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Abstract 

官le ligamerr 加血 capitis femoris (LCF) h出 increased 血c1 inic a1 significance 伽'O ugh 血e

development of hip arthroscopy. The histologic a1 pathologies 阻 dmolec u1ar composition of 

也efemor a1 attachment of伽 LCF and 血edegeneration ca田 ed by LCF disruption were 

investigated in血.ehum 組 hip join t. Twenty-fo 町 LCFs were retrieved at s町gery for femor a1 

neck fracture (age r，朗ge: 63-87 抑制). In由 e“intact" (i. e. 血tact throughout its len gth， n=12) 

group ，出e砥tachment consisted of rich fibrocar 副age. Fibrocartil 昭ecells were present 血血e

midsubstance. In corr 回 st，the construction of由.ea枇achment 血血e“disrupted" (i.e. ligament 

n'O l'Onger a枕ached t'O也 efem 'Ora1 hea d" n=12) gr'OUP had disappeared. The attachment 由自e

disrupted gro 叩 W邸 not labeled for type II c'Oll唱enor 唱grec an， whi1 e白紙血血e血tactgr 'Oup

W制 labeled f'Or 旬pes 1， II and 皿 collage n， chondr 'Oi也14・叫fate ，chondroitin 6・叫fate ，

aggrecan and versican. The percerr 陶酔 of single-str 姐 ded DNA-positive ch'Ondr 'Oc戸.es was 

si伊正icantly higher 血也edisrupted group 也血血血.e intact group. We c'Onc1ude 白紙也e

femoral attachment of the LCF has a characteristic 五brocartilag 血OUS S佐uct 町@白 atis likely t'O 

adjust to the mechanic a11'Oad" and su邸側伽.t its degenerati 'On is advanced by disruption and 

sh'Ou1 d be regarded as a clinic a1 pa血'O logy.

K町words: enthesis~ stab 姐ity; stress deprivation; ligament ru戸町e.
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Introduction 

百le ligamen 旬mcapitis femoris (LCF) is an in位acaps u1ar ligament linking the head of也e

f開lU rto the acetab u1um. Although contributions of the LCF to血evasc u1ar supply for a smal1 

subfove a1 zone of the femor a1 hea d， joint sta :b姐 i恥 proprioceptio n， nociception and synovi a1 

自由dspreading have been suggested (Crock ， 1965; 悦巾出ner & Femandes ， 1971; Chen et 

a1.， 1996; Gray & Villar ， 1997; Byrd & Jones ， 2004; Martin et al. ， 2012) ，也eyhave not been 

clarified completely. 

Although the LCF was previously 血ought 加 benonessential during growth ヲ LCF rupt ぽe

has been reported to cause hip pain (Gr ay & V並lar ，1997; Byrd & Jones ， 2004; Bardakos & 

Villar ， 2009; Haviv & O'Donell ， 2011). Moreovel 二recognition of the LCF has markedly 

changed through the development of hip 紅白roscopy 恨ao et a1.， 2001; Byr d， 2003; Byrd & 

Jones ， 2004; Grif自由 s& Khanduja ， 2012). Gray & V姐l紅 (1997) c1ass ifi. ed也ecauses of LCF 

rup 加re as trauma and degeneration. Bos 旬ret a1. (2011) reported 白at 51 % of cases had an 

LCF tear in 558 hip at曲roscopic surgeries. Byrd (2003) reported that LCF rup 加re was the 

出ird most common problem encountered in ath1 etes with hip pain. Philippon et a1. (2007) 

detected ligamentum teres tears in 65% of 45 ath1 etes with femoroacetabular impingemen t. 

lJnfortunately ，紅白roscopic debridement is currently the standard trea 加 ent for an LCF 

rup 加re (Haviv & O'Donell ， 2011). However ， a few au血ors have clainI ed the signifi. cance of 

keeping this ligament to prevent 由eexacerbation of osteo 紅白ritis and tried new procedures 

such as its re-suture or reconstruction (Wenger et a1.， 2008; Bardakos & Vi1l ar， 2009; Simpson 

et al. ， 2011; Philippon et a1.， 2012). 

Despite the increased attention to 血eLCF ，出eLCF anatomy was repo 此.ed in previous 

studies (Crock ， 1965; Wertheimer & Femandes ， 1971) ， but its histopathology and molec u1ar 

composition 紅enot fu11y understood. 

