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Background: Anterior tarsal tunnel (ATT) syndrome is caused by the compression of the deep fibular nerve
(DEN) within the ATT beneath the inferior extensor retinaculum, bounded by the tendons of the extensor
hallucis longus (EHL) and extensor digitorum longus (EDL). Compression may result from direct trauma,
repetitive mechanical irritation, and thrombosis of the dorsalis pedis artery. Injury to the contents of ATT
could occur during ankle arthroscopy. Therefore, this study was undertaken to provide a detailed description
of the anatomy of the ATT and its clinical implications.

Materials and methods: Ten formalin-fixed cadavers were utilized for the study. The ATT was identified
between the tendons of the EHL and EDL. The length at the medial and lateral boundaries and the width at
the proximal end, middle, and distal end of the ATT were measured using a digital Vernier calliper.

Result: The mean length of the medial border of the tunnel was 31.42+8.44 mm, while the lateral border was
20.39+4.39 mm. The width of the ATT increased from the proximal to the distal end. DFN was related to the
DPA laterally in 15 limbs and medially in five limbs within the tunnel.

Conclusion: The present study not only describes the intricate anatomy of the ATT but also describes the
patterns of DFN and DPA within the tunnel. Understanding the anatomy of ATT is crucial, as it paves the
way for safe and efficient surgical interventions, thereby significantly reducing the risk of neurovascular
damage during surgical procedures.

Categories: Anatomy, Orthopedics, Sports Medicine
Keywords: ankle arthroscopy, extensor digitorum longus, extensor hallucis longus, extensor retinaculum, dorsalis
pedis artery, deep peroneal nerve

Introduction

The term "tarsal tunnel syndrome" usually refers to the involvement of the posterior tibial nerve and the
structures running beneath the flexor retinaculum of the lower limb. Anterior tarsal tunnel (ATT) syndrome
is a condition caused by the compression of the deep fibular nerve (DFN) as it passes beneath the inferior
extensor retinaculum. Anatomically, the tarsal tunnel is divided into the anterior and posterior tarsal
tunnels. The ATT is located anterior to the talotibial and talonavicular joints, whereas the posterior tarsal
tunnel is located posterior to the medial malleolus of the tibia [1]. The anatomy of the ATT is described as a
flattened area/space between the extensor hallucis longus (EHL) and extensor digitorum longus (EDL)
tendons in the lower leg. It is bounded superficially by the inferior extensor retinaculum and deeply by the
fascia covering the talus and navicular bone [2].

The contents of the ATT, the DFN, and the dorsalis pedis artery (DPA) are unprotected, as they lie
superficially, making them vulnerable to injury [3]. The compression of the DFN under the inferior extensor
retinaculum precipitates ATT syndrome for various reasons, such as direct trauma, extreme plantar flexion
in high-heeled shoes and high boots, continuous mechanical irritation like tightly laced shoes, and
thrombosis of the DPA [3-6]. The presentable symptoms might mimic lumbar radiculopathy or ankle arthritis
[7, 1]. During arthroscopic surgery using the anterocentral portal, the arthroscope encountered DPA in 90%
of the cases [8]. These clinical conditions show the importance of the anatomy of ATT and highlight the
relevance of our research.

Even though there was uncertainty regarding the presence of this tunnel, subsequent investigations have
provided clarity [3]. In a study by Liu et al., the tunnel's boundaries were conventionally delineated by the
attachments of the inferior extensor retinaculum as opposed to the tendons of the EHL and EDL [5]. A few
anatomical studies in the existing literature have offered valuable insights into the ATT located amidst these
tendons and the relationships between its contents [3,9]. However, there is a lack of studies from India, and
the present study aims to provide a thorough depiction of the ATT in Indian cadavers and contribute
anatomical knowledge to the existing literature.

The preliminary analysis of this study was presented at the Third International e-Conference "BMSeCON
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2023," held in December 2023 in Pondicherry, India.

