade III MCL injuries is 
much more controversial. Early authors advo-
cated acute primary repair of complete MCL 
tears [ 54 – 56 ]. Recent literature, however, has 
focused more on nonoperative treatment of grade 
III MCL injuries [ 53 ,  57 – 61 ]. 

 In the acute setting, surgical treatment is indi-
cated in some grade III injuries, according to the 
surgeon preference, when there are large bony 
avulsions or in case of MCL entrapment. The 
treatment is controversial also in case of ACL and 
grade III MCL injuries and the options include 
(1) conservative treatment of MCL and delayed 
ACL reconstruction, (2) early ACL reconstruc-
tion followed by conservative MCL treatment and 
(3) acute MCL repair combined with ACL recon-
struction. Different options can be considered also 
in case of ACL, PCL and grade III MCL injuries, 
and these include (1) conservative MCL treatment 
and delayed ACL/PCL reconstruction; (2) acute 
MCL repair and PCL reconstruction with delayed 
ACL reconstruction and (3) acute combined MCL 
repair, PCL and ACL reconstruction. 

 In case of chronic medial laxity, MCL recon-
struction or capsular procedures (retensioning or 
en masse elevation) with or without auto- or 
allograft augmentation are indicated in case of 
neutral or varus alignment. In case of valgus 
alignment, a distal femoral varus osteotomy 
should be considered. 

 Grade I MCL injuries. Weight-bearing as tol-
erated with crutches if necessary. Active ROM 
exercises as soon as tolerated. Active strengthen-
ing exercises as tolerated. Progress to agility, pro-
prioceptive and sport-specifi c drills as tolerated. 
Return to sports when strength, agility and pro-
prioception are equal to the uninvolved side [ 62 ]. 

 Grade II MCL injuries. Long leg brace for 
ambulation with weight-bearing as tolerated with 
crutches. Brace may be locked in extension for 
1–2 weeks depending upon pain, valgus opening 
and anatomic alignment. Crutches can be discon-
tinued when patient attains a nonantalgic gait. 
Active ROM exercises are started immediately. 
Electrical stimulation to the quadriceps, quad sets 
and single leg raise are initiated immediately. 
Long leg brace is opened at the end of the third 
week and full weight-bearing is encouraged. 
Severe grade II injuries may require 6 weeks of 
bracing. Once full ROM and functional strength 
are attained, proprioceptive and agility drills can 
be initiated [ 62 ]. 

 Grade III MCL injuries. Immobilisation in 
long leg brace locked in extension for 3–6 weeks 
depending on anatomic alignment. Non-weight- 
bearing for 3 weeks in patients with valgus align-
ment. Toe-touch weight-bearing for neutral or 
varus. Immediate ROM out of the brace 2–3 
times a day for neutral or varus alignment and 
after 3 weeks for patients with valgus. 
Strengthening is done throughout the 6-week 
period in the form of quad sets, single leg raise 
and electrical stimulation. Closed chain exercises 
are initiated at the appropriate time depending 
upon the patient’s weight-bearing status [ 62 ]. 

 Platelet-rich plasma (PRP) has been proposed 
as a treatment method to assist regenerative heal-
ing processes in acute ligament injuries. In ani-
mal studies, there is some evidence that PRP 
improves healing and mechanical strength in the 
early stages of acute MCL injury [ 63 – 68 ]. 
However, a marked drop in the effectiveness of 
platelet-derived growth factor was observed 
when administered more than 24 h after injury 
[ 65 ]. However, no prospective studies on PRP 
application in MCL lesions in humans are avail-
able [ 69 ]. 

 In the acute setting, MCL repair is the treat-
ment of choice with the correct indications (see 
above). The injured structures are identifi ed and 
should be repaired from the deepest structure 
outward. A peripheral tear of the medial menis-
cus is commonly seen (33 %) and repaired with 
an open technique [ 70 ]. The deep MCL can be 
directly repaired using sutures alone or suture 
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anchors. If injured, the posterior oblique liga-
ment (POL) is repaired by direct suture back to 
the femur. Repair of the deep structures is com-
pleted with the knee held in varus and full exten-
sion. Femoral avulsion of the sMCL leaves the 
best tissue for repair using suture anchors, staples 
or a screw/washer. However, repair in this loca-
tion is associated with postoperative stiffness 
more than in other locations. Acute complete 
avulsions off of the tibia can be repaired using 
either suture anchors or staples. The semimem-
branosus portion of the POL can be repaired with 
interrupted absorbable sutures and sutured to the 
posterior border of the MCL. Occasionally, mid- 
substance and tibial-sided injuries require aug-
mentation due to the poor soft tissue quality. The 
sMCL is fi xed at 30° of knee fl exion [ 70 ]. 

 In the subacute setting, capsular procedures 
can be considered. The goal of medial structure 
retensioning is to remove the laxity from the 
injured posteromedial structures by creating 
increased distance between the origin and inser-
tion. The lax structures are attached to an adja-
cent intact structure in a pants-over-vest fashion. 
Otherwise, an en masse elevation can be per-
formed. This procedure is indicated when a gen-
eralised laxity of the posteromedial structures is 
present. The structures must be released as an 
entire tendon/ligament unit (en masse). This unit 
must be armed with sutures, retensioned and 
fi xed back to an isometric point on the bone with 
staples or suture anchors [ 71 ]. 

 In the chronic setting with varus or neutral 
alignment, MCL reconstruction is indicated. 
Many techniques have been described [ 72 – 78 ]. 
In some of them, only the MCL is reconstructed, 
while others entail both MCL and POL recon-
struction. Most techniques describe the use of 
hamstring autograft, but in multiligament knees 
allografts might be the best graft option. No 
reconstruction technique has shown superior 
results over the others. However, independently 
on the chosen technique, isometricity is crucial 
in obtaining good results and in reducing the risk 
of postoperative stiffness [ 71 ]. One of the most 
commonly used MCL reconstruction procedure 
is Kim’s technique [ 72 ]. The semitendinosus is 
harvested, preserving the tibial attachment. A K 

wire is inserted on isometric point of the distal 
femur. The semitendinosus tendon is looped 
around the wire, and isometricity (<2 mm migra-
tion) is tested by pulling the suture at the ten-
don and moving the knee through a full ROM. 
A 6.5 mm cancellous screw with washer is used 
for proximal fi xation, with the knee in 30° of 
fl exion and varus stress. The free end of the graft 
is pulled under direct head of the semimembra-
nosus tendon and sutured to the tendon itself, in 
30° of knee fl exion.  

18.3.3     Osteochondral Defects 

 Treatment of knee cartilage defect, including 
articular cartilage defect (ACD) and osteochon-
dral defect (OCD), has always been and is still a 
diffi cult challenge. The different methods of 
repair have been a concern in recent centuries. In 
1743, Hunter [ 79 ] recognised that no technical 
method is suffi cient to ensure the return of nor-
mal cartilage. In 1853, J. Paget made the same 
observation for joint fractures where consolida-
tion cartilage was impossible. In 1997, faced with 
the diffi culty and specifi city of cartilage repair 
was created the ICRS (International Cartilage 
Repair Society,   www.icrs.org    ). More recently, in 
2001, some authors studied the natural history 
over a 30-year period and the evolution of osteo-
chondritis dissecans of the femoral condyles. For 
the 20 cases occurred in patients compared to 
baseline (mean age 17 years) and still active in 
largest follow-up (mean age 49 years), he found 
osteoarthritis evolution in 60 % of cases regard-
less of the treatment achieved. When the lesion 
was greater than 2 cm 2 , the percentage of osteoar-
thritis was then 78 %. 

 The natural history of cartilage lesions is 
marked by painful episodes of hydarthrodial with 
blockages in the short- and medium-term to long- 
term osteoarthritis. The International Cartilage 
Repair Society (ICRS) cartilage injury grading 
system was selected to classify articular cartilage 
defects. In the preop evaluation, MRI is very rel-
evant. The MRI scans were used with the follow-
ing protocols: sagittal oblique; coronal and axial 
PD TSE fs (proton density turbo spin-echo with 
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fat saturation) sequences, with a repetition time 
(TR) and an echo time (TE); a sagittal oblique 
PD TSE (proton density turbo spin-echo without 
fat saturation) sequence; coronal and axial T1 SE 
(T1-weighted spin-echo) sequences; and a slice 
thickness of 3 mm. The magnetic resonance 
observation of cartilage repair tissue (MOCART) 
score system was used to grade articular cartilage 
repair quality (degree of defect repair and fi lling, 
integration to border zone, surface of the repair 
tissue, structure of the repair tissue, subchondral 
lamina, subchondral bone, adhesions, effusions). 

 The activity level of ICRS is interesting to 
evaluate the return to sport participation after 
articular cartilage repair in the knee: level I (high 
competitive athlete), level II (well-trained and 
frequently sporting at least 6 times per week), 
level III (sport recreational athlete) and level IV 
(non-sporting). 

 It is essential regarding cartilage damage; 
using the arthroscopic classifi cation of the ICRS 
allows a descriptive analysis in four grades. It 
also specifi es the size of the lesion and location 
(unilateral or bifocal) and should be left to the 
preoperative evaluation of the lesion. The ICRS 
grade I is where the fi brillation surface or surface 
with or without chondromalacia cracks. The 
ICRS grade II is where the cartilage is abnormal 
with cracks less than 50 % of the thickness of the 
cartilage. Lesions reach more than 50 % of the 
thickness of the cartilage in the ICRS grade III 
and sometimes reach the subchondral bone. In 
the ICRS grade IV, lesions reach the subchondral 
bone with involvement of the surface plate and 
the alteration of bone surface. Only grades III and 
IV with painful symptomatic knees are relevant 
for surgical treatment. Therefore, osteoarthritis 
lesions and ‘mirror’ lesions were excluded from 
the surgical options. 

 What is the incidence of chondral lesions of 
the knee with an area greater than 2 cm 2 ? This 
was achieved through the study of a large number 
of arthroscopies performed. From 993 consecu-
tive arthroscopies, Aroen et al. [ 80 ] found a carti-
lage lesion in 66 % of cases. The lesion is 
localised in 20 % of cases, and only 11 % of 
patients have localised ICRS grade III and IV 
defect. However, this localised lesion ICRS 

grades III and IV has a size greater than 2 cm 2  in 
only 6 %. 

 The goal of treatment is to remove these pain-
ful crises and to delay the degenerative arthritic 
changes with long-term follow-up. The ability of 
articular cartilage repair to return the injured ath-
lete to demanding sport participation is also a key 
factor regarding the success of these surgical pro-
cedures. We must distinguish regeneration tech-
niques or seek to replace the cartilage with an 
identical tissue repair techniques where the carti-
lage is replaced by a non-strictly identical to the 
original cartilage tissue (rich in PG and collagen 
type II). 

 In our therapeutic arsenal, we have at our dis-
posal four techniques: microfracture (MF), carti-
lage autografts (allografts massive cartilage), 
autologous chondrocyte cultures (ACI) and 
osteochondral autograft transfer (OAT). 

 The purpose of this chapter is to provide clini-
cal results of the four methods and then answer 
the question ‘is it realistic to return to sports?’ 

18.3.3.1     Microfracture 
 The principle is based on the stimulation of stem 
cells from the bone marrow then with the forma-
tion of a fi brin cruoric clot, which is gradually 
colonised by the potential of bone marrow cells. 
This method advocated by Steadman et al. [ 81 ] is 
the equivalent or close to old techniques per-
formed in orthopaedics: Pridie’s perforations and 
the abrasive chondroplasty [ 82 ]. This technique 
is performed arthroscopically after preparation of 
the lesion where the cartilage fragments were 
excised. After removal of the cartilage debris, 
once a clean bed is created within the lesion site 
and a good supporting peripheral rim of cartilage 
exists, small holes are created through the sub-
chondral plate to allow the extravasation of mar-
row stem cells. Angled awls were used to make 
holes through the subchondral bone plate approx-
imately 3–4 mm apart. Marrow elements accessed 
by the subchondral bone could be seen as they 
essentially came from all microfracture holes 
after the infl ow was stopped. It forms a fi brocar-
tilage (type I collagen) repair in 6–8 weeks with 
a composition and different from those of normal 
cartilage strength. 
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 Steadman et al. [ 81 ] reviewed 72 patients with 
an average follow-up of 11 years. Lysholm scores 
were 59 preoperatively and 89 postoperatively. 
Tegner scores also showed improvement with a 
preoperative score of 3.1 and a postoperative 
score of 5.8. The preoperative pain score (3.4) 
improved as well after surgery to 1.9. Steadman 
found 75 % good or very good results but with a 
deterioration of the quality of the results after the 
second or third year. As previously mentioned, 
younger patients overall did better than older 
patients in this study. All authors recommend this 
technique only for small (less than 2 cm 2 ) and 
uni-focal lesions, among patients with few or no 
sports. The main prognostic factor is initial age at 
surgery of less than 35 years. However, this is 
one simple inexpensive technique, which is use-
ful in several circumstances but do not especially 
cut the bridges for the realisation of other tech-
niques later in case of failure. 

 Gudas et al. [ 83 ] in his comparative prospec-
tive study between MF and OAT evaluates the 
outcomes of the procedures in young active ath-
letes, with activity level II and I and the mean 
age was 25 years (range, 15–45). Statistically, 
signifi cantly better results were detected in 
patients in the OAT group compared with those 
in the MF group at 10 years ( p  < .005). At 
10-year follow-up, there were 15 failures 
(26 %), including 4 failures (14 %) of the OAT 
and 11 failures (38 %) of MF treatment ( p  < .05). 
The survival probability was different in both 
groups: More than 85 % in the OAT group com-
pare to 50 % in the MF group and this differ-
ence was signifi cant. The ICRS and Tegner 
scores of younger athletes (25 years at the time 
of primary surgery) remained signifi cantly 
higher after 10 years compared with older 
patients ( p  < .05).  

18.3.3.2     Massive Allografts Cartilage 
for Lesion Greater than 4 cm 2  

 This technique depends on the availability of soft 
tissue bank with fresh-stored allograft obtained 
in accordance with the screening guidelines of 
the association of tissue banks. This is a salvage 
procedure and often, associated surgeries were 
required. 

 The Gross et al. [ 84 ] team has extensive expe-
rience on the subject with many publications. 
They reported their experience of 125 cases since 
1972 for patients who had an average age of 27 at 
the time of the intervention. It was in the majority 
of cases of post-traumatic injuries with loss of 
unipolar major substances (at least 3 cm in diam-
eter and 1 cm deep). It is a massive fresh osteo-
chondral allograft in accordance with the 
guidelines of the American Association of Tissue 
Banks. For the entire series, one case of deep 
infection was found. For the femur, 72 massive 
allografts were performed with equal distribution 
between the medial and lateral condyle. 
Associated realignment osteotomy was required 
in 68 % of cases. Twelve failures were often iden-
tifi ed after the sixth year of evolution. The actu-
arial survival curve of the femoral allograft was 
85 and 75 %, respectively, and 10 and 15 years of 
hindsight. Radiological evaluation showed that 
the spacing was long preserved. Severe osteoar-
thritic change was observed in 26 % of cases the 
greatest decline. Secondary conversion with the 
establishment of a total knee replacement was 
required in 15 % of the decline in 15 years. For 
the tibia, 72 transplants were performed (medial 
rather than lateral). Associated realignment oste-
otomy was made in 58 % of cases and a meniscal 
allograft (60 %). The current curve is 86 and 
65 %, respectively, and 10, 15 and 46 %, respec-
tively, at 20 years of follow-up. Severe osteoar-
thritis was observed in 39 % of the maximum 
decline, and conversion with implantation of 
TKA was required in 44 % of cases 20 years 
later. 

 Shaha et al. [ 85 ] evaluated the durability of 
return to activity in a high demanding population 
with the OATS technique in large areas of carti-
lage defect. Thirty-eight patients were included 
in the study; they all were involved in a single 
military institution. The overall rate to return to 
full duty activity was 29 and 29 % were able to 
limited activity with permanent modifi cation. 
Forty-two percent were unable to return to high 
demand because of their knees. Regarding return 
to sport activity, only 5.3 % were able to return to 
their primary level. A little bit better 7 % when no 
other concomitant procedures were performed. 
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 It was performed for bigger lesions, and this is 
really a challenge for the orthopaedic surgeons. 
This study is in contrast to the other two large 
series in the literature that report on return to 
activity after OATS similar procedures. 

 McCulloch et al. [ 86 ] described a series of 25 
patients (25 knees) with a mean age of 35 years 
and a mean follow-up of 35 months. They 
reported improvements in the International Knee 
Documentation Committee score, Lysholm 
score, all 5 KOOS components and SF-12 physi-
cal component score. Overall, they reported rates 
of 84 % satisfaction and 79 % function compared 
with the contralateral knee. This study did not 
specify the level of activity in their population. 

 Similarly, a second large case series by Krych 
[ 87 ] reported on 43 isolated OATS procedures. 
The study population had a mean age of 33 years, 
a 79 % rate of return to sport at the pre-injury 
level and an 88 % rate of return to sport at any 
level. These authors specifi ed activity level as 
defi ned by the Cincinnati sports activity scale 
(CSAS). They found age of less than 25 years as 
well as a short duration of symptoms to be sig-
nifi cant predictors of a good outcome. 

 One explanation for the differences between 
the different series may lie in the defi nition of 
activity. The defi nition of return to sports really 
needs discussion to fi nd a general agreement to 
talk about the same characteristics. This is an 
effective palliative surgery that is available but 
not used due to lack of plug-ins. This is a useful 
alternative to not ignore. Therefore in very large 
defects, the surgery improves pain and function 
but healing a chondral defect remains a challeng-
ing condition and further investigation in treat-
ment is needed.  

18.3.3.3     Osteochondral Autografts 
or Mosaicplasty (OAT) 

 This is an autograft with a single operation of 
transferring functional living units with a cylin-
drical form [ 88 ]. The goal is to transplant living 
chondrocytes and get coverage of more than 
70 % hyaline cartilage of the defect. This is also 
based on an autologous bone support. This 
involves the harvest of autologous osteochondral 
plugs of tissue from other area of the knee. 

 Technically, the principles are the following:
•    Preparation of the bed area with a curette and 

shaver. The defect was debrided of macro-
scopically damaged cartilage, and the edges 
were cut vertically to better accept the OATS.  

•   Estimate, during the procedure, the surface of 
the defect in order to choose the number and 
diameter of the cylinders. The harvest of the 
grafts is done using the appropriate ancillary.  

•   The osteochondral cylinder, which is 
15–20 mm thick, is then impacted without 
rotation in the receiving bed to fl ush the 
healthy area. Care was taken not to put the 
plug below the level of the host cartilage in 
order to allow nutrition and good congruency 
during further knee movement.    
 The stability of the OATS is checked, and 

fi lling the gap between the plugs is a real chal-
lenge. It is recommended to use grafts of 7–8 mm 
diameter by 15 mm long and not exceed six 
transplants [ 88 ]. The technique can be used by 
arthroscopy for small lesions in a shortest pos-
sible arthrotomy. 

 Several questions remain unanswered. Are 
few large diameter grafts with better coverage 
better than several small diameter grafts?  
Choosing the contralateral area preferable to 
avoid the pain of the harvest site? What is the best 
way to restore the curvature? 

 Technical and radiological results are favour-
able for osteochondritis effects and lesions of the 
femoral condyle; the surface is less than 3 cm 2 . 

 Lefort et al. [ 89 ] have reported the results of 98 
mosaicplasty for OCD. The average age was 26 
years, and the surface of the damaged area was 
3.3 + 2.5 cm 2 . These procedures were performed 
either arthroscopically or by arthrotomy. Four fail-
ures were taken (mobilisation of the graft, release 
of a foreign body) and 2 chondrolysis were 
observed. At follow-up, pain in 12 % pain from 
the harvest’s site was reported. Clinical results 
with the IKDC score were good (87 + 4 pts.). They 
are even better when the age is less than 28 years 
and/or if the coverage exceeds 70 % of the defect. 

 Horas et al. [ 90 ] reported better results with 2 
years of follow-up using OATS than ACI. 
However, there was no control group and the 
follow-up is short. 
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 With long-term follow-up, Gudas et al. [ 83 ] 
reported better results with OATS versus MF. 
Bentley et al. [ 91 ] with more than 10 years of fol-
low-up reported a randomised comparison of the 
two techniques in 100 patients at a minimum fol-
low-up of 10 years. The mean age of the patients at 
the time of surgery was 31.3 years (16–49). The 
functional outcome of the patients with ACI dem-
onstrated signifi cantly better Cincinnati scores 
( p  = 0.02). The number of patients whose repair 
had failed at 10 years was ten of 58 (17 %) in the 
ACI group and 23 of 42 (55 %) in the mosaicplasty 
group ( p  < 0.001). However, no return to sport 
activity was described in this long-term series. 

 It is a technique for young patients with a 
lesion of less than 3 cm 2  condylar reached with-
out mirror aspect lesion or associated lower limb 
malalignment. It is also a reliable technique.  

18.3.3.4     Cultured Chondrocytes 
or Autologous Chondrocytes 
Implantation (ACI) 

 This is a recent technique of tissue regeneration 
based on the biological dynamics of complex 
chondrocyte periosteum [ 92 ]. The principle is to 
insulate and culture the patient’s own chondro-
cytes and then injecting them into the injured on 
a support that allows them to regenerate the loss 
of cartilage defect area. The fi rst experimental 
work on tissue engineering goes back to Grande 
in 1987 [ 93 ]. Brittberg reported the fi rst applica-
tion in human clinical practice in the  New 
England Journal of Medicine  [ 94 ] in 1994. 

 We must distinguish several generations and 
changes in cultured chondrocytes.
•    The fi rst generation: the periosteal fl ap tech-

nique [ 94 ]. The idea is to take a 200 mg of 
arthroscopic biopsy of the healthy cartilage  
rom a non-weight-bearing zone with use of a 
curette from patients. Then, in a laboratory 
approved for cell culture, setting of specifi c 
cell culture is performed. After 3–6 weeks of 
culture, we obtained cell culture that is 
returned to the surgeon. Each sterile pellet 
contains ten million cells with a viability of 
80 %. Finally the last step, the implantation of 
cells with arthrotomy with a periosteal fl ap 
taken from the tibia is sutured to cover the 

defect and fi lled the area with the chondro-
cytes cultivated. One of the diffi culties is the 
realisation of the periosteal fl ap to allow the 
integration of cultivated chondrocytes. He 
reported good and excellent result on more 
than 100 cases with 2–9 years of follow-up. 
There is production of ‘hyaline-like’ cartilage 
with 88 % satisfactory results. 

 In France, Robert published [ 95 ] results 
from a national prospective multicenter study 
supported by the French Arthroscopy Society 
of 28 cases with 2 years follow-up and histo-
logical control. The mean age was 28 years 
and the average size 4.9 cm 2 . There was no 
infection and no thromboembolic complica-
tions. There was a signifi cant clinical improve-
ment with a gain of ICRS score of 80 % (4 pts. 
→ 74 pts.). MRI analysis showed 11 cases of 
hypertrophy, and histologically, there is a sat-
isfactory repair with mostly fi brocartilage tis-
sue, but only 1 case is hyaline-like. 

 This technique of periosteal fl ap is mar-
keted under different names: Genzyme ®  
(USA), Codon ®  and Verigen ®  (Germany). The 
need for the second surgical site for the 
removal of periosteal fl ap and complications 
such as hypertrophic periosteal fl ap were 
gradually abandoned by this technique.  

•   The second generation [ 92 ]: the periosteal fl ap 
as a collagen membrane patch that allows for 
better tissue repair replaces a barrier cell. 
Several membranes are being proposed by the 
industry:
 –    Chondro-Gide ®  (Geistlich)  
 –   Chondroseal ® , with ChondroCelect ®  mem-

brane (TiGenix)  
 –   MCI ®  (Verigen)    

 These methods have limitations (signifi -
cant cost, quality of implanted chondrocytes) 
then the culture of the third generation has 
been developed through research and tissue 
engineering. However, the results of the sec-
ond-generation techniques are encouraging.  

•   The third generation: tissue-engineering 
techniques have enabled the development 
of cell culture in three-dimensional artifi cial 
matrix. These matrices must have mechani-
cal and biological properties similar to those 
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of  normal cartilage. These matrixes or ‘scaf-
folds’ can cover large areas and facilitate cell 
proliferation with a more close to that of nor-
mal cartilage matrix. The specifi cations of 
these biomaterials are important. They must 
be biocompatible, biodegradable and fi tted 
relationship to allow cell adhesion, adhe-
sion properties and bio-integration. Finally, 
the biomaterial should not be cytotoxic, and 
its physical properties (size, volume, elastic-
ity) should allow good fi lling of the defect 
whether partial or total. 

 These matrices or support three dimen-
sions are numerous and can be of different 
types: synthetic protein or polysaccharide.
   Synthetic matrices: PLA or PGA (Fleece, 

BioSeed ®  (Germany)), collagen membrane 
(ACI-Maix, Matricel ® , Germany)  

  Protein nature collagen, gelatin or fi brin 
(Cores T Cais ® , NeoCart ® )  

  Polysaccharide type: with agarose 
(Cartipatch ® , France (23)), alginate, chi-
tosan (TSB CartGel ® ) and hyaluronate 
(Hyalograft ® , Hyalf-11 ® )    
 All these researches in tissue engineering 

are based on two important and complemen-
tary concepts: applied research to develop 
implantable human matrices and basic research 
on cell culture (quality of chondrocyte pheno-
type, cell differentiation and growth factors).    
 In this technique, schematically four steps are 

necessary:
    1.    Evaluation of preoperative and intraoperative 

lesions also associated with taking 200 mg of 
cartilage in safe area (fi rst arthroscopy).   

   2.    Production in 6 weeks following the rules of 
accredited cell cultures from 20 to 40 million 
cells and integration of these cells in 3D 
matrices to create implants size and shape 
adapted to the defect.   

   3.    Site preparation and implementation by 
arthrotomy to fi ll the defect (second surgery). 
The objective is to obtain a smooth articular 
surface without tear or absence of tissue 
continuity.   

   4.    Passive rehabilitation and no support within 4 
weeks. The recovery of the support is then 
progressive.     

 In 2010, Harris et al. [ 96 ] did a systematic 
review of autologous chondrocyte implanta-
tion with 13 studies and more than 917 subjects 
were included. Patients underwent autologous 
chondrocyte implantation ( n  = 604), microfrac-
ture ( n  = 271) or osteochondral autograft ( n  = 42). 
All surgical techniques demonstrated improve-
ment in comparison with the preoperative sta-
tus. This review demonstrated that there are 
patient- specifi c and defect-specifi c factors that 
do infl uence clinical outcome after autologous 
chondrocyte implantation. 

 However, regarding more specifi cally the 
results, there are some differences. 

 Regarding ACI versus MF, Saris et al. [ 97 ] 
randomised 118 patients to either characterised 
chondrocyte implantation ( n  = 57) or microfrac-
ture ( n  = 61). He reported a mean improvement 
from baseline to 36 months in terms of the over-
all KOOS score that was greater in the character-
ised chondrocyte implantation group. Signifi cant 
differences were demonstrated supporting char-
acterised chondrocyte implantation over micro-
fracture in terms of the KOOS score ( p  = 0.048). 

 Kon et al. [ 98 ] performed a non-prospective 
cohort study in high-level sport athlete of 41 
professional and semi-professional athletes. 
The mean age was close to 15 years old and 
the mean follow-up was 7.5 years. Twenty-one 
patients were treated with arthroscopic second-
generation autologous chondrocyte implantation 
(Hyalograft C) and 20 with the microfracture 
technique. A signifi cant improvement in all clini-
cal scores from preoperative to fi nal follow-up 
was found in both groups. The percentage of 
patients who returned to competition was similar: 
80 % in the microfracture group and 86 % in the 
Hyalograft C group. Patients treated with micro-
fracture needed a median of 8 months before 
playing their fi rst offi cial soccer game, whereas 
the Hyalograft C group required a median time 
of 12.5 months ( p  = .009). The International Knee 
Documentation Committee (IKDC) subjective 
score showed similar results at 2 years’ follow-up 
but signifi cantly better results in the Hyalograft 
C group at the fi nal evaluation ( p  = .005). In fact, 
in the microfracture group, results decreased over 
time, whereas the Hyalograft C group presented 
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a more durable outcome with stable results at the 
fi nal follow-up. The success in returning to com-
petitive sport is high in both groups, but micro-
fracture allows a faster recovery but present a 
clinical deterioration over time. At the opposite, 
arthroscopic second-generation autologous chon-
drocyte implantation delays the return of high- 
level male soccer players to competition but offer 
more durable clinical results. 

 Regarding ACI versus OAT, there were few 
studies available in the literature to performed 
scientifi c comparison, and with the two studies, 
there is no conclusion available in this compari-
son. Horas [ 90 ] found a slight difference but it 
was not signifi cant at 2 years. Finally, Bentley 
et al. [ 99 ] reported better results with cultured 
chondrocytes versus osteochondral autograft car-
tilage for larger lesions (4.6 cm 2 ). 

 Comparison between fi rst- and second- 
generation ACI shown equivalent short-term 
clinical outcomes [ 28 ], and also we did not fi nd 
any difference regarding open versus arthroscopic 
treatment [ 29 ].  