In disorders of a tendo n/1 igament ， the attachment ωbone (i.e. 出een血esis) is 
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indispensable. 百leenthesis is a characteristic s加lcture 白紙provides a connection between a 

soft 加1do n/1 igament tissue 租 d a hard bone tissue. 1t mos t1y provides fibrocartilage to adapt 

to resistance of large mechanic a110ads 企'om a tendo n/li gament (Schneideζ1956; Be可制1in et 

a1.， 1986; Woo & Buckw a1ter ， 1987). Moreover ， since fibrocartilage has a sma11er vasα 抑

制陣取組dconsequen t1y a poorer potenti a1 for repair 但判amin et a1.， 1986; B叫amin&

Ral phs ， 1998) ， sim 坦ar to hya1ine car 岨喝e，assessment of the enthesis is grea t1y usefi 叫wh即

位le pathologies and functions of a tendo n/li gament are discussed (Kumai et a1.， 2002; 

B叫amin et a1.， 2004). A1也 ough degenerative changes are well-known 加 beimplicated in the 

pathologies of a tendo n/li gament and 紅'e more conspicuous in a disru 附 dligament Q伽 nus

& Jo部a， 1991; Jozsa & Kann 田， 1997) ， no auth 町shave eva1uated the variation 血由e

attachment in 也is condition. Reg 釘必ng ligaments of 也.e hip joint ， Mi1z et a1. (2001) 

adeq 凶，tely demons 仕ated the molec u1ar composition of 也.e transv 町田 ligament of the 

acetab u1um， which is another attachment ofthe LCF. Wi也regard to the femor a1 a:伽 chmentof

也eLCF ， it has on1y been described in one 戸evious report (1pplito et a1.， 1980) ， and we 拍H

have insu 宜icient understanding of也isfeature of血eLCF. We consider 伽 tsuch eva1uations 

would be  of great help to c1ari 命血.echaracteristics of the LCF and its pathology. 百lepurpose 

of也lSS阻dywas to investigate the histologic a1 and molecular characterizations of the femor a1 

attachment of也eLCF. In additio n， we comp 釘ednorm a1 and disrupted LCFs to eva1uate the 

histopathologic a1 di肱rences 伽.t accompany 也.edisruption of白isligamen t. 

Materials and me曲ods

Subjects 

τ'wenty-four su同ec悩 W町'e selected 企om consecutive patients who underwent prosthetic 

replacement of the femor a1 head for a femo ra1 neck fracture by tl質問 S町-g eons between 2001 

and 2005. The sul 司ects comprised 12 ma1es and 12 fem a1es wi也組ager 釦 ge of 63-87 years 
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(mean 土 SD: 80.3 土5.64 years). 百le frac 加re was on血eright side in 14 patients and the left 

side in 10 patients. The time durations for the surgeries ranged from 48 to 75 minutes (mean 土

SD: 61士8.14 minutes). In all 24 patients ， it was confirmed by interview 由at 由ere was no 

previous history of other hip diseases. Patients wi也 severe coxar 仕lfosis and radiologically 

visible femoral head neαosis were excluded from the study because we would be unable to 

distinguish the femoral attachment of the LCF in their hip joints. In由 is study ， severe 

coxar 出rosis was defined as prominent destruction of the bone structure on radiographs 出at

was generally c1assified as grade fo町 according to Kellgren & Lawrence (1957). 百le

experimental protocol was performed according to仕leguid e1也 esofthe E由ical Committee of 

Nara Medical University. Inf ormed consent was obtained from all 也epatients before the 

opera t1on. 

We prepared two different specimens to evaluate the degenerative changes of 血e

a枕ac加lent after ligament disruption The "intact" group had an attachment where the LCF 

was continuous from the acetabulum to 也efemoral head. The “disrupted" group had an 

attachment where there was a complete tear ， but where the stubs of the ligament were still 

visible at each insertion. The disruption was easily judged not to be fresh because bleeding in 

the stubs was macroscopically and microscopically invisible. The sample was removed from 

the femoral head as a bon かligament comple x， inc1uding the attachment of血eLCF ， the fovea 

capitis femoris (FCF) and the adjacent 紅町叫arcartilage. The intact group comprised seven 

men and five women (昭erange: 70-87 years; mean age 土 SD: 80.1 :1: 5.52 years) and the 

disrupted group comprised five men and seven women (age r佃 ge: 63-87 years; mean age 土

SD: 80.5 土6.23 years). 百leage difference between the two groups w出 not si伊ificant (P=0.86 ， 

5% value=O.27 by the Kolmogorov-Smirnov test). 

