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Abstract

bone

Background The purpose of this study was to clarify the attachment types of the tibialis anterior tendon (TAT)
in Japanese fixed cadavers and to determine the attachment site area in three dimensions.

Methods We examined 100 feet from 50 Japanese cadavers. The TAT was classified according to differences
in the number of fiber bundles as: Type |, with one fiber bundle; Type II, with two fiber bundles; and Type Ill, with three
fiber bundles. The attachment site area of the TAT was measured using a three-dimensional scanner.

Results Cases were Type Il in 95% and Type Ill in 5%, with no cases of Type | identified. In Type Il, mean attachment
site areas were 85.2 +18.2 mm? for the medial cuneiform bone (MCB) and 72.4+19.0 mm? for the first metatarsal
bone (1 MB), showing a significantly larger area for MCB than for 1 MB.

Conclusions These findings suggest the possibility of ethnic differences in TAT attachment types and suggest
that TAT attachments in Japanese individuals are highly likely to be Type Il, with rare cases of Type Ill. Accurate meas-
urement of attachment site areas is possible with appropriate three-dimensional measurements.
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Background

The tibialis anterior muscle (TA) is a characteristic
structure divided into two parts: anterior fiber bundles
and posterior fiber bundles. The anterior fiber bundles
of the TA originate from the anterior border of the tibia
and the lateral condyle. In contrast, the posterior fiber
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bundles of the TA originate from the anterolateral sur-
face of the tibia and the anterior surface of the interos-
seous membrane. The TA transitions to a flat tendon
while descending to the anterolateral surface of the tibia,
passing under the extensor retinaculum at the anterior,
lower end of the lower leg, then attaching to the medial
cuneiform bone (MCB) and first metatarsal bone (1 MB)
[1]. The function of the TA is inversion and dorsiflexion
of the ankle joint and it is involved in maintaining the
medial longitudinal arch [2]. During motion, the TA is
active at heel strike and during the swing phase to con-
trol foot drop and prevent tripping [3]. The activity of
the TA increases with walking speed and decreases
with the switch to running [3]. The TA is one of the
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most important muscles in daily life because it is deeply
involved in human movement [4, 5].

Rupture of the TA tendon (TAT) is a rare injury that is
commonly diagnosed late due to mild clinical signs and
symptoms (such as mild pain, localized mass, palpable
gap, loss of strength, instability during gait, gait distur-
bances with forefoot dropping and stumbling, and high
stepping gait) [6]. Previous studies [7-9] reported that
despite the disruption of the TAT being a rare condition,
this pathology is the third most common form of tendon
rupture in the lower limb, after the Achilles tendon and
patellar tendon. Surgical reconstruction of the TAT (such
as tendon transfer, repair of all muscle, or allograft aug-
mentation) is the treatment of choice in cases with severe
impairment of dorsal extension and supination of the
foot [10-13]. Different techniques have been reported
according to the severity of tendon injury or gap forma-
tion. To restore the natural lever arm of the TA, the TAT
must be reinserted at the anatomical attachment site [8].
Therefore, precise anatomical description of ligament
and tendon attachments is crucial and can help optimize
reconstruction procedures in terms of anchor placement
and graft sizing [14].

The anatomy of the TAT has long been reported in
previous studies using cadavers. Regarding the attach-
ment of the TAT to bone, types with one, two, and
three fiber bundles have been reported [10, 11, 15-19],
with the two-bundle type reported as the most frequent
[10, 15, 16, 18, 19]. Regarding the type with a single
bundle of fibers, Musial et al. [18] and Willegger et al.
[10] found no types with a single fiber bundle in their
studies of 122 and 41 fixed cadavers, respectively. How-
ever, Karauda et al. [17] examined 100 pairs of fetal
fixed cadavers and reported the one fiber bundle type
as the most frequent, at 60%. For the type with three
fiber bundles, Brenner [15] and Willegger et al. [10]
reported that these were not present, while Olewnik
et al. [16] and Karauda et al. [17] reported frequen-
cies of 2% and 4%, respectively. Such findings suggest
that the frequencies of TAT attachment types remain
controversial. In addition, it suggested that TAT attach-
ment types may vary by ethnicity (Caucasian [16],
European [17], Not Mentioned [10, 11, 15, 18, 19],).
Further, very few studies have examined the footprint
(attachment site area) of the TAT, and most studies are
limited to examinations of the width and thickness of
the TAT and the shape of the footprint [10, 11, 15-19].
A previous study [10] examining the footprint of the
TAT reported that the mean attachment site area to
MCB was 71.5 mm? (range, 20.1-151.0 mm?) and that
to 1 MB was 48.1 mm? (range, 18.5-97.0 mm?) for the
type with two bundles of the TAT. However, meas-
urement of the attachment site area in that previous
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study [10] was limited to two-dimensional measure-
ment. Since the surfaces of the MCB and 1 MB, as the
attachment sites of the TAT, comprise curved surfaces,
measurement of attachment surface areas should be
performed in three dimensions.