18.3.3.5     Is It Realistic to Return to Play? 
 There is part of the answer in the question itself. In 
clinical practice, the objective of the treatment is to 
improve joint function and decrease pain. But there 
is lack of information on the ability to return the 
injured-knee athlete to demanding sports. Often, 
the methodology of the studies does not allow this 
kind of answer, and the defi nition of return to sport 
really needs discussion to fi nd a general agreement 
to talk about the same characteristics. The evalua-
tion using the ICRS level is part of the answer. The 
ICRS level classifi cation allows further compari-
son between before and after the surgery with a 
suffi cient long-term follow-up. 

 What are the informations provided by the 
literature? 

 Steadman et al. [ 81 ]. showed that 95 % of 
players returned to professional soccer the season 
following microfracture surgery and continued to 
play for an average of 5 years (range, 1–13 years) 
but the age was not consistent. 

 Gudas et al. [ 83 ] showed that 15 of 20 patients 
(75 %) in the OAT group and 8 of 22 patients 
(37 %) in the MF group maintained the same 

physical activity level. However, in both groups, 
a decrease in sport activity from 3 to 10 years was 
documented. He concluded that the OAT tech-
nique for ACD or OCD repair in the athletic pop-
ulation allows for a higher rate of return to and 
maintenance of sports at the pre-injury level 
compared with MF. Most of the athletes changed 
their level of activity because of a lifestyle 
change, or they decided to stop professional 
sports because of age limits or other reasons. 

 For massive allografts, the return rate to duty 
reported by Shaha et al. [ 85 ] is similar to that 
reported by Scully et al. [ 100 ] in the only other 
published series that examines return to duty 
after OATS in a military population. They found 
1 of 16 included patients able to return to pre- 
injury activity. 

 One systematic review performed by Mithoefer 
et al. [ 101 ] focused more specifi cally on the ability 
to return to sports after articular cartilage repair; 
1,410 patients were included with, respectively, 
787 MF, 362 ACL and 261 OAT and the mean 
average follow up was 42 months. The average 
rate to return to sport activity was 73 %, and the 
average time to return to sports varied between 7 
and 18 months (Table  18.4 ). The rate of return to 
sports at the initial pre-injury level was 68 %, and 
continued sport participation was possible in 65 %. 
This needs to be compared with the return to sport 
rates after several other common orthopaedic pro-
cedures such as ACL reconstruction (71 % (range 
53–81)) and meniscal repair (74 % (range 56–85)).

   In this review, several important factors were 
found to infl uence the ability to return to sports 
after articular cartilage repair in the knee. 
Therefore, these factors are very relevant to defi ne 
the best profi le regarding the patients when facing 
the challenging situation of knee cartilage defect. 

 These factors are listed below:
•    Younger age resulted in better rates of return 

to sport participation with all surgical tech-
niques. The reported age threshold for 
increased return to sports varied between 25 
and 40 years.  

•   The length of the time interval between injury 
and surgery: the duration of symptoms with a 
time threshold of 12 months after injury and 
below one year of evolution.  

P. Randelli et al.



253

•   Lesion size of less than 2 cm 2.   
•   The type of cartilage defect had infl uence: 

articular cartilage defect (ACD) did better 
results than osteochondral defect (OCD).  

•   Lesion location is less important but still rele-
vant: lateral femoral condyle superior to 
medial femoral condyle.  

•   Athletes without prior surgical intervention 
were more likely to return to high-impact 
sports after microfracture.  

•   Athlete’s skill level.  
•   Concomitant procedures.  
•   Repair tissue morphology.    

 In conclusion, the ideal candidate for cartilage 
repair could be a young competitive athlete with 
high-level sports with small defect size, short 
duration of symptoms and fewer prior surgical 
interventions. All these parameters should be 
addressed during this clinical situation in order to 
perform cartilage repair and propose a ‘Menu à la 
carte’. 

 Autologous chondrocyte implantation may be 
the best option for large defects in young, active 
patients with a short duration of symptoms and 
no previous cartilage surgery. Autologous chon-
drocyte implantation may provide a more durable 
repair tissue than microfracture, with preserva-
tion of clinical outcome success in the long term. 
Microfracture remains indicated for smaller 
defects in young, active patients. Osteochondral 
autograft may provide more rapid improvement in 
terms of clinical outcome than autologous chon-
drocyte implantation or microfracture but is lim-
ited by donor site. Massive allograft cartilage for 
lesion greater than 4 cm 2  is a salvage procedure, 
and often associated surgeries were required. In 
this situation, return to sports is very questionable. 

 A complete rigorous evaluation with ICRS 
package is a must in 2013 with specifi c attention 

to fi ve parameters when facing a young patient 
with knee pain related to cartilage defect.
    1.    Lesion analysis with ICRS package and qual-

ity imaging (MRI with specifi c sequences of 
cartilage gradient echo T1 and T2 FSE associ-
ated with FAT-SAT, axial and coronal).   

   2.    Evaluate other joint elements: state of the 
ACL, menisci and the overall morphotype 
lower limbs.   

   3.    Correlate the anatomical lesions found with 
the symptoms expressed by the patient; it is 
not optimal to treat asymptomatic and isolated 
lesion. Similarly, it is not reasonable to treat a 
degenerative lesion alone as osteoarthritis or 
pre-arthrosis lesion.   

   4.    Treat other associated lesions: preliminary 
ACL reconstruction, realignment osteotomy 
(varus greater than 5°), gesture meniscal pres-
ervation and then propose a gesture for carti-
lage PDS after an observation period of at 
least 3–6 months.   

   5.    Patient’s motivation, skills and adherence to 
the surgical treatment.     
 Cartilage injuries in a high demand, athletic 

population remain a clinical challenge.    

18.4     Foot Injuries 

18.4.1     Ankle Sprain 

 This chapter will attempt to cover common 
ankle and foot sport trauma injuries and chronic 
conditions. For each pathology, the diagnosis 
and defi nition; epidemiology, history and mech-
anism of injury; examination fi ndings; imaging 
studies; management and treatment options; out-
comes and in particular return to sport will be 
discussed. 

   Table 18.4    Comparison of return to sport rates in percentage according to Mithoefer systematic review [ 100 ]   

  N  cases 
 Lesions size 
(cm 2 ) 

 Return to sport 
participation 
(percentage) 

 Time to return to 
sports (months) 

 Return to sports at 
the pre-injury level 

 Best durability 
of return to sports 

 Overall  1,410  3.6 + 0.4  73 + 5  7–18  68 + 4 
 MF  787  3.2 + 0.4  66 + 6 * SD  8 + 1  68 + 5  52 + 6 
 ACI  362  5.1 + 0.8  67 + 17  18 + 4 * SD  71 + 12  96 + 4 * SD 
 OAT  261  2.4 + 0.2  91 + 2 * SD  7 + 2  70 + 3  52 + 21 
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 An ankle inversion injury is one of the most 
common sport injuries sustained, with over 
occurring one per 10,000 people per day. The 
majority of injuries occur in those aged 
15–19 years and most occur in those less than 35 
years old. Three quarters of the ligaments injured 
are the lateral ligaments, the anterior talofi bular 
ligament and the calcaneofi bular ligament, 
together with the deltoid ligament [ 102 ]. The 
anterior inferior tibiofi bular ligaments, the inter-
osseous ligament and the posterior inferior tibio-
fi bular ligament at the syndesmosis may also be 
injured [ 103 ]. The majority of these will settle 
with a short period of immobilisation, with either 
cast or brace, and reduced weight-bearing, ice 
therapy and simple analgesics [ 104 ]. The use of 
nonsteroidal anti-infl ammatory drugs is conten-
tious in the early stages and can lead to increased 
bleeding [ 105 ]. However after 48 h, these medi-
cations may reduce infl ammation and be a valu-
able synergist to analgesics. 

 Associated injuries include ankle instability 
and pain and swelling due to loose bodies, syno-
vial thickening and chondral lesions. 

 Examination is most accurate at 5 days fol-
lowing injury when the initial bruising and swell-
ing have reduced [ 106 ]. The ankle can be assessed 
for local tenderness and ligamentous laxity. 
Clinical tests include the anterior drawer test and 
an inversion stress test to determine integrity of 
the anterior talofi bular ligament and the calcane-
ofi bular ligament, respectively. These should be 
compared with the uninjured side and interpreted 
based upon the time line of the injury. 

 Patients with symptoms of instability have 
been found to have altered function of the 
 stabilising peroneal musculature [ 107 ]. This 
delayed latency of muscular contraction can be 
targeted with physiotherapy but if patients con-
tinue to report symptoms, surgical stabilisation is 
an option. 

 Acute repair of lateral ligament rupture may 
lead to the same recovery to pre-injury activ-
ity level corresponding to functional treatment. 
Surgery does appear to reduce the risk of reinjury 
but may lead to an increased risk of osteoarthri-
tis [ 108 ]. Ankle stabilisation can be categorised to 
ankle and subtalar joint instability [ 109 ]. Surgery 

can involve procedures to shorten the elongated 
anterolateral capsule following a rupture of the 
anterior talofi bular ligament. This is the operation 
described by Broström [ 110 ] for which numer-
ous variations exist. Arthroscopically assisted 
Broström procedures have been demonstrated to 
be effective. Nery reported that all patients had 
excellent or good postoperative function (AOFAS 
90) [ 111 ]. These are consistent with Lee’s fi nding 
of a postoperative AOFAS of 91 and talar tilt and 
anterior drawer was reduced to comparable to the 
non-injured side (talar tilt 3° & 2.5°, anterior trans-
lation 6.9 mm vs. 6.1 mm). High demand athletes 
with a Tegner score ≥ 6 underwent Gould-modifi ed 
Broström procedure for chronic instability, and by 
1 year the score had returned to a mean of 8.2 and 
by 2 years 8.6. Mean Karlsson scores were 92 and 
95. There was a 6 % complication rate [ 112 ]. 

 Additional symptomatic laxity can be stabi-
lised by ligament reconstruction using either 
local tendon transfer from the peroneal tendons 
or hamstring or extensor digitorum longus fourth 
toe autograft [ 113 ]. Autograft [ 114 ] or allograft 
[ 115 ] would permit a more anatomic reconstruc-
tion to be performed. When anatomic and check- 
rein tenodesis were performed in the athletic 
population, the FAOS improved from 58 points to 
89. All patients achieved mechanical stability, 
but 12 % demonstrated functional instability. 
This was found to functionally infl uence a failure 
to return to sport at the previous level [ 116 ]. 
Return to sport was achieved in 80 % patients fol-
lowing the Chrisman-Snook procedure at a 
median of 6 months following surgery. The mead 
FAOS was 74 and Kaikkonen 77 [ 117 ].  

18.4.2     Syndesmosis Injury 

 Syndesmosis injury is a general term that encom-
passes any form of trauma to the distal tibiofi bu-
lar joint, ranging from a simple ligamentous 
sprain to frank diastasis with concomitant bone, 
osteochondral and/or soft tissue injury. The inci-
dence of syndesmotic injury ranges from 1 to 
18 % of ankle sprains [ 118 ]. 

 Isolated syndesmotic sprains, with no con-
comitant fractures, also called ‘high ankle 
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sprains’, are the variety most frequently found 
in the athlete. Of all ankle sprains, ‘high ankle 
sprains’ have been shown to be associated with 
the longest recovery period and the greatest func-
tional impairment [ 119 ]. 

 These sprains are more prevalent in high- 
energy contact sports or in sports that involve 
wearing a stiff boot or skate, such as hockey or 
skiing. The most commonly described mecha-
nism of syndesmotic injury involves an external 
rotation moment at the ankle with the foot posi-
tioned in dorsifl exion and pronation. The talus in 
the ankle mortise is forcibly externally rotated 
against the fi bula; this tensions and ruptures the 
AITFL (anterior inferior tibiofi bular ligament) 
fi rst. As external rotation continues, disruption of 
the IOL (interosseous ligament) follows, and 
fi nally rupture or avulsion of the PITFL (poste-
rior inferior tibiofi bular ligament) occurs. The 
fi bula may fracture in the fi nal stage of this injury 
with persistently applied force. 

 The defi nition of the injury mechanism is the 
fi rst guiding clue toward differentiating a syndes-
motic injury from other lateral ankle injuries, 
especially because symptoms of pain and swell-
ing in the anterolateral ankle and diffi culty with 
ambulation are general to most ankle trauma. 

 The classic physical examination fi nding in 
patients with acute syndesmosis injuries is well- 
localised tenderness in the anterior space between 
tibia and fi bula. Yet, according to some authors, 
specifi city of local tenderness in acute setting is 
questionable [ 120 ]. The extension of the pain 
from the AITFL proximally up the anterolateral 
leg is suggestive of a more signifi cant injury. 

 Numerous clinical tests have been described 
for syndesmotic injuries, but their clinical utility 
is still to be established. The squeeze test and the 
external rotation test are the most popular pro-
vocative tests [ 121 ]. Both use the reproduction of 
symptoms as the basis for a positive test 
(Fig.  18.25 ). de Cesar reported low sensitivity 
rates with specifi city of 93.5 and 84.5 % for the 
squeeze test and the external rotation test, respec-
tively [ 122 ]. The fi bular translation test and the 
cotton test are dynamic evaluations of the syn-
desmosis, with the aim to directly assess the 
degree of bony translation available [ 121 ]. 

However, examiner’s interpretation of ‘loose-
ness’ and the need to perform these tests in pre-
cise positions and in specifi c directions of stress 
call into question their accuracy.

   Standard radiographs of the ankle, compris-
ing weight-bearing anteroposterior (AP), mortise 
and lateral views, are the fi rst set of investigation 
for a patient with clinically suspected syndesmo-
sis injury. In cases of fracture or frank diastasis, 
these examinations are conclusive (a fracture and/
or frank diastasis may be readily seen). The abil-
ity to detect less severe injuries on plain fi lms is 
questionable. The major radiographic parameters 

  Fig. 18.25    Dorsifl exion external rotation test. With the 
knee in approximately 90° of fl exion and stabilising the 
leg steady, the examiner applies an external rotation force 
to the ankle kept in dorsifl exion. The test result is positive 
if there is pain in the region of the distal syndesmosis liga-
ments or interosseous membrane,  black arrow        
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to assess syndesmotic integrity – the medial clear 
space widening, the reduced tibiofi bular over-
lap and the increased tibiofi bular clear space 
(Fig.  18.26 ) – depend on the position of rotation, 
and it is actually not possible to place every ankle 
in the exact position for radiography to view the 
syndesmosis and the relationship of the tibia with 
the fi bula [ 123 ]. Moreover, individual variabil-
ity and gender-specifi c differences exist, which 
complicates matters, especially in cases of latent 
diastasis [ 124 ]. Because of these differences, 
comparison radiographs of the contralateral ankle 
may be valuable in reducing confusion in diag-
nosis. Some investigators have advocated the use 
of stress radiographs as the next step in exposing 
the injury [ 124 ], but also the role of this tool is 
controversial with reported low sensitivity rate for 
less severe injuries [ 125 ].

   MRI and CT are currently the imaging modal-
ities of choice. CT provides excellent bone detail, 
and the thin slices allow for associated bony avul-
sions to be appreciated. CT imaging has also 
improved the accuracy in detection of diastases 
of as small as 1 mm, not previously identifi able 
on plain radiographs [ 126 ]. MRI allows accurate 
delineation of the syndesmotic ligaments [ 127 ]. 
Its wide fi eld of view allows detection of con-
comitant injuries, with no radiation burden to the 
patient. Arthroscopy is a useful diagnostic and 
therapeutic tool. Instability and the presence of 
AITFL and PITFL injuries can be identifi ed and 
confi rmed [ 127 ,  128 ] (Fig.  18.27 ). Besides, any 
dynamic instability may be addressed at the same 
time with diagnostic arthroscopy that allows the 
direct visualisation of the reduction [ 129 ].

   Syndesmosis injuries have been classifi ed 
chronologically, radiographically and clinically. 
At present, there is no classifi cation system that 
allows clear defi nition of the degree of injury, 
guidance of treatment or prediction of outcome. 

 The temporal classifi cation in acute 
(<6 weeks), subacute (6 weeks to 6 months) or 
chronic (>6 months) is general to several trau-
matic musculoskeletal conditions and helps to 
guide treatment [ 130 ]. 

 Gerber et al. [ 131 ] provided a classifi cation 
system based on clinical examination and radio-
graphic parameters referred to as the West Point 
Ankle grading system (I–III). Grade I is a mild 
sprain to the AITFL with no instability, grade II 
refers to slight instability and tear of the AITFL 
and partial tear of the IOL, and grade III is defi -
nite instability characterised by the complete dis-
ruption of all the ligaments. 

 A grade II injury poses a particular diagnostic 
challenge, as its occult instability could be diffi -
cult to detect clinically and radiologically. MRI 
and arthroscopy may be helpful to defi ne the real 
extent of the injury and to discriminate between 
group I and group II injuries, reducing the risk of 
undertreatment, that, especially in the athlete, can 
have serious consequences, as unacceptable 
instability may ensue [ 128 ,  132 ]. 

 Stable syndesmotic injuries with no diastasis 
are adequately managed conservatively. The 
return to sports in a safely and timely manner at 

F E D C
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  Fig. 18.26    Rx parameters for syndesmosis evaluation: 
 AB  medial clear space, distance between medial talar bor-
der and lateral medial malleolus border;  CD  tibiofi bular 
clear space, distance between medial fi bular border and 
lateral border of posterior tibial malleolus;  DE  tibiofi bular 
overlap, distance between medial fi bular border and lat-
eral tibial border       
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the same pre-injury level is the major issue in 
treating an athlete. This is decided through care-
ful consideration of the patient’s report, func-
tional testing results and clinical examination. 
Conservative treatment of syndesmosis sprains 
has an overall reported rate of 86–100 % good to 
excellent outcomes, and almost all cases achieve 
full return to sports [ 131 ,  133 ]. The recovery 
period after syndesmotic ankle sprains is highly 
variable, usually at 6–8 weeks post-injury, over-
all typically longer than the one following lateral 
ankle injuries [ 119 ,  131 ,  134 ]. 

 No controversy about the management of syn-
desmotic injury with a displaced, widened mor-
tise exists. Regardless the presence of a 
concomitant fracture, these conditions warrant 
operative fi xation. The goal of surgical stabilisa-
tion is to restore and maintain the normal tibio-
fi bular relationship to allow appropriate healing 
of the ligamentous structures of the syndesmosis. 
The pursuit of the perfect mortise is mandatory, 
as the existing data clearly point to necessary 
anatomic restoration of the syndesmosis for pre-
vention of a debilitating late syndesmotic insta-
bility and development of post-traumatic arthritis 
[ 135 ]. The prognosis of treatment of acute rup-
tures is good [ 130 ]. 

 However, these clear indications for surgical 
intervention represent a small percentage of the 
population. Taylor et al. [ 136 ] observed that 

only 1.7 % of syndesmotic sprains are grade III 
injuries with unstable radiographs and, as men-
tioned before, stress x-ray do not effectively 
improve the radiographic ability to detect an 
instability [ 137 ]. 

 Controversies prevail with regard to whether 
nonoperative treatment or early surgery should 
be recommended in those whose syndesmosis 
injuries do not demonstrate widening on radio-
graphs, in the presence of clinical suspicion of 
dynamic instability, as MRI examination could 
suggest on the basis of signifi cant disruption of 
the syndesmotic stabilisers. Some authors advo-
cate arthroscopic exploration for these grade II 
injuries in professional athletes, with eventual 
fi xation if an instability is demonstrated [ 118 ]. 
Conservative treatment remains a viable option 
for grade II injury, especially in case of amateur 
sportspeople, with an expected prolonged time to 
return to sports. 

 When surgical stabilisation of an acute injury 
is decided, operative options include screw 
fi xation, dynamic fi xation with a suture button or 
anatomical repair of the AITFL [ 138 ]. Physiologic 
motion at the syndesmosis and the potential for 
an earlier return to motion, with no concern about 
screw breakage, are the theoretical advantages of 
the suture button device over the screw fi xation. 
In a recent systematic review, Schepers showed 
the TightRope suture button device (TightRope ®  

a b

  Fig. 18.27    ( a ) Arthroscopic exploration of chronic syn-
desmotic instability, left ankle, arthroscope in the antero-
medial portal; ( b ) the smooth entry of the shaver blade in 

the anterior area of the syndesmosis reveals an unopposed 
diastasis of 4.0 mm, shaver blade diameter       
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syndesmotic repair kit; Arthrex, Inc., Naples, FL) 
to have similar outcome compared with the syn-
desmotic screw, with an earlier return to work 
and less frequent need for implant removal [ 139 ]. 
However, the longest follow-up for the TightRope 
system is currently approximately 3 years and it 
has to be continued to better defi ne long-term 
effects. For several authors, metallic syndesmotic 
screw fi xation is still considered the ‘gold stan-
dard’ [ 139 ]. There are no uniform recommenda-
tions regarding the technical aspects of 
syndesmotic screw fi xation. Areas of controversy 
include the optimal number of cortices, the 
appropriate size of the screws, the position of the 
ankle joint during screw insertion, the use of one 
or two screws, the position of the screw(s) rela-
tive to the tibiotalar joint and the need for and 
timing of implant removal [ 138 ,  140 ]. Regarding 
the latter, literature data show no absolute need 
for the removal of syndesmotic screw, with no 
negative effects associated to screw breakage 
and/or loosening [ 141 ]. 

 Chronic sprains with recalcitrant pain and 
functional instability are another indication for 
surgical fi xation of the syndesmosis. Proposed 
procedures vary from the arthroscopic debride-
ment of the syndesmosis for symptomatic relief 
[ 142 ,  143 ] to the creation of a synostosis to stabi-
lise the distal tibiofi bular joint [ 130 ]. For the ath-
lete, the restoration of stability is a vital part of 
the management strategy; at this regard the litera-
ture suggests that it is not easy to regain complete 
stability by means of syndesmotic late repairs, 
with less favourable outcome as compared to 
properly treated acute injuries [ 130 ]. 

 The literature review about syndesmotic inju-
ries suggests several prospective areas for 
 additional investigations. Currently, we do not 
have standardised methods of diagnosing and 
grading the severity of ligament damage at the 
time of injury nor guidelines to use these infor-
mations to choose the proper treatment to maxi-
mise each patient’s return to activity. The biggest 
issue, especially in the athlete, remains to recog-
nise and treat acutely the latent diastasis prompt 
to evolve in future instability. At this regard, MRI 
and arthroscopy has showed promising results 
[ 118 ,  127 ,  144 ]. 

 Regarding operative procedures, the use of 
bioabsorbable screws for syndesmosis fi xation 
has proven to be safe and effective, with the 
advantage of no need for implant removal and 
reduced hardware-related complications, as 
screw breakage and/or loosening [ 138 ,  145 ]. 

18.4.2.1     Conclusion 
•     Early recognition of a syndesmotic injury is 

mandatory for a successful outcome, as inad-
equate treatment of an acute syndesmotic 
injury may result in unacceptable chronic 
instability.  

•   The rehabilitation period of syndesmotic inju-
ries tends to be longer than lateral ankle 
injuries.  

•   Acute grade II injuries in an athlete can be bet-
ter evaluated by arthroscopy in order to defi -
nitely recognise latent instability.  

•   Late repairs for chronic syndesmotic instabil-
ity give less favourable outcome as compared 
to properly treated acute injuries.      

18.4.3     Talar Dome Chondral 
and Osteochondral Lesions 

 These occur with incidence of 27 per 100,000 
person years and this frequency appears to be 
increasing [ 146 ]. The most common location for 
symptomatic OCLT was the central third of the 
lateral talar dome followed by the central third of 
the medial talar dome. Anterolateral and postero-
medial lesions accounted for relatively few 
OCLTs. Compared with lateral OCLTs, medial 
OCLTs were signifi cantly larger in transverse 
and anteroposterior diameter and surface area but 
no signifi cant differences existed with regard to 
lesion depth. Overall, the majority of lesions 
were MRI stage II; however, stage II lesions were 
more likely located laterally, whereas stage III 
lesions were more likely located medially [ 147 ]. 

 Treatment options include nonoperative 
reduced weight-bearing, splintage, and hyal-
uronic acid and platelet-rich plasma injections 
[ 148 ]. Surgical options include excision and 
curettage, fi lling the defect with autogenous can-
cellous bone graft, drilling both antegrade and 
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retrograde and fi xation osteochondral and iliac 
crest transplantation [ 149 ] and autologous chon-
drocyte implantation. Lesion depth of more than 
7.8 mm, age greater than 80 years and uncovered 
medial lesions predict unsatisfactory outcome 
following arthroscopic debridement and bone 
marrow stimulation [ 150 ]. 

 Postoperatively, early weight-bearing can be 
recommended for patients treated by microfrac-
ture for small to midsized osteochondral lesions 
of the talus [ 151 ]. 

 Return to sport activity has been divided into 
four phases of increasing intensity: walking, jog-
ging, return to non-contact sports (running with-
out swerving) and return to contact sports 
(running with swerving and collision).  

18.4.4     Achilles Tendon Injuries 

 Mid-portion Achilles tendinopathy is a common 
problem affecting 2.35 per 1,000 Dutch adults, 
with 35 % of these related to sports [ 152 ]. The 
terminology is now clear in that tendinopathy 
consists of a thickened, painful Achilles tendon, 
which results in loss of function. Surrounding 
swelling has been termed paratendinopathy and 
the structural histological change and imaging 
changes termed tendinosis [ 153 ]. The best clini-
cal test for tendinopathy is pain on palpation of 
the Achilles tendon (sensitivity 84 %, specifi city 
73 %, kappa 0.74–0.96) and subjective reporting 
of pain 2–6 cm above the insertion of the calca-
neum (sensitivity 78 %, specifi city 77 %, kappa 
0.75–0.96) [ 154 ]. The cause is thought to be due 
to injury followed by an incomplete healing 
response. 

 The Victorian Institute of Sport Assessment- 
Achilles score has been shown to be a validated, 
reliable and reproducible outcome score, which 
can be used to assess treatment [ 155 ]. Early stud-
ies noted that neovascularisation is associated 
with painful tendinosis but not in normal tendons 
[ 156 ]. The effi cacy of management has been 
based on improvement in outcome score, reduc-
tion in tendon size and neovascularity. It has been 
uncertain as to why the tendinopathic tendons are 
painful. Nerve tissue has been considered to pass 

from the tendon alongside the neovascularisation 
from the ventral paratendinous tissue in chronic 
Achilles tendinosis [ 157 ]. 

 Eccentric exercises have been thought to place 
the tendon under increased strain improving 
symptoms and reducing tendon thickness [ 158 ]. 
Even after 5 years, whilst VISA-A outcome 
scores had signifi cantly improved, only 40 % of 
patients are pain free [ 159 ]. This contrasts with a 
comparable series suggesting that the majority of 
patients recover fully when treated with exercise 
alone [ 160 ]. Eccentric loading exercises have 
been the standard by which other treatment 
options are compared. 

 Further treatments include the topical appli-
cation of glyceryl trinitrate patches [ 161 ] to 
improve blood fl ow to the tendon and extracor-
poral shock wave therapy. The application of a 
1.25 mg patch of topical glyceryl trinitrate for 
24 h led to improved pain, including at night, ten-
derness, hop testing, increased ankle plantar fl ex-
ion work and continued effi cacy at 3 years [ 162 ]. 
Other groups have not shown any additional 
benefi t offered over standard treatments [ 163 ]. 
Extracorporal shock wave therapy has shown 
satisfactory treatment but produced signifi cantly 
improved results on combining with eccentric 
loading exercises [ 164 ]. 

 Injection treatments include sclerosant injec-
tions, high volume saline, local anaesthetic and 
steroid injections guided by ultrasound. 

 Steroid injections into and around the tendon 
have been associated with increased tendency to 
rupture. Given that the aetiology is considered to 
be a poor healing response, it seems logical that 
injections to promote healing are likely to be 
effective in treating the pathology. In a double- 
blind randomised study, no benefi t of PRP over 
saline was found for the management of symp-
toms at 1 year [ 165 ,  166 ]. They did show 
improved tendon structure in both groups; how-
ever, this was thought to be due to concurrent 
eccentric exercises. Owens in a small study did 
fi nd an improvement with the use of PRP but 
only a modest one. 

 Recent editorials have, however, suggested that 
the neovascularisation is a red herring [ 167 ]. Neo-
vascularisation in Achilles tendinopathy is weakly 
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related to clinical severity, mainly based upon the 
functional domain of the VISA-A score [ 168 ]. 

 High volume image-guided injections have 
shown good short-term results with reduced 
VISA-A (46.3–84.1  p  < 0.001), neovascularisa-
tion and decreased tendon diameter (8.7–7.6 mm, 
 p  < 0.001) for resistant non-insertional Achilles 
tendinopathy [ 169 ]. Sclerosant polidocanol injec-
tions in mid-portion Achilles tendinosis: remain-
ing good clinical results and decreased tendon 
thickness at 2-year follow-up [ 170 ]. 

 Surgical interventions include stripping the 
paratenon, percutaneous tenotomy and open 
decompression and tendon transfer. 