Histology 

5 

Scandinavian Journal of Medicine & Science in Spo 同s・PROOF



Scandinavian Joumal of Medicine & Science in Spor 脂・PROOF page 6 of26 

nU41

司
4qO4

『

Euau

守
'oon

習

nU4Eq

，hqda

斗尻

dn07'aunMMnU4E

内
4qO4

『

RJHau

守
'oongnU44q'hqda

骨

RdaU

守'白

on

司

nU4E

司
440a

崎氏

1vau

マ
'oon

ヨ
nU

4E

司
'hqoa

『

EuaU7'aunMM4E414

，
4E4E4E4E4S4E45

司
4

司
4

司
4
円
4

司
4

司
4

司
4

司ι
司 ，

h
司
4qdqoqO40

円
040

帽。司

04040

必『

a
時

a
『

a
骨

a
斗

a
『

a
『

a
品寸

4
『

4
『

RJVRJRdRdzuRU

民
JVRJV

民
JVEuau

官le位ssue samples were fIXed in 10% neutr a1-buffered form a1in for at least 2 days ， dec a1cified 

血EDTA and embedded in 580C paraffm W8X. Sections were cut at 8斗i血 thic k:n ess running 

a10ng 血eligamen t，血dthen stained with a1cian blue ， hematoxylin and eos in， Masson's 

住ichrome or toluidine blue (F屯. 1). 

Morphome 位y

The amplitude of the mechanic a1 load in the attachment was assessed using previously 

described methods (Ev 組 set a1.， 1990 ， 1991). The thic k:n esses of the unc a1cified fibrocartilage 

(UF)， ca1cified 五brocart i1age (CF) and subchondr a1 bone  were measured at 15 sites in each 

sa血ple. 官le 町egu1 arity of the interf 注cebetween 血e ca1cified fibroc 紅副age and bone (CFB) 

was assessed by expressing 血elength of血e血terface relative to the length of血een 血esis

(CFB:Er 説i吋. A11 measurements were made 伽 'ee times on a computer connected to a BX41 

microscope (Olympus ， Tokyo ， Japan) using an Image Fi1ing System (Fl ovel Co. ， Tokyo ， 

Japan) by two authors (Shinohar a， MD， and Kumai ， MD， PhD) who performed 出e

mea 叩rements according to the methods described in a previous study (Ku血ai et a1.， 2002). 

官le two authors had received sufficient 佐aining necessary for  the present study ， and had 

conducted experiments involving similar measurements and morphometty ana1yses to those in 

出is study for more 出an 10 years. Repeata 凶 ity statistics were obtained 旬 confmn the 

acc 町 acy ofa11血edata. 

Imm unohistochemistry 

Sections were labeled with 組曲o必es against collagens (抑es 1， II and ill) ， 

glycosaminoglycans (ぬondroitin 4・su1fate and chondroi 出向叫fa時 proteoglycans

(aggrecan 姐 dversican) and singl e-s回 nded DNA (ssDNA).τ 'he en可me pre 位ea回 ents and 

dilutions of由e佃 tibodies are listed in Table 1. An anti-goat immunoglob u1in was 田，edfor 
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detecting 旬pes 1 and III collagens. Antibody binding was detected with an LASB2IHRP 

S仕'ep 肱吋dinlbio 出vpero 忠由se K.i t (Dako Japan Co. ， TI北yo，Japan). 官le localiz 油ons ofthe 

bound antibodies for the collagens ， glycos am. inoglycans and proteoglycans were observed by 

mlαoscopy. In the sections labeled wi血也.e anti-ssDNA 釦 tibod 払也epercentages of 

ssDNA-positive chondroc 戸eswere ca1culated. We performed comparisons between 世間血It act

and disrup 旬dgroups for the above evaluations. 百letissue preparations and evaluations used 

血由isstudy were based on our previous paper (K. umai et a1.， 2002). 

Statistical Ana1ysis 

Allof 血.e data were statistic a11 y鉱lalyzed using Sta tMate III so食ware (ATMS Co. ， Tokyo ， 

Japan). We evaluated the data using a 即時ar畑町cequiv a1ent of the t-test (Mann- Whi tney 

test) because 也ey did not e出 bit a norm a1 distribution when eva1uated by 血e

Kolmogorov-Smirnov test. For the data 由own in Table 3， we ana1yzed 也esignificance of 

differences by the chi-square tes t. Differences were considered to be statistic a11y sigt1出 cant

for va1ues of P三0.05.