Materials And Methods

During the academic year 2023-2024, a descriptive study was carried out in the Department of Anatomy
using 20 lower limbs from 10 formalin-fixed cadavers (male: 9; female: 1). These cadavers were procured by
the institution through the Voluntary Body Donation Program with informed consent, written and signed by
the donors themselves. The cadavers were approved for medical education and research in the Department
of Anatomy. Resource constraints necessitated the adoption of a consecutive sampling technique, with the
cadavers available in the department during the study period. Limbs exhibiting any indication of pathology,
trauma, or surgical intervention were excluded from the study.

The dorsum of the foot was dissected following Cunningham's Manual of Practical Anatomy [10]. A
horizontal skin incision was made from the lateral to the medial malleolus, and the incision was extended
upwards and downwards from the midpoint of the horizontal incision. After reflecting the skin and removing
the superficial fascia, the attachment of the inferior extensor retinaculum and its borders were defined. The
tunnel was identified between the medial and lateral boundaries formed by the EHL and EDL tendons,
respectively. The length of the tunnel extending between the superior and inferior borders of the inferior
extensor retinaculum was measured at the medial boundary (EHL) and lateral boundary (EDL). The width of
the tunnel was measured between the tendons of EHL and EDL at the proximal end, middle, and distal end
of the tunnel (Figure 7). The dimensions of the tunnel were measured using Vernier callipers to the nearest
millimetres.

FIGURE 1: Location of ATT

Location of the ATT in (a) and the dimensions of the ATT in (b). A-B: Lateral boundary. C-D: Medial boundary. E, F,
and G denote the width of ATT at the proximal, middle, and distal ends

ATT: anterior tarsal tunnel; EHL: extensor hallucis longus; EDL: extensor digitorum longus; SER: superior
extensor retinaculum; DVA: dorsal venous arch; SFN: superficial fibular nerve; P: proximal; D: distal; M: medial; L:
lateral

Dissection was continued, and the inferior extensor retinaculum was cut between the two tendons to expose
the tunnel. The contents of the tunnel, the DFN and DPA, were identified, and the relation between the DPA
and DFN was analyzed. The branching pattern of the medial and lateral terminal branches of DFN within the
tunnel was noted. The results were tabulated, statistical analysis was done using IBM SPSS Statistics for
Windows, Version 20.0 (Released 2011; IBM Corp., Armonk, New York, United States), and a p-value of <0.05
was considered significant.

Results
The mean length of the medial boundary was found to be 31.42+8.44 mm, while the lateral boundary was
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Dimension

Length

Medial boundary

Lateral boundary

Width

Proximal end of the tunnel
Middle of the tunnel

Distal end of the tunnel

20.39+4.39 mm. The mean width of the tunnel at the proximal end, middle, and distal end was 5.66+1.94
mm, 5.68+2.09 mm, and 9.18+2.17 mm, respectively. A comparison of the length of the tunnel between the
right and left sides revealed a statistically significant difference, which is presented in Table /. The above
measurements showed that the tunnel widened from the proximal to the distal end. An interesting variation
was observed in a 60-year-old male cadaver bilaterally, where the inferior extensor retinaculum was
displaced distally on the dorsum of the foot, and a typical ATT was not observed. Instead, a single band was
seen 47.25 mm away from the medial malleolus (Figure 2). The DFN coursed lateral to the DPA and
bifurcated into terminal branches at the level where the distal end of the tunnel would have been located.

Mean value (mm) Right side (mm) Left side (mm) P-value
31.42+8.44 33.99+8.09 28.85+8.17 0.052
20.39+4.39 22.314£3.42 18.46+4.59 0.0047
5.66+1.94 5.65+1.29 5.675+2.47 0.97
5.68+2.09 6.13+1.81 5.22+2.29 0.17
9.18+2.17 9.71+1.46 8.65+2.70 0.13

TABLE 1: Dimensions of the ATT in the present study

ATT: anterior tarsal tunnel

FIGURE 2: Absence of ATT

Absence of the ATT due to the displaced IER distally from its normal position on the right (a) and left side (b) of the
60-year-old male cadaver