The purpose of this study was to clarify the attachment
types of the TAT in Japanese fixed cadavers and to deter-
mine the attachment site area in three dimensions. The
hypothesis for this study was that the proportions of type
classifications would differ from those of previous stud-
ies, and that the area of attachment to bone would be
larger than in previous studies.

Methods

Cadavers

This investigation examined 100 feet from 50 Japanese
cadavers (mean age at death, 80+ 11 years; 56 sides from
28 men, 44 sides from 22 women; 50 right sides, 50 left
sides) that had been switched to alcohol after placement
in 10% formalin. No feet showed any sign of previous
major surgery around the foot or ankle. This study was
conducted with the approval of the ethics committee at
our institute (approval number: 18867). Informed con-
sent for the storage and use of the bodies for research
purposes was given by the donors prior to their deaths or
by their next of kin.

Methods

The dissection procedure for the TAT is described
below. First, isolated specimens of the leg were cre-
ated by transection about 10 cm above the ankle joint.
Skin, subcutaneous tissue, and muscle were removed,
the TAT was carefully dissected out, and the attach-
ment to the bone was confirmed (Fig. 1a). The TAT
was classified according to differences in the number
of fiber bundles as macroscopic: Type I, with one fiber
bundle; Type II, with two fiber bundles; and Type III,
with three. The attachment site area was measured
with reference to the previous study[20]. The attach-
ment site area was identified by peeling away the TAT
attachments and the periosteum, then coloring the
attachment site with a red pencil (Fig. 1b). The sur-
face area was then measured using a three-dimensional
(3D) scanner (EinScan Pro HD, measurement precision
according to manufacturer, 0.04 mm; SHINING 3D,
Hangzhou, China) to produce a 3D foot sample. The
resulting data were read into Geomagic Freeform 2021
design software (3D SYSTEMS), and the boundary of
the attachment site was drawn as a curve with a pen-
type device (Touch; 3D SYSTEMS) (Fig. 1c). Surface
area was then calculated using Rhinoceros7 3D soft-
ware (McNeel) (Fig. 1d). All measurements were per-
formed by the same physical therapist (T.H.).
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Fig. 1 Method for measuring attachment site area. A Attachment site of tibialis anterior tendon: right foot, medial view. B Attachment

site was identified by peeling off adherent tissue, then coloring the site with red pencil. C Using a 3D scanner to make a 3D foot sample.

A curve was drawn as the boundary of the attachment site for the first metatarsal bone with a pen-type device. D Surface area of attachment
was calculated using Rhinoceros 3D software. 1: TAT fiber bundle insertion into the base of the first metatarsal; 2: TAT fiber bundle insertion
into the medial cuneiform; 3: first metatarsal bone; 4: medial cuneiform bone

The reliability of surface area measurement by 3D
scanner was calculated using the intraclass correlation
coefficient (ICC) (1,1) for 10 of the 100 feet. The retest of
the surface area measurement was performed the same
day because ink bled over time and could be overesti-
mated during digitization. The ICC (1,1) for the meas-
urement was 0.98. According to the criteria of Landis
and Koch. [21], reliability is considered “almost perfect”
for ICCs of 0.81 or more, so the reliabilities of attach-
ment site area measurements in this study were consid-
ered almost perfect.

Statistical analysis

Statistical analyses were performed using SPSS version
24.0 (SPSS Japan, Tokyo, Japan). For Type II (with two
fiber bundles), the difference in attachment site area
between the fiber bundle attached to the MCB and that
attached to the 1 MB was compared using paired t-tests.
A significance level of 5% was used.