 Minimal invasive stripping has been used 
to remove peritendinous adhesions [ 171 ]. 
Percutaneous tenotomy has been performed in 
middle and long-distance runners with results 
rated as excellent in 25 out of 48 patients and 
good in 12 and complications occurred in 9 
patients consisting of haematomas, sensitive 
scars, infections and hypertrophic scars. Strength 
and endurance were within 10 % of the operated 
side [ 172 ]. Tendons operated on with ultrasound 
guidance remained thickened and had abnor-
mal structure even 8 years after the procedure. 
Isometric maximal muscle strength and isometric 
endurance gradually returned to values similar to 
the contralateral un-operated tendon [ 173 ]. When 
followed up at 17 years, the calf circumference 
and strength in the operated side were signifi -
cantly lower than the contralateral side. On aver-
age the level of sports was 60 % less than before 
the onset of symptoms. Seventy-seven percent 
reported good or excellent outcome according 
to Boyden assessment. The tendon was gener-
ally thicker (7.0 vs. 8.7 mm). The mean VISA-A 
score was 78.5 [ 174 ]. 

 More recently, the involvement of the adjacent 
plantaris tendon has been postulated because of 
the predisposition for pain on the medial side of 
the Achilles tendon [ 175 ]. A thickened plantaris 
was located close to medial Achilles 80 % of 
tendinopathic tendons [ 176 ]. Tenoscopic release 
lead to an improvement in AOFAS from 68 to 
92 and SF-36 increased from 76 to 87 [ 177 ]. 
Interestingly, unilateral release has been shown 
to lead to bilateral pain relief and improvement. 

 Reconstruction has been reported using ham-
string tendons, fl exor hallucis longus and pero-
neus brevis transfer and bone patellar tendon 
bone graft [ 178 ,  179 ]. 

 Using a peroneus brevis transfer, the ATRS at 
a mean of 48 months following surgery was 92.5 
although calf circumference and strength were 
reduced [ 180 ]. These defi ciencies are maintained 
in the long term, 15.5 years. The use of a ham-
string autograft did not alleviate these weak-
nesses [ 181 ]. At 8.2 years follow-up, the mean 
ATRS was 88 using a less invasive technique. 
Twenty-two patients returned to their pre-injury 
level of activity at a mean of 6.7 months after sur-
gery, and most had returned to their pre-injury 
level of sport activity within 9 months from sur-
gery. Using a minimally invasive reconstruction, 
ATRS improved from 42 to 86 at 31.4 months 
and strength values remained lower than the non- 
affected side, but all patients were able to walk 
tiptoes and returned to their pre-injury occupa-
tion [ 174 ]. 

 The transfer of fl exor hallucis longus tendon 
has led to alleviation of pain; however, limita-
tions of plantar fl exion strength remain and 
AOFAS improved from 62 to 89 points. The out-
come of FHL transfer was studied in a group of 
patients with mean age of 54 and BMI of 34 over 
2 years. Overall pain intensity, SF-36, ankle 
osteoarthritis scale and performance of a single 
heel rise improved signifi cantly. The passive 
range of motion of the fi rst MTPJ decreased from 
85° to 68°. There were 13 complications reported 
in 48 patients [ 178 ]. A cohort of patients with 
tendinosis scored an average of 96 at 27 months 
after surgery, and 95 % of patients were satisfi ed 
with their outcome [ 182 ]. 

 Achilles tendon rupture occurs with incidence 
of 10/100,000 patients [ 183 ,  184 ]. Ruptures 
occur four times as commonly in males com-
pared to females. The median age is 45 years; 
younger patients predominantly sustain a rupture 
participating in sport activity, whereas rupture in 
the elderly tends to occur during activities of 
daily living. The risk of contralateral rupture is 
200 times [ 185 ]. 

 Randomised studies have so far failed to 
show a difference in outcome between operative 
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and nonoperative management of Achilles ten-
don rupture [ 186 ,  187 ]. A recent study showed 
improved plantar fl exion strength and outcome 
score at 3 months in operatively treated patients; 
however, most outcomes are measured at 6 and 
12 months following injury [ 188 ]. Meta-analyses 
and systematic reviews have consistently reported 
reduced re-rupture rates for patients managed with 
operative intervention at the expense of increased 
incidence in minor complications [ 189 ,  190 ]. 

 Meta-analyses comparing minimally invasive 
and percutaneous repair with open repair has shown 
no signifi cant difference in rates of re- rupture, tis-
sue adhesion, sural nerve injury, deep infection and 
deep vein thrombosis, while minimally invasive 
surgery has shown considerably reduced risk of 
superfi cial wound infection and a three times 
greater patient satisfaction rate [ 189 ,  191 ]. 

 The assessment of outcome following Achilles 
repair has focussed on re-rupture rates, complica-
tion rates and patient subjective scores of func-
tion. Most scores are determined at a single point 
of follow-up and restoration of function for the 
cohort or function at 1–2 years following injury 
and repair. Two studies from separate centres 
have reported very similar ATRS scores at 3, 6, 
9 and 12 months following surgical repair of 43, 
73, 83 and 89 [ 187 ,  192 ]. This is likely to be the 
functional outcome over time following repair. In 
Olsson’s comparison study, there was a tendency 
to improved outcome at 3 months and improved 
hop and counter movement jump at 12 months. 
Keating and Wall’s series showed improved 
score and plantar fl exion strength at 3 months. 
Bergqvist’s comparison study tended toward sig-
nifi cance for the operative treatment of Achilles 
ruptures in elderly females [ 193 ]. Metz has 
reported that patients are unlikely to participate 
in sport activity at pre-injury levels if re-rupture 
occurs [ 194 ]. This suggests that surgical repair 
offers improved early outcome and improved 
function in athletes and elderly females.  

18.4.5     Midfoot Soft Tissue Injury 

 Midfoot dislocations, termed Lisfranc injury, 
occur with incidence of 1 in 55,000. Males are 

two to four times more likely to sustain these 
injuries compared to females. Injury mechanisms 
typically associated with collision sports such as 
American Football involve hyper-plantar fl exion 
force. The injury can occur in as much as 4 % of 
NFL players per year. Although these injuries are 
commonly described in dancers, they actually 
occur rarely in this group [ 195 ]. 

 The Lisfranc ligament passes between the 
base of the second metatarsal and the medial 
cuneiform. There are no ligaments directly 
between the base of the fi rst and second metatar-
sal. The dorsal ligaments have a third of strength 
of the Lisfranc ligament. Rupture can lead to 
subtle instability and widening between the fi rst 
and second metatarsal leading to the loss of the 
stabilising key stone arrangement of the trans-
verse and longitudinal arches of the foot. 

 Rupture can lead to persistent foot pain and 
ultimately osteoarthritis. The foot is swollen and 
bruised. Plane AP radiographs can reveal widen-
ing of the 1st–2nd metatarsal interspace. Oblique 
radiographs reveal alterations in the alignment of 
the third ray. Low energy injuries have been 
described in the athletic population [ 196 ]. These 
have been graded with grade I having pain, no 
opening to the interspace but unable to partici-
pate in sports, stage 2 reveals 1–5 mm opening 
and fi nally stage 3 with >5 mm separation, loss of 
midfoot height and arch, together with reduced 
distance between the medial cuneiform and the 
fi fth metatarsal. Stage1 managed non-weight- 
bearing and stages 2 and 3, those with diastasis 
anatomic reduction and stabilisation. In their case 
series of 15 athletes, 93 % had an excellent out-
come when followed up at 27 months.  

18.4.6     First Metatarsophalangeal 
Joint Injury 

 Injuries to the fi rst metatarsophalangeal joint have 
been termed turf toe [ 197 ]. The principal mecha-
nism is forced hyperextension in 85 % cases. 
There is increased prevalence on synthetic sur-
faces and with lighter more fl exible shoes [ 198 ]. 
In 12.8 % there is an associated osteocartilage-
nous injury [ 199 ]. The hallux is important in 
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 pivoting and cutting [ 200 ], and following injury 
the joint may have a reduced range of movement. 
Associated injuries include sesamoid disruption 
and differences of greater than 3 mm or more high 
likelihood of having sustained injury to at least 3 
of the 4 ligaments of the plantar plate complex 
[ 201 ]. Irreducible dislocation may require open 
relocation and plantar plate repair. Elastoplast 
spica immobilisation followed by a metatarsal 
shoe may be used until symptoms settle.  

18.4.7     Fifth Metatarsal Base Fracture 

 Since Sir Robert Jones has been reported sustain-
ing a fi fth metatarsal base fracture whilst dancing 
vigorously [ 202 ], the management of this frac-
ture has been discussed. There is commonly an 
overuse component and symptoms of a dull ache 
to the region receding acute injury. The general 
incidence has been estimated at 1.8 per 1,000 
person years. In professional footballers, the 
incidence is 0.04 injuries per 1,000 h exposure 
and thus a team of 25 players might expect a 5th 
MT fracture every fi fth season. Forty-fi ve per-
cent of players had prodromal symptoms [ 203 ]. 
Fractures may be classifi ed according to location, 
termed zones and chronic non-union changes. Tip 
avulsion fractures, extending into the metatarsal 
cuboid joint and are related to traction of a lateral 
band of the plantar aponeurosis, are considered to 
be zone 1. Fractures that more proximally occur 
in the metaphyseal bone and extend into the inter-
metatarsal joint are zone 2. Zone 3 injuries occur 
in the diaphysis. Non-union and chronic changes 
have been described by Torg. This classifi cation 
is based upon the presence of a visible fracture 
line, sclerosis of the bone ends and the oblitera-
tion of the medullary cavity [ 204 ]. The blood 
supply is a key factor in these injuries with a 
recurrent blood supply supplying the diaphyseal–
metaphyseal junction forming an intraosseous 
nutrient vessel. The biomechanical aspects of this 
injury suggest that there is an adductor moment 
arm leading to fracture so that the body weight 
loads the fi fth metatarsal when the heel is off the 
ground, leading to a fracture between peroneus 
brevis and tertius proximal to the  intermetatarsal 

ligament. The resultant fractures tend to open up 
laterally rather than plantarwards. 

 In injuries identifi ed at the NFL combine, 
61 % were located in the Jones area, 20 % the 
proximal diaphyseal area and 19 % of indetermi-
nate location. Varus alignment predisposed to 
injury [ 205 ,  206 ]. 

 Treatment options: nonoperative, with or with-
out weight-bearing; operative includes debride-
ment and bone grafting [ 207 ], intramedullary 
screw fi xation and tension band wire stabilisation 
[ 208 ,  209 ]. 

 After surgical treatment, the fractures healed 
faster (75 % vs. 33 %,  p  < 0.05) [ 210 ]. Mologne 
has compared internal fi xation to cast immobilisa-
tion in athletes and showed that those treated with 
screw fi xation returned to sports by 8 weeks com-
pared to 15 weeks for those immobilised in cast. 

 Return to sports after intramedullary fi xation 
for acute fractures ranged from 4 to 18 weeks. 
Acute fractures treated nonoperatively had a 
union rate of 76 %, whereas in fractures treated 
with a screw it was 96 %. Delayed unions treated 
nonoperatively had a union rate of 44 and 97 % 
treated operatively. Non-unions treated with 
screw fi xation healed in 97 % of cases. Early 
return to play in athletes prior to full radiological 
union is not advised in case of refracture [ 211 ]. 
Lee et al. report on a series of 42 patients with 
acute injuries and confi rm union at a mean of 75 
days. There were four refractures, four delayed- 
unions and one non-union [ 209 ]. 

 Hunt recommends the use of a large solid 
screw 5.5 mm and autologous bone grafting for 
symptomatic refractures and non-unions in elite 
athletes [ 212 ]. In their comparison series, Porter 
showed the effectiveness of the 5.5 mm screw but 
were unable to demonstrate improvement over 
the 4.5 mm screw [ 213 ]; however, 4.5 mm screws 
had been shown to yield reliable and effective 
healing [ 214 ]. Alternatively symptomatic non- 
unions have been excised with good return to 
function in a small group of athletes with symp-
tomatic non-unions [ 215 ]. 

 Bone grafting recommended as in Popovic’s 
series: 3 out of 11 fractures treated by percutane-
ous fi xation refractured compared to none of the 
7 treated by open fi xation and bone grafting.  
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18.4.8     Distal Metatarsal Shaft 
Fractures 

 Fractures of the distal metatarsal shaft have been 
termed ‘dancers fractures.’ The principal mecha-
nism in dancers is rotating with load on the ball 
of the foot during demi-pointe. A similar fracture 
may be sustained by slipping off a step and land-
ing directly on the ball of the foot, whilst rotat-
ing, on the surface below. O’Malley’s cohort of 
35 dancers all reported to dancing with no long- 
term sequelae [ 216 ]. A recent study of 142 frac-
tures showed that the nonoperative management 
of these fractures resulted in excellent long-term 
functional outcomes with only 2 painful non- 
unions that required open reduction and internal 
fi xation with bone grafting [ 217 ].  

18.4.9     Plantar Fasciitis 

 Plantar fascia is the principal static and dynamic 
stabiliser of the longitudinal arches of the foot. 

 It also acts as a shock absorber and helps to 
protect the underlying soft tissues. Degenerative 
changes can cause acute and chronic infl amma-
tion and may also cause calcifi cation at the origin 
of the plantar fascia and bony traction spur for-
mation [ 218 ]. 

 Plantar fasciitis is usually an overuse injury at 
the origin of the plantar fascia caused by exces-
sive stress to the foot or biomechanical abnor-
malities of the foot such as excessive pronation. 

 This condition may cause infl ammatory or 
degenerative changes of the fascia and periostitis 
of the medial calcaneal tubercle [ 219 ]. 

 The differential diagnosis of plantar fasciitis 
includes signifi cant disorders such as calcaneal 
stress fracture, entrapment neuropathies (e.g. tar-
sal tunnel syndrome), calcaneal tumour, Paget’s 
disease and systemic arthritidies [ 219 ]. 

 Traditionally, the fi rst line of treatment of 
plantar fasciitis has been rest, analgesics with 
nonsteroidal drugs, physiotherapy, night splints 
and orthoses. Patients not responding to this 
treatment are usually advised with infi ltration 
with corticosteroids or extracorporeal shock 
wave therapy. Surgery in the form of fasciectomy, 

neurolysis of the nerve to abductor digiti minimi 
and excision of the heel spur has been success-
fully used in resistant cases [ 220 ,  221 ]. 

 Recently, promising results were reported 
with the use of platelet-rich plasma (PRP) injec-
tions for treating muscle and tendon injuries and 
degeneration [ 222 ]. 

 In this chapter, we tried to resume all recent 
evidence in diagnostic procedures and treatment 
of plantar fasciitis. 

 Plantar fasciitis is described as a painful 
infl ammatory process, generally at the origin of 
the plantar fascia on the calcaneus. It can also be 
central in the plantar arch or, less commonly, 
distal. 

 Approximately 10–16 % of the population 
suffer from plantar fasciitis [ 223 ]. Mechanical 
overload is generally believed to be fundamental 
to the development of the condition. 

 Obesity not only increases the risk of plantar 
fasciitis, but also increases the level of disability, 
which is proportional to the body mass index. 
Work-related weight-bearing and biomechanical 
abnormalities in the foot such as tight Achilles 
tendon and reduced ankle dorsifl exion are com-
mon predisposing factors. Normal gait requires a 
minimum 10° of dorsifl exion at the ankle joint to 
clear the ground. If the patient has less than 10° 
of dorsifl exion, the foot will compensate by pro-
nating and increasing the tensile load on the plan-
tar fascia [ 223 ]. 

 The most common exam fi nding in plantar 
fasciitis is pain at the medial calcaneal tubercle, 
which may be exacerbated with passive ankle 
dorsifl exion or fi rst digit extension. Pain is par-
ticularly severe with the fi rst few steps taken in 
the morning or after a period of rest, and usually 
lessens after a period of warming up. Occasionally, 
the pain may spread to the whole of the foot 
including the toes. 

 If paresthesia occurs with percussion inferior 
to the medial malleolus, a possible nerve entrap-
ment or tarsal tunnel syndrome must be suspected 
[ 224 ]. 

 The diagnosis is usually clinical and rarely 
needs to be investigated further. 

 Ultrasonography, bone scintigraphy and MRI 
have been used to evaluate plantar  fasciitis. 
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Increased thickness, hypoechogenicity and bicon-
vexity are the main diagnostic fi ndings on sonog-
raphy. Bone scintigraphy shows diffuse increased 
activity along the fascia during dynamic and 
blood pool stages and focal increased activity 
at the inferior calcaneal surface in the late static 
phase. Common MRI fi ndings are thickened 
plantar fascia, peritendinous oedema, bone mar-
row oedema of the calcaneus and fascial tears 
[ 225 – 227 ]. 

 Conservative therapies remain the preferred 
approach to treating plantar fasciitis, successfully 
managing 85–90 % of cases [ 228 ]. 

 Noninvasive treatment includes plantar 
fascia- specifi c stretching, nonsteroidal anti- 
infl ammatory drugs, orthotics and night splints 
and shock wave therapy. 

 Plantar fascia-specifi c stretching is useful in 
treating chronic recalcitrant heel pain; use of 
nonsteroidal anti-infl ammatory drugs has not 
shown evidence of pain reduction, both prefabri-
cated and custom-made foot orthotics can 
decrease pain [ 229 ]. 

 Extracorporeal shock wave therapy is indi-
cated if there is failure of other conservative 
modalities such as stretching exercises, casting or 
night splinting. As this is a relatively safe proce-
dure with no clinically relevant side effects, it 
could be considered before any surgical treat-
ment and may be preferable to try before steroid 
infi ltration. 

 Local infi ltration of steroids to the plantar fas-
cia can produce short-term alleviation of pain. 

 Long-term complications of steroid treatment 
are fat pad atrophy and rupture of plantar fascia 
[ 230 ]. 

 Recently, promising results were reported 
with the use of platelet-rich plasma (PRP) injec-
tions for treating muscle and tendon injuries and 
degeneration [ 222 ]. This technique is gaining 
popularity in treatment of plantar fasciitis and has 
been shown to be as effective in reducing pain 
scores at 3 weeks and 6 months [ 231 ]. 

 Recalcitrant cases where symptoms persist for 
more than 6–12 months, even after adequate con-
servative treatment, are usually selected for sur-
gery. Open release and endoscopic fasciectomy 
are various modes of plantar fascia release. 

Patients undergoing surgery should expect a 
return to normal activity in approximately 2–3 
months, and up to 35 % of patients may continue 
to have symptoms after surgical intervention. 

 Plantar fasciitis is a common cause of heel 
pain with many possible treatments. 

 Stretching the plantar fascia, using prefabri-
cated orthotics and wearing night splints, have 
clinical evidence of benefi t. 

 Corticosteroid injections must be reserved to 
patients that need a fast return to activity and are 
willing to accept the risks associated with this 
procedure. 

 Extracorporeal shock wave therapy improves 
pain and function scores; PRP has limited but 
promising evidence for patients with chronic 
pain. 

 Surgery is limited to recalcitrant cases where 
symptoms persist for more than 6–12 months, 
even after adequate conservative treatment.      
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19.1            Introduction 

 In this chapter, we will discuss some particular 
topics about sports medicine. In particular, we 
will focus on:
   Head injury:

    Skull fracture   
   Facial injury   
   Twitch on the pitch   
   Concussion      

  Low-back pain and sacroiliac joint disorders:
    Strains and sprains   
   Degenerative disc disease   
   Disc herniation   
   Spondylolysis and spondylolisthesis   
   Posterior element overuse syndrome   
   Sacroiliac joint dysfunction      

  Muscle injuries:
    Sites of injury   
   Epidemiology   
   Treatment   
   Complication   
   Injury prevention      

  PRP and stem cells:
    PRP   
   Stem cells         

19.2     Head Injury 

 Head injury is an inherent component of combat/
fi ghting sports such as boxing, karate and tae 
kwon do and may occur as a result of uninten-
tional contact during sports such as rugby foot-
ball and soccer. In other sports such as American 
football (NFL), the head may be used as a weapon 
to strike the opponent. 

 Concussion is thought to occur most commonly 
in girls soccer, American football and ice hockey 
[ 1 ]. Concussion comprised 33 % of the injuries 

sustained in amateur and professional boxers 
observed over a 12-month period [ 2 ]. In tae kwon 
do championships, the head and neck was identi-
fi ed as the second most common area injured with 
rates of 18.3/1,000 athlete exposures [ 3 ]. 
Concussion injury rates during professional rugby 
union matches were 4.1/1,000 player- hours, and 
most of these were sustained tackling head on 
(28 %), collisions (20 %) or being tackled head on 
(19 %) [ 4 ]. In international football, the incidence 
of all head and neck injuries was 12.5/1,000 player-
hours with aerial challenges being the most com-
mon cause of injury (55 %) [ 5 ]. Head injury rates 
in collegiate American football are not directly 
comparable although head injuries occurred at a 
rate of 0.21 per 100,000 participants [ 6 ]. 

 During the sport of horse racing, riders may 
both sustain falls from above head height onto the 
head and in addition suffer the risk of being 
kicked or trodden on by the horse. Professional 
horse racing suffered six deaths due to head inju-
ries between 1975 and 2000. Concussion 
occurred in 1.8–2.7 per 100 falls from 1992 to 
2000. In jump racing, 126 concussive injuries 
occurred per 100,000 rides [ 7 ]. 

 The majority of this chapter involves standard 
pitch or event side and prehospital management, 
which are reproduced in texts and course manuals. 

 The initial assessment of head-injured athletes 
follows the same standard safe to approach with 
airway and consideration and control of the cer-
vical spine, breathing with supplementary oxy-
gen therapy, circulation assessment with control 
of exsanguination, disability assessment and 
exposure and environmental control. 

 The response of the player following the head 
injury may change rapidly, and so a careful 
repeated assessment is needed particularly with 
airway opening and the administration of supple-
mentary oxygen therapy. 

 When assessing disability, the level of con-
sciousness may be determined by using the AVPU 
scale [ 8 ]. These are graduated scales of conscious-
ness based upon the patient’s response to verbal 
and painful tactile stimuli. Limb movement can be 
noted at the point of injury together with looking 
at the player’s eyes. The presence of movement 
and alteration of papillary size with time may rep-
resent intracranial haemorrhage and increased 
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pressure over time. Noting these at the point of 
injury provides a baseline for future reference. 

 During the secondary survey, a more formal 
   Glasgow Coma Scale can be determined [ 9 ]. 
As can be seen below, the GCS is complicated 
and diffi cult to remember; however, there are sev-
eral key important thresholds. These are    whether 
the player is confused or drowsy (GCS 13 and 
14) or the patient is so deeply unconscious that 
they are unable to maintain their own airway 
(GCS ≤ 8) approximately equal to unresponsive 
on AVPU. Patients who are not verbalising may 
be considered to be unconscious. 

 The deterioration of patients on this scale may 
be more reliably noted than the fi nite score.

 Glasgow Coma Scale  AVPU 
 Eyes 
  Open spontaneously  4  Alert 
  Open to speech  3  Responds to voice 
  Open to painful stimulus  2  Responds to pain 
  Remain closed  1  Unresponsive 
 Voice 
  Appropriate conversation  5 
  Confused conversation  4 
  Inappropriate words  3 
  Incomprehensible sounds  2 
  No response  1 
 Pain 
  Responds appropriately  6 
  Localises to pain  5 
  Flexes to pain  4 
  Decorticate posturing  3 
  Decerebrate posturing  2 
  No response  1 

   The management of confused players is diffi -
cult as they may not comply with simple advice 
and instructions. This can be a diffi cult area 
regarding cervical spine immobilisation as they 
have potential for a cervical spine injury at the 
time of their head injury and yet may not tolerate 
oxygen therapy or cervical spine immobilisation. 
Players who are combative should clearly not 
have their head immobilised for fear of causing 
iatrogenic damage. In practice, combative players 
should be treated with care to calm them, make 
them compliant and encourage them from the 
fi eld of play with the consideration that a cervical 
spine injury may have occurred and immobilised 

once they have calmed to the extent that they can 
now be managed. A combative player is unlikely 
to have sustained an unstable cervical spine frac-
ture. The greatest deformation and risk to the cord 
is likely to have occurred during injury. Protection 
against subsequent injury must be undertaken. 

 Event side providers are able to respond 
within seconds of a player sustaining a head 
injury. The majority of episodes of loss of con-
sciousness are short lived, and by manually open-
ing the airway, providing supplementary oxygen 
therapy with cervical spine immobilisation for a 
short period of time, the player rapidly recovers 
to an alert state in which their airway is no longer 
compromised. Remember not all head injuries 
result in a loss of consciousness and the player 
may present with an altered state of conscious-
ness. These players then need to be transferred 
from the fi eld of play with cervical spine precau-
tions to allow a more thorough assessment to 
exclude concussion and cervical spine injury. 

 During a prolonged episode of unconscious-
ness, the patient’s airway may be considered to 
be in jeopardy. Manual airway opening tech-
niques or simple adjuncts can successfully main-
tain the airway for short periods of time; however, 
for prolonged unconsciousness, a defi nitive air-
way may be required. In these situations, the 
player will be transferred to the hospital for fur-
ther care, treatment and investigation. 

 Careful observation and repeated assessment 
must be performed in any player who sustains a 
head injury. Intracranial bleeding has been noted 
to occur after minimal force [ 10 ] and may take 
some time for its effects to be realised. The bleed-
ing may be either venous or arterial with rupture 
of the extradural middle meningeal artery follow-
ing a skull fracture. The increase in pressure from 
the bleeding may present as delayed-onset 
drowsiness following a head injury after the 
player has recovered from the loss of conscious-
ness associated with the initial impact. These 
patients have been described as ‘talking and 
dying’ on account of the lucid interval. Other 
signs of increased intracranial pressure include 
reduced pupil refl exes in response to light and a 
fi xed dilated pupil due to third cranial nerve com-
pression. The sluggish response upon shining a 
penlight into the pupil in the presence of an 
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 intracranial collection is caused by compression 
of the outer parasympathetic neural fi bres of the 
oculomotor nerve with sparing of the central 
sympathetic nerves. Subdural accumulation is 
usually caused by the gradual collection of 
venous blood commonly presenting as drowsi-
ness. Intracerebral haemorrhage may present 
with a focal neurological defi cit. The distinction 
between these at the event side is academic, and 
it is vital to note deterioration early and seek 
expert help. 

19.2.1     Skull Fracture 

 Typical signs of a skull fracture include the pres-
ence of a scalp haematoma, palpable step or 
deformity to the cranial vault; however, other less 
obvious signs may become apparent as time pro-
gresses. These include:
   Visual changes including fi eld defects and double 

vision/diplopia due to either bleeding within 
the occipital cortex or optic nerve compres-
sion. Diplopia due to orbital muscle dysfunc-
tion may also occur.  

  Bruising around the eyes in the absence of facial 
injury. This is commonly known as raccoon/
panda eyes and together with a retro-auric-
ular haematoma is a sign of skull fracture. 
However, this is a late sign and not usually 
seen pitchside.  

  A persistent clear discharge from the nose or ear. 
This is a leak of cerebrospinal fl uid producing 
CSF rhinorrhoea or otorrhoea.  

  Hearing change due to blood accumulating behind 
the tympanic membrane: haemotympanum.  

  A facial muscle weakness could occur due to 
cranial nerve VII compression together with 
loss of facial nerve sensation. This could also 
occur with an inferior orbital blowout fracture.     

19.2.2     Facial Injury 

 Clearly, any player sustaining a facial injury has 
received an injury above the clavicle and as such 
has the potential to both be concussed and have a 
cervical spine injury. Haemorrhage and fracture 

from facial injuries have the potential to place the 
patient’s airway in jeopardy. Alert players with 
such injuries typically wish to sit forward so that 
any blood can be spat out or can drain from the 
mouth. In the primary assessment of these 
patients, airway management is the fi rst concern 
with consideration of the cervical spine. If the 
patient wishes to sit forward,    he may be consid-
ered to have head control. In this situation, the 
injured player will be unwilling to tolerate triple 
cervical spine immobilisation, and the applica-
tion of this may be detrimental to their overall 
care. Once again, consideration that cervical 
spine injury may have occurred is required.  

19.2.3     Twitch on the Pitch 

 It is common for players to suffer a short seizure 
or convulsive episode following a head injury. 
When this occurs in sport, it is commonly termed 
a ‘twitch on the pitch’. These are benign, do not 
represent a form of epilepsy and usually settle 
after a few seconds. If this is still in progress by 
the arrival of the medical team, supplementary 
oxygen therapy can be provided. During this sei-
zure activity, the cervical spine should be consid-
ered while the airway is maintained; however, the 
rigid immobilisation of the cervical spine during 
a convulsion may actually be detrimental. 

