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Cadaveric Study of Zone 2 Flexor Hallucis Longus Tendon Sheath
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Abstract

4

Purpose: The purpose of this study was to investigate the anatomy of the zone 2

5

flexor hallucis longus (FHL) tendon sheath.

6

Methods: Dissection of the zone 2 FHL tendon sheath was performed in 12 feet of 6

7

cadaveric bodies. The tendon sheath was subdivided into proximal fibrous (zone 2A)

8

and distal fascial (zone 2B) parts. The lengths of the zone 2A and 2B FHL tendon

9

were measured and represented the length of the corresponding tendon sheaths and

10

the relationship of the medial plantar nerve to each part of the zone 2 FHL tendon

11

sheath was studied.

12

Result: In all specimens, there were fibrous and fascial components of the zone 2

13

FHL tendon sheath. The medial plantar nerve crossed the zone 2 B tendon sheaths and

14

then became plantar lateral to the sheath in 7 specimens. The distance between the

15

medial plantar nerve and the orifice of the zone 2A tendon sheath averaged 7.6mm.

16

The distance between the medial plantar nerve and the junction between zones 2A and

17

2B averaged 3.2mm. The distance between the medial plantar nerve and the distal end

18

of the zone 2B tendon sheath averaged 4.2mm. The average length of the zone 2A

19

tendon sheath was 35.9mm and the average length of the zone 2B tendon sheath was

20

30.5mm.

21

Conclusions: The zone 2 flexor hallucis longus tendon sheath can be subdivided into

22

a proximal fibrous zone (2A) and a distal fascial zone (2B). Because of the close

23

approximation of the medial plantar nerve to the tendon sheath, there is a significant

24

risk of iatrogenic nerve injury when surgical procedures are performed in zone 2B.

25

Clinical Relevance: The understanding of the anatomy of the zone 2 flexor hallucis

1

longus tendon sheath is useful for the safe practice of zone 2 flexor hallucis longus

2

tendoscopy.

3

Key Words: flexor hallucis longus; tendon; sheath; tendoscopy; arthroscopy;

4

endoscopy
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1

Introduction

2
The indications for arthroscopy and endoscopy of the foot and ankle have expanded in

3

recent years. Tendoscopy is an endoscopy of the tendon sheath and has been

4

described in various tendons of foot and ankle, including posterior tibial tendon

5

(1,2,3), peroneal tendons (4,5), long toe flexor tendons (6) and anterior tibial tendon

6

(7). Recently, Lui et al described the technique of flexor hallucis longus (FHL)

7

tendoscopy (8,9,10). Flexor hallucis longus tendon is a deep seated tendon in most of

8

its course. It can be divided into 3 zones (10). Zone 1 tendon is behind the ankle and

9

can be examined through the posterior ankle endoscopy (12). Zone 3 tendon is from

10

the knot of Henry to its phalangeal insertion and can be examined by toe flexor

11

tendoscopy (7). Zone 2 tendon includes the part underneath the sustentaculum tali to

12

the knot of Henry. It is the deep part of the tendon and close to the medial plantar

13

nerve. This minimally invasive approach has been utilized for synovectomy of zone 2

14

FHL tenosynovitis (10) and endoscopic FHL transfer for chronic Achilles tendon

15

rupture (9). Lui et al have performed a cadaveric study to confirm the efficacy of the

16

zone 2 FHL tendoscopy (11). From the study, a fascia deep to the flexor digitorum

17

brevis muscle is identified and stated to be the landmark for the medial plantar nerve.

18

The purpose of this cadaveric study was to study the anatomy of the zone 2 FHL and

19

the relationship with the medial plantar nerve. We hypothesized that tendoscopy of

20

the FHL in Zone 2 is risky given the close proximity of the medial plantar nerve.