ATT: anterior tarsal tunnel; IER: inferior extensor retinaculum; MM: medial malleolus; SFN: superficial fibular
nerve; P: proximal; D: distal; M: medial; L: lateral

In 15 limbs, including the female cadaver, the DFN was located lateral to the DPA, while in five limbs, it was
positioned medial to the DPA. The DFN branched into medial and lateral terminal branches within the
tunnel in 11 limbs, proximal to the tunnel in one limb, and distal to the tunnel in six limbs (Figure 3).
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FIGURE 3: Contents of ATT

|IER is reflected to show the contents of the ATT. (a) The DFN is located lateral to the DPA and bifurcated proximal
to the ATT. (b) DFN bifurcates within the ATT. (c) DFN crosses the DPA from the lateral to the medial aspect and
bifurcates into its terminal branches at the distal part of the ATT

|IER: inferior extensor retinaculum; ATT: anterior tarsal tunnel; DFN: deep fibular nerve; DPA: dorsalis pedis artery;
EHL: extensor hallucis longus; EDL: extensor digitorum longus; mtDFN: medial terminal branch of DFN; P:
proximal; D: distal; M: medial; L: lateral

Discussion

A few anatomical studies have validated the presence of the ATT, although a comprehensive anatomical
description is currently lacking in the literature [3,5,11]. Prior case reports and studies have used
ultrasonograms, MRIs, and X-rays to examine the ATT and identify the cause of the symptoms resulting
from the compression of the DFN [12,13]. In the present study, we have utilized cadavers to investigate the
ATT between the tendons of EHL and EDL in the dorsum of the foot, the roof of which was formed by a part
of the inferior extensor retinaculum stretching between the two tendons. Although the literature on the
anatomy of the ATT is limited, a comparison of existing studies is presented in Table 2.

Length Width
Study
Lateral boundary Medial boundary Proximal end Middle Distal end
Liu et al. 1991 [5] 15.7 mm 55.3 mm - - -
Ikiz et al. 2007 [3] 21.7+4.2 mm 55.0+9.0 mm - 4.7+2.4 12.64+2.1 mm
Present study 2024 20.39+4.39 mm 31.4248.44 mm 5.66+£1.94 mm 5.68+2.09 mm 9.18+2.17 mm

TABLE 2: Comparison of dimensions of the ATT with previous studies in the literature

ATT: anterior tarsal tunnel

Compression of the DFN under the inferior extensor retinaculum was identified as a syndrome by Kopell and
Thompson [3,14] and later named the "anterior tarsal tunnel syndrome" by Marinacci [15]. In China, Liu et al.
demonstrated the existence of the tunnel anatomically using micro-dissection of specimens from 25

Chinese adults. Additionally, they provided clinical case reports that confirmed the nerve compression
occurring within the tunnel [5]. A different case study employed roentgenograms to diagnose ATT syndrome
in a patient experiencing numbness radiating to the first web space and pain in the dorsum of the foot.
Osteophytes were identified on the dorsum of the talus, leading to subsequent surgical decompression of the
ATT [12].
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Liu et al. observed the length of the lateral boundary of the tunnel to be 15.7 mm [5], whereas Ikiz et al.
reported a longer measurement of 21.7+4.2 mm [3]. Both studies showed comparable lengths of the medial
boundary, as shown in Table 2. The length of the lateral boundary in the present study was similar to that of
Ikiz et al. [3]. However, the medial border was shorter at 31.42+8.44 mm. Ikiz et al. observed that the width
of the tunnel varied along its length, from the proximal to the distal end of the tunnel. They found that the
width of the tunnel in the middle was narrow, measuring 4.7+2.4 mm, whereas, at the distal end, the width
was 12.6%2.1 mm [3]. Similarly, in the present study, the width at the proximal end was 5.66+1.94 mm, which
increased to 9.18+2.17 mm at the distal end of the tunnel.

