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Abstract 

Many studies have been performed on the s甘ucture ，molecular composition ， and biochemical properties 

of tendons. However ， comparatively little research has b巴en conducted on the cont 田tof various trace 

elements within tendons. Six elements were analyzed in four regions of the peroneus longus tendon: the 

tensional part of the tendon immediately proximal to the lat ぽal malleolus (region A)，也ecompressive 

region ofthe tendon in contact with the lat ぽalmalleolus (region B)， the compressive region ofthe tendon 

h∞ntact wi白出edeep surface of也ecuboid (region C)， and the tensional pぽtofthe tendon between the 

cuboid and first metatarsal to which the tendon is attached (region D). Regions B and C are wrap-around 

regions. Th巴 calcium ∞ntent was higher in region C出an in both A and D， which is likely related to 

regional differences in cartilage degeneration. The phosphorus content was also high ぽ in region C， 

possibly because of low alkaline phosphatase activity in this region. 百lesulfur content was higher in仕le

wrap-around regions; sul 白rcontent is血ought to be influenced by tendon-bone compression. Finally ，伽

ma伊 esium content in the wrap-around regions was also higher ， which is probably related to a higher 

level of fibrocartilage. No significant relationships were found with regard to zinc or iron. Overall ，由E

findings of the present study indicate 出at element contents are related to function and anatomical 

differences in tendons and that th巴ymay even vary with 泊the same tendon. 

Keywords: Pぽoneuslongustendon ・Wrap-around tendon ・Proteoglycans • Calcium ・Sulfur
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Introduction 

The p巴roneus longus muscle originates in the lateral comp 釘伽lent of the leg. 百le musculotendinous 

junction of the pぽoneus longus tendon is located proximal to the superior peroneal retinaculum. The 

peroneus longus t巴ndon courses distally in the leg posterior to the lateral malleolus toward its insertion in 

the foot. After passing posterior to the lateral malleolus ， the peroneal tendon passes inferior to the cuboid 

in a canal formed by the cuboid groove superiorly and ins ぽts onto 出emedial cuneiform 叩 dbase ofthe 

first metat 訂sal [1，2]. Macroscopically ， the peroneus longus tendon has two flat regions that are capable 

of withstanding ∞mpression in regions where 白eypress against the lateral malleolus and cuboid bones. 

These are considered to be a natural adaptation to compressive forces acting at the site ofbony pulleys. A 

striking feature of many tendons is 也吋 fibrocartilaginous character. There  are intriguing di島rences

among different tendons. Despite the fact that numerous reviews have deta i!ed the structure ， molecular 

composition ， and biomechanical properties of tendons ， far less attention has been paid to their content of 

仕ace elements [2・4]. 官lerefore ，社le authors investigated regional variations of elements in the peroneus 

longus tendon and the relationships among element contents by direct chemical analysis. 

Materials and Methods 

Sampling 

Th巴 cadaveric subjects comprised 8 men and 5 women ranging in age 企om 77 to 98 years (average age ， 

87.5土 7.8 years). 百ley were 仕巴ated by injection of a mixture of 36 % ethanol ， 13 % glycerin ， 6% phenol 

and 6 %あ>rmalin 也rough 吐le femoral artery. 百le insertion tendon of the peroneus longus muscl 巴

(peroneus longus tendon) was resected from the 13 sU吋ects. All uni!ateral peroneus longus tendons were 

harvested. Specimens with macroscopically obvious calcification were 巴xcluded 企omthe present s旬d予

Four regions ofthe peroneus longus tendon were analyzed in terms of白eir elements ∞ntents: 

the tensional p訂tofthe tendon immediately proximal to the lat ぽalmalleolus (r巴gion A)， the compressive 

region ofthe tendon in contact with the lateral malleolus (region B)，白ecompressive region ofthe t巴ndon

in ∞ntact with the deep surface ofthe cuboid (region C)，佃 d也etensional part of仕letendon between the 

cuboid and first met ほarsal to which the tendon is attached (region D) (Fig. 1). 

Determination ofElements 

The tendon samples were thoroughly washed wi也 distilled water and dried at 800C for 16 h. After 1 ml of 

concentrated ni仕ic acid was added to the samples ，廿le mixtures were heated at 1000C for 2 h. After 也E

addition of 0.5 ml of concentrated perchloric acid ， they were heated at 1000C for an additional 2 h. 百四
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samples were adjusted to a volume of 10 ml by adding ultrapure water and were filtered through filter 

paper (No. 7; Toyo Roshi ， Osaka ， Japan). 百le resulting fil 仕ates were analyzed with 加 inductively

coupl 巴dplasma-atomic emission spectromet ぽ (ICPS ・7000; Shimadzu ， Kyoto ， Japan). The conditions 

wer 巴asfollows: power of 1.2 kW企om aradio- 企equency generator ， plasma argon flow rate of 1.2 l/min ， 

cooling gas f10w of 14 l/min ， carrier gas flow of 1.0 l/min ，聞仕ance slit of 20 阿n，exit slit of 30μm ， 

observation height of 15 mm， and integration time lapse of 5 s. The amount of element was expressed on 

a dry-weight basis. 