Results

Type classification by number of TAT fiber bundles

No feet showed Type I (with one fiber bundle). Type II
(with two fiber bundles) was seen in 95 legs (95%) and

Type III (with three fiber bundles) was seen in 5 legs
(5%) (Fig. 2). Type II was attached to MCB and 1 MB
in all cases (95 legs). Type III was attached to the MCB
(one fiber bundle) and 1 MB (two fiber bundles) in all
cases (5 legs).

Surface area of TAT attachment site

In Type II, mean attachment site area for the MCB was
85.2+18.2 mm?, and that for 1 MB was 72.4+19.0 mm?”.
Mean attachment site area to MCB was significantly
larger than that to 1 MB (p <0.01). Statistical analysis was
not performed for Type I and Type III due to the small
number of samples.

Discussion
The purpose of this study was to clarify the attachment
types of the TAT in Japanese fixed cadavers and to deter-
mine 3D attachment site areas. To the best of our knowl-
edge, this represents the first study to clarify the type of
classification by number of TAT fiber bundles using Japa-
nese cadavers and 3D attachment site area.

In this study, for type classification by the number of
TAT fiber bundles, Type I (with one fiber bundle) was
not present, while Type II (with two fiber bundles) was



Hirai et al. BMC Musculoskeletal Disorders

(2023) 24:631

.
iﬁ?ﬂlﬁorﬁ Posterior

Page 4 of 5

Anterior <—p P_cls‘teJ:itba?t'z"’ifrm ‘T‘_ \ .

Fig. 2 Type classification by number of TAT fiber bundles. A Type Il TAT with two fiber bundles: right foot, medial view. B Type Il TAT with three
fiber bundles: right foot, medial view. 1: Tibialis anterior tendon; 2: TAT fiber bundle insertion into the base of the first metatarsal; 3: TAT fiber bundle
insertion into the medial cuneiform; 4: first metatarsal bone; 5: medial cuneiform bone; 6: TAT fiber bundle insertion into the base of the first

metatarsal

present in 95 legs (95%) and Type III (with three fiber
bundles) in 5 legs (5%). Type II was definitively the most
common result. Type classification by the number of TAT
fiber bundles has long been reported in many cadaveric
studies [10, 11, 15-19]. For Type I, Olewnik et al. [16]
examined the attachment site area of the TAT using 100
fixed Caucasian cadavers and reported that 32 cadavers
(32%) showed a single bundle of fibers. Karauda et al. [17]
also examined TAT attachment sites using 100 European
fetal remains and reported that 60 fetuses (60%) showed
a single bundle of fibers, a result differing markedly from
that of the present study. As for Type II, other than the
previous study using European fixed fetal cadavers [17],
the type with two bundles was uniformly reported as the
most common, as in the present study [10, 15, 16, 18, 19].
Type III was reported as either absent [10, 15] or present
in only very small numbers (2-4%) [16, 17]. Furthermore,
variations in the attachment of foot and ankle muscles
such as the tibialis posterior [20], peroneus longus [22],
and flexor hallucis longus [23] may vary by ethnicity. The
present findings thus suggest the possibility of ethnic dif-
ferences in TAT attachment types and suggest that the
TAT attachment type in Japanese is highly likely to be
Type II (with two fiber bundles), with rare cases of Type
III (with three fiber bundles). Differences from fetal spec-
imens will require further research in the future.

Mean attachment site areas for the TAT in the pre-
sent study were 85.2+18.2 mm? and 72.4+72.4 mm?
for MCB and 1 MB, respectively, showing a significantly
larger area of fiber bundle attachment to the MCB. Wil-
legger et al. [10] measured the attachment site area of the
TAT by photographing the specimen with a camera then
making measurements in two dimensions using Image |
image analysis software. They reported the attachment
site areas for the TAT as 71.5 mm? (range, 20.1-151.0

mm?) and 48.1 mm? (range, 18.5-97.0 mm?) for MCB
and 1 MB, respectively, again showing a larger attach-
ment site area for MCB than for 1 MB. Iwama et al. [24]
examined the attachment site area of the anterior cruci-
ate ligament in the knee using 39 cadaveric knees. They
stated that a 3D camera or computer modeling software
could evaluate the attachment site area more appropri-
ately. In addition, thin-slice 3D MRI [25] and 3D com-
puted tomography imaging [26] have been reported to
help reconstruct the 3D ATFL model to provide accu-
rate anatomical knowledge of the area and location of
ATFL. The attachment site area of the TAT lies along
curved and uneven surfaces of bone, so two-dimensional
measurements are unlikely to accurately capture the sur-
face area. The attachment site area in the present study
was therefore larger than in previous studies, and more
accurate measurement of attachment site area was pos-
sible because of the appropriate 3D measurements. After
surgical repair, anatomic reconstruction of the natural
course and biomechanical lever arm should be pursued
to restore dorsal extension power and forefoot supina-
tion [10]. The findings of this study of knowledge of the
size and location of the footprint are helpful in surgical
decision-making.