21
22
23
24
25
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1

Methods

2
Twelve fresh-frozen cadaver specimens in 6 cadaver bodies were used for this study.

3

The average age was 66.8 years old (51-74 years). None of the cadavers had

4

deformity or scars of their foot and ankle regions on gross inspection. A longitudinal

5

incision was made on the lateral margin of the Achilles tendon and just above the

6

insertion of the Achilles tendon. The FHL tendon at the posterior ankle was identified

7

and a 4mm metal rod was inserted into the tendon sheath and advanced until it

8

penetrated the plantar aponeurosis and reach the plantar skin. A stab wound was made

9

at the tip of the metal rod and the plantar portal of the original zone 2 FHL tendoscopy 10
was then made (Fig 1). The incisions were connected and the medial plantar nerve

11

(Fig 2) and zone 2 FHL tendon sheath were identified. The tendon sheath of the zone

12

2 FHL was subdivided into proximal fibrous one (zone 2A) and the distal fascial one

13

(zone 2B) (Fig 3). The transition from the fibrous sheath to the fascial sheath was

14

quite a sudden in all specimens and was easily identified by direct vision. The

15

relationship between the nerve and each part of the FHL tendon sheath was studied.

16

The distance between the nerve and the tendon sheath was measured at three sites that

17

can be located arthroscopically: at the orifice of the zone 2A tendon sheath, the

18

junction between the zones 2A and 2B, the distal end of the zone 2B tendon sheath.

19

The orifice of the fibrous tendon sheath was defined by the posterior talar tubercles

20

and the ligament in between and it is a consistent anatomic landmark that can be

21

identified during posterior ankle endoscopy. The distal end of the zone 2B tendon

22

sheath is the point where the rod pierced the fascial sheath. It is the point where the

23

arthroscopic view transit from muscle of the flexor digitorum brevis to the fascial

24

sheath when the arthroscope is withdrawn from the plantar portal at clinical setting.

25
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The nerve was then reflected and FHL tendon was pinned at the orifice of the fibrous

1

tendon sheath, the junction between the fibrous and fascial tendon sheath and the exit

2

point of the metal rod. The tendon sheath was cut open and the FHL tendon was cut at

3

the pinned sites. The lengths of the zone 2A and 2B FHL tendon were then measured

4

(Fig 4). The lengths of the tendon segments represented the lengths of the

5

corresponding length of the zone A and B tendon sheaths.

6
7
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1

Results

2
In all specimens, there were fibrous and fascial components of the zone 2 FHL tendon

3

sheath. The medial plantar nerve was at the plantar medial side of the zone 2A

4

(fibrous) tendon sheath in all specimens. The nerve was either medial or plantar

5

medial to the zone 2B (fascial) tendon sheath in 5 specimens. It crossed the zone 2 B

6

tendon sheaths and then became plantar lateral to the sheath in 7 specimens. All of

7

them were within the proximal 6mm of the zone 2B tendon sheath (0mm-6mm). The

8

distance between the medial plantar nerve and the orifice of the zone 2A tendon

9

sheath averaged 7.6mm (3mm to 12mm). The distance between the medial plantar

10

nerve and the junction between zones 2A and 2B averaged 3.2mm (0mm to 7mm).

11

The distance between the medial plantar nerve and the distal end of the zone 2B

12

tendon sheath averaged 4.2mm (2mm to 6mm) (Table 1).

13
14

The average length of the zone 2A tendon sheath was 35.9mm (26-41) and the

15

average length of the zone 2B tendon sheath was 30.5mm (22-37). In all specimens,

16

the length of the zone 2A tendon sheath was longer than the zone 2B tendon sheath.

17

The average ratio of the length of the zone 2A to that of the zone 2B tendon sheath

18

was 1.18 (1.07-1.29).

19
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21
22
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25
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1

Discussion

2
Lui et al have confirmed the efficacy of the zone 2 FHL tendoscopy (11). In his study,

3

the fascia deep to the extensor digitorum brevis (EDB) muscle is the anatomic

4

landmark of the location of the medial plantar nerve. From our study, we believe that

5

it should represent the discrete fascial tendon sheath (zone 2B) rather than a loose

6

deep fascia of the EDB muscle. The zone 2B tendon sheath was a well defined and

7

thin structure.