Statistical Analysis 

Statistical 叩 alyses were performed using Statcel version 3 (OMS ， Tokyo ， Japan). A two-tailed unpaired 

Student's トt巴stwas used to ∞mpare differenc 氾sbetween regions. A p四value of く0.05 was consider 巴:dto 

be significan t. Data  were 巴xpressed as也emean 土standard deviation. 

Results 

Table 1 lists the average contents of calcium ， phosphorus ， sulfur ， magnesium ， zinc and iron ofthe human 

peroneuslongustendon 也atwere resected 企omfour regions used in仕leordinary dissection. 

Calcium Content 

Figure 2 shows the calcium contents ofthe four regions investigated. The av巴rage calcium contents were 

1.25士0.51mg/g in region A， 1.54土0.47 mg/g in region B， 2.10士0.93 mg/g in region C， and 1.43士0.41

mg/g in region D. The wrap ・around regions (regions B and C) showed a higher content than regions A 

and D， which are subject to tensional おrce. Wi由 regard to 白ewrap-around regions (regions B and C)， 

region C showed a higher content 出叩 region B. In addition ， region C showed a significantly higher 

content than regions A伊<0.01) and D (pく0.05).

Phosphorus Content 

Figure 3 shows the phosphorus contents of the four regions investigated. The average phosphorus 

contents were 0.23 土0.17 mg/g in region A， 0.26 土0.13 mg/g in region B， 0.47土0.38 mg/g in region C， and 

0.27 土0.08 mg/g in region D. Region C showed a significantly higher content 也anregionA 伊く0.05).

Sulfur Content 
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Figure 4 shows the sulfur contents of the four regions investigated. The av巴rage sulfur contents wer 巴

0.83 士0.11 mg/g in region A， 0.98 土0.09 mg/g in region B， 1.24土0.19 mg/g in region C， and 0.83 士0.1 mg/g 

in region D. 百Iぽewas no difference between regions A and D. Region B showed a higher content than 

regions A佃 d D， which were not wrap-around regions 伊く0.01). Region C also showed a higher content 

than regions A and D伊く0.01). Wi白 regard to 由ewrap-around regions (regions B and C)， region C 

showed a high ぽ content than region B. 

Magnesium Content 

Figure 5 shows the magnesium contents of the four regions investigated. 百le average magnesiurn 

contents wぽe121 士83.3 μg/g in region A， 177 士98.8μg/g in region B， 216 土107μg/g in region C， and 

152 士90.3 μg/gin region D. Region C showed a significantly higher content than region A (pく0.05).

Zinc Content 

Figure 6 shows the zinc cont 田 ts of the four regions investigat 巴d. 官le average zinc contents were 

27.7 土17.4μg/gin region A， 22.6 士13.6 阿倍inregion B， 22. 9:1: 13μ g/g加region C， and 23.1 土12.3開 /gin 

region D. A relationship among 也efour regions in terms of zinc cont 巴ntwas not found. 

Iron Content 

Figure 7 shows the iron contents of the four regions investigated. The average iron ∞nt四ts were 

33.7 士16.5μg/g in region A， 28.4士 14.9μg/g in region B， 30.1土 19μ g/gin region C，叩d27.3士 14.6μ. g/gin 

region D. A relationship among the four regions in terms of iron content was not found. 

Discussion 

Although n町田:rous re吋ews have detailed structure ， molecular composition ， and biomechanical 

properties oftendon and ligament ， far less attention has been paid to世間ircontent of trace elements. In a 

previous study ， we collected peroneus longus tendon specimens from four structurally di宜erent sites in 

each of seven cadavers and investigated the sulfur content of each site. 百lis study provided information 

on site-related changes in 出eelement contents of tendons ， which can be useful for int 巴:rpreting and 

evaluating morphological and biochemical changes in tissues and alterations in their mechanical 

prope はies [5]. In the present study ， we investigated the various element contents ofthese four regions of 

廿leperoneus longus tendon in further de匂il.