Results 

Histology 

官leLCFwas a枕ached 加 the margin of the FCF (回出.eslsmarg 血)，叫 rile 血.eopposite site was 

composed of hya1ine 釘即叫ar cartilage (AC margin) (Fig. 1). 百四 attachment of 血eLCF 

gradually made a transition 企omfihroc 紅副age to hyaline cartilage. A bony prominence was 

microscopic a11 y observed in也.edeeperp 紅tofthe a枇achment of the LCF in a11 c邸es，andalso 

noted at血.eACmarg 血血67% of cases in血.eintact group. In a11 sam. ples of血e血旬ctgroup ，

出e旬pic a1four zones were reco. 伊 ized in也.efemoral attachment of血eLCF ， nam. ely 五brous

tissue ， UF， CF and bone (Fig. 2a). A tidemark separated the UF 釦 d CF. The CFB 血加face

7 
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W出 hiゆly irregular 組 dthe subchondr a1 bone wω也ick (F泡. 2b). Pathologies such as 伽

formation of mu1tiple tidf 粗 arks in 75% of al1 cases and longitudin a1 fissures  in 58% of a11 

C出 es were observed (Fig. 2c). In 75% of all cases ， bo也長.broblasts and fibrocartilage cells 

were present in the midsubstanceσig. 2d) ， which was covered with a rich vasc u1ar syno 世um.

百le latter cells were surrounded by a char ョcteristic ma位立由at showed metachromatic 

st創出ng with toluidine blue. In 25% of a11 cases ， hypoxic degen ぽati on， which included 

合agmen 旬tion and irregular alignment of the collagen fibers ， was a1so noted in也.e ligament 

(Fig. 2e). In 92% of a11 cases ， blood vessels in 也econnective tiss 田 where 也eLCF was 

covered 血凶dedinto 也.ebone marrow 也rough 血esubchon d.r混 1bone of the FCF. 

In a11 s甜 lples of the disrupted group ， a bony prominence w描 microscopic a11 yobserved at 

each margin of也eFCF. However. the fo町 fibrocartilaginous zones were less s出king(F 屯.

3a). The subchondr a1 bone was 出inner 佃.d the blood vessels had disappeared. The CFB 

interf 恥eshowed less comple 坦ty. Lipomatous degeneratio n， which w回 not observed in也e

intact gr01 恥 W出 prominent in the remnant attached to由.een血.esis margin in 67% of a11 cases. 

百lese 町'eas included fewer blood vessels in也esyno 吋a1 tissue around 也.eremnan t. Col1agen 

fibers were 白血and frag i1e，佃dfat tissue infutrated into 血eex 回.ce l1叫 .arma 出x(Fig. 3b). In 

50% of a11 cases ，血edegen 釘ative changes at也.eAC margin of也eFCF had proceeded m町e

deeply and extensively 也組曲ose in the in阻.ct group (Fig. 3c). 

Morphome 紅y

百le morphometric 伽ta 釘esummarized in Table 2.τbe CFB:E ratio was si伊ifican t1y

(P= O.002 ， 5% va1ue=O.35 by血.eKolmogorov -Smirnov test) greater in也ein 総ctgroup 白血

血仕le disrup 旬dgroup.τbe 白icknesses of血efibrocartilage and subchondr a1 bone  were a1so 

si伊出can t1y(P=O.008 ， 5% va1ue=0.35 by the Kolmogorov-Smirnov test and P=0.002 ， 5% 

va1ue=O.35 by血eKolmogorov -Smirnov test ， respectively) grea 総:r m血em阻.ctgroup th組出
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出edisrupted group. 

Imm unohistochemis 句

In the intact group ， types 1阻 dIII collagen were present throughout the ligament and bone ， 

and the latter was especially obvious in也.e synovial subintima around the ligament and FCF. 

Versican was more typically present in 由emidsubstance than in the attachmen t. Type n 

collagen was strongly detected in the fibroc 紅雌age at the attachment (Fig. 4a) ， as we問

chondroitin 4・s叫fate ヨchondroitin 6-s u1f ate and aggrecan (Table 3) 

In the disrupted group ，也emost striking difference at the attachment from the intact group 

was the absence of勿peII collagen (Fig. 4b) ， chondroitin 4-s 叫fate ，chondroitin 6-s 叫fate and 

aggrecan (Table 3). 