Some limitations need to be considered when inter-
preting the findings from this study. First, since the same
subject’s left and right feet are included in the dataset as
independent subjects, the significance level of the differ-
ence may be overestimated. Second, as all cadavers were
from Japanese individuals, whether the present findings
apply to individual from other ethnicities is unclear. Fur-
ther studies are required to evaluate variations according
to ethnic origin. Third, in this study, only the attachment
site and surface area of the TAT were examined, and
detailed attachment sites and attachment shapes were not
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examined. In the future, the effects of different attach-
ment types and attachment site areas and shapes of the
TAT in vivo on TAT function will need to be examined.

Conclusions

The findings of the present study suggest the possibility
of ethnic differences in TAT attachment types and sug-
gest that the TAT attachment type in Japanese is most
likely to be Type II (with two fiber bundles), with rare
cases of Type III (with three fiber bundles). Attachment
site area was larger than in previous studies, with more
accurate measurement of attachment site area possible
with appropriate 3D measurements.

Acknowledgements

The authors would like to acknowledge and thank those anonymous
individuals who generously donated their bodies so that this study could be
performed.

Authors’ contributions

TH contributed to conceptualization, data curation, formal analysis, investiga-
tion, methodology, and writing—original draft; ME contributed to concep-
tualization, funding acquisition, supervision, and writing—original draft; RT
and HO contributed to validation and writing—review and editing; RS, KK,
MS, CS, HY, RH, TI, HA, YY, and TT contributed to writing—review and editing;
IK supervised the study and contributed to writing—original draft. All authors
read and approved the final manuscript prior to submission.

Funding

This study was supported by a Grant-in-Aid for Scientific Research
(JP22K19739) from the Japanese Society for the Promotion of Science (JSPS)
and a Grant-in-Aid program from Niigata University of Health and Welfare.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the ethics committee of the Niigata University

of Health and Welfare, Niigata, Japan. Informed consent for the storage and
use of the bodies for research purposes was given by the donors prior to their
deaths or by their next of kin. All methods were performed in accordance with
the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 March 2023 Accepted: 25 July 2023
Published online: 03 August 2023

References

1. Kimata K, Otsuka S, Yokota H, Shan X, Hatayama N, Naito M. Relationship
between attachment site of tibialis anterior muscle and shape of tibia:
anatomical study of cadavers. J Foot Ankle Res. 2022;15(1):54.

2. Basmajian JV, Stecko G.The role of muscles in arch support of the foot. J
Bone Joint Surg Am. 1963;45:1184-90.

3. Bartlett JL, Kram R. Changing the demand on specific muscle groups
affects the walk-run transition speed. J Exp Biol. 2008;211(Pt 8):1281-8.

Page 5 of 5

4. FukunagaT, Roy RR, Shellock FG, Hodgson JA, Day MK, Lee PL,
Kwong-Fu H, Edgerton VR. Physiological cross-sectional area of human
leg muscles based on magnetic resonance imaging. J Orthop Res.
1992;10(6):928-34.

5. Miller SC, Korff T, Waugh C, Fath F, Blazevich AJ. Tibialis anterior moment
arm: effects of measurement errors and assumptions. Med Sci Sports
Exerc. 2015;47(2):428-39.

6. Vosoughi AR, Heyes G, Molloy AP, Mason LW, Hoveidaei AH. Manage-
ment of tibialis anterior tendon rupture: recommendations based on the
literature review. Foot Ankle Surg. 2020;26(5):487-93.

7. Harkin E, Pinzur M, Schiff A. Treatment of acute and chronic tibi-
alis anterior tendon rupture and tendinopathy. Foot Ankle Clin.
2017,22(4):819-31.

8. Anagnostakos K, Bachelier F, First OA, Kelm J. Rupture of the anterior
tibial tendon: three clinical cases, anatomical study, and literature review.
Foot & ankle Int. 2006;27(5):330-9.