 Most seizure activity is short lived and will 
terminate within a few seconds particularly 
after an airway manoeuvre and the provision 
of supplementary oxygen. The Rugby Football 
League mandatory equipment list includes 
ampoules of diazepam for IV/rectal administra-
tion to stop seizures; however, this is primarily 
for prolonged epileptic seizures. Seizure activity 
relating to a head injury is likely to spontane-
ously terminate particularly with oxygen ther-
apy. Again the straight pointing of an upper or 
lower limb, called a ‘fencing response’, may be 
indicative of a head injury and may allow recog-
nition from afar. A brief loss of consciousness 
and impact seizures do not reliably predict out-
comes following concussion although a cautious 
approach should be adopted following their 
occurrence [ 11 ].  
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19.2.4     Concussion 

 Over the past decade, there have been advances 
in the understanding and terminology of concus-
sion; however, concussion is considered by many 
to be the most complex injury in sports medicine 
to diagnose, assess and manage. Experts in con-
cussion research have met at three international 
conferences to produce consensus statements and 
guidelines for the management of concussion. 
The fi rst of these was in Vienna in 2001 [ 12 ], 
the second in Prague in 2004 [ 13 ] and the most 
recent in Zurich in 2008 [ 14 ]. At each meeting, 
the groups have appraised and modifi ed their ini-
tial statements in light of advances in research. 
A fourth symposium convened in Zurich in 
November 2012 [ 15 ]. The American Medical 
Society for Sports Medicine and the American 
Academy of Neurology have recently produced 
guidelines for the diagnosis and treatment of con-
cussion in sport [ 16 ,  17 ]. The American Medical 
Society for Sports Medicine reviewed the litera-
ture and made recommendations based upon the 
Strength of Recommendation Taxonomy (SORT). 
The American Academy of Neurology performed 
a systematic review based upon a Grading of 
Recommendations, Assessment, Development 
and Evaluation (GRADE) based upon evidence-
based methodology and a subsequent Delphi 
process. The distinction of the Zurich Consensus 
working group is that the group provided recom-
mendations for all aspects of concussion manage-
ment even if there is little or no evidence. 

 West and Marion have recently compared 
these three published guidelines.    Despite the dif-
ferent methodologies used [ 1 ], key similar guide-
lines have been produced in each case, and these 
will be discussed below.

  Concussion is defi ned as a complex pathophysio-
logical process affecting the brain, induced by 
traumatic biomechanical forces. Several common 
features that incorporate clinical, pathologic and 
biomechanical injury constructs that may be uti-
lised in defi ning the nature of a concussive head 
injury include: 

 Concussion may be caused either by a direct 
blow to the head, face, neck or elsewhere on the 
body with an “impulsive” force transmitted to the 
head. 

 Concussion typically results in the rapid onset of 
short-lived impairment of neurologic function that 
resolves spontaneously. 

 Concussion may result in neuropathological 
changes but the acute clinical symptoms largely 
refl ect a functional disturbance rather than a struc-
tural injury. 

 Concussion results in a graded set of clinical 
symptoms that may or may not involve loss of 
 consciousness. Resolution of the clinical and cog-
nitive symptoms typically follows a sequential 
course; however it is important to note that in a 
small percentage of cases however post concussive 
symptoms may be prolonged. 

 No abnormality on standard structural neuro-
imaging studies is seen on concussion. 

   The consensus groups have also given guide-
lines on the on-fi eld or sideline evaluation of 
acute concussion. The key principles are based 
upon the recognition of injury, assessment of 
symptoms, cognitive and cranial nerve function 
and balance tests. It is recommended that when a 
player shows any features of a concussion: 

 The player should be medically evaluated on- 
site using standard emergency management prin-
ciples, and particular attention should be given to 
excluding a cervical spine injury. 

 The appropriate disposition of the player must 
be determined by the treating health-care pro-
vider in a timely manner. If no health-care pro-
vider is available, the player should be safely 
removed from practice or play and urgent referral 
to a physician or emergency department arranged. 

 Once the fi rst aid issues are addressed, then an 
assessment of the concussive injury should be 
made using the Sport Concussion Assessment 
Tool 3 (SCAT3) or other similar tool. Comparison 
with a preseason baseline is advantageous. 

 The player should not be left alone following 
the injury, and serial monitoring for deterioration 
is essential over the initial few hours following 
injury. 

 A player with diagnosed concussion should 
not be allowed to return to play on the day of the 
injury. 

 Players are well aware that if they are con-
cussed they will be removed from the fi eld of 
play and so may not complain of symptoms. Any 
player therefore sustaining a head injury should 
be carefully observed for the signs of concussion. 
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Observable signs include behavioural changes 
and cognitive impairment, as demonstrated by 
them lacking their usual clarity of thinking while 
performing their sport. 

 The pitchside assessment of concussion may 
be formed by brief neuropsychological test bat-
teries assessing attention and memory function. 
These tests include the commonly used Maddocks 
questions [ 18 ] and the Standardized Assessment 
of Concussion. Standard orientation questions 
have been shown to be unreliable in the sporting 
situation when compared to memory assessment. 
The Maddocks questions are more relevant to 
athletes during a game and more specifi c than 
standard orientation questions. The use of the 
SCAT3 card and Pocket SCAT3 will help deter-
mine whether a player has been concussed and 
give good advice following a concussion. 

 Even in the presence of negative neuropsycho-
logical test results, the clinical impression of the 
attending sports physician is paramount. 
Knowledge of individual players and athletes, in 
particular to their mood, mannerisms and charac-
ter, is much more important. 

  The Maddocks Questions :
   Which ground are we at?  
  Which half is it?  
  Which side scored the last goal?  
  Which team did we play last week?  
  Did we win last week?    
 The player can then be removed from the fi eld 

of play for assessment or substituted. In some 
sports, offi cials have the ability to remove players 
from the fi eld of play following injury, irrespec-
tive of the player’s or the coach’s opinion. 

 In this respect, although a loss of conscious-
ness has been acknowledged as a predictor of 
outcome in moderate to severe traumatic brain 
injury, it is not noted as a marker of severity for 
concussion. The most recent consensus meeting 
determined that prolonged (>1 min duration) 
LOC would be considered as a factor that may 
modify management. LOC is however a useful 
objective marker that a head injury has occurred 
and that the player is likely to be concussed. 
Thus, the consensus group recommends that 
those sustaining a loss of consciousness do not 
return to play. However, a player may still 

 demonstrate concussive symptoms and need to 
be removed from the fi eld of play, even if they 
have not sustained an LOC. 

 Asking patients about symptoms is facilitated 
by the use of a checklist as patients may be unable 
to recall if they have had the symptom or not. 

 It involves three balance tests, which should 
be performed on the SCAT3 form: the double-leg 
stance, the single-leg stance and the tandem 
stance. 

 The mainstay of concussion management 
involves physical and cognitive rest until all 
symptoms resolve and a graded programme of 
exertion prior to medical clearance and return to 
play. 

 The player should be observed during this 
period of rest and ensure they are well hydrated, 
eat regularly and take simple analgesics, e.g. 
paracetamol. In more severe cases, minimising 
cognitive input and maintaining a regular routine 
should be advised. It must be remembered that 
the effects of concussion can have delayed onset. 

 Patients should be referred to an emergency 
facility if they:

   Have worsening headache  
  Become very drowsy or cannot be easily 

awakened  
  Cannot recognise people or places  
  Develop signifi cant nausea or vomiting  
  Behave unusually more confused or irritable  
  Develop seizures  
  Develop weakness or numbness in the arms or 

legs  
  Develop slurred speech or unsteadiness of gait    
 The graded programme should typically take 

about a week following a concussion with 24 h 
required to complete each stage. The player/ath-
lete should only progress a stage onwards if 
symptoms do not reoccur. The additional use of 
neuropsychological testing and the interpretation 
of the results are beyond the scope of this 
manual. 

 Since the guidelines in 2013, the consensus is 
that any player who has sustained or is suspected 
to have sustained a concussion may not return to 
play on the same day as injury. ‘When in doubt, 
sit them out!’ is a useful mantra to follow. From 
the work within the NFL, it must be noted that 
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the majority of players sit out rather than the 
15.2 % of players who return immediately and 
39 % of those playing in high school and colle-
giate football admit to playing with residual 
symptoms from a prior head injury. 

 Nonelite athletes may not have the same 
resources available as elite athletes (   such as the 
presence of trained medical staff during practice 
and competition, a concussion programme as part 
of sideline preparedness, the benefi t of neuropsy-
chological or postural testing as well as consul-
tants with expertise readily available) and as a 
result tend to be managed more conservatively. 
Younger athletes often have a greater incidence 
of concussion with longer recovery time frames; 
however, they are often managed with less exper-
tise and with limited resources. It is safer to not 
return these athletes to play on the same day and 
be more conservative with their management. 

 Legislation now mandates that any child or 
adolescent removed from the fi eld of play or 
game with suspected concussion may not return. 
Unfortunately, data on this group of patients is 
limited. 

 Ten to fi fteen percent of patients will have 
ongoing post-concussive symptoms for more 
than 10 days. This could be even higher in some 
sports typically ice hockey and some populations 
of children. It must be remembered that many of 
the symptoms of concussion are not specifi c to 
concussion and it is important to consider and 
manage coexistent pathologies. Further investi-
gation is required consisting of formal neuropsy-
chological and conventional neuroimaging to 
exclude structural pathology. There is insuffi cient 
evidence for the use of advanced neuroimaging 
or genetic markers. There is potential benefi t of 
sub-symptom threshold activity as part of a com-
prehensive rehabilitation programme. 

 Patients should be managed in a multidisci-
plinary manner by health-care providers with 
experience in sports-related concussion. 
Important components of management after an 
initial period of physical and cognitive rest 
include associated therapies such as cognitive 
vestibular physical and psychological therapy 
assessment for other forms of prolonged symp-
toms and consideration of a graded exercise 

 programme at a level that does not exacerbate 
symptoms [ 11 ]. 

 The assessment of any player after a head 
injury should progress along the management 
principles of airway with consideration of the 
cervical spine, breathing, circulation with haem-
orrhage control, disability assessment and fi nally 
exposure and environmental control. 

 Assessment of concussion is complex and is 
facilitated with the use of the Standardised 
Assessment Concussion Tool (SCAT3). 

 Any player who is concussed or has symp-
toms of concussion should be removed from the 
fi eld of play. They may only return once they are 
symptom-free at rest and on exertion and prefer-
ably after being reviewed by a physician or expe-
rienced clinician.   

19.3     Low-Back Pain and Sacroiliac 
Joint Disorders 

 Not only sedentary individuals are affl icted by 
back pain; it has signifi cant effects on athletes as 
well, but they differ from nonathletic population 
in their will to return to activity that may vary 
from will to win through signifi cant fi nancial 
considerations. Low-back pain represents one of 
the most common reasons for missed playing 
time by professional athletes. 

 Athletes are typically well conditioned in spite 
of low-back pain, because of greater fl exibility of 
the lumbar spine and higher pain thresholds, but 
they have higher demand on their lumbar spine 
and cannot tolerate any kind of limitations on 
their activities. 

 Low-back pain is a common musculoskeletal 
disorder that is almost ubiquitary and that may be 
either acute or chronic. It is important to remem-
ber that it’s a symptom, not a diagnosis. Pain 
could be related to problems with the lumbar 
spine, intervertebral disc, ligaments around spine 
and discs, spinal cord and nerves, paravertebral 
muscles, pelvic and abdominal organs or skin 
(Table  19.1 ); in most cases of low-back pain, an 
anatomical abnormality is not identifi able.

   Accurate history and physical examination are 
essential for evaluating low-back pain in an 
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 athlete. In case of acute symptoms, it is important 
to understand the mechanism of injury; other-
wise, duration of symptoms, location and irradia-
tion and rate of onset of symptoms must be 
investigated in case of chronic low-back pain.    If 
pain is localised in the lower back, it’s more 
probably a mechanical back pain, while if symp-
toms predominantly affl ict the legs, it may be due 
to nerve compression/irritation. 

 Lifetime prevalence of low-back pain in the 
general adult population is estimated to be 
between 85 and 90 %. Back pain is common in 
competitive athletes, with an estimated preva-
lence ranging from 1 to 30 %, and represents a 
common cause of missing playing time. Low- 
back injuries are established to account among 
10–15 % of all athletic injuries [ 19 ]. Low-back 
injuries most frequently involve soft tissue sur-
rounding the spine but also intervertebral disc 
and pars interarticularis. 

 Pattern of low-back pain in young athletes is 
signifi cantly different from those in adult ath-
letes: a young athlete is more frequently affected 
by pars interarticularis injuries occurring up to 

47 %, while disc-related disorders are quite 
uncommon; instead an adult athlete often suffers 
low-back pain due to degenerative conditions 
(48 %) or to unspecifi ed causes [ 20 ]. In order to 
establish a proper diagnostic process and treat-
ment, it’s important to underline that common 
causes of low-back pain in athletes are different 
between ages [ 21 ], as shown in Table  19.2 .

   Prevalence of low-back pain was shown to be 
different depending on the practised sport: 
Granhed and Morelli [ 22 ] found a signifi cantly 
higher prevalence of low-back pain in retired 
wrestlers and heavyweight lifters than in a con-
trol population. Other studies [ 19 ,  20 ] showed a 
different occurrence of low-back pain in football 
players (27 %), artistic gymnasts (50 %) and 
rhythmic gymnasts (86 %). Similarly, also other 
causes of low-back pain such as sacroiliac disor-
ders show a higher prevalence in rowers [ 23 ]. 

 Low-back pain can occur either from an acute 
traumatic injury, more commonly in athletes, or 
from a repetitive microtrauma that produces an 
overuse injury. It’s immediately understandable 
that contact sports tend to produce acute injuries 
from high-energy impacts, whereas sports involv-
ing repetitive fl exion, extension and torsion of the 
spine result in overuse injuries [ 20 ]. 

 Large forces are produced in the lumbar spine 
region during various athletic manoeuvres; these 
forces act on the muscles and ligaments, on the 
intervertebral disc and on the posterior elements. 

 Mechanical strain on spinal ligaments leads to 
tears and produces pain. This pain leads to 
decreased motor unit recruitment and reduced 
activity due to fear of producing pain that produce 
muscle wasting and weakness. This condition cre-
ates a muscle imbalance that leads to further 
mechanical disruption and muscle wasting [ 24 ]. 

 During sports, the intervertebral disc is always 
under load as a result of body weight and muscle 
activity; under certain conditions, these loads 
exceed the tolerance of the disc and may cause 
degenerative or traumatic changes (degenerative 
disc disease or disc herniation) that are repre-
sented by progressive disc dehydration and loss 
of proteoglycans in the nucleus; these changes 
reduce the ability of the nucleus to absorb loads 
and could decrease the space available for the 

   Table 19.1    Low-back pain in athletes: differential 
causes   

 Spinal pathologies  Nonspinal pathologies 

 Muscle strain/ligament 
sprain 

 Sacroiliac joint dysfunction 

 Degenerative disc disease  Intrapelvic, gynaecologic 
conditions (e.g. ovarian 
cysts) 

 Isthmic spondylolysis 
(no slip) 

 Renal disease 

 Isthmic spondylolisthesis 
 Facet syndrome 
 Ring apophyseal injury 
(adolescents) 
 Sacral stress fracture 
 Central disc herniation 
(without radiculopathy) 
 Sacralisation of L5/
transverse process 
impingement 
 Facet stress fracture 
 Acute traumatic lumbar 
fracture 
 Discitis/osteomyelitis 
 Neoplasm 
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neural elements producing irritation or compres-
sion [ 19 ]. In this case, a long history of low-back 
pain is usually reported by the athletes, with or 
without radicular pain; over time, the radicular 
pain becomes more severe because initially the 
disc material pushes on the annulus, activating 
pain receptors, and then the disc material herni-
ates and irritates or compresses nerve roots [ 24 ]. 
Other authors found that these changes are sports 
and training related; in particular, they found that 
lumbar fl exion was the most infl uential factor in 
developing disc degeneration. 

 Many authors [ 25 ,  26 ] consider that pars inter-
articularis lesions arise from mechanical stress 
due to repetitive hyperextension and axial load-
ing applied to posterior elements of the spine, 
and they believe that the increased rate of spon-
dylolysis in athletes is related to increased forces 
acting on the lumbar spine during sport activities. 

 In a young athlete, growth cartilage and sec-
ondary ossifi cation centres are particularly vul-
nerable to injury; these areas are susceptible to 
compression, distraction and torsion injury. An 
incomplete ossifi cation of the posterior column 
could be present in the lower lumbar vertebrae, 
particularly L5, predisposing to spondylolytic 
stress fractures; the presence of an unknown 
spina bifi da represents an additional risk factor 
for spondylolysis [ 26 ]. So a growing athlete may 
potentially be at higher injury risk, in particular 
in contact sports [ 20 ]. Vulnerability of the grow-
ing spine was shown by Goldstein et al. [ 27 ] in an 
MRI study of female gymnasts and swimmers: 
they found that back pain complaints were more 
common in gymnasts, with increased age and 
level of competition, than in swimmers that did 
not have such a repetitive loading on their spine. 

 As mentioned previously, the type of sport or 
activity and position played must be elicited 

because it correlates with the prevalence of low- 
back pain [ 19 ,  20 ]. Also athletic background 
should be explored: volume of training and level 
of competition should be investigated, as well as 
any increase of volume or intensity of training 
because it could reveal a poor conditioning, an 
excessive or repetitive loading, an improper tech-
niques or an inadequate equipment [ 20 ]. 

 History of back pain should be investigated: 
onset and duration of symptoms should differen-
tiate between acute trauma and overuse injuries. 
Pain quality, location and severity should be 
determined, as well as eliciting any associated 
neurological symptoms and aggravating factors. 
Previous episodes of low-back pain should be 
investigated: as reported by Greene et al. [ 28 ], 
athletes with previous history of low-back pain 
had three times the risk for subsequent episodes 
if compared to those with no history of pain. 

 It is also very important to consider other more 
sinister causes of back pain, such as infection 
(Figs.  19.1  and  19.2 ), tumours or infl ammatory 
conditions, in particular if ‘red fl ag’ symptoms 

   Table 19.2    Causes 
of low-back pain by 
age   

 Prepubescent  Adolescent  Adult  Elderly 

 Infection  Trauma  Discogenic  Osteoarthritis 
 Tumour or other 
malignancy 

 Spondylosis  Mechanical back pain  Spinal 
stenosis 

 Trauma  Hyperlordosis back 
pain 

 Unspecifi ed  Discogenic 

 Developmental  Discogenic  Osteoarthritis  Medical 
cause 

  Fig. 19.1    Ileo   -psoas abscess ( red circle )          
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such as fever, malaise, weight loss, neurologi-
cal abnormalities, night pain and morning stiff-
ness are present. Moreover, numerous conditions 
can affect bone metabolism contributing to 
stress fractures or metabolic bone pain: steroids 
(asthma, allergies), endocrinological dysfunc-
tions (amenorrhoea, thyroid irregularities, disor-
dered eating, illicit use of hormones) and chronic 
disease (infl ammatory bowel, HIV) [ 20 ].

    Physical examination should include inspec-
tion of the spine and also athlete’s gait and pos-
ture; any ataxia, antalgic gait, limp or 
Trendelenburg gait should be noted. 

 Looking the patients from behind shoulders 
and pelvis should be aligned; bony and soft tissue 
should be symmetrical on both sides of the spine. 
Any abnormalities such as cysts, hairy patches, 
dimples, growth, haemangiomas or café au lait 
spots could be associated with congenital malfor-
mation (e.g. tethered cord). 

 Scoliosis, kyphosis or excess lordosis should 
also be noted: a gentle lumbar lordosis should be 
appreciable from the side. A forward-bending 
test should be performed to asses for any asym-
metry suggestive of scoliosis. 

 Range of motion in all plans should be evalu-
ated in fl exion, extension, rotation and lateral bend-
ing. It’s supposed that an athlete should be able to 
fl ex forward and come close to touch    his toes with-
out bending knees; tight hamstring can cause a 
reduction of forward fl exion. If pain is evoked with 
fl exion, an injury of the anterior elements of the 
spine is suggested or a muscle strain/spasm or a 
disc-related condition. Pain with extension indi-
cates an involvement of the posterior elements or 

the sacroiliac joint; also a single- legged hyperex-
tension test can be performed [ 20 ]. 

 The spine and sacroiliac joint should be pal-
pated looking for any tenderness point. Also 
paraspinal muscles and buttocks should be pal-
pated for any tenderness or muscle spasm. 

 Examination of the lumbar spine should 
include special tests like fi gure-4 or FABER 
(fl exion, abduction, external rotation) (Fig.  19.3 ) 
and Gaenslen sign (Fig.  19.4 ).    If these tests pro-
voke ipsilateral pain, this is suggestive of a sacro-
iliac joint pathology.

    Neurological examination is necessary to 
complete investigation and should include deep 
tendon refl exes and lower extremity strength 
(heel and toe walking); during physical examina-
tion for low-back pain and radiculopathy, most 
useful tests are the straight leg raise (Fig.  19.5 ) 
and the cross-table straight leg raise; moreover, if 
used together [ 29 ], any abnormalities indicated a 
compression or irritation of nerves that could be 
originated from a degenerative disc disease or a 
disc herniation.

   Any kind of imaging studies cannot substitute 
an accurate and complete physical examination. 
In selected patients with acute low-back pain and 
without signs or symptoms of an underlying seri-
ous condition, imaging studies are not indicated, 
as shown by several authors [ 24 ,  30 ], because 
they did not fi nd any improvement in clinical out-
come in these patients. Henschke et al. [ 30 ,  31 ] 
evaluate that in nonathletic patients even if some 
weaker ‘red fl ags’ are present, a 4–6-week period 
of treatment is suggested before any imaging 
study; but if an athlete suffers low-back pain, 

  Fig. 19.2    Ileo-psoas abscess 2         Fig. 19.3    FABER test       
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in particular if he is an elite athlete, a proper and 
rapid treatment is requested. So    an imaging study, 
to avoid any delay in diagnosis and treatment and 
soon return to sport activity, is maybe suggested 
when this kind of patient is involved. 

 Plain radiographs in two projections could be 
useful for screen for serious conditions; because 
of low sensitivity and specifi city, they had little 
diagnostic value but could provide information to 
rule out any structural abnormalities: oblique 
view allows evaluation of pars interarticularis, 
while fl exion/extension radiographs assist in 
assessing dynamic instability. 

 MRI represents the gold standard for the lum-
bar spine and sacroiliac joint, in particular if 
neurological symptoms are present or a serious 
condition is suspected. An alternative could be 
represented by CT scan, if MRI is contraindicated 

or unavailable [ 30 ], but it’s necessary to remember 
that they are different exams: MRI is more useful 
in evaluating discs, neural structures or other soft 
tissues and can also provide information regard-
ing possible occult fractures or the presence of 
neoplastic disease, while CT helps defi ne bony 
structures [ 32 ], and it should be reserved for con-
fi rming diagnosis or in case of signifi cant trauma 
or to evaluate spinal canal impingement [ 24 ,  33 ]. 

 Bone scan is very sensitive to rule out meta-
bolic activity, such as with a neoplastic lesion, 
fractures of indeterminate age or spondylolytic 
defects. Scintigraphic tracer is abnormally accu-
mulated where repetitive stress causes local bone 
remodelling [ 34 ]. 

 A good clinician should never forget that any 
fi ndings in MRI or computer tomography, or in 
any other imaging study, should be correlated 
with clinical fi ndings, especially in older patients 
because the likelihood of f   alse positives is 
increased [ 30 ]. Moreover, as shown by Graw and 
Wiesel [ 19 ], a ‘nonspecifi c low-back pain’ should 
be included in differential diagnosis: patients 
who suffer low-back pain could have no specifi c 
signs of any pathology on imaging studies, or 
they could present abnormalities that don’t cor-
relate with symptoms; instead, patients without 
low-back pain could present abnormalities on 
MRI nevertheless. These possibilities underline 
the importance of correlating imaging and clini-
cal fi ndings together; otherwise, the risks of 
incorrect diagnosis and under- or overtreatment 
increase. 

 The majority of low-back pain cases are self- 
limiting in the general population and resolve 
within 6 weeks regardless of treatment, but 
5–10 % of patients will develop chronic back 
pain [ 30 ]. An athlete hardly accepts any kind of 
limitation on his sport activity, which can lead to 
a shortened career and fi nancial loss, so an ade-
quate treatment should be rapidly undertaken in 
order to return to play as soon as possible and 
reduce the possibility of developing chronic 
pain. 

 Although low-back pain is a common cause of 
inability in general population, there are few data 
in literature that analyse proper treatment and cri-
teria for return to play when an athlete is involved. 

  Fig. 19.4    Gaenslen sign       

  Fig. 19.5    Straight leg raise test       
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19.3.1     Strains and Sprains 

 Strains and sprains are stretch injuries that 
involve respectively ligaments and muscles. 
These are quite common injuries in athletes that 
cause low-back pain, but diagnosis is usually 
made by exclusion. 

 Strains and sprains occur when loads exceed 
the resistance of involved structure. Typically, 
pain is acute and worst in the fi rst 24–48 h and 
improves with time; chronic strains and sprains 
present a gradual onset of symptoms persisting 
for longer periods [ 32 ]. Muscle spasm is often 
present, and point of tenderness is generally 
localised; in particular, they are worsened by par-
ticular movements. Neurological examination 
doesn’t show any abnormalities. 

 Acute strains and sprains could be simply 
diagnosed by acquiring accurate history of injury 
and performing physical examination.    Any imag-
ing study is not necessary, and the result is gener-
ally negative. When chronic strains and sprains 
occur, onset of symptoms is gradual and insidi-
ous, and pain persists for a longer period; in these 
cases, imaging studies are still generally nega-
tive, but they are used to rule out other patholo-
gies [ 32 ]. 

 These kinds of injuries represent the principal 
cause of low-back pain in athletes. 

 These are typically acute injuries, and patients 
report pain immediately consequent to the injury 
that increases in few hours (increased stiffness 
and pain the morning following the incident). 
Conservative treatment is the choice. Cryotherapy 
and heat offer benefi ts in decreasing spasm and 
pain; transcutaneous electric nerve stimulation 
and electric stimulation (high-voltage pulse gal-
vanic stimulation) may be useful in the acute 
stages, but their effi cacy has not been conclu-
sively demonstrated [ 32 ]. 

 A brief period of rest is needed: it should be 
limited to 1–2 days to prevent muscle atrophy 
that could lead to muscle imbalance and conse-
quent lengthening of the period before restart of 
sport activity [ 24 ,  32 ]. 

 Medications could be administrated; nonste-
roidal anti-infl ammatory drugs (NSAIDs) and 
COX-2 inhibitors are a good choice: in a large 

Cochrane review [ 35 ], they showed statistically 
better effects compared with placebo; NSAIDs 
have more side effects than COX-2 inhibitors. 

 Glucocorticosteroids are not more effective 
than placebo in acute injuries with straight leg 
raise test negative at 1 month [ 24 ]; moreover, 
they are banned by the World Antidoping 
Association. 

 Other drugs could be used. There is little evi-
dence on the effi cacy of muscle relaxants on low- 
back pain, and they have a high incidence of side 
effects (oversedation) that can hinder their use 
[ 36 ]. Also antidepressants could be administrated, 
but results are not consistent with all of them; the 
most effective antidepressant in reducing pain in 
chronic condition is selective serotonin reuptake 
inhibitor, in particular duloxetine [ 35 ]. 

 These drugs have signifi cantly higher adverse 
events: drowsiness, dry mouth, dizziness and 
constipation are the most common [ 35 ]. 

 One trial comparing opioid to naproxen found 
that they were signifi cantly better for relieving 
pain but not improving function. They commonly 
cause headaches and nausea; moreover, they are 
banned by the World Antidoping Association. 

 These initial interventions are followed by a 
physical therapy programme: as reported by 
Burns et al. [ 36 ], it would be started with 
direction- specifi c exercises; patients are invited 
to perform exercises or movements that decrease 
pain, and the primary goal is centralisation of 
symptoms (from distal to proximal). In another 
study Long et al. [ 37 ], 84 % of patients had sig-
nifi cant reduction in pain and disability within 
the fi rst 2 weeks of treatment. 

    When pain disappears or is at least reduced 
and centralised, the rehabilitation programme is 
continued with trunk, back and lower extremity 
strengthening, stretching exercises to restore 
function and then progressive return to sport [ 38 ]. 
In order to have better outcome results, physical 
therapy should be individualised and supervised 
[ 35 ]. 

 To prevent recurrence of low-back pain, it is 
important that the athlete understands the impor-
tance of adherence to the rehabilitation pro-
gramme and maintains a proper training; 
avoidance of overtraining is essential [ 36 ].  
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19.3.2     Degenerative Disc Disease 

 As in general population, degenerative disc dis-
ease is a segmental dysfunction: initially, pain 
originates from synovitis of facets or interverte-
bral disc (circumferential or radial annular tears); 
afterwards disc annular functionality, due to dehy-
dration, is reduced and facet capsules become 
lax, infl uencing vertebral stability, and fi nally the 
degenerative process may be accompanied with 
listhesis and segment instability [ 19 ,  32 ]. 

 History and physical examination are rela-
tively nonspecifi c of degenerative disc disease. 
This pathology could be suggested by worsening 
of symptoms during fl exion activities and improv-
ing with extension. So to diagnose degenerative 
disc disease, imaging studies are necessary. 

 Neural elements, including the spinal dura 
centrally and the nerve roots in the lateral recess, 
could be compressed by annulus fi brosus and by 
ligamentum fl avum and facet joint capsule hyper-
trophy, with consequent symptoms irradiated to 
lower limb [ 19 ]. 