百le mean percen 飼ge (土 SD) of ssDNA-positive chondrocytes at the attachment was 

46.3 土9.12% in the disrupted group ， and sign 泊cantly (P=0.002 ， 5% value=0.35 by the 

Ko1mogorov-Smirnov test) higher than the value of 9.71 土1.95% in the intact group (Fig. 4c， 

d). 

Discussion 

A tear of the LCF has comeωbe recognized as a common cause of hip pain through 由e

development of hip arthroscopy (Rao et a1.， 2001; Byr 止2003; Byrd & Jones ， 2004). Despite 

the greater attention ラ our unders 匂n必ng of 出is ligament is still insufficien t. Although 血e

a枇ac加nent is generally considered important while debating the pathology of a 

tendo n/l igament ， there are surprisingly few reports describing the attachment of the LCF 

(Ipplito et al. ， 1980; Bland & Ashhurst ， 2001; Mi1z et al. ， 2001). 

百四 fibrocartilage present at the femoral attachment of the LCF in the intact group 

suggests that the attachment takes some of the mechanical load. Previous s加dies described 
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也atUF is the res u1t of an adaptation to resist compression by bending of也.eligamen t， while 

CF plays an anchoring role 加血esubchondr ョ1bone (i.e. 也eCFB 白紙rface) 加 protect against 

tens i1e and shear stresses (Schneid 民 1956; B何amin et a1.， 1986; Evans et a1.， 1990 ， 1991). 

Moreover ，也is fmding is in agreement wi血 aprevious s卸dy by 1即lito et a1. (1980). 百ley

described 血atthe femor 叫 attachment of批 LCF 血two norm a1 specimens from children had 

an area of fibrocartilaginous metaplasia 白紙W酎a1 cian blue-positive ， and suggested 白at也lS

finding arose because 由eregion was subjected to s出 tching 組 dcompressing forces. 

In additio n，也.e immunohistochemic a1 proftle for the in句ct group detecting type II 

coll 昭en， chondroitin 6-s叫晶te 叩da民~ecan cleady showed that 仕lere was some mechani ca1 

S仕ess loading on the femor a1 attachment of由eLCF ， similar to previo 田 studies 但句amin&

Ral phs ， 1998; Waggett et a1.， 1998; Ma1aviya et a1.， 2000; Mi1z et a1.， 2001). In contras t， a 

previous study on the molec u1ar compositions of the fem 町a1 a伽.chmentof 也eLCF in rabbits 

found 血at旬pes 1 and IV collagens were strongly boun d， while 勿pem collagen was we北ly

bound and 勿pen collagen was not bound (Bl and & Ashhurs t， 2001). 百世sres u1t for type II 

collagen was different 企om our 白lding. Howeve r，也eir samples were ligaments of rabbits 

血at walk: ed on four legs from the newbom stage to a young age ， while our samples were 

ligaments from elde r1y humans. Therefore ， it is diffic 叫t旬 direc t1ycomp 間働irstudy wi也

our stu 称In o町 case ，也emechanic a1 load might make 伽 LCF draw the femor a1 head 

toward the acetab u1um， in the “ba11 and chain ∞百貨01" mann 釘 described by Michaels & 

Matles (1970) or血e“sling-like" struc 卸re described by Kivlan et a1. (2012) to describe its 

role as a s筒b並1Z er.

Some previous anim a1邸 periments have been performed to address 也e血eory 血atthe 

LCF prevents 也ehipjoint 企ωndislocating. Smith et a1. (1957) found 白atdet 邸加lent ofthe 

LCF in young dogs significantly increased the incidence of hip dis1ocation Wenger et a1. 

(2007) 由owed 白紙血e組曲less of 白eLCF was sim i1ar 伯尚at of 血.e an拙ior cruciate 
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ligament of the knee (ACL) by exa 血ining im.m ature porcine hips. They su路ested 也e

possi 凶ity 白紙也eLCF acts 硝 as匂biliz 釘 ofthe hip joint to prevent dislocati on， simil 紅白

血.eAC L. 0町 fm必ngs suggest 白紙也eLCF may play a role ， to some exten t， as a stabilizer of 

the hip join t， similar to 也eway in which the bone structure ， la加.Illl and ex回.caps u1ar

ligaments functio n. 

