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Abstract t 
Inn the anterior ankle impingement syndrome recurrent traction to the anterior joint 
capsulee is supposed to be the cause of formation of talotibial osteophytes. This 
hypothesiss involves the assumption that the osteophytes originate at the site where the 
capsularr attachment is located. A soft tissue component that can get squeezed between 
thee distal tibia and talus is hypothesized to be responsible for impingement complaints 
duringg dorsiflexion movements. 
Wee investigated both hypotheses in eight sagittal sawed ankle specimens. The width of 
thee non-weight bearing tibial cartilage rim, the distance of the tibial and talar cartilage 
too the capsular attachment was measured, and the relation of the soft tissue components 
too the anterior joint was studied. The average tibial cartilage rim width was 2.4 mm 
(1.55 to 3.0 mm.). Tibial and talar cartilage-capsule distance was respectively 4.3 mm 
(0.55 to 9.0 mm) and 2.4 mm (1.8 to 3.3 mm). In all specimens the anterior joint space 
containedd atriangular soft tissue component, overlying the joint capsule. The component 
consistedd of a synovial membrane and subsynovial located fat and collagen tissue. It 
wass observed that in 15 degrees dorsiflexion the soft tissue component got squeezed 
betweenn the tibia and talus. 
Itt was concluded that the anterior ankle joint capsule attaches proximal to the site 
wheree the anterior talotibial spurs originate. The hypothesis of formation of talotibial 
spurss due to repetitive capsule traction is therefore not very plausible. The anatomic 
findingss do support the hypothesis that an anteriorly located soft tissue component is 
presentt that can act as a symptom given impediment. 
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Introduction n 

Osteophytosiss is the process of formation of new bony spurs at the joint margin and is associated 

withh osteoarthritis. These osteophytes are neoplastic cartilaginous and osseous protrusions around 

thee joint space. They consist of typically five types of tissues: 1. superficial layer mesenchymal 

fibrousfibrous connective tissue, 2. fibrocartilage, 3. hyaline cartilage, 4. deeper layers of hypertrophic cartilage 

andd 5.deeper layers of bone. The deeper layers become hypertrophic, vascularise, and undergo 

endochondrall  ossification.' In osteoarthritis this process is subscribed to stimulation of cells at the 

chondrosynoviall  junction by polysaccharides derived from degradation of articular cartilage.22 

Bonyy spurs can also develop due to repetitive (micro) trauma.3-6 When a bony spur forms at a ligament, 

tendonn or capsule insertion, it grows in the direction of the natural traction pull of these soft tissue 

structures.. The spurs form at the site were the stiflfcollagen tissue attaches the bone. Recurrent microtrauma 

duee to traction will lead to tendoperiostosis and subsequently enchondral calcification.This process is 

definedd as enthesofytosis.13 The enthesophytes are seen at several sites, especially at the calcaneum, 

patella,, radius, lesser and greater trochanter.13 

Inn the ankle, presence of anteriorly located tibial and talar ankle spurs have been reported in up to 60% 

off  professional soccer players.' ° The etiology of these impinging talotibial spurs formation is not fully 

understood.. McMurray'' (1943) subscribed the development of the talotibial osteophytes to repeated 

capsulee traction of the anterior ankle joint, by repetitive kicking with the foot in full equinus (ea. traction 

spurs).. Since then, the "traction spurs" theory is cited widely.3;4;7;l2 

Sincee the bony spurs originate from anterior surfaces of the ankle joint at the level of the joint space, the 

"tractionn spurs" hypothesis involves the assumption that the capsular attachment is located at the level of 

cartilagee rim near the the joint space. The literature fails to provide descriptions of the exact capsular 

attachment,, and its topographical relation to the cartilage rim. From arthroscopic studies it is known that 

anteriorr osteophytes are found to be situated well within the capsular attachment at the joint margin, and 

nott at the capsular origin.7 The "traction spurs" theory is therefore not supported by anatomic morphological 

andd clinical data. 