 Plain radiograph may demonstrate an indirect 
sign of disc degenerative changes represented by 
loss of disc space height. MRI (Fig.  19.6 ) is the 
gold standard in demonstrating degeneration of 
the disc: loss of disc hydration on T2-weighted 
images on sagittal plane is the typical sign of 
degenerated disc [ 32 ]. According to Pfi rrmann’s 
classifi cation [ 39 ] based on the evaluation of disc 
homogeneity, height, signal intensity and distinc-
tion between the nucleus and annulus, there are 5 
MRI degrees of lumbar intervertebral disc degen-
eration; de Schepper et al. [ 40 ] showed how low- 
back pain is strongly associated with disc space 
narrowing more than other radiographic features, 
in particular if more spaces are involved.

   Considering athletic population, several stud-
ies [ 32 ] found a signifi cantly higher prevalence 
of disc signal changes in athletes than in nonath-
letes, confi rming the highest demand on the spine 
of athletes. 

 Discogenic low-back pain should be initially 
treated nonsurgically. Resolution of acute symp-
toms generally occurs within weeks [ 32 ]. 

 First of all, abstinence from practice and com-
petition is recommended; the period of inactivity 

should be balanced against the risk of losses in  
trunk muscle and general fi tness [ 24 ]. 

 Pain relief is achieved with the administration 
of NSAIDs with or without muscle relaxants, in 
relation with muscle spasm presence. In consid-
eration of symptoms and possible side effects, 
other drugs could be used, as previously described 
[ 24 ,  35 ]. 

 The use of lumbosacral corset or orthoses is 
still controversial: although it may offer benefi ts 
in controlling extremes of motion, muscle wast-
ing can occur [ 30 ]. 

 After the initial period of rest, patients should 
be encouraged to regain mobility through passive 
and active stretching exercises, followed by iso-
metric exercises, in particular emphasising 
abdominal muscles and lumbar extensors. Once 
neutral position could be attained and main-
tained, muscle strengthening is encouraged to 
gain greater strength. Then, sport-specifi c exer-
cise is emphasised to hasten return to sport and 
prevent recurrence [ 32 ]. 

  Fig. 19.6    DDD RMN       
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 If conservative treatment doesn’t obtain pain 
relief or recurrences are frequent, surgery should 
be considered. The choice of spinal fusion is not 
optimal for an athlete, because the loss of func-
tion of one segment should be compensated by 
other segments leading to an overloading and 
increasing the risk of degenerative changes to 
those levels; moreover, the lengthy postoperative 
period is poorly tolerated by most athletes [ 41 ]. 
Possibility of return to play following a spinal 
fusion is related to the level and the type of sport: 
most authors suggest to return to play in limited 
contact sports at least 1 year after fusion; full 
contact sports or highly competitive is much less 
likely, especially if 2 or more levels are involved, 
due to increased risk of subsequent injury to the 
adjacent levels [ 24 ]. 

 A new surgical option is represented by total 
disc replacement (TDR). Some authors con-
ducted a randomised trial comparing lumbar 
fusion and TDR: both groups showed signifi cant 
improvements after surgery, but they were greater 
in the TDR group; at 2-year follow-up, there 
were no more differences between groups. Siepe 
et al. [ 42 ] reviewed 39 athletes who underwent 
TDR: return to play rate was 94   .9 %, and 9 of 12 
professional or elite athletes returned to play at 
competitive level and reported they achieved full 
recovery and peak fi tness at an average of 
5.2 months postoperatively. Tumialan et al. [ 43 ] 
compared 12 military patients who underwent 
TDR to an age- and level-matched cohort who 
underwent lumbar fusion: 83 % of TDR group 
were able to return to unrestricted full duty at an 
average of 22.6 weeks, while in the fusion group 
only the 67 % return to full duty at an average of 
32.4 weeks. 

 These studies showed a better outcome at 
short follow-up of TDR if compared to spinal 
fusion. Longer follow-up is still not available, but 
these promising results lead to the possibility of 
employing total disc replacement in athletes.  

19.3.3     Disc Herniation 

 Disc herniation is due to the escape of nuclear 
material from the annulus fi brosus. It is often 

related to peripheral annulus injury associated 
with traumatic disruption; initially, only low- 
back pain could be present that could progress to 
radicular symptoms if irritation or compression 
of surrounding neurological structures is present. 

 Patients with disc herniation present radicular 
symptoms: most common levels involved are 
L4–L5 and L5–S1. Pain is worsened by fl exion 
and Valsalva manoeuvre and improved by lying 
supine. 

 Motor and sensitive tests are mandatory: if L5 
root is involved, weakness of ankle and toe dorsi-
fl exion could be noted, and sensory changes may 
be experienced on the lateral aspect of the lower 
leg and middorsum of the foot; if S1 root is 
involved, weakness in ankle eversion and plantar 
fl exion, sensory changes on the lateral aspect of 
the foot and a decrease in Achilles tendon refl ex 
should be present. Tests to investigate radiculop-
athy, such as straight leg raise test, are typically 
positive. 

 Cauda equina syndrome, caused by the com-
pression of the nerves in the lower portion of the 
spinal canal, is uncommon. Usually, it presents 
with the characteristic fi ndings of saddle pares-
thesia, loss of bowel and bladder function [ 20 ]. 

 X-rays could be useful to rule out other 
pathologies. MRI (Figs.  19.7  and  19.8 ) repre-
sents the study of choice because it can demon-
strate the herniation and its extension and 
moreover can show any nerve root compression 
[ 20 ]. MRI could be oversensitive for disc hernia-
tion, so it’s important to correlate with clinical 
symptoms [ 30 ].

    As shown by Hsu et al. [ 44 ], 82 % of athletes 
that suffered lumbar disc herniation successfully 
returned to play regardless of treatment: 
 performance scores within each group were equal 
before and after treatment, either conservative or 
surgical. Anakwenze et al. [ 45 ] compared NBA 
players who underwent lumbar discectomy to a 
control group matched for experience, position, 
age and BMI who did not require surgery and 
found that both groups achieved the same level of 
performance. 

 As shown by these results, it’s initially sug-
gested to treat patients conservatively, including 
limited rest, activity modifi cation, NSAIDs and 
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exercises (extension and isometric exercises are 
performed fi rst, and when suffi cient strength and 
pain relief are achieved, fl exion exercises are 
begun). Surgery is needed only if severe or pro-
gressive neurological defi cit is present and if pain 
is refractory to conservative care. As long as patient 
shows improvements, surgery is deferred [ 24 ]. 

 Microdiscectomy is widely recommended in 
athletes with lumbar disc herniation, because of 
less invasiveness and less disruption to muscles, 
bone and neural structure. 

 Wang et al. [ 46 ] showed that patients who 
underwent single-level microdiscectomy returned 

to play in 90 % of cases, whereas multiple-level 
microdiscectomy showed the worst rate of return-
ing to play. 

    In literature, all authors emphasise the impor-
tance of postoperative physical therapy and reha-
bilitation; Watkins et al. [ 47 ] permitted 
professional and Olympic athletes who under-
went lumbar microdiscectomy once they com-
plete truck stabilisation programme, achieve an 
excellent aerobic condition and perform sport- 
specifi c stretching and strengthening exercises; 
Eck and Riley [ 24 ] allow return to sport once suf-
fi cient pain relief and range of motion are 
achieved. 

 Typically, 6–8 weeks are needed to return to 
noncontact sports and 4–6 months to contact 
sports postoperatively [ 41 ]. 

 Spinal fusion is recommended for cases of 
multiple recurrences or if spinal instability 
coexists; this procedure increases the risk of 
degenerative changes and injury to adjacent lev-
els; moreover, the ability to return to sport is 
related to level of play and type of sport 
involved, as previously said for disc degenera-
tive disease.  

  Fig. 19.7    EDD sagittal       

  Fig. 19.8    EDD axial       
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19.3.4     Spondylolysis 
and Spondylolisthesis 

 Spondylolysis is defi ned as a defect of the pars 
interarticularis; sometimes a forward slipping of 
one vertebra on another (spondylolisthesis) is 
associated.    Spondylotic spondylolisthesis is the 
most common in athletes, interesting in most 
cases L5 and sometimes L4. 

 Spondylolysis is classifi ed in four groups: 
dysplastic, developmental, traumatic (acute or 
chronic) and pathological. Typically, athletes suf-
fer from spondylolysis due to a stress fracture 
(chronic traumatic) [ 38 ]. 

 Risk of injury of the posterior elements is 
higher in sports involving repetitive extension 
and rotation of the lumbar spine: dancers, fi gure 
skaters, gymnasts and football linemen    [ 32 ]. 

 Insidious onset of low-back pain, in particu-
lar if extension related, is typical in athletes 
with spondylolysis and often associated with 
hamstring fl exibility reduction that produces 
gait described as ‘stiff-legged’. Pain is 
enhanced by spine extension: single-legged 
hyperextension test (Fig.  19.9 ) can localise 
spondylolysis when standing on the ipsilateral 
leg [ 32 ].

   Pain irradiation to lower limb, with numbness 
or weakness, is occasionally present; in this case, 
differential diagnosis with disc herniation should 
be considered [ 20 ]. 

 Classical sign of spondylolysis on radiographs 
is a radiolucent defect in the pars interarticularis: 
in an acute injury, edges are irregular and gap is 
narrow, whereas in a chronic injury,    lesions are 
smooth and rounded [ 48 ]. When the defect is 
large, on radiographs, in particular on oblique 
view, diagnosis is easy (the ‘Scotty Dog’ visual is 
a useful aid, with the defect appearing at the 
dog’s neck that represents the pars interarticu-
laris); however, if the defect is narrow, spondy-
lolysis could be missed, because a 45° oblique 
view demonstrates a pars defect well only if it is 
perpendicular to the pars [ 38 ]. 

 When forward displacement of the vertebra 
on the other occurs, spondylolisthesis is diag-
nosed on lateral view radiograph (Fig.  19.10 ) 
and classifi ed according to the percentage of 
anterior slippage (Meyerding system). If spon-
dylolisthesis is suspected with normal static 
radiographs, fl exion and extension views should 
be obtained: a dynamic translation greater than 
3.0 mm is considered abnormal, suggesting spi-
nal instability [ 24 ].

  Fig. 19.9    Single-legged hyperextension test       
  Fig. 19.10    Spondylolisthesis rx       
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   On axial CT scans, an unclosed neural arch is 
diagnostic of spondylolysis (incomplete ring sign). 
At this level, it is important to differentiate spondy-
lolysis from facet joint analysing cortical contours, 
cortical margins and landmarks of joint capsule; 
on sagittal views, differences between pars defect 
and facet joint are more evident, and also incom-
plete fractures are better diagnosed [ 48 ]. 

 The use of MRI (Fig.  19.11 ) is still unclear, 
because it has limitation in evidencing the corti-
cal integrity of an incomplete stress fracture, but, 
as reported by Sairyo et al. [ 33 ], high signal on 
T2-weighted images is useful in early diagnosis 
of spondylolysis and could be used as a good 

 predictive indicator of bony healing after conser-
vative treatment. MRI has the advantage of being 
noninvasive and the lack of radiation exposure, 
but Masci et al. [ 49 ] reported a signifi cant major 
number of f   alse negatives if compared with sin-
gle photon emission computed tomography 
(SPECT). Also bone scintigraphy is very sensi-
tive for detection of bone stress, but it’s not useful 
for diagnosis; moreover, once forward slippage 
develops, bone stress couldn’t be any more pres-
ent (however, bone remodelling and tracer uptake 
may occur at the pars interarticularis immedi-
ately above or below the level of fracture).

   Nowadays, when spondylolysis or spondylo-
listhesis is suspected, SPECT in addition to bone 
scintigraphy increases sensitivity and improves 
disease localisation without exposing the patient 
to additional radiation. Moreover, SPECT can 
identify early pars stress before any bone abnor-
mality is detected with CT [ 34 ]. 

 Spondylolysis and low-grade spondylolisthe-
sis (<grade 3), associated with a recent injury and 
acute back pain, could be successfully treated 
conservatively: fi rst of all, restriction to sport 
activity is necessary for at least 2 months or until 
patients can achieve painless lumbar extension 
[ 48 ]; the use of bracing is suggested in acute or 
delayed symptomatic spondylolysis, low-grade 
spondylolisthesis and unilateral pars fractures: 
Steiner and Micheli [ 50 ] treated adolescent ath-
letes with spondylolysis or low-grade spondylo-
listhesis for a mean of 2.5 years with a modifi ed 
Boston brace and noted good or excellent results 
in 78 % of cases despite a union rate on radio-
graphs of only 25 % at follow-up. Anderson et al. 
[ 51 ] noted that patients with spondylolysis show-
ing greater signal intensity on SPECT had a bet-
ter outcome with bracing treatment than patients 
with lower intensity signal indicating that early 
bracing may offer advantages compared to 
delayed treatment. 

 In addition to bracing, a physical therapy pro-
gramme is suggested: it is started with fl exion 
and stretching exercises that improve abdominal 
strength and fl exibility, reducing hamstring con-
tracture; extension exercises are initially avoided. 
NSAIDs are administrated if radicular pain com-
plaints are present [ 48 ]. 

  Fig. 19.11    Spondylolisthesis RMN       
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 As reported in literature, majority of athletes 
can be effectively treated conservatively, but a 
long period of sport inactivity and physiotherapy is 
needed that could not be accepted by professional 
athletes. Generally, surgery should be suggested if 
back pain persists despite conservative treatment, 
or if spondylolisthesis is >grade 3 or progressive, 
or if neurological symptoms are present [ 32 ]. 

 There two main options of surgical treatment: 
spinal fusion and direct pars repair. Spinal pos-
terolateral fusion, with or without instrumenta-
tion, is widely studied in literature in general 
population, but few information are available on 
athletes. Recently, interbody fusion has been 
reported more frequently, but no clinical advan-
tages are not yet demonstrated if compared with 
posterolateral fusion.    Proceeding with a spinal 
fusion leads to loss of motion of that segment 
overloading adjacent segments, and return to 
sport could be conditioned. 

 Direct pars repair offers a major advantage on 
spinal fusion: less restriction on motion of the 
segment involved with reduced subsequent over-
loading of adjacent ones. 

 Several techniques have been described for 
direct pars repair including Scott wiring tech-
nique, hook–wire constructs, translaminar inter-
fragmentary screw (i.e. Buck screw) technique 
and pedicle screw–rod–hook constructs with 
autogenous bone grafting [ 48 ]. 

 Nozawa et al. [ 52 ] describe better outcomes of 
Scott wiring technique in 20 competitive athletes 
with spondylolysis or grade 1 spondylolisthesis; 
all athletes returned to sport, but not all to their 
preoperatory level of activity, while Debnath 
et al. [ 53 ] showed a better outcome in athletes 
treated with Buck screw technique. 

 Other series [ 41 ] of competitive athletes treated 
with both techniques showed good or excellent 
results with over 90 % of patients who returned to 
the same level of sport activity. In the achievement 
of good success with multiple techniques, it is 
likely that the critical aspect of surgery is resec-
tion of fi brous tissue within the defect, decortica-
tions to a bleeding surface and autogenous bone 
grafting of the defect. Once healing is achieved, a 
rehabilitation programme, as previously described, 
should be considered [ 48 ]. 

 Return to sport criteria after surgery for spon-
dylolysis or spondylolisthesis is still debated: 
Radcliff et al. [ 54 ] proposed a rehabilitation pro-
tocol with core strengthening and nonimpact 
aerobic activity at 2 weeks postoperatively with 
exercises performed with a neutral spine during 
the fi rst 3 months; after those higher-impact exer-
cises are started, sport-specifi c training could be 
introduced at 4–6 months. Return to play is 
allowed when athletes have normal strength and 
range of motion and they are pain-free during 
sport activity; this usually occurs from 6 to 12 
months after surgery. 

 Recommendations for return to noncontact or 
low-impact sports after spinal fusion are contro-
versial. Many authors allowed their patients to 
return to low-impact sports after 6 months; Eck 
and Riley [ 24 ] disagree and suggested delaying 
return to noncontact sport after 1 year. Criteria to 
return to high-impact sports are even more con-
troversial: some authors did not recommend 
return to this kind of sports after spinal fusion; 
otherwise, there are authors who permitted return 
to high-impact sport after 1 year [ 41 ]. 

 After spondylolisthesis fusion, many authors 
agree to forbid sports that require extreme mobil-
ity or involve heavy loads such as gymnastic, 
football, rugby, wrestling, weightlifting, sky-
diving and bungee jumping. Other authors [ 48 , 
 54 ] did not forbid return to these sports, but they 
advise that athletes could be limited after surgery.  

19.3.5     Posterior Element Overuse 
Syndrome 

 It is known also as hyperlordotic low-back pain, 
mechanical low-back pain or muscular low-
back pain [ 26 ,  38 ]. After spondylolysis, it is the 
most common cause of low-back pain in 
adolescents. 

 This syndrome    is not a well-defi ned condi-
tion: a lot of structures such as muscle–tendon 
units, ligaments, facet joints and joint capsules 
could be involved in causing low-back pain. 
Clinical presentation of athletes with posterior 
element overuse syndrome is completely similar 
to spondylolysis [ 49 ]. 
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 This syndrome is clinically similar to spondy-
lolysis, and the same imaging studies are sug-
gested, but differently to spondylolysis, they are 
negative. Imaging studies are necessary to 
exclude other causes of low-back pain originat-
ing from posterior elements [ 20 ]. 

 Treatment does not require surgery. In order to 
control pain, a brief period of rest is suggested, 
but muscle wasting should be prevented. The use 
of ice and NSAIDs may be helpful in reducing 
infl ammation. A lumbar support brace, which 
often is required for up to 6 weeks, may help to 
reduce pain and reduce hyperlordosis, which 
often is the cause of this syndrome. Physical ther-
apy consists of abdominal strength exercises, 
antilordotic exercises and hamstring and lum-
bodorsal fascia stretching; extension exercises 
are initially avoided. Return to sport is allowed; 
pain-free extension is obtained, but training 
should be modifi ed to avoid recurrences [ 20 ].  

19.3.6     Sacroiliac Joint Dysfunction 

 The sacroiliac joint functions as a shock absorber 
and disperses forces between the trunk and the 
lower extremities. Sacroiliac joint dysfunction 
can be a cause of low-back pain due to disease, 
infl ammation, movement dysfunction (hypermo-
bility or hypomobility) or leg length discrepancy. 
The infl uence of proximal or distal structures is 
poorly appreciated but must be considered. 
A sacral stress fracture could be a very rare cause 
of pain in sacroiliac joint region, in particular in 
elite athletes [ 55 ]. Provocative tests for the sacro-
iliac joint are numerous, such as distraction test, 
FABER test, thigh thrust test and Gaenslen test, 
but they are not specifi c, so it’s necessary to per-
form them together to make a proper diagnosis. 
Signs and symptoms of seronegative spondyloar-
thropathies, such as Crohn’s disease, psoriatic 
arthritis and juvenile ankylosing spondylitis, 
should be addressed when the sacroiliac joint is 
involved [ 23 ]. 

 A specifi c gold standard imaging study to 
evaluate sacroiliac joint dysfunction is still not 
identifi ed, because of joint location and presence 
of overlying structures. 

 If pain has been present for more than 3 weeks, 
standard radiographs taken at a 25–30° from AP 
axis and lateral view should be obtained: they 
may show degenerative changes, ankylosis, 
demineralisation or a fracture. On radiographs, 
degenerative changes are usually fi rst on the iliac 
side; if sclerosis involves the lower two-thirds of 
the joint on both sides, sacroiliitis is common 
[ 23 ]. Irregularity and widening of the sacroiliac 
joint could be present in an adolescent patient. 

 Computerised tomography is useful in identi-
fying fractures, degenerative changes and osteoid 
osteomas. The high sensibility of bone scans in 
detecting osteoblastic activity could be exploited 
in the suspect of infection, fracture or a metabolic 
process [ 20 ]. 

 Magnetic resonance imaging helps to diag-
nose soft tissue pathology, lumbar disc disease, 
fractures and tumours. MRI is helpful and the 
most sensitive for diagnosing infl ammatory 
sacroiliitis. 

 Few information are available on management 
of sacroiliac joint dysfunction. 

 Ice and drugs, in particular NSAIDs, help alle-
viate pain and infl ammation. If a sacral stress 
fracture is present, protected weight bearing is 
necessary until pain resolves. The use of bracing 
could be useful to stabilise the joint [ 20 ]. 

 The infl uence of proximal and distal struc-
tures should be considered during physical ther-
apy. To achieve a successful return of the athlete 
to sport, its mechanical demands must be evalu-
ated carefully. Rehabilitation must focus on 
 postural retraining of the entire abdomino–
lumbo–sacro–pelvic–hip complex. The transver-
sus abdominis has been shown to be the key 
muscle to functional retraining: some studies 
[ 23 ] demonstrate lower recurrence rates and 
lower pain. Recently, Richardson et al. [ 56 ] anal-
yse that clinical benefi ts focusing on the transver-
sus abdominis occur due to signifi cantly reduced 
laxity in the sacroiliac joint. 

 Before starting any postural retraining, con-
sidering the entire abdomino–lumbo–sacro–pel-
vic–hip complex, a leg length discrepancy should 
be corrected. 

 Intra- or periarticular sacroiliac joint injec-
tions of corticosteroids and/or anaesthetic, 
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with or without fl uoroscopy, have not been con-
sistently shown to be effective [ 23 ], although 
they theoretically should help to treat sacroiliac 
joint dysfunction. 

 Return to sport is allowed when pain is con-
trolled and good balance of the abdomino–
lumbo–sacro–pelvic–hip complex is achieved 
through postural retraining.   

19.4     Muscle Injuries 

 Muscle injuries within sport are both a common 
and problematic occurrence. This will be 
acknowledged by everybody that works within 
sport, regardless of which sport they are involved 
whether that be soccer, swimming, cricket, 
rugby, canoeing, athletics, fencing, Australian 
rules football, gymnastics and Gaelic football, to 
list those whose epidemiology has been 
described within the literature since the start of 
2012 [ 57 – 65 ]. Nevertheless, muscle injury 
potentially affects all sport participants, and an 
understanding of the injury, subsequent treat-
ment and ultimately any injury prevention mech-
anisms is essential for the physician working 
within sport. 

 The category of muscle injuries often incorpo-
rates the entire musculotendinous complex and 
thus concerns injuries anywhere along the length 
of a muscle from the bone and tendon interface at 
the origin, along the tendon, the proximal muscu-
lotendinous junction, the muscle belly itself, the 
distal musculotendinous junction and the inser-
tion of the distal tendon into bone. The general 
acceptance is that tendon avulsions and tears in 
the sportsperson are best treated by surgical inter-
vention whether it is the Achilles [ 66 ], quadri-
ceps [ 67 ], hamstrings [ 68 ] or biceps [ 69 ]. 
Therefore, the focus of this piece will be regard-
ing injuries to the muscle belly. 

 It has been previously suggested that little 
descriptive information exists regarding the 
description and therefore classifi cation of muscle 
injuries. Indeed, the term ‘muscle strain’ has 
been interesting commonplace    yet also vague 
and nondescriptive. To grade muscle injuries 
into one of three groups has gained popularity 

and has been described by more than one author: 
O’Donoghue in 1962, Takebayashi in 1995, 
Peetrons in 2002 and Stoller in 2007 [ 70 – 73 ]. 
However, each of these whether being clinically 
based or imaging based (either ultrasound or 
MRI) has a very broad middle grade, which is 
essentially nondescriptive. This was the stimulus 
for the introduction of a much more descriptive 
classifi cation system that was formed from a con-
sensus of a group of experts within the fi eld of 
sports medicine. The Munich classifi cation [ 74 ] 
has been introduced and displays a more detailed 
and consistent description of muscle injuries 
that has already been shown to be useful and 
ultimately validated by the UEFA Study Group 
when describing return to play following muscle 
injury in elite soccer players [ 59 ]. It is suggested 
that the research community adopt the Munich 
classifi cation for the foreseeable future in order 
to permit progression in our understanding of 
muscle injuries. 

19.4.1     Sites of Injury 

19.4.1.1     Adductor Muscles 
(‘Groin Strain’) 

 Collectively, the adductor muscle groups may be 
divided into further three muscle groups by depth 
of layer of muscle. The superfi cial group    may 
comprise of the pectineus, gracilis and adductor 
longus muscles; the middle layer, of the adductor 
brevis; and the deep layer, of the adductor mag-
nus. However, pain in the groin region may be 
attributed to more than one of these muscles or 
potentially none of them at all. As a result, the pre-
sentation of a patient with groin pain requires very 
specifi c attention and exclusion of other patholo-
gies such as abdominal wall pathology (e.g. her-
nia), intra-abdominal disorders (e.g. appendicitis 
or infl ammatory bowel disease), genito-urinary 
pathology (e.g. urinary tract infection, sexually 
transmitted infection, testicular abnormalities), 
lumbosacral pathology (e.g. nerve root irritation 
or compression from bony or disc disease) or hip 
pathology (e.g. labral tear, femoroacetabular 
impingement, osteoarthritis, osteochondritis dis-
secans, iliopsoas tendinopathy) [ 75 ]. 
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 As a result, a thorough history, examination and 
imaging studies are important in deciding what the 
source of the pain is. Regarding an abductor strain, 
which is one of the more common muscle injuries 
among soccer players [ 60 ], a patient may present 
with decreased abductor range of movement and 
decreased abductor strength. It has also been spec-
ulated that biomechanical irregularities of the 
lower limb, such as overpronation and fatigue of 
accessory muscles around the hip, contribute to the 
risk of adductor injuries [ 76 ]. The physical exami-
nation fi ndings are essentially tenderness to palpa-
tion of the muscle and pain on resisted contraction, 
in this case resisted abduction. Imaging is thought 
to be useful in determining the difference in the 
potential diagnoses; however, it has been sug-
gested that more consistent and systematic termi-
nology be used when describing imaging fi ndings 
[ 77 ] in order to achieve a better framework for 
treatment planning.  

19.4.1.2     Quadriceps Muscle 
 The quadriceps muscles are formed by the rectus 
femoris, vastus lateralis, vastus intermedius and 
vastus medialis. Collectively, an injury to the 
quadriceps muscles accounts for the most com-
mon muscle injury in soccer [ 60 ]. In particular, as 
the quadriceps (rectus femoris) spans two joints 
in the hip and the knee, it is susceptible to a 
higher rate of injury as it will be caused by exces-
sively forceful hip fl exion and/or knee fl exion 
[ 75 ]. An increased rate of injury is observed 
within the player’s kicking leg, with a history of 
previous injury and an increase in player age. 

 Rupture of the tendinous origin or insertion at 
the tendon bone interface is identifi able as this is 
the area of pain and tenderness. An injury to the 
muscle itself is well described by the patient as 
during a manoeuvre of forceful quadriceps con-
traction as a sharp pain in the area of muscle tear 
with or without the sensation of a popping or 
tearing sensation. There is tenderness in the area 
of muscular tear with associated swelling and 
ecchymosis that may be visible after 24 h [ 78 ].  

19.4.1.3     Hamstrings 
 The hamstring complex comprises of the 
 semitendinosus, semimembranosus and biceps 

 femoris, both short and long heads. All but the 
short head of the biceps femoris are bi-articular. 
This is likely to be a contributing factor into why 
injuries of the hamstrings are common in soccer 
and demonstrated no bias between kicking and 
non- kicking legs [ 60 ]. Commonly the injury is 
during running, and it is hypothesised that this 
injury occurs as a result of high eccentric forces 
and moderate muscle strain [ 79 ]. In addition, 
many other factors have been suggested as being 
contributory to hamstring injury. These include 
anatomical factors, muscle fi bre type distribution, 
muscle architecture and degree of anterior pelvic 
tilt [ 79 ] in addition to the phase of the activity 
involved [ 80 ]. Of specifi c interest is the high rate 
of hamstring injuries in Australian rules football 
that may be accounted for by the nature of the 
sport where a sprinting player may have to reach 
down for the ball [ 80 ]. There is again an increase 
in the rate of injury in those that have suffered a 
previous hamstring injury [ 81 ]. 

 Presentation of these injuries is often follow-
ing a classical history of injury that is seen with a 
sudden acceleration followed by pain in the pos-
terior thigh. It is often accompanied by a tearing 
sensation. Tenderness over the area of the tear is 
seen with associated swelling and ecchymosis as 
seen with other types of muscle tear. A review of 
the imaging of hamstring injuries suggested that 
the majority (86 %) occur in the muscle belly and 
within the biceps femoris (80 %) [ 82 ].  

19.4.1.4     Gastrocnemius (Calf Strain) 
 The ‘calf’ muscle refers to the gastrocnemius and 
soleus complex. While again being observed at a 
fairly common rate in soccer [ 83 ], this injury type 
may again be observed in many different sports. 
In particular, the term ‘tennis leg’ [ 84 ] has been 
mentioned to describe this injury in the tennis 
player. This refers to the serving motion that fully 
extends the knee with sudden ankle dorsifl exion, 
which results in the maximum stretch of the gas-
trocnemius. Tennis leg typically refers to the dis-
tal myotendinous junction although the term may 
be used when describing any injury to the calf 
region. Again the fact that the muscle is bi- 
articular is likely to be a reason as to why it is a 
fairly commonly injured muscle [ 82 ]. 
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 The clinical presentation is consistent with 
other types of muscle injury; a particular event is 
often noted with pain and potential tearing sensa-
tion felt. Then follow the examination fi ndings of 
swelling and ecchymosis with tenderness to pal-
pation over the area of torn muscle fi bres. 