The contents of the tunnel, the DFN, and the DPA had a variable relationship in the present study. The DEN
was positioned lateral to the DPA in 15 limbs and medial in five limbs. Ikiz et al. conducted a study on 36
cadaveric lower limbs to investigate the relationship between the DFN and the DPA. Their findings revealed
that in 22 limbs, the DFN was positioned lateral to the DPA, while in 11 limbs, the DFN and DPA crossed
over each other at multiple levels [16]. In a similar study by Rab et al. involving 28 cadaveric lower limbs, the
DFN was located laterally in 26 limbs and medially in two limbs, comparable to the present study [17]. A
study from India reported that DFN and DPA crossed each other multiple times in 26.7% of cases, and in the
rest, the DFN was lateral to the DPA [9]. In contrast, a study conducted by Turbpaiboon et al., encompassing
160 limbs, demonstrated that the DFN was laterally oriented in 79 limbs and medially oriented in 76 limbs
[11]. The pattern of bifurcation of DFN in the present study is comparable to the study conducted by Ikiz et
al., wherein an examination of 36 limbs revealed bifurcation of DFN within the tunnel in 31 limbs. In two
limbs, the bifurcation occurred distal to the tunnel, and no bifurcations were observed in three specimens,
which was attributed to the absence of the medial branch [16].

Stone et al. reported a case of ATT syndrome in a 47-year-old female, which occurred as a complication of
ankle fusion with an anterior plate. The compression of DFN in the tunnel was caused by the anterior plate,
which was subsequently managed through surgical intervention [18]. Compression of DFN by a thrombosed
DPA leading to ATT syndrome has also been reported [6]. Repetitive plantarflexed and inverted foot in
dancers makes the DFN susceptible to compression within the tunnel [19]. The other causes for ATT
syndrome, as reported by Liu et al., were tight-laced footwear, idiopathic pes cavus, talonavicular
osteophytes, and ganglia in ATT. The symptoms, such as continuous paresthesia and pain, were aggravated
by high heels due to plantar flexion [5]. Akyiiz et al. reported DFN entrapment neuropathy in 14 patients due
to prolonged stretching of the DFN during prayer/namaz, which requires kneeling with the plantarflexed
foot [20].

According to Takao et al., during ankle arthroscopic procedures, there is a high risk of injury to the contents
of the tunnel when using the anterocentral portal [21]. Buckingham et al., in a study on cadaveric specimens,
observed that the arthroscope contacted the DPA consistently in 90% of the cases and DFN was lacerated in
one case when the anterocentral portal was used [8]. Similarly, in a cadaveric study on 10 ankle specimens
by Inoue et al., the mean distance between the anterior neurovascular structures and the anterocentral
portal was 2.2+2.0 mm, whereas the anteromedial and medial midline portals were 18.2+3.0 mm and
10.5+2.4 mm, respectively. The anterior neurovascular structures were in contact with the anterocentral
portal in four specimens of the 10 specimens dissected [22].

Conclusions

The present study explored the anatomy of the ATT, its morphometry, and its contents. Understanding this
anatomy is crucial for analyzing ATT syndrome. A cautious approach is necessary to minimize the risk of
neurovascular damage during ankle surgeries, arthroscopy, or injections in the ankle region. Awareness of
the anatomy of ATT can lead to more effective treatment of ATT syndrome rather than misattributing it to
lumbar radiculopathy. Consequently, this study contributes to existing literature and paves the way for
future research, despite limitations such as a small sample size and a limited number of female cadavers.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sulochana Sakthivel, Jahira Banu, Nithya Dhakshnamoorthy

Acquisition, analysis, or interpretation of data: Sulochana Sakthivel, Jahira Banu, Nithya
Dhakshnamoorthy

Critical review of the manuscript for important intellectual content: Sulochana Sakthivel, Jahira Banu,
Nithya Dhakshnamoorthy

Supervision: Sulochana Sakthivel

2024 Banu et al. Cureus 16(7): e64282. DOI 10.7759/cureus.64282 50of 6


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE
Drafting of the manuscript: Jahira Banu, Nithya Dhakshnamoorthy

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

The authors sincerely thank those who donated their bodies to science so that anatomical research could be
performed. Results from such research can potentially increase mankind's overall knowledge, which can
then improve patient care. Therefore, these donors and their families deserve our highest gratitude.