Thee talotibial spurs can result in the anterior bony ankle impingement syndrome.3:14;20;21 Bony spurs are 

howeverr not automatically associated with impingement complaints. Asymptomatic ankle osteophytes 

aree reported in 45% of football players and 59 % of dancers.1015 The pain is probably caused by 

impingementt of synovial or posttraumatic scar tissue between the bony surface of the distal tibia and - or 

malleolii  and the bony contours of the talus.20 

Thee aim of the present study was to investigate whether the capsular attachment is located at 

thee joint line level onto the anterior cartilage rim, which could support the "traction spurs" 

theory;; and whether an anteriorly located soft tissue component is present that can act as a 

symptomm given impediment. In particular, an anatomic study was performed to describe the 
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exactt anatomic anterior cartilage rim, capsular attachment, anteriorly located soft tissue component and 

theirr relation to the anterior ankle joint. 

Materialss and Methods 

AA total of 9 cadaver lower limb specimens were obtained. They were sealed in plastic bags and deep-

frozenfrozen to - 30° C. The average age of the specimens was 69 years (range 58 - 77); five were males and 

fourr were females. No information was available about individual case histories. 

Thee frozen specimens were sawed in sagittal sections of 4 mm diameter. The sections were thawed at 

roomm temperature. During direct observation specimens with signs of severe signs of ankle osteoarthritis 

weree eliminated from the study. 

Inn the sagittal sections special attention was given to the details of the anterior located anterior 

jointt space, soft tissue components and capsular attachment. The following measurements were 

takenn in millimeters: 

a)) Width of the non-weight bearing distal tibial cartilage rim. The dimension of the proximal tibial cartilage 

rim,, projecting in the frontal plane, to the joint line was measured at the medial and lateral capsular 

attachment.. Subsequently the measurements were performed at a point one-fourth, one-half and 

three-fourthh between these two medial and lateral landmarks. (Fig. I) 

Fig.1.. Sagittal section of an ankle specimen showing 
thee width of the non-weight bearing distal tibial 
cartilagee rim (double arrow) and distance of the distal 
tibiall  and talar dome cartilage to the capsule 
attachment. . 
Thee triangular soft tissue component of the anterior 
jointt space is smoothly pulled with two hooks to show 
thee tibial (arrow) and talar capsule attachments. Note 
thatt the capsular attachment is situated proximal to 
thee joint line and cartilage rim. The measuring rod is 
classifiedd in millimeters. 
Abbreviations:Abbreviations: DTCA = distal tibia capsule 
attachment.attachment. DTC = distal tibia cartilage, AJS = 
anterioranterior joint space, TDC = talar dome cartilage 
andand TDC A = talar dome capsule attachment. 
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b)) Cartilage-capsule distance. Distance of the tibial and talar cartilage border to the capsular attachment 

wass measured at the same five landmarks (Fig. 1). 

Subsequentlyy the sections were manually manipulated in 15 degrees dorsiflexion position to study 

thee relation of the soft tissue components ant the anterior joint space. 

AA histopathological analyis was performed of the soft tissue component, bone and cartilage. The 

slidess were haematoxylin -eosin stained. 

Fig.. 2. a, b. Overview of a sagittal section of a ankle specimen. The measuring rod is classified in millimeters 
(a).. The detail view shows (b) the triangular soft tissue component (dotted lines). On the anterior site it is 
attachedd to the joint capsule. In dorsally direction, the pointed part of the triangle extends to the anterior 
tibiotalarr joint surfaces. 
Abbreviations:Abbreviations: DTCA = distal tibia capsule attachment, DTC = distal tibia cartilage, STC = soft tissue 
componet,componet, TDC = talar dome cartilage and TDCA = talar dome capsule attachment, TSSF = triangular 
shapedshaped synovial fold) 
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Results s 

Onee specimen showed severe signs of osteoarthritis and was excluded from the study. Thus, eight 

sagittall  sawed ankle specimens were studied. 