 The injury tends to occur in younger patients 
following a period of heavy exercise, whereas in 
older patients, it may occur following a much 
more insidious episode such as stepping out of a 
car which may not have registered with the 
patient as being a specifi c injury [ 82 ]. As a result, 
an important differential diagnosis includes deep 
venous thrombosis (DVT), particularly in the 
absence of a specifi c injury, as this is also more 
likely in older patients. Interestingly in a study of 
patients with ultrasound evaluation of tennis leg, 
10 % of patients were found to have a DVT with-
out any other fi nding and a further 5 % in addi-
tion to another fi nding [ 85 ]. Another important 
differential diagnosis is an Achilles tendon rup-
ture, which should be differentiated upon clinical 
examination with a palpable gap at the site of ten-
don failure. In the event of any doubt regarding 
the diagnosis, an ultrasound scan is suggested, as 
the management of the two possibilities is 
extremely different, with the mainstay of muscle 
belly injury being nonoperative compared to a 
low threshold for surgical intervention in the ath-
lete with Achilles tendon rupture.   

19.4.2     Epidemiology 

 In essence, any of these injuries may occur in any 
sport. Indeed, if one considers the functional 
chain to be of signifi cance, then any muscle 
injury will have an impact on any sport, e.g. a 
quadriceps injury in the overhead athlete. The 
next section will summarise some of the epidemi-
ology fi ndings specifi c to some of the most com-
mon sports in the world. 

19.4.2.1     Soccer 
 The world game has been investigated exten-
sively with regard to the epidemiology of muscle 
injury, mainly in the form of the UEFA Study 
Group. A review of 2,123 muscle injuries 

 concluded that intrinsic factors found to increase 
muscle injury rates in professional soccer were 
previous injury, older age and kicking leg and 
that injury rates varied during different parts of 
the season and also depending on match location 
[ 60 ]. However, importantly, further UEFA stud-
ies have shown that while ligament injury rate 
has decreased over the last decade, muscle injury 
remains high [ 60 ]. This may be associated with 
another fi nding from the group that has shown 
fi xture congestion to be associated with high 
muscle injury rates [ 86 ].  

19.4.2.2     Swimming 
 A recent study has shown the rates of injury in 
elite Paralympic swimmers with visual impair-
ment. As one may expect, the muscular injuries 
are more prevalent in the trunk and spine muscles 
and the upper than the lower limb although of 
interest 19.9 % of injuries were seen in the lower 
limbs [ 87 ].  

19.4.2.3     Rugby Union 
 In rugby, and in particular sevens rugby union (an 
Olympic sport in 2016), the rate of injury has 
been described as being 55.4 injuries per 1,000 
playing hours with 14.6 % of all injuries being in 
the lower extremity in terms of site and 10.4 % 
being muscular injuries in terms of type [ 62 ]. The 
sport of rugby itself is interesting, as it has moved 
from an amateur era into a modern professional 
sport. This change has accounted for an increase 
in injury risk [ 88 ]. A meta-analysis has confi rmed 
that an increase rate of injury is observed with an 
increase in the level of rugby that is played; in 
addition, most injuries were muscular and equiv-
alent in rate to other collision sports [ 89 ].  

19.4.2.4     Tennis 
 An extensive review article concerning tennis has 
shown a general trend that acute injuries in tennis 
were more likely to occur in the lower extremity 
rather than the upper extremity. There was no 
association with age, sex, skill level and injury 
rate although the volume of play was associated 
with the risk of injury. Tennis leg itself accounted 
for between 4 and 9 % of all tennis injuries dis-
cussed [ 90 ].  
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19.4.2.5     Ice Hockey 
 A study of 1292 National Hockey League (NHL) 
players demonstrated that low levels of sport- 
specifi c training in the off-season (as compared 
to high levels) and previous injury were factors 
associated with increased risk of groin injury 
[ 91 ]. This was the basis for potential injury pre-
vention strategies to be introduced in the sport.  

19.4.2.6     Australian Rules Football 
 While not being potentially a worldwide sport, 
‘Aussie rules’ has led the way in terms of injury 
surveillance with over 20 years of data from the 
elite league governing 13,606 injuries [ 64 ]. 
During this time, hamstring injuries have fea-
tured most commonly, and interestingly recur-
rence rates of injury have decreased each season. 
The authors concluded that such annual surveil-
lance of injury rates was well received and cru-
cially was instrumental in aiding rule changes 
that improved player safety.   

19.4.3     Treatment 

19.4.3.1     Traditional Methods 
 The mainstay immediate treatment of muscle 
injury for many years has been the ‘RICE’ method 
incorporating rest, ice, compression and elevation 
[ 92 ]. The aim of which is principally to decrease 
the risk of injury-induced bleeding into the mus-
cle beyond the initial zone of injury with the result 
to minimise the extent of the injury [ 93 ]. This also 
decreases the infl ammatory process in its earliest 
phase and helps with the pain that a patient will 
experience following injury. Subsequently to 
RICE, the term PRICE has evolved in order to add 
the use of ‘protection’ in the form of soft padding 
to the injured area of muscle to decrease the risk 
of impact injury with other objects [ 93 ]. 

 It is recommended that the rest phase of activ-
ity restriction be present for 48–72 h post injury 
and that through this time ice be applied in 15- to 
20-min spells every 60–90 min. It is also sug-
gested that the compression bandage be applied 
during the periods where icing is not used 
(ACSM). The duration of rest and immobilisation 
is limited to this time as it is a period suffi cient 

enough to produce a form of scar with suffi cient 
strength to bear the forces that will be experi-
enced by the next phase of treatment, namely, 
commencing mobilisation [ 93 ]. 

 Beyond 72 h and dependent upon the severity 
of the injury, the next phase of rehabilitation will 
begin with a gradual increase in activity, which 
may begin with gentle movement of the muscle, 
mild resisted exercise, proprioception exercise 
and continued icing. Following this phase, 
a gradual increase in activity is permitted with 
pain being the indicator of speed of progression 
(ACSM). The recommendation is to progress 
from isometric to isotonic to isokinetic muscle 
contraction training through this time with again 
pain being the guiding factor [ 93 ]. 

 An early return to activity is required in order 
to optimise the regeneration of healing muscle 
and promote the recovery of fl exibility and 
strength of the injured skeletal muscle to pre- 
injury levels. The rehabilitation protocol should 
also incorporate core stability exercises, as these 
exercises appear to result in a better outcome for 
injured skeletal muscle than programmes based 
exclusively on stretching and strengthening of 
the injured muscle alone [ 93 ]. 

 Following this early phase of treatment, the 
specifi cs of the muscle rehabilitation are depen-
dent upon the muscle group involved, e.g. the use 
of Nordic hamstring exercises [ 94 ,  95 ]. Such 
exercises can be initiated in order to help reha-
bilitation and prevent recurrence. 

 In spite of these treatments being considered 
traditional and the basis of most management 
plans for the treatment of muscle injury, little in 
the way of objective evidence exists within the 
literature to suggest this is the optimum treat-
ment. As a result, other techniques have been 
suggested and attempted in an effort to decrease 
the healing time from injury.  

19.4.3.2     Medication 
 Few controlled studies exist to demonstrate the 
effects of nonsteroidal anti-infl ammatory drugs 
(NSAIDs) or glucocorticoids in the patient with 
muscle injury. Some have suggested a transient 
improvement in recovery from exercise-induced 
muscle injury [ 96 ]. In addition, short-term use of 
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NSAIDs in the early phase of muscle healing has 
been shown to lead to a decrease in infl ammatory 
cell reaction without any adverse effect on mus-
cle healing, tensile strength or contraction [ 93 ]. 
However, the long-term use of NSAIDs is poten-
tially detrimental to the regenerating skeletal 
muscle, with the suggestion that it is harmful in 
the eccentric contraction-induced strain injury 
model [ 97 ].  

19.4.3.3     Ultrasound 
 Once again, while being well recognised as a 
treatment for muscle injury, the role of ultrasound 
has very little supportive objective evidence 
existing within the literature. Some animal-based 
studies suggest a benefi t from continuous thera-
peutic ultrasound in accelerating the healing 
response [ 98 ], whereas others suggest that while 
ultrasound will promote the satellite cell prolif-
eration phase of myoregeneration, it did not dis-
play any benefi t in the overall morphology of 
muscle regeneration [ 99 ]. 

 In the absence of any randomised controlled 
trial that offers defi nitive evidence as to the 
effects of ultrasound in muscle healing, studies 
continue to emerge with the most recent in the 
literature again supporting the use of low- 
intensity pulsed ultrasound (LIPUS). The sug-
gestion is that it induced an organised tissue 
structure at the site of injury and stimulates 
expression of cyclooxygenase-2 (COX-2) and the 
formation of new muscle fi bres [ 100 ].  

19.4.3.4     Hyperbaric Oxygen Therapy 
 Scientifi cally, it makes perfect sense that by 
increasing the concentration of oxygen within the 
body, there would then be more oxygen availabil-
ity for the cellular processes of muscle healing 
and regeneration [ 93 ]. However, in spite of some 
experimental studies showing that its use may 
signifi cantly improve the rate of repair of injured 
skeletal muscle [ 101 ], a subsequent Cochrane 
review has stated that there is insuffi cient evi-
dence from randomised controlled trials that will 
identify the effects of hyperbaric oxygen therapy 
on delayed-onset muscle soreness [ 102 ], which 
was the closest review found in the literature to 
muscle injury in the athlete.  

19.4.3.5     Kinesio Tape 
 The use of colourful taping has gained popular-
ity among athletes in recent times. This has par-
ticularly been seen in the elite athlete population. 
That being said, very little exists in terms of sci-
entifi c evidence as to the benefi ts of the taping. 
A systematic review performed in October 2011 
and published in November 2012 concluded that 
there was insuffi cient evidence to support the use 
of kinesio tape following musculoskeletal injury 
due to there being few high-quality studies that 
have investigated its use [ 103 ]. Interestingly, 
however, the review was unable to discount a 
perceived benefi t that the athlete may have. No 
ill effects were perceived; therefore, it may be 
that the use of such taping may provide a placebo 
effect for the athlete.  

19.4.3.6     Platelet-Rich Plasma (PRP)  
 PRP has become very popular as a method of 
treatment for a number of different diagnoses. 
One is to treat muscle injuries. The possibility 
has received much coverage in the medical lit-
erature without any convincing conclusion to 
whether or not it carries a benefi t. Scientifi cally, 
it stands to reason that PRP injections into 
 muscle would carry a benefi t; however, com-
ment is made of a single poster presentation 
that showed benefi t in a case series of 20 pro-
fessional athletes with hamstring injury without 
subsequent publication [ 104 ]. Little else exists 
within the literature that would convincingly 
suggest a benefi cial effect from PRP injection 
into muscle in the clinical setting. A review 
article has suggested that no PRP formula has 
yet been proven to result in good-quality evi-
dence of muscle healing and recovery follow-
ing injury in sports [ 105 ]. This feeling appears 
to be shared by the International Olympic 
Committee Sports Medicine consensus group 
as well, with a warning to proceed with caution 
in the use of PRP and the statement that further 
clinical trials are required [ 106 ]. Interestingly, 
one study is progressing and appears to be of 
suitable design quality in order to provide and 
answer to the question as to how much benefi t 
PRP will provide as treatment to an injured 
muscle.   
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19.4.4     Complication 

19.4.4.1     Myositis Ossifi cans 
 Although being rare, this is an important compli-
cation of muscle injury or repetitive muscle 
injury where bone or cartilage is laid down at the 
site of trauma. Clinically, it should be suspected 
if pain and swelling have not subsided by 10–14 
days after a muscle injury and the normal pattern 
of injury recovery is not being observed. The 
ossifi cation itself is unlikely to be visible on 
radiographs for around 6 weeks, as per any stan-
dard bone formation. The treatment is debated, 
and NSAIDs may be used in an attempt to 
decrease the rate of ossifi cation as demonstrated 
within the literature for the process of heterotopic 
ossifi cation [ 93 ]. Other treatments that have been 
successful, albeit on a case report basis, include 
extracorporeal shock wave therapy [ 107 ] and 
acetic acid ionophoresis, which has been 
described previously [ 108 ] and again in recent 
times [ 109 ].   

19.4.5     Injury Prevention 

 It was said by Benjamin Franklin that an ounce of 
prevention is worth a pound of cure. This cer-
tainly appears to be the trend with muscle injury 
as well. It has been shown that the use of eccen-
tric hamstring exercises (Nordic hamstring exer-
cise) as a part of a 10-week prophylactic training 
programme resulted in a reduction in the rate of 
overall, new and recurrent hamstring injuries in 
professional and amateur male soccer players in 
a randomised controlled trial [ 95 ]. Similarly, 
a spreventative exercise programme has been 
shown to be of benefi t in reducing adductor mus-
cle injuries in soccer as well [ 110 ]. 

 The FIFA 11+ is a series of warm-up exercises 
designed by the FIFA Medical Assessment and 
Research Centre (F-MARC) that has since been 
popularised and integrated into the framework of 
soccer coaching and subsequently adopted by 
many soccer associations across the world due to 
its success at decreasing the rate of a number 
of injuries [ 111 ]. It has been demonstrated to 
be of benefi t in terms of reducing a large  spectrum 

of lower limb injuries in the sport of soccer, 
including muscle injuries [ 112 ,  113 ]. Further, 
widespread incorporation of the FIFA 11+ is 
likely to be of benefi t in further decreasing the 
rate of injury in other sports as has already been 
demonstrated in basketball [ 114 ]. 

 Finally, core stability appears to have an asso-
ciated effect of risk of injury to the lower limbs. 
A study in American football suggested that sub-
optimal core stability might be a contributory 
factor towards an increased risk of injury in a pre-
liminary study [ 115 ] and the previously men-
tioned study that decreased the frequency of 
adductor muscle injuries also utilised a pro-
gramme that improved core stability [ 76 ]. 

 Ultimately, muscle injury has a traditional 
approach to its treatment, which is accepted. It 
also has a number of potential improvements to 
this standard treatment that may yet be shown to 
be of benefi t. However, it would appear that the 
greatest benefi t is seen with a structured preven-
tative exercise programme and as such should be 
considered by those involved with the medical 
care of sports teams.   

19.5     PRP and Stem Cells 

 In recent years, many developments on the treat-
ment of musculoskeletal injuries/diseases have 
been done within the scope of regenerative medi-
cine. Several reports have been published regard-
ing the use of platelet-rich plasma (PRP) and 
stem cells, alone or in combination with delivery 
carriers and/or biomaterial matrices also known 
as scaffolds. These have shown great promise for 
treatment of damaged meniscus, ligaments, ten-
dons, skin, bone, cartilage and osteochondral tis-
sues. The main aim of this review is to highlight 
the most recent and relevant reports on the use of 
PRPs and current role of stem cells in clinical 
orthopaedics (autologous treatments). Herein, 
the tremendous advances in the clinical applica-
tions of PRP, namely, the aspects related with the 
processing techniques, formulations and admin-
istration, are briefl y overviewed. Moreover   , the 
regenerative potential of stem cells (and its 
sources) and the control of their cellular fate by 
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means of using different biomolecules and clini-
cal use (mostly in knee joint) are also analysed. 
Finally, new promising regenerative treatment 
solutions based on tissue engineering (TE) strate-
gies are also briefl y discussed. The global con-
cept of tissue engineering requires the combined 
roles of a triad: cells, scaffolds and bioactive mol-
ecules (including several growth factors). When 
trying to fi gure out ‘how any tissue functions’ 
and what is necessary to put its ‘repair mecha-
nisms’ at work, one cannot focus only on an iso-
lated factor. It is necessary to understand the 
different roles of these different protagonists at 
different times to envision infl uencing the role of 
events necessary for tissue repair. There is no 
such thing as a ‘panacea’ of modern times capa-
ble to solve every problem using the same 
method. It is still necessary to further investigate 
the tissue’s biology in order to achieve more 
effective and reproducible methods of their 
repair. 

 For the present time, it is not possible to pro-
vide neither evidence-based indications nor 
guidelines concerning the clinical use of PRP 
and/or MSCs. Despite promising early results, 
these are still in the early phase of its clinical 
experience, and there is a long way in the fi eld of 
research concerning these issues. 

19.5.1     PRP 

 Autologous platelet-rich plasma (PRP) is a 
generic term referring to any sample of autolo-
gous plasma with platelet concentrations above 
baseline blood values [ 116 ]. Being a source of 
concentrated autologous platelets, after degranu-
lation of their alpha granules, PRP provides a 
source of several different growth factors and 
other cytokines [ 117 ,  118 ]. 

 PRP has been under development as a theory 
since the 1990s and has been increasingly used in 
clinical applications [ 118 ,  119 ]. However, one 
must understand that this technology is still in the 
early phase of its development and further 
research is required in either basic science or 
clinical perspectives. PRP technology basically 
relies in providing fi brin and high concentrations 

of a ‘cocktail’ of growth factors with ‘a certain’ 
potential to aid in selected tissue healing, includ-
ing bone and soft tissues [ 119 ]. The role of mul-
tiple growth factors (GFs) in different biologic 
repair mechanisms as well as the variety and 
raised concentrations of these GFs found within 
PRP is the theoretical basis supporting the use of 
PRP in tissue repair [ 120 ]. The growth factors 
and other cytokines present in PRP include 
platelet- derived growth factor (PDGF), trans-
forming growth factor beta (TGF-β), fi broblast 
growth factor (FGF), insulin-like growth factors 
1 and 2 (ILGF-1, ILGF-2), epidermal growth fac-
tor (EGF), interleukin 8 (IL-8), vascular endothe-
lial growth factor (VEGF), hepatocyte growth 
factor (HGF), keratinocyte growth factor (KGF) 
and connective tissue growth factor (CTGF), 
among many others [ 121 ]. However, there is no 
current effective method to control the availabil-
ity or concentration of any of them prior to appli-
cation. There are inter- and intra-individual 
differences as well as inherent to the method of 
preparation [ 122 ]. 

 Moreover, according to Langer and Vacanti, 
the principles of tissue engineering and biologic 
repair mechanisms not only depend on the 
 presence of bioactive proteins (e.g. growth fac-
tors) but also include cells and scaffolds [ 123 ]. It 
is necessary to make this ‘magic triad’ work 
properly in order to achieve successful tissue 
regeneration [ 124 ]. 

 Considering the aforementioned, one should 
have no doubts about the critical role of ‘growth 
factors’ in biologic repair mechanisms. What 
must be appreciated and better understood is the 
effectiveness of all clinical methods aiming to 
use these proteins in clinical setting. The ratio-
nale supporting this method is that by delivering 
an amount of GFs, we might infl uence the cas-
cade of events leading to the recovery of a tissue 
after an injury. One effective way to jeopardise a 
promising technology is to promote its incorrect 
use since the beginning of its application. 

 One should be aware that, up to now, it has not 
been possible to confi rm in large-scale and long- 
time controlled clinical trials all the observations 
and suggestions arising from basic science 
research and preclinical studies [ 125 ]. 
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 There is no consensus on the ideal dosage 
of platelets to be delivered through PRP prepa-
rations. However, the principle of ‘the more, 
the better’ does not apply in this sense [ 126 ]. 
A wide range of platelet concentrations from 
200 × 103 platelets/mL up to 1,000 × 103 plate-
lets/mL are considered therapeutic for tissue 
healing, whereas much higher counts appear to 
have biologic deleterious effects [ 127 – 129 ]. The 
platelets collected in PRP can be activated by the 
addition of factors such as thrombin and/or cal-
cium chloride, which induces the release of these 
factors from alpha granules. 

 Plasma, the fl uid portion of blood, contains 
ions, inorganic and organic molecules as well as 
same proteins which assist in healing process of 
connective tissues [ 130 ]. Plasma is different from 
serum once plasma still contains fi brinogen as 
well as certain clotting factors. When plasma is 
exposed to thrombin, either by the adding exog-
enous thrombin or by contact with tissue throm-
boplastin, the clotting cascade is initiated and 
platelets are activated [ 130 ]. 

 Creating such a platelet-rich fi brin matrix, one 
might achieve benefi ts in selected situations. 
A fi brin scaffold might play the role of conduc-
tive matrix for cells’ migration as well as provide 
a GF reservoir that indirectly binds growth fac-
tors, thus prolonging their delivery [ 126 ]. 

 Differences between preparations further 
include the presence or absence of white blood 
cells (WBCs). WBCs are known to play a role on 
the initial phases of infl ammation, namely, 
removal of bacteria and/or biologic debris [ 126 ]. 
There is no consensus on this issue, with some 
methods developed for intentional removal of 
leukocytes while others promote leucocyte-rich 
PRP preparations [ 122 ]. Some in vitro studies 
have reported some antibacterial effects related to 
inclusion of WBCs in PRP [ 131 ,  132 ]. However, 
it is also recognised that WBCs can release matrix 
metalloproteinases and produce reactive oxygen 
species that might lead to increased tissue dam-
age [ 133 ]. This represents another key issue, 
determining a signifi cant difference among the 
standard methods for the PRP preparation. 

 It is possible to describe PRP preparation 
according to the method of production. Single- and 

two-step centrifugation processes have been 
described to fraction whole blood and concentrate 
the platelets [ 122 ]. PRP preparation systems have 
recently gathered FDA approval for clinical use 
(  http://www.fda.gov/    ). 

 Some proponents of PRP therapy argue that 
negative clinical results are associated with poor- 
quality PRP produced by inadequate devices; 
however, there are poor evidences or guidelines 
favouring any method over another [ 122 ]. There 
are inter- and intra-individual differences in 
human donors affecting the quality and quantity 
of PRP preparations [ 122 ]. Moreover, variability 
in platelet-concentrating techniques may alter 
platelet degranulation characteristics that could 
affect clinical outcomes [ 134 ]. 

 Dose–effect is also a relevant variable to con-
sider. In a recent in vitro study [ 135 ], certain doses 
of PRP could inhibit adipogenic differentiation 
while inducing the proliferation and osteogenic 
differentiation of bone marrow mesenchymal 
stem cells derived from osteoporotic bone mar-
row, thus promoting fracture healing. However, 
high concentration of PRP inhibited osteogenic 
differentiation and callus remodelling [ 135 ]. 

 Combining all the previous, the possibility of 
‘a la carte’ PRP seems somewhat feasible, in a 
near future [ 136 ]. That is, if several methods 
exist, if different products are obtained accord-
ingly, maybe, after development of our ability to 
fi ne-tune and control these differences, one might 
choose the ‘type’ of PRP product that best adapts 
to a specifi c clinical model. It must be recognised 
and understood that this plethora of methods to 
harvest GFs from PRP products creates diffi cul-
ties in evaluating clinical outcome and in inter-
pretation of published literature. 

 The use and clinical validation of PRP in 
orthopaedics and sports medicine are still in their 
early stages [ 137 ]. There are few controlled clini-
cal trials that have adequately evaluated the safety 
and effi cacy of PRP treatments. Most published 
literature remains on the level of expert’s opinion 
or small case series without control [ 125 ]. 

 PRP has a promising profi le for injection ther-
apy permitting minimally invasive, nonoperative 
approaches for several conditions [ 138 ,  139 ]. Its 
proposed applications include shoulder cuff 
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pathology, epicondylitis, Achilles tendinopathy, 
plantar fasciitis, jumpers knee, muscle injuries or 
even joint arthritis [ 138 ]. There has been some 
controversy around clinical results. However, one 
must consider that these results have been 
obtained from different injuries or pathological 
models, involving different tissues, many times 
different preparations of PRP which limits the 
possibility for further widespread conclusions or 
guidelines [ 119 ]. Once PRP is not supposed to be 
the ‘panacea’ of modern times, it is diffi cult to 
expect that it will always have to ‘work’ no mat-
ter the strategy of therapeutic model. 

 A recent meta-analysis considering rotator 
cuff tears suggests that PRP has no benefi ts on 
the overall clinical outcomes and retear rate after 
arthroscopic repair of large- and massive-sized 
defects. However, it was observed a decrease in 
the rate of retears among patients treated with 
PRP for small- and medium-sized rotator cuff 
tears (level II study) [ 140 ]. Focused on lateral 
epicondylitis, a small controlled trial described 
promising results for ‘tennis elbow’ after failure 
of previous conservative treatment [ 141 ]. Some 
limitations inherent to study protocol must be 
considered including the small number of patients 
considered for results. 

 However, concerning Achilles tendon dis-
ease, modest improvement in functional out-
come measures was observed in a small case 
series following PRP injection [ 142 ]. On another 
clinical trial enrolling patients with chronic 
Achilles tendinopathy (after failure of physio-
therapy), PRP injection did not result in better 
outcome in pain nor activity when compared to a 
saline injection [ 143 ]. 

 In a randomised trial with a small number of 
patients, PRP presented favourable results in 
improving patellar tendon healing after harvest-
ing for ACL repair [ 144 ]. A small case series 
without control reported clinical improvement 
after PRP in treatment of jumper’s knee [ 145 ]. 
Once more, design of the studies must be care-
fully considered. 

 Contradictory results have been reported 
regarding the infl uence of PRP in graft integra-
tion after ACL repair. Tendon-to-bone healing 
(osteoligamentous interface) after ACL repair 
has presented nonsignifi cant differences [ 146 , 
 147 ]. Nevertheless, some improvement in MRI 
signal concerning graft maturation has been 
described [ 147 ]. 

 A recent single-blinded, randomised, con-
trolled study comparing PRP injections to dex-
trose prolotherapy for the treatment of chronic 
recalcitrant plantar fasciitis achieved similar 
results with only slight better initial improvement 
in function for PRP group [ 148 ]. 

 Once more, in favour of clinical application 
for PRP, intra-articular knee injections produced 
favourable functional results on degenerative car-
tilage lesions as well as pain decrease and quality 
of live improvement [ 149 ]. 

 PRP has also been tempted to improve out-
come after traumatic injuries (Fig.  19.12 ) includ-
ing fracture healing. PRP combined with allograft 
achieved similar outcome when compared to 
autograft and signifi cantly better than allograft 
alone in the treatment of displaced intra-articular 
calcaneal fractures [ 150 ].

   In brief, PRP technology has been recently 
tested in a wide range of musculoskeletal 

a b c

  Fig. 19.12    PRP application in bone fracture. ( a ) Bone fracture, ( b ) surgical treatment, ( c ) PRP application       
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 pathologies in orthopaedics but also in sports 
medicine particularly aiming to improve outcome 
and fasten recovery in high-level athletes. 

 The issue concerning PRP implications in 
antidoping rules by either the World Antidoping 
Agency or the International Olympic Committee 
(IOC) has been continuously appreciated [ 151 , 
 152 ]. It has been discussed if local injections 
of PRP could have a systemic impact affect-
ing doping tests as well as possible anabolic 
effects affecting performance [ 152 ]. In 2011, the 
World Antidoping Agency removed intramuscu-
lar injections of PRP from its prohibitions after 
determining that there is a ‘… lack of any current 
evidence concerning the use of these methods for 
purposes of performance enhancement’ [ 153 ]. 
Similarly, the IOC tolerates the use of PRP given 
the lack of evidence concerning systemic effects 
affecting performance and however recommends 
caution with the use of these methods [ 152 , 
 154 ]. Conversely, the use of PRP is still illegal 
according to medical care law in countries such 
as Korea [ 155 ]. 

 PRP technology is a promising technology 
for sports medicine and musculoskeletal appli-
cation. It is clear that GFs can infl uence tissue’s 
repair mechanism. PRP is a method for harvest-
ing autologous GFs whose source each one of 
us always carries around. What remains unclear 
is the best method for each tissue, what must be 
included and what should be excluded in each 
specifi c clinical case. Moreover, the timing, the 
dose and the conjunction with other therapeutic 
agents are also issues that should be considered. 
It is necessary to develop appropriate guidelines 
and increase evidence level prior to its widespread 
application as treatment option for joint, tendon, 
ligament and muscle injuries [ 125 ]. Results of 
clinical studies on PRP are diffi cult to interpret 
given the methodological quality and limitations 
of most published clinical trials [ 154 ]. More 
attention should be paid to methodological issues 
when designing, performing and reporting clini-
cal trials assessing outcome of PRP technology. 

 To improve clinical application, several 
authors have been trying to tune and control some 
aspects. It has already been shown that an innoc-
uous agent like anti-VEGF antibody can play a 

role to modulate and control some effects of PRP 
[ 116 ]. Moreover, a combination of PRP injec-
tions and oral administration of losartan (an anti-
fi brotic agent) could enhance muscle healing by 
stimulating muscle regeneration and angiogene-
sis and by preventing fi brosis in skeletal muscle 
from mice model [ 156 ]. Research in this fi eld 
still has a long way to go. 

 Future directions of PRP application may con-
centrate on seeking an appropriate method to 
control their effects (either by favouring one 
effect over another or by controlling different 
effects at different times). Moreover, given the 
multiplicity of different methods providing dif-
ferent PRP products, in future we might be able 
to provide guidelines in selection of different 
products best suited for specifi c effects: the ‘a la 
carte’ PRP technology. It is now consensual that 
more controlled trials are required describing 
properly the method of PRP tested in order to 
permit higher level of evidence and indications 
for use.  