Although the midsubstance of a normal tendo nl1 igament has no fi柱。car 凶age cells 

(B明amin et a1.， 1986; Vogel ， 1995; B何amin & Ralphs ， 1998) ， our series 血owed

fibrocartilage cel1s in也.e midsubs 出lce of the LCF in the intact group. Milz et al. (2001) 

described 白紙血.efemor a1 head is sometimes considered to contact the acetab u1um even in a 

norm a1 hip. Our fmdings su路 est 也at血.e LCF had unde 此aken repetitive mechanic a1 s悦 ss

組 d血atfibroc 紅tilage cells w町'ecreated in由emidsubs 胸nce. 百nschange has been 也ought

to involve denaturation of也eligam ent" like hypoxic degenerati on， in some previous s加die s，

and is a serious factor 白紙causes spon 旬neous we紅組dtear of the tendo nl1 igament 匹annus

& Jozs a， 1991; Jozsa & Kannus ， 1997; Sampatchalit et al. ， 2009). 

τhe observations in也.edi釘upted group ，血which fi励。car 世agew 出 inconspiωous at也e

a枕achmen t， suggest 由atthe degeneration wou1d be advanced by a 1唱ament te匹 Based on the 

well 輔known 白.ct 出ata mechanicalload is indispensable fi町 the maintenance of fibrocartilage 

(B何 amin et al. ， 1992; B明amin & Ralphs ， 1998) ， the disa 即 earance of fibrocartilage wou1d 

represent loss of the mechanical load. Thi s means that the disruption of伽 ligament caused 

10価 of the mechanical load and vasc 叫釘 suppl ぁand fma11 y led to 紅白ritic changes. our 

im.m unohistochemical prof t1es 血伽 di町叩rted group also supported these Ifr eversible 

changes. To 0町 knowledge ，出is might be the frrst demonstration of the changes in 也e

ex回cel1u1 ar ma凶X of the attachment caused by a ligament rupture. The prominent 

osteoar 歯 itic changes 血也.e artic 叫ar cartilage 白紙we frequen t1y obs ぽved in the disrupted 

group cou1d be explained by 血.e characteristics of the hip joint Owin g知山 high bone 
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con 伊lency. a smal1 g;叩 can eas i1y lead to degenerative progression (Eckstein et a1.， 1997; 

Hurwitz et a1.， 2001). Rao et a1. (2001) suggested 也ata complete LCF rupt 町'e caused early 

degenerative 紅白ritis. Consequen 匂 liga 血ent rupture cou1d be a出邸erfor incon 伊 nty in the 

rupjoin t，阻d血is血congruity wou1d lead to紅白riticch 鎚1ges.

In additio n， the low va1ue of the CFB:E ratio in也edi 紅upted group was 組 int 釘'es 白18

di宜erence. 百出血lding is in line wi也Ga o& Messner (1996) ， who showed 白紙也eCFB:E 

ratio is dependent on the qu組 tity of the mech 制 ca1 10ad to the enthesis by examining the 

rabbit knee join t. Our findings ぽea1so thought to indicate a decrease in the mechanic a110ad 

aft 町出.eligament ru酔ure.

h也erenmant of the LCF 企om 也.e disrupted group ， fat tissue was dominantly present 

instead of fibrocartilage cells and collagen fibers ， and the blood vessels had disappeared. 百1S

is comparable to血.efatty degeneration described by Ipplito et a1. (1980) and Kannus & Jozsa 

(1991). They considered 也at由ere were fo町 main degenerative types in a tendo n/l iga 血ent

伽 twere respectively formed in response to di偽:r ent stim u1i. Among these ， fatty 

degeneration w出 defmed to decrease the tens i1e force and lead to ligament rup 加re. However ， 

0町 res u1tthat fatty degeneration was nl凶 obs ぽved in the intact group cou1d mean 白紙偽is

degeneration developed after 也erup 加re，rath 釘白anbeing a change before 也erup 同re.

百le greater percen 旬.g eof ssDNA-positive cells 血血.e di釘upted group suggested 白紙

apoptosis ca凶 ed血eadvanced degeneration in the rup 加red LCF ， wruch was no longer under 

mechanic a110ading. Thi s is in line wi血Hattori et a1. (2007) and Muts 阻止iet a1. (2007). 官le

former 回 .cked changes in 也eincidence of apoptotic cells at 也etibi a1 ins 釘tion of human 

ACLs at different time points after rup 加re. The latter compared 由.e tibi a1 α溜ria1ぽ uciate

ligament attachment of ruptured and non 圃-ru ptured ligament 芯， and found 血at血.enumber of 

terminal deo 勾nucleotidyl む祖国fer:掛か me必ated dUTP-biotin nick end labeling 

(TUNEL) 幽'positive cells was signific 間 tly larger in the rup 旬red group 血血血血e
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n'On-ruptured gr'Oup. Such studies suggest the possib i1ity 白紙血.e s加 ssd叩rivation caused by 

ligament n増加re may induce ap'Opt'Osis in the fibr 'Ocartilage cells at the ins ぽti'On'Of血e

ligamen t. 