8
9

In our study, the zone 2A and 2B tendon lengths which represented the lengths of the

10

corresponding tendon sheath were similar although the length of the zone 2A tendon

11

was a bit longer. The lengths of the zones 2A and 2B provided clinical guideline of

12

the location of the transition between zone 2A and 2B. During clinical practice, if the

13

posteromedial portal is the visualization portal (which is the usual practice), the

14

arthroscope will exit the plantar portal and then withdrawn. When it is withdrawn, it

15

passes through the EDB muscle and then the zone 2B tendon sheath. When it is

16

withdrawn for 30.5mm (the average length of zone 2B tendon sheath, the transition

17

between zone 2A and 2B will be encountered and the arthroscope will then be in zone

18

2A. On the other hand, if the plantar portal is the visualization portal, the arthroscope

19

will exit the dorsomedial portal and then withdrawn. The orifice of the 2A tendon

20

sheath (which is defined by the posterior talar processes and the ligament in between)

21

will be encountered and the arthroscope enters the zone 2A tendon sheath. After

22

withdrawal of 35.9mm (the average length of zone 2A tendon sheath), the transition

23

between zone 2A and 2B can be identified and the arthroscope start to be in zone 2B

24

tendon sheath. These data provide guideline to the location of the transition between

25
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the zone 2A and 2B tendon sheaths during FHL tendoscopy. Actually, the transition

1

can also be seen easily during arthroscopy.

2
3

In this study, the medial plantar nerve was at plantar medial side of the zone 2A

4

tendon sheath in all specimens. Its relationship to the zone 2B tendon sheath was

5

variable. It crossed the sheath in half of the cases and at the proximal fifth of the zone

6

2B tendon sheath. The medial plantar nerve is close to the zone 2 tendon sheath

7

especially at the junction between the zone 2A and 2B sheaths.

8
9

During the zone 2A FHL tendoscopy, arthroscopic synovectomy is a relatively safe

10

procedure since the tough fibrous tendon sheath is difficult to be perforated by the

11

shaver and the medial plantar nerve relationship to the zone 2A tendon sheath is

12

constant. During the zone 2B FHL tendoscopy, procedure focused on the FHL tendon

13

including harvest of the tendon for FHL transfer or synovectomy of the inflamed

14

synovium at the surface of the tendon should be safe because the opening of the

15

arthroscopic shaver or scissors would be facing the tendon rather than the thin tendon

16

sheath. However, procedures focused on the surface of zone 2B tendon sheath e.g.

17

synovectomy of the tendon sheath were risky because the zone 2B tendon sheath is a

18

thin fibrous structure which can be easily perforated by the shaver and the relationship

19

of the medial plantar nerve to the zone 2B tendon sheath is variable and can be

20

directly opposed to the sheath. Surgeons should pay particular attention during zone

21

2B synovectomy, the shaver opening should be kept towards the FHL tendon and

22

suction should be kept to minimum in order to avoid damage of the medial plantar

23

nerve.

24
25
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Conclusions

1

The zone 2 flexor hallucis longus tendon sheath can be subdivided into a proximal

2

fibrous zone (2A) and a distal fascial zone (2B). Because of the close approximation

3

of the medial plantar nerve to the tendon sheath, there is a significant risk of

4

iatrogenic nerve injury when surgical procedures are performed in zone 2B.

5
6
7
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Legend

Fig. 1

The FHL tendon at the posterior ankle was identified and a 4mm metal rod
was inserted into the tendon sheath and penetrated the plantar aponeurosis.
The plantar portal of the original zone 2 FHL tendoscopy was then made

Fig. 2

The postermedial ankle wound was extended towards the plantar wound
and the medial plantar nerve (a) was identified. The flexor hallucis tendon
was deep to the medial plantar nerve in this speciment (b, flexor digitorum
longus tendon).