Anteriorr  cartilage rim and capsule attachment 
Thee average non-weight bearing tibial cartilage rim width and cartilage-capsule distance at five 

anatomicall  landmarks is given in Table 1. The overall average tibial cartilage rim width and 

tibiall  cartilage-capsule distance was respectively 2.4 mm (1.5 to 3.0 mm) and 4.3 mm (0.5 to 

9.00 mm). 

Onn the talar site there was in distal direction gradually decrease and fading of cartilage thickness (Fig. 2). 

Thee overall average cartilage-capsular distance was 2.4 mm (1.8 to 3.3 mm). 

Tablee 1. Average non-weight bearing cartilage width (mm.) of the distal tibia, and tibial and talar cartilage-
capsulee (mm.) distance in 8 sagittal sawed ankle specimens. 
Measurementss were performed at medial capsular attachment (1), a point one-fourth (2), one-half (3), 
three-fourthh (4) the medial-lateral, and 5) lateral capsular attachment 

Cartilagee Width Cartilage-Capsule Distance 
Tibiaa Tibia Talus 

1.. Medial 
2.. One-fourth 
3.. One-half 
4.. Three-fourth 
5.. Lateral 

2.0 0 
2.7 7 
3.0 0 
3.0 0 
1.5 5 

2.4 4 
5.0 0 
9.0 0 
4.4 4 
0.5 5 

2.3 3 
2.3 3 
3.3 3 
2.5 5 
1.8 8 

Anteriorr  joint space and soft tissue components 
Inn the sagittal sections, the anterior joint space was found to be bordered by the distal tibia, talar dome 

andd anterior joint capsule (Fig. 2). In all specimens the anterior joint space contained a triangular shaped 

softt tissue component that extended in to the direction of the tibiotalar joint. When the joint was forced 

intoo a 15° dorsiflexed position, the anterior joint capsule moved into an anterior direction. In this position 

theree was a diminished anterior joint space, while the triangular soft tissue component was squeezed 

betweenn the anterior distal tibial rim and talus in all specimen. 

Histopathologicall  analysis 
Histopathologicall  analysis revealed that at the site of the joint space the soft tissue component was 

borderedd by a layer of synovial cells, which forms the synovial membrane. The triangular subsynovial 

softt tissue component consisted of fat tissue and small parts of collagen tissue and blood vessels. 
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Discussion n 

Tractionn to the anterior ankle capsule during plantar flexion movements is supposed to be an important 

etiologicall  factor of the formation of anterior tibiotalar in the anterior ankle impingement syndrome (ea. 

tractionn spurs).347" 12 This hypothesis is supported by the fact that these spurs are frequently found in 

athletes,, who repetitively force their ankle in hyperplantarflexion actions, resulting in repetitive traction to 

thee anterior joint capsule.8 It assumes that the capsular attachment is located at the anterior cartilage rim, 

wheree the spurs originate. 

Thiss study however shows that in cadaver specimens the anterior joint capsule attaches onto the tibia on 

averagee 6 mm. proximal to the anterior cartilage rim. On the talar site, the capsule attaches approximately 

33 mm. from the distal cartilage border. The distance of capsule attachment to the site were bony spurs 

originatee is thus relative big. Based on these anatomic observations, the hypothesis of formation of 

talotibiall  spurs due to recurrent traction to the joint capsule (traction spurs) is not very plausible. This is 

supportedd by observations during arthroscopic surgery.20 In patients with bony impingement the location 

off  tibial spurs is reported to be at the joint level and within the confines of the joint capsule. '7-20 On the 

talarr side, the typical osteophytes are found proximal to the talar neck notch. Both tibial and talar 

Fig.. 3. Histopathological analysis (haematoxylin 
-- eosin stained). It shows that at the site of the 
jointt space the triangular soft tissue component is 
borderedd by the synovial membrane (arrows) and 
subsynoviall  located collagen, blood vessels and 
fatt tissue. Note that a small part of the soft tissue 
componentt is projecting into the joint space. 
Abbreviations: Abbreviations: 

DTCDTC = distal tibia cartilage, TDC = talar dome 
cartilagecartilage and ST ~ subsynovial tissue. 
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osteophytess can easily be detected during an arthroscopic procedure with the ankle in forced dorsiflexion. 