官lemain limitati 'On 'Of也is study was that we c'Ou1 d n'Ot investigate the LCF in y'Ounger 

individ ua1 s. To evaluate the m'Olec u1ar c'Omp'Ositi 叫 weobtained the fem 'Oral heads from fresh 

human specim 脳出atwere discarded as w悶teafter pr'Osthetic replacements for femoral neck 

企ac卸res.τbis meant 也at alm 'Ost all 'Of由esamples w<釘eres 出.cted to th'Ose from elde r1y 

people. In也 epresent 説udy ，it is possible 白紙由epatients had some kind 'Of age-related 

osteoar 曲目tis in their hips. Since we 'Only exc1uded pati 四 tswi也 osteoarthritis of grade four 

acc 町出ng to Kel1gren & Lawrence (1957) ，。町 subjects probably included patients wi也

m'Oderate 'Oste 'O紅白 ritis of grade. tw() or 白ree. Therefi 町'e，it is unc1ear whe 血er '0町

degenerative fmdings occurred before 'Or after the disruption C'Onsequently ， it remains unclear 

whether the LCF tears in血epresent study were 'Of the 勿peI (complete tramnatic) or type 皿

(c'Omplete degenerative) varie 弘 according to 也eclassification by Gray & Vi11釘 (1997).

F砿血ermore ，assummg '0町 subjects had no partial mptures or avasc u1ar necrosis at the early 

stage ， we may need to evaluate patients with a pぽtial rup 加reor avasc u1ar necrosis. H'Owever ， 

d由ough 踊 sessments and c'Omparis 'Ons 'Of subjects including y'Ounger people w'Ou1 d be mme 

ideal ， it is di宜icu1tfor 山知obtain such samples ， especially 企omyoung 釘 pe'Ople. In additio n， 

many studies have already reported 白紙 tend onJl ig組問tinjuries 'Occur 'On血.e basis of 

degen l釘 ati 'On， especi al1 y in a出letes (J'Ozsa & Kannus ， 1997; Byrd ， 2003). Byrd (2003) 

制路ested 伽 tdisruption 'Of the LCF 血抽出esmay be伽 res u1t'Of佐amna 町 degen 悶 .tio n，

'Or a c'Ombinati 'On 'Of也etw'O. Some a叫lors repo 巾 d由at a甲'O nt組 e'Ous 旬ar 'Of the LCF 

with 'Out tramna (e.g. ， joint dis1ocation 'Or企ac佃re) 臼 occasi 'Onally observed during 

紅白r'Osc'Opic s町geries (Ra o et al. ， 2001; Byr d， 2∞3; Bardakos & V出民 2009).Consequentl~

wem 町 beable t'O sp部叫ate about the pathologies of y'Ounger pe'Ople 'Or a血letes based 'On the 
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pathologies of the el加 'ly people examined in由is s旬dy. Although there may be a lack of 

repeatability statistics wi由regard to the meas 町畑田ts in血epresent s同d.y， we believe that 

0町 da也 W叡rant acknowledgment because 0百 methodology w出 performed in accordance 

with previous s加dies (Evans et a1.， 1990 ， 1991~ Kumai et a1.， 2002). 

Perspectives 

We have demonstrated 白at a fibroc ぽ副aginous s回 C加re and degenerative pathologies 紅e

present at血.efemo ra1副 achment of the LCF ， sim i1ar知也ecase for 0血.er tend ons/l igam 倒 s.

百四sefmdings show 白紙偽isins ぽtion is su同ected to mechanic a1 force and su腿est 也atthe 

LCF may function as a s抽出zer to maintain joint con ，伊且ty. 百le characterization of出e

hlstologic a1 and mol 即叫ぽ differences between the intact and disrupted LCFs provides 凶

with missing basic knowledge 也at cou1d help in 也e白血re und 町S匂nding of c1inical 

pathologies 血血ehipjoin t. 
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Table 1. Prim ary antibodies used for immunohistochemic a11abeling 

Antigen Antibody Oi1ution En勾 mepre 紅白凶ent

CollagenI poly 1:120 Pepsin (0.4%) 