19.5.2     Stem Cells 

 The different types of cells found in our body can 
be generally categorised as germ cells, somatic 
cells and stem cells. Germ cells give rise to gam-
etes, while somatic cells are the differentiated 
cells that constitute the adult body. By its turn, 
stem cells are characterised by cell types possess-
ing the ability of dividing indefi nitely, in vitro. 
Actually, stem cells may become a specialised 
cell upon differentiation, under the action of spe-
cifi c growth factors/bioactive agents. Therefore, 
stem cells can proliferate and differentiate beyond 
the tissues in which they normally reside or may 
be implanted. An interesting work has been 
reported by López-Ruiz et al. [ 157 ], which 
showed that chondrocytes extract from patients 
with OA can induce chondrogenesis in infrapa-
tellar fat pad-derived stem cells. 

 In respect to its body location, stem cells have 
been identifi ed and isolated from germ cells, 
embryo, fetus and many adult tissues (e.g., adi-
pose tissue, skeletal muscle, Wharton’s jelly) 
[ 158 ], including those of diarthrodial joints. 
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Nevertheless, stem cells that express embryonic 
and adult stem cell markers have also been found 
in amniotic fl uid, for example [ 159 ]. 

 Thus, stem cells may be classifi ed according 
to the tissue source or, alternatively, their capac-
ity of differentiation (plasticity), as follows:
•       Totipotent stem cells are present in the early 

embryo, and it can differentiate in all types of 
specialised cells of the body, including the 
entire fetus and placenta (e.g. zygote and 
immediate daughter cells).  

•   Pluripotent stem cells are isolated from the 
fetus, and it can differentiate in several cell 
types of all three germ layers (ectoderm, 
mesoderm and endoderm), but not the whole 
organism (e.g. embryonic stem cells derived 
from the isolated inner cell masses of mam-
malian blastocytes, embryonic germ cells 
(until 8th week) and embryonic carcinoma 
cells are some examples of pluripotent cells).  

•   Multipotent stem cells are cells that can dif-
ferentiate in a limited type of specialised cells 
(e.g. mesenchymal stem cells (MSCs), neural 
stem cells and haematopoietic stem cells).  

•   Unipotent stem cells are also obtained from 
adult organs giving rise to one differential cell 
lineage (e.g. immature oligodendrocytes and 
keratinocytes).    
 Recently, Yamanaka’s group [ 160 ,  161 ] has 

found that mature specialised cells also known as 
induced pluripotent stem (iPS) cells can be repro-
grammed into immature cells capable of differen-
tiating into all tissues of the body. iPS cells are 
particularly interesting for use in in vitro models 
of disease since it does not present the ethical 
problems of the use of human embryos. Another 
advantage of iPS cells is that creation of cell lines 
that are genetically tailored to a patient became 
also possible. With this signifi cant progress, mus-
culoskeletal regenerative medicine can be fully 
addressed. Still, several hurdles have to be over-
come before its use in therapeutic applications, 
namely, the need for a fast and effi cient repro-
gramming [ 162 ]. Besides, this technology makes 
use of traditional viral vectors (some are onco-
genes), which should be avoided. 

 Despite the great developments in stem cell 
research for orthopaedics [ 163 ], fundamental 

studies are still needed to better understand its 
tissue location, differentiation pathways, para-
crine signalling, mechanism of action and more 
importantly the regenerative potency of different 
stem cell types [ 164 ]. Another important issue is 
related to the poor knowledge of stem cell fate 
once implanted at a defect site. Therefore, all 
these issues must be clarifi ed before it’s fully 
acceptance by clinicians and regulators as poten-
tial therapy. 

 Joint disease and repair (trauma) are some of 
the major challenges that orthopaedic surgeons 
have to face in their daily activities. Most treat-
ments include pain control with administration of 
drugs and injection of biomaterials such as hyal-
uronan or chondroitin sulphate (viscosupplemen-
tation strategy) and other natural-based polymers 
[ 165 – 168 ]. Despite symptomatic improvements 
in most cases, these treatment solutions have 
failed in regenerative results, thus leading to pro-
gressive loss of joint functioning and ultimately 
requiring patients’ joint replacement [ 169 ]. 

 It is well known that mammal’s tissue repair 
mechanisms result from the activation of pre- 
existing stem cells or progenitors cells. In addi-
tion, endogenous MSCs contribute to the 
maintenance of healthy tissues by playing as 
repairing reservoirs or immunomodulators to 
reduce infl ammation processes [ 170 ,  171 ]. Thus, 
stem cells use promise to revolutionise traditional 
clinical practice with a striking impact on patients’ 
quality of life [ 172 ], i.e. from simple symptom 
control and repair approaches towards the whole 
tissue or organ regeneration. Despite the use of 
stem cell-based therapies in clinics is still limited 
due to the legislative/regulatory constraints and 
socio-economic factors [ 162 ,  173 ], adult stem cell 
application has been increasing in the area of joint 
disease/repair, in the last few years. Actually, 
adult stem cells have been found in bone marrow, 
synovium, synovial fl uid, meniscus, articular 
 cartilage, ligament and fat pad [ 174 ,  175 ]. 
Figure  19.13  shows the typical stem cells after 
being isolated from human knee fat pad.

   Clinical trials using MSCs have been stimu-
lated [ 176 – 178 ] by animal studies that showed a 
benefi cial effect of MSC’s transplantation to the 
osteoarthritic or damaged joint. The clinical trials 

P. Randelli et al.



303

were aimed to investigate the therapeutic effects 
of autologous MSCs as intra-articular injection 
(mostly in the knee) [ 175 ] or after transplantation 
upon cells seeding into matrices for the treatment 
of diseased/damaged cartilage tissue. In the fol-
lowing sections, a comprehensive overview of 
the clinical reports indicating the potential for 
stem cell therapies and combination of stem cells 
with scaffolds (TE strategy) in the treatment of 
joint defects/disorders will be provided. 

 As aforementioned, MSCs can be found in 
almost all tissues of the diarthrodial joints and 
have been exploited for their self-renewal capac-
ity and ability to differentiate towards osteogenic, 
chondrogenic and adipogenic lineages and appar-
ent myogenesis [ 174 ]. 

 A great deal of attention has been given to 
stem cell-based therapies by means of delivering 
MSCs in vitro cultured into the defect/diseased 
areas.    Recently, Mirabella et al. [ 170 ] has shown 
that amniotic fl uid stem cells (AFSCs) are not 
osteogenic in vivo, although AFSCs can recruit 
more host CD31- and VEGF-R2-positive cells as 
compared to BMSCs. In that work, the authors 
concluded that AFSCs do not contribute to the 
deposition of de novo bone, but it can modulate a 
host response benefi cial for enhancing the vascu-
larisation of the bone environment. 

 Another benefi cial application of autologous 
MSCs has also been reported for meniscus repair. 
Centeno et al. [ 179 ] showed regeneration of 

meniscus in a knee treated after percutaneous 
implantation of MSCs. 

 McIlwraith et al. [ 180 ] has investigated the 
effect of intra-articular injection of MSCs for 
treatment of microfractured chondral defects, in 
a horse model. In this preclinical study, a histo-
logical improvement was evident, which indi-
cates that intra-articular injection of BMSCs 
enhances cartilage repair quality. In respect to 
clinical cartilage regeneration, Saw et al. [ 181 ] 
reported on a pilot study involving 180 patients 
(grade III and IV lesions of the knee joint, ICRS) 
that underwent arthroscopic subchondral drill-
ing. Intra- articular injections of autologous 
peripheral blood progenitor cells (PBPCs) in 
combination with hyaluronic acid (HA) (8: 2 ml) 
were administered 1 week after surgery. A total 
of 5 weekly intra-articular injections were given. 
Five patients were evaluated postoperatively. The 
authors obtained encouraging results as articu-
lar hyaline cartilage regeneration was observed 
at second- look arthroscopies and histological 
characterisation. 

 It is in the treatment of OA that stem cell- 
based therapies are most appealing [ 182 ]. In that 
review, it is the author’s opinion that bone 
marrow- stimulating techniques and ACI can 
improve pain relief to the patients and are supe-
rior to no treatment. Similar in their clinical out-
come, they induce fi brocartilaginous repair tissue 
which possibly can progress to hyaline cartilage 
formation with time. MSCs isolated from infrapa-
tellar fat pad have also been investigated as 
potential therapy [ 183 ] for treatment of knee OA. 
In that study, stem cell injections ( n  = 25; mean of 
1.89 × 106 stem cells prepared with ~3.0 ml of 
PRP) combined with arthroscopic debridement 
were administered to OA patients. Results dem-
onstrated that the mean Lysholm, Tegner activity 
scale and VAS scores of patients treated with 
stem cells improved signifi cantly at the last fol-
low- up, as compared to control groups (patients 
had undergone arthroscopic debridement and 
PRP injection without stem cells). Therefore, the 
authors found that MSC’s therapy with intra- 
articular injections is safe and provides assistance 
in reducing pain and improving function in 
patients with knee OA. In a recent study, 

  Fig. 19.13    Stem cell isolation       
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Koh et al. [ 177 ] reported once similar fi ndings 
showing that MSC’s injections can improve 
symptoms of OA knee. 

 Interestingly, Barry and Murphy [ 174 ] 
reported that 13 clinical trials addressing research 
on OA were ongoing in 2012. In most of the 
studies, MSCs isolated from bone marrow and 
adipose tissue are administered by intra-articular 
injection (1–4 × 107 cells/injection), after in vitro 
expansion. In these cases, no scaffolds were used 
as support for cell growth and differentiation, but 
hyaluronan was often used as the delivery 
carrier. 

 Interestingly, preclinical studies have been 
exploiting combinatory strategies by means of 
using cell-laden hydrogels (Fig.  19.14 ) mimick-
ing the extracellular matrix, which can be further 
loaded with micro-/nanoparticle systems for the 
delivery of drugs aimed at promoting cell prolif-
eration and differentiation, at the defect site 
[ 184 – 186 ].

   The pioneering work of Ohgushi et al. [ 187 ] 
showed that the use of MSCs isolated from the 
patient’s iliac crest followed by seeding onto 
implants contributed to improve the bone–pros-
thesis interface, with no infl ammatory reactions. 
These preliminary results indicated that a TE 
strategy using MSCs (autologous approach) can 
contribute for preventing aseptic loosening of the 
total ankle arthroplasty. Similarly, Bertram et al. 
[ 188 ] demonstrated the validity of matrix-assisted 
cell transfer for intervertebral disc cell therapy. 
Another report also demonstrated that BMSCs 
combined with porous beta-tricalcium phosphate 
may be benefi cial in posterior spinal fusion [ 189 ]. 

 Marcacci et al. [ 190 ] reported on a pilot study 
involving stem cells associated with hydroxyapa-
tite scaffolds for the repair of critical-sized long 
bone defects. That study showed the long-term 
durability of bone regeneration achieved by a 
bone TE approach at 6- to 7-year follow-up. 

 Different works have been reporting that 
microfracture procedure shows comparable clini-
cal results to those treated with ACI (autologous 
chondrocyte implantation) in the treatment of 
small cartilage defects. In addition, microfracture 
procedure is only able to produce fi brocartilage 
tissue. Thus, novel strategies based on matrix- 
guided stem cell implantation for treatment of 
chondral lesions are more appealing as compared 
to cellular strategies as it has the promise to 
improve outcomes and produce mature tissues 
[ 191 ]. In another preclinical study, Yamada et al. 
[ 192 ] reported on an investigation involving bone 
regeneration with stem cells isolated from several 
sources (e.g. deciduous teeth, extracted from 
puppies and grafted them into a parent canine 
mandible as an allograft, parent dental pulp, and 
bone marrow by tissue engineering and regenera-
tive medicine technology using platelet-rich 
plasma as an autologous scaffold and signal mol-
ecules). In that study, it was evident that stem 
cells from deciduous teeth, dental pulp and bone 
marrow with PRP have the ability to form bones. 
Apparently, bone formation with puppy decidu-
ous teeth stem cells can have the potential to pro-
duce a graft between a child and parent. 

 There is a general consensus that one-stage 
procedure is advantageous over the conventional 
autologous chondrocytes implantation. Girolamo 
et al. [ 193 ] reported on the treatment of chondral 
defects of the knee with one-step matrix-assisted 
technique improved by means of using autolo-
gous concentrated bone marrow. 

 In another two-case report, Kasemkijwattana 
et al. [ 178 ] also investigated the therapeutic 
effect of implanting BMSCs in cartilage defects 
(grade III and IV lesions of the knee joint, ICRS). 
Despite the need for long-term follow-up, that 
study corroborated the previous fi ndings [ 194 ] 
that BMSC’s implantation after seeding into a 
collagen scaffold showed a great potential for 
the treatment of large cartilage defects. More 

  Fig. 19.14    Cell-laden hydrogels       
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recently, Richter and Zech [ 195 ] reported on 
the clinical evaluation of MASI procedure and 
2-year follow-up in chondral defects of the foot 
and ankle, but no control group was included. 
Evaluation comprised size and location of the 
chondral defects, method-associated problems 
and the Visual Analogue Scale Foot and Ankle 
(VAS FA) before treatment and at follow-up. 
This interesting work comprised evaluation of 
25 patients revealing good clinical scores and no 
major complications. The authors concluded that 
MASI is a safe and effective method for the treat-
ment of chondral defects and presents the advan-
tage of being a single-procedure methodology as 
compared to ACI and MACI. 

 Driven by the good preclinical results, stem 
cell clinical trials are still ongoing. The latter are 
mostly following the simpler strategy of stem cell 
implantation using a scaffold-free method, but 
the cell number and density, dosage and matrices/
gels/hydrogels for cells delivery have not yet 
been established. In a near future however, we 
fi rmly believe that clinical trials will evolve to 
advanced tissue engineering strategies, i.e. mak-
ing use of stem cells combined with scaffolds and 
possibly also supplemented with PRPs or other 
growth factors. Nevertheless, these will present 
some surgical concerns for effi cient delivery and 
many regulatory constraints. Finally, much 
knowledge is still needed, namely, that related to 
regulation of stem cell differentiation, role of 
host cell recruitment, type of transplanted cells, 
defect-fi lling materials and growth factor formu-
lations in order to help improve surgical out-
comes in patients presenting large defects and 
showing advanced signs of disease.      
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  A 
  ABI.    See  Ankle brachial index (ABI) 
   Ablative surgery , 136  
   Acetabular labral tears , 236–237  
   Achilles allograft techniques , 87–88  
   Achilles tendon (AT) injuries/rupture 

 aetiology , 173  
 cell-based therapies , 175  
 complication rates and subjective scores , 260  
 description , 173  
 diagnosis , 174  
 exercises , 259  
 extracorporal shock wave therapy , 259  
 fl exor hallucis longus tendon transfer , 260  
 glyceryl trinitrate patches , 259  
 immobilisation , 174  
 injection treatments , 259–260  
 inspection and palpation , 174  
 minimal invasive stripping , 260  
 neovascularisation , 259  
 open surgery , 175  
 pain , 174  
 paratendinopathy , 259  
 percutaneous repairs , 175  
 peroneus brevis transfer , 260  
 plantaris tendon , 260  
 re-rupture rates , 260–261  
 sports , 173  
 tendinosis , 259  
 tissue engineering, mesenchymal stem cells , 175  
 treatment 

 minimally invasive repair , 174–175  
 state-of-the-art , 174  

 ultrasonography , 174  
   ACI.    See  Autologous chondrocyte implantation (ACI) 
   ACL.    See  Anterior cruciate ligament (ACL) 
   Acromioclavicular (AC) joint 

 acute dislocation , 218  
 articular joint capsule , 216  
 characteristic history , 216  
 diagnostics , 217  
 invasive repair techniques , 218  
 modifi ed Weaver–Dunn procedure , 219  
 multiple open stabilization procedures , 217  
 rehabilitation process , 220  
 Rockwood classifi cation system , 217, 218  

 shoulder anatomy , 216  
 stabilization methods , 219  
 TightRope fi xation , 219  
 Tossy–Allman classifi cation , 217  

   ALPSA lesions , 30  
   AMIC.    See  Autologous matrix-induced chondrogenesis 

(AMIC) 
   Amniotic fl uid stem cells (AFSCs) , 303  
   Angiography , 81  
   Ankle brachial index (ABI) , 82  
   Ankle joint, subchondral bone 

 cartilage thickness and joint congruency , 154  
 chronic lesions , 155  
 malalignment , 153  
 osteochondral autograft transfer and autologous 

chondrocyte , 153  
 osteolysis , 153  
 systematic review , 154  
 tissue engineering , 154  
 traumatic osteochondral defects , 154–155  
 treatment , 153  

   Ankle sprain , 253–254  
   Anterior cruciate ligament (ACL) 

 Achilles allograft technique , 88  
 and AL , 65, 67  
 and AM , 51–52  
 anterior-posterior (AP) laxity , 53  
 biomechanical modelling , 50–51  
 cadaver, mechanical system , 50  
 CAS system , 51, 52  
 clinical outcomes , 52  
 diagnosing , 83  
 DoF, knee , 52  
 double bundle reconstruction , 54, 55  
 electrogoniometer , 51  
 femoral origin , 65, 67  
 fl exion , 65, 66  
 internal/external (IE) laxity , 53  
 intra-operative navigation system , 52  
 knee ligaments , 50  
 lateral plasty , 53, 54  
 and MCL , 53, 94  
 meniscal treatment guidelines , 99  
 meniscectomy and meniscus repair , 98  
 and mid-third capsular ligament , 89  
 odds ratio , 100  
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 Anterior cruciate ligament (ACL) (cont.) 
 open-chain knee extensions , 94  
 patella tendon , 188  
 and PCL injuries   ( see  Posterior cruciate ligament 

(PCL), injuries) 
 pediatric patients , 100  
 pivot-shift (PS) test , 54  
 and PL , 51–52, 65, 67  
 reconstruction 

 anatomical study , 75  
 and CT , 75  
 femoral fi bres , 74–75  
 hamstrings , 75–76  
 lateral meniscus , 75  
 and MRI , 75  
 patella tendon , 76  
 randomized controlled trials , 76–77  
 ribbon-like structure , 75  
 tibial insertion , 75  

 rotational laxity , 54  
 rupture 

 hamstrings/patellar tendon, sports , 244  
 immediate  vs.  delayed reconstruction , 243  
 single/double-bundle ACL reconstruction , 

243–244  
 single-bundle (SB) graft , 53  
 stereoscopic frame , 65, 66, 67  
 surgical reconstruction , 50  
 tibial and femoral , 54, 55  
 traumatic vertical lesion, defi cient knee , 102–103  
 varus/valgus (VV) laxity , 52–53  
 viscoelastic curvilinear fi bres , 50–51  

   Anterior glenoid erosion , 30  
   APM.    See  Arthroscopic partial meniscectomy (APM) 
   Arthroscopic bone block procedure 

 advantages , 34  
 Bristow-Latarjet procedure , 34  
 description , 33–34  
 dynamic musculotendinous sling effect , 34  

   Arthroscopic partial meniscectomy (APM) , 
107, 108  

   Arthroscopic simulation, skills training 
 assessment method 

 cow knee preparation , 198, 199  
 GRS , 199–200  
 knot station , 198  
 motion analysis , 199  
 patient safety , 200  
 prevention , 200  
 psychomotor skills , 197  
 task time registration , 199  
 triangulation, dry knee joint , 198  

 environment 
 cadaver courses , 200  
 cognitive and haptic components , 202–203  
 construction, validity , 201, 202  
 cost , 202  
 education , 200, 201  
 realism and user-friendliness , 201–203  
 tissue manipulation , 200–201  

 VATMAS online and Epicardio simulator , 
203, 204  

 virtual reality systems , 201  
 industry , 203–205  
 learning objectives 

 Dutch survey , 197  
 elements , 196  
 online survey , 197  
 procedure , 195–196  
 psychomotor skills , 197  
 repetitions , 196  
 safety , 196–197  

 monitoring , 205  
 motor learning , 195, 196  
 online surgical simulator , 205  
 patient safety and competence , 195  
 skills, surgery , 195  
 surgical procedures , 196  

   Arthroscopy 
 articular cartilage injuries 

 abrasion arthroplasty , 5  
 carbon fi ber implantation , 5  
 debridement , 5  
 lavage , 5  
 microfracture , 5  
 outcomes , 5–6  
 procedure types , 5  

 3D stereoscopy 
 ACL graft , 67, 68  
 AM and AL portal , 67, 68  
 optic rotation , 65  
 patella, AL , 65, 69  
 popliteus tendon , 67, 69  
 potential power , 67  

 ICL-15 cartilage lesion and patellofemoral joint , 131  
   Articular cartilage defect (ACD) , 246, 252, 253  
   Articular cartilage injuries 

 analysis , 4  
 arthroscopy , 5–6  
 autologous chondrocyte implantation , 9–10  
 composition , 4  
 function , 4  
 HemiCAP ®  , 10  
 mosaicplasty reconstruction , 8–9  
 nonsurgical treatment , 4  
 OCD   ( see  Osteochondritis dissecans (OCD)) 
 primary cell , 4  
 surgery , 5  
 types , 4  
 zones , 4  

   AT.    See  Achilles tendon (AT) 
   Autologous chondrocyte implantation (ACI) 

  vs.  ACI , 10  
 description , 9  
 distal/proximal realignment , 134  
 focal resurfacing , 10  
  vs.  MACI , 133  
 matrix-associated , 134  
  vs.  MF , 9–10  
 and microfractures , 133  
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 mosaicplasty , 133  
  vs.  OC allograft , 10  
 outcomes , 9–10  
 periosteal fl ap , 132–133  

   Autologous chondrocytes implantation (ACI).    See  
Cultured chondrocytes 

   Autologous matrix-induced chondrogenesis (AMIC) , 135  

    B 
  Bankart lesion , 24, 32, 214, 215  
   Bankart procedure, arthroscopic management 

 biomechanical studies , 33  
 bone block , 33–34  
 bone loss , 33  
 erosion, glenoid , 33  
 rehabilitation , 34  

   Biceps pathology , 213–214  
   Biomechanical surgery , 135  
   Biomechanics 

 cadaver specimens , 192  
 joint forces , 192  
 proper planning , 191  
 specimen management , 192  
 types , 191  

   Bone defects , 32  
   Bone-tendon-bone (BTB) , 76, 244  
   Bony procedures , 33, 34, 38, 117, 123  
   BTB.    See  Bone-tendon-bone (BTB) 

    C 
  Capsular hyperlaxity , 32  
   Cartilage repair 

 articular vascular plexus vessels , 140, 141  
 calcifi ed cartilage , 140  
 focal chondral defects , 141  
 mineralization , 140  
 nutrients , 140  
 osteochondral defect , 141  
 pathological alterations , 141–144  
 traumatic osteochondral defects , 140–141  

   CAS.    See  Computer-assisted surgery (CAS) 
   Central compartment approach 

 joint distraction , 165  
 muscle relaxation , 165  
 patient positioning , 165  
 pelvis stabilization , 165  
 portal placement , 165–166  

   CGH.    See  Computer-generated holograms (CGH) 
   Chondral surgery 

 ACI , 132–135  
 AMIC , 135  
 articular cartilage repair , 132  
 elliptical area, patellar chondromalacia , 133  
 MACI , 133  
 treatment approaches , 132  

   Chondromalacia patellae 
 basal degeneration , 129  
 classifi cation , 128–129  

 description , 128  
 elliptical area , 129  
 fi ssuring , 129  
 pathogenesis , 129  

   Chromadepth systems, 3D stereoscopy 
 brain , 64  
 eyeglasses , 63  
 small prisms , 63  

   Clavicle fractures 
 axial loading , 220  
 bony healing process , 26  
 brachial plexus injury , 223  
 classifi cation , 24–25  
 classifi cation schemes , 220  
 coherent treatment algorithm , 26  
 description , 24  
 diagnostic imaging , 222  
 lateral end left clavicle fracture , 221, 222  
 lateral third clavicle fracture , 221  
 mid-shaft and medial third fractures , 25  
 midshaft displaced clavicular fractures , 223  
 midshaft right clavicle fracture , 221  
 plate and intramedullary fi xation , 223  
 plate and screw fi xation , 25–26  
 plate debridement , 223  
 severe displacement , 221, 222  
 stem cell therapy , 26  
 strapping , 25  

   Computer-assisted surgery (CAS) 
 anatomical features , 49  
 biomechanical and clinical studies , 50  
 bones and ligaments anatomy , 50  
 intra-operative clinical examinations , 50, 59  
 kinematic approach , 60  
 knee surgery , 49  
 ligamentous reconstructions , 60  
 non-invasive assessment, knee , 59–60  
 orthopaedics , 49  

   Computer-generated holograms (CGH) , 65  
   Continuous passive motion (CPM) , 45, 91, 170  
   Cultured chondrocytes 

 ACI  vs.  MF , 251–252  
 ACI  vs.  OAT , 252  
 periosteal fl ap, collagen membrane patch , 250  
 periosteal fl ap technique , 250  
 tissue-engineering techniques , 250–251  

    D 
  DB reconstruction.    See  Double-bundle (DB) 

reconstruction 
   Deltopectoral approach , 10, 36  
   Diffuse lesion (type IV) , 129  
   Double-bundle gracilis tendon, Swivel lock fi xation 

 description , 118  
 direct anatomical/aperture fi xation , 118  
 femoral insertion site , 119  
 graft fi xation , 119  
 harvesting and preparing , 118  
 non-physiological patellofemoral loads , 118  
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 Double-bundle gracilis tendon, Swivel lock 
fi xation (cont.) 

 patellar graft fi xation , 118  
 patellar tendon insertion site , 119  
 postoperative treatment , 119–120  
 restoration, patellofemoral stability , 

117–118  
 soft tissue layer , 118–119  

   Double-bundle (DB) reconstruction , 76, 77  
   3D stereoscopic imaging 

 anaglyph 3D glasses , 63  
 arthroscopy , 65, 67–69  
 autostereoscopy , 64  
 binocular vision , 62  
 brain elaboration , 61  
 chromadepth systems , 63–64  
 holography , 64–65  
 interference fi lter systems , 62  
 KMQ , 64  
 laser plasma volumetric display , 65  
 multi-format streaming , 62  
 optic systems , 62, 67, 70, 71  
 polarisation systems , 62–63  
 shutter systems , 62, 63  
 stereoacuity , 62  
 stereopsis , 61–62  

    E 
  EBM.    See  Evidence-based medicine (EBM) 
   Eden-Hybinette operation , 35–36  
   Elbow arthroscopy 

 instrumentation , 42  
 medial instability, evaluation , 44  
 minor instability, pathology , 44  
 OCD , 44–45  
 portals , 42, 46  
 positioning , 41–42, 46  
 posterolateral rotatory instability, R-LCL , 44  
 posteromedial impingement , 44  
 radial head fracture , 44  
 safety considerations , 42–43, 46  
 stiff and degenerative elbows , 45–46  
 tennis elbow , 43  

   Elbow injuries 
 fl exor–pronator injuries , 227  
 FS PD TSE coronal MRI , 226  
 ligament restraints , 225  
 MCL , 225  
 olecranon tenderness , 225  
 osteochondritis dissecans, capitellum , 225  
 shoulder and scapula stabilizers , 226  
 ulnar collateral ligaments , 226  
 “valgus extension overload syndrome” , 225  

   Electric biofeedback systems , 131  
   Evidence-based medicine (EBM) 

 grading system , 189, 190  
 hierarchy , 189, 191  
 internal validity , 189  
 randomization , 189  

    F 
  FAI.    See  Femoroacetabular impingement (FAI) 
   Failed traumatic anterior instability repair 

 analysis, fi rst repair 
 ALPSA and HAGL lesions , 30  
 complementary exams , 30  
 error analysis and evidence-based medicine , 29  
 hyperlaxity , 30  
 ISIS score , 30  
 judgment error , 30  
 MRI and arthro-MRI , 30  
 shoulder instability , 29  

 analysis, patient’s situation 
 diagnosis , 37  
 surgeries , 37  

 Bankart procedure , 33–34  
 clinical examination , 37  
 imaging , 37, 38  
 Latarjet-Lafosse procedure , 34–35  
 Latarjet procedure , 35–36  
 multiple surgeries, single unstable patient , 36  
 patient’s situation analysis , 37  
 recurrence 

 characteristics, patients , 31  
 diagnosis, trauma , 32  
 external rotation limitation , 30  
 inadequate procedure, bone anchor , 30–31  
 postoperative shoulder , 30  
 shoulder abnormalities , 31–32  
 treatment options , 32–33  
 voluntary , 30  

 treatment , 37–38  
   Fan-like extension (FLE) 

 intercondylar , 74  
 knee fl exion , 74  

   Fascia lata , 4, 164  
   Femoral fi bres, ACL 

 AM/PL bundle , 74  
 biomechanical study , 74  
 FLE fi bres , 74  
 intercondylar space , 74  
 MS fi bres , 74  

   Femoral neck stress fractures , 236–237  
   Femoroacetabular impingement (FAI) , 241–242  
   FLE.    See  Fan-like extension (FLE) 
   Focal full-thickness articular and osteochondral 

defects , 10  
   Foot injuries 

 Achilles tendon injuries , 259–261  
 ankle sprain , 253–254  
 distal metatarsal shaft fractures , 263  
 fi fth metatarsal base fracture , 262  
 fi rst metatarsophalangeal joint injury , 261–262  
 midfoot soft tissue injury , 261  
 plantar fasciitis , 263–264  
 syndesmosis injury , 254–258  
 talar dome chondral and osteochondral lesions , 