One ofthe main functions oftendinous tissue is to transmit tension through the muscular tissue. 
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When tension is produced ，出ere are compression regions between the tendon and bony tissue where the 

run ofthe tendon changes. Benjamin et al. found that these regions were t1a伽 rand glossier in appearance 

than the tensional parts. 百lU S，these tendinous tissues were referred to as wrap-around tendons in these 

reports [6-8]. 百lese reports also pointed out that wrap-around tendons could be found 加various locations ， 

such as the tendons ofthe musculus t1exor carpi radia Iis， musculus extensor digitorum ， and biceps brachii 

mus cIes ofthe upper Iimb and the tendons ofthe p巴roneus longus ， pぽoneus brevis ， posterior tibial ， and 

t1exor haIlucis longus mus cIes ofthe lower limb. In addition ， there is abundant fibrous cartilage tissue in 

wrap-around regions. 

It was also reported that 仕letissue s加 cture oftendons might vary depending on the 位 ength of 

tendon tension and compression [3]. 百1巴Pぽoneus longus tendon has two characteristic wrap-around 

regions ， and it plays a mor 巴important role in supporting weight compared with the tendinous tissue ofthe 

upper limb. Thus， the tendinous and muscular tissues connected to it are thicker 由加 those of the upper 

limb ， and the compression between 白ewrap-around tendons and th巴bony tissue is s廿onger. Based on 

白is，we designed a study on the differences in compositional changes and functions of such tissue 哩，

which revealed to us曲atanatomical differences might also be present within the sam 巴tendon.

τ'he sul 白rcontent was higher in regions B and C (wrap-around regions) compared wi也 the

other regions (pく0.01). According to previous histological studies [2， 4]， metaplasia may occur in 

fibrocart iIage tissue containing cart iIaginous matrix produced due to tendon-bone compression in 

wrap-around regions. We 伺 nconclude that there is an inαease in the amount of glycosaminoglycans 

accompanied by rich sulfate regions such as chondroitin sulfate ， dermatan sulfat e， and keratin sulfate ， 

which comprise the cart iIaginous ma仕ix. F町白ermore ，we found 也at the sulfur content even varied 

between the wrap-around regions. The su出rcontent was significantly higher in the wrap-around region 

in contact with the deep surface ofthe cuboid (region C) compared with 白atbehind the lateral maIleolus 

(region B). We consider th創出esulfur content is int1uenced by tendon-bone compression ， which might be 

due to weight bearing in the area of region C. Moreover ， we吐lO ught that 血ewrap-around region behind 

the lateral maIl∞ lus performed better in terms of 也etendon's sIiding ability ， so th巴 tendon-bone

compression was dispersed here. However ， because the tendon 幽bone ∞mpression was larger in the area 

of contact with the deep surfa 田 ofthe cuboid and in areas with low sIiding ability ， the sulfur content 

obviously reached a high ぽ level in region C. 

Ahigh ぽ calcium content was clearly shown in region C compared wi由bothA 佃 dD伊く0.05).

AIthough region C showed a higher content than region B， this difference did not reach statistical 

significance among wrap-around regions. It is considered 伽 tthis is related to cartilage degeneration. It 

has been reported 由at calcium s仕ongly increases on 也edegeneration of menisci composed of 

fibrocartilage [9]. In the present study ， we excluded tendons with calcification. Interestingly ， region C is 

an area that may contain the sesamoid bone (os peroneum) [10]. We beIieve that 也ecalcium content in 

region C was higher th血栓lat in region B in areas ofthe same wrap-around part because region C is an 
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area in which the tendon has a lower sliding ability and the tendon-bone compression is strong ぽ in 白e

wrap-around part. Thus， the calcium content reached a hi出erlevel in region C. 

百le phosphorus cont 巴ntwas significantly higher in region C也an in region A. Region C also 

had a high calcium ∞nten t. In a study by Archer et al. (1992) ， the light microscopic histochemis 甘yof 

specimens with calci 命ing tendinitis demons 仕ated a low level of alkaline phosphatase activity. They 

described that alkaline phosphatase activity would be  an ex仕afactor to promote calcification. This is 

considered to explain why region C had a high phosphorus conten t. 

We also observed that 社lemagnesium contents in regions B and C (wrap-around regions) were 

higher than those in regions A and D. Region C showed a significantly higher content 白血 region A 

(pく0.05). Tohno et al. found very high correlations b巴tween calcium and magnesium contents and 

between phosphorus and magnesium contents [11]. It has long be巴nreported that a low magnesium intake 

affects growth plates and cartilage. Growth plates of magnesium-restricted animals showed reduced 

chondrocyte column formation. 百le ex回.cell 叫arm 甜 ix of both articular cartilage and growth plates in 

experimental animals contained reduced amounts of proteoglycans [12]. 百lerefore ，we ∞nsidered 由at

region C had a high magnesium content because it is rich in fibrocartilage. We b巴lieve that 也e

magnesium ∞nt巴nt，like the calcium ， phosphorus ， and sulfur contents ， reflects the amount of 

日brocartilage contained in wrap-around regions. 