References

1.  Waldman SD: Anterior tarsal syndrome: ankle pain syndromes . Atlas of Common Pain Syndromes. Elsevier
Health Sciences, Philadelphia (PA); 2011. 492-5.

2.  Gessini L, Jandolo B, Pietrangeli A: The anterior tarsal syndrome. Report of four cases . ] Bone Joint Surg Am.
1984, 66:786-7.

3. Aktan Ikiz ZA, Ucerler H, Uygur M: Dimensions of the anterior tarsal tunnel and features of the deep
peroneal nerve in relation to clinical application. Surg Radiol Anat. 2007, 29:527-30. 10.1007/s00276-007-
0229-x

4. Krause KH, Witt T, Ross A: The anterior tarsal tunnel syndrome. ] Neurol. 1977, 217:67-74.
10.1007/BF00316318

5. LiuZ,Zhou], Zhao L: Anterior tarsal tunnel syndrome. ] Bone Joint Surg Br. 1991, 73:470-3. 10.1302/0301-
620X.73B3.1670452

6. Gani N, Khan HA, Kamal Y, Farooq M, Jeelani H, Shah AB: Anterior tarsal tunnel syndrome with thrombosed
dorsalis pedis artery: a case report. Arch Trauma Res. 2015, 4:e21738. 10.5812/atr.21738

7. Logullo F, Ganino C, Lupidi F, Perozzi C, Di Bella P, Provinciali L: Anterior tarsal tunnel syndrome: a
misunderstood and a misleading entrapment neuropathy. Neurol Sci. 2014, 35:773-5. 10.1007/s10072-013-
1601-8

8. Buckingham RA, Winson IG, Kelly AJ: An anatomical study of a new portal for ankle arthroscopy . ] Bone
Joint Surg Br. 1997, 79:650-2. 10.1302/0301-620x.79b4.7428

9. Chitra R: The relationship between the deep fibular nerve and the dorsalis pedis artery and its surgical
importance. Indian J Plast Surg. 2009, 42:18-21. 10.4103/0970-0358.53007

10.  Koshi R: Upper and lower limbs. Cunningham's Manual of Practical Anatomy. Oxford University Press,
Oxford; 2017. 225-33.

11.  Turbpaiboon C, Sunan R, Rodma D, Promtang S, Pandeya A, Ratanalekha R, Dacharux W: Deep peroneal
nerve: orientation and branching at the ankle and proximal part of the foot. Siriraj Medical Journal. 2022,
74:440-7. 10.33192/Smj.2022.53

12.  Huang KC, Chen YJ, Hsu RW: Anterior tarsal tunnel syndrome: case report. Changgeng Yi Xue Za Zhi. 1999,
22:503-7.

13.  NgJM, Rosenberg ZS, Bencardino JT, Restrepo-Velez Z, Ciavarra GA, Adler RS: US and MR imaging of the
extensor compartment of the ankle. Radiographics. 2013, 33:2047-64. 10.1148/rg.337125182

14.  Kopell HP, Thompson WA: Peripheral entrapment neuropathies. Williams & Wilkins, Baltimore (MD); 1963.

15.  Marinacci AA: Neurological syndromes of the tarsal tunnels. Bull Los Angeles Neurol Soc. 1968, 33:90-100.

16. Ikiz ZA, Ugerler H, Uygur M: The clinical importance of the relationship between the deep peroneal nerve
and the dorsalis pedis artery on the dorsum of the foot. Plast Reconstr Surg. 2007, 120:690-6.
10.1097/01.prs.0000270310.39084.2d

17.  Rab M, Ebmer J, Dellon AL: Innervation of the sinus tarsi and implications for treating anterolateral ankle
pain. Ann Plast Surg. 2001, 47:500-4. 10.1097/00000637-200111000-00005

18.  Stone R, Dao T, Chandra A, Figas S, Mohiuddin S, Logan D, Strakowski J: Deep peroneal neuropathy
diagnosed by musculoskeletal ultrasound after ankle arthrodesis with an anterior plate: a case report. Foot
& Ankle Surgery: Techniques, Reports & Cases. 2022, 2:100123. 10.1016/j.fastrc.2021.100123

19. Kennedy ]G, Baxter DE: Nerve disorders in dancers. Clin Sports Med. 2008, 27:329-34.
10.1016/j.csm.2008.01.001

20. Akyiiz G, Us O, Tiiran B, Kayhan O, Canbulat N, Yilmar IT: Anterior tarsal tunnel syndrome. Electromyogr
Clin Neurophysiol. 2000, 40:123-8.