258–259  
   Fragment fi xation technique , 7  
   Fulkerson’s technique , 132  
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    G 
  Galeazzi technique , 132  
   Glenohumeral instability 

 arthroscopic shoulder stabilization , 215  
 conservative management , 214  
 double-blind randomized clinical trial , 215  
 management, bone loss , 215  
 primary acute shoulder dislocation , 214  
 protocols, immobilization , 216  
 RCTs , 216  
 recurrence rates , 216  

   Glenohumeral joint cartilage , 14–15  
   Glenohumeral osteoarthritis 

 arthroscopic treatment , 11  
 bony bed of lesion , 11  
 collagen matrix , 11, 12  
 description , 11  
 graft 

 measurement , 11  
 preparation , 11  
 treated lesion , 11, 12  

 postoperative regimen , 12  
 sutures, labrum , 11, 12  

   Glenoid bone defects , 31–32  
   Gracilis tendon autograft 

 advantages , 120  
 fi xation technique , 120–121  
 operative technique , 121  
 reconstruction , 120  
 redislocation , 121  

   Groin pain and muscle tears , 238, 239  

    H 
  Hamstring muscle injuries , 242–243  
   Hamstrings, ACL reconstruction 

 double-bundle reconstruction , 76  
 MS fi bres , 75  
 ribbon-like fl at structure , 75  
 soft tissue , 75  
 tendon graft , 76  

   Head injuries, athletes 
 AVPU scale , 274–275  
 concussion 

 attention and memory function, assessment , 278  
 defi nition , 277  
 LOC , 278  
 Maddocks questions , 278  
 neuropsychological/postural testing , 279  
 SCAT3 , 277, 279  

 facial injury , 276  
 Glasgow Coma Scale (GCS) , 275  
 horse racing , 274  
 intracranial bleeding , 275–276  
 seizure or convulsive episode (twitch on 

the pitch) , 276  
 skull fracture , 276  
 unconsciousness , 275  

   HemiCAP ®  
 components , 10  

 indications , 10  
 operative technique , 10  
 outcomes , 10  

   Hill-Sachs lesions , 30, 32  
   Hip arthroscopy 

 acetabular labrum management , 168, 169  
 arthroscopic treatment 

 AMIC and ACT technique , 169  
 chondral lesions , 168–169  
 rehabilitation , 170  

 cam impingement 
 anterosuperior cam deformity , 166  
 cam assessment , 166  
 superior cam deformity , 166  
 technique , 167  

 capsule management 
 central compartment approach   ( see  Central 

compartment approach) 
 extracapsular approach , 163–164  
 peripheral compartment approach , 164–165  

 pincer lesion 
 origin of symptoms , 168  
 pincer assessment , 167–168  
 technique , 168  

   Hip pathology 
 acetabular labral tears , 236–237  
 acute hip fractures , 236  
 femoral neck stress fractures , 236–237  
 ligamentum teres tear , 237  
 other hip pathology , 237–238  
 slipped femoral capital epiphysis , 237  

   Holography, 3D stereoscopy 
 CGH , 65  
 laser-lit , 64  
 optoelectronic holographic displays , 65  
 photographic transmission hologram , 64  

   Humeral avulsion glenohumeral ligament (HAGL) 
lesions , 30  

   Humeral head fractures , 224  

    I 
  ICL.    See  Instructional Course Lecture (ICL) 
   ICL-15 cartilage lesion and patellofemoral joint 

 ablative surgery , 136  
 anatomy and biomechanics 

 abnormal tracking , 128  
 articular surface , 128  
 contact pressure , 128  
 facet morphology , 128  
 fl exion , 128  
 MPFL disruption , 128  
 Q angle , 128  
 sesamoid bone , 127  
 trochlear groove , 128  

 arthroplasty surgery , 135–136  
 biomechanical surgery , 135  
 chondral lesions , 136  
 chondral surgery , 132–135  
 conservative management , 131  
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 ICL-15 cartilage lesion and patellofemoral joint (cont.) 
 epidemiology , 129  
 imaging 

 arthroscopy , 131  
 CT , 130  
 MRI , 130–131  
 x-rays , 130  

 malalignment and instability , 132  
 patellar chondral lesions 

 chondromalacia patellae , 128–129  
 hyperpression and hypopression , 128  
 malalignment/maltracking , 128  

 presentation and physical exam , 130  
 surgery, maltracking , 131  

   ICRS.    See  International Cartilage Repair Society (ICRS) 
   Immature skeleton , 132, 224  
   Induced pluripotent stem (iPS) cells , 302  
   Instructional Course Lecture (ICL) , 23, 61, 98  
   International Cartilage Repair Society (ICRS) , 

246–247  
   International Society of Arthroscopy, Knee Surgery 

and Orthopaedic Sports Medicine (ISAKOS) 
classifi cation , 100  

   Intra-articular fracture management 
 CT scan postoperatively , 12, 13  
 humeral head fracture , 12, 13  
 stabilization , 12, 13  

   ISAKOS classifi cation.    See  International Society of 
Arthroscopy, Knee Surgery and Orthopaedic 
Sports Medicine (ISAKOS) classifi cation 

    K 
  Kinetic chain approach , 22, 27  
   Knee 

 dislocation 
 classifi cation and mechanism , 80  
 defi nition , 80  
 emergency evaluation and management , 81  
 neurologic injuries , 80–81  
 physician , 80  
 vascular assessment , 81–82  
 vascular injuries , 80–81  

 3D stereoscopy 
 ACL , 65  
 anatomical studies , 65  
 arthroscopy   ( see  Arthroscopy, 3D stereoscopy) 
 ICL , 61  
 imaging   ( see  3D stereoscopic imaging) 
 laparoscopy , 60  
 MPFL , 65  
 optical and digital technology , 60  
 orthopaedic surgery , 60  
 sceptics , 60  

 joint, subchondral bone 
 Autologous Matrix-Induced Chondrogenesis 

(AMIC ® ) , 148  
 biochemical pathways , 148  
 biomaterial technology , 148  
 bone and cartilage , 148–149  

 collagen and hydroxyapatite , 149  
 in vitro and animal studies , 149  
 osteochondral regeneration , 149–153  
 porous PLGA–calcium sulfate biopolymer , 149  
 surgical options , 148  
 transplantation , 148  

   Knee injuries 
 ACL rupture 

 hamstrings/patellar tendon, sport 
population , 244  

 immediate  vs.  delayed reconstruction , 243  
 single/double-bundle ACL reconstruction , 

243–244  
 MCL injury , 244–246  
 osteochondral defects 

 allografts cartilage lesion , 248–249  
 cultured chondrocytes/ACI , 250–252  
 microfracture , 247–248  
 OAT , 249–250  
 return to sport , 252–253  

    L 
  Laser plasma volumeter 

 infrared laser , 65  
 integral imaging , 65  
 wiggle stereography , 65  

   Latarjet-Lafosse procedure 
 advantages , 35  
 arthroscopic technique , 35  
 coracoid transfer , 34  
 DePuy Mitek instruments , 35  
 description , 34  
 nonanatomical procedure , 34  

   Latarjet procedure 
 advantages , 36  
 arthroscopy , 36  
 complication , 36  
 description , 35  
 Eden-Hybinette operation , 35–36  
 labral reattachment and capsuloligamentous 

retensioning , 36  
 mobilisation/breakage , 35  
 multiple medical databases , 35  
 wedge-shaped bicortical graft , 36  

   Lateral collateral ligament (LCL) 
 complications , 90  
 lateral compartment injuries , 89  
 nonsurgical treatment , 89–90  
 and posterolateral compartment function , 88  
 and posterolateral corner anatomy , 88–89  
 surgical treatment , 90  

   Lateral compartment injuries 
 classifi cation , 89  
 imaging , 89  
 physical , 89  
 and posterolateral structures , 89  
 weight-bearing knee , 89  

   Lateral patella dislocation (LPD) , 114  
   LCL.    See  Lateral collateral ligament (LCL) 
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   Ligamentum teres tear , 237, 238  
   Low-back pain and sacroiliac joint disorders, athletes 

 causes , 280, 281  
 degenerative disc disease 

 MRI , 285  
 NSAIDs , 285  
 segmental dysfunction , 285  
 stretching exercises , 285  
 total disc replacement (TDR) , 286  

 disc herniation 
 Cauda equina syndrome , 286  
 microdiscectomy , 287  
 motor and sensitive tests , 286  
 MRI , 286, 287  
 spinal fusion , 287  
 symptoms , 286  

 FABER test , 282  
 Gaenslen sign , 282, 283  
 growth cartilage and secondary ossifi cation 

centre , 281  
 ileo-psoas abscess , 281–282  
 intervertebral disc , 280–281  
 lifetime prevalence , 280  
 MRI , 283  
 pars interarticularis lesions , 281  
 physical examination , 282  
 posterior element overuse syndrome , 

290–291  
 sacroiliac joint dysfunction , 291–292  
 spondylolysis and spondylolisthesis 

 classifi cation , 288  
 defi nition , 288  
 direct pars repair , 290  
 MRI , 289  
 physical therapy programme , 289  
 radiographs , 288  
 rehabilitation protocol , 290  
 Scott wiring technique , 290  
 single-legged hyperextension test , 288  
 SPECT , 289  
 spinal fusion , 290  

 straight leg raise test , 282, 283  
 strains and sprains , 284  
 symptoms , 279–280  

   Lower limb 
 adductor bruising , 234, 235  
 femoral anteversion , 235  
 femoroacetabular impingement , 241–242  
 foot injuries 

 Achilles tendon injuries , 259–261  
 ankle sprain , 253–254  
 distal metatarsal shaft fractures , 263  
 fi fth metatarsal base fracture , 262  
 fi rst metatarsophalangeal joint injury , 

261–262  
 midfoot soft tissue injury , 261  
 plantar fasciitis , 263–264  
 syndesmosis injury , 254–258  
 talar dome chondral and osteochondral lesions , 

258–259  

 groin pain and muscle tears , 238, 239  
 hamstring muscle injuries , 242–243  
 hip pathology 

 acetabular labral tears , 236–237  
 acute hip fractures , 236  
 femoral neck stress fractures , 236–237  
 ligamentum teres tear , 237, 238  
 other hip pathology , 237–238  
 slipped femoral capital epiphysis , 237  

 knee injuries 
 ACL rupture , 243–244  
 MCL injury , 244–246  
 osteochondral defects , 246–253  

 Leunig–Ganz test , 235  
 pelvic complex syndrome , 240–241  
 pelvic fractures 

 inferior pubic ramus , 239, 240  
 soft tissue pathology , 239–241  
 superior pubic ramus , 239, 240  

 SPECT-CT , 233  
 symphysis pubis pathology , 238–240  
 X-ray AP erect pelvis , 235  

   LPD.    See  Lateral patella dislocation (LPD) 

    M 
  Magnetic resonance observation of cartilage repair 

tissue (MOCART) score system , 247  
   MCL.    See  Medial collateral ligament (MCL) 
   Medial collateral ligament (MCL) injuries 

 capsular procedures , 246  
 chronic medial laxity , 245  
 components , 85–86  
 dysfunction 

 arthroscopic evaluation , 86  
 direct repair , 86  
 examination under anaesthesia , 86  
 imaging , 86  
 medial and posteromedial plication/reefi ng , 

86–87  
 physical examination , 86  
 surgical technique , 87  

 function , 85  
 grade I (no valgus laxity) , 244, 245  
 grade II (valgus laxity at 30° of fl exion) , 

244, 245  
 grade III (valgus laxity at 0° and 30°) , 

244, 245  
 platelet-rich plasma (PRP) , 245  
 reconstruction techniques 

 Achilles allograft , 87–88  
 disadvantages , 87  
 grade 3+ medial laxity , 87  
 Kim’s technique , 246  
 mean IKDC-subjective and Lysholm knee 

scores , 88  
 mean KOOS subscores , 88  
 ROM , 88  
 semitendinosus autograft , 87  

 repair , 245–246  
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   Medial patellofemoral ligament (MPFL) 
 anatomic reconstruction , 57, 59  
 bony and ligamentous structures , 57, 58  
 bundles , 57, 59  
 cadaver laboratory , 56, 57  
 fl exion and extension , 65, 66  
 in vitro reconstruction , 57  
 kinematics , 58  
 and MCL , 57, 58  
 operative techniques , 124  
 patellar dislocation , 55–57  
 pathological consequence , 114  
 research and clinical decision-making based , 

123–124  
 retinacular restraints , 55  
 state-of-the-art treatment 

 after TKA , 121–123  
 biomechanical considerations , 114  
 double-bundle gracilis tendon, Swivel Lock 

fi xation , 117–120  
 failure , 123  
 gracilis tendon autograft , 120–121  
 reconstruction and infl uence, soft tissue anatomy , 

114–115  
 superfi cial quad technique , 

115–117  
 static patellar translation , 58  
 static tests , 57  
 stereoscopic frame , 65, 66  
 tibiofemoral fl exion , 57, 58  

   Medial patellofemoral ligament (MPFL) 
disruption , 128  

   Membrane as a scaffold (MACI) , 133, 134, 305  
   Meniscus 

 guidelines 
 design , 98–99  
 ICL , 98  
 meniscal preservation , 97–98  
 meniscus pathology and treatment , 99  
 “scientifi c reports” and “daily 

practice” , 98  
 repair 

 ACL-defi cient knee , 102–103  
 far posterior meniscal tears , 104–105  
 meniscal root tears , 104  
 patient’s symptoms , 101–102  
 radial tears , 104  
 stable knee , 102  
 suture techniques , 105  
 young athlete , 103–104  

 tear 
 APM in patients , 108  
 arthroscopic surgery , 107–108  
 epidemiology and etiology , 105–106  
 knee osteoarthritis , 106–107  
 medial joint line symptoms , 108  
 meniscal damage and knee pain , 108  
 symptoms and degenerative meniscal 

pathologies , 107  
 treatment , 107  

   Mesenchymal stem cells (MSCs) , 302–303  
   Mid-substance (MS) fi bres 

 knee fl exion , 74  
 posterior condyle , 74  

   Mosaicplasty reconstruction, articular cartilage injuries 
 donor sites , 8  
 focal traumatic osteochondral lesions , 8  
 graft harvest and delivery , 8  
 outcomes , 8–9  
 postoperative treatment , 8  
 recipient sites , 8  
 techniques , 8  

   MPFL.    See  Medial patellofemoral ligament (MPFL) 
   MS fi bres.    See  Mid-substance (MS) fi bres 
   Multi-ligament knee injuries 

 dislocation   ( see  Knee, dislocation) 
 elite athletes 

 early management , 91–92  
 immediate management , 90–91  
 prognosis , 92–93  
 proprioceptive control , 94  
 recovery , 92  
 rehabilitation , 93  
 return to sports , 93, 94  
 soft tissue stiffness , 93  
 strengthening , 93–94  
 swelling , 93  
 trunk/pelvic stability , 94  
 weight-bearing status , 93  

 LCL , 88–90  
 MCL , 85–88  
 PCL management , 82–85  

   Muscle injuries, athletes 
 epidemiology 

 Australian Rules Football , 295  
 ice hockey , 295  
 rugby union , 294  
 soccer , 294  
 swimming , 294  
 tennis , 294  

 injury prevention , 297  
 myositis ossifi cans , 297  
 sites of injury 

 adductor muscles (Groin Strain) , 292–293  
 gastrocnemius (calf strain) , 293–294  
 hamstrings , 293  
 quadriceps muscles , 293  

 treatment 
 hyperbaric oxygen therapy , 296  
 kinesio tape , 296  
 medication , 295–296  
 platelet-rich plasma (PRP) , 296  
 traditional methods , 295  
 ultrasound , 296  

    N 
   New England Journal of Medicine,   250  
   Nonsteroidal anti-infl ammatory drugs (NSAIDs) , 4, 11, 

43, 131, 228, 243, 284–286, 289, 291, 295–297  
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    O 
  OAT.    See  Osteochondral autografts or mosaicplasty (OAT) 
   OATS.    See  Osteochondral autograft transfer system (OATS) 
   OCD.    See  Osteochondritis dissecans (OCD) 
   Osteoarthritis, young patients 

 AMIC and MSC techniques , 15  
 arthroscopic soft tissue interpositioning , 11–12  
 articular cartilage injuries , 4–10  
 biological joint-preserving techniques , 15  
 cartilage-preserving surgical techniques , 16  
 shoulder arthritis   ( see  Shoulder arthritis) 

   Osteochondral autografts or mosaicplasty (OAT) , 
149, 247–250, 252  

   Osteochondral autograft transfer system (OATS) , 
5, 9, 45, 248–250, 252  

   Osteochondral autologous transplantation , 4  
   Osteochondral defects (OCD) 

 allografts cartilage lesion , 248–249  
 articular cartilage repair , 247  
 cultured chondrocytes , 250–252  
 ICRS 

 activity level , 247  
 cartilage injury grading system , 246–247  

 microfracture , 247–248  
 MOCART score system , 247  
 MRI scan , 246–247  
 OAT , 249–250  
 return to sport 

 autologous chondrocyte implantation , 253  
 cartilage injuries, parameters , 253  
 ICRS level classifi cation , 252  
 knee cartilage defect, factors , 252–253  
 massive allografts , 252  
 OAT technique , 252  
 osteochondral autograft , 253  

   Osteochondritis dissecans (OCD) 
 causes , 6  
 elbow 

 plugs , 45, 46  
 surgical treatment , 45  
 symptoms , 45  

 etiology , 6  
 imaging , 6  
 incidence , 6  
 management 

 adult OCD , 7  
 juvenile OCD , 6–7  
 operative intervention , 7  

 operative intervention 
 defect reconstruction , 7–8  
 fragment fi xation technique , 7  
 OCD defect , 7  

 symptoms , 6  
 and systemic diseases , 14, 15  

    P 
  Patellar maltracking , 132  
   Patella tendon, ACL 

 BTB autograft , 76  

 hamstring grafts , 76  
 QT , 76  

   Patellofemoral arthroplasty 
 design and instrumentation , 136  
 isolated symptomatic patellofemoral arthritis , 135  
 TKA , 136  
 treatment options , 135  

   Patellofemoral kinematics 
 biomechanics , 58, 59  
 intraoperative setup , 58, 59  
 prototypal patellar , 58, 59  

   PCL.    See  Posterior cruciate ligament (PCL) 
   Pectoralis major ruptures 

 bench press/push-up action , 20–21  
 clavicular and sternocostal origin , 20  
 diagnosis , 21  
 MR scan , 21  
 musculotendinous and intramuscular injuries , 21  
 surgical repair , 21  

   Pelvic complex syndrome , 240–241  
   Pelvic fractures 

 inferior pubic ramus , 239  
 soft tissue pathology , 239–240  
 superior pubic ramus , 239  

   Plantar fasciitis 
 corticosteroid injections , 264  
 diagnosis , 263–264  
 extracorporeal shock wave therapy , 264  
 noninvasive treatment , 264  
 plantar fascia-specifi c stretching , 264  
 PRP injections , 263, 264  

   Platelet-rich plasma (PRP), sports-related diseases 
 Achilles tendon , 300  
 anti-VEGF antibody , 301  
 autologous PRP , 298  
 clinical applications , 297–298  
 dose-effect , 299  
 fracture healing , 300  
 growth factors (GFs) , 298  
 injection therapy , 299–300  
 plasma , 299  
 platelet-rich fi brin matrix , 299  
 tissue engineering and biologic repair 

mechanisms , 298  
 white blood cells (WBCs) , 299  
 World Antidoping Agency , 300  

   Posterior cruciate ligament (PCL) 
 AL and PM bundles , 54–57  
 CAS system , 54, 55  
 injuries 

 and ACL , 82  
 anterolateral and posteromedial bundle , 83  
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 diagnosis , 83  
 dorsal capsule , 84  
 femoral tunnel , 84  
 graft choice , 84  
 hybrid fi xation, femur , 84  
 meniscofemoral ligaments , 83  
 operative management , 83  
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 Posterior cruciate ligament (PCL) (cont.) 
 single-bundle  vs.  double-bundle , 84  
 tibial inlay , 83  
 tibial tunnel and identifi cation , 84, 85  
 transtibial technique , 83, 84  
 treatment options , 83  

 knee kinematics , 54  
 medial femoral condyle , 55, 56  
 and ROM , 54, 55  

   Posterolateral corner injuries and LCL.    See  Lateral 
collateral ligament (LCL) 

    Q 
  QT.    See  Quadriceps tendon (QT) 
   Quadriceps active test , 83  
   Quadriceps exercise , 131  
   Quadriceps tendon (QT) , 76  
   Quality of Reporting of Meta-analyses (QUOROM) , 193  

    R 
  Randomized controlled trials (RCTs) 

 APM , 108  
 DB reconstruction , 76, 77  
 rotational and anterior stability , 76  
 SB reconstruction , 76, 77  

   RCTs.    See  Randomized controlled trials (RCTs) 
   Rehabilitation, sports injuries 

 description , 26–27  
 kinetic chain , 27  
 loads and shear stress , 27  
 scapula dyskinesis , 27  
 shoulder , 27  
 SMS , 27  

   Research 
 biomechanical study , 191–192  
 clinical trial , 192–193  
 EBM , 189–191  
 planning , 187–189  
 systematic review preparation , 193–194  

   RFEN.    See  Royal Spanish Swimming Federation 
(RFEN) 

   Dr. Robert Salter’s Cycle of medical research , 187, 188  
   Rotator cuff injuries 

 conservative  vs.  arthroscopic and open treatment , 213  
 glenohumeral arthritis and calcifi c tendonitis , 212  
 internal impingement , 212  
 primary subacromial impingement , 212  
 PubMed search , 213  
 secondary impingement , 212  

   Roux–Goldthwait operation , 132  
   Royal Spanish Swimming Federation (RFEN) , 21  
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  SB reconstruction.    See  Single-bundle (SB) reconstruction 
   Scapula dyskinesis , 27  
   Schenck classifi cation, knee dislocations , 80  

   Sensorimotor system (SMS) , 27  
   Shoulder arthritis 

 articular cartilage , 3  
 glenohumeral joint cartilage , 14–15  
 glenoid dysplasia and osteochondritis 

dissecans , 3  
 intra-articular fracture management , 12–14  
 joint cartilage , 3–4  
 minor cartilage lesions , 4  
 OCD and systemic diseases , 14, 15  
 viscosupplementation , 4  

   Shoulder injuries 
 acromioclavicular (AC) joint , 216–220  
 clavicle fracture , 24–26  
 clavicle fractures , 220–224  
 in European handball , 19–20  
 glenohumeral instability , 214–216  
 humeral head fractures , 224  
 pectoralis major ruptures , 20–21  
 rotator cuff injuries , 212–213  
 SLAP lesions , 213–214  
 soccer 

 anterior dislocation/subluxation , 23  
 description , 23  
 goalkeepers , 23, 24  
 mild impingement symptoms, bursitis , 24  
 MR arthrograms , 23  
 outfi eld players , 23  
 partial-thickness rotator cuff tears , 24  
 percentage , 23  
 PFA , 23  
 posterior injuries , 23  
 rehabilitation , 24  
 soft tissue labral capsular and rotator cuff 

repairs , 24  
 structural lesions , 24  
 treatment, rotator cuff pathologies , 24  

 sports-specifi c rehabilitation , 26–27  
 swimming , 21–22  
 throwing mechanics , 22–23  

   Single-bundle (SB) reconstruction , 76, 77  
   Single photon emission computed tomography 

(SPECT) , 235, 289  
   Slipped femoral capital epiphysis , 237  
   SMS.    See  Sensorimotor system (SMS) 
   Soft tissue procedures , 38, 114–115  
   Sport Concussion Assessment Tool 3 (SCAT3) , 

277–279  
   Sports injuries 

 clavicle fracture , 24–26  
 mechanics of throwing , 22–23  
 rehabilitation , 26–27  
 AT rupture   ( see  Achilles tendon (AT) 

injuries/rupture) 
 shoulder   ( see  Shoulder injuries) 
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 classifi cation , 302  
 germ cells , 301  
 intra-articular injection , 303  
 iPS cells , 302  
 isolation , 303  
 joint disease and repair (trauma) , 302  
 mammal’s tissue repair mechanisms , 302  
 MASI procedure , 305  
 matrix guided stem cell implantation , 304  
 meniscus repair , 303  
 microfracture procedure , 304  
 MSCs , 302–303  
 OA treatment , 303–304  
 scaffold-free method , 305  

   Stiff and degenerative elbow 
 arthroscopic osteocapsular arthroplasty , 45  
 complications , 45–46  
 rehabilitation program , 45, 46  
 5-rule progressive technique , 45  

   Subchondral bone 
 anatomical structure , 140  
 ankle joint   ( see  Ankle joint, subchondral bone) 
 biomechanical properties , 156  
 cartilage and subchondral bone , 155  
 cartilage repair   ( see  Cartilage repair) 
 chondral injury , 156  
 diffusion , 156  
 epidemiology 

 clinical imaging , 145–147  
 description , 144  
 OA progression , 144  
 osteochondral lesions , 144–145  
 patient age , 145  
 prevalence , 145  
 size and numbers , 145  

 knee joint , 148–153  
 OCD , 156  
 osteochondral biomimetic scaffolds , 157  
 regenerative tissues , 156–157  
 soil layers , 155  
 soil–plant relationship , 155  
 treatment, cartilage defects , 140  

   Subscapularis muscle function , 32  
   Superfi cial quad technique, MPFL 

 biomechanical considerations , 117  
 biomechanical properties , 116  
 complications , 115  
 hamstrings tendons , 116  
 patellar complications , 117  
 semitendinosus and gracilis , 116  
 surgical technique , 116  

   Superior labral tear from anterior to posterior 
(SLAP) lesions 

 biceps tendonitis , 213  
 classifi cation , 213  
 glenohumeral instability , 213  
 sport participation , 214  
 tenodesis , 213  
 type I and III lesions , 213  

   Swimmer’s shoulder injuries 
 defi nition , 21  
 double impingement mechanism, rotator cuff , 22  
 factors infl uencing , 21–22  
 muscle and tendon overuse , 22  
 pathogenetic and physiopathology mechanisms , 21  
 RFEN , 21  
 treatment , 22  

   Syndesmosis injury 
 classic physical examination , 255  
 dorsifl exion external rotation test , 255  
 ‘high ankle sprains’ , 254–255  
 injury mechanism , 255  
 MRI and CT , 256  
 position of rotation , 256  
 radiographic parameters , 255–256  
 squeeze test , 255  
 surgical stabilisation , 257–258  
 West Point Ankle grading system (I-III) , 256  
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  Talar dome chondral and osteochondral lesions , 258–259  
   Tennis elbow 

 conservative treatment , 43  
 humeral epicondylitis , 43  
 surgical techniques , 43  

   TFCC.    See  Triangular fi brocartilage complex (TFCC) 
   Throwing mechanics 

 constraints, movement , 23  
 description , 22  
 ICL , 23  
 kinetic chain approach , 22  
 pinching , 22  
 scapular dyskinesia , 22  
 treatment options , 22–23  

   Tidemark , 4, 140  
   TKA.    See  Total knee arthroplasty (TKA) 
   Total knee arthroplasty (TKA) , 121, 123, 136, 

177–180, 182  
   Traumatic meniscal lesion 

 ACL , 100  
 acute tears , 99  
 arthroscopic transosseous sutures , 101  
 diagnosis , 100  
 epidemiological studies , 99–100  
 generic joint laxity , 100  
 innocuous activities , 99  
 ISAKOS classifi cation , 100  
 meniscus tears , 100  
 patient’s chief complaints , 100  
 young patients , 100–101  

   Triangular fi brocartilage complex (TFCC) 
 anchor-based technique , 228  
 classifi cation , 228  
 extension–pronation force , 227  
 painful extension and ulnar deviation , 227, 228  
 traumatic and degenerative lesions , 228  

   Trochlear groove and tibial tuberosity (TGTT) , 130  
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  UKA.    See  Unicompartmental knee 

arthroplasty (UKA) 
   Unicompartmental knee arthroplasty 

(UKA) 
 failure 

 complaints , 180  
 fl uoroscopy , 181  
 laboratory tests , 181  
 MRI and CT , 181  
 physical examination , 181  
 radiography , 181  
 surgical infection , 181  
 symptom , 181  

 femur-fi rst technique , 180  
 fi xed , 179  
 physiologic procedure , 180  
 preoperative assessment , 178  
 restoration , 179–180  
 revision , 182  
 visualization , 180  

   Upper limb injuries, athletes 
 elbow injuries , 224–227  
 epidemiological factors , 211  
 shoulder injuries , 212–224  
 TFCC , 227–228  

 traumas , 211  
 types , 211  
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  Varus/valgus (VV) laxity , 52–53  
   Vascular assessment, knee dislocation 

 ABI , 82  
 algorithm, diagnosis , 81, 82  
 angiography , 81  
 distal pedal pulses and reduced dislocation , 81  
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118–119  
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  Wiberg classifi cation scheme , 128  
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 anteroposterior (AP) , 130  
 measurement 
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 sulcus angle (SA) , 130  
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