We did  not observe any apparent statistically significant differences in zinc and iron contents in 

different regions. 

In conclusion ，世le elementary composition oftendons might change wi白 different functions in 

di宜erent regions  defined in terms of anatomy ， even within the same tendinous tissue. 

Acknowledgements 

4 1 The authors express 也eir ∞rdial thanks for the support and ∞operation ofMrs. Yumi Moriwake. 

42 
43 

44 
45 

46 

47 

48 

49 

50 
51 
52 

53 
54 

55 

56 
57 

58 
59 

60 

61 
62 

63 

64 

65 



8 

123456789nu--234567890123456789012345678901234567890123456789012345 

ユ
-111111-112222222222333333333344444444445555555555666666

References 

1) Mann RA (1991) Overview ofthe foot and ankle biomechanics. In: Jahss 1¥狂-I (ed) Disorders of社le

foot and ankle: medical and surgical management ， 2nd edn. W.B. Saunders ， Philadelphi a， pp 

385 -408 

2) Uguriu M， Bozkurt M， Demirkale 1 et al (2010) Anatomy ofthe lateral complex ofthe ankle joint in 

relation to peroneal tendons ， distal fibula and 旬lus: a cadaveric study. Eklem Hastalik C即 ahisi

21:153-158 

3) Vogel KG， Ordog A， Pogany G et al (1993) Proteoglycans 加せlecompress 吋 region ofhuman tibialis 

posteriortendon and in ligaments. J Orthop Res 11:68-77 

4) Vogel KG， Koob TJ (1989) S廿uctural specialization in tendons und 巴rcompression. Int Rev Cytol 

115:267-293 

5) K山nai T， Yamada G， Takakura Y et al (2006) Trace elements in human tendons and ligaments. Biol 

Trace Elem Res 114:151-161 

6) Benjamin M， Qin S， Ralphs JR (1995) Fibrocartilage associated with human tendons and their 

pulleys. J Anat 187:625-633 

7) B叫amin M， Ralphs JR (1995) Functional and development anatomy of tendon and ligaments. In: 

Gordon SL， Blair SJ， Fin LJ (eds) Repetitive motion disorders of出eupper ex甘emity. American 

Academy of Orthopedic Surgeons ， Rosemont ， pp 185-203 

8) Benjamin 恥tI， Ralphs JR (1998) Fibrocartilage in tendons and ligaments-an adaptation to compressive 

load. J Anat 193:481 -494 

9) Habata T， Ohgushi H， Tak 北町a Y et al (2001) Relationship between meniscal degeneration and 

element contents. Biol Trace Elem Res 79:247-256 

10) Sobel M， Pavlov H， Geppert MJ et al (1994) Painful os peroneum syndrome: a spectrum of 

conditions responsible for plantar lat 巴ral foot pain. Foot Ankle Int 15:112-124 

11) Tohno S， Tohno Y， Hayashi M et al (2001) Accumulation of magnesium as well as calcium and 

phosphorus in Japanese monkey arteries with aging. Biol Trace Elem Res 84:81-92 

12) Gruber HE， Ingram J， Norton HJ et al (2004) Alterations in growth plate and articular cartilage 

morphology are associated wi出 reduced SOX9 localization in the magnesium-deficient rat. Biotech 

回stochem 79:45-52 



9 

12345678901234567890123456789012345678901234567890123456789012345 

111111111122222222223

「 台 ご

J333333344444444445555555555666666

Figure Legends 

Table 1 Average Element Contents in the four regions ofthe peroneus longus tendon 

Fig. 1 The four regions ofthe peroneus longus tendon investigated in terms of element content 

Region A: 百四tensional part ofthe tendon immediately proximal to the lateral malleolus. Region B: 百le

compressive region ofthe tendon in contact with the lat ぽalmalleolus. Region C: The compressive region 

of the tendon in contact with 也edeep surface of白ecuboid. Region D: 官letensional part of the tendon 

between 吐lecuboid and the first metatarsal (1st Meta) to which the tendon is attached. 

Fig. 2 Calcium contents in也efour regions ofthe peroneus longus tendon 

Fig. 3 Phosphorus contents in仕lefour regions ofthe peroneus longus tendon 

Fig. 4 Sul 血rcontents in the four regions ofthe peroneus longus tendon 

Fig. 5 Magnesium ∞ntents in仕lefour regions ofthe peroneus longus tendon 

Fig. 6 Zinc contents in the four regions of世leperoneus longus tendon 

Fig. 7 Iron contents in由efour regions ofthe peroneus longus tendon 
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