CollagenII ll4Cll 1:50 Ch倒的i白羽田 (0.2IU! 叫)

Collagen 1lI poly 1:50 Pepsin (0.4%) 

Chondroi 也14-s 叫fa旬 3B3 1:100 Hyaluronidase (1.5IU! 凶)

Chondroi 曲16-s 叫fate 2B6 1:50 Hyaluronidase (1.5IU/ m1) 

Aggrecan 4F4 1:25 Tryps 血(0.1%)

V釘Slcan 401 1:50 Tryps 血(0.1%)

S台頭e-s 仕組dedONA poly 1:100 Tryps 血(0.1%)
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2 

3 Table2. Mo甲home 出cdata comparisons between the intact and disn 刷edgroups

5 CFB len gth. ，....，.".，.1"l __L!_ Fibroc ぽtilage Subchon 制 bone
CFB:Eratio 

6 (m血)出 ickness (mm) 也ickness (m血)
T 
8 
9 
10 
11 
12 
13 
14 
15 

Intact (n=12) 

Mean 土SD

Disrupted (n=12) 

Mean 土SD

Pvalue 

4.59 土0.69

3.00 士0.18

0.002 

1.79土0.27 1.04士0.40 0.47士0.07

1.13土0.05 0.30 土0.46 0.13 土0.02

0.002 0.008 0.002 

16 CFB ， inte Iface between 也ezone of ca1cified fibroc 佐世age and bone; E， enthesis; 

17 Fibrocartilage 出icknes s，血cludes Wlca1cified 姐 dca1ci日edfibroc 釘副age.
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
吉T
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 1 
関
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Table 3. Imm. unohistochemic a1 1abeling in由.e intact and disrupted groups. 官le num. bers of 

positive cases 釘'e shown for a to旬1of  12 patients in the intact group and 12 patients 白血e

dismpted group. Statistic a1 comparisons between the 同 ogroups were made by the 

chi-square tes t. 

Intact Disrupted 

Bone Arti c叫ar Enthesis Bone A此icular Err 也eSlS Pvalue 

cartilage C紅副age

CollagenI 12 。 12  12 。 12 

Collagenll 。 12 12 。 12 。 0.011 

Collagen 111 12  12  12  12 12 12 

Chondroitin 。 12  12 。 10 。 0.021 
4・sulfate

Chondroitin 。 9 9 。 8 。 0.046 
6・s叫fate

Aggrecan 。 8 7 。 6 。 0.12 

Versican 。 。 12 。 。 10 
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23 Fig. 1. Section stained with toluidine blue in the intact group. A bony prominence (arrow) is microscopically 
24 identified at the enthesis margin. The bony promlnence is 5 mm in height and 7 mm in length. L， 
25 ligamentum capitis femoris; 8， bone; F， fovea capitis femoris; AC， articular cartilage. 
26 82x38mm (300 x 300 DPI) 
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Fig. 2. Histological flndings in the intact group. a， The femoral attachment is composed of  flbrocartilaginous 
tissue in which a tidemark separates CF from UF. Stain: toluidine blue. b， The CF is thick ， and strongly 

interlocks bone like a jigsaw (yellow line). Stain: toluidine blue. c， A longitudinal flssure (arrow) is observed. 
Stain: toluidine blue. d， Fibrocartilage cells are occasionally present. Staln: hematoxylin and eosln with 
alclan blue. e， The ligament is denatured (red color). The collagen fibers are thin and rough. 5tain: Masson 

trichrome. UF， uncalcifled flbrocartilage; TM， tldemark; CF， calcified flbrocartilage; B， bone. 
162x240mm (300 x 300 DPI) 
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40 Fig. 3. Histological findings in the disrupted group. a， The four-zone structure of the enthesis is 
41 indistinguishable. 5tain: hematoxylin and eosin with alcian blue. b， Fat tissue is often present ， and the 
42 collagen fibers have disintegrated in the ligament. 5tain: hematoxylin and eosin with alcian blue. c， 
43 Osteoarthritic changes are present at the AC margin of the FCF. 5tain: toluidine blue. B， bonei AC， articular 
44 cartilage. 
45 162x162mm (300 x 300 DPI) 
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Fig. 4. Immunochemical staining at the enthesis in both groups. a， Type II collagen is detected in the intact 
group. b， In the disrupted group ， type II collagen is not detected. c， Few cells are labeled for ssDNA in the 

intact group. d， Many apoptotic cells are detected in the dlsrupted group. 
162x162mm (300 x 300 DPI) 
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