21. Takao M, Uchio Y, Shu N, Ochi M: Anatomic bases of ankle arthroscopy: study of superficial and deep
peroneal nerves around anterolateral and anterocentral approach. Surg Radiol Anat. 1998, 20:317-20.
10.1007/BF01630612

22. Inoue], Yasui Y, Sasahara J, et al.: Comparison of visibility and risk of neurovascular tissue injury between
portals in needle arthroscopy of the anterior ankle joint: a cadaveric study. Orthop ] Sports Med. 2023,
11:23259671231174477. 10.1177/23259671231174477

2024 Banu et al. Cureus 16(7): €64282. DOI 10.7759/cureus.64282 6 0of 6


https://scholar.google.com/scholar?q=intitle:Anterior tarsal syndrome%3A ankle pain syndromes
https://pubmed.ncbi.nlm.nih.gov/6725331/
https://dx.doi.org/10.1007/s00276-007-0229-x
https://dx.doi.org/10.1007/s00276-007-0229-x
https://dx.doi.org/10.1007/BF00316318
https://dx.doi.org/10.1007/BF00316318
https://dx.doi.org/10.1302/0301-620X.73B3.1670452
https://dx.doi.org/10.1302/0301-620X.73B3.1670452
https://dx.doi.org/10.5812/atr.21738
https://dx.doi.org/10.5812/atr.21738
https://dx.doi.org/10.1007/s10072-013-1601-8
https://dx.doi.org/10.1007/s10072-013-1601-8
https://dx.doi.org/10.1302/0301-620x.79b4.7428
https://dx.doi.org/10.1302/0301-620x.79b4.7428
https://dx.doi.org/10.4103/0970-0358.53007
https://dx.doi.org/10.4103/0970-0358.53007
https://scholar.google.com/scholar?q=intitle:Upper and lower limbs
https://dx.doi.org/10.33192/Smj.2022.53
https://dx.doi.org/10.33192/Smj.2022.53
https://pubmed.ncbi.nlm.nih.gov/10584426/
https://dx.doi.org/10.1148/rg.337125182
https://dx.doi.org/10.1148/rg.337125182
https://search.worldcat.org/title/2164135
https://pubmed.ncbi.nlm.nih.gov/4385094/
https://dx.doi.org/10.1097/01.prs.0000270310.39084.2d
https://dx.doi.org/10.1097/01.prs.0000270310.39084.2d
https://dx.doi.org/10.1097/00000637-200111000-00005
https://dx.doi.org/10.1097/00000637-200111000-00005
https://dx.doi.org/10.1016/j.fastrc.2021.100123
https://dx.doi.org/10.1016/j.fastrc.2021.100123
https://dx.doi.org/10.1016/j.csm.2008.01.001
https://dx.doi.org/10.1016/j.csm.2008.01.001
https://pubmed.ncbi.nlm.nih.gov/10746190/
https://dx.doi.org/10.1007/BF01630612
https://dx.doi.org/10.1007/BF01630612
https://dx.doi.org/10.1177/23259671231174477
https://dx.doi.org/10.1177/23259671231174477

	Unravelling the Anatomy of the Anterior Tarsal Tunnel and Its Clinical Implications
	Abstract
	Introduction
	Materials And Methods
	FIGURE 1: Location of ATT

	Results
	TABLE 1: Dimensions of the ATT in the present study
	FIGURE 2: Absence of ATT
	FIGURE 3: Contents of ATT

	Discussion
	TABLE 2: Comparison of dimensions of the ATT with previous studies in the literature

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