9. Cohen DA, Gordon DH. The long-term effects of an untreated tibialis
anterior tendon rupture. J Am Podiatr Med Assoc. 1999;89(3):149-52.

10. Willegger M, Seyidova N, Schuh R, Windhager R, Hirtler L. Anatomical
footprint of the tibialis anterior tendon: surgical implications for foot and
ankle reconstructions. Biomed Res Int. 2017;2017:9542125.

11 Zielinska N, Tubbs RS, Paulsen F, Szewczyk B, Podgdrski M, Borowski A,
Olewnik £. Anatomical variations of the tibialis anterior tendon insertion:
an updated and comprehensive. Review J Clin Med. 2021;10(16):3684.

12. Kopp FJ, Backus S, Deland JT, O'Malley MJ. Anterior tibial tendon rupture:
results of operative treatment. Foot Ankle Int. 2007,28(10):1045-7.

13. Ouzounian TJ, Anderson R. Anterior tibial tendon rupture. Foot Ankle Int.
1995;16(7):406-10.

14. Holt JB, Oji DE, Yack HJ, Morcuende JA. Long-term results of tibialis
anterior tendon transfer for relapsed idiopathic clubfoot treated with
the ponseti method: a follow-up of thirty-seven to fifty-five years. J Bone
Joint Surg Am. 2015;97(1):47-55.

15. Brenner E. Insertion of the tendon of the tibialis anterior muscle in feet
with and without hallux valgus. Clin Anat. 2002;15(3):217-23.

16. Olewnik t, Podgdrski M, Polguj M, Topol M. A cadaveric and sonographic
study of the morphology of the tibialis anterior tendon - a proposal for a
new classification. J Foot Ankle Res. 2019;12:9.

17. Karauda P, Podgdrski M, Paulsen F, Polguj M, Olewnik £. Anatomical varia-
tions of the tibialis anterior tendon. Clin Anat. 2021;34(3):397-404.

18. Musiat W. Variations of the terminal insertions of the anterior and poste-
rior tibial muscles in man. Folia Morphol. 1963;22:294-302.

19. Arthornthurasook A, Gaew Im K. Anterior tibial tendon insertion: an
anatomical study. J Med Assoc Thai. 1990;73(12):692-6.

20. Uchiyama I, Edama M, Yokota H, Hirabayashi R, Sekine C, Maruyama S,
Shagawa M, Togashi R, Yamada Y, Kageyama I. Anatomical Study of Sites
and Surface Area of the Attachment Region of Tibial Posterior Tendon
Attachment. Int J Environ Res Public Health. 2022;19(24):16510.

21. Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977;33(1):159-74.

22. Edama M, Takabayashi T, Hirabayashi R, Yokota H, Inai T, Sekine C,
Matsuzawa K, Otsuki T, Maruyama S, Kageyama I. Anatomical varia-
tions in the insertion of the peroneus longus tendon. Surg Radiol Anat.
2020;42(10):1141-4.

23. Edama M, Kubo M, Onishi H, Takabayashi T, Yokoyama E, Inai T, Watanabe
H, Nashimoto S, Kageyama I. Anatomical study of toe flexion by flexor
hallucis longus. Ann Anat. 2016,204:80-5.

24. lwama G, Iriuchishima T, Horaguchi T, Aizawa S. Measurement of
the Whole and Midsubstance Femoral Insertion of the Anterior
Cruciate Ligament: The Comparison with the Elliptically Calculated
Femoral Anterior Cruciate Ligament Footprint Area. Indian J Orthop.
2019;53(6):727-31.

25. Hel, XuY, Duan D, Ouyang L. The anterior talofibular ligament: A thin-
slice three-dimensional magnetic resonance imaging study. Foot Ankle
Surg. 2022;28(8):1202-9.

26. Neuschwander TB, Indresano AA, Hughes TH, Smith BW. Footprint of the
lateral ligament complex of the ankle. Foot Ankle Int. 2013;34(4):582-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Anatomical study of type classification and surface area of attachment sites for tibialis anterior tendon
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Cadavers
	Methods
	Statistical analysis

	Results
	Type classification by number of TAT fiber bundles
	Surface area of TAT attachment site

	Discussion
	Conclusions
	Acknowledgements
	References