Thee capsule does not have to be detached to locate these osteophytes. By arthroscopically shaving 

awayy the osteophyte at the joint level, a bare area is created within the confines of the joint capsule. 

Long-termm results of arthroscopic resection of these spurs have shown that recurrence of these osteophytes 

locatedd at the joint level occurs in 67 % of the patients.20 It is very unlikely that this recurrence is caused 

byy traction to the joint capsule. The spurs therefore must be considered as osteophytes, and not 

enthesophytes. . 

Itt was shown that along the distal tibia, the width of the non-weight bearing cartilage rim extends up to 

threee mm proximal to the joint line. It is this non-weight bearing anterior cartilage rim that undergoes the 

osteophytee transformation.5 Damage to this anterior cartilage rim is known to occur in the majority of 

supinationn traumas.'Sl9 It has been postulated that depending on the degree of damage, chondral and 

bonee cell stimuli will initiate a repair reaction with cartilage proliferation, scar tissue formation and 

calcification.. Additional damage by ankle sprains due to recurrent instability or forced dorsiflexion 

movementss will further enhance this process. * Recent studies showed that ankle instability is significantly 

correlatedd with osteophyte formation, especially in the medial ankle compartment.9'9 Repetitive direct 

(micro)) trauma to this anteriorly located cartilage rim, whichh is except for a thin subcutaneous layer only 

coveredd by skin, as seen in the kicking action in soccer, is another important factor.,6 Repetitive trauma 

too the anteromedial cartliage can probably be precluded by prevention of recurrent ankle sprains. 

Conservativee interventions in athletes can consist of external support (semi-rigid orthosis or air-cast 

braces)) taping and ankle propriocepsis training. In a recent meta-analysis, the Cochrane Muskuloskeletal 

Injuryy Groups provided good evidence for preventing ankle sprains by external support.8 In case of 

persistentt lateral ankle instability, despite the conservative measures, surgical intervention is indicated. 

Inn the anterior ankle impingement syndrome the cause of pain is hypothesized to be not the osteophyte 

itself,, but it is the inflamed soft tissue impingement that occurs between the osteophytes.'7 The tibial and 

talarr spurs typically do not overlap each other.2 Histopathologic analysis of arthroscopic resected soft 

tissuee reveals synovial changes evidenced for chronic inflammation.6 In all our specimens a triangular 

softt tissue synovial fold, subsynovial fat and collagen tissue was found along the entire anterior tibiotalar 

jointt line. During forced dorsiflexion movements this soft tissue component gets squeezed between the 

anteriorr distal tibia and the opposite talus. Recurrent trauma to this soft tissue componenet may lead to 

hypertrophyy of the synovial layer, subsynovial fibrotic tissue formation and infiltration of inflammatory cells. 

Inn theory, arthroscopic excision of the soft tissue could rel ieve pain. Talar and tibial osteophytes, however, 

declinee the anterior space and compression of this soft tissue component is more likely to occur. In case of 

aa bony anterior impingement lesion we feel it is therefore important to remove these osteophytes, to 

restoree the anterior space and reduce the chance of symptoms recurring. 

Inn conclusion, it was shown that the anterior capsule does not attach at the site where the anterior 

talotibiall  spurs originate. The anatomic findings do support the hypothesis that an anteriorly located soft 

tissuee component is present that can act as a symptom given impediment. 
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