Fig. 3

The medial plantar nerve was reflected to expose the zone 2 FHL tendon
sheath from the orifice at the posterior ankle (a) to the Knot of Henry (b)
which is the interconnection between flexor digitorum longus tendon (c)
and the flexor hallucis longus tendon (d). It was subdivided into fibrous
zone 2A (e) and fascial zone 2B (f) sheaths.

Fig. 4

(A) The FHL tendon was pinned at the orifice of the fibrous tendon
sheath, the junction between the fibrous and fascial tendon sheath and the
exit point of the metal rod. (B) The tendon sheath was cut open to expose
the tendon. (C) The tendon was cut at the pinned sites. The lengths of the
zone 2A and 2B FHL tendon were then measured.

Table 1

Orientation of medial plantar nerve to zone 2A and Zone 2B flexor
hallucis longus (FHL) tendon.
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Figure(s) in separate file(s)

Orientation of medial plantar nerve to zone 2A and Zone 2B flexor hallucis longus (FHL) tendon
Specimen

Orientation

number

medial

of Distance

Location

plantar between

nerve to zone 2A medial
FHL tendon

the medial

of

the Distance

plantar between

Orientation
the medial

plantar nerve crossed the medial

of Distance
plantar between

plantar nerve to zone 2B medial

plantar

nerve and the tendon sheath

nerve and the FHL tendon

nerve and the

orifice

tendon sheath at

distal end of the

zone 2A tendon

the

zone 2B tendon

sheath (mm)

between

of

the

junction
zone

sheath (mm)

2A and zone 2B
(mm)
1

Plantar medial

the

3

5mm distal to the

2

Cross the tendon and

junction between

then lie plantar

zone A and zone B

lateral to the zone

tendon sheaths

2B tendon

5

2

3

Plantar medial

Plantar medial

7

12

3mm distal to the

2

Cross the tendon and

junction between

then lie plantar

zone A and zone B

lateral to the zone

tendon sheaths

2B tendon

The nerve did not

4

7

Medial

5

5

Plantar medial but

2

cross the tendon
sheath
4

Plantar medial

9

The nerve did not
cross the tendon

converged onto the

sheath

tendon at the distal
part

5

Plantar medial

9

The nerve did not
cross the tendon
sheath

P.1

6

Plantar medial

5

6

Plantar medial

7

The nerve did not

4

Plantar medial

3

0

Cross the tendon and

6

cross the tendon
sheath
7

8

9

Plantar medial

Plantar medial

Plantar medial

6

8

5

At the junction
between zone A

then lie plantar

and zone B tendon

lateral to the zone

sheaths

2B tendon

At the junction

0

Cross the tendon and

between zone A

then lie plantar

and zone B tendon

lateral to the zone

sheaths

2B tendon

6mm distal to the

1

Cross the tendon and

junction between

then lie plantar

zone A and zone B

lateral to the zone

P.2

5

4

tendon sheaths
10

Plantar medial

9

The nerve did not

2B tendon
6

Plantar medial but

cross the tendon

converged onto the

sheath

tendon at the distal

2

part
11

Plantar medial

8

2mm distal to the

2

Cross the tendon and

junction between

then lie plantar

zone A and zone B

lateral to the zone

5

2B tendon
12

Plantar medial

8

5mm distal to the

3

Cross the tendon and

junction between

then lie plantar

zone A and zone B

lateral to the zone

4

2B tendon
Mean distance

7.6

3.2

P.3

4.2

(mm)

P.4

Figure(s) in separate file(s)
Click here to download high resolution image

Figure(s) in separate file(s)
Click here to download high resolution image

Figure(s) in separate file(s)
Click here to download high resolution image

Figure(s) in separate file(s)
Click here to download high resolution image

